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Executive summary

The Paris Agreement sends a strong signal on the joint international effort on
mitigating climate change. The Agreement’s aims to “holding the increase in the
global average temperature to well below 2°C above pre-industrial levels and pur-
suing efforts to limit the temperature increase to 1.5°C above pre-industrial levels”.

These objectives require major and rapid actions on reducing greenhouse
gas (GHG) emissions all over the world. If successful, the Paris Agreement will
largely reshape the energy sector, industry, and many other economic sectors. The
required transformation to a sustainable, low-carbon society will create both pres-
sure for businesses to adapt to changing conditions and also offer a number of new
opportunities and new markets.

At the same time, some sectors, societies, and local environments will face the
impacts of a changing climate, particularly if the Paris Agreement will not success
in limiting global greenhouse gas emissions.

Enhanced policy actions are necessary to achieve the ambitious goals of
the Paris Agreement and realize the opportunities. Political action is needed on
national, regional, and municipal level, but these levels should work together and
complement each other. Based on research and literature reviews presented in this
study, we have identified a larger frame of policy actions to achieve the Paris Agree-
ment targets. The framework is already well established at national levels, but could
be strengthened on regional and municipal levels.

Table ES1. Policy actions that could contribute to the Paris Agreement’s goals on
mitigating climate change, and help different sectors to realize their opportunities.

- National level Regional level Municipal level

1. Build

1. Build a shared vision of the fu-

1.Enhance common under-

1. Review how well national

shared ture under the Paris Agree- standing of the future of the and regional visions apply
vision ment; avoid sub-optimal na- Barents region under the to local circumstances;
tional solutions. Paris Agreement. suggest  improvements

2. Acknowledge the associated
uncertainties regarding future

2.Bring the Barents regions'
perspectives to national en-

when necessary.
2. Participate to municipality

development; prioritize main ergy and climate strategies. climate networks, e.g.
targets over specific solutions. Covenant of Mayors.
2. Study 1. Create and model low carbon 1. Compile regional data; useit 1.Reflect local prospects

available

emission
reduction
measures

scenarios; identify and assess
available mitigation
measures; estimate if current
targets are on the required
emission pathways.

2. Study sensitivity analysis and
alternative pathways to in-
crease robustness.

to support studies and politi-
cal discussion; publish the
data.

2.Develop tools for joint as-
sessment of the Barents re-
gion’s climate and energy
strategies; ensure proper re-
gional coverage.

and development trends
to national and regional
studies; conduct local
studies when required.

2.Map the local renewable
energy resources and es-
timate pros and cons of
their different uses.



- National level Regional level Municipal level

3. Set up
the cli-
mate and
energy
policy
frame-
work

4. Imple-
ment re-
quired
measures

5. Boost

innova-
tion

3. Identify risks related to studied
emission  pathways and
measures.

[N

. Set 2030, 2040, and 2050 tar-
gets based on mitigation stud-
ies, monitor, evaluate, and re-
port the progress regularly.

2. Commit to decided long term
targets to provide a consistent
message to industry and
stakeholders; dare to update if
new scientific information con-
tradicts existing targets.

1. |dentify and remove barriers
to low-carbon investments;
start from power and heat,
then proceed to transport and
buildings.

2. Improve energy-efficiency in
the public and private sector.
3. Create a balanced set of miti-
gation measures based on re-
searched impacts and cost-ef-

fectiveness.

4. Add flexibility to mitigation
measures when possible, e.g.
technology neutral capacity
auctions.

5. Encourage municipalities,
companies, and citizens to
participate.

=

Fund the research on new
low-carbon technologies and
solutions; keep funding pre-
dictable on long term.

2. Demonstrate new technolo-
gies and solutions with the in-
dustry.

3. Study potential benefits of
cooperation with other coun-
tries and regions, such as
Arctic region countries.

1.Ensure consistency be-
tween national policies in
the Barents countries; avoid
partial-optimization at the
national level

2.Adopt additional regional
targets if certain topics or
sectors are not presented in
national targets, and new
targets would benefit both
national and regional levels.

1. Improve the regional coop-
eration to align actions and
to increase the efficiency of
measures; many forums
such as Barents Euro-Arctic
cooperation already exist.

2. Foster measures that re-
quire regional cooperation,
e.g. improvements on elec-
tricity markets.

3.Use Mission Innovation;
work together to have larger
global impact.

4. Exchange information about
best practices among Bar-
ents region countries.

5. Encourage  municipalities,
companies, and citizens to
participate.

1. Shortlist the best emerging
solutions, especially the
ones that origin from the
Barents region.

2. Promote Barents region's
strengths; aim for clean-tech
exports.

3. List the potential of cost-
effective energy efficiency
measures in the public
and private sector.

1. Adopt a municipal level
low-carbon strategy; coor-
dinate with national and
regional frameworks.

2.Commit to 2030 targets
and adopt the shared
2050 vision.

[N

. Exchange information

about best practices with

other municipalities.

2.Update long-term plan-
ning to enable and en-
courage public transporta-
tion in growing urban ar-
eas

3.Invest to energy-efficient
solutions in the public sec-
tor and private sectors
through ESCO agree-
ments or similar.

4.Invest to local energy
sources when economi-
cally and environmentally
reasonable.

5.Encourage  companies,

and citizens to participate.

Educate and train enough

skilled work force to match

the needs of local indus-

tries

2. Work with local industries

to promote local strengths.

=



- National level Regional level Municipal level

6. Adapt 1.|dentify the most likely af- 1.Highlight and suggest prior- 1. Consider adaptation
fected and the most vulnera- ity areas to adaption from needs in zoning and spa-
ble regions and sectors. Barents region perspective. tial planning.

2. Decide clear distribution of re-
sponsibilities of different ac-

2. Inform municipalities of ad-
aptation needs; collect and

2. Utilize the traditional and
local knowledge.

tors and sufficient long term
funding.

distribute best practices. 3. Provide support to local
communities for adapta-

tion.

The Barents region can contribute to the Paris Agreement’s aims in climate
change mitigation in numerous ways. This study identifies ways how various
sectors in the Barents Region can contribute to climate change mitigation. This
study identifies also possible benefits, risk, and threats to these sectors that arise
from mitigation measures and from climate change itself. The most important iden-
tified opportunities, benefits, risks, and threats are summarized in Table ES2.

Table ES2. Overview of how different economic sectors could contribute to the

Paris Agreement’s goals on mitigating climate change, and what benefits and risks
the implied transition might pose.

Opportunities to Potential benefits Risks and threats
contribute

F)EIEE . Rapid investments to zero- - Increasing precipitation adds - Phase-out of fossils may cause
and COg, and even negative CO2 hydropower production. early retirement of power plants.
heat generation. - Increasing demand due to - More volatile electricity prices

- Improve grids for variable electrification on other sec- due to a larger share of variable
supply and demand. tors electricity.

- Provide other sectors an op- - Export potential of clean - Feasibility and environmental is-
portunity to mitigate emis- electricity to Central Europe. sues of hydropower expansion
sions through electrification. in Russia.

(e]]| - Reduce GHG and black car- - Easier winter conditions in - Declining market volumes and
and bon emissions from produc- the Barents offshore fields competition from lower cost
gas tion, and pipelines. Use can reduce costs. fields might result in stranded

flared methane if possible.

- Use depleted fields for Car-

bon Capture and Storage
(CCS).

assets.

- Faster decline of market volume

if CCS will not be successful.



Opportunities to Potential benefits Risks and threats
contribute

Manu-
fac-
turing

For-
estry

- Mitigate

- Phase-out of fossil fuels and
switch to electricity, ad-
vanced biofuels, and other
alternative fuels.

- Develop new low carbon so-

lutions for heavy transport,
ships, and aviation.

- Produce forest-based biofu-

els for transportation, if for-
est carbon stock impacts are
sufficiently minor.

- Decarbonize energy use

and improve efficiency.

- Develop low-emission and

energy efficient equipment.

- Research new technologies

to reduce emissions from in-
dustry processes.

- Reduce methane emissions

from coal mining.

- Adopt best available tech-

nology to increase energy
efficiency in mining.
emissions  from
work machinery with similar
measures as in transport.

- Produce biogas for heating

and transport fuels.

- Improve feeding to reduce

emissions from animals.

- Respond to demand change

if vegetarian diet gains pop-
ularity.

- Enhance forest carbon sinks

through forest management.

- Provide more wood for in-

dustrial uses and renewable
energy to replace fossil fuels

- Find a sustainable balance

between enhancing sinks
and additional production.

- Warming climate

- New industries and services

on alternative fuels produc-
tion and distribution.

- Better winter conditions on

roads can decrease costs.

- Sea ftransportation easier

due to shorter winters and
easier ice conditions.

- Added cleantech demand

due to investments for GHG
reductions.

- Early adopters of new tech-

nology might gain new mar-
kets.

- Increased demand of metals

and materials in the manu-
facturing of low-carbon tech-
nologies.

- Warming climate might de-

crease mining costs.

improve
yield and allow new crops.

- Export potential if crop pro-

duction on lower latitudes
suffer from changes.

- Improved tree growth rate

and expansion of forest line
towards the north.

- Increased possibilities for in-

tensified forestry also in the
north.

- Increasing transport costs can

decrease competitiveness.

- Delayed action locks in fossil

fuel based system.

- ‘Betting the wrong horse’ when

competitive technologies are de-
veloped.

- Technological performance of

EVs over long distances and in
a cold climate.

- Increased costs of mitigation

measures might reduce the in-
dustry’s competitiveness.

- Limited existing technologies to

mitigate process emissions.

- Delayed mitigation action ex-

poses to additional costs when
carbon price rises

- Coal mines end up as stranded

assets.

- Volatile market and uncertain

value of production.

- Increased recycling, material ef-

ficiency, and innovative technol-
ogies might decrease the de-
mand.

- Increasing precipitation can

make ground too wet for plough-
ing.

- Demand risks due to a possible

changes in diets.

- Growing risk of diseases and

pests in a warmer climate.

- Potential increases in storm

damages in all Barents region
and forest fires mainly in Rus-
sian Barents Region.

- Trees might adapt to changing

conditions too slow.



Opportunities to Potential benefits Risks and threats
contribute

Fish-
eries /
Aqua-
cul-
ture

- Sustainable fishing as a
source of low-emission ani-
mal protein.

- Demonstrate the most prom-
ising alternative fuels in fish-
ing vessels.

- Reindeer herding can pre-
vent or slow the tree and
bush expansion towards
north. Low grow tundra area
remains covered in snow
longer and reflects solar ra-
diation cooling the planet.

- Promote ecotourism to miti-
gate emissions and de-
crease the impact on nature.

- Potentially

- Later snowfall

- Warming waters potentially

benéefit fisheries, and particu-
larly aquaculture.

higher fish
catches, but north-wards mi-
gration of fish species will
likely change the distribution
of commercial species.

and earlier
snowmelt enable longer us-
age of pastures and benefits
reindeers as they have eas-
ier access to forage.

- Increased temperatures im-

prove conditions both in the
summer and in  winter
through reduction of extreme
cold periods.

- Increased rainfall

- Changed conditions and in-
creased competition threaten
Arctic species, especially in high
Arctic.

- Some economically important

species at risk of disappearing.

- Increasing carbon price and fuel

costs may negatively affect prof-
itability of fisheries.

- Variability in winter tempera-

tures may build ice on snow,
threatening reindeer access to
forage.

- Increased bush and tree-growth,

and new pests risk degrading
the quality of the pastures.

- Shorter season for winter tour-

ism.

and cloudi-
ness may decline conditions for
tourism.

Climate change mitigation and adaptation are continuous processes. It is
crucial to observe the actual development, learn from it, and update the targets and
measures when necessary. It will be essential to find a healthy balance between
solid long term targets, new prospects of developing technology, and new scientific

information.
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1. Introduction

The Paris Agreement on climate change was made in December 2015. Signed
by 195 countries, it is the first agreement on mitigating climate change with a global
coverage. Under the agreement, countries provide their Nationally Determined Con-
tributions (NDCs) towards mitigating climate change, increasing the ability to adapt
to the adverse impacts of climate change, and providing climate finance. Currently,
148 countries have ratified the Agreement and 142 countries provided their NDC.

The Paris Agreement sends a strong signal on the joint international effort on
mitigating climate change. The Agreement’s objective is to keep global temperature
increase well below 2°C from pre-industrial levels, and pursue efforts on limiting the
temperature increase to 1.5°C.

These objectives require major and rapid actions on reducing greenhouse gas
(GHG) emissions all over the world. The transformational change in the economy
required by the emission reductions will largely be policy-driven, but policies will
also have market implications, reflected, e.g., in prices for energy and emissions.
The Paris Agreement will therefore shape energy and climate policies, as well as
energy markets, structure of the economy, transportation modes and industrial sec-
tors globally.

In order to have foresight on how the Paris Agreement can shape regional econ-
omies, we need to consider what actions are necessary to meet the Agreement’s
aims, how countries and regions can contribute towards these aims, and how the
collective action might shape the markets. As the future transition towards a sus-
tainable and low-carbon society involves inevitably large uncertainties, the consid-
eration of multiple alternative futures allows finding robust solutions and identifying
open questions.

1.1 Barents region

The Barents Sea is part of the Arctic Ocean, north of the shores of northern Nor-
way to the northwest Russia. The Barents region — depicted in the map on the pre-
vious page — is the land-area in proximity of the Barents Sea, comprising 14 prov-
inces from Nordland in Norway to Nenets and Komi in Russia.

The Barents region can provide its own contribution to the aims of the Paris
Agreement. Of the Barents Region countries, Finland and Sweden submitted their
targets to Paris Agreement as a part of the EU, while Norway and Russia have
submitted their own targets. It is important to notice, that Norway participates in the
EU Emission Trading Scheme (ETS) for electricity, heat and energy-intensive in-
dustries’, and in the Effort Sharing Regulation (ESR) covering emissions from other
energy use, agriculture, and waste. All of the countries also have their own policies
and strategies for mitigating and adapting to climate change in practice. The rela-
tionships between the Barents region, its parent countries and the climate policy
frameworks are illustrated in Figure 1.
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EU / Norwegian climate policy
and markets

\ Paris Agreement, global markets j

Figure 1. The relationships between the Barents region, Barents region countries,
climate policy regimes and markets.

When planning mitigation strategies, regional cooperation can provide better re-
sults than if the respective countries acted alone. Direct benefits can be achieved,
e.g., through trade in renewable energy from a region with plentiful resources, but
also more subtle benefits can be attained through exchange of know-how on inno-
vations and best practices, joint financing, co-operation in education and mobility of
workforce within the Barents region. Understanding the region’s activities as a
whole is essential in the integration and coordination of national and sub-national
strategies.

1.2 Climate impacts

Even if the Paris Agreement will be successful in its aims, the global mean tem-
perature is likely to increase more than 1.5°C in the long-term. Warming has been
more pronounced in the Arctic region (Walsh 2014; AACA 2017) and this trend is
expected to continue in the future (Benestad et al. 2016). Thus, the economic ac-
tivities in the Barents region will be affected both by mitigation and the residual cli-
mate change.

Climate impacts that the Barents region might face are yet uncertain, but active
mitigation measures will make them smaller. Especially the impact after 2050 is
highly dependent on the level of mitigation. The more effective the Paris Agreement
and national policies will be in reducing GHG emissions, the lesser the impacts will
be. Considerable additional warming up to 2050 will nevertheless take place even
under the most ambitious mitigation strategies, requiring adaptation in the Barents
region.

Second, the model projections of climate change for some chosen emission de-
velopments are themselves uncertain, particularly on the regional level. Climate

12



models’ projected global temperature increase following a doubling of CO» concen-
tration — a parameter known as climate sensitivity — is likely to be between 1.5°C
and 4.5°C (IPCC, 2013). As even the global level of temperature change is difficult
to project, more relevant regional quantities, such as the rainfall, windiness or length
of the growing season, are even harder to predict.

Thirdly, single climate model uncertainties are much larger than model-mean ap-
proaches. In this study, the analysis of climate change is based on the RCP sce-
nario modelling by NOAA supplemented by a review of existing literature providing
a broader perspective.

While acknowledging these uncertainties, it is important to consider what impacts
climate change might inflict on the Barents region. This information can help com-
munities, businesses and individuals consider what climate risks they or their de-
scendants might face in the future, and what might be the best ways to adapt to
possible changes.

1.3 Finding ways to contribute to Paris Agreement

The objective of the study is to portray how the Barents region can contribute to
the aims of the Paris Agreement, how these contributions could affect the economic
activities in the region, and how large climate impacts could be expected in the
region depending on the effectiveness of the Agreement. The temporal scope of the
analysis extends to the year 2050.

Given that the ultimate effectiveness of the Paris Agreement is not fully known,
we portray two levels of global mitigation ambition: either ambitious emission reduc-
tions are implemented globally, keeping the temperature increase well below 2°C;
or that developing countries’ actions are more moderate, leading to a long-term
temperature increase of 2.4°C. These two alternatives are tied to the Representa-
tive Concentration Pathways (RCPs) used, e.g., in the IPCC process (van Vuuren
et al., 2011). This framing is illustrated in Figure 2.

13



Limited ambition
scenario
RCP4.5: +2.4°C
Range from1.0t0 2.2 °C
compared to 1850-1900

Paris Agreement scenario
RCP2.6: +1.6 °C
Range from1.0t0 2.2 °C
compared to 1850-1900

New economic
opportunities
contributing to

a sustainable low
carbon pathway
towards 2050

Economic activities in the Barents region
Forestry * Power and district heat
Agriculture « Oil and gas
Fishing & aquaculture < Industry
Tourism « Transportation

\.

Figure 2. Framing of the analysis used in this study. Temperature ranges of each
RCP scenario are from IPCC fifth assessment report (IPCC 2013)

The mitigation contributions by the Barents region countries up to 2050 are mod-
elled with TIMES-VTT, a global integrated assessment model with high detail on
energy production, transformation and end-use. The analysis of climate is based on
the RCP scenario modelling by NOAA and a review of existing literature.

The structure of the report is the following: Section 2 describes the current struc-
ture and past trends of the Barents region economy. Section 3 presents mitigation
action in the Barents region countries under the Paris Agreement targets, modelled
with the TIMES-model, while Section 4 discusses the climate impacts under the
RCP 4.5 scenario. Section 5 summarizes the main opportunities and impacts for
the most important sectors in the Barents region, and finally overall conclusions are
presented in Section 6.

14



2. The Barents economy

2.1 GVA, a metric to measure local economies

In this section, we study the economy in Barents region based on statistical data.
National statistic centres publish vast amounts of regional data, which can be better
utilized in further Barents region and Arctic region studies. We have collected sta-
tistics on population, regional Gross Value Added (GVA), employment, compensa-
tion to employees, disposable income of households, and specific sectoral data. All
data is collected for NUTS2 regions® when possible. However, Finnish and Norwe-
gian statistic centres release more detailed data than what is available from Sweden
and Russia.

Table 1. Regional Gross Value Added (GVA) of the Barents region measured in
local currencies in current values and EUR(2015) in constant prices.

2005 2010 2014

regional regional Growth regional Growth
GVA GVA '‘05-'10 GVA '10-'14

(billions)  (billions)  (%/a) (billions)  (%la)

NO Barents Local Currency, real - 143 - 180 +5.9%
EUR(2015) - 20 - 22 +2.6%

SE Barents  Local Currency, real 149 187 +4.7% 190 +0.4%
EUR(2015) 20 22 +2.4% 21 -0.9%

FI Barents Local Currency, real 19 19 +0.6% 22 +3.4%
EUR(2015) 23 23 -0.2% 23 -0.3%

RU Barents  Local Currency, real 548 1081 +15% 1527 +9%
EUR(2015) 27 30 +1.8% 27 -2.3%

GVA is a similar macroeconomic measure to GDP (Gross Domestic Product).

GVA is GDP excluding taxes and subsidies on products. In addition, regional GVA
often excludes some sectoral data due to the amount of limited information or prob-
lems in regional allocation. For an example, Norway’s regional GVA excludes off-
shore activities (e.g. off-shore oil and gas, sea transport, and likely part of the fishing
industry) which is why Norway’s regional GVA covers only 70% of the total GDP. In
Russia, the regional GVA covers 80% of the total GDP. In Finland and Sweden, the
coverage of regional GVA is better, reaching 88% of the GDP.

! Norway has 3 counties in the Barents region (19 counties in total), Sweden has 2 counties
in the Barents region (21 in total), Finland has 4 regions in Barents region (20 regions in
total), and Russia has 5 oblasts in the Barents region (46 in total). See map at the beginning
of this report.
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We have converted all currencies to constant 2015 Euros to account for inflation
and currency rate fluctuations from the data. Table 1 shows that inflation and de-
creasing value of currency might lead to a situation where real GVA in local currency
might increase, but the constant price GVA still decreases. To simplify, this means
that people might have a larger sum of money to use, but it is worth less.

2.2 Population — Ageing, urbanizing, and gaining wealth

5.1 million people lived in the Barents region in 2016, of which the majority re-
sided in the Russian Barents. The population in the other three countries’ Barents
regions were about the same size: 0.8 million in the Finnish Barents region, 0.5
million in Norwegian Barents region, and 0.5 million in Swedish Barents region. The
total population of the Barents region is decreasing. Russian Barents had 4.8 million
inhabitants in 1990, 3.3 million in 2015, and the projected population is 2.9 million
in 2030. The population in the Nordic Barents might increase from 1.8 million in
1990 to 1.9 million by 2030.

The share of national population living in the Barents region is decreasing in each
Barents country and the relative weight of the Barents region compared to other
regions in Barents countries is decreasing. Figure 3 shows that the decrease of the
share is fastest in Norway, where the population of the Southern parts is increasing
considerably faster than the population in the Barents region.

140 18%

=
3
\ 8 14%

[N
N
o

100

11100 k=

8 < 12%

S 2

o 80 < 10%

(] <%

] o

£ 60 i=s 8%

5 I

8 a0 s o

= G )

s o %

o ]
20 5o T
0 0%
1990 2000 2010 2020 2030 2040 2050 1990 2000 2010 2020 2030 2040 2050

NO Barents SEBarents  e==F| Barents e==RU Barents

Figure 3. Left panel: Population in Russian Barents has been decreasing 1% per
year. The population is slightly increasing in Norwegian, Swedish, and Finnish
Barents. In total, the Barents population decreases. Right panel: Barents region’s
share of national population decreases in all Barents countries.

The population in the Barents region is getting older, yet it is still 1 year younger
than national average. The mean age of the Barents region population has in-
creased from 34 years in 1990 to 40 years in 2015. There has been more old people
(65 years and older) than young (below 15 years) since 2006. In 2015, the share of
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Barents population, millions

old people was 22% in the Barents region and 23% in the national population. The
share of young people in the Barents region has decreased from 25% in 1990 to
18% in 2015, but this is 1 per cent point above national averages. The population
structure is very similar in all countries. The Russian Barents population was slightly
younger than the Nordic in 1990, but it has reached others by 2015.

The Barents population is moving to cities. National statistic centres published
the share of urban population, but unfortunately the definition on ‘urban’ varies in
each country. For this reason, it is more meaningful to look at the trend than the
actual value. According to national statistic agencies, the share of urban population
grows fastest in the Finnish Barents and slowest in the Swedish and Russian Bar-
ents regions. According to previous studies, the large cities gain most of the popu-
lation increase, while smaller cities roughly maintain their population, and rural ar-
eas lose population (Norden 2016).
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Figure 4. Left panel: The Barents region population is getting older. Population

structure is similar in each country. Right panel: Barents population is moving to

urban areas. National statistic agencies publish urban shares, but have varying
definitions of ‘urban’.

The urbanizing trend increases the populations of cities by 7000 per year in the
Nordic Barents and reduces the population of rural areas by 5000 persons per year.
In the Russian Barents, both the urban and rural population are decreasing, but the
share of urban population slightly increases.

A recent OECD report concludes that the combined trends of urbanization and
ageing will be a challenge for rural and remote areas (OECD 2017). There is a risk
that the rural population will have limited access to all basic goods and services, will
face increasing time in transportation while taking care of daily chores, and local
companies might have difficulties finding a work force.

Previous studies also show that rural areas will be more difficult to decarbonize
(Norden 2016) as there is a lower concentration of energy consumption that offers
fewer possibilities and incentives to invest in new technologies.
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Table 2. National statistics centres’ estimates of urban and rural population
change in the Barents region.

Urban population Rural Population
change each year change each year

NO Barents +3000 -1200
SE Barents +1200 -900

FlI Barents +3800 -3100
RU Barents -28 000 -17 000

Share of employed 15-64 years old has been steadily increasing in the Barents
region. Persons not working include students, unemployed, disabled, retired under
65, and people participating in the informal subsistence economy. The rate of eco-
nomic dependency? has been improving steadily as it was 2.3 in 2000 and 2.0 in
2014. The Barents region’s demographic dependency? improved from 0.55 in 1990
to 0.51 in 2007, but the ratio has been increasing since and was 0.65 in 2014. This
clearly indicates that despite the ageing population, the region has managed to re-
main economically competitive and to create new jobs.
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Figure 5. Left panel: The share of employed 15-64 year olds has been increasing
in the Barents region. Only in Norway has the share remained at the same level.
Right panel: Household disposable income (k€ per person) has increased in the
long term and suffered slightly after the 2008 recession in Norway, Finland, and

Russia.

2 population / employed
3 (number of less than 15 years + number of over 64 year) / (number of 15-64 years old)
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The wealth of the Barents region population has increased when measured in
terms of disposable income. The first year of available statistics varies from one
country to another, but they all seem to share economic growth in the long term and
a decrease in household income after the 2008 recession. Only the Swedish Bar-
ents region households did not seem to be largely affected. Norwegian and Russian
Barents region households’ income had increased back to the 2010 income level
by 2014, but the disposable income of the households in the Finnish Barents region
had not recovered and had dropped to 2005 levels.

2.3 Diversified economies can adapt and respond to challenges

In 2014, the public sector generated 28% of the Barents region’s GVA, industry
24%, commercial sector 15%, financial sector 14%, construction 7%, and agricul-
ture (including agriculture, forestry, hunting, fishing, and aquaculture) 5% (see Fig-
ure 6). The Russian Barents region had a 40% share of GVA from industry, while
the Norwegian Barents had only 14%. The Statistics Norway excludes off-shore
activities from regional GVA. Industry would likely be the largest source of GVA in
the Norwegian Barents as well, if the Statistics Norway would allocate off-shore
activities to the regional GVA. A table at the end of Annex A presents how national
classifications are summed into the categories in this report.

0

Barents, Agriculture
regional GVA,

%
%
%

M |ndustry
Construction

B Commercial

M Financial

B Public

O Unspecified

Figure 6. GVA inthe Barents regional GVA in 2014. Countries and sectors within
a country are organized from the largest to the smallest. Statistics Sweden has a
considerable share of unspecified data in regional accounts. Statistics Norway ex-
cludes off-shore activities from regional statistics. Agriculture includes also forestry,
fishing, and aquaculture.
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The public sector’s share of GVA varies from 20% in Russia and Sweden to 42%
in Norway, but these are slightly smaller than the national averages. Only Norwe-
gian Barents has larger public sector than the national share of 31%, but this could
change if Statistics Norway would allocate off-shore activities to regional accounts.

Detailed analysis of the Swedish Barents region’s economy is somewhat limited,
as the Swedish statistics contain a large share of unspecified data. Unspecified data
in Swedish national accounts is an unallocated portion of the GVA consisting of net
product taxes, differences between several estimation methods, and consumption

of indirect financial services (SCB 2017).
&
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Figure 7. Regional GVA of Norway'’s and Finland’s Barents regions in 2014.

The economy in the Norwegian Barents region has grown 2% per year from 2008
to 2014, which is slightly faster than in other regions in Norway (1.7% per year). The
Economy growth in the Norwegian Barents has been driven by a public sector
whose regional GVA increased from 7.2 billion EUR(2015) in 2008 to 9.3 hillion
EUR(2015) in 2014. Aquaculture, commercial, financial, and construction sectors
grew, but less than the public sector. The total GVA from industry remained at the
same level from 2008 to 2014, because some industry sectors grew (mainly food
processing with strong link to fisheries and aquaculture) while others decreased
(especially basic metals and chemicals). Slightly over 50% were employed in the
public sector.

In Norwegian Barents, fishing and aquaculture produced 7 times more value
added to the region and employed 30% more than agriculture, forestry, and hunting
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at 2015. If summed together with food processing industry, the size of the sector
was 10% of the Norwegian Barents regional GVA making the aquaculture and fish-
ing economically the most important industry branch in Norwegian Barents. And the
future prospects are very promising as the annual growth has been over 10% for
the last 6 years.

The economy structure of the Finnish Barents region changed after the 2008
recession, as the industry’s GVA has decreased from 8.1 billion EUR(2015) in 2007
to 4.8 billion EUR(2015) in 2014. The public sector GVA increased from 5.3 billion
EUR(2015) in 2000 to 7.6 billion EUR(2015) in 2012, after which public spending
slightly decreased. The public sector increased its volume after the 2008 recession
to stimulate the economy, but industry did not recover during these years and the
GVA per person is how 20% lower in the Finnish Barents region than the national
average. Figure 7 shows a snapshot of 2014 situations in Norway and Finland Bar-
ents regions. Annex | presents more data from these countries.
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Figure 8. Regional GVA of Sweden’s and Russia’s Barents regions.

Swedish Barents has 10% higher regional GVA per person than the national av-
erage. Sweden’s Barents region has a higher amount of industry and public sector
GVA per person, but less financial and commercial GVA than the national average.
The economy of the Swedish Barents grew 3.5% per year from 2000 to 2008, but
has stagnated since and remained at the 2008 level. The Industry GVA region fell
sharply in Sweden’s Barents in 2008, but the sector has recovered better than in
Finland. The most recent years have been less fortunate and the industry GVA has
started to decrease again.

Russia’s Barents regional GVA peaked between 2006 and 2010, but the amount
of industrial and commercial GVA has decreased since. The share of the public



sector's GVA has increased from 12% in 2004 to 20% in 2010. Compared to na-
tional average, Russia’s Barents region has a larger share of industry and public
sector GVA, but less commercial and financial GVA. Russia’s Barents regions have
10% higher GVA per person than the national average. Figure 8 shows a snapshot
of 2014 situations in Sweden’s and Russia’s Barents regions. Annex A presents
figures from 2000 to 2014.

The Barents region had a total of 2.6 million employees in 2014, of which 1.9
million were in Russia’s Barents. Finland’s Barents employed 0.3 million while both
Sweden and Norway Barents regions employed 0.25 million people. The public sec-
tor employs 51% of employees in the Norwegian Barents region, 44% in the Swe-
dish Barents, 41% in the Finnish Barents and 30% in Russia’s Barents. The com-
mercial sector was the second largest employer in 2014 employing 25% of employ-
ees. Figure 9 shows the sectoral split for each country.

Agriculture
B Industry
Construction
B Commercial
M Financial
B Public

Figure 9. Russia’s Barents region employed 1.9 million of the total of 2.6 million
employees in the Barents region in 2014. The public sector was the largest em-
ployer (35% of employees) in the Barents region, followed by commercial (25%)
and industry (18%).

The industry sector and financial sectors are high added value sectors, where

the share of work places is considerably smaller than the share of GVA. Industry
employed 18% of employees in 2014, but generated 25% of the Barents regional
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GVA. The financial sector employed 9% of employees, but generated 14% of the
GVA. All subsectors of these groups are listed in a table at the end of Annex A.

Table 3. Average value added per employee in the Barents region in 2014. * Agri-
culture includes also forestry, hunting, fishing, and aquaculture. Statistics Norway
excludes offshore activities.

Value added per employed, k€(2015) / employee / year
Financial Industry = Commercial Public Agriculture *

NO Barents 250 140 60 75 120
SE Barents 120 120 70 50 60
Fl Barents 160 90 45 50 45
RU Barents 13 95 11 10 12

Financial and industry sectors provide the best compensation per employee, and
Norway provides much higher compensation per employee than other Nordic Bar-
ents regions (see Table 4). There is no sectoral data available from the Russian
Barents.

Table 4. Average value added per employee in the Barents region at 2014. * Agri-
culture includes also forestry, hunting, fishing, and aquaculture. Statistics Norway
excludes offshore activities.

Compensation per employed, k€(2015) / employee / year

Finan- Industry  Commercial Public Agricul-

cial ture*
NO Barents 77 70 49 61 25
SE Barents 39 43 34 34 16
FI Barents 43 50 30 40 13

RU Barents - - - - -

2.4 Sectoral perspectives

Oil and gas industries are very important for both Norwegian and Russian Bar-
ents, though that is not visible from regional accounts. Norwegian Barents produces
15 Mtoe of oil and gas annually, which is 6% of the national total. Russian Barents
production increased quickly after 2001 when available data starts and reached a
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peak of 35 Mtoe in 2009. The total production has been approximately 3% of the
national total. Both regions have untapped oil and gas reserves.
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Figure 10. Left panel: Oil and natural gas produced in Norwegian and Russian
Barents. Right panel: share of national production.

The Barents region has two large Harbours, one in Murmansk and other in Nar-
vik. Murmansk’s volume of goods has been approximately 30 million tonnes per
year varying from 20 to 50 million tonnes depending on the year. Most of the ex-
ported products from the Murmansk harbour are oil and gas products. Narvik's har-
bour transfers approximately 20 million tonnes of goods annually, but the share of
oil shipments is relatively low, as the main commodity is iron ore from the Kiruna
mine in Northern Sweden. The most important harbours in the Swedish and Finnish
Barents regions are in Luled and Raahe serving local industries.

The Nordic Barents region has a large amount of hydro power which is used in
local industries and exported from the region. The Nordic Barents region has 8% of
the population in these countries, but it produces 20% of the electricity generated
on Barents regions on an average year. The Nordic Barents regions have energy-
intensive industry and average electricity consumption of is 60% above national av-
erages, but there is still enough electricity to export.

Electricity export from Swedish and Norwegian Barents regions is a major income
source. Between 2009 and 2014, the Swedish Barents region exported electricity
worth 550 to 900 million euros annually. In 2015 and 2016 the Norwegian Barents
region exported electricity worth 60 and 160 million euros, respectively. Finnish Bar-
ents region is a net electricity exporter when annual precipitation is above average
and a net importer when it rains less. The monetary worth of electricity net export
has been from -110 to +70 million euros depending on the water year.

Mining is a particularly important but volatile sector. In Swedish and Russian Bar-
ents regions mining contributes 20% and 25% of the total regional GVA, but mining
is less important in Finnish and Norwegian Barents regions, where mining sector
contributed only 1% of the total regional GVA. The mining sector's economic per-
formance is very hard to predict as the Swedish Barents mining sector's GVA fell
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37% between 2008 and 2009, but increased 80% between 2009 and 2010.
Changes in the Swedish Barents mining GVA has been up to 2 billion EUR per year.
Annual variability has been even greater in Finland, but the total volume is smaller,
at the level of 0.2 billion EUR in 2014.
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Figure 11. The mining sector is very important for Swedish and Russian Barents
as the GVAis 20% and 25% of the total, respectively. The mining sector’'s GVA has
also very high annual variability.

Norway and Finland publish detailed sectoral data of manufacturing industries
while Russia and Sweden publish only two categories: mining, and other industry.
Norwegian Barents’ manufacturing industries are mostly food products, beverages,
textiles, and unclassified smaller manufacturing industries. Finnish Barents has a
large amount of electronics, basic metals, and wood, pulp, and paper industries.
Norwegian Barents food processing industries are growing, while the Finnish Bar-
ents industries faced harder times in 2014. The situation has improved since, but
the data ends in 2014.
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Figure 12. Norwegian and Finnish Barents regions industry GVAs up to 2014.
Sweden and Russia do not publish this detailed sectoral data from industry.

The agriculture sector (agriculture, fishing, aquaculture, forestry, and hunting)
forms 5% of the Barents region GVA and employs 6% of the employees. Based on
the regional accounts, these sectors are growing in Finnish and Norwegian Barents,
stable in Swedish Barents, and decreasing in Russian Barents. Aquaculture is an
especially important sector in the Norwegian Barents, and it has been growing
quickly creating the growth also in closely linked sectors such as food processing.

It is difficult to compare the Barents regions in these sectors, because national
statistics centres group them differently. Statistics Norway and Russia group agri-
culture, forestry, and hunting under one category in statistics, and fishing and fish-
eries under another category. Statistics Finland group agriculture and hunting under
one category, and forestry, fishing, and aquaculture under another. Statistics Swe-
den group all five under one category. Reindeer herding is not explicitly mentioned
in the statistics and it is likely grouped under the agriculture. Table 5 compares the
significance of these sectors at each countries’ Barents regions and Table 6 com-
pares the share of e.g. fishing and aquaculture in the Barents region to the national
totals.

Tourism does not have a clear classification in statistics, but it is divided under
transportation, commercial, hotels, and restaurants, among others. Hotels and res-
taurants are a good indicator of tourism activities, but they form a smaller share of
the total GVA directly, ranging from 1% (Sweden) to 2% (Finland). The annual
growth has been fast in Norway and Sweden Barents regions, on average 5%/year
and slightly slower in Finland Barents (2%/year). Other sources estimate that tour-
ism would contribute from 2% to 5% of regional GVA in the Barents region
(Glomsrgad et al. 2017).
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The amount of Asian tourists increased much during the winter 2016-2017. It
remains to be seen if the increasing numbers of tourists is a long-term trend, but the
Barents region has been able to offer safety, cool weather during summer, and
snow in winter. Chapter 4 discusses the impacts of climate change on tourism and

other sectors.

Table 5. Regional Gross Value Added (GVA) and employment of agriculture, ag-

uaculture, fishing, forestry, and hunting as shares of the regional total GVA and
employment, at the level which national statistic centres publish the data. Rein-
deer herding is not explicitly mentioned in the statistics and it is likely under agri-

culture.

Share of local GVA

Share of local employed

NO SE Fl RU NO SE Fl RU
Barents Barents Barents Barents | Barents Barents Barents Barents

Agrlcultu_re, forestry, 1% 204 204 5%
and hunting
Agriculture and hunting 1% 5%
Fishing and aquaculture | 6% 3% 3% 1%
Fishing, aquaculture, 4% 204
and forestry
Sum of all 5 sectors 7% 3% 5% 5% 5% 4% 7% 6%

Table 6. Barents regions’ agriculture, aquaculture, fishing, forestry, and hunting
compared to the national totals. The share is calculated from employment and
GVA, which give good estimates. Reindeer herding is not explicitly mentioned in
the statistics and it is likely under agriculture.

Share of national total, calculated from
GVA and employment

NO SE FI RU
Barents Barents Barents Barents

Agriculture, forestry, 2 2
and hunting 0 20
Agriculture and hunting 20%
Fishing and aquaculture 40% 20%
Fishing, aquaculture, o
and forestry 30%
Sum of all 5 sectors 20% 10% 20% 4%
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3. Mitigation contributions under the Paris
Agreement

The mitigation contributions required to fulfil the Paris Agreement goals are mod-
elled with the TIMES-VTT integrated assessment model. The model describes
global energy supply and use, as well as non-energy-related greenhouse gas emis-
sions and GHG mitigation efforts, in long-term scenarios. Given projections on fu-
ture energy, industrial, and transportation demand; development of energy technol-
ogies, available resources and policies governing energy use and emissions, the
model finds a least-cost way of satisfying both the future energy demand and stated
policy targets, e.g. emission limits. Using the economic theory, the solution can be
interpreted to portray the actions of individuals, companies, and governments under
efficient energy and emission markets.

The following section presents how the Paris Agreement’'s implications have
been interpreted in the TIMES-VTT model, while Section 3.2 presents energy and
emission scenarios of Barents region countries under the Paris Agreement. These
results are further discussed in the sectoral analyses of Section 5. A slightly more
detailed description of the model is provided in the Appendix B and a full model
documentation of TIMES models has been updated at 2016 (Loulou et al. 2016).
TIMES-VTT and its input data has been documented also in several studies (Mat-
thews et al. 2015 and Kallio et al. 2015). Specific assumptions used in this study
are described in the chapter below.

3.1 Scenario specifications

The main objective of the presented mitigation scenarios is to portray how the
Barents region could contribute to the mitigation efforts of the Paris Agreement. The
level of geographic detail in modelling does not allow present energy or emission
scenarios for the Barents region itself. However, the Barents region will be guided
by the national-level policies and market developments. Thus, the national-level en-
ergy and emission pathways presented here do provide an outlook for development
also in the Barents region. These results will be combined with the insights from the
Barents region economic structure, presented in Chapter 2, in the sectoral analysis
for the Barents region in Chapter 5. Also, as the mitigation effort differs considerably
between the two mitigation scenarios, the residual climate impacts from these sce-
narios are presented in Chapter 4.

Emission targets

The long-term objective of the Paris Agreement is to limit global mean tempera-
ture increase well below 2°C, and to pursue efforts stabilizing temperature increase
at 1.5°C.The Paris Agreement is built bottom-up, on countries’ voluntary and self-
declared contributions for reducing emissions: the Nationally Determined Contribu-
tions (NDCs). In line with the United Nations’ framework climate agreement, the
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countries’ mitigation contributions should be based on countries’ capabilities, mean-
ing that a higher mitigation contribution is expected from more wealthy countries.

At the time of writing, 168 countries have submitted their first NDC, which involve
emission targets up to the year 2030. Of the Barents region countries, Norway has
its own NDC, Sweden and Finland are included in the NDC of the European Union,
and Russia has submitted its preliminary Intended Nationally Determined Contribu-
tions (INDC).

Past analyses have estimated that the aggregate contribution of currently ex-
pressed NDCs and INDCs do not suffice to keep the temperature increase below
2°C (see e.g. Ekholm and Lindroos, 2015). However, NDCs will be updated sequen-
tially over time and the emission targets will be extended beyond 2030, with the
intention of raising the mitigation effort. How effective the Paris Agreement will ulti-
mately be in mitigating climate change is therefore yet uncertain, and depends on
how willing the individual countries will be in pursuing ambitious climate policies.

To reflect the uncertainty in the Agreement’s outcomes, we calculate the main
Paris Agreement scenario (RCP 2.6) that assumes a strong international action on
mitigating climate change and a sensitivity scenario (RCP 4.5) that assumes strong
mitigation only from the most developed countries and moderate action from the
rest of the world. In these scenarios, we limit the radiative forcing at 2.6 W/m?2 in the
first case (RCP 2.6) and at 4.5 W/m?in the latter (RCP 4.5), which respectively cor-
respond to a temperature increase of approximately 1.6°C and 2.4 °C.

We set specific medium- and long-term emission targets for the Barents region
countries based on EU and national targets. Norway, Finland and Sweden act under
the EU climate policy (pricing of emissions under the EU Emission Trading System
(ETS) and national emission targets under the Effort-Sharing Regulation (ESR)).
Swedish climate policy framework (Sveriges Riksdag, 2017) sets a target for achiev-
ing carbon neutrality by 2045, but this target includes emission offsets and domestic
reductions will be around -85%. For other Barents region countries we assume -
80% GHG target for 2050 as presented in Table 7. However, the model has the
freedom to overachieve the national emission targets if that would be cost effective
in order to meet the global-level targets.

Table 7. Climate policy assumptions for the RCP 2.6 and RCP 4.5 scenarios. The
Barents region carries out ambitious mitigation in both cases, but in RCP4.5 the
Paris Agreement does not create ambitious action in developing countries.

[ | RCP26 RCP4.5

Global Cost-efficient mitigation to keep radia- = Cost-efficient mitigation to
tive forcing below 2.6 W/m? (~1.6°C keep radiative forcing below
warming) 4.5 W/m? (~ 2.4°C warming)

Norway 2030: Norway NDC target, EU ETS as RCP 2.6 scenario
and ESR

2050: GHG at least -80% from 1990
Sweden | 2030: EU NDC target, EU ETS and as RCP 2.6 scenario
ESR, domestic transport GHG -70%
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[ | RcP2s RCP4.5

2050: at least 85% reduction of GHG*

Finland 2030: EU NDC target, EU ETS and as RCP 2.6 scenario
ESR
2050: GHG at least -80% from 1990

Russia 2030: INDC target as RCP 2.6 scenario
2050: GHG at least -80% from 1990

Technology development

The modelling approach used in the TIMES-VTT model intends to satisfy the
projected energy demand and emission targets with least costs (see Appendix B for
further information). The scenarios resulting from this optimization procedure are
highly dependent on what assumptions are made for future energy technologies;
that is, how current technologies develop, and when new technologies will be avail-
able on the market, how efficient and costly they will be and how efficiencies and
costs might evolve over time.

The default assumptions of TIMES-VTT model involve gradually declining costs
for existing technologies, such as solar power, wind power, and electric vehicles.
Based on recent development, the solar power costs have been updated and the
investment cost is assumed to be 600 €/kWp at 2020, 450 €/kWp at 2030, and 600
€/kWp at 2050. Solar power production cost is and will be higher in the Barents
region than in Central and Southern Europe due to lower number of sun light hours.
Amount of solar power often remains quite low in Nordic countries especially be-
cause the hydro power and wind power resources are excellent. Solar power pro-
duces most of the electricity in summer when the demand is lower. But solar power
gains a certain market share with updated price assumptions.

Nuclear power assumptions are updated to reflect the development over the re-
cent years. Sweden has several times either decided to phase out or not to phase
out the nuclear power. In this study, we assume that some nuclear plants will be
phased out in Sweden, but some will remain and new plants could be built. The
assumed maximum nuclear power production in Sweden is 53 TWh at 2020, 47
TWh at 2030, 35 TWh at 2040 and onwards. The model can choose to produce less
nuclear power, but it cannot increase the production over the assumed maximum.

TIMES-VTT can reduce emissions in transportation by increasing energy effi-
ciency in fossil fuel cars, and changing to alternative fuels such as electricity, bio-
gas, natural gas, or hydrogen. All these are commercially already available for pri-
vate cars, but only biofuels have been demonstrated for all transport modes. Mari-
time and heavy road transport can already use natural gas, but fossil fuels currently
dominate the markets. Electricity is under demonstration phase in heavy road
transport, maritime, and aviation. In default assumptions, we have electric vehicles
in road transportation, but not in aviation and maritime. To study the importance of

4 Sweden has a target to reach net-zero emissions by 2045, which includes 85% domestic
reduction below 1990 levels and 15% carbon offset from low-carbon projects.
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EV assumptions, we calculate a sensitivity scenario where all electric road vehicle
prices will decline faster than assumed and be 20% lower than in default assump-
tions.

Industry sector can reduce emissions with energy efficiency, fuel changes, and
new processes. Fuel changes are allowed for electricity, heat, and steam produc-
tion. Process emissions are considerably harder to mitigate, but can be reduced
with fuel efficiency, recycling of steel and aluminium, and new non-commercial tech-
nologies, such as CCS and biomass feedstock for oil refineries. Available measures
for each sector are the same in all Barents region countries, but available measures
in each country depend on which industry sectors each country has. TIMES-VTT
follows the classification of the IEA energy statistics where part of the industries,
such as blast furnaces, are classified under upstream.

As a reflection on very recent trends, the development of CCS has been under-
performing and the availability of CCS has been restricted. We assume that Nordic
Barents countries can use 9 MtCO.e of CCS at 2040 and 30 MtCOe of CCS at
2050. For Russia, we assume that there could be 10 MtCOe of CCS at 2040 and
50 MtCO.e of CCS at 2050. Limiting the amount of available CCS will increase both
mitigation costs and required measures in other sectors.

Due to recent setbacks of CCS technology, we model a case where CCS tech-
nologies will not be commercialized at all. The overall level of mitigation targets are
assumed to remain unchanged in this sensitivity scenario as well as in the low cost
electric vehicle scenario. Thus, the differing assumptions will change only the com-
position of cost-efficient mitigation actions in different sectors, not the overall target.

3.2 Scenario results

Greenhouse gas (GHG) emissions

The modelling results indicate that greenhouse gas emissions decline rapidly in
all Barents region countries under the Paris Agreement, as depicted in Figure 13.
The decline is fastest in the power, district heat, and domestic transport. Industry,
buildings, and upstream emissions are reduced slower, and agriculture emissions
mostly remain at current level. At 2050 we have assumed some CCS potential that
can produce negative emissions if applied to biomass processes, such as power
and heat, pulp and paper or biofuel refining.
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Figure 13. Greenhouse gas emissions by sector (excluding LULUCF) in the Bar-

ents region countries up to 2050 in the RCP 2.6 scenario. Shaded areas on the

negative side result from CCS used with biomass. Colours on negative side refer
to same sector than on the positive side.

Power and district heat was the first sector to decarbonize fully in the scenarios.
This means that the model finds the decarbonization of the power and heat sector
to be the most cost-efficient solution to reduce emissions. In general, the most cost
efficient measures to reduce emissions from power and district heat are wind power,
solar power, switching coal and peat to biomass in existing power plants, and ex-
panding hydro power if environmentally viable. If the CCS is assumed to be availa-
ble at 2050, the model chose to invest in to the bio-CCS to achieve negative emis-
sions in the power and district heat sector.

Building stock does not cause large direct emissions, but is indirectly responsible
for a share of power and district heat emissions. The energy efficiency in buildings
increased in both RCP2.6 and RCP4.5 scenarios reducing the total energy demand
of building sector. In addition, fossil fuels in direct heating are replaced with renew-
able alternatives. Oil heating in residential sector end by 2030 in Paris agreement
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scenarios, but this might be a challenge as actual decisions are made by many
individuals.

Industry emissions are often closely linked to the industry processes. Industrial
processes can increase efficiency and switch fuel to some extent, but it might have
to be linked to wider modifications in the industrial installations. The fuel switching
within industry should be easies in industrial power and heat production where fossil
fuels could be replaced with lower emissions fossil fuels (natural gas), biomass, or
electricity. All these happen in Paris agreement scenarios, but in much lower extent
than in public power and district heat production. Industry process emissions are
considerably harder to mitigate, but can be reduced with fuel efficiency, recycling of
steel and aluminium, and new non-commercial technologies, such as CCS and bi-
omass feedstock for oil refineries.

Domestic transportation will also reduce emissions in significant amounts, but
emissions from international transportation (maritime and aviation) will remain at a
higher level. In the RCP2.5 scenario, domestic transport shifts to electricity, biofuels,
and other alternative fuels mostly by 2030 and almost completely by 2050. Interna-
tional transportation can shift to liquid biofuels or natural gas, but the costs are es-
timated to be higher especially in the aviation.

Upstream emissions from fuel extraction, pipelines, refining, and blast furnaces
are reduced, but less than in other energy use sectors. Emissions of flaring, venting,
and pipeline leakages are estimated to be easier to reduce than emissions from
refineries and blast furnaces. In addition, oil and gas production declines, but indus-
try production grows. These are the main reasons why upstream emissions would
be reduced in Norway and Russia, but not that much in Sweden and in Finland.

Agriculture emissions remain notable up to 2050. Many studies have suggested
emission reduction measures to agriculture, such as biogas, improved farming
measures, improved manure handling, and increasing grass coverage in set-aside
fields. TIMES-VTT model has the production of biogas, but otherwise the potential
of measures in the agriculture sector are assumed to be limited. Emission reduc-
tions from agriculture requires further studies and might be underestimated here.

CCS is an important mitigation measure in deep decarbonisation scenarios from
2050 onwards. It could be used in electricity generation, particularly in conjunction
with biomass to achieve net-negative emissions within the sector; and in certain
industrial processes, particularly in the production of clinker for cement, blast fur-
naces for iron making, and refineries with fossil or biofuels.

The most notable effect of excluding CCS from the mitigation mix is the persis-
tence of emissions from certain industrial and upstream processes. These include
clinker production for cement, where CO- is released through calcination of lime-
stone, production of iron in blast furnaces, where carbon acts as the reductive
agent, and industry feedstocks of oil and natural gas. Cement production can use
clinker substitutes in limited amounts, and steel can be produced also from recycled
steel in electric arc ovens and direct reduction of iron oxide with, e.g. natural gas.
Still, virgin steel produced via the blast furnace route is required for higher-grade
steel. This situation is assumed to prevail until 2050. Thus, these approaches can-
not fully eliminate the CO, emissions from these processes.
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The total mitigation contribution from the Barents region countries is significant.
In the Barents region countries, emissions are reduced 50% below 2010 by 2030
and 90% below 2010 level by 2050 under the Paris agreement scenarios if CCS is
available. The 2050 reductions are more ambitious than national targets, but Bar-
ents region countries would not reach 80% reduction targets if we assume that CCS
technology will not be commercial by 2050. The current model version does not
have enough emission reduction measures to reach very deep emission reduction
targets in agriculture, industry, and upstream without CCS. This does not mean that
CCS is required, but it does mean that some new technology or technologies are
required for industry processes, upstream, and agriculture.
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Figure 14. Electricity generation in the Barents region countries up to 2050
in the RCP 2.6 scenario. Other fuels are mostly municipal waste.

The existing electricity generation mix varies considerably between Barents re-
gion countries, and the required changes in the generation mix differ accordingly by
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country. Electricity generation and demand increases in the RCP 2.6 scenario in all
the Barents countries, as presented in Figure 14. Increasing demand of electricity
due to electrification and phase-out of fossil fuels needs to be balanced with new
zero-emitting capacity. At the same time, Nordic countries electricity surplus in-
creases and they export more electricity to Central Europe.

With the assumptions used in the scenarios, wind and solar power increase in
significant amounts in all Barents region countries supplemented with production
from biomass. In all Barents region countries, wind and solar could cover most of
the required capacity expansion. Notable expansion of hydropower is feasible only
in Russia, which has significant untapped hydropower potential (WEC, 2016), but
this would require considerable investments. The hydropower capacity expanded
1.5 GW in Norway from 2010 to 2014 and 10 TWh of further capacity additions are
under construction or planned (NVE 2017).

Paris Agreement scenarios have more demand than supply of sustainable bio-
mass in the Paris Agreement scenarios. The use of biomass grows in CHP plants
mainly due to district heat production from biomass, but smaller heat only units will
be needed in smaller DH grids. Biomass could replace much higher share of fossil
fuels, but available sustainable biomass resources are estimated to give higher total
value in mitigating emission in other sectors where alternative options are more
expensive.

Electricity demand is projected to increase despite the advantages in the energy
efficiency. The main reasons is the electrification in other sectors to reduce direct
emissions. The demand is increased especially through electrification in the heat-
ing, transportation and in industry. The scenario without CCS required more elec-
tricity, because end use sectors need to electrify more than when CCS is assumed
to be available. It is important to remember that, if power generation is not decar-
bonized first, electric vehicles and other electrification might lead to an increase in
the emissions.

Transport

Future transportation energy demand is characterized by an increase in trans-
portation demand, improving efficiency and energy carrier switching. The Paris
Agreement scenarios, depicted in Figure 15, involve a sharp decrease in gasoline
and diesel use in land transportation, as vehicles gradually switch to a mix of ad-
vanced biofuels, electricity, and biogas. The decrease is sharper in gasoline, which
is primarily used by passenger vehicles; while the switch in heavy road transporta-
tion using diesel is more gradual.

The electric car scenario is calculated without specific subsidies of electric cars.
We assume in that sensitivity analysis that fully electric vehicles will be 5% cheaper
and hybrid EVs will be as expensive as combustion engine vehicles by 2030. We
also assume that road electric vehicle (EV) costs would be 20% below combustion
engine vehicles by 2050. The fuel costs of EVs are considerably cheaper already in
2020 and declining price will make them considerably more cost-efficient mode for
transportation. But due to long lifetime of existing car stock, the scenarios have at
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very similar differences at 2030. If higher share is desired, electric car likely need
support and subsidies to be competitive before the year 2030. Support can be direct
subsidies or indirect subsidy, such as a permit to drive on bus lanes. Norway has
very successful managed to increase the EV sale numbers with a selection of

measures including both direct and indirect support.
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Figure 15. Energy use for transportation in the Barents region countries up to
2050. Kerosene is for aviation only, and heavy oil in transport is for ships only.
2010 is calibrated to national energy statistics.

Given that electricity generation faces fast transition to fossil-free sources, rapid
and low-cost electrification of road transportation provides an attractive option for
mitigation. All Paris Agreement scenarios require such deep GHG reductions that
electric electricity and biofuels replace basically all fossil fuels except most of the
kerosene. The model invests also to biokerosene, but that is considered to be the
most expensive fuel to replace in transport sector.

The road transportation mileage per capita is expected to rise in Russia, con-
verging towards the mileage per capita levels of other developed countries, leading
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to an increasing transportation energy demand despite the increases in efficiency.
In the Nordic countries, efficiency improvements in road transportation outweigh the
increase in mileage growth, leading to a decreasing trend of road transportation
energy consumption. This trend has, in fact, already existed in the Nordic countries
since 2007.

International maritime and aviation are not directly covered by the Paris Agree-
ment, but international maritime and aviation organizations are considering mitiga-
tion contributions from these sectors. Our scenario show that these sectors have to
contribute if we want to limit the global warming well below two degrees. As a result,
international transportation emissions start decreasing already before 2030 in Paris
Agreement scenarios. International maritime transport and aviation have less miti-
gation options that in road transportation and the situation can develop more posi-
tively if emerging technological solutions, such as electric airplanes and ships, will
be successful.

Industry energy use

Industrial energy use varies considerably between Barents region countries, as
can be seen from Figure 16, reflecting both the differences in energy supply and
structure of the industry in each country. In Sweden and Finland, bioenergy forms
a large part of the industrial energy mix, particularly due to the forest industry. In
Norway, more than half of industrial use is electricity. In Russia, electricity and dis-
trict heat supplied to industry comprise roughly one third of industrial energy, while
two thirds come from fossil sources, predominantly gas.

Efficiency improvements in industry limit the future increase in energy use.
TIMES models take industry production, e.g. tonnes of steel, and current energy
use from statistics as input data. Then model is given an assumption of future pro-
duction, but used energy and applied processes are optimization results. Although
industrial production volumes increase in all the countries in the scenarios, the
growth in industrial energy use is very modest in the Nordic countries. In Russia,
however, a higher growth in industrial production, following an assumption of faster
economic growth than in the Nordic countries, leads to an increasing industrial en-
ergy use, despite the notable improvements in energy efficiency.
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Figure 16. Industry energy use in the Barents region countries up to 2050
in the RCP 2.6 scenario.

Despite the high mitigation efforts, increasing energy efficiency, and new indus-
trial processes, the use of fossil fuels does not cease completely in industry. A num-
ber of industrial processes — such as blast furnaces, cement kilns or petrochemical
processes — have less viable substitutes for fossil fuels and feedstocks. Blast fur-
nace steel can be replaced with recycled steel, but not completely. Qil refineries are
assumed to be able to use biomass as a feedstock. Some industrial processes can
be combined with CCS to avoid atmospheric release of the fossil emissions. In ad-
dition, Paris Agreement scenarios (RCP2.6 and RCP4.5) do not require 100% GHG
reductions. With 90% total GHG reductions, the model can still emit some CO, from
fossil fuels in sources where it is the most expensive to switch to other fuels.

QOil and gas production

The climate targets have notable implications for fossil fuel markets. The mod-
elled RCP2.6 scenario exhibits a decrease in demand, but a stable price for crude
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Crude oil world market volume,

oil on the global oil market. The European natural gas market, which is the main
market for the Barents region gas producers, shows in turn a declining demand and
a slightly increasing price due to increased extraction and transport costs. Both
these still lead to significant decreases in monetary volumes of markets during the
next decades in the RCP 2.6 scenario, as presented in Figure 17.
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Figure 17. Crude oil world market and natural gas European market volumes up to
2050. Dashed lines indicate the sensitivity scenarios for the RCP2.6.

The sensitivity scenarios to the RCP2.6 case, which are shown with dotted lines
in Figure 17, show mostly similar market outlooks compared to the default RCP2.6
scenario. The only exception is the European gas market if no CCS is available, in
which case the gas market volume declines very rapidly post-2030 due to a more
exacerbated need for reducing GHG emissions. If CCS technology would mature
successfully, natural gas could be used with CCS. Without CCS, models have to
reduce the use of fossil fuels faster in low carbon scenarios and natural gas could
be easier fuel to switch than oil.

These effects are similar, but somewhat more pronounced, than in the 450 ppm
scenario of the IEA World Energy Outlook 2016 (IEA, 2016). The IEA’s 450 ppm
scenario exhibits also a declining demand for gas in Europe. For oil, however, the
IEA expects a stronger upward trend in price, exceeding 80 $/barrel by 2030, and
a slower decline in demand. As a combination of these two trends, the rebounding
price drives the global oil market volume in the IEA 450 ppm scenario. Even despite
the declining demand, IEA projects that significant investments are needed for de-
veloping new oil and gas resources due to the declining production from existing
fields (IEA, 2016).

However, the caveats involved in the perfect-foresight ideal-market simulation
approach used in the TIMES-VTT model and similar challenges associated with the
IEA scenarios should be noted. The risk of stranded assets arises from investments
based on inaccurate future forecasts. The ambition level of global climate policy and
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emerging technologies pose large uncertainties for oil and gas demand. Estimating
the price evolution of crude oil and natural gas is wrought with high uncertainties.
Uncertainty over how producers compete for the market share on a declining and
uncertain market adds to this risk. That is, although new investments in upstream
oil and gas are needed to satisfy future demand, these investments will be more
risky than earlier with hard-to-predict returns.

3.3 Other potential mitigation contributions

While the TIMES-VTT covers all emission sources covered by, e.g. the Kyoto-
protocol and current EU emission targets, some emission sources and potential
mitigation actions were outside the model scope. The model does not consider car-
bon stocks in land-use and forestry, which excludes the consideration of forest car-
bon sinks — a potent source of negative emissions in the Barents region. Another
source of potential mitigation contributions excluded in the scenarios are changes
in cultures and behaviour, including consumption patterns, acceptance or values.
On the other hand, lock-ins or other bottle-necks in investments are not considered
either. Consumption focusing less on tangible goods, more efficient use of materials
and a dietary shift towards vegetarian options could result in a notable mitigation
contribution that is additional to the presented scenarios.

The Barents region has notable forest reserves. While forest can provide a re-
newable source of energy and material, they also bind carbon from the atmosphere
through tree growth. In statistics, these emission sink belong to category called
land-use, land-use change and forestry (LULUCF). The emissions and sinks from
LULUCEF sector will be included in the EU climate policies (European Commission,
2016). As the presented scenarios involve notable amounts of biomass, partly of
forest origin, this might have a negative impact on forest carbon storages and sink,
which was excluded in the numerical results. Further scenario analyses that cover
the energy system, forest carbon stocks and greenhouse gas emissions (Siljander
& Ekholm 2017) would be needed to analyse the ideal balance of wood use and
forest carbon stock enhancement.

Dietary choices, on the other hand, could affect the composition of agricultural
production. Agricultural emissions arise primarily from cattle methane, soil nitrous
oxide, and manure management methane and nitrous oxide emissions. Very limited
mitigation options exist, particularly for the cattle and soil sources, and the scenarios
exhibited a very stable level of agricultural emission up to 2050. However, the
TIMES model considers a fixed projection for agricultural activities, and the scenar-
ios did not consider alternative pathways of agricultural demand and activity. A die-
tary shift towards vegetarian options would reduce the cattle and manure manage-
ment emissions perhaps significantly. However, the trade in food products and the
coupling between bovine meat production and dairy products make the dynamics
of such change non-linear and somewhat hard to predict. The impact dietary
changes should nevertheless be explored further.
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4. Climatic impacts on the Barents region

4.1 Introduction

Climate change is taking place faster in the Arctic than in the rest of the world. In
addition to warming, climate change will impact several other processes, such as
precipitation, snow cover, storms and other severe weather events, ice and thawing
of the permafrost. The Arctic is particularly sensitive to temperature increase be-
cause warming affects key features of the Arctic environment, such as the extent of
sea ice, seasonal variation in snow and ice, glaciers and permafrost and snow
cover. The Arctic has already experienced significant warming over the past cen-
tury, and the annual mean temperatures increased by 1-2 degrees in the Barents
region between 1954-2012 (Walsh 2014; AMAP 2017). Further warming is ex-
pected over the next thirty years (Figure 20) and thereafter. Under the scenario
RCP4.5, the typical winter temperature in Northern Fennoscandia would be 7 de-
grees higher than today in 2100 (Benestad et al. 2016; AMAP 2017).

The impacts of climate change interact with other factors (e.g. acidification and
impact on fisheries). Moreover, there are interacting social and economic drivers
that affect the Barents area, such as population development, economic growth,
demands for natural resources (particularly by extractive industries) and land use
issues (AACA 2017). All these factors work in parallel with climate and other envi-
ronmental change and it is therefore difficult to predict the exact ecosystem impacts
of climate change. There is also strong spatial variation in the impacts of climate
change in the Arctic because the communities, biophysical regions and drivers of
change are different in the different regions (Larsen et al. 2014). Moreover, climate
change is compounded with the existing vulnerabilities, such as demographic fac-
tors and economic development, of the population in the area (Larsen et al. 2014).

4.2 Changes in temperature and sea ice extent in the
Barents region by 2050

The analysis of climate change impacts up to 2050 presented in this Section, is
based on climate model data regarding the RCP4.5 scenario from the ESM2G
model by the U.S. National Oceanic and Atmospheric Administration (NOAA), and
on relevant literature on the impacts of climate change on the environment and
economy in the Barents region. It should be highlighted that analyses based on
single models are inherently uncertain, and therefore multi-model approaches are
usually recommended. Thus, Figure 18 to Figure 20 should be considered as illus-
trations of potential impacts in the Barents region. More emphasis is put on the
literature review, the results of which are presented in Section 4.3.

In RCP4.5, reductions in emissions lead to a stabilization of emissions by the end
of this century, and to an increase in the global average temperature of 1.7 to 3.2
degrees Celsius compared to 1850-1900 (IPCC 2013).
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Change in winter mean temperature (°C)
RCP4.5 - 2010-2050

Change in annual mean temperature (°C)
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Figure 18. Change in annual mean temperature (left) and winter mean tempera-
ture (right) from 2010 to 2050 in the RCP 4.5 scenario.

As can be seen in Figure 20, the annual temperature is estimated to change by
1-3 degrees in Barents from 2010 to 2050. Expected change is somewhat higher
for the winter average temperatures, ranging from 1 degree in Northern Scandinavia
to over 3 degrees in the Russian Barents. The average temperature in April is esti-

mated to increase by 1-2 degrees by 2050.

April mean temperature (°C) April mean temperature (°C)

2005-2015 RCP4.5 - 2050 ”

Figure 19. April mean temperature in 2010 (left) and 2050 (right) in the RCP 4.5
scenario.
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According to the NOAA model results used in this study, the current trend of de-
clining sea ice extent is predicted to continue in the Barents region. The differences
between 2005-2015 average and at 2050 in the RCP4.5 scenario are the most ob-
vious in the Barents Sea along the Russian coast.

Dec-Feb sea ice extent (%) Dec-Feb sea ice extent (%)
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Figure 20. Winter sea ice extent in 2010 (left) and 2050 (right) in the RCP 4.5 sce-
nario.

4.3 Impacts of climate change on the different sectors

The impacts of climate change on economic activities are intertwined with other
factors, and it is thus difficult to separate the exact impact of climate change. More-
over, many of these factors act in opposite directions (Jansson et al. 2015). In ad-
dition to risks, warming climate may also bring about new opportunities, for instance
by making resources more accessible and increasing the productivity of land and
forest resources (Jansson et al. 2015). Dannevig et al. (2015) point out that the
impacts of climate change often mix with other factors. For example, if reindeer
pastures become fragmented due to infrastructure development, there is less land
available to substitute areas that have become unusable as a result of changes
caused by climate change, such as ice formation. In such situations, increased
costs are imposed on reindeer herders’ cooperatives, for example due to transpor-
tation of animals to other areas, or helicopter surveillance of animals.

Infrastructure and energy production

Major economic costs and risks are imposed on installations, such as bridges,
pipelines, drilling platforms and hydropower, through damage from ice action and
flooding. These risks are more linked to the design structure of the buildings than to
thawing permafrost (Larsen et al. 2014). Climate change can have an impact on the
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integrity and reliability of electricity grids and pipelines. These impacts can be par-
ticularly strong in Barents and other Arctic regions because temperature increases
are likely to be higher than average at the higher latitudes. In the most North-East-
ern parts of the Barents region the melting of permafrost may cause destabilization
of pillars or prevent access for maintenance and repair (Arent et al. 2014).

Impacts of climate change are likely to be different from one energy carrier to
another. Some of them are more sensitive to climate impacts than others. Gener-
ally, renewable energy can be more vulnerable to climate change than fossil energy
resources because it is more dependent on weather and climate (Schaeffer et al.
2012). On the other hand, renewable energy promotes energy security because it
is typically available on site. Moreover, it is not dependent upon exports from else-
where.

Increased precipitation will increase the availability of hydropower. However, ac-
cording to Seljom et al. (2011), flooding is also likely to increase because it is not
possible to utilize all the additional precipitation in existing or potential new hydro-
reservoirs. According to Vormoor et al. (2015), autumn/winter floods are likely to
intensify, and may also lead to a systematic shift in the current flood regimes from
spring/summer to autumn/winter regime.

Agriculture

Presently agriculture in the Barents region is based on animal breeding (cows
and other ruminants) and grass farming (Hannukkala & Kietavainen 2017). It can
be expected that with warming temperatures, farming in the Barents region will be-
come more important. According to an assessment conducted in Northern Norway,
the growing season will increase by 6—30 days over the period 2021-2050 (Ulen-
berg et al. 2014). The systematic review on the impacts of climate change on crop
yields in Northern Europe by Knox et al. (2016) concludes that over 10% vyield in-
crease is expected in the region by the 2050s. This increase in agricultural produc-
tion in Northern Europe also implies an increased potential for exports of agriculture
production to low-latitude regions where the impacts of climate change on agricul-
tural production are expected to be severe (Knox et al. 2016).

Potentially positive impacts of climate change on agricultural production in North-
ern Europe also mean that crops that are presently marginal, or not grown at all in
certain areas, could become feasible. Thus, there could be potential for crop diver-
sification (Knox et al. 2016). Dannevig et al. (2015) point out that with higher tem-
perature, the availability of light may increasingly become the most crucial variable
for plant growth. Due to limited light availability, there is limited potential to lengthen
the growing season in the autumn. Thus, earlier onset of spring becomes the critical
factor for agricultural production. In order to begin farming earlier, the ground also
needs to be dry enough. If it is too wet, ploughing is not possible.

On the other hand, warming also makes conditions more favourable for plant
diseases and weeds (Ulenberg et al. 2014). A crucial process for plant survival over
winter is cold-hardening during autumn. Cold hardening is a complex process con-
trolled by the interaction of light and temperature (Ulenberg et al. 2014). Warmer
autumn days may shorten the winter hardening period by even a few weeks, making
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the plants less hardened. Moreover, less stable snow cover makes plants more
vulnerable to frost damage (Ulenberg et al. 2014).

Hdéglind et al. (2013) assessed the potential impact of climate change on grass
production (timothy and ryegrass) in Northern Europe. Two of the study locations
they covered were situated in the Barents region (Tromso and Rovaniemi). The
study concludes that the yields of timothy increased in all the regions studied. The
yield increase is primarily caused by an increase in temperature. However, as the
authors point out, the analysis does not give information on whether the additional
or increased harvests projected could also be manageable. In order to successfully
harvest the grass, it needs to be dry enough to carry the weight of tractors (i.e. 2—3
days without rain), otherwise compaction of the soil and damage to the plants will
occur. Overall, many uncertainties remain regarding the exact impacts of climate
change on agriculture in the Barents region. Plant breeding can have an important
role in adaptation to the changing winters, longer autumns and varying conditions
during the growing season (Hannukkala & Kietavainen 2017).

Climate change can also have impacts on animal husbandry. Increased affor-
estation or bush formation on pastures decreases pasture quality, which reduces
sheep body mass (Dannevig et al. 2015). Precipitation and temperature increase
may result in foot rot and appearance of new diseases. On the other hand, an
increased growing season can contribute to higher lamb weight and increased ani-
mal numbers (Dannevig et al. 2015). For animals that are kept indoors in the winter,
shorter and warmer winters reduce the need for shelter and feed concentrates
(Ulenberg et al. 2014).

Fisheries and aquaculture

According to Filin et al. (2015), temperatures will increase in the Barents Sea
between 2-10 degrees, sea ice will be significantly reduced and may even disap-
pear completely, and salinities are likely to decline due to increased precipitation
and higher fresh water run-off from rivers by 2100. Warmer temperatures and re-
ductions in sea ice can lead to higher phytoplankton production, which in turn is
likely to result in higher fish production (Haug et al. 2017; Filin et al. 2015). Cod is
arguably the most studied species in the Barents Sea, but studies on other species
indicate that they will be markedly impacted as well. Herring, blue whiting and even-
tually Atlantic mackerel are expected to expand eastwards. This could potentially
reduce cod populations but many studies also indicate that cod populations will
grow as a result of warming (Haug et al. 2017). In addition, climate change is likely
to result in overall higher production, and thereby larger catches of haddock, herring
and other boreal species (Filin et al. 2015).

However, there are large uncertainties concerning the impact of climate change
on the Barents Sea, and also other factors than temperature affect the ocean, such
as changes in fishing intensity, time and place, and acidification due to increased
carbon dioxide concentration in the air. For these reasons, improved management
has been implemented since 2003 and robust management strategies will continue
to be needed in the future as well (Filin et al. 2015). Already, it has been observed
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that the recent warming in the Barents Sea has led to changes in the spatial distri-
bution of the fish communities (Fossheim et al. 2015; Wiedmann et al. 2014)). Bo-
real fish communities, particularly large, migratory fish predators, have expanded
northwards, especially in the summer period (Haug et al. 2017). At the same time
the Arctic shelf fish communities have retreated northwards to deeper areas (Foss-
heim et al. 2015).

Agquaculture is an important sector particularly in Northern Norway. In a global
assessment conducted by Handisyde et al. (2017), Norwegian aquaculture (to-
gether with Chile) was found to be the most vulnerable to impacts of climate change.
The impacts of climate change on sea water at a local level are difficult to predict,
but some assumptions can nevertheless be made (Hermansen & Heen 2016). The
main impacts of climate change on marine aquaculture result from increases in tem-
perature, reduced salinity, increases in storms and other extreme events, and ocean
acidification due to higher atmospheric carbon dioxide levels (Handisyde et al.
2017).

However, climate change can also have positive impacts on aquaculture. Her-
mansen and Heen (2012) assessed the impact of temperature increase on salmonid
farming in different Norwegian regions. They found that the impact of warming on
salmonids is generally very positive in Northern Norway if relocation of production
is allowed freely. Production units are likely to move away from Northernmost and
Southernmost regions. In Northern Norway Nordland county would considerably
benefit while Finnmark and Troms would lose some production units. However, the
analysis by Hermansen and Heen (2012) uses annual average temperature and
does not take into account seasonal variation in temperature. Nevertheless, the au-
thors conducted sensitivity analysis, which showed that the results for Northern Nor-
way are fairly robust.

Forestry

Along with warming temperature, forest growth may increase and forests may
spread further North to areas which are presently treeless. According to climate
modelling cited in Eriksson et al. (2016), if the global average temperature increases
by two degrees, the growing season is likely to increase by 1-2 months in Sweden.
They also estimate that rainfall will increase by 15-20% over this century.

Together these changes increase the possibilities for intensified forestry also in
the North, but the changes can be both positive and negative (Eriksson et al. 2016).
For example, according to Rautio (2017), it might be possible to increase harvest
level in Northern Finland to the present level of Southern Finland. Presently, the
productivity of the forests in the boreal areas is limited by short growing season, low
summer temperatures and shortage of nitrogen. The predicted increase in temper-
ature would prolong the growing season and enhance decomposition of soil organic
matter and availability of nitrogen (Lindner et al. 2010). However, the forest growth
models usually do not take into account possible increases in diseases or insect
damage. In addition, variations in temperature during winter may aggravate condi-
tions for seedlings and endanger their survival over the winter (Rautio 2017). This
has considerable impacts on costs as well because re-establishing the forest is the
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most important phase in forestry. Less frost on the ground and a higher level of
groundwater can make forests more prone to storm damage. Moreover, increas-
ingly wet winters make logging conditions more challenging (Lindner et al. 2010).
Damage through pressure from vehicles may decrease local forest productivity.
However, it should also be noted that these climate changes are fast in relation to
the capacity for natural adaptation of trees and other species.

Boreal forest fires presently mainly take place in Siberia, Alaska and Canada
(Flannigan et al. 2009). Climate change is likely to increase the severity and fre-
quency of forest fires. In the Barents region, this primarily concerns the Russian
Barents where both the severity and frequency of forest fires are estimated to in-
crease (Stock et al 2017, JRC 2017). Forest fires have become slightly more com-
mon in some parts of the Norwegian Barents, but on the other hand, many regions
in the Norwegian Barents have experienced decreasing trend in forest fires from
1980 to 2010 (EEA 2017). The future estimates show only a small increase in pro-
jected change in forest fire damages in Norwegian Barents (EEA 2017). Swedish
Forest Agency and Finnish Ministry of Agriculture and Forestry have estimated that
forest fire risks increase in Southern parts of the countries and Barents region would
be mostly unaffected (Andersson 2017, Torniainen 2017). These estimates are sup-
ported by earlier work compiled by IPCC (2014).

Tourism

Tourism in the Arctic is often based on nature and natural resources, for example
fishing. Tourism is therefore also particularly vulnerable to the impacts of climate
change. Moreover, impacts of climate change are more intensively felt in communi-
ties whose economies rely mainly on tourism (Kajan 2014; Nicholls & Amelung
2015). Adaptation to the impacts can also be more difficult for a community that has
few other economic opportunities. The impacts of climate change on tourism can
be both negative and positive. Negative impacts include increases in temperature
variation, and unpredictability, which makes planning more difficult, earlier snow
melt can shorten the season and therefore mean less income. Moreover, increased
temperature variation and the resulting unpredictability in snow and ice conditions
could bring about safety issues (Kajan 2014). On the other hand, in the coastal
areas of Northern Norway, for which tourism is one of the primary sources of in-
come, temperature has always been variable. This makes prediction of the resulting
temperature changes challenging (Foerland et al. 2013). According to the assess-
ment by Foerland et al. (2013), who compared preferences of international visitors
in Norway during summer to predicted changes in temperature, precipitation and
cloudiness found that tourists still have a preference for an increased number of
warmer days. They are fine with some increase in rainfall but recurrent precipitation
is disliked by most of the visitors.

There are no reliable methods to estimate changes in cloudiness on local levels
but from the present climate we know that increased rainfall is usually accompanied
with increased cloudiness (Foerland et al. 2013). Increased cloudiness usually de-
creases visibility of the original Arctic landscape, which for many visitors is one of
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the most important attractions in Northern Norway. Furthermore, such conse-
guences of climate change as migration of the tree line, taller bushes and changes
in the species composition have an impact on tourism as well. On the other hand,
positive impacts include reduction in temperature extremes (less extreme colds),
which is beneficial for outdoor activities in the winter. Earlier snow melt implies a
longer summer season, which in some regions may bring in more tourists but in
others that are more concentrated on winter tourism, may shorten the term. For
alpine sports, a shorter winter season can also mean that more artificial snow has
to be produced, which increases costs and energy consumption of the activity.
Thus, the impacts of climate change on tourism are variable, and both negative and
positive impacts can be expected. Foerland et al. (2013) point out that in the longer-
term managers of the tourism sector should pay attention to marketing the “im-
proved” weather conditions as many tourists have an overly negative picture of the
climate.

Reindeer herding

Reindeer herding communities will be impacted by greater variability in tempera-
tures, weather, snow melt and freeze, ice, winds and precipitation. All these factors
affect snow quality and quantity, which are critical for reindeer herding sustainability
(Larsen et al. 2014). Increased bush and tree-growth have already been observed
by reindeer herders and the trend is expected to become stronger. However, re-
search indicates that reindeer herding could potentially also contribute to a cooling
effect, as grazing decreases the growth of the shrubs and thereby increases albedo
(Beest et al. 2016). Yet, results by Beest et al. (2016) suggest that this effect is likely
to be limited to areas with high reindeer densities, as it requires a dramatic vegeta-
tion change. In addition, Vowles et al. (2017) conclude that the impact on reindeer
and other herbivores is determined by how they influence the competitive balance
of plant species, and may thus be very site-specific.

Increasing variation in temperature in the wintertime with temperatures increas-
ing over freezing combined with rain and then followed by re-freezing are becoming
more usual and lead to ice forming on snow (Larsen et al. 2014). If such ice layers
are formed over the snow, reindeer access to forage is blocked and starvation could
occur if the animals are not given supplemental food. On the other hand, later snow-
fall or earlier snowmelt benefit reindeer as they have easier access to forage (Kajan
2014). Shorter winters can thus also mean reduced starvation and mortality of ani-
mals (Dannevig et al. 2015). Changes can also affect migration patterns of reindeer
and increase summer heat stress experienced by them. As reindeer herding has
and continues to be affected by other societal processes as well, such as habitat
fragmentation and land use changes, these together with climate change impacts
can lead to cumulative effects. As mentioned in the beginning of Section 4, if rein-
deer pastures become fragmented due to for example infrastructure development,
there is less land available to substitute areas that have become unusable due to
climate change, and reindeer herders’ cooperatives face increased costs as a result
of adaptation actions (e.g. transportation of animals to new areas, or helicopter sur-
veillance of the animals).
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4.4 Summary of the impacts of climate change in the
different sectors

The rate of change in climate is rapid in the Arctic, and it is affecting the natural
and social systems. In some cases it can exceed the rate at which different compo-
nents can successfully adapt (Larsen et al. 2014). This particularly applies to situa-
tions where the local economies are narrow and there is therefore a smaller amount
of adaptive solutions available, such as in communities relying on the informal, sub-
sistence-based economy (Larsen et al. 2014). In many cases the impacts of climate
change will be mixed with other factors that are taking place, such as the changing
structure of the economy and population.

A summary of positive and negative impacts are presented in Table 8. The im-
pacts listed here are not directly linked to the modelling conducted in Section 3.
Instead they are based on the literature review, the results of which are presented
in Sections 4.1-4.3.

Robust management strategies that are beneficial from multiple aspects, and aim
to provide for the impacts of climate change as broadly as possible, can be recom-
mended. For example, in order to prepare for increased rainfall in the summer, tour-
ism managers should develop activities that are weather independent (Foerland et
al. 2013). Furthermore, infrastructure and financial capital are crucial in adaptation
to the impacts of climate change. The availability of electricity, sewage systems,
health and education services and regional communication centres, among other
factors, provide the basis for successful adaptation (Dannevig et al. 2015). Moreo-
ver, potential impacts of climate change should always be taken into account in
spatial planning and when building new infrastructure.

Table 8. Summary of negative and positive impacts that climate change pose to
different sectors in the Barents region.

Positive impacts Negative impacts
Infrastruc- - Impacts vary from one energy carrier - Major economic costs and risks due to
and to another, some being more sensitive potential damage from ice action and
to climate change impacts than others. flooding to installations such as
production - Increased use of renewable energy for bridges, pipelines, drilling platforms

climate change mitigation increases and hydropower.
energy security in that it is typically
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Agriculture

Fisheries
and aqua-
culture

Forestry

available on site and not dependent
upon exports from elsewhere.

With warming temperatures, farming
in the north becomes more important.
According to some studies, 10% vyield
increase is expected in the region by
the 2050s.

Crops that are presently marginal or
not grown at all in certain areas could
become feasible.

Plant breeding can have an important
role in adaptation to the changing win-
ters, longer autumns and varying con-
ditions during the growing season. Po-
tential for crop diversification.

Overall, increased potential for ex-
ports of agriculture production to low-
latitude regions where adverse im-
pacts on agricultural production are
expected.

Warmer temperatures and decreased
sea ice can lead to higher phytoplank-
ton production, likely resulting in
higher fish production and thereby
larger catches.

Boreal species such as haddock and
herring likely to benefit.

Blue whiting and eventually Atlantic
mackerel are expected to expand
eastwards.

Warming sea water likely to have pos-
itive effects on aquaculture.

Due to increased summer tempera-
tures, forests may spread further north
to presently treeless areas.

- Melting permafrost may destabilize

pillars or prevent access for mainte-
nance and repair.

In general, renewable energy may be
even more vulnerable to climate
change than fossil energy resources
due to its greater dependence on
weather and climate.

Potential negative effects in harvest-
ing conditions, e.g. ground dry enough
to carry tractors (2-3 days without
rain) due to risk of compaction of the
soil and damage to the plants.

Potential reduction in cod populations.
Reduced salinity of the waters and
acidification of waters due to higher
CO; concentration in the air might
have negative impacts on fish popula-
tions and other sea fauna.

The above factors can have negative
impacts on marine aquaculture, which
is locally very important in Northern
Norway, as well. However, lot of un-
certainties on the impacts.

Warming can also lead to increased
diseases and parasites, which
threaten the survival of the fish.
Potential increases in diseases and
insects.

Increase of forest fires especially in
Russian Barents. Nordic Barents

50



Tourism

Reindeer
herding

- Warmer temperature may also in-

crease growth rate of forests, prolong
growing season, enhance the decom-
position of soil organic matter and
availability of nitrogen.

Together these effects increase the
possibility for intensified forestry also
in the North.

Increased temperature improves con-
ditions for both summer and winter
tourism. Less extremely cold days dur-
ing winter and more warm days during
summer.

Later snowfall or earlier snowmelt
benefit reindeer as they have easier
access to forage.

- Possibly longer usage of pastures.

likely to see only minor increase in for-
est fires.

Variations in temperature during win-
ter may aggravate conditions for
seedlings and endanger their survival
over winter.

Increasingly wet winters make logging
conditions more difficult.

Results in costs as tree planting and
related stages usually most expen-
sive.

There is a limit to the natural adapta-
tion of trees and other species.

Later snowfall and earlier snowmelt
shorten the winter season.

Increased precipitation and cloudi-
ness worsen conditions for summer
tourism.

Greater variability in temperatures,
weather, snow melt and freeze, ice,
winds, and precipitation.

Changes in snow quality and quantity,
which are critical for reindeer herding
sustainability.

Increasing variations in winter temper-
ature may lead to ice forming on the
snow. If such ice layers form over the
snow, reindeer access to forage may
be blocked, resulting in starvation if
the animals are not given extra food.
Warming can potentially result in in-
creases in parasites and animal dis-
eases.
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5. Sectoral summaries

This section summarizes the opportunities and impacts that have been presented
on the preceding sections for the main economic sectors in the Barents region.

For each sector, the big picture and background will be summarized under the
heading ‘General’, and more-detailed and region-specific issues will be discussed
under the heading ‘Role in Barents Region’. For each sector, a summary is provided
of the main opportunities to contribute, primary benefits arising in the future, and
also potential risks and threats resulting from either the Paris Agreement or climate
change itself.

Opportunities to contribute present the main opportunities for each sector to con-
tribute to the climate change mitigation. That box lists practical measures that can
be adopted on each sector to reduce emissions, increase energy efficiency, or in-
crease renewable energy. Some opportunities can provide added value to the sec-
tor and increase the competitiveness, but some proposed measures will increase
the costs and sectors likely will not be able to realize these measures without active
policies.

Potential benefits, risks and threats include potential positive and negative effects
both from mitigation measures and from climate change itself.
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5.1 Power and district heat

General

The role of electricity generation in sustainable growth is broader than its direct in-
fluence on emissions. Decarbonization in other sectors can lead to substitution of
fossil fuels with electricity. This electrification leads to a notable increase in the de-
mand of electricity in all studied countries.

The power and district heat (DH) sector is the first sector to decarbonize in all
modelled scenarios. It is also a prerequisite that other sectors can reduce emissions
through electrification. The power and DH sector is a large emitter of CO», and can
provide significant and cost-efficient emission reductions with wind, solar, hydro
power, and biomass.

Substitute technologies for electricity generation are already commercial, and the
costs of particularly wind power and solar power are declining rapidly. District heat-
ing and heating of buildings can be decarbonized with biomass and electrification.
Through the combined use of biomass and CCS, the sector could even become a
net sink of carbon by 2050.

Role in the Barents region

The electricity production mix differs notably between Barents region countries. Nor-
wegian and Swedish Barents regions have high amounts of hydro power, Finnish
and Russian Barents have relatively more thermal capacity. Many cities are already
replacing old units with new ones using biomass, waste and excess heat. Russian
Barents uses notable amounts of natural gas, along with hydro and nuclear power.

Transmission linkages and demand management will become more important,
when the system will have higher share of variable generation (solar, wind) and
demand (e.qg. electric vehicles and heat pumps). The Barents region can contribute
to the future energy systems with flexible production (hydro and biomass) to match
demand-supply imbalances and by exporting additional electricity to Central Eu-
rope, but the economies depend on the costs of transmission capacity.

Opportunltles to contribute to climate change mitigation
Invest in renewable and CO.-free generation. Decarbonization of electricity sector is re-
quired also because, then other sectors can reduce emissions through electrification.
Power and district heat sector should be the first sector to decarbonize.
Improve electricity and heat grids to balance variable demand and supply;
Prepare to increase exports of clean electricity to Central Europe.

Potential benefits:
Increased hydropower production due
to increased rainfall.

Increased demand due to electrifica-
tion.
Export potential to Central Europe.
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Risks and threats:
Phase-out of fossils may cause early
retirement of power plants.
More volatile electricity prices due to
higher share of variable generation.
Feasibility and environmental issues of
hydropower expansion in Russia.



5.2 Oil and gas

General

QOil and gas face severe challenges under the Paris Agreement scenarios. While
gas has lower specific emissions per unit of energy than oil products, its market
volume falls faster in the mitigation scenarios. The reason is that substitution of most
of the current energy uses for natural gas by electricity is relatively easier than sub-
stituting oil, e.g. in aviation and industry feedstocks. Biomass could partly replace
kerosene and oil in feedstocks.

QOil and gas markets will face an interesting dilemma, as producers will compete
in a markets with declining demand and value. If producers start battling for their
share of the declining market, those with low production costs — e.g. the Gulf coun-
tries —might drive prices down. Forecasting actual price movements is nevertheless
nearly impossible. Consumer prices would still increase due to higher CO;, prices.

Role in the Barents region

Currently, the volume of oil and gas production in the Barents region is modest
compared to total volumes in Norway and Russia (6% and 3%, respectively), but
the volume could increase significantly in the future if market conditions are favour-
able. The Barents Sea has vast oil and gas resources. Existing infrastructure is
limited, however, and significant investments are required for the exploitation of
these resources. (NPD, 2016; OIES, 2014)

The costs in oil and gas exploration and recovery vary between the fields, but
many new fields in the Barents region can have relatively high extraction costs due
to the infrastructure needs and Arctic conditions. This makes the projects in the
Region more susceptible to price risks, if oil price remains low due to declining de-
mand under the Paris Agreement. On the other hand, future production and
transport costs might decrease due to lower sea ice extent and the decreasing
amount of days when the sea is frozen.

Opportunities to contribute to climate change mitigation:

Optimize processes to avoid GHG emissions in production, pipeline leakages, and

use currently flared methane.
Avoid the development of high cost oil and gas fields.

Potential benefits Risks and threats:
Improved ice and snow condi- - Declining market volumes and price
tions in the Barents Sea off- competition from low-cost producers
shore fields in a warmer cli- might lead to stranded assets.
mate can reduce costs. - Faster decline of market volume if CCS
will not be successful
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5.3 Transportation

General

Transportation is one of the largest sources of CO,. Road traffic uses gasoline and
diesel, while naval transportation relies on heavy fuel oil and aviation on kerosene.
Vehicle fuel efficiency has increased significantly during the past years, and this
trend will continue both through further improvements and the renewal of the exist-
ing vehicle fleet.

Road transportation faces two competing paths for contributing towards the Paris
Agreement targets: electrification or biofuels. The attractiveness of both options de-
pends on future technological progress, the pace of which is difficult to anticipate.
Biofuels are also susceptible to the ongoing debate over sustainability and effects
on forest carbon stocks.

International transportation is outside the Paris Agreement’'s scope and more
challenging to decarbonize, but there are companies developing new solutions. The
more options we will have in the future, the less costly it will be to decarbonize also
the international transportation.

Role in the Barents region

The Barents region is sparsely populated and transportation distances are long.
Despite the urbanizing trend, transportation is a necessity, with very limited substi-
tutes. Given the long distances in the region, biofuels are likely a more viable way
for contributing towards mitigation and the Paris Agreement, as electric vehicles are
likely to have a more limited range than internal combustion engines. This can
change if the current significant improvements in batteries’ energy density and costs
will continue.

The Barents region has significant forest resources, which could be used as a
feedstock for biofuel production and export to other regions. The risk in this is, how-
ever, whether forest-based biofuels lower the carbon-sinking capacity of the re-
gion’s forests.

Opportunities to contribute to climate change mitigation:

- Decarbonize transportation through biofuels, electrification, and other alternative fuels.
- Develop new low carbon solutions for heavy transport, ships, and aviation.

- Produce forest-based biofuels, if forest carbon stock impacts are sufficiently minor.

Potential benefits: Risks and threats:

- Better winter conditions on roads - Competitiveness impacts of increasing
can decrease costs. transport costs.

- Sea transportation easier due to - Locking in to fossil fuel based system if ac-
shorter winters and easier ice con- tion is delayed.
ditions. - ‘Betting the wrong horse’ when many com-

- New industries and services on al- petitive technologies are developed.
ternative fuels production and dis- - Technological performance of EVs over long
tribution. distances and cold climate.

- Less existing measures in heavy transport.
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5.4 Manufacturing industries

General

Manufacturing industries are a broad and diverse economic sector. While indus-
try is a major consumer of energy and source of GHG emissions, only a number of
industrial sub-sectors are very energy intensive, namely the production of metals,
minerals, pulp and paper, and chemicals. Most of the sub-sectors are neither en-
ergy- nor emission- intensive.

Industry has also a critical role in the decarbonization of the whole economy, as
new, low-emission technologies need to be manufactured by the industry. The low-
carbon transition will alter the composition of the economy and business areas, as
some old industries will fade and new ones are founded. Early adopters of low car-
bon technologies and the manufacturers of these technologies have a chance to
gain an advantage in the future markets.

Role in the Barents region

The Barents region has relatively more manufacturing industry than other parts
of the Barents countries. Notable sub-sectors include mining, pulp and paper, met-
als, machinery and electronics. The impacts on industry are especially important for
the Barents region.

In non-energy-intensive industries, such as food processing and electronics, de-
carbonization and fossil fuel phase-out can be usually implemented through electri-
fication. The situation is more difficult with certain processes in energy-intensive
industries. Blast furnace iron is required for higher-grade steel, the production of
cement emits CO; during limestone calcination, the chemical industry uses hydro-
carbons as feedstock, and aluminium smelting emits F-gases. Some of these emis-
sions could be avoided with some non-commercial technologies such as carbon
capture and storage or utilization, or adding biomass to chemical industry feedstock,
but the technological solutions are mostly not demonstrated. Industry process emis-
sion mitigation requires both basic research and demonstration of new solutions.

Opportunities to contribute to climate change mitigation:

Adopt the Best Available Technologies to increase energy efficiency and decarbon-

ize the industry energy use
Research new technologies to reduce industrial process emissions.
Develop clean-tech machinery and appliances needed in other sectors

Potential benefits: Risks and threats:

- Transition to a sustainable, low-carbon - Increased costs of energy and
society requires large investments into mitigation measures could de-
new cleantech machinery and appliances. crease the competitiveness.
Early adopters of low carbon technologies - Limited existing technologies
in energy intensive industries might gain to mitigate process CO..
an advantage in the future markets.
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5.5 Mining

General

Impacts on mining sector highly depend on extracted mineral or material. The min-
ing of metals in general is less affected, because it consumes relatively small
amounts of fossil fuels. Mining of coal will be highly affected both due to declining
demand of coal and the need to reduce methane emissions from mines. All mines
use diesel for work machinery and transportation of products. Work machinery
emissions can be mitigated with similar measures than in the transport sector. Metal
smelting and processing is discussed under manufacturing industry.

New technologies will likely increase the demand for copper, silver, and rare
earth metals for batteries, engines, solar panels, etc. The mining sector will be a
critical player enabling new industries as it can be more cost efficient to build the
factory close to the mine.

Role in the Barents region

The mining sector is already very important to the Barents region, especially in
Sweden and Russia, where the mining sector corresponds to 20% and 25% of re-
gional Gross Value Added (GVA), respectively. Mined minerals include iron, gold,
copper, silver, zinc, and many other basic metals and metals for industry use. Also
coal is mined in the Komi region.

Mining industry production depends highly on international markets prices, and
annual productivity levels have been changing quickly. For an example, the Swe-
dish Barents mining sector's Gross Value Added (GVA) decreased 1.8 billion euros
from 2008 to 2009 and increased 2.6 billion euros from 2009 to 2010 affecting the
regional economy significantly.

The importance of the mining sector in the Barents region might increase in the
future, because the Barents region has considerable potential for new mines and
minerals. A warming climate might decrease the operation costs, but might reduce
road network quality.

Opportunities to contribute to climate change mitigation:

Reduce methane emissions from coal mining.

Mining sector has relatively small direct CO, emissions and energy consumption,

but it can Adopt Best Available Technologies to increase energy efficiency

Mitigate emissions from work machinery with similar measures than in transport

sector.

Potential benefits:

- Increasing demand of material,
metals, and rare earth metals.
Warming climate might de-
crease costs and make new
sites available.

Risks and threats:
Increased recycling and material effi-
ciency might decrease raw materials de-
mand.
New, innovative technologies might re-
duce the need of rare metals.
Coal mines ending up as stranded assets.
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5.6 Agriculture

General

Agriculture plays an important role in climate regulation and mitigation of green-
house gases through land use and land use change. The agriculture, forestry and
other land use sector (often referred to as AFOLU) has a wide potential for emission
mitigation through enhancement of the removal of greenhouse gas emissions, and
reduction of emissions from land and livestock.

Since 1970, the world grain harvests have doubled from 1.2 to 2.5 million tonnes
per year as a result of changing land-use practices, technological advancement and
varietal improvement (Smith et al. 2014) Over the same period, there has also been
a 1.4 fold increase in the numbers of cattle, buffalo, sheep and goats and a 1.6 and
3.7 fold increase in pigs and poultry, respectively (Smith et al. 2014),

Role in the Barents region

Agriculture is important for the social and economic viability of the Barents region’s
rural areas (AACA 2017). Agriculture in the Barents region is mainly based on ani-
mal breeding (cows and other ruminants) and grass farming. In addition, reindeer
herding is an important occupation in the region. In the Barents region agriculture
produces more greenhouse gas emissions than is sequestrated in the soil.

Approximately 6% of the Barents region’s workforce is employed in fishing, agri-
culture and reindeer husbandry (Table 5). However, these activities have an even
more important cultural and social importance in the Barents region. Plant breeding
can have an important role in the adaptation of agricultural production to the chang-
ing winters, longer autumns and varying conditions during the growing season.

Opportunltles to contribute to climate change mitigation:

Produce biogas for heating and transport fuels.

- Respond to change in the demand of agriculture products if vegetarian diet gains popu-

larity.

- Explore options to improve feeding and feed additives to reduce enteric fermentation

emissions from animals.

Potential benefits:

- Agricultural production conditions can po-
tentially improve with warming temperature.

- Crops that are presently marginal or not
grown at all could become feasible.

- Yield increases create potential for exports
to low-latitude regions where adverse im-
pacts on agricultural production are ex-
pected.
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Risks and threats:

- Increased precipitation can make
the ground too wet for ploughing.
Tillage of too-wet ground can lead to
soil compaction.

- Increased afforestation or bush-
forming decreases pasture quality,
which has adverse impacts on ani-
mal husbandry.



5.7 Forestry

General

Forests and forestry play an important role in climate regulation and mitigation of
greenhouse gases through provision of renewable raw-materials and energy, as
well as by creating a notable sink for atmospheric carbon. Climate change also im-
pacts forests in many ways. Along with increasing temperature, treeline is expected
to move northward. This would make practising forestry possible in more northern
areas than presently. However, this gradual shift is slow and likely to take place
mainly in the second half of this century.

Role in the Barents region

Forestry is presently practiced in the southern part of the Barents region, and it
has an important role in northern Sweden, Finland and northwest Russia (AACA
2017). Forests have an important role in the climate and energy policies of Sweden
and Finland, in particular. Along with warming temperature, forest growth may in-
crease and forests may spread further north to areas which are presently treeless.
As presented in Section 3, it has been estimated for Sweden that if the global aver-
age temperature increases by two degrees, the growing season is likely to increase
by 1-2 months.

The changes caused by climate change may increase the possibilities for inten-
sified forestry also in the Barents region but there are uncertainties over the exact
impact of climate change, which can be negative as well, e.g. through increased
rainfall which aggravate the conditions for wood harvesting, and increased storm
damages. Forest fire intensity and frequency is expected to grow mainly in Russian
Barents.

Opportunities to contribute to climate change mitigation:

- Enhance forest carbon sinks through improved forest management.

- Provide more wood for industrial uses and renewable energy.

- Try to find a sustainable balance between the sink enhancement and additional pro-
duction.

Potential benefits: Risks and threats:
- Improved tree growth rate - Growing risk of damages from diseases and in-
and expansion of forest line sects.
towards the north. - Potential increases in storm damages in all Bar-
- Increased possibilities for in- ents region and forest fires mainly in the Rus-
tensified forestry also in the sian Barents region.
north. - Trees may not be able to adapt fast enough to
changing conditions.
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5.8 Fishing and aquaculture

General

Global supply of fish for human consumption has grown faster than human pop-
ulation over the past 50 years, increasing per capita consumption from 9.9 kg in the
1960s to the present level of approximately 20 kg per capita (FAO 2016). For mil-
lennia, fishing was almost completely based on capturing of wild fish but over the
past decades, the share of aquaculture has been constantly growing, being over
40% of the total fish catch now. The greenhouse gas emissions of fisheries mainly
stem from N2O emissions from fish farming (Smith et al. 2014). According to Smith
et al. (2014) they were about 93 kt N2O-N in 2009, which represents less than 2%
of the global total agricultural N2O-N emissions (Reay 2012).

Role in the Barents region

Fisheries, including fishery-related activities and supporting industries are all
economically significant, particularly in the Norwegian and Russian Barents where
their share of the gross value added is ca. 6% and 3%, respectively (Table 5). Cli-
mate change has major impacts, both positive and negative, on the future of the
fisheries’ industries, for example through changes caused by acidification and mi-
gration of fish species due to warmer waters. Warming in the Barents Sea has al-
ready led to changes in the spatial distribution of the fish communities, i.e. boreal
fish communities, particularly large, migratory fish predators, have expanded North-
wards, mainly in the summer period. Robust management strategies are needed.

Changes in the distribution of fish species can lead to variation in the operation
time and distance for the fishing vessels and increasing price of carbon might in-
crease operation costs. Norwegian marine aquaculture has been estimated to be
very vulnerable to climate change impacts. However, studies on Northern Norwe-
gian salmonids have found that warmer seawater can also have positive impacts
leading to more beneficial conditions for the salmonids.

Opportunities to contribute to climate change mitigation:

- Sustainable fishing can provide a source of low-emission animal protein.
- Demonstrate the most promising alternative fuels in fishing vessels.

Potential benefits: Risks and threats:

- Potentially higher fish catches, - Changed conditions and increased
but northwards migration of fish competition threaten Arctic species,
species will likely change the especially in high Arctic.
catched species. - Some economically important species

- Warming sea water will make at risk of disappearing.

Nordland, Troms and Finnmark - Increasing price of carbon might in-
more conducive and important ar- crease operation costs.
eas for aquaculture.
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5.9 Reindeer herding

General

Reindeer herding is practiced across the Arctic countries, and also in Mongolia
and China. It has been applied in these regions for thousands of years. Generally it
has been estimated that the impact of reindeer herding to climate change is minimal.
However, climate change may impact reindeer herding particularly through changes
in the availability of fodder. However, the impacts are likely to vary from region to
region.

Role in the Barents region

Also in the Barents region, reindeer herding has less importance as emission
sources. Reindeer herding is a fairly small-scale activity in the Barents region. How-
ever, it is important locally, and in some areas it is an important employer, such as
in northern Finland where about 7% of inhabitants work in reindeer herding and
tourism. In Northern Finland, Sweden and Norway, reindeer herders have good ac-
cess to markets and there is a lot of consumer demand for reindeer products. Also
in parts of the Yamal Peninsula and the Nenets Autonomous Okrug, the oil and gas
booms of the recent years have had a positive impact on the income level of rein-
deer herders (http://reindeerherding.org/challenges/economy/). However, in many
Russian reindeer herding areas, herders are having problems because of the poor
state of the local economy, and herders’ lack of access to the markets. In those
areas, it is difficult to recruit new herders, which threatens the long-term future of
reindeer husbandry (http://reindeerherding.org/challenges/economyy/).

Opportunities to contribute to climate change mitigation:

- Reindeer herding can prevent or slow the tree and bush expansion towards north.
Low growth tundra areas remain covered in the snow longer and reflects solar
radiation cooling the planet thereby contributing to the albedo effect.

Potential benefits: Risks and threats:

- Later snowfall or earlier snowmelt - Temperature variations can lead to
benefits reindeers as they have eas- ice formation over snow and block
ier access to forage, and enable reindeer access to forage.
longer usage of pastures. - Increased bush and tree-growth de-

grades the quality of the pastures for
reindeer grazing.
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5.10 Tourism

General

Globally, it has been estimated that tourism is responsible for about 5% of the global
CO; emissions (World Tourism Organization, 2017). Emissions related to tourism
mainly stem from the transportation sector and accommodation. According to the
WTO, transport produces 75% of the emissions, and accommodation about 20%.
The rest stems from such activities such as visits to museums, theme parks, events
and shopping.

Role in the Barents region

Tourism plays an important role in the economy of the Barents region. According to
the AACA (2017), tourism is one of the main drivers of economic growth in the Bar-
ents region, and it will continue to grow with increasing emphasis on large cruise
ships and land-based winter and summer tourism. Tourism in the Barents region is
largely based on nature and natural resources. It is therefore also particularly vul-
nerable to the impacts of climate change. Moreover, impacts of climate change are
more intensively felt in communities whose economies rely mainly on tourism. Ad-
aptation to the impacts can also be more difficult for a community that has few other
economic opportunities.

The impacts of climate change on tourism are variable, and both negative and
positive impacts can be expected. On the other hand, in the coastal areas of North-
ern Norway, where tourism is one of the primary sources of income, temperature
has always been variable. In the longer-term managers of the tourism sector should
pay attention to marketing the “improved” weather conditions because many tourists
have an overly negative picture of the climate (Foerland et al. 2014).

Opportunities to contribute to climate change mitigation:

- Promote ecotourism, i.e. responsible travel to natural areas that conserves the envi-
ronment, sustains the well-being of the local people, and involves interpretation and
education (TIES 2017).

- Reduction of transport-related emissions — Develop alternative fuels (biofuels, electri-
fication, etc.), emphasis on other means of transportation than flying and cruise ships,
or at least buying carbon credits.

Potential benefits: Risks and threats:

- Increased temperature improves sum- - Later snowfall and earlier snowmelt
mer and winter conditions. shorten winter season.

- Less extremely cold days during winter - Increased precipitation and cloudiness
and more warm days during summer. worsen conditions for tourism.

- Earlier snowmelt results in longer sum- - Increasing carbon price and fuel costs
mer season. may negatively affect the tourism.
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6. Policy actions contributing to climate change
mitigation in the Barents Region

The proposed mitigation actions do not take place by themselves, but will result
from changes in the operating environments of governments, communities, busi-
nesses and individual citizens. Many policies are already in place, which has led to
improvements in energy efficiency, changes in the energy mix and reductions in
emissions, but enhanced action is necessary for achieving the ambitious goals and
realizing the opportunities on different sectors.

All Barents region countries have their national plans and targets in energy and
climate policy for 2030 and 2050. As the mitigation efforts become more difficult the
lower the emission levels are pushed, the role of regional co-operation will become
more important for effective mitigation. Regional-level benefits can be achieved, e.g.
through trade in renewable energy from a region with plentiful resources; but also
more subtle benefits can be attained through exchange of know-how on innovations
and best practices, joint financing, co-operation in education and mobility of work-
force within the Barents region. Understanding the region’s activities as a whole is
essential in the integration and coordination of national and sub-national strategies.

Local authorities have also a very important role in building the framework to
mitigate greenhouse gas emissions. Municipalities are responsible for most of the
planning that permits areas for wind power plants, steers how long distances people
have to drive, and how good public transportation will be reasonable to organize.
Local decision-making is extremely important also in heat production, public sector
energy efficiency investments, infrastructure investments, and providing a localized
application of national and regional strategies.

Actions are need in all these three levels to achieve the ambitious targets of the
Paris Agreement. Based on the analysis presented in this report, we propose the
following general policy recommendations:

1. Build a shared vision how future will look under the Paris Agreement, but
acknowledge the uncertainties regarding the future development.

2. Study available emission reduction pathways and measures.

3. Set up and strengthen the climate and energy policy framework that de-
scribes the overall targets and gives a long term direction. Increase the
targets, if required, to be on a Paris Agreement pathway.

4. Implement measures required to achieve the targets. Find a balance be-
tween removing barriers from low-carbon investments, improving energy
efficiency, increasing renewable energy, and to reducing emissions.

5. Boostinnovation to clean-tech, because new technologies are needed and
required emission reduction measures will change existing markets and
create completely new markets.

6. Adaptation is required despite the climate change mitigation. Even the am-
bitious RCP 2.6 scenario has significant impacts already by 2050, but es-
pecially by 2100.

These recommendations are expanded below.
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1. Build a shared vision of the future under the Paris Agreement

Through discussions and negotiations, the Barents countries could nationally and
regionally reach a common vision of how the Region’s future under the Paris agree-
ment should look like. This is a top level political discussion that has already been
conducted on both national and regional level in the Barents countries. It can be
enhanced when new information comes available, and it can be spread to municipal
level to engage larger pool of actors to share the vision.

Most importantly, this covers a mutual understanding of deep greenhouse gas
(GHG) emission reductions as in the Paris Agreement, but the shared vision can
include also reducing other emissions such as black carbon, estimated develop-
ment trends of different sectors, anticipated impacts of climate change, and ac-
knowledging the associated uncertainties.

Building on the shared vision, the national policies should be coordinated to en-
sure consistency between them and to allow a better utilization of regional re-
sources (see also Ollila, 2017). Detached national strategies result in partial-optimi-
zation: solutions that consider the benefit of one country instead of the whole region.
Co-operation, trade and sharing of knowledge would be at sub-optimal levels. For
an example, improvements on electricity markets will require common vision and
will. Regionally integrated policies could expand the use of renewable resources
efficiently, as additional demand could be found in neighbouring countries.

A very important aspect in the regional level vision should be bringing the Barents
region perspectives to national energy and climate strategies and avoid national
sub-optimization. Similarly, municipalities should review how well national and re-
gional visions apply to local circumstances and suggest improvements when nec-
essary.

Reaching the common vision does not necessitate an agreement on a certain
future scenarios for the Barents region or its parent countries. Rather, the vision
should acknowledge which questions remain open and which issues already have
robust solutions.

Barents Euro-Arctic Council provides an excellent forums for regional discus-
sions, Barents region countries have their own approaches for the national discus-
sions, and municipalities should participate to climate networks, for an example to
Covenant of Mayors.

2. Study available emission reduction pathways and measures

The Paris Agreement has very broad target of limiting the global warming well
below 2 °C and pursue efforts to limit the temperature increase to 1.5 °C above
preindustrial levels. The Paris Agreement works in a bottom-up method where indi-
vidual countries or regions give their Nationally Determined Contributions (NDC).
UNFCCC secretariat registers NDCs and the level of ambition is assessed in the
global stocktake process and NDCs should be evaluated every 5 years. The first
evaluation should be in 2023.

The UNFCCC process is relatively slow and Barents region countries should
carry similar studies themselves both to evaluate the development and to decide if
their own targets are on Paris Agreement pathways.
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The aim to limit emissions well below 2 °C is a very strict target and requires
more efforts from basically all nations than the current NDCs. According to our mod-
elling, the GHG reduction targets for 2050 should be 90% or more to be in line of
emissions in our Paris Agreement scenarios. In these levels, it becomes very diffi-
cult to reduce emissions from agriculture and industry processes.

National level energy system models do exist and they are regularly used to es-
timate available emission reduction measures. We encourage countries to study
more sensitivity analysis, alternative pathways, and identify risks related to studied
measures.

A Barents region energy system model does not currently exist, but it could be
developed. This would begin from compiling a regional data that could be used also
to support policy makers, and in research projects. Some regional data set are al-
ready partly collected by national statistic centres, Barents Regional Council, and
the Arctic Council but more effort should be steered at it in order to make the data
more detailed and consistent.

Research organizations could develop tools with good regional coverage for joint
assessment of Barents regions’ climate and energy strategies and available mitiga-
tion measures. The TIMES-VTT model used here is an example of a tool that could
consider the regional energy system and emissions if further developed. The final
selection of tools and their qualities depends on the most important open questions
identified in action point 1.

Municipal level studies should reflect local prospects and development trends to
national and regional studies and conduct local studies when required. In addition,
municipalities should map local renewable energy resources and estimate pros and
cons of their different uses. In addition, municipalities should list the potential and
cost-effectiveness of local energy efficiency measures in public and private sectors.

3. Set up and strengthen long term climate and energy policy framework

Barents region countries already have decided their 2030 and 2050 targets.
These targets should provide a consistent message to industry and stakeholders
and countries should monitor the development to ensure that targets are met. How-
ever, countries should also dare to update targets if very relevant new scientific
information is found.

Regional level cooperation seems the most valuable to ensure consistency be-
tween national targets, to identify gaps in between of national targets, and to adopt
additional regional targets if certain topics of sectors are not presented in national
targets, and new targets would benefit both national and regional levels.

Municipalities should adopt municipal level low-carbon strategies that should be
coordinated with both national and regional level targets. When municipality has a
low-carbon strategy, it should decide appropriate 2030 targets and commit to them.

Current policy discussion is focused on implementing 2030 targets, which is very
urgent and important, but some additional focus should soon be shifted to compar-
ing the adopted 2030 and 2050 targets to Paris Agreement pathways. This will be
a part of global stocktaking process, but Barents regions countries could start this
work earlier.
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4. Implement required measures

In many studies, the most cost-efficient measures are on power and heat, fol-
lowed by reducing methane emissions, emissions from transport, and from build-
ings. Measures at the industrial processes, upstream CO, and agriculture are gen-
erally more expensive, but every sector has some relatively cheap emission reduc-
tion potential. Planned measures should be designed flexible enough, for an exam-
ple, subsidies to renewable power generation can be mostly technology neutral auc-
tions, supplemented by selected technology specific measures.

The cost-efficiency of various measures often comes in the following rough order:
removing barriers and improving energy efficiency followed by other mitigation
measures. Our main contribution to this discussion was to identify possible oppor-
tunities and measures by which different sector in Barents region can contribute to
the climate change mitigation. In addition we studied for possible benefits, risk, and
threats to these sectors that arise from mitigation measures and from climate
change itself. The most important identified opportunities, benefits, risks, and
threats are summarized in Table 9.

Table 9. Overview of how different economic sectors could contribute to the Paris

Agreement’s goals on mitigating climate change, and what benefits, risks and
threats the implied transition and climate change might pose.

Opportunities to Potential benefits Risks and threats
contribute

Power
and
heat

- Rapid investments to zero-

CO2, and even negative
COz generation.

- Improve grids for variable

supply and demand.

- Provide other sectors an

opportunity to mitigate
emissions through electrifi-
cation.

- Reduce GHG and black

carbon emissions from pro-
duction.

- Use depleted fields for Car-

bon Capture and Storage
(CCS).

- Increasing precipitation

adds hydropower pro-
duction.

- Increasing demand due

to electrification on other
sectors

- Export potential of clean

electricity to Central Eu-
rope.

- Easier winter conditions

in the Barents offshore
fields can reduce costs.
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- Phase-out of fossils may

cause early retirement of
power plants.

- More volatile electricity

prices due to a larger share
of variable electricity.

- Feasibility and environ-

mental issues of hydro-
power expansion in Rus-
sia.

- Declining market volumes

and competition from lower
cost fields might result
stranded assets.

- Faster decline of market

volume if CCS will not be
successful.



Opportunities to Potential benefits Risks and threats
contribute

Manu-
factur-

ing

- Respond to

- Phase-out of fossil fuels

and switch to electricity,
advanced biofuels, and
other alternative fuels.

- Develop new low carbon

solutions for heavy
transport, ships, and avia-
tion.

- Produce forest-based bio-

fuels for transportation, if
forest carbon stock im-
pacts are sufficiently minor.

- Decarbonize industry en-

ergy use and improve effi-
ciency.

- Develop low-emission, en-

ergy efficient and clean-
tech equipment.

- Research new technolo-

gies to reduce emissions
from industry processes.

- Reduce methane emis-

sions from coal mining

- Adopt best available tech-

nology to increase energy
efficiency in mining

- Mitigate emissions from

work machinery with simi-
lar measures than in
transport.

- Improve feeding to reduce

emissions from animals

- Produce biogas for heating

and transport fuels
demand
change if vegetarian diet
gains popularity.

- Added

- New industries and ser-

vices on alternative fuels
production and distribu-
tion.

- Better winter conditions

on roads can decrease
costs.

- Sea transportation easier

due to shorter winters
and easier ice conditions.

cleantech de-
mand due to investments
for GHG reductions.

- Early adopters of new

technology might gain
new markets.

- Increased demand of

metals and materials in
the manufacturing of low-
carbon technologies.

- Warming climate might

decrease mining costs.

- Warming weather im-

prove yield and allow new
crops.

- Export potential if crop

production on lower lati-
tudes suffer from
changes.
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- Technological

- Increasing

- Increasing transport costs
can decrease competitive-
ness.

- Delayed action locks in to

fossil fuel based system.

- ‘Betting the wrong horse’

when competitive technol-
ogies are developed.
perfor-
mance of EVs over long
distances and in a cold cli-
mate.

- Increased costs of mitiga-

tion measures might re-
duce the industry’s com-
petitiveness.

- Limited existing technolo-

gies to mitigate process
emissions.

- Coal mines end up as

stranded assets.

- Volatile market and uncer-

tain value of production.

- Increased recycling, mate-

rial efficiency, and innova-
tive technologies might de-
crease the demand.

precipitation
can make ground too wet
for ploughing.

- Demand risks due to a pos-

sible changes in diets



Opportunities to Potential benefits Risks and threats
contribute

For-
estry

- Enhance forest carbon
sinks through forest man-
agement.

- Provide more wood for in-

dustrial uses and renewa-
ble energy

- Try to find a sustainable

balance between the sink
enhancement and addi-
tional production.

- Sustainable fishing as a

source of low-emission an-
imal protein,

- Demonstrating alternative

fuels in fishing vessels

- Reindeer herding can pre-

vent or slow the tree and
bush expansion towards
north. Low grow tundra
area remains covered in
snow longer and reflects
solar radiation cooling the
planet.

- Promote ecotourism to mit-

igate emissions and de-
crease the impact on na-
ture.

- Improved

tree growth
rate and expansion of for-
est line towards the north.

- Increased possibilities for

intensified forestry also in
the north.

- Warming waters poten-

tially benefit fisheries,
and particularly aquacul-
ture.

- Potentially higher fish

catches, but north-wards
migration of fish species
will likely change the spe-
cies

- Later snowfall and earlier

snowmelt enable longer
usage of pastures and
benefits reindeers as
they have easier access
to forage.

- Increased temperatures

improve conditions both
in the summer and in win-
ter through reduction of
extreme cold periods.
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- Potential

- Increased

- Growing risk of disease

and pests in a warmer cli-
mate.

increases in
storm damages in all Bar-
ents region and forest fires
mainly in the Russian Bar-
ents region.

- Trees might not be able to

adapt to changing condi-
tions fast enough.

- Changed conditions and

increased competition
threaten Arctic species, es-
pecially in high Arctic.

- Some economically im-

portant species at risk of
disappearing.

- Increasing carbon price

and fuel costs may nega-
tively affect profitability of
fisheries.

- Variability in winter temper-

atures may build ice on
snow, threatening reindeer
access to forage.

- Increased bush and tree-

growth, and new pests risk
degrading the quality of the
pastures.

- Shorter season for winter

tourism.

rainfall and
cloudiness may decline
conditions for tourism.

- Increasing carbon price

and fuel costs may nega-
tively affect the tourism.



The regional measures could focus on improving regional cooperation to align
actions and to increase the efficiency of measures, promoting measures that require
regional cooperation such as improvements on electricity markets, working together
in Mission Innovation forums to increase global impacts of Barents region countries,
and to exchange information on best practices in each country.

Municipal level could focus on reasonable long term zoning and planning to en-
able and encourage public transportation in growing urban areas, investing to en-
ergy efficient solutions in public sector, encaging private sector to energy efficiency
measures through ESCO or similar mechanisms, investing to local energy sources
when economically, and environmentally feasible, and implementing the best prac-
tices learned from climate networks.

All three levels (national, regional, municipal) actors should encourage each
other, companies, and citizens to participate to agreed measures.

5. Boost innovation to clean-tech

All technologies required in Paris Agreement scenarios are not yet commercial.
These technologies have to be developed and some will require government re-
search funding. We recommend to identify these critical sectors such as CCS, in-
dustry processes, heavy transport, and agriculture, and to fund research on low
carbon solutions on these sectors. New technologies should also be demonstrated
to provide a consistent pathway to commercialization. To mitigate risks concerning
which technologies will ultimately penetrate the market, the focus of R&D effort
should be sufficiently diversified.

The investments into a sustainable, low-carbon society will involve new machin-
ery and appliances, which need to be manufactured by the industry. To tap the new
market potential in clean technology, the region needs to have a competitive ad-
vantage against competitors. This could be pursued by support for the R&D of new
technologies and a roadmap for starting competitive production in the region. This
would start the drafting a list of the most promising technologies. Examples with
specific importance for the Barents region could be wind power for arctic conditions,
carbon storage in depleted oil and gas reservoirs, or long-term wood products for
storing forest carbon.

The transition to a sustainable, low-carbon society will require considerable in-
vestments. As a concrete example, renewable energy forms are more capital-inten-
sive than their fossil-based counterparts. The transition phase will carry significant
uncertainty regarding which technologies will outperform the others and penetrate
the market, making investments more risky. The presented scenarios exhibited
such risk particularly regarding the use of CCS technology in electricity and indus-
trial processes, and competition between biofuels and electricity in transportation.

It is important to educate enough skilled workforce and researchers to build all
these skills and demonstrate all the solutions. Close cooperation with local indus-
tries is required in promoting their work.

69



6. Adapt

Adaptation is required despite the climate change mitigation. Even the ambitious
RCP 2.6 scenario has significant impacts already by 2050, but especially by 2100.
There have already been many national, Barents region, and Arctic studies that
have identified the most likely affected and vulnerable sectors and areas. AACA
report suggested national governments to decide a clear distribution of the respon-
sibilities of different actors and guarantee a sufficient long term funding for the ad-
aptation.

At Barents region, it is important to highlight and suggest priority areas to national
adaptation plans from the Barents region’s perspective. Local knowledge should be
collected and utilized in the adaptation. There should be necessary support for local
communities, and also in agriculture, aquaculture, and reindeer herding to adapt to
the impacts of the climate change. Municipal authorities should reflect estimated
impacts and adaptation needs in the zoning, planning, and other future strategies.
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Appendix A: Barents Regional Accounts

This Annex shows country level data from Norwegian, Swedish, Finnish, and
Russian Barents regions. It should be read alongside chapter two which shows the
main findings and provides information needed to read these figures.

NO Barents,
regional

GVA, 2014

Figure Al. Norway's Barents regional GVA and number of employed presented in
a detailed sectoral split at 2014. Agriculture includes agriculture, forestry, hunting,
fishing, and aquaculture. Statistics Norway excludes offshore activities from re-
gional accounts.
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Figure A2. Norway's Barents regional GVA from 2008 to 2014.
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Figure A3. Number of employed from 2008 to 2014 in Norway'’s Barents. Agricul-
ture includes agriculture, forestry, hunting, fishing, and aquaculture, but Statistics
Norway excludes offshore activities from regional accounts.
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Figure A4. Compensation to employees from 2008 to 2014 in Norway’s Barents.
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Figure A5. Sweden’s Barents regional GVA and number of employed presented
in a detailed sectoral split in 2014. Unspecified data in Swedish national accounts
is an unallocated portion of the GVA consisting of net product taxes, differences
between several estimation methods, and consumption of indirect financial ser-

vices (SCB 2017). Many industries are grouped under ‘unspecified industry’ to
avoid publishing data from only one or two companies.
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Figure A6. Sweden’s Barents regional GVA from 2000 to 2015.
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Figure A7. Number of employed in Sweden’s Barents from 2000 to 2015.
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Figure A8. Compensation to employees from 2000 to 2015 in Sweden’s Barents.

A4



Billion EUR(2015)

.‘ FI Barents, FI Barents,

employed,

regional
GVA, 2014

I

e

Figure A9. Finland's Barents regional GVA and number of employed presented in
a detailed sectoral split in 2014.
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Figure A10. Finland’s Barents regional GVA from 2000 to 2014.
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Figure A11. Number of employed in Finland’s Barents from 2000 to 2014.
FI Barents, compensation to employees
16 1.8
N &1 —
3 S8
Q o V_/\___\__
= 2
% B 0.8
c & 0.6
2 £
@ — 04
0.2
0
2000 2005 2010 2014 2000 2005 2010 2014

m Public = Agriculture Construction m Commercial ® Financial ® Industry

Figure A12. Compensation to employees from 2008 to 2014 in Finland’s Barents.
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Figure A13. Russia’s Barents regional GVA and number of employed presented
in a detailed sectoral split in 2014.
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Figure Al4. Russia’s Barents regional GVA from 2008 to 2014.
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Figure A15. Number of employed in Russia’s Barents from 2000 to 2014.

No sectoral employee compensation data was available from
Russia.

A8



1ay1o _mu:wE:_ﬁtwu:w ‘suy
[E100S pUe U1 feaH
uoieINp3

uoneASIuIWPY

ssauisng Jaylo
S3IMAROR S1eISa [eay
Sa0UBINSUI pUe [eoURUI4
[eroueuly
SjueINe}Sal pue s|alo0H
Jodsuel|
sifedal ‘apeJy |1e1a. pue a[esajoyM

UoI3INAISU0Y
Aisnpuiiayio
215eM ‘1ayem ‘ABisug
Bupinoeynuew 1ay10
$91U0.193[3
sjuawdinba ‘Asuiyoew
s[e1aw oiseq
s[eajwayd
Bunuud ‘dind ‘1aded
s9|13xa} ‘syonpoud pooy
Buunioeynuey
uonoenxa seb pue (10
Buifirenb pue Buiuin

SBI1IAII08 80IAIBS JSU10 pUR JUSWIUIBLIBIUS ‘SUY

S80IAI3S LIe pUE [eU0SIad
1}AROR }IOM [e190S pUe Y} [eay uewnH
uoireonp3

1U34ap [eUOIIEU pUE SaNILIoYINe 31|gnd
pue [e21UYD} ‘D1J13UBITS ‘[eUOISSBJ0Id
S3IIAN0R 31e1Sa [edy

IAI}JB dURINSU] PUB SBIIAISS [eloURUIS
UO eI |UNLIWIOI PUE UOITeW.IoU]|
S)jueINe)Sal pue S|910H

abel01s pue podsuel|

8pe} |fe3al pue 3[esa oy

$90IAISS JO S130NPO.d

uononiIsuo)

Buiysiy pue Asaloy ‘ainynouby
spoob Jo s18anpold

[eroL

uapams

3IOM [B120S pUE U} [eaH

uoireonp3

80U3}3p puUe UoIFRNSIUIWPE. A1|dNd

198 32)\3s Loddns pue aAnesIuIWpY
)IUYI3) PUB PUE J141IUSIDS [BUOISSJ0Id
aMp pa1dnado-18umo Jo siual payndu)
S3MIIANR 1e1SA [edy

S3I}IAI0R 89URINSU PU. [eloUBUIH
UO|7eIUNWILLIOD PUE UOIYeWIou|

1198 32IAISS POO) PUE UO[1e PO LOY
S31IA19€ J31IN0J pUe [e3S0d

ydsuel) ueado ‘X3 SalANDe Lodsuel |
uodsuely ueadQ

sauljadid ein podsuel]

. Jo Jreda ‘apeJy [1e3al pue 3[esajoym
UoI3INIISU0Y

915eM ‘aferamas ‘Ajddns Jarepy

wreals pue sef ‘A11911083

AKiauiyoew jo uoie|felsul pue Jreday -
'u BunNeNUBW J8YI0 pUe 31N uINg -
A pue swuoyre|d jio ‘sdiys jo buipjing -
‘9°'uuawdinba Jay1o pue Aaulydep -
s[e1aw ojseg -

sjonpoud [esaulw pueanseld ‘4aggny -
yd pue [eajwayd ‘wnajonad paulay -
9pJ0931 Jo uonanpoidal pue funud -
104d Jaded pue syonpoid poom ‘poop\ -
Jayies| ‘|jaredde Hurream ‘sa|nxa) -
9eq0] pue safelanaq ‘sponpoid pood -
Buumoenuep

JUE |10 0} [eJUBPIOU SBIIIAIIIE SIS -
uonaesxa seb pue |10 -

3188 Buipnjoul uonoeinxa seb pue |10
Builurenb pue Buiuin

alnyjnaenbe pue buiysi4

A11sa10) pue ainynauby

[e10L

RemioN

S3I1IA19€ BIAIS P[OYSSNOH 86 26
'U011e31931 PUB JUBWURLIAIUS ‘SUV 96 06
IIAI}9B Y10M [8100S PUe U}[eay UeLinH g8 98
uoieaNp3 S8

{11IN93s [e190S pue UOIFRNS|UIWpPE. A1|qNd #8
2 921M8s Loddns pue aAensIuIWPY 28 2/
[EJ1UYI3} PUE DIIIUBIS ‘[EUOISSDJ0Id G 69
[2Mp 4o uonelado pue Bumazoze9 10289
S8I1IAIE 81188 el 13UI0 £89+60289+189
S3I}IAI9R 3oURINSU| PUE [BIOURUI{ 99 79

Je [ens|A-01pnYy SaIMARIe BulysIand €9 85
9B 9)IAISS POO) PUE UO[1BPOWW0IY 95 GG
afel01s pue uoneHodsuel] €5 6

3 's3]21yaA Jojow Jo Jredas pue apel] [y G
UORONAISUOD EY T

1awabeuew a1sem pue Ajddns Jare/\ 6E G
Tew J3YlQ ‘24n3iuiny Jo a1njoesnueiN €€ 1€
uawdinba podsuesy Jo ainjaeinue O 62
swdinba pue Aauiydew Jo aindesnueln gz
111993 puUe [e911393]3 JO dINYdeINUBIN L2 92
1NUBN ‘S[e3aW Jiseq JO aINYoeINUBIN GZ 172
JUIW 91][E}3W-UOU J3Y10 JO aINJoeNUBA €2
Ansnpul [ea1wayd gz 6T

Bunuud {Ansnpuitaded 8T /T

Ansnpui Buiyiompoopn 9T

1Isnput Jayies| pue buiylo|d ‘8|nxaL ST €T
039 ‘AiIsnpul poo4 2T 0T

Buifirenb pue Buluin 60 S0

Buiysi4 ‘Ansai04€0 20

Bununy pue ainnouby 1o

[elol

puejuiy

321M8S [euosiad pue [e120s ‘A1iUnwwod 1ay10
SIS [e100S pUe 31ed Y)[eaH

uopeanp3

os|ndwod {89uayap pue uonensiuiwpe d1jgnd
11sng pue funual ‘81e1sa [eal yum suonesado
S8[IAIO [efouRUIS

SUOIIEIIUNWIWOD pue Jodsuel |

Slueinelsal pue S|310H

A 1010W JO Jfedal ‘apeJy |[e3al pue a1esa oy
Buipiing

Buiwaey ysiy ‘Bull

Ansaloy pue fununy ‘ainynouby
[eroL

eIssny

A9



Appendix B: Description of the TIMES-VTT model

The TIMES-VTT model is a partial equilibrium model of the global energy system
based on linear optimization. Assuming efficient markets and perfect foresight, the
model calculates a market equilibrium solution through cost minimization for energy
production, transformation and end use under the given energy demand projections,
technology assumptions and policies (e.g. targets for emission levels or global tem-
perature increase).

TIMES-VTT is a bottom-up model of the energy system and it includes a large
database of energy technologies. The production chain starts from the extraction of
energy resources, continues through transformation and distribution steps, and
ends at energy end-use where final-energy is used for a wide variety of energy
services in five end-use sectors (industry, residential, transportation, commercial
and agriculture). A simplified outline of this structure is presented in Figure B1.

Resource extraction cost-curves:

Mm

Renewable potential

Transformation

Power sector

Electricity I Heat

End-use energy carriers

Sectoral Residential Industry Transport Commercial Agriculture
energy tech's (<200)  tech's (~200)  tech's (<150)  tech's (~150)  tech's (10)
tech's
Sectoral e : :
Residential Industry Transport Commercial Agriculture
energy demands (12) demands (28) demands (14) demands (7) demands (1)
demands

Figure B1. A simplified structure of the energy system in the TIMES-VTT model in
one region. The numbers in parenthesis refer to the numbers of end-use energy
technologies and the numbers of energy services.

The model uses the TIMES modelling approach, and is originally based on the
TIMES integrated assessment model (Loulou et al. 2016), to which a number of
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modifications have been made at VTT. TIMES-VTT and its input data has been
documented also in several studies (Matthews et al. 2015 and Kallio et al. 2015).
Specific assumptions used in this study are described in the chapter below.

The model runs in 10-year time steps. In this Barents project, we run the model
up to 2100 though scenario results are shown up to 2050. TIMES has intra-year
variability on the production or consumption of selected technologies and energy
forms (e.g. day-night variation with solar power). In total, the model has 24 time
slices for every year modelling the changing seasons (4 seasons), weekdays (week-
day or weekend), and daytime (day, night, peak demand).

The main model inputs are:
- Energy resources: quantities, marginal cost extraction costs
Energy and emission reduction technologies: investment costs, lifetimes,
O&M costs, efficiencies, availability factors, emission factors, etc.
Future energy demands, per energy service and time step
Energy and environmental/climate policy: taxes, emission targets, etc.

The main model outputs are:

- Flows of energy and emissions, per energy form/emission type, region
and time step
Investment, capacity and activity of energy and emission reduction tech-
nologies
Climatic variables: atmospheric GHG concentration, radiative forcing,
temperature increase
Marginal values of different energy forms /emission types (as shadow
prices from the optimization)
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