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The problems of life are insoluble on the surface and can only be
solved in depth. They are insoluble in the surface dimensions.
(Wittgenstein, 1980)
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Abstract

This is an evaluation of Jamtland County’s ability to achieve its climate targets
to reduce greenhouse gas (GHG) emissions with 10% annually, and to become
fossil fuel free 2030. There is a risk that the target to become fossil fuel-free,
relying primarily on outtake of forest biomass, contradicts with the target in
the UN Paris Agreement to keep the global temperature increase below 1.5°C.
Neither the GHG emissions reduction target, nor the target to become fossil
fuel free, takes forest carbon content into account. To reach the target to
become fossil fuel free, forest harvest volumes may need to be increased. This
can result in lower short-term net climate benefits than if fossil fuels are
substituted to a less extent, and harvest volumes are kept at lower levels.
Lower harvest volumes contribute to higher net climate benefits, and in the
short term this effect is greater the lower the harvest level. In any case, forest
production should be optimized towards products that give high substitution
effects from the replacement of other materials.

To be able to reach the short-term reductions of GHG emissions, efforts
should be made to decrease regional energy demand and general
consumption. The transition to new technologies is slow, and is unlikely to
contribute to short-term reductions. By the end of 2023, according to the
county strategy, the GHG emissions should be max 73% of the emissions by
the end of 2019. This is a historically huge reduction. The potential to increase
uptake of carbon dioxide in forests should be considered as a complement to
the other climate targets.

Assessments of social/welfare risks have to be weighed against the risks of
increased temperatures, which is challenging, but needs to be done. The
complexity of differences in short-term and long-term carbon balance effects
makes risk assessments of climate mitigation strategies difficult.
Compromises will be required between risks with different time horizons. To
rely on techno-optimistic visions increase the risks that the emission reduction
target will not be reached. From some perspectives, it is positive to spread
techno-optimistic future visions, but there is a risk that we will keep on
increasing consumption if we believe that problems with increased
atmospheric concentrations of GHG can be solved by continuous
consumption of ‘sustainable’ products. A simple 2% rule of thumb is that 2 kg
of COxeq is emitted for each 100 SEK consumed.



Sammanfattning

Denna avhandling &r en utvdrdering av Jamtlands lans mojligheter att na sina
klimatmal att reducera véxthusgasemissioner med 10% arligen, och samtidigt
blir fossilbranslefria 2030. Det foreligger en risk att det regionala malet att bli
fossilbranslefritt, vilket delvis vilar pa uttag av biomassa, motverkar
temperaturmalet i FNs Parisavtal att halla temperaturdkningen under 1,5°C.
Varken malet att arligen reducera vaxthusgasutslappen eller malet att bli
fossilfritt, tar hdnsyn till hur kolbalansen ser ut i skogarna. Ett
vaxthusgasreduktionsmal i kombination med malet att bli fossilbranslefri
Okar sannolikheten att skogsskordarna oOkar, vilket for Jamtland mest
sannolikt resulterar i en negativ klimateffekt. Lagre skordevolymer ger pa
kort sikt stora klimatvinster d4ven om substitutionseffekter inraknas. Oavsett
skordeniva bor skordade volymer styras mot produkter som ger hog
substitutionseffekt dar andra material ersétts.

For att snabbt nd minskade vaxthusgasutslapp pa 10% per ar, bor man 6ka
anstrdngningarna att reducera samhallets allmadnna energibehov och minska
totalkonsumtionen. Inférandet av nya teknologier gar langsamt, och ger
knappast nagra kortsiktiga effekter pa utslappen. Vid slutet av 2023 skall,
enligt lansstrategin, vaxthusgasutslappen vara max 73% av 2019 ars niva.
Detta dr en historiskt stor reduktion. Som ett komplement bor mojligheterna
att 6ka det naturliga upptaget av koldioxid undersokas.

Bedomningar av valfardsrisker och riskerna med 6kande temperaturer maste
végas mot varandra. Komplexiteten i skillnader i kortsiktiga och langsiktiga
effekter pa klimatet gor riskbedomningar av olika klimatstrategier svar.
Kompromisser kommer krdvas mellan risker med olika tidshorisonter. Att
forlita sig pa techno-optimistiska visioner vilka préaglar alla Sveriges
lansstrategier, innebar att man infor risker att utslappsreduktionsmalet inte
kommer nas. Techno- optimistiska framtidsvisioner har forvisso sina
foretraden men det finns en uppenbar risk att konsumtionsnivan fortsatter
stiga om vi tror att problemet med den globala uppvarmningen har en snabb
losning i att vi blir fossilbranslefria och konsumtion sker av ”hallbara
produkter”. En enkel “2%-tumregel” ar att for varje konsumerad 100-lapp,
emitteras 2 kg koldioxid.

Xi
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Preface

When I started to work as an engineer at the end of the 1980s, one of my first
missions was to reduce the emissions of aromatic solvents from paint. I
worked together with paint manufacturers to find technically acceptable
solutions to use water as the solvent, which caused some laughs at the
workshop. A newly born engineer suggested using water to protect large
objects against rust caused by water... In the end, we succeeded, but it took a
few years. There were several reasons to reduce the emissions of aromatic
solvents; e.g. local environmental, work health, depletion of the ozone layer.
Gradually, the risk of global warming was also introduced.

By the end of the 1990s, the problem of global warming was attracting
increasing attention, and I was continuously following the development.
Around 2007, I found that some of my engineering colleagues hesitated to say
that global warming really was a future risk, referring to the recent debate on
the prospect of a new ice age. I decided to read the full IPCC AR4 report and
held a local seminar about the scientific studies on which the conclusions were
based etc. My conclusion from the reading was that it would be a greater risk
to presume the theory of anthropogenic greenhouse gas emissions causing
global warming was wrong than to presume it was valid. To understand the
underlying driving forces in different dimensions, I began to investigate the
problem in more depth. Such digging never ends of course. In 2014, my wife
and I moved to Jamtland and I started to work with hydropower. However,
Mid Sweden University made me an offer (I could not refuse) to do research
at 50% and teach at 50% (I later realized that 50% administration was also to
be included, and I am still not sure about the mathematics behind this). The
research project discussed was a cooperation with Dr Nielsen in Copenhagen
to conduct a regional in-depth analysis of anthropogenic and natural
emissions and uptakes. This would enable us to conduct an engineering
analysis of a complex society and come up with an in-depth “understanding’
of the problem, or at least below the surface dimension.

This is where we are now, just below the surface dimension... It has been
enormously instructive (and sometimes enormously academic). However, the
goal of reaching deeper understanding might at least have been fulfilled. That
such understanding is transferable cannot to be taken for granted, but this
thesis is at least an attempt to transfer it intellectually.

Xiii



1 Introduction

1.1 Background

When it comes to climate mitigation strategies, long-term perspectives are
often applied. This is also true for many evaluations of climate effects in which
100-year perspectives are typically applied to calculate and evaluate different
strategies. The most obvious example is the use of the concept Global
Warming Potential (GWP100) expressed as carbon dioxide equivalents
(COzeq), representing the equivalent carbon dioxide amount of a gas 100 years
after the emission occurred. In contrast, IPCC’s 1.5°C report (IPCC, 2018)
emphasizes the need for mitigation activities that provide significant climate
benefits over much shorter time scales, 10-30 years. This temporal mismatch,
is problematic because the short- and long-term impacts of many activities
differ. The atmospheric content of Greenhouse gases (GHG) is affected by
anthropogenic and natural sources, such as emissions from wetlands and
variations in uptake in forests.

Sweden has largely transformed the 1.5°C temperature target (United Nations,
2015) focusing at the aim to become “one of the first fossil-free welfare nations”
by 2045, but also to show net-zero emissions of GHG (Ministry of the
Environment and Energy, 2015). Similarly, Finland has declared that it aims
to become the first fossil-free welfare nation by 2035 (Ministry of the
Environment, 2019). This is worth considering in the context that both nations
have a long forestry industry tradition. Both nations use ‘welfare’ in their
declarations, thus implying that economic growth and climate mitigation may
walk hand in hand. It may even result in positive economic outcomes for both
countries if general decarbonizing future strategies result in increased use of
biomass.

To capture the complete carbon balance of a region in combination with in-
depth forestry simulations and an evaluation of the status and potential when
it comes to regional and local climate mitigation, Jamtland County was chosen
as a case study. Working on a regional scale also makes this possible, to
investigate in more detail how policy is implemented (see Figure 1) into social
action (Lehmann, et al., 2009; Graymore, et al., 2008; Haughton & Morgan,
2008). Jamtland has a higher ambition than many other counties and the
nation itself in relation to annual reductions of GHG and the target to become
fossil fuel free. The county has eight municipalities and one main city



(Ostersund). The forestry sector is large (about 4% of the Gross Regional
Product), which makes it interesting to study in relation to its effects on the
atmospheric carbon balance. The fact that Jamtland County is sparsely
populated, few people and a lot of trees, makes it even more interesting to
study because emissions and uptakes of carbon can be expected to be more in
balance in relation to more densely populated areas, where we find a lot of
people and few trees.

JJ:
M!;ﬁg S GHG emissions need to be reduced
Analysis | ™
o
- e —— @ Keep Temp increase below 1,5°
P?r;ns agreement (max 2°)
ween Sweden (-7%/yr): one of the first fossil
All]  Metional targels fuel free nations in the world (2045)
T% iy -
S ; _ Jamtland (-10%/yr): the first fossil fuel
% Ayt RETEEIEE RN _ free county in Sweden (2030)
Mimlel! Ostersund (-16%/yr): the first fossil fuel
"'pﬁé;ii{ i free municipality in Sweden (2025)
L ——

Figure 1 Breaking down scientific consensus via an international agreement into
expected municipal activity. Each county in Sweden may decide on larger reductions
of GHG than the national aim. Above, the target for Jamtland County, a 10% annual
reduction of GHG, and the target for Ostersund Municipality, a 16% annual reduction
of GHG, are both higher than the national target of 7%. Note that the target for

Ostersund is set for the municipal organization rather than the geographical area.

This is also about human behaviour and human risk perception. Risks can be
divided in four main categories; (1) ecological risks, (2) health risks, (3) economic
risks and (4) social risks (Barry, 1999). We weigh different risks and
opportunities against each other in order to make decisions (Luhmann, 1996),
but do not necessarily act out of self-interest (Ridley, 1996; Mansbridge, 1990).
How do we really perceive the future risk of global warming against other
risks and how do we view the issue of liability (Luhmann, 1990)? The question
of liability is essentially based on individual risk assessments and the



responsibility of addressing risk. Cerutti (2010) has identified three conditions
that need to be met in order for humans to take liability action:

(1) awareness of a causal link between our actions and a certain effect
(2) we must deem the effects to be damaging
(3) we must be free to change the action causing damage

Each of these components carries a certain complexity when it comes to the
relationship between ethics and action. Taking cigarette smoking as an
example, Cerutti’s three conditions would most certainly be fulfilled, but
action to prevent damage (i.e. stopping smoking) is taken to limited extent.
The reason for this is that the positive experiences of the action, or inability to
break the smoking habit, partly outweigh the rational arguments, or we are
not free to change (Ahluwalia, et al., 2018).

From one perspective, the problem with GHG emissions appears simple.
Scientific models show the link between oxidization of matter and increased
global temperatures. We deem this effect to be damaging, especially for future
generations. However, when it comes to Cerutti’s third condition it is not
obvious that humans are free to change the action causing damage. The main
reason is that humans in general apply a broader risk assessment perspective
and do not focus on only one risk. Adding, e.g., welfare risks: what damage
might climate mitigation activities cause to the welfare society (Kemp, 1991,
p- 186 ff)? This leads us back to the Swedish and Finnish governance of
decarbonisation aiming to become fossil-free welfare nations. The Swedish
Climate Law states that the climate policy work shall “rest on a scientific basis
and be based on relevant technical, social, economic and environmental
considerations” (Miljodepartementet, 2017, p. 2§ 4.). What, in this context, is
regarded as “relevant” economic consideration against the technical and
environmental considerations and future risks? As municipal governments
are responsible for the development of the welfare state in Sweden they need
high politico-administrative and fiscal capacity (Sellers & Lidstrom, 2007). In
other words, the mandatory missions for the municipalities are firstly welfare
issues, such as schools, geriatric care and community service. Without extra
funding, municipalities cannot be expected to decrease the level of welfare to
increase climate mitigation activities as long as investments are not readily
available and self-financed (Carina, et al., 2012).

When it comes to environmental issues, in principle, flow of energy and flow
of matter always have a negative effect on nature that is in direct proportion
to the size of the flows. This makes it necessary to apply resource optimization
as a key concept of sustainability. However, such optimizations are made in



a world full of contradictions as a continuous weighing of risks. Nonetheless,
a reasonable base to work from, when it comes to global warming, is a study
of societal flows of energy and matter, complemented with flows of carbon-
based GHG (Nielsen & Jorgensen, 2015; Marchi, et al., 2012; Wall, 1987).

When it comes to the evaluation of natural carbon flows, especially the effect
forests have on the atmospheric carbon balance over time, there are many
aspects to consider, not least the differences in climate benefits from usages of
forest biomass to replace other materials and resources. To find out the total
effects for various harvest alternatives, substitution effects that provide
climate benefits through material and fuel substitution, need to be included
together with forest carbon sequestration effects (Leskinen, et al., 2018; Smyth,
et al., 2017). Literature shows that much of the scientific disagreement about
the climate effects of forestry stem from a difference in assumptions about
substitution effects and the time perspective applied (Rummukainen, 2021).
Studies concluding that increased use of forest biomass provides climate
benefits tend to focus on long-term (100 years) benefits (Lundmark, et al., 2014;
Gustavsson, et al., 2017; Gustavsson, et al., 2021) or use time-implicit models
that estimate long-term effects (Holmgren & Kolar, 2019). Different
assumptions and methods used when estimating substitution benefits
significantly affect harvest strategy evaluation results (Harmon, 2019; Leturcq,
2020). There is, e.g., little consensus on which fractions of the harvest provide
substitution (Leskinen, et al., 2018), the amount of emissions that are saved by
different products (Sathre & O'Connor, 2010), how the magnitude of these
benefits may change over time (Harmon, 2019), and how systems should be
delimited (Leturcq, 2020). To be able to make relevant estimations of
substitution effects, relevant life-cycle assessments (LCAs) must be used.
However, the consistency of the underlying LCA methodology applied is far
from robust (Penaloza, et al., 2019; Penaloza, et al., 2016; Levasseur, et al.,
2016). Since most substitution effects occur shortly after harvesting, it is clear
that studies making ‘optimistic’ substitution assumptions find greater
positive short-term climate effects of increased harvests (SLU, 2019) than
those making more “pessimistic’ assumptions. Reaching consensus on how to
estimate substitution benefits and deal with uncertainties is therefore a major
challenge for the field (Pefialoza, et al., 2019; Harmon, 2019; Hudiburg, et al.,
2019). The difficulties involved in deciding what substitution factors to use
point to the need to conduct thorough review of the literature, at the same
time as showing the need for guidelines based on scientific consensus. Lack
of relevant methodology opens up possibilities to set one’s own standards to
push results in the desired direction.



Five years have passed since Sweden ratified the Paris Agreement, and almost
30 years have passed since the Earth Summit in Rio de Janeiro concluded the
need to stabilize the atmospheric content of GHG (United Nations Conference
on Environment and Development (UNCED), 1992). It should be obvious
after all these years of climate policymaking and target setting that action
plans should be available at local level on how to achieve short-term
temperature reduction effects. The total carbon balance and the carbon
balance effects from different strategies are important as a starting point for
regional analyses, but cultural and societal aspects are at least as important
for making a full analysis. The title of this thesis, ‘Fossil free or not — That is
the question’, summarizes the complexity of managing global warming.
There is no answer to the original question ‘To be or not to be?” asked by
Prince Hamlet in Shakespeare’s play, referring to the choice between the pain
of life and non-existence (which might be even worse). Neither is there
necessarily an answer to the question of the effectiveness of a rapid transition
to fossil freedom considering how short-term biogenic emissions affect the
temperature (Royne, et al., 2016; Cherubini, et al., 2011; Leturcq, 2020).

1.2 Purpose and scope

Based on the regional analysis of Jamtland county this thesis explores the
conditions to achieve the climate targets to a) become fossil fuel free and b)
reduce annual emissions of GHG by at least 10%. These targets have to be
evaluated in relation to the Paris Agreement, i.e. the target to limit the global
temperature increase in the near future. What are the action plans at local level
(municipalities) and what solutions are expected to be implemented to meet
the targets?

The purpose of the research is to:

(1) provide an overview of the details (in a Swedish context) of the
problem of global warming, covering both the anthropogenic and the
natural processes involved

(2) evaluate the target to become the first fossil fuel-free
municipality/county/nation in relation to the target to reduce GHG
emissions annually

(3) explore the process of breaking down the temperature target of the
Paris Agreement into action plans at municipal level



1.3 Thesis content

The four papers constituting this thesis are briefly presented below. Figure 1
shows an overview of the papers along with the research process.

*Emission status in the 21 Swedish counties
*GHG emission reduction ambitions in Sweden until 2030
*Climate mitigation work in the 8 municipalities in Jamtland

C TN +Variation in forest carbon dioxide uptake depending on harvest volume
*5 counties in Sweden with different forest productivity (Skane, Vastra
Gotaland, Gavleborg, Jamtland, Norrbotten)

*Regional flows of carbon dioxide and methane (Jamtland)

(Global Warming Potential and Absolute Global Temperature change
potential)

*Regional flows of energy and material (Jamtland)

"y

Figure 2 Structure of the papers included in this thesis. Papers I-Ill are technical, based
on statistical data and model-based calculations. Paper IV has a societal focus and is
partly based on interviews and discussions and partly on statistical data.

1.3.1 Paper | (T. Skytt, S.N. Nielsen, M Froling, 2019)

The paper ‘Energy flows and efficiencies as indicators of regional
sustainability — A case study of Jamtland, Sweden’ (Ecological Indicators,
Elsevier, online 2018) constitutes the result of a study of sustainability
indicator energy (as work energy [WE]). A mapping of the regional sectors
shows flows of WE, how it is used to drive societal processes and how
efficiency can be calculated in terms of use of renewable or non-renewable
energy. An understanding of the processes involved and the use of energy in
the region are fundamental to our understanding of how to find solutions that



will allow us to reach the aim of establishing a fossil fuel-free region before
2030.

1.3.2 Paper Il (T. Skytt, S.N. Nielsen, B.G. Jonsson, 2020)

The paper ‘Global warming potential and absolute global temperature change
potential from carbon dioxide and methane fluxes as indicators of regional
sustainability — A case study of Jamtland, Sweden’ (Ecological Indicators,
Elsevier, online 2019) presents regional sectoral results for two different
sustainability indicators: Global Warming Potential (GWP) and Absolute
Global Temperature change Potential (AGTP). Flows of carbon dioxide (COz)
and methane (CH4) are shown as carbon dioxide equivalent (COzeq) flows per
sector. The sectors are the same as in the study in Paper I, which is
complementary to Paper II. A 20-year time perspective (GWP20) is applied,
which means fluxes of CHs will show much higher atmospheric radiative
forcing (RF) compared with the standard 100-year perspective (GWP100).
Biogenic emissions are included in the balance accounting, as well as
assimilation of CO:z in forests. The carbon balance accounting applied has
been used to control the input/output carbon flows in forestry and nature. For
each sector and for Jamtland as a whole, AGTP is presented as dynamic values
over time as a complement to the static GWP values.

1.3.3 Paper Il (T. Skytt, G. Englund, B.G. Jonsson, 2021)

The paper ‘Climate mitigation forestry — Temporal trade-offs’ (Environmental
Research Letters, online 2021) evaluates short-term climate mitigation
potential with different forest harvest levels and for different forest
productivities. Calculations have been performed for five counties across
Sweden, from south (Skane, 55°20’N) to north (Norrbotten, 69°03'N), covering
a productivity range from 2.5 m?ha-lyr? to 11.5 m?ha'yr'. Jamtland is one of
the counties studied, and this paper thus constitutes a complementary part of
the in-depth studies of Jamtland County in Papers I and II. There are
contrasting views on how forests should be managed to provide a high
climate benefit. Substitution effects need to be considered, and assumptions
about how much fossil fuel can be replaced by biomass vary. In this paper, a
range of substitution factors have been applied per biomass product category



to study the resulting effects of the chosen factors. Except for the substitution
factor, productivity and harvest level, the time perspective applied needs to
be taken into account because it results in contradictory conclusions. The
paper argues, in line with Paper II, that a short-term perspective (30-50 years)
needs to be the focus if we aim to meet the Paris Agreement.

1.3.4 Paper IV (T. Skytt, C. Hedlund, I. Cariman, Manuscript)

The manuscript ‘Five years after Paris, 20 years after Kyoto and 30 years after
Rio: managing climate goals from global to local level in Sweden’ presents an
analysis of the current status in the 21 Swedish counties when it comes to
actual GHG emissions related to the (earlier) national aims for 2020 and the
ambitions for 2030.

The study investigates how the aims of the Paris Agreement have been broken
down into county strategies and to what extent these strategies have been
implemented as action plans at municipal level in Jamtland. The in-depth
analysis was conducted based on interviews and written information in
municipal board minutes and general information from home pages. The rule
of law in relation to soft governance is discussed in the context of risk
assessments and implementation of policy.



2 Theory and methodology

This thesis primary focuses on only one of the sustainability goals, global
warming, thus disregarding numerous of other problems. It is based on
society prioritizing a reduced temperature impact. However, there is nothing
that says this is the most appropriate societal strategy considering other
societal risks.

The hypothesis of global warming rests on the scientific theory that changes
in the atmospheric content of greenhouse gases affect the global temperature
by influencing atmospheric radiative forcing (IPCC, 1994) thus causing an
increased global temperature. GWP(100), the GWP value 100 years after the
pulse emission of a specific GHG gas occurred, is typically used in LCAs to
assess the impact on the climate system from product-related emissions. Such
values are presented in IPCC assessment reports and guidelines for a wide
range of GHG gases. Since Global Warming Potential (GWP) is typically used
as a static measure stating a radiative forcing effect for a specific year but
without capturing the time dynamics from GHG pulses, the measure has been
criticized for its limitations (Levasseur, et al., 2016). However, it is still by far
the most widespread measure, especially in LCA applications. Thus, the
Absolute Global Temperature change Potential (AGTP) has been modelled to
complement GWP. AGTP gives the actual temperature effect from emissions
of GHG. It has been calculated with two different mathematical models: one
for a single pulse emission made from the IPCC guidelines and information
(IPCC, 2001; IPCC, 1994) and the other multiplying this effect from annual
pulses (continuous emissions). AGTP shows the actual temperature change
for a specific year, and the effect each year can add to corresponding
temperature effects from other pulses. This makes it possible to model annual
pulses and attain yearly temperature effects.

In the basic analyses of Jamtland County, referring to energy flows (Paper I)
and carbon flows (Paper II), Jamtland is regarded as a “machine’ with specific
input of matter and energy, and a corresponding output (in addition to matter
and energy, welfare is produced by the machine). CO: and CHa are output
from the societal sectors. In both these papers, the carbon flows in the forest
are simplified and regarded as static, thus producing rough estimates of forest
carbon effects. The resulting COzeq balance for Jamtland in Paper II can be
varied by changing the GWP-specific year. The default is GWP20, instead of



GWP100, which is more frequently used as a standard. The reason for the
choice of GWP20 is the focus on short-term effects (20 years) rather than long-
term effects (100 years).

In paper I and II a simplified static carbon balance model was used. In paper
III a more accurate dynamic analysis of forest flows was conducted, using the
Heureka RegWise software developed at the Swedish University of
Agricultural Sciences (SLU, 2021). The National Forest Inventory database
(SLU, 2020) was used to describe initial forest conditions. The Heureka system
is widely used for in-depths evaluations of different forest management
regimes in Sweden. A large set of choice parameters is available in the
RegWise system, controlling regeneration, pre-commercial thinning, thinning,
harvest management, etc. For each county simulation, only productive forest
areas were included, and formally protected areas were set off as unmanaged.
The simulated harvest levels are set as specific shares of growth, which are
calculated continuously per period depending on earlier harvests. The built-
in climate models in Heureka (RCP4,5 and RCP8,5 respectively) were not
applied to the simulations because they were regarded as too simplistic and
only increase the site index over time, following the increased temperature
increase, disregarding the effects of, e.g., changes in precipitation.

A spreadsheet model for dealing with substitution effects from the usage of
biomass was also constructed. Substitution Factors (SF) are typically used to
estimate total system effects on the carbon balance from the use of biomass
replacing fossil fuels. This is explained in detail in Paper III. The principle for
how the total effects on the carbon balance have been calculated is shown in
Figure 3. As a sensitivity analysis of the substitution factor estimated from
literature, low (50%) and high (200%) substitution factors were used to
calculate the total effects on the carbon balance. To investigate the influence
from forest productivity, five different counties from the south to the north of
Sweden were chosen with productivity from 11.5 m?ha-'yr? to 2.5 m?hatyr.
In Paper III, carbon balances were not converted into GWP or AGTP in
accordance with accepted practice to allow direct comparisons with other
studies. Carbon balances, as tonnes of carbon, are directly referable to
concentrations of carbon dioxide but without time dynamics.
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| Forest simulation harvest levels | | Wood flow Sweden |
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| AC forest || C harvest || AC pool | | Pulp/paper || Sawn prod || Energy |

Calculalte .av0|ded 4’{ Establish SF from literature |
emissions
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| Calculate total carbon balance | | SF 50% and 200% of default |

| Carbon balance high/low SF |=

Figure 3 Calculation flow used to find the total carbon balance effects for different
harvest alternatives. For each county analysed the distribution per product for the
national wood flow has been applied. Substitution factors (SF) have been evaluated
from a broad choice of scientific papers. Avoided emissions have been calculated by
applying the found SF per product category at the harvest volumes in the Heureka
analysis. See Paper lll for a full description.

Paper IV has a base in in-depth interviews and discussions initially held with
Ragunda Municipality to increase understanding of how a small and not very
wealthy municipality in Jamtland works with climate issues (Hedlund, et al.,
2020). This work was expanded into a penetration of the climate mitigation
activities in all municipalities in Jamtland County. To gain experience and
broader knowledge, the authors have participated in numerous regional
projects and working groups. This action-oriented research approach
increases the possibilities to facilitate necessary changes and increase
understanding of the societal context of how strategies and policies are
transformed into climate mitigation action (Fazey, et al., 2018). It is about
trying to understand individual and organizational driving forces and see
societal movements or the lack of them. The ‘knowledge’ gained through this
work has been supplemented with discussions and interviews with the
persons responsible for climate issues in municipalities, county and regional
administrations, companies, etc. Written information was used, such as
county climate strategy reports, municipal board minutes and general
information from home pages, as well as articles in regional newspapers.

Implementation of policy at local level requires a brief grasp of the Swedish
administrative system, legislation and enactment of law to understand the
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challenges. The county councils are to develop and implement regional
energy and climate strategies in cooperation with regional and local actors
according to Ordinance 2017:868. However, they have more of a coordinating
and advisory role and lack real power, while the municipalities control the
formal instruments for land-use planning. Climate mitigation and reduction
of GHG emissions are not mandatory for the municipalities and therefore
compete with mandatory priorities such as schools, child and elderly care.
This means that the climate strategies decided by the county administrations
will only be indicative, and it is not clear from a governance perspective how
the national ambitions are to become local action plans.

Westerlund'’s (2007) three major questions to apply to environmental matters
have been used in the analysis of the influence from environmental law. These
questions are whether, where and how (Westerlund, 2007, p. 11 ff). The question
of whether emissions of GHG may take place has an obvious answer: yes,
because it cannot be prohibited. Where do emissions take place? Everywhere,
and the accumulation of GHG takes place at high elevations in the global
atmosphere, thus making local directives difficult to implement. So, how do
we do it, if we have decided that something has to be done? Sustainability
issues involve enormous challenges, and maybe global warming is one of the
most complex issues to deal with, and for this reason simplifications are made
in the administrative processes. There is also a connection between governing,
legislation and risk assessments on which to base policy and implementation,
thus making it necessary to evaluate system risk perspectives (Beck, 1995;
Luhmann, 1993; Luhmann, 1990).

2.1 Methodological limitations and uncertainties

Most conclusions and results in this thesis are based at a mathematical
apprehension of the world, in which phenomenon and processes can be
translated into mathematical models. When calculating CO:2 emissions from
the oxidation of a specific amount petrol or woody biomass the result is
seldom questioned, even though CO2 cannot be seen, while woody biomass
can. When models are applied, e.g. to calculate the temperature effect from
this amount CO, there are many steps of black-box processing involved that
make some hesitate to accept the result as true future outcomes. Mathematics
provides a framework to describe reality (Shapiro, 2000, p. 255). However, the
verifiability of future modelled outcomes is difficult. When it comes to the
climate models used by IPCC these are partly verified by applying the models
at historical data, which can be compared with historical outcomes (IPCC,

12



2014). In the Heureka forest modelling tool (SLU, 2021) effects from root rot,
bark beetles and defoliators, wildfires, etc. are not included as models in
Heureka. These risks have to be evaluated without calculation support, but it
should be considered that there are potential disturbances for all alternatives,
which may reduce growth in different ways (Sharma, et al., 2013; Piri &
Valkonen, 2013). However, the growth modelling used in the Heureka system
is considered accurate from at least a 50-year perspective (Fahlvik, et al., 2014).
However, uncertainties in modelling results about future outcomes will
always be present, which make it necessary to value results from modelling
in a risk context, considering uncertainties increase with the length of the
simulation period.

This thesis is from some perspectives strictly theoretical, as inventory data
and statistics are fed into models from which the results are fed into other
models, which in turn present results that are used for the evaluation of
alternatives. In this chain of upcoming uncertainties in each step, it would be
meaningless if we cannot regard the results as accurate from a reality
perspective. In a way we have to trust the verifications made of the models,
thus put trust in the results as the best available guesses of future outcome of
the chain of assumptions made. Still, we have to be aware the results are
theoretical and we compare the results with other theoretical outcomes. The
difficulty when it comes to risk assessments is that it is extremely difficult to
assess risks from modelling results and compare this with future societal risks,
e.g. health risks, welfare risks, technology risks. The complexity involved
make it necessary to make scientific simplifications. We have to remember
that all we know about the future is that it is uncertain, however, the accuracy
in a prediction about 2050 should be better than one about 2150.

The results from the flow calculations in paper I and II are probably rather
accurate, still tolerances of results have to be considered. The approximated
tolerance of the forest uptake calculated makes uncertainties of the result
larger than all anthropogenic emissions taken together (Skytt, 2018, p. 22).
This initiated the need for more accurate forest carbon sequestration
calculations, as performed in paper III. All results should be contextualised in
a risk assessment perspective, thus evaluating future risks if the results are
too high or too low respectively. This conceptual idea has characterized the
approach used in paper III, to evaluate outcomes of min and max values.
However, the largest risk with results presented in graphs and values, is that
such results appear to be more accurate than they most probably are. Results
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can also be presented different ways; a graph is just not only a graph. A graph
is a way to argue, to present the result in a context.

Paper IV is partly based on statistics and accepted social science theories, and
partly on logical conclusions from sets of collected information, related to
experiences of reality. By necessity, such qualitative research suffer from a
certain degree of subjectivity. This does not mean the results are of less value,
but it might imply that the uncertainties depend on the quality of the set of
information used, the theoretical background and intellectual capabilities of
the researcher, not to mention values, personality etc.
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3 Results and discussion

3.1 Papers | and Il

Paper I on energy flows in Jamtland County (see figure 5) and Paper II on
carbon flows in Jamtland County (see figure 6) describe the basic conditions
for ‘the Jamtland machine’. Figure 4 gives an overview of the flows of energy
and emissions and forest uptake of carbon dioxide calculated as GWP(20)
COzeq. Figure 5 and figure 6 give flows per county sector for energy flows and
COzeq flows respectively. Forest uptakes of 7.8 Mtonnes CO2 dominate the
carbon flows and exceed all other carbon-based GHG emissions taken
together (6.1 Mtonnes, of which 0.6 of a Mtonne is transferred out of the
county via exported products (e.g. electricity and food). From an energy flow
perspective, the Jamtland machine has an efficiency of 160%, mainly due to a
high production of electricity and woody biomass. The input energy of 50,000
TJ does not include solar radiation input, as energy from, e.g., photosynthesis
processes as a driver of biomass growth.

6,1

Mtonne
COyq Export: 0,7 Mtonne

50.000TJ Jamtland County 80.000TJ

Figure 4 The total energy input to Jamtland County is 50 PJ and the output 80 PJ,
which gives an efficiency of 160%. GWP(20) calculated as CO2eq can be seen as
uptakes and emissions. Emissions referred to consumption outside the county (e.g.
exported electricity and food) follow the products as exported emissions, just as
imported emissions follow imported goods and are regarded as emitted in the county.

The total balance of Jamtland County is an annual uptake in of 2.4 Mtonnes
COzeq, which means that the county has a global cooling effect. If all regions
in the world were like Jamtland County, there would be no global warming
but global cooling. One position may be that Jaimtland does not need to do
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more to mitigate global warming, as it has positive carbon balance (uptake).
However, if we believe that we should do everything possible, also Jamtland
has to decrease GHG emissions and increase uptakes.
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Figure 5 Energy flows in Jamtland in TJ. From the energy sector electricity, heat and
fuels flow into different sectors as renewables (Green) and non-renewables (Grey).
Matter is converted to WE as imports (white). Feedback loops can be seen as

manure/feed (Agriculture), b
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CO;.q BALANCES JAMTLAND
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Figure 6 This chart shows the simplified carbon based fluxes in Jdmtland as the outcome of
the model. The total result is an uptake of 2.4 Mton. Blue arrows represent inter-regional
sectorial fluxes and grey arrows emissions. An arrow pointing towards the balance is an
export of emissions from the region and an arrow pointing away from the balance is a
corresponding emission. The negative value pointing away from Forestry (green arrow)
represents an uptake. The arrow pointing from Balance to Private ‘empties’ the Private
sector. Imported emissions from matter from outside the region not shown. (Paper 1)

Carbon-based GHG emissions from Jamtland County consist of CO2 and CHa
(methane). The COzq balance based on also includes biogenic emissions and
uptakes. To understand the difference in temperature effect between CO2 and
CH4, AGTP can be studied over time, as in Figure 7, which shows the
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temperature response for a one-year pulse from Jamtland (total in black and
CO: in dotted blue and CHs in red). CHa emissions give a temperature peak
about 10 years after emission, before the decomposition of CHs molecules in
the atmosphere eliminate the effect. The decomposition of CHs forms COz
with a much longer decomposition time, which of course gives a long-term
remaining warming effect. Note that 10 years after the emission pulse from
Jamtland, the temperature effect is warming, despite the forest uptakes. The
reason for this is the large short-term temperature effects of CHs emissions
from, e.g., wetlands, lakes, rivers and ruminants.

<106 AGTP response TOTAL JAMTLAND
5 —F— T T T T T T T T
P =
WL / . — — —AGTPCO,(x) CO, |
/ ‘“\\ ——— AGTPCH ,[x) CH,
3ir / \\‘ AGTPCO,(x) CO,+AGTPCH ,(x) CH 4

90 100

Years

Figure 7 Temperature effect (in uK) over 100 years from the annual emissions of
methane (red) and the balance sum (emissions minus uptakes) of carbon dioxide
(dotted blue) from Jamtland County. The black line shows the total annual response.
(Skytt, et al., 2020)

However, Jamtland County is a machine that works continuously, which
means there is not just one pulse one year but one pulse every year, so we
need to look at the effect of continuous pulse emissions and not just one. If we
were to look at continuous emissions over time, thus adding the same pulse
every year, e.g. from Jamtland County, the temperature effect is as shown in
Figure 8. CH4 emissions reach a steady-state level after 50-100 years, thus no
longer contributing to the increase of the temperature. The decrease, from
annual uptakes, of the atmospheric CO2 concentration accumulates as a
continuous decrease of the temperature (i.e. a specific amount of CO: is
removed from the atmosphere). If, however, we were to eliminate the CHa
emissions, a reduction of the temperature would follow the decomposition
seen in Figure 5 (as a negative step function). This shows that when using
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static GWP values calculated as COzeq, the difference in the radiative forcing
response between CHs and CO: cannot be identified, thus causing
contradictory information regarding effects from e.g. ruminants and wetlands.
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Figure 8 Temperature response (in K*#) for continuous annual pulses as in Figure 5 but
for 200 years. (Skytt, et al., 2020)

The true temperature effects over time need to be considered in strategic plans
on optimizing temperature effects following the Paris Agreement. There is a
long delay in effects at radiative forcing, and thus temperatures, from changes
in the atmospheric concentrations of COz and CHa.

Looking at the potential to replace fossil fuels in Jamtland, the 15,200 TJ that
drive ‘the Jaimtland machine” show a 63% share of renewables, thus leaving
5,600 TJ as non-renewable input (see figure 5). The target set by Jamtland
County is to exchange this amount of energy for renewable energy.
Renewable electricity production is not a problem in the county and large
amounts of electricity are exported out of the region, but the 5,600 TJ are fuels
that can only be partially replaced by electricity (typically battery cars). The
5,600 T] corresponds to about 10% of the total energy content of the annual
harvest volume in Jamtland County (49.000 TJ according figure 5). The
efficiency of conversion from biomass to (for example) biodiesel is far from
100%. However, the efficiency of a vehicle combustion engine is about 40%,
thus decreasing the total need for energy input for the share of the vehicle
fleet that is converted to electricity. If 50% of the vehicle fleet in 2030 is

19



converted to electricity, still 2,800 T] of non-renewable energy will remain to
be replaced by biofuels, assuming an increased fleet will be compensated for
by increased efficiency of new vehicles. The conversion efficiency for
cellulosic (CsH100s5) ethanol production (from beech) is about 30-40% (Goffé
& Ferrasse, 2019). This gives a total input need of 7,000-9,000 of TJ of cellulosic
biomass, which is 14-18% of the energy content of the total annual harvest
volume in the county.

One of the most difficult parts of GHG emission reductions is general
consumption. From a regional consumption analysis, a rough estimate is that
for each 100 SEK consumed, 2 kg COzyq is emitted (paper II). The range of
products and services we consume of course show varying emissions levels,
but principally this 2%-GHG effect from the use of money is a good rule of
thumb serving as a memory rule and reminder (disregarding that per cent of
SEK is not kg COz). To illuminate the connection between capital, goods and
emissions it can be relevant to look at the ‘capitalist’ from the perspective of
Marx’s thinking. A ‘capitalist’, according Marx, is a person who extracts
capital from the flow of goods (think of the money diving Scrooge McDuck),
thus decreasing the potential amount of goods flowing in the system (Marx,
1930, p. 124 ff)'. From a climate perspective, this means that total emissions
will be reduced, as long as the capital is not fed back into the system.
According to Marx, the consequence of the extraction and accumulation of
capital is reduced general welfare (think of the eternally poor Donald Duck)
(Marx, 1930, p. 146). This might seem like a somewhat odd but illustrative
example of the contradiction between welfare and reduced emissions from
consumption. In the Swedish county, climate strategy attempts to get around
this problem are typically made by introducing concepts like ‘bio-economy’,
‘circular economy’, ‘sustainable consumption’, ‘climate smart’, ‘sustainable
tourism’, etc., thus implying that the conflict between consumption and
emissions does not exist if we just consume the right products. Today this has
to be regarded as false and we should think of consumption as extraction of
limited resources emitting GHG.

! Marx is used here from a philosophical rather than a political perspective. In case the
reader finds Marx relatively outdated, it is worth pointing out his relative actuality
from a society critique perspective (Postone, 1993).
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3.2 Paper Il
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Figure 9 Total cumulative effect on the carbon balance as tonnes of carbon per
hectare from different harvest alternatives (0%, 40%, 60% and 95% of the
annual growth) for forests in Jamtland County in relation to 80% harvest of
growth as a ‘business as usual’ scenario, represented by the x-axis. A positive
value means there is a climate benefit compared to the 80% baseline.

In Paper III, a study of the potential CO: uptake in forests in Jamtland was
performed. The base was simulations of forest growth for different harvest
alternatives. The analysis of how these alternatives affect the final carbon
balance has to include an analysis of the effects of the substitution of fossil
fuels if biomass is used. The results show that the applied time perspective is
highly relevant. In Figure 9, the cumulative total effect on the carbon balance
can be seen as carbon uptake for four different harvest levels (as a per cent of
growth) in relation to ‘business as usual’ (80% of the annual growth, which is
the Swedish mean harvest level, represented by the x-axis). This cumulative
total effect includes effects from the substitution of fossil sources. During the
150-year simulation period, low harvest volume strategies are clearly
preferred from a climate mitigation perspective (larger positive carbon
balance). However, the extreme alternative with no harvest at all (0%, green)
drops below the 40% alternative (pink) after about 150 years, showing a clear
declining trend from about 2100 onwards. Both the 40% and the 60% harvest
alternatives show a continuous positive cumulative trend compared with
BAU, and the increased 95% alternative shows a continuous negative
cumulative trend. It has to be taken into consideration that it is not possible
just to switch from one harvest level to another by the time the curves cross,
due to the slow response times of the regulating forest ecosystem. This means
that a specific trend in forest growth has to be compensated for with
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modifications of harvest strategies, and such modifications can, in principle,
only be evaluated from forest growth simulations. From primary optimizing
modelling attempts in Heureka PlanWise (SLU, 2021), made by the author, it
appears possible to build an optimizing model that includes substitution
effects per harvest type, thus enabling optimization of carbon sequestration
in forests over a specified simulation period. The models need further
development, but the method appears useful to find theoretical optimum
harvest level variations over a certain period.
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Figure 10 Total cumulative effect relative to 80% harvest of growth (x-axis) of the total
carbon balance as tonnes of carbon per hectare for two different forest productivities,
Norrbotten (low productivity) and Skane (high productivity) and for low and high
substitution respectively.

The choice of substitution factor defining the amount of fossil carbon each
tonne of biogenic carbon replaces clearly affects the outcome of the analysis.
Forest productivity also affects the outcome, and the effect of the combination
of the two parameters is shown in Figure 10 for the same alternatives as in
Figure 9. Figure 10 shows the cumulative effect on the total carbon balance for
the low (50% of default) and high (200% of default) substitution factor
respectively, for two different forest productivities: 11.5 m*ha'yr! (Skéne) in
the south and 2.5 m*ha'yr' (Norrbotten) in the north. If substitution factors
are high, the influence from the different harvest levels is rather low in low
productivity forests, contradictory to high productivity forests where low
harvest strategies appear less suitable, exceptin a very short-term perspective.
If substitution factors are low, on the other hand, low harvest strategies have
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a clear positive effect on the total carbon balance, in both the short and the
long term. This shows that substitution factors, applied time perspective and
forestry productivity, have to be considered when deciding which strategy is
most appropriate.

To understand the carbon sequestration effect of decreased harvest levels we
have to look at the potential for forest growth. Figure 11 shows the potential
forest growth for five different counties in Sweden until 2175, if the forests are
kept unmanaged during the whole Heureka simulation cycle of 150 years.
High productivity forests (e.g. Skane) show a large potential to sequestrate
carbon from CO: uptake in the near future (50 years), but the potential
sequestration declines faster than for forests with lower productivity (e.g.
Norrbotten and Jamtland), where, on the other hand, the potential in the near
future is lower.
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Figure 11 Carbon sequestration in the forest per county (tonnes of carbon per hectare
and year) if the forests are kept unmanaged during the simulated period 2025-2175.
Negative values mean that the forests emit carbon and positive values indicate
sequestration of carbon. The graph only shows the forest carbon pools (soil carbon,
carbon in living biomass, in stubs and roots, as well as in dead wood). (SLU, 2021)

3.3 Paper IV

Paper IV gives a societal context to the challenges of how to implement
policies at local level and transform strategies into action. There are only three
counties in Sweden that a) have succeeded in reaching the earlier GHG
emission reduction targets for 2020 and b) aim below 70% of the national GHG
reduction target for 2030: Blekinge, Vdstmanland and Jamtland. These three
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counties have a Gross Regional Product below the national mean and none of
them has a large city for a national comparison.

The reduction target for Jamtland includes emissions caused by the
production of imported matter and energy (Lansstyrelsen Jamtlands lan,
Region JH, 2019; Skytt, et al., 2020), and the level of imports is high. This
means that GHG emissions from production outside the county (national and
international) need to decrease if the annual reduction target by 2030 is to be
reached, if not compensated from larger uptakes in forests. The aim to become
fossil fuel free by 2030 might appear easy and attractive to achieve. It is worth
noting that the county climate strategy highlights the forest as a specific focus
area and the forest is seen as an important resource from several perspectives,
not least economic and energy. The contradiction between “overexploitation”
(Lansstyrelsen Jamtlands lan, Region JH, 2019, p. 23) and biological values is
discussed, but basically presumptions are made about large harvest volumes
being consistent with positive climate effects and the concept
“overexploitation” is not defined.

We should always (try to) be aware of the final physical effects on the
temperature from policies. Jimtland County has, for many years, successfully
phased out fuel oil, typically replacing it with heat pumps and biomass-based
district heating. Most ‘low-hanging fruit’ have been picked already, leaving
the more difficult parts for the future. This means that it is not an easy task to
replace the remaining volumes of fossil fuels. However, many development
projects have been initiated in the county, especially in the largest
municipality, Ostersund, where more resources are available, and the stated
goals are more ambitious. From interviews, we have found that Ostersund
has a clear vision of the near future built on a techno-optimistic view. The
municipality has identified a number of business development opportunities
and looks upon itself as a winner in a decarbonized future. This vision is to
varying extents present in the other municipalities, but they lack the
personnel and economic resources of Ostersund. In order for Jamtland
County to achieve its high aims by 2030, with no identified/implemented
incentives, it depends on individuals’ choices and investment decisions.

If we regard strategies and action plans as a result of multiple risk
assessments, it is worth considering the problem of assessing future unknown
risks (e.g. risk increase per degree temperature increase). However, risk
assessments are rare or lacking for the process to break down the targets from
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the Paris Agreement into action plans at local level. The complexity of the
problem and the difficulty of understanding true temperature effects in
combination with unknown risks form a basis for creating simple and easy-
to-understand policies, e.g. ‘Fossil-free Jamtland 2030" instead of identifying
real actions.
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4 Fossil Free or Not?

4.1 The prevailing narrative

The status in Jamtland regarding the implementation of the county’s specific
energy and climate strategy (Lansstyrelsen Jamtlands lan, Region JH, 2019)
can be portrayed as follows:

Jamtland County has a cooling effect on the global temperature from an uptake
of carbon dioxide of 19 tonnes per county inhabitant (Skytt, et al., 2020). The
huge productive forest areas and the evolving entrepreneurship together with
the fast development of new sustainable technology give enormous potential
for the county to fulfil the aim to become fossil free by 2030 with an annual
reduction of GHG emissions of 10%. The county climate strategy has been
implemented locally and many projects aimed at GHG reductions and
elimination of fossil fuels have been initiated. Projects aimed at replacing fossil-
based jet fuel for aviation with fuels from biomass and electrical aviation are
ongoing. Plans for the introduction of large-scale hydrogen gas technology to
be able to store electricity and use hydrogen gas for heavy trucks and trains
(the non-electrified Inlandsbanan) are being launched. Electrical vehicles are
beginning to replace cars running on fossil fuels and charging stations are being
built throughout the county. Electricity production in the county from
photovoltaics and windmills is increasing exponentially, thus supplementing
hydropower. Jamtland County is a driving force towards a fossil fuel-free
future.

This description is not at all false. It is, however, coloured with a techno-
optimistic vision of the future. One might advocate that such descriptions are
necessary to shape an impression of a future that is already here and that the
problems are more or less on track to be solved. Based on the county climate
strategies around Sweden, such stories seemingly exist not only in Jamtland
but in most, not to say all, counties. Furthermore, the same tendency can be
seen in other EU countries.

However, another plausible narrative for Jamtland, with a touch of techno-
pessimism, could be the following, just painted in different colours:

Jamtland County is a sparsely populated county with just 130,000 inhabitants
in an area a bit larger than Netherlands. It is covered with productive forests
(about 10% of Sweden’s total productive forest area) and has an annual positive
carbon dioxide balance corresponding to the emissions of about 250.000
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average Swedish citizens (Skytt, et al., 2020), implying that large areas of forest
is needed to balance anthropogenic activities. The county aim to reduce GHG
emissions by at least 10% per year from 2020 to 2030 appears difficult to reach.
Most direct emissions of fossil fuels come from cars, trucks and work machines,
typically in the forestry and agricultural sectors, and aviation. Indirect
emissions from private and public consumption make a significant
contribution, however, occur mainly abroad. The conversion of fuel oil for
heating purposes to heat pumps and district heating has been ongoing for
many years in the county. Today, it is difficult to identify any low-hanging fruit
in the fossil tree. The expansion of electricity production from photovoltaics
and windmills continues, but due to transmission limitations in the main grid,
export of electricity out of the region is limited, and further expansion of
production does not actually add much to national or international climate
mitigation. Some regional projects aimed at the introduction of hydrogen gas
for energy storage and transportation have been launched, as well as a project
to introduce electric aviation. However, it is difficult to work regionally with
such technology conversions, because available resources are too small. The last
five years, Jamtland has worked hard to expand the number of charging
stations for battery cars, and today it is the top county in Sweden with a CPEV
of 0.51 (Charging Points per Electric Vehicle) (M Sweden, 2021). This is positive,
but at the same time implies that there are few electric vehicles, namely 501 full
electric cars, which is only 0.7% of the car fleet in the county and to this 1505
hybrid cars can be added (SCB, 2021). Except for the city region of Ostersund,
it is difficult to find traces of the Paris Agreement in the active local municipal
work.

These two narratives may appear contradictory, but they are not. They are
both descriptions of the situation in Jamtland County, thus complementing
each other. The first description can be said to follow a techno-optimistic
tradition (Marquardt & Nasiritousi, 2021) built on risk analyses of the welfare
state (Sellers & Lidstrom, 2007; Kemp, 1991). The second description is an
outlook, with a touch of dark colouring of the potential to reach not only
regional but also national aims. Such ‘dark pictures’ follow a philosophical
tradition of societal development criticism (Neess, 1982; von Wright, 2000
(1993)). Since both views present a non-false picture of the status in Jamtland
County, they complement each other and indicate the necessity to consider
balancing the risks we take when not evaluating alternative strategies. We
need to be aware that the national and regional focus on becoming fossil free
in an extremely short period is associated with risks. However, there is also a
long-term risk associated with a hesitation to become fossil free. The problem
is focusing on short-term temperature effects without forgetting the long-term
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ones. It is about minimizing the risk for increasing temperatures in the global
climate system, which means prioritizing short-term effects right now.

4.2 Global warming risk assessment

The current situation in Sweden has some parallels with the situation by the
1973 oil crisis, when OPEC caused chaos in the world oil market. The Swedish
government decided to move away from its dependency on imported fossil
fuels and initiated a large expansion of the Swedish nuclear power
programme and aimed at broad electrification (Wittrock & Lindstrom, 1984).
Long-term fossil-fuel dependency of the transportation fleet was to be solved
in the future. Nuclear power appeared to be the only reasonable source of
electricity production as a complement to hydropower and the risks were
considered manageable (Hallman, 1974; US Nuclear Regulatory Commission,
1975). However, building nuclear power plants was time-consuming and the
oil crisis was acute, so energy savings were mandated, and petrol and diesel
rations were introduced (Riksdagen, 1974, p. 25 ff §10). In that context, the
(nuclear) techno-optimism got wings and nuclear power was regarded as
future oriented solution. After the Harrisburg nuclear plant accident in USA
1979, a Swedish commission conducted a new risk assessment of nuclear
power and found that the social benefits outweighed the risks (SOU 1979:86,
1979, p. 39). By this time, nuclear power was regarded as a bridge technology,
until hydro fusion power was to replace nuclear power.

Now, moving to Japan, since long well known for its quality level and
philosophy (Sandholm, 1988). In 2011 there was a well-known major
earthquake outside the coastline where the Fukushima nuclear power station
is situated. The design of the plant was considered acceptable with reference
to the scientific knowledge of the 1960s. However, already in 1993 a risk of a
large earthquake resulting in a 15.7-metre tsunami was identified, which was
what happened in 2011 (World Nuclear Association, 2021). Looking at the
new risk assessment following the accident, it is worth considering the
following ‘recommendations for changing the attitude to seeing risks’:

“Itis necessary to humbly face the reality of natural threats, diastrophism and
other natural disasters, which are sizable in scale and time, keeping in mind
that Japan has often had them in its long history.”

(Investigation Committee on the Accident at Fukushima Nuclear Power Stations of
Tokyo Electric Power Company, 2012, p. 3)
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A consequence of the Fukushima accident was that Germany decided to close
its national nuclear reactors, *Atomausstieg’, referring to unknown risks (Mohr,
2011). In other words, risks could not be evaluated because the consequences
in relation to the time perspectives were not clear. When it comes to global
warming, the problem is the same: how can we make a proper risk assessment
of the consequences and relate it to other societal risks for different time
perspectives? The problem of global warming has been known about for
several decades (United Nations Conference on Environment and
Development (UNCED), 1992), without obvious major damage to welfare or
environment. A vital problem is that we are facing the unknown and the
question of how we can make assessments of risks that we are not able to deal
with:

“I am also sceptical as to whether we can possibly cope with the unknown or,
more precisely, that we are able to integrate what we know and what we do
not know and use this as a difference we can introduce into the social system
of society.” (Luhmann, 1993, p. 534)

If the problem of global warming really is to be prioritized and if we really
should strive to keep the global temperature increase below 1.5°C (Masson-
Delmotte, et al., 2018), risk assessment comparisons between different type of
risks need to be clarified. The German ‘Atomausstieg’ meant that all other
environmental, health, economic and social risks were subordinated the risk
of nuclear power. This is not how we assess the risk of global warming today,
even though IPCC has concluded we are facing unforeseen risks (e.g. tipping
points) if temperature increases cannot be kept below 2°C. Most individuals
are less willing to take welfare risks to mitigate global temperature increases.
The welfare risk is easier to assess compared with the temperature risk. This
has an interesting parallel from a risk assessment perspective to the nuclear
energy risk assessments made before and after accidents with reactors. Before
reactor accidents had occurred, risks were considered theoretical and rather
low (US Nuclear Regulatory Commission, 1975), while today the risks
connected with nuclear power in Germany are regarded to be greater than the
welfare risks (Mohr, 2011). From a techno-optimistic view, technical solutions
making it possible to meet the target to become fossil fuel-free, may be present
in a few years, and meanwhile we do not have to take a welfare risk, but just
continuously exchange unsustainable consumption with sustainable
consumption thus minimizing the welfare risk.
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4.3 Fossil fuel freedom

Becoming fossil free is a high priority target in Sweden but lack a risk
assessment for different alternatives and future scenarios, probably due to the
complexity involved. The national coordinator for a fossil-free Sweden has
stated that trees do “more good cut down than left as forest” and that the use
of Swedish forests as carbon sinks should not be given a priority as long as
we use fossil fuels, i.e. referring to substitution effects (Lindsten, 2020). It is
unclear how the national coordinator reached this conclusion, however, it is
probably not based in a relevant risk assessment. In principle Sweden is not
giving priority to the aim to reduce short-term global temperature increases
but to the aim to become ‘one of the first fossil-free nations of the world’,
following a tradition of competing with Finland. It is fully understandable
that policy decisions are taken to show political action orientation, and it
appears attractive to be fossil free, long term. However, from a short-term
perspective, the calculations from five Swedish counties indicate that even if
substitution effects are taken into consideration, reduced harvests give a
greater total uptake of the carbon balance than larger harvests. In a long
perspective, harvests should increase from the lower levels to compensate loss
of growth.

How come that Sweden has chosen to focus the aim to reduce GHG emissions
to the aim of becoming one of the first fossil-free nations in the world?
Furthermore, how does the analysis look like behind the conclusive remark
that “Reduced greenhouse gas emissions can be combined with economic
development”, outspoken from the Swedish Ministry of Finance (2018), which
normally does not evaluate carbon balances but economic balances? One
reason might be that the Swedish democracy model is built on the idea of
stakeholder participation and consensus decisions at local level (Sellers &
Lidstrom, 2007). Stakeholders can normally agree on techno-optimistic views
of the future where potential expansion will decrease the welfare risks. By
exchanging the present ‘unsustainable’ consumption patterns to the new
‘sustainable’ products, the shift to a decarbonized future can be made
seamlessly, thus preserving the existing welfare system. Savings, reductions
and renunciations have no room among the existing narratives, even though
the cause and effect logic between the level of consumption and the use of
energy and emissions of GHG is obvious. Referring to the sociologist Niclas
Luhmann (1998) and his conclusion that society has to change if it is ever to be
able to find its way to the future (p. 81 ff), it is worth considering that change
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does not have to be increased activity but also decreased activity to reduce
short-term risks, until new technology can be introduced stepwise.

Fossil freedom is easy to visualize, and maybe even short-term realize, in a
region with 130.000 inhabitants and 1 billion trees (310 Mm?) on an area a bit
larger than Netherlands, that keeps 17 million inhabitants and 230 million
trees (70 Mm?) (Forest information system for Europe, 2021). If fossil freedom
in Jamtland can be achieved with decreased harvest volumes and reduced
emissions of GHG, the concept can be relevant for other countries to adapt. If
fossil freedom only can be achieved with increased harvest volumes, and
increased GHG emissions, the concept appears irrelevant as a climate
mitigation strategy. With an echo from the 1970s, it is a 50 years national
vision to become independent of oil, and striving for independency is a strong
driving force in Jamtland County. The attractiveness of a target should
however, not make us forget to assess risks.
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5 Conclusions

These conclusions should be seen in the context that only one sustainability
goal, global warming, has been evaluated.

The regional target to become fossil fuel free 2030 is questionable from the
results of the in-depth analysis of Jamtland County presented in this thesis.
Short-term temperature effects should be prioritized in place of a fast
transaction to a fossil fuel-free society. Forest growth simulations for five
Swedish counties across national forest productivities and inclusion of
material and fuel substitution effects show that reduced harvests give fast
short-term climate mitigation effects. Forest harvest volumes should be used
as far as possible to achieve large substitution effects (construction
applications, and short-lived products with low substitution effects should be
avoided as far as possible (low-value paper).

Consumption in general should be reduced. A 2% rule of thumb implies
emissions of 2 kg COzeq per SEK 100 consumed. We should not fall into the
trap that there are products that can be produced without causing emissions
or other environmental impact. With reference to the strategies applied in
Sweden during the oil/energy crisis in 1973 and in Japan after the Fukushima
nuclear power plant accident in 2011, strategies to reduce consumption and
energy demand aimed at broader GHG emission reductions should be
prioritized. Such strategies are not in conflict with the introduction of new
technology and the development of new products aimed at a decarbonized
society. However, a welfare risk is included with such a strategy, and
assessing this risk against the temperature risk is difficult. But risks need to
be debated, not only evaluated by experts because moral issues are an
important part of the valuing.

There are risks with strategies based on overly technology-optimistic futures
because such strategies imply that the problem of global warming can be
solved just by replacing today’s products with alternative products. We need
to learn to make relevant risk assessments of future unknown risks and to
weigh up different risks. Considering that the problem of global warming has
been known about for at least 30 years, and 5 years has passed since the Paris
Agreement, there is reason to believe that the problems will be far from solved
in another 8 years. This is not to be pessimistic but to highlight the risks
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involved when running fast towards the goal without considering that we
may have misjudged the total distance.

From several perspectives the purposes of the research have been achieved,
however, it is actually more difficult to see a short-term solution to the
problem with global warming today, compared to five years ago. It seems that
we should set out on a long hike before we reach the visionary climate goals.
It is generally not a good strategy to believe the hike to set out on is 5 km if it
turns out to be 45 km. The inversed strategy is from a risk perspective
probably preferred. However, it is easier to persuade people to join a 5 km
hike than a 45 km hike...
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6 What comes next?

Model calculations as those presented in this thesis appear to be exact and
realistic, but we always have to remember that even though the models are
good, the magnitudes of the unknown dimensions are unknown. We need to
expand our knowledge about forest uptake and the carbon balance effect from
different forest management regimes, as well as of soil carbon effects. An
example is findings from measurements of CO: fluxes made by Hadden and
Grelle (2016) that shows that boreal forests can suddenly turn from carbon
sinks to carbon sources, which shows that the models used may not cover the
complete and complex system. We also need to know more about carbon
fluxes over wetlands, mires and water sheds in general. CHs emissions are
especially troublesome due to their powerful temperature effect. When it
comes to the use of forest products, it is clear that general and international
guidelines on how to calculate substitution effects are needed to harmonize
calculation methodologies. In addition, it is critical to consider changes in
carbon footprint of the products that the substitution factors are based on.

There are philosophical aspects that need to be penetrated when it comes to
global warming, e.g. how to look at the time perspective and connected risk
assessments and valuations. Furthermore, there is much to do on the
questions of how to manage and govern climate mitigation at different
societal levels, again referring to risk assessments of different strategies. A
range of competences will be needed on these matters, thus implying “non-
orthodox combinations of knowledge” to be able to capture unforeseen risks.

A major concern is the tendency that scientific knowledge becomes
fragmented, instead of speaking with one voice. However, the complexity and
the upcoming threats and risks for stakeholders, will create many voices, thus
making it necessary to find ways to include as many voices as possible, still
in the end speak with one voice.
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