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1. INTRODUCTION
This scoping report for the COMPLEX work package 4 (WP4) on Socio-Economic and Land
Use Dynamics in the Stockholm-Mälar Region has several objectives. The first is to present and
outline the state-of-the-art, including a literature review, with regard to complex pathways to a
low carbon society, with special relevance to the Stockholm-Mälar region. It will do so in a
larger context of complex socio-natural systems, with an emphasis on a green economy, bioenergy and land use, as well as on societal transformation and behavioural change. Another objective is to inform primarily our partners in COMPLEX, but also others who might be interested,
including stakeholders in our study region. Perhaps the most important objective with this report is to provide a basis for the collaborative work within our work package, and with our colleagues elsewhere.
In this second revised version of the report, we have extended some parts, and shortened others,
depending on suggestions and interesting new information. A part of this new information has
come from a stakeholder workshop held in Sigtuna in early 2014, which to a great extent could
contribute to a more elaborate analysis of stakeholder and policy maker positions. In addition,
there is now a more extensive description of relevant land use modelling.
The illustrations included in this report are extracted from scientific articles and other material
that we are referring to. Their origin is explicitly cited but no copyright authorization has been
requested, while this report is intended primarily for internal spread and use within the COMPLEX consortium and its networks.

1.1 General views on the low carbon issue
Based on a variety of scientific evidence (e.g. codified in the ICPP 2007 assessment) and on the
judgments in the UN body for climate change UNFCCC, and in other fora, the planet is experiencing historically a very quick increase of carbon dioxide in the atmosphere. This corresponds
to a global temperature increase which in the next half century could pass 2 centigrades, or
more. The increase in temperature is accompanied by potentially very harmful effects in terms
of storms/hurricanes, changed precipitation patterns (including droughts and flooding), change
of ecosystems conditions and other types of impacts, as elaborated by the IPCC. Thus, it is
highly reasonable to define the target within the next half century of not exceeding the + 2 degrees as a global mean, as has already been defined as a policy by the political authorities in the
EU.
Many countries in Europe (including Sweden) have also adopted this goal as a national target.
In order not to transgress this chosen limit there is a strong need to combat the emissions of
green house gases (GHG), especially the dominant ones with their origin in the use of fossil
fuels, i.e. those connected to the carbon cycle. Thus, the maximum 2 degrees centigrade target
can also be seen dominantly as a target concerning the main GHG contributor i.e. the carbon
dioxide outlet to the atmosphere.
The goal could thus be expressed in terms of an approach - by deliberate action - to achieve a
“low carbon society”. This should be reached at the latest by 2050 in order to match the needs.
This low or non-fossil based society thus has to be achieved within a few decades from now.
The means to reach this goal is by mobilizing an array of actions, including societal transformations of various kinds. These include not only technical solutions e.g. in the energy sector
(e.g. new versions of wind, solar, bio-energy etc, and energy efficiency improvements), but also
changes in land use (with relevance for agriculture and forestry practices), infrastructure and
transportation system designs as well as changes in production and consumption patterns.
3

This means that the induced changes span over a wide array of practices, and correspondingly
calls for changes in incentive structures and indicator sets. These elements of transformation of
society is at the heart of the EU-FP7 project COMPLEX – especially how the relevant support
(e.g. in terms of models and process designs) to the connected governance efforts can be designed.
It will be important to find which paths over the next decades that are most relevant in order to
reach the low carbon society goal – but also to investigate which conditions that are most conducive for favourable paths.

1.2 EU positions
Efforts by the EU are both directed towards the climate policy domain, and towards other policy domains with strong indirect influence on climate outcomes. The suggested mechanisms relate both to mitigation and to adaptation impacts. One recent and important policy effort of a
general kind is the establishing by 13 February 2012 of the Strategy for “Innovating for Sustainable Growth: A Bioeconomy for Europe”. The Background Documents - but also the connected “Action Plan for Europe” - provide several elements of importance in order to handle the
path towards a low carbon society.
In this strategy document, the importance of the sectors of agriculture and forestry are distinctly
highlighted, as well as the connected issue of how land use patterns are developed and managed. It is e.g. stated (p.29) ”Over the coming decades Europe will be challenged by dwindling
natural resources, the effects of climate change and the need to provide a sustainable, safe and
secure food supply for a growing global population”. Specifically for agriculture it is said
(p.30) that it is “a significant contributor to climate change and is in return dramatically affected
by climatic instability.” Agriculture and food production is said to represent 40 % of the global
industrial energy demand (including emissions embedded in inputs). Global direct agriculture
emissions (with carbon losses from land use and land-use change not accounted for) are perceived to make up 10-12 % of the total greenhouse gas emissions (according to the IPCC 4th assessment). Similarly, forest processes are of great importance for the carbon cycle. Hence, these
two sectors could be seen as an important arena for creating potentially encouraging contributions to the paths towards low carbon societies.
With regard to the research and innovation dimensions the EU system has established “Horizon
2020” as the tool for directing the main EU resources in these fields. One important aspect of
the “grand challenges” deals with the climate related “low carbon society” concerns – directly
or indirectly.

1.3 Swedish national positions
The Swedish government has requested all counties (Länsstyrelser) in Sweden to create regional dialogue events on the issue “how we can reach a society without net emission of climate impacting gases by the year 2050”. Examples of topics that have been raised include e.g. societal
planning, transport systems, agriculture and vehicles for work, energy supply and use, research
and development, and issues related to a climate “smart” lifestyle.
The results of these dialogue events have been sent to the Swedish Environment Protection
Agency (“Naturvårdsverket”) covering ideas and suggestions on how the regional level can
contribute in a cost efficient way to the establishment of a zero net emission of GHG by the
year 2050. This county based investigation of the path towards 2050 has finalized this first step,
and the Swedish EPA has in turn reported to the central government at the end of 2012 how “a
4

plan for the path towards 2050” (“Färdplan 2050”) might be designed for the Swedish situation. The aim has been to provide reflections on how the government’s vision could be manifested in practical work – not least at the regional level.
The COMPLEX project has chosen, as part of its broader variety of investigations, to use a
Swedish regional case as a test arena for issues that are highlighted in the broader project and to
test some of the instruments that can emerge as results from the research in the project. The
choice of area in Sweden is the Stockholm-Mälar region, which constitutes two NUTS2 regions
in the EU system.

1.4 The Swedish regional case
The Swedish case study is focusing on some potential development lines and their associated
conditions of a key Swedish region (see attached Figure and Map) – the Stockholm-Mälar region. The lake Mälaren is a fairly large lake, around 250 km wide in the East-West direction having its main outlet eastwards in the center of Stockholm City, into the Baltic Sea. Why is
this region chosen and how is it perceived to help understanding European societies to select
appropriate paths to a low carbon situation by 2050?
The answer is that the chosen case region encompasses the capital of Sweden with its relatively
large city conglomerate. It also includes a wide range of smaller cities connected to the capital
with an elaborate and efficient network of railways and roads. The regional political aim is to
create an even stronger connectivity in the future in this geographical space with its variety of
natural, as well as social and cultural features.
1.4.1 A region of 3 million inhabitants – connected to the outside world
The Stockholm - Mälar Region, as defined here, consists of the five counties (“län”) around the
lake Mälaren, Stockholm, Uppsala, Örebro, Västmanland and Södermanland, but also Östergötland (which belongs to the same NUTS2 region as the latter four; Stockholm county constitutes
a single NUTS2 region by itself; See Fig. 1). It is one of Europe's approximately 500 regions,
and is a major region in Sweden, as it includes its capital city. The region has approximately 3
million inhabitants, corresponding to roughly 1/3 of the total Swedish population. It is one of
the fastest expanding areas in Sweden and one of the major hubs for economic and cultural life.
Its position at the Western edge of the Baltic sea makes it, since ages, the natural contact point
for relations to Finland, to the three Baltic countries within EU i.e. Estonia, Latvia, and Lithuania, but also to Russia through the close connection to the St. Petersburg area. Seen in that light
the Stockholm-Mälar Region could be regarded as one of the major concentration areas of the
Baltic Sea super-national region i.e. of Northern Europe.
The Stockholm-Mälar Region has certain characteristics. Its socio-economic features are coloured by the function of a central historical, economic, administrative and cultural national area. It is one of Europe's areas centred around a national capital. It is a strong and economically
expanding region with the characteristics of a polycentric region around a central city node (i.e
Stockholm with its major harbour facilities opening up to the trade and other transports to the
Baltic Sea region and to the world). Its centre, Stockholm is thus networking with a substantial
number of other sub- regional urban centres and municipalities, all included in the Swedish
study region of the COMPLEX project.
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Fig. 1. The “Stockholm-Mälar Region” in our study constitutes two NUTS2 regions of
Sweden, SE11 and SE12 (left), which include the five counties around the lake Mälaren,
Stockholm, Uppsala, Västmanland, Södermanland, and Örebro, plus Östergötland. Major
cities in the region are Stockholm, Uppsala, Västerås, Eskilstuna, Örebro and Linköping.

The wider Stockholm -Mälar Region has a diverse natural geography characteristics. In the East
it includes the long coast to the Baltic Sea manifesting itself in many places from the north to
the south of the region in the form of a vast archipelago with thousands of islands. In the southern part it opens up for the Bråviken part of the Baltic Sea, providing the inlet to the industrial
city of Norrköping. Further south inland you find the scholarly and administratively important
city of Linköping in the midst of a vast and historically prosperous agricultural area. It connects to the north and east to forest areas up to the lake Mälaren area with cities such as Strängnäs, Eskilstuna, Enköping and Västerås – all situated along the shores of this major inland lake,
third largest in Sweden. Further north a mixed forest and agricultural land opens up, with Uppsala as the centre of the sub-region in the north- eastern part of our case region.
In summary, the Stockholm-Mälar Region thus connects coast and inland areas. It spans from
large inland water bodies to major connected areas of agricultural and forestry land - often in
mixed settings.
Corresponding to these characteristics the historical economic strongholds in this part of Sweden span from traditional sectors, such as agriculture and forestry, but also with connection to
historically related iron mining (nowadays more or less closed down). Today these historical
connections have taken new industrial forms, although for example Eskilstuna is still one of the
major industrial cities in Sweden, in particular for the steel industry.
The various economic raw material sectors have, during the course of history, thus become
connected with high tech forms of use of these natural resources e.g. in terms of paper mill and
forestry product oriented activities but also machine manufacture in general and in later days
ICT and similar sectors. The match of the natural resource base with the historical industrial
development and its later “ultramodern” offspring in various high tech areas is based on high
levels of education in the population at large, which is one of the characteristics of this entire
region. In addition, major academic institutions such as several universities and institutes for research and higher education exist in the region. The connectivity provided by the transport infrastructure linking the various parts of the region is part of the economic features of the regional setting. Currently, further improvement of the fast train connection systems is heavily
6

discussed and improved upon with the creation of a combined regional economic and social
space in mind as a planning strategic goal for the region.
Thus, the Stockholm-Mälar Region as our case study – corresponding to two NUTS2 regions in
the EU system – provides the possibility to elaborate upon, for example:
-

-

A historically developed region over more than 1000 years - or longer
An area of more than 3 million people and around 1/3 of the Swedish population, which
may rise to 5 million by 2050
Urban – rural connections
Considerable agricultural and forestry landscape uses which represent a future basis for
reinforced bio-economy activities
Closeness from urban settings to vast forestry areas but also to the considerable Baltic
Sea coast line (included in our region) with strong recreational and touristic values
A transport connected region under quick and emergent intensification
Representation of different forms of transport means (not only road traffic and rail national hub but also a large harbour for Baltic Sea trade and passenger connections – and
geographically also contacts further on outside the Baltic Sea realm to a wider space of
international character, in addition to the international airport of Arlanda – largest in the
country) as well as a number of smaller airports of regional character.
A differentiated structure of industry and business activities
Multi-layered governance structures (including the absorption of EU –level directives,
connections to the Baltic Sea region of nations and its cooperative mechanisms, national
(Swedish) policy level operations, the interplay between the capital of a Northern EU
country and its surrounding regional areas

With these and other characteristics we regard our chosen region to be very well suited to express options and problem features for the next half century with regard to the transformation of
society into a low carbon situation – formally defined already as a goal for 2050 both at EU and
national Swedish levels.
Thus, the framing of this intended change is already settled at EU and national Swedish levels.
What is not done is the exploration of what it really means in practice – and what the paths towards this goal could be. However, in these fields of inquiry efforts have already been initiated.
In the following sections, we will give a theoretical basis for the complex problems involved in
this study, as well as more specific examples from the Stockholm-Mälar Region. In Section 2,
we start with a reflection on how to approach complex problems in general, and climate change
in particular, as individuals and as a society. This section can be skipped for those who are more
interested in the concrete examples of our study region. Section 3 deals with green economy
and governance in general, and in the Stockholm-Mälar Region in particular. Section 4 gives an
overview of bioenergy, land use and GHG emissions in relation to the transition to a climate
neutral society, exemplifying with previous case studies but with focus on the Swedish case.
Finally, in Section 5, we look forward and include some regional stakeholders and their initiatives and processes as examples for our further explorative studies in this Swedish case study.

2. COMPLEX SYSTEMS, PROCESSES AND CHALLENGES
2.1 The challenges
The entire EU project is called COMPLEX because it deals with complex socio-natural systems
and processes at many different levels. In the Swedish part (i.e. WP 4 covered in this text), we
deal with this complexity with a specific case in focus, namely that of socio-economic and land
7

use dynamics in the Stockholm-Mälar region, as described above. In our perspective, it constitutes a “meso-scopic level” case in the EU frame. There are many specific questions that relate
to climate change and the regional path to a low carbon society, that we will deal with below.
However, first we will outline some initial thoughts on the general issues involved, in particular
how complex systems can be dealt with, conceptually, psychologically, as well as socially. A
central issue will be how we can change our mind-sets, including our associated behavioural
patterns. Is it possible? Which are the means? What are the drivers? Which are our preferences,
and priorities today and tomorrow?
In order for us to change our society, i.e. to meet the challenges ahead of us – not least with regard to climate change and associated challenges – we have to understand the human capacity
to deal with complexity, e.g. with regard to our capacity to adapt and to innovate. To reformulate this challenge: we need to consider the relation between internal and external complexities
i.e. the relation between mind and nature. Thus, the path towards a low carbon society relates
both to deep human issues, as well as to a vast array of more practical considerations and actions. In order to understand our situation at large but also to support the decision making at
various levels and by different stakeholders we need to improve and design new types of models of various kinds. These could be conceptual as well as formal, such as computational models
that can be used for simulations and scenario building for decision support.

2.2 Some basics on complexity and complex systems
What do we mean by complexity? There are several definitions and descriptions of complexity
and complex systems, and the word “complex” can have many meanings, depending on context. For example, complexity can be studied and described in terms of structure, dynamics or
function/behaviour (Liljenström & Svedin, 2005).
Structural complexity can be seen as the interplay of many elements in a varied fashion due to
many variables and structural constrains. Algorithmic complexity refers to the degree of complexity that can be measured in terms of information: “the more information that is needed to
describe a system, the more complex it is”. Another type of complexity is called effective complexity, which can be defined relative to a complex adaptive system that is observing it, as the
length of the schema used to describe its regularities. A complex adaptive system separates regularities from randomness.
Yet, there is no obvious or pre-eminent definition of complexity. It is measured by how well we
understand causes, expect behaviours and, in praxis, achieve purposes. Hence, large numbers of
variables, non-linear relations among them, and the open nature of a system are important only
to the degree they present barriers to understanding (Holling, 1986).
Characteristic features of complex systems have to do with the web of (often non-linear) interrelations between variables that may provide thresholds, lags and discontinuities. Feedback and
feedforward loops enable amplification, as well as attenuation and control. This often results in
unpredictable and non-intuitive behaviours. Complex systems are often self-organizing and
adaptive, where spatio-temporal order may emerge out of disorder, and where new qualities
may emerge above a certain threshold of complexity. Such systems typically have a high degree
of redundancy, which make them less vulnerable to disturbances and malfunctioning parts. Examples of such systems are ecosystems, or combined socio-natural, as well as socio-technical
systems (see e.g. Liljenström, 1997).
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2.2.1 Micro-meso-macro scale relationships
Many complex systems are characterized by a hierarchy of subsystems and different levels,
both in time and space. In relative terms, these levels can be viewed as micro, meso (i.e. “the in
between level”), and macro levels, often equally applicable to temporal, as well as to spatial
scales. In fact, often the temporal and spatial scales are correlated, so that spatially “microscopic” systems and structures are characterized by a “microscopic” time scale, i.e. “the smaller the
system, the faster it moves”. Similarly, larger systems are typically characterized by longer time
scales (slower motions). For example, the characteristic time scale of molecules is at fractions
of seconds, whereas the time scales of mesoscopic systems (such as “touchable objects”) might
be at the time scale of seconds to years, or macroscopic systems (such as planets or galaxies)
relate to much larger time scales (Liljenström & Svedin, 2005).
Often, analytical approaches to structural phenomena has either been devoted to the macro level, or to the micro level. The interest in probing the complexity nature of systems calls for an
increased attention to the interplay between the levels, including a special focus on the “mesolevel”, i.e. the level in between the micro and the macro, as that is the domain where bottom-up
meets top-down.
Approaching an organization through its micro-meso-macro aspects, applies also to social
structures. That approach could be appropriate when discussing the relation between an individual (“microscopic”) and the group or population (“mesoscopic”), within which it is a part,
and to the entire ecological system (“macroscopic”). In our case, we regard the sub-national regional scale as the meso-scale, in relation to the micro-scale of individuals or households, and
to the macro-scales of nations and the world at large. We have alluded to this regional meso
scale previously in this report when presenting our regional case, and will return to it again,
when discussing specific aspects of that study (including the modelling approaches).
In this context, it may be worth focussing on the connectivity of network structures, whether
they are hierarchical or not. Many properties of networks, such as stability, resilience, and flexibility, as well as diffusion of any kind, depends on the strength and types of the network connections. For example, strong connectivity may lead to local resilience (see Sec 2.4), but may
also result in fragmentation and social/cultural polarization, while weak connections are more
likely to be more efficient for linking different groups to each other, and for creating a more
stable relation between micro and macro levels in an organization (Granovetter, 1973). Similarly, there seems to be an optimal degree of randomness in social networks, with regard to efficiency in information transmission and social learning, as is described through the concept of
“small-world-networks” (Watts, 1999). Analogues results have been found for models of neural
networks (see e.g. Liljenström, 2003, 2010ab).
As briefly mentioned above, there are also interesting and important relations between processes at micro- and macroscopic levels, often describable in terms of “microscopic” and “macroscopic” time scales. Environmental changes occur at several time scales relevant to life, but it is
impossible to make any exact separation of these scales matching the different life processes.
One attempt is to crudely relate to the average life span of an individual or a generation. This
becomes obvious when we discuss the relation between individual choices and those policies
taken by the society at large, which recently has started to involve much longer times scales
(several generations) than what politics normally has been used to do (Rockström et al, 2009).
In a social system, e.g. dealing with the structure of decisions, the multi-layered structures play
more and more important roles (Rolén et al., 1997). This was the basis for the development of
sustainability science (Kates et al., 2001). Globalisation phenomena (macro) meet phenomena
at a local level (micro). It is very difficult to deduce the effects at one level to those at another.
9

Of course, the ensemble of micro events build up global tendencies. But what are the mechanisms of shaping coherence on the way up the ladder? And to which extent do globalisation
phenomena really frame local events, more than just preconditioning them in certain fairly
vague directions? Often, the analyses about such layered interdependencies (O’Riordan et al.,
2001) take as a start the observation that no specific actor may claim a full knowledge of the
system. Thus, the issue of overview, or the lack of it, holds some of the keys to the understanding of such multi-layered phenomena, including the understanding of interdependencies between levels and the actors operating the interplays.
Social phenomena often express themselves in a frame of a natural environment. In this way,
there may be two ladders of micro-macro relations that relate to each other: one of socioeconomic-cultural character, and one of natural origin. The specificities in these two realms,
and the logic running them, may be very different. However, when combined these two systems
connect. Then, the issue of the match between them becomes paramount. One example is the
watershed management around a river. The natural system of the water flows has to be managed within a socio-economic and cultural context, which comprises the other part of the joint
socio-natural system. Sometimes this issue has been named the issue of “fit” (Folke et al.,
2007) .The interplay between the levels – and the specific role of the mesoscale – is here of central importance. For a presentation of the interplay of humans and the environment in a sustainability and democracy context with relevance for our chosen case region, exemplified with the
two municipalities of Linköping and Åtvidaberg, see Svedin & Hägerhäll Aniansson (2002). A
number of studies have been devoted to regional developments of this kind, exemplified by Lafferty & Eckerberg (1997), Eckerberg & Forsberg (1998) Lafferty (1999), Coenen et al. (2000).
2.2.2 Dynamics and transitions
Features of systems in terms of their development over time are, of course, highly interesting.
In particular, this holds true for social systems, including the changes in cultural patterns. In order for individuals and societies to survive in a complex and changing environment, they need
to be able to respond and adapt to environmental events and changes at several time scales. In
particular, they have to learn from experience. At a general level, learning features in systems
provide early warning capacities. The capacity to transform such signals to adaptive changes of
the system makes them more robust and increases their resilience.
We usually try to distinguish the evolution of a system under “normal conditions” (which often
means slowly varying conditions), from those which are due to unexpected external shocks,
such as a meteorite plunging the surface of the earth (or unexpected financial crisis, such as the
one in the early 1930s). Examples of how the dynamics of a specific complex system can
change due to various intrinsic and extrinsic effects is given in Liljenström (2010b).
When discussing the long-term evolution of complex systems, we sometimes have to deal with
catastrophic events, in terms of intrinsic and external influences, respectively (see Sec 2.4).
Mostly, catastrophic events (such as a hurricane or a tsunami, mass extinctions of species, or
breakdown of a technical or social system), are considered to occur due to external “forces” acting on the system (such as a sudden weather event, an earthquake, the eruption of a volcano or
the impact of a meteorite). However, there is a need also to reflect on the intrinsic factors of the
system itself, which either enables the impacts of the catastrophic event to be very severe
(flooding in a landscape with insufficient preventive measures), or even as the real source of
these catastrophic events (long term developments within a financial system of destructive practices). Small fluctuations might inevitably, sooner or later, bring the system across the threshold
of instability. This phenomenon is sometimes referred to as “self-organised criticality”, and has
popularly been illustrated by the growth and collapse of a sand pile (Bak, 1998).
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2.2.3 Resilience and vulnerability
An interesting question in this perspective is when “microscopic fluctuations” can have effects
at a macroscopic level, and become shocks to the entire system. Many examples can be given
from the physical sciences, but different types of systems in the socioeconomic domain express
similar features. It is generally considered that the coordinated action of a large number of stock
holders can avalanche into a stock market crash.
An important feature of a combined social and ecological system is its resilience, as expressed
by Carl Folke et al (2002a,b) and in Gunderson & Pritchard (2002). When such a system loses
resilience it becomes vulnerable to change that previously could be absorbed (Kasperson &
Kasperson, 2001). Many of these features have to be understood in terms of multiscale interplays. A closely connected issue deals with the role of diversity - including the layered structure
connecting different roles of organisms and their functions. In the societal management of such
combined bio-social systems also multilayered governance systems have to be designed and
mobilized in which the stratification of the appropriate roles at the various levels and their interplay should be outlined. This often happens as a social nested process within which political
will is only one of the components in the causal chain leading to a specific setting (Svedin et
al., 2001).
Are there general features of resilient systems which can recover smoothly after shock treatments? What is required by a system to be resilient? It is very difficult to provide a list of such
general features, but some properties that make systems less vulnerable to shocks include the
following: network structure, redundancy, large numbers of secondary safeguards, a high interconnectivity with multiple connections to and from essential parts, heterogeneity, self-organised
regulatory mechanisms (negative feedback), and elasticity.
The reduction of resilience creates an increased vulnerability to societies. For example fresh
water systems may have their vulnerability increased with regard to flood events, but also to
toxic algal blooms, which originates from intensified fertilizer use, higher densities of animals
and poor other agricultural practices (Carpenter et al., 1998; discussed in Folke et al., 2002).
At a very general level Hägerstrand (in UNU 1985) traces some of the dangers to the combined
natural and social systems, which make up our planetary predicament, to the split of what is going on in “the external world” and what is mapped as “projects” inside the human mind. “It is as
if our well developed capacity to store and hold together systems of ideas makes us unable intuitively to feel the limitations of the external world to accommodate our projects”. Indeed, this is
an expression of a severe vulnerability at a profound level in our civilization.

2.3 Cognitive aspects on spatio-temporal complexity
When dealing with complex systems from the point of view of an individual, which in the end
is the basic element of our societies, we have to consider his/her cognitive functions, notably
perception, learning, anticipation, decision making, and intention/action. In particular, action is
necessary for change in our external environment, but it is based on change of perception in our
internal environment. We explore our world in a perception-action cycle (Freeman, 2000). This
cycle is at the heart of human mind, where cognition transforms the primary aspects of consciousness, attention and intention, into perception and action (Liljenström, 2011).
The development of our cognitive and conscious abilities depends on an appropriate interaction
with the complex and changing environment, in which we are embedded. Our perceptions and
actions develop and are refined to effectively deal with our external (and internal) world. This
also means that all human understanding is shaped by the interaction between these “worlds”.
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In particular, our cognitive processes are related to the spatial and temporal aspects of our environment, and thus have to be understood in this context (Freksa, 1997; Burr & Morrone, 2006).
The sense of agency is also based on these spatio-temporal relations, specifically on causeeffect relations and correspondence between goals and actions in space and time (Balconi &
Crivelli, 2009). An understanding of these relations is important when we discuss e.g. agent
based models below.
In the following, we will briefly discuss problem perception, realisation of crisis, perception of
perturbation and change, awareness of uncertainties and risks, as well as decision making under
the condition of uncertainty. In this context, we will also consider perception of spatio-temporal
scales, causative chains, perceived capacity to adapt/respond to changes/crisis, eventually expressed as the dual action of adaptation and mitigation. It also includes information as a potential structure (instruction) for organization of phenomena (action), where information in some
sense is only in our minds, while action, preceded by intention, is in interaction with our external environment. Connected to this is the possibility through the education system to inject new
ideas and carry on established knowledge to the next generation. This holds also true for the
systemic knowledge related to sustainability ideas and practices (Melville, 2010).
The processes by which information is generated are what we usually call perception and cognition, and they are heavily influenced by our individual and collective histories and cultures
flows of information that create and maintain shared meaning, understanding and expectations.
Van der Leeuw & Aschan-Leygonie, (2005) discusses our cognitive functions as part of a dynamic interplay between internal and external environments, also at the level of a society. They
mean that at any moment, all levels of a society are involved in making choices between basins
of attraction, and the intervals at which a system changes trajectory are determined by the effectiveness of the society’s interface with the environment. As soon as that effectiveness decreases, pressure builds up to improve the group’s adaptive mechanisms.
In their view, the resilience of a socio-natural system is dependent on the degree of adequacy of
human interaction with the environment, as the resilience of a system depends on adequate and
timely adaptation to changing circumstances. The other important condition for a system’s survival is that the system’s spatial structure is more or less adapted to its new mode of functioning. Another requirement is that the system is adaptable to the new mode within a reasonable
temporal delay connected to the growing integration of economic activities on a planetary scale.
If the autonomy of local or regional systems is decreased significantly, they are made more vulnerable to perturbations. Unfortunately - on the whole - many of the inherited spatial structures
hinder the contemporary adaptation process. (Van der Leeuw & Aschan-Leygonie, 2005).
Different actors’ difficulties in coming to grips with the changes in the system’s underlying dynamics are a threat to the system’s survival. This is to a large extent due to a dis-equilibrium between e.g. the spatial organisation and the modernisation of agriculture. This in turn is the result
of differences in the rhythms by which the subsystems change the inherited spatial structure.
The concomitant interactions may influence a system’s resilience in different ways. It might
happen either by facilitating adaptation to the conditions introduced by the perturbations, or by
impeding the necessary re-adjustments. It is thus very difficult to draw any conclusions when it
comes to the link between inherited structure and a system’s dynamics.
On the one hand, the spatial structure and the interactions within it do affect the capacity of a
system to be resilient in a significant way (c.f. Sec. 2.2.3). On the other hand, the complexity of
the system, inherent in its many different temporalities and its internal diversification is also a
fundamental feature of system dynamics affected by a perturbation.
Van der Leeuw & Aschan-Leygonie conclude that “most of our present-day ‘environmental’
problems are due to the arbitrary separation in our minds between the ‘natural’ and the ‘cultur12

al’”. They call for the development of “a conceptual toolkit which enables us to conceive of
such mixed socio-natural systems as dynamic, complex ‘flow structure’ systems, both in qualitative and in quantitative terms”. They also suggest testing this toolkit on a number of casestudies. In particular, there is a need for a better understanding of the interface between people
and their environment, including the dynamics of the perceptual/conceptual domain. But, the
authors propose, “we should also look at the nature of human impact on the environment, and
the unintended consequences that it entails. Such research should, moreover, link the roles of
individuals to those of groups of various kinds, from the family up to the whole society, and
must thus conceive of information processing as being in part distributed, in part localized”.
What are the consequences of all this for our approach to climate change? How can we go from
cognition and understanding to policy and action? In the literature, perception and action is often in focus, but intention is generally neglected. There is a need to link perception to action,
and this should include intention, our conscious will to change. Information is not enough, but
intention needs to be transformed into (appropriate) action (Liljenström, 2011).
At the heart of the problem is understanding public perception of climate change, which defines
the local and global socio-political contexts for policy makers. In an interesting recent study by
Crona et al. (2013), where the authors conducted a cross-cultural analysis from six different
countries on why and how people understand and interpret climate change and associated risks,
there is evidence of a shared cultural model of climate change, irrespective of context and geographical location. Instead, experiential factors, such as affect, imagery and values seem to be
more important for public perception and response to climate change (Leiserowitz, 2006).

2.4 Perception of crisis
Even if the current crisis concerning the climate change, is unprecedented in its scope - which is
truly global with regard to the planet and the human population - it seems that the current crises
also is an inherent part of the dynamic relationship between human societies and their environment, as noted above e.g. by van der Leeuw & Aschan-Leygonie (2005). As archaeologists,
they point at the countless examples from different parts of the world, where an environmental
crisis has forced populations to migrate or change behaviours in various ways. However, they
question whether these crises normally are due to changes in the external environment, or if
they are more of cognitive nature. Based on some examples, e.g. from prehistoric populations
on the Australian continent, living in different environments and dealing with those conditions
differently, they conjecture that the perception of the environment may sometimes be more important than the external circumstances. “Crises seem to be the result of a conjunction of internal and external dynamics, in which the external dynamics are not always decisive”.
Whether or not a certain situation is experienced as a ‘crisis’, is at least in part dependent on the
‘mind-set’ of the populations concerned. Instead of a ‘crisis’ in the normal sense, it could be redefined as a situation in which a society does not have the capacity to respond adequately to the
situation which is developing. “The lack of appropriate response may be due to any combination of factors, such as a lack of appropriate know-how or technology, an absence of the organisational or economic means to implement one, or a mismatch between the spatio-temporal scale
of the problems and the solutions available”. Thus, they suggest that what is often considered
environmental problems or crises are actually socio-natural in its nature.
Still, the important issue here is the perception of crisis, and our response to this perception. An
interesting approach to deal with crises, or critical transitions of socio-natural systems, is discussed in Scheffer et al. (2012). They argue that,
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“Tipping points in complex systems may imply risks of unwanted collapse,
but also opportunities for positive change. Our capacity to navigate such risks
and opportunities can be boosted by combining emerging insights from two
unconnected fields of research. One line of work is revealing fundamental architectural features that may cause ecological networks, financial
markets, and other complex systems to have tipping points. Another field of
research is uncovering generic empirical indicators of the proximity to such
critical thresholds. Although sudden shifts in complex systems will inevitably
continue to surprise us, work at the crossroads of these emerging fields offers
new approaches for anticipating critical transitions.”
The authors continue:
“…certain features turn out to be generic markers of the fragility that may
typically precede a large class of abrupt changes. Two distinct approaches
have led to these insights. On the one hand, analyses across networks and other systems with many components have revealed that particular aspects of
their structure determine whether they are likely to have critical thresholds
where they may change abruptly; on the other hand, recent findings suggest
that certain generic indicators may be used to detect if a system is close to
such a “tipping point.”
One of the big questions in complex systems science is what causes some systems to have such
tipping points – and others not. The basic ingredient for a tipping point is a positive feedback
that, once a critical point is passed, propels change toward an alternative state. Two major features are crucial for the overall response of such systems (see Figs. 1 and 2):
(i)

the heterogeneity of the components and

(ii)

their connectivity.

How these properties affect the stability depends on the nature of the interactions in the network, which could be seen as a trade-off between local and systemic resilience. One reason is
that strong connectivity promotes local resilience, because effects of local perturbations are
eliminated quickly through subsidiary inputs from the broader system. (Scheffer et al., 2012).
There may be early-warning signals for critical transitions, and these include critical slowing
down near tipping points, where a sharp change may simply result from a sudden big external
impact. However, slowing down is neither a universal warning signal for shifts, nor specific to
an approaching tipping point. Instead, slowing down should be seen as a “broad spectrum” indicator of potential fundamental change in the current regime.
Changing stability landscapes in stochastic systems are here of importance. In highly stochastic
systems, transitions will typically happen far from local bifurcation points. The interpretation
of spatial patterns is a potentially powerful option for analysis. Like increased memory in time
series, correlation between neighbouring units can reflect slowing down (Carpenter et al, 2012).
Similarly, spatial data can be used to infer how resilience of alternative states depends on key
drivers. Indicators should be designed and used to rank situations on a relative scale from fragile to resilient. Detecting early warning signals in monitoring time series may seem an obvious
application. However, this requires the rare situation of having high-resolution data for a system
that moves toward a tipping point gradually. Obviously, there are still gaps in our understanding, and so far research on network robustness and work on empirical indicators of resilience
have been largely segregated. (See also the discussion in Sec. 2.2.3).
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Fig. 2. The connectivity and homogeneity of the units affect the way in which distributed systems
with local alternative states respond to changing conditions. Networks in which the components differ
(are heterogeneous) and where incomplete connectivity causes modularity tend to have adaptive capacity in that they adjust gradually to change. By contrast, in highly connected networks, local losses
tend to be “repaired” by subsidiary inputs from linked units until at a critical stress level the system
collapses. The particular structure of connections also has important consequences for the robustness
of networks, depending on the kind of interactions between the nodes of the network. (Scheffer et al,
2012).

There is a need for a smart combination of approaches in a unified framework for understanding
and predicting fragility and transitions in complex systems. So far, most work on generic indicators of resilience has been carried out in ecology and climate science, or in financial systems
that are less prone to systemic failure. Domains of experience for these types of analysis range
from medical studies to foresee critical transitions in epileptic seizures to the ecological studies
of collapse of fish stocks or earth systems science studies of tipping elements of the Earth climate system.

Fig. 3. Different classes of generic observations that can be used to indicate the potential for critical
transitions in a complex system. (Scheffer et al, 2012)

15

2.5 Cognitive and behavioural challenges
It is interesting to note that people in different social contexts perceive the climate change crisis
differently, e.g. there are national and regional differences in responses, but also differences of
other nature, e.g. socio-cultural differences between different groups in society, sometimes depending on the level of formal education, sometimes depending on particular functions (types
of work), or on general world views by connection to specific cultural, religious and political
groups.
There are interesting relationships between information and concern, and information and action. In particular, there is a study by Bostrom and co-workers (1994) showing that Americans,
in general are not well informed and have a different “mental model” of the climate change situation than many others in the developed world. In general, many Americans seem to believe
that climate change may be serious at a global level, but not a threat to themselves (Norgaard,
2009).
Stanford social psychologist Jon Krosnic has studied various aspects of the relationship between efficacy, concern and willingness to take action. In some work on public perceptions of
climate change, Krosnic et al. (2006) observe that people stopped paying attention to global
climate change when they realize that there is no easy solution for it. Instead the authors note
that many people judge problems as serious only if they think action can be taken in these specific cases. This has been shown also in communities in developing countries, where e.g. the
individual’s belief in their own abilities to manage water stress play a crucial role in driving intentions to adapt (Kuruppu & Liverman, 2011). Myers et al. (2012) noted that there is also an
affective dimension of climate change engagement, and among US residents a public health focus was the most likely reason for supporting climate change mitigation and adaptation.
Why has the public (not only in America) failed to respond to climate change? There may be
several answers, but they include 1) people don’t know enough to realize the danger, 2) people
don’t care enough to take action, 3) there is hierarchy of needs - and climate change is not an
immediate need, 4) people have trust that the government will fix the problem.
So what are the cognitive and behavioural limitations - or barriers - that the public is facing in
responding to climate change? These may be placed in three categories:
1) psychological/conceptual barriers,
2) social and cultural barriers and
3) structural (political economy).
Barriers to effective engagement in response to climate change exist on all scales from the individual to the institutional, and these dimensions clearly interact. Hence, many well informed individuals feel unable to make change in a world where the fossil fuel industry has so much
power (Norgaard, 2009).
Another issue along these lines concerns the human capacity to adapt. Although our policies for
climate change, in particular in the COMPLEX project, is focused on mitigation, it is also important to keep in mind that adaptation is probably necessary, as well. Mitigation alone can
probably not prevent the climate from changing (dramatically) within the next decades, so adaptation will be necessary to dampen on a more immediate time scale the impacts of climate
change on human and natural systems (Grothmann & Patt, 2003; 2005). The human adaptive
capacity, as described by IPCC, is “the potential or ability of a system, region, or community to
adapt to the effects or impacts of climate change” (Smit & Pilifosova, 2001).
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Four stages in the adaptation process may be differentiated (Risbey et al., 1999):
1. Signal detection, where it is decided what is adapted to (the signal) and what is ignored
(noise);
2. Evaluation, where the signal is interpreted and foreseeable consequences are evaluated;
3. Decision and response, which results in an observable change in the behaviour and performance of the system; and
4. Feedback, which involves monitoring of the outcomes of decisions to assess whether
they are as expected.
Grothmann & Patt (2003, 2005) at the Potsdam Institute for Climate Impact Research object
that this view is too limited, and does not take human cognition into sufficient account. They
regard adaptation as a socio-cognitive-behavioural process and have developed a sociocognitive Model of Private Proactive Adaptation to Climate Change (MPPACC), focusing on
risk perception and perceived adaptive capacity (See Fig. 3). The authors point at the importance of the subjective adaptive capacity, which may be different from the objective capacity, and relates to what an actor thinks he/she can do. Another major psychological determinant
of adaptation is motivation, which relates to what an actor wants to do. This links back to the
basic perception-action cycle of our neuro-cognitive system, with its roots in the two aspects of
consciousness, attention and intention (Liljenström, 2011). To understand how these processes
are related and how our actions result from a complex decision making process, where much is
unconsciously determined, is a key to our readiness to behave rationally, also with respect to the
anthropogenic climatic changes (Norgaard, 2009; Vietta, 2013).
However, it is now commonly understood, partly due to the fundamental studies on intuitive assessments and judgements by Daniel Kahneman and co-workers, that human decisions are often
more irrational than we like to believe, in particular when acting under uncertainty (Tversky &
Kahneman, 1974; Kahneman, 2011). Even if this view has been challenged (e.g. Gigerenzer,
1991), there is a need for further studies on the processes and drivers that determine our decisions and behaviours (Simon, 1992; Lawrence & Nohria, 2002).

Fig. 4. Socio-cognitive model of proactive private adaptation to climate change impacts (Grothmann
& Patt, 2005)
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Taking both mitigation and adaptation into account and in light of the fundamental response options to climate change, three major decision contexts can be distinguished:
1. Specification of long-term targets for the mitigation of global climate change.
2. Identification of particularly vulnerable regions and/or groups in society to prioritize
resource allocation for research and for adaptation (both internationally and nationally).
3. Recommendation of adaptation measures for specific regions and sectors.
Füssel & Klein (2006) distinguish between two generations of (climate) vulnerability assessments. The step from climate impact assessment to first-generation vulnerability assessment is
characterized primarily by the evaluation of climate impacts in terms of their relevance for society and by the consideration of potential adaptation. The main novelty of second-generation
vulnerability assessments is the more thorough assessment of the adaptive capacity of people,
thus shifting the focus from potential to feasible adaptation (See Fig. 5).
As discussed above (e.g. by Leiserowitz, 2006; Norgaard, 2009), the concern for global and local impacts of climate change is to a large extent dependent on personal experience. For example, in a survey with Californian farmers the perceived changes in water availability had a significant effect on their intention to adopt mitigation and adaptation practices and strategies, both
at a local and global scale (Haden et al., 2012). The study suggests that mitigation is largely
motivated by psychologically distant concerns and beliefs about climate change, whereas adaptation is driven by psychologically proximate concerns for local impacts. This relates also to the
more general discussion on the relation between local and global concerns in the context of
time-geography (see e.g. Hägerstrand, 1992).

2.6 Formalized descriptions and models
So, what kind of perception-action relations can be at work with regard to climate change and
environmental or socio-natural crises? Can our understanding of our cognitive capacities and
limitations aid us in dealing with these global issues? How can we understand the potential processes that will bring us to a relevant and creative landscape of solutions with regard to a low
carbon society? Which paths seems possible for us to reach such a goal in four decades? How
should the transformation be orchestrated – not least with regard to the needed change of mind
set about how we will be able to conduct our lives and make it desirable also for future generations?
These complex questions need to be addressed with combined efforts from various fields of science, such as psychology, cognitive science and behavioural economics, but also neuroscience
and computer and system sciences. All scientific approaches depend on various types of models, from conceptual to more formal, mathematical and computational models, but the complexity involved here is immense and calls for advanced integrative models that can capture different types of nonlinearities, thresholds, avalanches, hysteresis etc.
Given the enormous complexity of the socio-natural interactions involved when addressing climate change, it is reasonable to ask if our understanding of the problems is sufficient and if our
conceptual models can be transferred to more formalized, mathematical models and computer
simulations. If so, what are the modelling tools required to address these issues? Which kind of
models can be useful for this demanding task?
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Fig. 5. Conceptual framework for a first (top) and second (bottom) generation vulnerability assessment (Füssel & Klein, 2006).

Several types of modelling techniques and approaches have been applied to aid our understanding of socio-natural systems and processes related to climate change, in particular with regard to
mitigation and adaptation. Some general principles for modelling sustainability is given in
Todorov & Marinova (2010). Many models are based on System Dynamics (SD), Discrete
Event (DE), or Cellular Automata (CA) modelling (see e.g. Borshchev & Filippov, 2004;
Hjorth & Bagheri, 2006; Mendoza & Prabhu, 2006). They can all be seen as historically related
to the more elaborate and practical Agent Based Models (ABM), as described below and in Sec.
4.6 for applications to land use modelling.
Computational models of mitigation and adaptation to climate change can aid our understanding of how several interacting factors influence the sensitivities and consequences of various
driving forces. An excellent survey of adaptation models for climate change is given by Thea
Dickinson (2007), where different categories and types of (adaptation) models are distinguished, notably Integrative Assessment Models (IAM) and ABM, with the related Multi-Agent
Based Simulations (MAS). A recent example of IAMs for climate change, related to uncertainty
analysis, is given by Cooke (2013), and an interesting example of MAS modelling with cognitive aspects is found in Frank et al. (2001). A good introduction to ABMs is given in Goldstone
& Janssen (2005) and in Janssen & Ostrom (2006). Balbi & Giupponi (2009) provide a com19

prehensive review of ABM of socio-ecosystems with special focus on climate change. Applications of this kind of modelling to land use and land cover change (LUCC), which is of particular interest for the current project, will be discussed in Sec. 4.6.
There is also some early work on cognitive models of geographical space, where geographical
information science is seen as a result of the merging of cognitive science, behavioural geography and cartography that emerged in the 1980s. Computational models of geographical or spatial cognition could be seen as the foundation for GIS – geographical information systems. Indeed, cognitive geography and geographical cognition are fields that also include the neurophysiological and neuropsychological basis for human spatial cognition and behaviour. (For a
review of this work, see Mark et al., 1999). Another kind of approach is based on various types
of networks, notably Bayesian networks (e.g. Cinar & Kayakutlu, 2010; Yunyuan et al., 2010).
We will explore these and other modelling approaches further in the context of our project, but
in the following sections we will pursue different tracks of more particular approaches to some
of the more overriding concerns addressed above. These will be devoted to our specific regional
case – the paths towards a low carbon society in the Stockholm-Mälar region until 2050, with
special focus on land use dynamics. We will start with an outlook of a green economy, but first
give an example from the municipality of Eskilstuna, which is at the heart of the StockholmMälar region.

2.7 Eskilstuna municipality as an example of a path to a low carbon society
Eskilstuna is a municipality of ca 100.000 inhabitants. It is located in the county of Södermanland within the Stockholm-Mälar region. It has a clear vision for a transition towards a green
low carbon economy and where the concepts of both mitigation and adaptation are used. It asks
how a transition to a low carbon economy can be achieved without losing resilience in four vital
functions of the municipality: transports, food and fresh water security, and job opportunities.
Eskilstuna is an historic industrial city, once the foremost in Sweden. During the 50-60s it
boomed with a large in-migration of industrial workers. From the 70s onward however, it is
adapting to a post industrial economy, where perhaps 10.000 jobs have been lost. One third of
all employees during 2008 had jobs that required low education. Jobs are to a large degree within building, manufactures, service and sales. Unemployment rates are high according to Swedish standards. 11,1 % (Sweden average 6,5 %), and is higher among men than woman. The average level of education has increased lately, but is still below national standard. About 12 %
holds higher education compared to 18 % in Sweden at large. The economic recession 2008 hit
hard on Eskilstuna, and many jobs have not returned since then. Most of the enterprises are
small scale. One strong sector is green technology, but strategies are worked on to improve the
situation further. To increase the proportion of ‘green jobs’ is one strategy of the municipality.
Transports are today 95% dependent on fossil fuels (2010). Cars 58 % public transports 8 %,
bicycles 13 % and walking 21 %. Of public transports are increasing and some of it are driven
by biogas. Commuting is big. 2010 6 079 persons commuted out and 6 828 in on a daily basis.
The municipality is a transportation hub for railway and cars. It is also a regional hub for the
food-chain transports.
Eskilstuna holds rich agricultural lands, but only a fraction of the food consumed is produced
locally. Instead it is imported from elsewhere. Only 1,5% of the population works in this sector.
However, a large proportion of the land is not cultivated. Much of the food produced locally is
exported outside the municipality, in a principle by ‘just in time’. This system is to a large degree driven by fossil fuels, and other external non-renewable resources. In addition, the city expands over fertile soils, which reduces the capacity of the area to be self-sufficient. The food
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stored is believed to cover the consumption only for three days if the transport system collapses.
Eskilstuna has only one source of fresh water - the Hyndevad river. On the energy side, the municipality has several smaller sources of waterpower stations. The river that runs true the city is
heavily polluted and is not suitable for swimming. The reason is hundreds of years of industrial
pollution. Today sewage is cleaned in Ekeby reningsverk. It contains several steps - mechanical,
biological, chemical and filtering in a wetland – before the clean water enters the river, and later
the lake Mälaren and finally the Baltic Sea.
In relation to the above circumstances a climate mitigation plan is established. Eskilstuna takes
part of the National energy board´s project: The sustainable municipality. Within this project a
climate strategy is being developed, which mainly focuses on mitigation measures. Included are
analysis of which roles strategic planning has for mitigating climate effects, including measures
for the fixed energy usage, including heating and lighting, measures of running energy uses including transports, climate costs for the food chain and its activities, as well as strategies for
education with the goal of transforming towards a green economy. It builds on the work of the
commission about a Fossil fuel in-dependent Municipality. They delivered a report in 2008
(Andersson et al., 2008). They created a vision towards a fossil fuel independent Eskilstuna.
They concluded that in order to in order to phase out fossil fuels and create a sustainable urban
growth collaboration is needed between the sectors of infrastructure, traffic and the build environment. Also a more coordinated and holistic strategic planning is needed
In 2012 the Climate action plan was established (Birath, 2012). It is called: Eksilstuna Kommun
Klimatplan-Vägen till ett klimatneutralt Eskilstuna. It is a long-term strategic plan to reach ecological sustainability and to reduce negative effects on global warming. The strategic goal of the
municipality is more ambitious than the national ones. The main goals is by 2020 to have 1) zero net production of carbon to the atmosphere, 2) to be fossil fuel in-dependent, and 3) an effective energy use based on renewable energy sources. The municipality strives for a collaborative
governance schemes with real estate owners, business, universities and civic society to reach its
goals. The specific goals are created to mirror the pace of the transition, and are mainly in the
domains of the sphere of influence of the government on the municipal level. By 2020, 50% of
the municipality’s activities will be based on wind energy, and 10% on solar energy. A 50%
growth on the use on bioenergy will be achieved 2020. A 25% decrease in energy use. The
phasing out of fossil fuels includes that by 2017 all heating based on fossil fuel is phased out.
100% of the buses will be driven by renewables, and a total reduction of green house gases
from traffic with 50% will be achieved by 2020. The proportion of organic food consumed will
be 50% by 2020, and a reduction of food waste by 50% will be achieved.
Eskilstuna was awarded the sustainability prize in Sweden 2012 (Sveriges miljöbästa kommun),
and thus belongs to leading forces in the Stockholm-Mälar region to achieve a low carbon
economy. In the following, we will look more broadly at the green economy in this region.

3. TOWARDS A GREEN ECONOMY IN THE STOCKHOLM-MÄLAR REGION
The concept of a “Green Economy” or “Carbon free economy” has intensely attracted the attention of policy-makers, economists, environmental activists and the academia in recent years.
Following from the Stern Review in 2006, which among other things showed “that the cost of
inaction exceeds the cost of early investment in low carbon technologies”, the need for some
sort of economic transformation necessary to enhance economic growth while safeguarding the
future of our environment has become apparently inevitable (Stern, 2006). In view of this, the
concept of “green economy” is viewed by proponents as a coherent and comprehensive way of
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economic transformation with the natural environment central to its success. While some opponents claim that a “green economy” may hinder their development towards higher income and
wealth, proponents hold the view that sustainable use of natural capital resources is necessary to
advance economic and social goals. The concerns being raised for bold steps towards a global
green economy is that in the absence of action, CO2 emissions would reach path with dangerous implication for global warming, increasing threat to biodiversity, high levels of air pollution
in many cities and expanding desertification among other rising extreme climatic conditions.
The Commission on the Future of Sweden (2013) concerns how Sweden can develop into a
green economy, and acknowledges the environmental and climatic challenges accompanying
actions such as international trade, emissions, natural resources and ecosystems depletion, and
biodiversity loss. The natural question that arises from these genuine concerns is, how can
Sweden, which is a small open economy much dependent on international actions, and the different regions develop sustainably while minimizing the deleterious effect of economic growth
and development on the environment? What are the key actionable steps capable of delivering a
green economy in Sweden in the future? Which of these policy instruments are optimal in ensuring environmental sustainability and hence deliver green growth? How are the policy instruments designed and implemented within a hierarchical governance setting?
These pertinent issues is the motivation for the present study which seeks to identify the key
lessons to be drawn from a comprehensive literature review on how to achieve the green economy target in the Stockholm-Mälar region of Sweden by 2050. It also seeks to bring to the fore
a pool of policy instruments set within a multi-governance setting to deliver the 2050 agenda in
the region. The main question here is thus, what can we learn from the literature with respect to
which instruments are best for achieving a green economy in the Stockholm-Mälar region by
2050? The rest of this section is organized as follows: a brief discussion of the concept of a
green economy and delegation/decentralisation is undertaken, followed by a brief description of
the Stockholm-Mälar region regarding its geography, economy, environmental potential and
challenges towards reaching a carbon-free society in the future. A review of the literature on
environmental multi-level governance, policy options towards a green economy, a brief discussion of key findings and conclusion follow, respectively.

3.1. Green Economy and environmental governance
Any design of policy instruments requires relatively well defined targets, and it is therefore
necessary to investigate how green or carbon free economy can be expressed in operational
terms. Being a region within a country with multilevel jurisdictions, it is also important to have
a good understanding of what we mean by delegation and/or decentralisation of discretion
among jurisdictions for making decisions on targets, policies, implementation and enforcement.
We therefor discuss the targets in terms of green economy, and present current understandings
in economics of delegation and decentralisation in this section.
3.1.1. Green economy as a concept
The concept of green economy has been interpreted and defined in many ways. According to
Eklund (2012), “green economy says that we need to produce and consume goods and services
which do not endanger the environment of our planet”. The Commission on the Future of Sweden of the Swedish Government defined green economy at a September 2012 workshop as “one
that is low-carbon, resources efficient, and maintaining sustainable ecosystem productivity”
At the political level, the UN and its agencies have come up with some other definitions, including the following. The UN Secretary-General’s report emanating from the High-level Panel
on Global Sustainability in 2012 recognized the significance of inclusiveness as an important
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ingredient of its long-term vision. The report further defines green growth as “to eradicate poverty, reduce inequality and make growth inclusive, and production and consumption more sustainable, while combating climate change and respecting a range of other planetary boundaries”. At the visionary level, the United Nations Environment Programme (UNEP, 2011), defines green economy as: “An economy that results in improved human well-being and social
equity, while significantly reducing environmental risks and ecological scarcities”. At the operational level, the green economy is seen as one whose growth in income and employment is
driven by investments that reduce carbon emissions and pollution; enhance energy and resource
efficiency and prevent the loss of biodiversity and ecosystem services (United Nations Environment Management Group - UNEMG, 2011). The United Nations Development Programme
(UNDP, 2012) gives a more elaborate definition of green economy as "The Green Economy is
one in which the vital linkages among the economy, society, and environment are taken into account and in which the transformation of production processes, and consumption patterns, while
contributing to a reduced waste, pollution, and the efficient use of resources, materials, and energy, will revitalize and diversify economies, create decent employment opportunities, promote
sustainable trade, reduce poverty, and improve equity and income distribution. With regard to
labour and what constitutes employment in the green economy, UNEP (2008) defined it as:
“Green jobs are those that contribute appreciably to maintaining or restoring environmental
quality and avoiding future damage to the Earth’s ecosystems.”
The OECD however takes a narrower approach to the green economy/growth concept. They define green growth as “Green growth means fostering economic growth and development, while
ensuring that natural assets continue to provide the resources and environmental services on
which our well-being relies. To do this, it must catalyse investment and innovation which will
underpin sustained growth and give rise to new economic opportunities” (OECD, 2011). More
importantly, the OECD identifies four main areas to capture the main characteristics of green
growth: environmental and resource productivity; economic and environmental assets; environmental quality of life; and economic opportunities and policy responses.
The foregoing review clearly shows the lack of consensus on an internationally agreed definition of green economy and the related concept, green growth. A glean through the literature reveals multiple definitions and interpretations of the concept, a summary of which can be found
in Appendix A of this report.
3.1.2 Environmental governance in hierarchical settings/environments
The term governance is defined variously depending on the context and discipline (see also Sec.
5). Governance has multi-perspectives and interpretations and often implied to focus on systems
of governing and means for “authoritatively allocating resources and exercising control and coordination in which state actors are not necessarily the only or most significant participants”
(Rhodes, 1996; Bulkeley, 2005). Environmental governance refers to interventions aimed at
changes in environment-related incentives, knowledge, institutions, decision-making and behaviours. Specifically, environmental governance refers to a set of regulatory processes and organizations through which political actors influence environmental actions and outcomes
(Lemos & Agrawal, 2006; Ostrom, 2001, Jagers & Stripple, 2003; Agrawal, 2005). Various
forms through which environmental governance takes place include inter alia international accords, national policies and legislation, local decision-making structures, transnational institutions, and environmental NGOs (Lemos & Agrawal, 2006).
Multi-level or hierarchical governance has been defined variously in the literature. It traces its
roots to international relations theory as a modernization of earlier regime concept (Hasenclever
et al., 1997) and as a comparative European public policy analysis (Peterson & Bomberg, 1999;
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Rhodes & Mazey, 1995). In international relations, Krasner (1983) defines multi-level governance as “a set of implicit or explicit principles, norms, rules, and decision-making procedures
around which actors’ expectations converge in a given area of international relations”. Van
Kersbergen & Van Waarden (2004) distinctively defines ‘governance’ as “...it refers both to the
power relations resulting from such rules, as well as the substance of policies” while ‘multilevel’ “refers to different government levels (e.g. European, national, sub-national), but also to
the involvement of both public and private actors at these levels”. In this study, we will mainly
consider hierarchical governance by the public bodies.

3.2 The Stockholm-Mälar Region – some facts and figures
As has been noted in the introduction, the population of the Stockholm-Mälar Region amounts
to approximately 3.6 million, which constitutes about 1/3 of the total population in Sweden. It is
divided among 6 different counties and involving 77 municipalities. One of the main characteristics of the region is the location of the capital of Sweden, Stockholm, which has a population
of approximately 1 million. Although there are many interesting aspects with the region, such
as cultural and social, this very brief background description will focus on three main issues;
economic, environmental (mainly carbon), and environmental governance.
3.2.1 Macro-economic performance
The Stockholm-Mälar region accounts for a relatively large share, 44%, of the total economic
activities of Sweden, as measured by its contribution to gross domestic product (GDP). However, the allocation of GDP contributions, which total to 1470 billion of SEK for the StockholmMälar region in 2010, is unevenly distributed among the six counties, where Stockholm county
accounts for 70%, see Fig. 6.

Stockholm

Södermanland
Östergötland
Uppsala
Örebro

Västmanland
Fig. 6. Allocation of total gross regional product among counties in 2010. (Sources: SCB, 2013a,
Table 1)

The five counties besides Stockholm have almost equal share of total GRP, which is also the
case for the development of GRP/capita over the period 1993-2010, see Fig. 7.
The gap between Stockholm county and the other counties with respect to GRP/capita increased
from 129 thousand SEK/capita in 1993 to 201 thousand SEK/capita in 2010. Although the absolute difference has increased the share of difference of the lowest GRP/capita is relatively stable, 69% in 1993 and 71% in 2010.
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Fig. 7. Gross regional product (GRP) per capita in the Stockholm-Mälar counties during 1992-2010
(Sources: SCB, 2013a, Table 3)

3.2.2 Environmental aspects

Thousand tons of CO2 from
energy combustion sources

Data on carbon dioxide emissions from the different counties are not readily available for several years and we therefore calculated these based on data on use of different classes of fossil
fuel (coal, gas, and oil products) These uses were then converted to carbon dioxide emissions.
The calculated results for the period 1990 to 2008 show that total emissions are highest in
Stockholm county, see Fig. 8.
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Fig. 8. Emissions of CO2 from fossil fuels. (Source: Calculations based on uses of fossil fuels in SCB,
2013b)

Interestingly, all counties but Södermanland show relatively unchanged or declining total CO2
over the period. This pattern is reenforced when investigating CO2 emissions/capita, see Fig. 9.
Stockholm county shows the lowest CO2 emission per capita during the entire period. It has decreased from 3.2 tons of CO2 in 1990 to 2.5 in 2008. Östergötland county accounts for the largest decrease, from 7.1 tons in 1990 to 4 tons in 2008. On the other hand, Södermanland has increased its emissions from 5.6 tons to 6.9 tons.
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Fig. 9. CO2 emission from fossil fuel per capita (Sources: SCB, 2013a. and data in Fig 8)

Million tons of CO2
equivalents

However, carbon is removed from the atmosphere by the uptake of growing biomass, so-called
carbon sequestration, which takes place in all counties, in particular by forests. On the other
hand, some land use practices, in particular drained peatland and agricultural practices contribute to emission of CO2 equivalents in the atmosphere. All these processes have not been calculated for the Stockholm-Mälar region. Partial estimates are made by Isacs (2007) who calculated carbon sequestration by forests for the year 2000. It is then interesting to compare emissions
in this year with these calculations of carbon sequestration, see Fig. 10.
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Fig. 10. Carbon sequestration from forests and emission from fossil fuels in 2000 (Sources: Gren and
Isacs (2009) and data in Figure 3).

The relation between emission and sequestration differs considerably between the counties;
emissions being at least five times higher than sequestration in Stockholm and Östergötland but
close to or higher than emissions in the Uppsala and Örebro counties. Thus, if only these emissions and sequestrations were considered, Örebro county is already carbon neutral. This is not
the case for the entire Stockholm-Mälar region, for which the carbon sequestration of 5.5 mtons
of CO2 equivalents corresponds to 40% of total emissions.
Carbon sequestration is one of several ecosystem services provided in the Stockholm-Mälar region. Other regulatory services are nutrient sequestration by wetlands, and cultural services are
supplied by the recreational opportunities in several ecosystems. The values of some of these
services are calculated in Gren & Isacs (2009) using the green accounting framework where
both consumption and investment values of the services are included. The consumption values
refer to the value of the flow of the services, and investment is the current and future values of
supply of ecosystem services caused by changes in the ecosystem, which can be positive or
negative. For examples, decreases/increases in area of forest land and wetlands imply less services from the deleted areas that would have been provided now and in the future. The total
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calculated value of these value components from carbon sequestration in forests, and recreational values of forests, wetlands, and agricultural land corresponds to 88 billions of SEK. It is
however unevenly allocated among the counties, see Fig. 11.

Stockholm
Uppsala

Södermanland
Östergötland
Örebro

Västmanland
Fig. 11. Allocation of total value of ecosystem services (carbon sequestration of forests, and recreational values from forests, wetlands and agricultural land). Source: Gren and Isacs (2009)

% of GRP

The main part of the total value of the ecosystem services is provided by carbon sequestration
in forests. This is the reason for the large share of Örebro county, which together with Östergötland county accounts for more than 50% of the total value. It can also be interesting to compare
the value of the ecosystem services with the green GRP (gross regional product) in each county,
see Fig. 12.
50
45
40
35
30
25
20
15
10
5
0

Fig. 12. Calculated value of carbon sequestration from forests and recreational values from forest,
wetlands, and agricultural landscape in % of GRP in the Stockholm-Mälar region counties. (Source:
Gren and Isacs, 2009).

The results presented in Figure 12 reveal interesting differences among the counties. Whereas
the included ecosystem services would increase GRP in Örebro county by 45% and in
Södermanland by 39%, the contribution is only a few percent in Stockholm and Östergötland.
In sum, this brief presentation of the Stockholm-Mälar region with respect to economic and
some environmental factors indicate significant difference among the counties. Stockholm is
the richest as measured by convention GRP and does also show the lowest CO2/capita. On the
other hand, other counties, in particular Örebro, bring the largest shares of values from ecosystem services into the region. Furthermore, this county may have already reached the carbon
free society if this is defined as the net of carbon emissions and sequestrations.
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3.2.3 Environmental governance
Allocation of discretion with respect to environmental governance (including decisions on environmental targets, policy choice, and enforcement) among different jurisdictions and authorities
is adapted to the Swedish system for general governance. This means that the region consists of
three different public bodies; County Administrative Boards which are the branches of the central government, and the elected County Councils and Municipality Assemblies. The municipalities have strong fiscal power and responsibilities for a large number of tasks within the general
welfare systems such as child care, primary and secondary education school, roads and water
management. In addition, the veto allows a municipality to inhibit investments within its jurisdictional borders. On the other hand, the County Councils have responsibility mainly for
healthcare.
With respect to environmental governance, the central government is responsible for decision
on national environmental targets, and is the only body equipped with the right to implement
economic instruments, such as carbon dioxide and energy charges on fossil fuels (see Table A1
in the appendix for a list of economic instruments). The central government also sets the national environmental targets to be achieved, currently divided among 16 different targets. Several of these targets are implemented by means of command and control instruments, where
firms are obliged to follow certain requirements. Examples are minimum cleaning of water in
waste water plants, bans on certain pesticides, and firms’ reporting and application for operation
activities creating environmental harm. The Swedish Environmental Protection Agency (SEPA)
has the overall responsibility for the implementation of these regulations, but has delegated the
operational responsibility to the County Administrative Boards and municipalities.

3.3 Policy instruments towards a carbon neutral economy
Neglecting different jurisdictional scales, the choice of policy instrument has been on the environmental economics agenda since early 2000th century when Pigou suggested taxing of negative externalities created by production of goods traded in markets (Pigou, 1932). Pigou used
detrimental health outcomes from building factories in congested areas as example of a negative
externality. Forty years later, Coase presented an alternative view, where instead of taxing
negative externalities, involved partners should bargain, which would result in an efficient outcome (Coase, 1960). Since then, a large number of developments have been carried out, reviewed by Oates & Crooper (1992 & Helfand et al. (2003), but the basic difference in approaches to environmental regulation is still valid; reliance on i) enforcement power for implementation of a policy and ii) voluntary (non-governmental) mechanisms. Today, one could relate the choice between the two approaches as dependent on beliefs in enforcement power of a
governmental body, or, as in this paper, several linked governmental bodies. With strong
enough enforcement power it is possible to implement policy instruments such as charges,
command and control or subsidies. When this is not possible, environmental improvements are
obtained only through voluntary actions which can be community based or carried out by single
firms or individuals. The reasons for differences in enforcement power for a given task, such as
promoting environmental development, can be due to differences in discretion set by constitutions or development of institutions. A notable application has been on transboundary pollutants
or global commons where there exists no enforcement power at the international scale.
However, irrespective of implementation by public authority or voluntary actions, different
mechanisms for affecting peoples’ behaviour act in a similar way, and we will therefore give a
very brief review on these before entering the main part of this section; to assess theoretical lessons learned from implementing policies in hierarchical governance systems. One, old such les28

son, is that of delegated and non-delegated policies with respect to actions to be taken. In general, command and controls system is a non-delegated system since the authority tells the firm
what to do. In the other end of the delegation chain we find economic instruments, such as carbon emission charges, where the authority has no command over which actions the firms take
but only on the level of the charge.
In the enforcement-delegation nexus we find different types of policy instruments, see Table 1.
Table 1. Classification of policy instruments according to enforcement power of public body and
delegation system with respect to firms’ actions.

No delegation

Delegation

Enforcement power of public Command and control, such as Economic instruments like carbody
standards on sewage treatment bon dioxide emission charge
plants
Little or no enforcement power Public provisioning or pro- Voluntary programs like carbon
of public body
curement, public induced vol- markets or environmental labeluntary actions
ing of goods or management
systems

In addition to these concrete policies there are also information and education activities which
can be exercised by all irrespective of enforcement and delegation systems. Command and control constitutes the most prominent example of a policy where the public body has strong enforcement power and the firms little discretion of action. Enforcement power is also required
for the implementation of economic instruments, but now the firms choose which action to take.
With little or no enforcement power the public body has to rely on voluntary actions, either by
setting requirement of public procurement, or by promoting voluntary actions by giving compensation payment to firms. In these cases, the public body has control over the firms’ actions.
The delegated case is instead characterized by reliance on firms’ initiative and enforcement of
environmental friendly actions, such as environmental labeling.
However, irrespective of placement in the enforcement-delegation boxes, the policy instruments
have their pros and cons. There is therefore a need for defining which criteria to use for assessing the instruments. Common criteria used for policy analyses are:
-

cost-effectiveness and technological development, which means that the instruments
should generate determined target(s) at minimum cost in the short and long run by stimulating technological development,

-

equity and fairness, implying that agreements should result in equal relative cost burdens among the partners and adopt the polluter pay principle,

-

precision and flexibility, the instrument should result in actions as close to the target as
possible, but at the same time be flexible enough to give the opportunity of changing
targets if found necessary in an environmental perspective, i.e. adaptive management,

-

enforcement and transaction costs should be as low as possible, which include, among
others, costs of administrating the instrument and enforcing compliance.

3.3.1 Enforcement power
The vast majority of studies have been analysing and comparing policy instruments under assumption of complete enforcement by the public body. The question posed is then if there is
any instrument that is best with respect to all the criteria of comparison? Unfortunately not, but
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there are candidates that perform relatively well with respect to several of the criteria. The
choice is then in principle between four types of policies: command and control, economic instruments, markets for trading, and information. Examples of such instruments and their relative
merits are presented in Table 2.
Table 2. Policy instruments, examples, and relative advantages

Policy instrument

Relative advantages

Economic

Cost-effectiveness, flexibility, technological development, fairness

Command and control

Precision, equity

Markets for trading

Precision, cost-effectiveness, flexibility, fairness

Information

Technological development, enforcement

The command and control policy usually generates a certain target at relatively high costs since
it gives no room for cost adjustment at the firm level. On the other hand, given that all firms
comply with the regulation, the precision is high. Economic instruments create incentives either
to reduce alien spreading activities, such as energy charges, or to make it beneficial to adopt
cleaning activities, such as subsidies for bio energy. Charge instruments rely on the polluter pay
principle, and are also cost-effective since firms have the possibility to adjust their activities according to their prevention or control costs. Furthermore, since it is costly to contribute to the
carbon dioxide emissions, incentives exist for finding new prevention, control or damage reduction technologies. However, the precision is relatively low since it is difficult to predict the final
outcome from firms’ adjustments to the instrument. On the other hand, there is a great degree of
flexibility since it is in principle relatively easy to change the charge level, increasing it if the
final spreads are too high and vice versa. A disadvantage is that firms’ relatively high control
costs create incentives for evading charge payments, which in turn implies higher transaction
costs than for other instruments.
The third option – trading market – is a combination of command and control policy and economic instruments, where a maximum level of total carbon dioxide emissions is set for a specific region and quotas are distributed to all affected countries or firms. The European emission
trading system is the largest markets in the world. The difference compared with a command
and control policy is that these quotas, or permits, can be traded between the firms. This means
that firms with high control costs purchase permits and low costs firms sell if the offered price
exceeds the corresponding control cost. Thus, cost-effectiveness is achieved through the allocation of control towards low costs firms. In principle then, the trading market has all the relative
advantages attributed to both the command and control and economic instrument systems.
The fourth possibility, dissemination of information, on, for example, the risk of damages from
climate change, appeals to people’s concern for the environment. As such, transaction costs are
likely to be low. Another type of information is on methods for, for example, producing bioenergy, which may promote technological development. A disadvantage is that the instrument is
likely not to result in sufficient mitigation activities in cases where large efforts with high costs
are required.
3.3.2 Little or no enforcement power
Studies on instruments available for authorities or organizations with little enforcement power
are much more recent and emerge from the recognition of transboundary pollution and the need
for international cooperation that must be based on voluntary agreement since there is no inter30

national super state that can enforce policies among sovereign states (e.g. Segerson & Li, 1999).
Although at different scales, this translates also to local jurisdictions where the scope and scale
of limited enforcement power is instead given by national constitutions.
The importance of economic incentives and other motives for peoples’ voluntary contributions
to public good has been tested in a large number of studies resting on game theoretical foundations (e.g. Gächter & Herrmann, 2009 ). The results are mixed; both economic incentives and
other factors, such as perceived fairness in allocation of outcomes, affect behaviour. However,
regardless of the motives for voluntary actions a main disadvantage is the difficulty of predicting environmental outcome. An important advantage is the likelihood of high level of commitment and compliance.
3.3.3 Delegation design
In principle, the issue of delegation arises from the existence of asymmetric information, i.e.
that different actors have different pieces of information of relevance for the environmental
task. Delegation can then be made part of or all of the steps in the decision chain: 1) choice of
target, 2) policy, and/or 3) enforcement and supervision. Most of literature is devoted to the
first two steps, and there is now a plethora of studies on the merits and demerits of environmental policy design and implementation within a multi-level governance structure. The case for
centralized and/or decentralized (environmental/fiscal federalism) environmental governance
continues to stimulate discussion in the literature. Decentralization is seen as a way of dealing
effectively with a large number of objectives, increasing flexibility in policy-making and permitting the use of a broader range of policy instruments (Dalmazzone, 2006).
Those who front for environmental federalism hold the view that the responsibility of decisionmaking over a particular environmental issue should be the responsibility of the smallest jurisdiction that spatially encompasses all the benefits and costs associated with it (Oates & Schwab,
1988; Oates, 2002; Dalmazzone, 2006;). They believe that making lower-level officials responsible for the provision of a wide variety of goods and services should result in more efficient
and participatory government and that unlike national-level agencies, the argument goes, local
politicians and officials will design more appropriate policies because they are more familiar
with their environments and users’ needs (Food and Agriculture Organization, 1999). For example, there are views inter-jurisdictional competition compels public agents to make efficient
decisions in the sense that competition among jurisdictions is seen as a powerful constraint on
the undesirable expansionary tendencies of the public sector (Brennan and Buchanan, 1980;
Oates and Schwab, 1988). Another strand of literature contends that inter-jurisdictional competition is a source of distortion in public choices in the sense that state and local officials in their
pursuit of their objectives may hold down taxes and other sources of costs to households and
particularly to business enterprise to such an extent that public outputs will be provided at suboptimal levels (Oates, 1972; Ostrom, 1990).
Other proponents of decentralized environmental governance have emphasized that the capacity
of communities and small-scale social entities to manage resources have provided the intellectual grounds for a shift toward co-management, community-based natural resource management, and environmental policy decentralizations (Peluso, 1992; Ostrom, 1990; Wade, 1994). It
did so by demonstrating that forms of effective environmental governance are not exhausted by
terms such as state and free market institutions, and that users of resources are often able to
self-organize and govern them. The success of a decentralized governance of natural resources
effects changes in the political relationships through which human beings relate to resources
(Agrawal, 2001). The first change is observed in the way decision-makers at the lower level in a
territorial-administrative hierarchy relate to those at higher levels (Andersson, 2004). Another
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significant change relates to the ways local decision-makers relate to their constituents with respect to environmental resources and services. The final aspect of decentralized governance has
received very little attention and relates to alterations of the subjective relationships of people
with each other and with the environment as part of changing relationships of power and governance (Agrawal, 2005).
Interaction between measures and delegations was considered by Elofsson (2011) who used a
two-stage game to investigate strategic abatement decisions with respect to nitrogen fertilizer
reductions, waste water treatment, plant phosphorus reductions and wetlands. The key assumption in the paper is that wetland decision can be decentralized. Key among the findings is that
under some particular instances, strategic consideration may imply central governments reach
more socially optimal abatement actions than a decentralized entity. Thus decentralization of
wetland decisions only benefits the local government if its wetland technology is significantly
more efficient than that of the central government.
In analysing the role of the national government in developing local environmental policies and
institutions in Norway, Hovik & Reitan (2004) argue that the strategy has changed during the
period of study (from the late 1980s), shifting from a strong emphasis on the development of
local institutions to an emphasis on the delegation of responsibilities from central government
to local governing bodies. The authors further argue that this approach, motivated by national,
macroeconomic objectives and the role of local government in service production, is inconsistent with the government's ambitions of a more important role for local government in environmental policy. They concluded that the nature of environmental challenges, which often cut
across political and administrative borders and characterized by conflicts between different levels of government, suggests that local institutions are crucially important within the environmental policy domain.
Lundqvist (2004) analysed proposals for a new multi-level governance of Swedish water resources to implement the EU Water Framework Directive. At the core of the analysis is an administrative ‘trilemma’ encountered in designing ecologically effective and democratically acceptable multi-level governance. Within the tenets of good governance, the trilemma is characterised by tensions between effectiveness, participation and legitimacy. The assessment of the
Swedish proposal addresses issues of integrating such ‘super-local’ and local alternatives within
the larger web of multi-level water resource governance. In the end, the proposed combination
of formal government and informal governance is found wanting in terms of effectiveness as
well as participation and legitimacy and failed to escape the ‘trilemma’.
Another dimension of delegation is provided by Bulkeley (2005) who sought to develop an account of the geographies of environmental governance to current conceptions which tend to
take space and scale for granted as pre-given, contained, natural entities. The paper argues that
through a more careful deployment of concepts of hierarchy and territory, common ground between scalar and network geographies can be forged, and can inform our understanding of environmental governance. In making this case, the paper provides an overview of contemporary
configurations of global environmental governance and illustrates it by referencing to one transnational municipal network, the Cities for Climate Protection programme, how governing the
environment involves both political processes of scaling and rescaling the objects and agents of
governance, as well as attempts to create new, networked, arenas of governance. The paper
concludes that recognition of new spatial grammars is necessary for understanding emerging
hybrid forms of environmental governance and their political and ecological implications.
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3.4. Some summarising remarks on the regional green economy
The main purpose of this section was to try to answer the question on what can be learned from
the literature on economics for the governance of the Stockholm-Mälar region towards a carbon
neutral society. This question involves the choice of policies as such, and the choice of decentralization/delegation of discretion among the jurisdictional levels in the region. The different
policies, being compulsory or voluntary have their pros and cons, and the choice depends on
which criteria are important. Cost effectiveness is one important criterion often met by economic instruments, which, on the other hand, may give rise to low precision reaching targets and
undesired income distribution effects.
A particular challenge for the Stockholm-Mälar region is the heterogeneity among counties
with respect to economic prosperity and environmental performance. This may be perceived as
an argument for delegation of decision rights on policy choice and implementation from central
to local jurisdiction. One important justification is the gains obtained from local knowledge on
economic and environmental performances and formation of local communities pursuing sustainable use of resources. However, the literature points at potential costs; the neglect of impacts on other jurisdictions and the risk resource exhausting competition among jurisdiction.
The main task and challenge in reaching a carbon neutral Stockholm-Mälar region is then to
identify, quantify, and balance advantages and disadvantages of different policy instruments
and jurisdictional delegation levels. A specific consideration is then the current lack of a strong
jurisdiction in between the national state and local municipalities.

4. BIOENERGY, LAND USE AND LOCAL TRANSITIONS
The aim of this section is to describe the current situation regarding a potential future transition
to a climate-neutral society, with a focus on the role of bioenergy in the transition in Sweden.
Methods, models and concepts are described. The state of international research on interactions
and links between technology, the environment, agricultural land use, models, policy, and
scales in time and space are explored, in order to widen the perspectives and prepare the scene
for future research.
Land-use changes due to biofuel production can have impacts locally, regionally or even globally and affect a variety of socio-economic and environmental aspects. The effects can occur instantaneously or emerge slowly during a long period of time. Moreover, land-use changes are
affected by policies and stakeholder decisions on local, regional and global levels.

4.1Roadmaps to climate neutral society in Sweden
In response to the major challenge of radically reducing GHG emissions to 2050, the EC has
developed a roadmap to 2050 for the whole union (EC, 2011). At the national level in the member states, development of road maps is ongoing. In Sweden, a number of government authorities, coordinated by the EPA, developed a “Background report for a roadmap to climate-neutral
society ” in 2011-2012 (Naturvårdsverket, 2012). Two scenarios are outlined, one with full reduction in Sweden, and one with less reduction complemented with compensatory activities in
other countries. In Sweden, contrary to many other European countries, the power and heating
sectors do not require much change to become fossil-free, as power is mainly based on hydropower and nuclear energy (and the current policy does not prioritize nuclear demolition over
climate policy) and the heating sector is mainly based on bioenergy and electricity. So the remaining sectors with large GHG emissions are transportation and industry.
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For the transportation sector, the roadmap sets up a four-step hierarchy: (i) Reduced demand for
transport; (ii) Change to less energy-intensive transportation; (iii) More energy efficient vehicles and (iv) Change to renewable fuels. Consequently, changing urban and regional planning to
develop a less transport-intensive society comes high on the agenda. This requires changes in
planning policy. In addition to the roadmap, the government has set up a commission for fossilfuel-independent vehicle fleet, which will go more into detail on transition in the road transport
sector. The commission will present its report in the end of 2013. It is expected to contain concrete proposals for policy towards a fossil-free road transportation sector in the decades to
come. Intermediate reports are being published on the commission website
(http://www.sou.gov.se/sb/d/17384).
At the local level, Stockholm has developed a municipal roadmap to 2050 (Miljöförvaltningen,
2013). It is focused on the transport sector, but also includes a major investment in a renewable
heat and power plant to replace an existing coal-fired plant. The transport sector plan calls for
major investments in public transport, as well as more compact urban development in order to
promote pedestrian and bicycle transport. The limited availability of bioenergy is identified as a
major risk for the realization of the roadmap, as bioenergy is seen as an important energy source
for all sectors – heat, power and transport.
In Uppsala, a project has recently started to develop a roadmap to a climate-neutral society,
funded by the Swedish Energy Agency 1. The project was initiated by the municipality and has a
participatory approach. It will include a large number of stakeholders, which are already cooperating in the Uppsala climate protocol, where organizations (business, the major energy utility
company, the public sector including public housing companies and the hospital, and the tow
universities in town) in their work to reduce their greenhouse gas emissions. The work will
build on previous modeling of the current and future energy system in Uppsala performed by
energy system engineering students at SLU.

4.2 Bioenergy in the Swedish energy system
Bioenergy is a major energy source in Sweden, supplying about 30% of the total energy. Most
of this is forest residues and wood industry residues going into district heating and CHP plants.
Bioenergy also has a substantial share of single house heating, as pellets or wood logs. The
share of biofuels in the transportation sector has increased to about 5% in the last few years.
This goes mainly as blend-in into petrol and diesel, but also to dedicated vehicles using ethanol
or upgraded biogas. There is long experience of using willow in short rotation forestry in Sweden, but the production has not reached the large scale that was previously anticipated (Helby et
al., 2006) There is a large potential for growing more energy crops on agricultural land, which
is related to the fact that there is large agricultural lands that is not intensively used for food
production due to lack of profitability (Andersson, 2007). Bioenergy used in Sweden is a mix of
local and imported biomass. In the national roadmap to climate-neutrality, an increased use of
bioenergy is anticipated (Naturvårdsverket, 2012). General policy measures such as a tax on
CO2 and the EU-ETS system are central to the Swedish climate policy. However, for introduction of new technologies, more specialized policies are needed. One area where this will be decisive is for the introduction of lignocellolusic biofuels (Ericsson et al., 2011). Since bioenergy
has such large potential environmental effects related to land use, it is anticipated that there will
have to be a continuous development of policies to avoid negative effects of bioenergy (Khan et
al., 2011).

1

Cecilia Sundberg, SLU, takes part in the project and will coordinate it with her work in Complex.
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4.3 Bioenergy, land use and GHG emissions
Bioenergy is used since it is a renewable fuel, and to reduce greenhouse gas emissions by replacing fossil fuels. Bioenergy is of particular interest during the transition from a fossil-based
energy system because it is technically similar to fossil fuels, and thus possible to use in existing energy infrastructure, directly or with minor modifications. Biomass comes from a wide
range of source (agriculture, forestry, wastes) and can be transformed into a multitude of solid,
liquid and gaseous forms.
In recent years there has been a major debate internationally as to whether, and how much, different biofuels reduce greenhouse gas emissions, and this has lead research and new policy on
the topic. LCA is by far the most widely used tool for estimating GHG emission from biofuels.
Its strength lies in that it sums all emissions in the life cycle of production and use of biofuels,
and related this to the function of the fuel, i.e. describing greenhouse gas emission as kg CO2/
MJ fuel or CO2-eq/ km driven. Standardisation of the methodology is ongoing and there is consensus on many parts of the methodology (Cherubini & Stromman, 2011). However, some issues are still under heavy debate and research effort. One such issue is how to account for the
greenhouse gas emissions caused by land use and land use change, another is how to account
for temporary emissions of CO2 when forests are cut down and regrow (Helin et al., 2012). A
key reason why bioenergy is questioned, is that it uses large amounts of land, land that could be
used to produce food, or for natural or managed forests. Cutting down forests to produce biofuels releases CO2 to atmosphere, and is therefore not necessarily beneficial to the greenhouse gas
balance, especially in a short time perspective. This has large implications for the role of biomass in the future energy system, as it is clear that biofuels can only supply a minor share of the
energy need on a global level. Large research efforts are needed to guide bioenergy development towards sustainable solutions, and policy development in close cooperation with the research community is necessary to achieve that (di Lucia et al., 2012). In the EU, sustainability
criteria that require detailed life cycle greenhouse gas emissions calculations for liquid biofuels
were implemented in 2011 to ensure that expected greenhouse gas emission reductions are
achieved (Ahlgren et al., 2012). Further EU policy to steer development from biofuels produced
from food crops towards biofuels based on waste and forest biomass is under implementation.
In Sweden, such policy is already in place, for example favouring production of biogas from
manure and food waste, as well as development of technology for production of liquid biofuels
from forest residues. The Swedish Energy Agency funds large research programmes as well as
knowledge synthesis projects on how to avoid negative environmental impacts of bioenergy
(Höglund et al., 2013; Egnell et al., 2013).
Key sources for emissions of greenhouse gases from the life cycle of bioenergy is use of fossil
fuels to produce fertilizer, run machinery in agriculture or forestry, as well as transport and
conversion of biomass to fuels; emissions of nitrous oxide from mineral nitrogen fertilizer production and use, and reduction of the carbon stock in soils or vegetation. Increased carbon stock
in vegetation and soils is a potential negative emission, i.e. reduction of greenhouse gas emissions.
The EU has introduced a requirement that life-cycle based greenhouse gas emission are quantified for each fuel, and are shown to give at least 35% reduction in GHGs compared to a fossil
fuel reference (Directive 2009/30/EG). The requirement will be sharpened tpo 60% by 2017 or
earlier. The methodology specified is based on LCA, but does not consider the uncertainties in
GHG estimations (Ahlgren et al., 2012) and are not quite consistent with LCA standards.
LCA, which relates emissions to the products and services produced, uses a different way of allocating greenhouse gas emissions than the geographically based inventories used at EU, na35

tional and local level. These are all based on the sectorial method of allocating GHG emissions
defined by the UNFCCC and the IPCC methodological report (IPCC, 2006). Direct emissions
are accounted in the sectors where these occur, such as power and transport. Some emissions
related to land use, such as carbon stock changes, are attributed to the sector “land use, land use
change and forestry, LULUCF. For bioenergy, this means that emissions related to production
of biofuels are split between different sectors, including agriculture, transport and industry. The
life-cycle and geographic-sectorial perspectives are both relevant for understanding the role of
bioenergy for current and future greenhouse gas emissions, but they are not fully compatible.
Land-use changes due to biofuel production can have impacts locally, regionally or even globally and affect a variety of socio-economic and environmental aspects. The effects can occur instantaneously or emerge slowly during a long period of time. Moreover, land-use changes are
affected by policies and stakeholder decisions on local, regional and global levels.
Fig. 13 shows how land-use change influences a variety of aspects at a local, regional, and
global context. Wherever biomass is produced, i.e. on land in Sweden or elsewhere in the
world, the production is affected by local and distant factors and has local and distant effects.
The actual land use (inner circle) affects future production capacity on that land (green arrow).
The production affects the local environment (biodiversity, water and soils) and local economy,
and the local context in turn affects production (blue arrows). Production also affects the climate and world market, and is affected by them (orange arrow). Distant effects (orange arrows)
can be both direct (i.e., green-house gas emissions from land use) and indirect (i.e., affects land
use in other countries in addition to food prices).

Fig. 13. Local, regional and global land use implications (from Höglund et al, 2013)

4.4 Future biomass demand and supply in Europe
The future availability of biomass for bioenergy is an issue of large debate, and it is dependent
on many factors such as food demand (especially meat) energy prices, assumptions about biomass productivity and conversion technology development, energy policy and agricultural policy. Bentsen & Felby (2012) reviewed assessments of bioenergy potential in Europe focusing on
the time period until 2020. The found a large potential in lignocellulosic energy crops. They al36

so identified energy purposes as a potential major future demand on forest biomass in addition
to traditional timber and fiber products. Based on the national renewable energy projections reported to the EU, an increase in bioenergy demand from 3.8 EJ in 2005 and 5.7 EJ in 2010 to
10.0 EJ in 2020, was estimated, as well as a further increase in demand after that. Heat and
power would still be the main part of the demand, but transport demand would increase from 5
to 20% of the biomass demand. They cite other authors that have found that demand for meat is
a major competition for land availability for energy. In a recent paper, Jansson & Wilhelmson
(2103) estimated the effect on European agriculture and land use if the goals for first generation
liquid biofuels according the national energy projections are met. This would lead to a large increase in vegetable oil demand for biodiesel, and a large increase in vegetable oil prices and
imports imports. The total amount of agricultural land would change by less than 1%, but there
would be large regional changes in crops grown and amount of agricultural land.

4.5 Transition management
Policy for achieving climate goals was described in Section 3. Another perspective on policy
for societal change to achieve sustainability targets is transition management towards sustainable development has been described by Kemp et al. (2007). Transition management uses both
bottom-up and top-down approaches and is highly adaptive. It is described as co-evolution between different subsystems in society, which influence but do not control each other. Transition
management is seen as inclusive, and new institutions, arenas, where many actors can meet, is
one key aspect. Setting of long-term goals is another important aspect, and a third aspect is innovation, experimentation and learning from experiences. Transition management is exemplified with the development of the Dutch waste management sector from the 1970s to the 2000s,
which is described as co-evolution of the waste management system and societal values and beliefs. Three levels are described:
•
•
•

strategic, including new ways of thinking, especially the waste hierarchy (ordered from
the top: prevention, re-use, recycling, energy recovery, landfilling )
tactic, including a new institution, a national network organization, the waste management council; and producer responsibility policy
operational, which includes closing of polluting landfills and incinerators, and replacing
them with fewer, larger, better ones, as well as source-separation and recycling.

The development of roadmaps to fossil free society is a type of back-casting. Participatory
backcasting is a method for system innovation and socio-technical transition with involvement
of stakeholders, which includes defining first steps and roadmaps towards an envisaged system
change. Quist et al. (2011) analysed the 5-10 year impact of backcasting experiments performed
in Netherlands. These were research projects with stakeholder engagement through workshops
and other activities. Three key areas for success were identified:
1. That one clear vision, with orientation (where to go) and guidance (how to get there) is
formulated.
2. That networks are formed, that continue beyond the project; networks with different
stakeholders in four domains: research, business, government and society, and that there
are resources and activities in the networks.
3. That the networks, visions and actions are institutionalized, and that there is not too
much institutional resistance to the vision.
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4.6 Models on energy systems, land use and transitions
4.6.1 Energy systems
Energy system modeling is an important of analysis of pathways to fossil-free society. There
are numerous energy models available, developed for different type of energy systems analysis.
A full review of energy system modelling is beyond the scope of this report. The scoping report
D5.1 of COMPLEX WP5 also reviews modelling strategies for renewable energy systems.
Thirty-seven models of relevance for integration of renewable energy into energy systems were
reviewed by Connolly et al. (2012) including a short description of each model, and aiming to
guide users to the best model for their specific application. No models that are specialized on
bioenergy or that include land use were included in the review. Models were categorized based
on number of users, and whether they can be used of simulation, optimization, scenariobuilding, if it is an economic equilibrium model among other factors. Moreover, the time frame,
time-step and geographical area differed between models, as well as the energy sectors considered. Most models covered the electricity and heat system, and some also included the transport
systems.
For the roadmap to a climate neutral and fossil-free Uppsala (Section 4.1), the Long range Energy Alternatives Planning System, the LEAP model (www.energycommunity.org) developed
by the Stockholm Environment Institute (SEI) was selected, based on its appropriate one-year
time step and flexibility regarding scope and detail (Lantto, 2014).
4.6.2 Land use dynamics
Several approaches for modelling land use have been proposed in recent years. These can be
divided roughly into those originating from economics and those originating from geography
(Vliet et al., 2011). Economists have mainly been using models that compute an equilibrium
situation, in which resulting land use or population density is depending on the distance to an
urban center, sometimes in combination with other factors (for an overview, see Anas et al.,
1998).
While these models may be useful in the context of land pricing and urbanization, they have a
few drawbacks that make them less suitable for the study of land-use dynamics. For example,
time is not treated explicitly, and therefore developments over time cannot be studied. Moreover, space is considered only as the distance to the urban center, ignoring features that are not
homogeneous over space such as elevation, transport networks, or rivers.
Geographers, on the other hand, have focused on models that simulate land-use changes in an
explicitly spatial way, and hence developed models that can include spatially nonhomogeneous
factors (see e.g. Koomen et al., 2007, for an overview).
Land use change models, LUC, and land cover change models, LCC, (or a combination of
these, LUCC) are commonly used with cellular automata (CA) techniques. This kind of modelling originate from Conway’s Game of Life in the 1970s, where cells in a lattice can change according to simple local rules, which may result in global (unpredictable) patterns. Thus, CA
models are inherently spatial and therefore very suitable for simulation of land-use dynamics.
CA land-use models generally exist on a lattice of regular squares. Each cell on the lattice has
one of a limited number of cell states which represents the predominant land use at that location. In each discrete time step, cell states are updated simultaneously according to a set of transition rules. The characteristic of CA models is that the state of adjacent cells, and hence the
land use in the neighbourhood of a location, is input to the transition rules. Additional factors
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are often added to represent heterogeneous geographic features.
Even though this type of modeling has mostly been used for urban development (e.g. Furtado et
al., 2012), there are some exceptions where it has also been used for non-urban situation (e.g.
Wickramasuriya et al, 2009), including natural protected areas (Moreno et al., 2007).
A special type of CA, a constrained cellular automata model, CCA (White et al., 1997) has
been used as a basis for a user friendly and commercially available tool for land use modelling,
Metronamica, which has been developed by the Dutch Research Institute for Knowledge Systems (RIKS, 2009).
For example, Hewitt et al. (2012) has used Metronamica for modelling a national park in Spain,
Doñana, with an LUCC perspective. This park is considered the most dynamic national park in
Spain, due to its complex relationship with intensive agriculture and urban development pressures. Hewitt and colleagues have used the Metronamica tool in combination with stakeholder
parametrization, calibration and evaluation for the modelling.
In Europe as a whole, about 10% of the GHG originates from agriculture, and in Sweden this
percentage is 13 (SEPA, 2012). Most of the land in the Stockholm-Mälar region is agricultural,
and the EU Common Agricultural Policy (CAP, EC2005) is highly relevant for this region. An
integrated modelling tool, the LUMOCAP PSS (Dynamic Land Use Change Modelling for
CAP Policy Support System), has been developed for assessing how different policy scenarios
will impact the land use and landscape at different levels in the EU, including at the NUTS2
regional level (van Delden et al., 2010). In particular, this system is used to investigate the relation between EU policies, agricultural economics, land suitability and land use dynamics using
dynamic simulation. At the regional level the system uses Metronamica, which allocates the area demands for different land use categories, and simulates the competition for space between
land use categories, in order to obtain the most preferential locations (See Figs. 14 and 15).

Fig. 14. System diagram of the national (and regional) spatial interaction and distribution model.
The arrows show the flows of information; black arrows represent current values and dashed arrows
lagged values (values from the previous time step). (Adopted from van Delden et al., 2010)
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While CA based models are simple and data friendly, they cannot capture the richness and diversity in land uses one observes in reality, for example mixed land use at one location. Also,
individual actors and decisions are not considered in CA models. Hence, more complex models
have been developed, where several types of decision-making actors, or agents, can be modelled, in addition to spatial locations. This type of agent based models (ABM) or multi-agent
systems (MAS) was discussed previously in Sec. 2.6.
As with CA, ABM and MAS include time explicitly, allowing for feedback mechanisms over
time, but the agents in ABM/MAS are actors that can act and move independently over space.
The advantage of these models is that they can represent the behaviour of agents in a very
straightforward way, since agents can interact directly with each other and with the environment. More precisely, these local interactions between agents and differences among them generate the patterns observed on a global scale.

Fig. 15. Drivers of the land use model at local level. For agriculture, suitability is calculated on a
yearly basis in the physical suitability model based on climate change scenarios and local characteristics. (Adopted from van Delden et al., 2010)

However, since the agents are the basic unit of computation, ABM/MAS are computationally
demanding. This is illustrated by an overview of case-study applications of agent-based models
for land-use-change modelling presented by Parker et al (2003). In addition, MAS require data
at the level of actors, represented by agents, which makes them data demanding and poses difficulties for model calibration and validation (Robinson et al, 2007). The problem of data collection is further thwarted by privacy regulations that are related to personal data.
In addition to LUC models based on CA, there are theories and models based on landscape
ecology (e.g. Voinov et al, 1999). The major difference between ecological models and land
use models is the dominancy of human decision making processes in land use models. However, both types of models have to deal with high levels of spatial and temporal variability and
strong spatial interactions that lead to spatial patterns of vegetation and land use. Linking the
analysis of spatial variability of landscapes and decision making structures has remained one of
the major challenges, but including feedback mechanisms in land use models could be a further
step in integrating social and biophysical systems (Verburg, 2006).
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Yet another type of land use modelling is based on complex adaptive systems (CAS), especially
when nonlinear feedback mechanisms, or social and spatial interactions operating across multiple scales, should be included. Feedbacks can be the essential ingredients that create complex
nonlinear dynamics and that can complicate scaling from knowledge of agent behavior to understanding system behavior, like overall landscape patterns. (For a review of CAS, see Manson
& O’Sullivan, 2006).
This type of models has been used to evaluate landscape dynamics and the effects of various
policy interventions on urban land-cover patterns. For example, Brown et al. (2008), modeled
complex processes of land-use and land-cover change in exurban parts of Southeastern Michigan, and supported their model with empirical data. The results pointed to the importance of
collecting data on agents and their interactions when producing agent-based models. “Understanding these land-use and land-cover patterns and the processes that give rise to them is important for managing landscapes to minimize negative ecological effects and enhance positive
ones in the future. Importantly, because human–environment interactions are complex, achieving that understanding requires analysis of a whole system of interactions” (Brown et al., 2008).
Finally, many modelling approaches for LUCC are based on various kinds of networks, such as
multi-layered neural networks (Ha & Stenstrom, 2003), Bayesian networks (Yunyuan et al.,
2010) and decision trees. These methods have all been used successfully for agriculture in Scotland, using GIS-based data (Aalders & Aitkenhead, 2006; Aitkenhead & Aalders, 2009). Neural
networks have also been used in combination with GIS to predict land use changes (Pijanowski
et al., 2002). In general, network theory and its applications is well suited for simulating and
analyzing spatio-temporal patterns, and for predicting their changes.

4.7 Case studies on bioenergy and land use in energy system transition
Some recent cases studies have been published, mainly in Europe, which relate transition to renewable energy and land use, with bioenergy in a key role. Climate change and food production
are included to variable extent.
Schmidt et al (2012) analyzed the potential for a region of 20 000 inhabitants in Austria to supply its own heat and power in 2020. They used a coupled model of energy demand, energy
technology, economy and spatially explicit land use to optimize the energy system based on
cost, under different constraints. The energy system was modeled for two seasons, i.e. not in
any temporal detail. Current energy use includes a large share of fossil oil in the heating system.
As biomass was the most competitive source of local heat, it was the main source of local energy. Forest, SRC, biogas from crops and oil crops were included, and SRC was most competitive. In scenarios with local heat and power, a large share of the arable land was used for SRC
plantation. For the scenario with only heat, land use change was less and the increase in cost
was very small. The results were very sensitive to oil price – with slight increases in oil price
(compared to baseline $80 bbl-1) self-supply with biomass would become profitable. GHG
emission reduction was not central to the analysis, and reductions were not reported.
Trade-offs between renewable energy (bioenergy, wind and solar power), food, feed and wood
production at the local level in England was analysed by Burgess et al. (2012). A per capita approach was used to illustrate the local potential to produce food, wood and bioenergy needed
for a growing population in a town doubling its population from 25 000 to 50 000 . A GIS with
17 land use categories was used. The report discusses the benefit of producing and presenting
data in formats that are useful for stakeholders, and use the unit kWh d-1 p-1, which they think
eases understanding and comparison. The model and framework presented is intended for future
expansion to include greenhouse gas emissions and economic aspects. In another publication
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form the same project, Howard et al. (2013) define “energyscape” as “the complex spatial and
temporal combination of the supply, demand and infrastructure for energy within a landscape”.
The paper is is centred around the energyscape concepts and its potential for communication
and decision-making on energy in the landscape, especially concerning environmental aspects,
identified and classified as ecosystem services. A key aspect is the geographical aspect, with
renewable energy being explicitly localized in the landscape. The potential for communication
with stakeholders is discussed, showing that “the local energy landscape” may be a better term
for introducing the concept.
Conversion to fossil-free agriculture using biomass has been analysed in a number of projects at
SLU, Sweden. The land use and the life-cycle greenhouse gas emissions for supplying current
or future biofuels to tractors, and for producing mineral fertilizers from biomass have been estimated (Ahlgren et al., 2008a,b, Fredriksson et al., 2006). More recently, it has been shown
that the agricultural residues available on an organic arable farm are sufficient to supply all energy needed for running the farm, using energy conversion technologies that are technically but
not commercially available (Kimming et al., 2011).
An interesting example of an integrated modelling approach including the spatial distribution
of agricultural production, life cycle greenhouse gas emissions, net energy and economic profitability was described by Bryan et al (2010) , who modelled agriculture for food (wheat, legumes, sheep) and biofuels (wheat and canola) under different climate change and carbon subsidy scenarios In South Australia. The agricultural production model used a daily time step for
115 years and could thus account for production effects of different scenarios for future climate.
The spatial variation was 14 soil types and 16 climate zones modelled in a GIS. Land use decisions was assumed to be made based on profitability, which were affected by the level of subsidy based on greenhouse gas emission abatement by biofuels. The result of the model was that a
modest subsidy would lead to a major conversion of about half the agricultural land to biofuels,
which would give a substantial reduction in GHG emissions, but also in food production.
In addition to these local case studies, modelling has also been done at the global level. Reilly et
al (2012) used linked economic, atmospheric and terrestrial ecosystem models to analyse the
effect of different policies on land use and climate in 2100. Dynamic models were used – with
climate change affecting productivity of land, which affects the economy. This type of modelling cannot be scaled down directly, as food prices are not set by local productivity but need to
be included as externally determined parameters in local land use models.

4.8 Some summarizing remarks on bioenergy
The concepts of transition management, and co-evolution of different societal and sociotechnical systems seem suitable for a higher-level description of the long-term processes and
changes that drive climate change mitigation. Participatory back-casting, and more precisely
roadmaps to climate-neutrality by 2050 is a current tool being applied at EU, national and regional levels to guide long-term decisions towards reduced greenhouse gas emissions. In Sweden, bioenergy is a key energy source in the transition to fossil-free society. However, bioenergy production causes greenhouse gas emissions, and there is a trade-off with food and and fiber
production, even though agricultural and forest residues can be valuable bioenergy resources.
Evaluation of the role of bioenergy in the future energy system and the reduction of GHGs requires integrated modeling, and there are many opportunities for new integrations in future research.
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5. GOVERNANCE, POLICY INSTRUMENTS AND STAKEHOLDER POSITIONS
5.1 A multi level and multi actor approach
Among the central perspectives that need to be used when dealing with the path to a low carbon
society is how the governance system – and in particular the decision making structures – are
perceiving dilemmas and operating in this regard. As our focus is a regional one our attention is
mainly devoted to that governance layer. However we are concerned with a multi-layered structure from the very local and “upwards” often in nested combinations. And many of the challenges depend on how such a multi-layered structure – and multi type of actor space might be
able to adapt to the new circumstances and tasks (see e.g. Bressers & Rosenbaum, 2003).
Thus, in this “perspective on policy making” the wide variety of stakeholder positions is of
great importance as it “frames” how problems, dilemmas and options could be understood. Indeed an analysis around what is perceived (in all its plurality) and done in various political and
planning communities (including industry and related actors) and within the open discussions in
society will also indicate the variation within which the system tends to operate. Key to this is
how the underlying “framings” (or mind sets) provide the conceptual landscape as a basis for
positions taken around these issues. Indeed sometimes such an analysis may also indicate venues not yet sufficiently actualized and which in the future may rise in importance. This is especially relevant when contemplating how the decision support system should be designed in order to fit the challenges. Further steps will involve relevant decision advice in a broad sense, including suggestions for widening the current framings in the public debate.

5.2 The level of the Stockholm-Mälar region
By means of interviews and listening to presentations at a number of occasions from a wide
range of politicians and employees in municipalities, counties, regional bodies (e.g Mälardalsrådet) as well as from representatives of industry, including agriculture and forestry, NGOs
in the region, and from civil society in general, our own understanding of positions and framings have been built up. This learning process has been further complimented by participatory
observation in seminars and in our own focus group workshop with stakeholder participation in
Sigtuna (Appendix D). Contacts have also been taken referring to the national and international/EU levels on these matters. As a condensed version of some of our key findings - so far - we
present the following insights below.
5.2.1 Key political issues shared
There is a strong focus in the political and planning communities in the region (but also among
industrial actors) on transport and physical mobility in combination with issues around workplaces and housing. It is not surprising that an indicator system is given high weight in regional
policy that is focused on commuting times to the Arlanda International Airport from different
spots in the region. In the current discussions these concerns are slowly also being broadened to
include the entire energy-climate-water-food nexus. This nexus is closely connected to the spatial bio-geographical concerns that relate to climate change impacts on the biomass production
(i.e. the future of agriculture and forestry issue). It also relates to matters concerning carbon
sinks and in general terms the competition of land uses. Here the concept of ecosystem services
has been articulated as an important and emerging indicator to be included in transition models.
This means that other types of indicators as those for mobility have only rudimentary been developed (although there are signs of other interests in e.g. ecosystem services approaches).
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Culturally oriented drivers for change and the topic of what could in the future constitute “social status” is something that is under emerging concern. This connects to how the GDP measure is used as indicator of progress, and what it reflects (and not). Another concern for further
elaboration is the need to innovate novel policies in ways that are informed by cultural perspectives. Given the cognitive landscape of expressed types of interests, a number of policy-oriented
concerns are rising as well as the need for reformed indicators of change. The consumption issue is articulated as a very important topic related to this. In more general terms, it can be asked
to which extent the specific relation to the regional level have implications for how to design of
new indicators, measuring the progress of the transformation to a low carbon society, which
perhaps would include some new measures on social wellbeing and which would also at the
same time include environmentally oriented goals. In a broader picture, there is a concern for
the future needs to enhance the protection of ecosystem services as a central part of the overriding challenges. An interesting issue is also how to care for central values in our society e.g. with
regard to democracy and human rights in the midst of the transformation turmoil towards a low
carbon society. Ideologies behind both projections and solutions in transition work need to be
explicitly and publically discussed also in the future.
5.2.2 Exploring policy options
Urban decentralization in spatio-political terms is emerging as an important topic. The meaning
of that for this region is to steer urban growth also to smaller cities, not solely to Stockholm. A
regional low carbon society might need to be based on a multi-node urban structure - linked to
strong investments in public transports and accessibility capacities by means of e.g. improved
“walkability”. Here the importance for the future of a careful design and planning of multiple
cosmopolitan urban hubs in the region, including effective public transports between and within
those hubs. This relates to interests in a development of smaller towns in the wider region that
would counter the trend of the current “just commuting into Stockholm” tendency. With focus
on local solutions in a decentralized urban structure of the region the following ingredients are
highlighted: a decentralized mode for energy production and consumption, a need to support
small scale enterprises, industries and employment possibilities, a reduced overriding transport
need, and increased local food production. In the ongoing discussions in the Swedish society it
seems to be of strong importance to support local initiatives, ranging from energy production to
‘re-localization’ of food production. The food issue has also opened up for concerns of eating
habits, including aspects around meat eating in connection to the carbon cycle. In this way the
broader concern about the impact of consumption and on consumption patterns in general has
gradually come more into the picture. This in turn connects closely to the topic of “life style”
which seems to be of increasing importance.
The industry sector in the region is diverging in terms of strategies and perceived responsibilities related e.g. to when and how certain technologies may be introduced in market terms. In
some segments of industry, investments for phasing out fossil fuels are not seen to be easy before 2040 due e.g. to perceived potential losses of market shares. It thus seems that early industrial leads of a transition towards a low carbon society will perhaps come from some sectors rather than from others. Some industry sectors, such as forestry, already are seen to take initial
steps in phasing out fossil fuels as it already now is seen by them to give a competitive advantage. As evidenced by the state investigation finished late 2013 the vehicle and connected
fuel support industry already have their eyes set for considerable changes already for the period
leading up until 2030 (including e.g. renewables and electricity solutions). All these potential
changes are conditional to what might be developed as patterns of public incentives into often
cut-throat-competitive markets (or at least dependent on over time strongly reduced direct or
indirect subsidies to fossil fuel solutions). Here the instruments from the public policy side (e.g.
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with regard to state regulations and incentives) related to potentially new directions of industrial
solutions are important – not least with regard to novel (and maybe not yet even manifested or
existent) innovations. The entire field of innovation policy is of high importance.
Another line of policy options is dealing with the need to consider the time sequence of efforts
in transition work. For instance energy efficiency improvements are initially seen as a “low
hanging fruit”. However there are indications that this measure alone most probably will not be
enough to reach the goals by 2050. Political bodies in the region have discussed other types of
policy instruments that could support and guide a transition e.g. a possible law on civil society
community service, tax reform which includes a reduction of the tax on labor simultaneously as
an increased tax on fossil fuel consumption, and government support to promising initiatives.
The State investigation on vehicles and their fuels (see more below) provided several didactical
examples of new ways of thinking about multiple benefits solutions. It also provided a broad set
of both private and public actors that need to – and already are starting – to collaborate.
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Fig. 16. GHG emissions and CO2 tax predicted for Sweden in 2015 (Swedish report for assessment of projected progress in accordance with article 3.2 of Council decision No 280/2004/EC on
a mechanism for monitoring Community GHG emissions and for implementing the Kyoto Protocol).

Another related issue under debate is how to connect government politics (in its function to create a basis for a low carbon society) with market based processes in order to find a creative balance between both market and non-market mechanisms in the region. In order to enable such a
development it seems that bottom-up initiatives would have to meet state support of various
kinds (i.e. top-down approaches) e.g. with regard to renewable energy production policy initiatives (and other similar supports to innovations and demonstrations). There is a need to link to
ongoing activities also outside the region and thus for the top-down policy interventions and
support that is required for this. The combination between bottom-up processes and processes
more of top-down character is thus seen to be essential. Early examples of these types of policy
solutions are already visible and should definitely be further encouraged as pilots. There are a
number of initiatives already in place in this direction that need to be given distinct visibility. In
order for such solutions to take-off there is a distinct need of financial support and governmental intervention e.g. by a creation of a “sustainability fund” (or similar financial mechanisms).
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In the discussions related to the interplay between the national level at the top (illustrated in
figure 1), and the municipal or cross municipal at the bottom in the figure, the following pattern
is seen. Here we see some of the basic elements that are involved in a pathway to transition.
The interplay between the levels are indicated by the arrows on the left and the right hand side:

TOP
A strong umbrella:
•Monitoring system
•Economic incentives
•Technical regulations
•Framework for planning and
procurement

Demand for
political toplevel action
Showing
possibilities
and multiple
benedfits

Creating enabling
environment and
incentives

Picture: flowers growing and
blooming
•Bottom-up initiatives and activities
•Positive change. Examples to
share and learn from
•Working together, across
disciplinary
and organisational boundaries

DOWN
Fig. 17. Illustration of combination of bottom-up and top-down mechanisms

5.2.3 Barriers in a transition to a low carbon society
Many of the discussed directions and solution elements may have difficulties to materialize.
Thus it is important to analyze hindrances, blockages and also tensions around many of such
suggested policy oriented concerns and action lines. One explicit barrier on the governance
structure is problems with overlapping spatio-governance regimes not adjusted to the new goals
of a low carbon society. This may create emerging system contradictions in policy making between different actors (and between sections within organizations) and operating bodies at the
regional level due to unclear needs for changed system boundaries related to roles and mandates. Accordingly “obstructing actors and institutions” – often actors and institutions that are
heavily embedded in old solutions and resist to change to low carbon futures due to earlier large
scale investments-are expected to resist a transition. Related is the need to better understand
policy instruments that can deal with “cognitive lock-in” situations and issues of “cognitive dissonance” raised in relation to a transition to a low carbon society in this region. The key for an
understanding of the transition out of ‘cognitive lock-ins’ are increasingly seen as also to be related to people’s choices of life-styles and to the professional production of preferences. These
aspects relate to a number of issues, for instance to issues of design of local spatial solutions
that go in line with a low carbon society, of social learning, as well as to issues related to social
equity and inclusion in spatial planning.
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5.3 The policy context of the Swedish national level
What has been said above, related to the regional level, has to be viewed also in the broader
context of the Swedish national policy (including how it encompasses also EU/international
levels of operation). Many of the conditions – but not all - within which regional developments
are made possible have their source at a national policy level. Thus considerations about future
options for regional transformations until 2050 always have to be spelled out in this broader national frame – including issues about blockages and solutions to blockages. Below, we just
touch on some very recent national level examples to indicate the type of considerations – with
reference to the topic of low carbon society developments – that currently are discussed in
Swedish governmental circles. This list is by no means exhausting all current activities on these
matters. It is just a small set drawn from different institutional platforms within a very particular
field, i.e. the development towards a fossil free vehicle fleet.
The emission goals have been dwelt upon in several settings in the public sphere, including the
Parliament, the Government and its ministries, and among national agencies. It is interesting to
note that with regard to the Swedish government, major future challenges close to the ones we
are dealing with in the COMPLEX project, were addressed in the Commission on the Future of
Sweden that delivered its results in 2013 (Johansson, 2013).
The Commission on the Future of Sweden was concerned with – among other issues - how
Sweden can develop into a green economy. (Several questions related to this were already addressed in Sec. 3, within the specific perspective of “A green economy in the Stockholm-Mälar
region”.) The Commission acknowledges the environmental and climatic challenges that are
connected to actions, such as those in international trade, emissions profiles, natural resources
and ecosystems depletion, and biodiversity loss. However, the Commission is eager to stress
that Sweden has already made significant progress by meeting key milestones in transforming
to a green economy. Sweden’s C02 emissions per capita are among the lowest compared to
most countries. This is due to fossil-free electricity generation using hydro, biomass and nuclear
technologies. In addition clean air and fresh water policies and actions are among others
measures that indicate that Sweden is on a sustainable development path. Despite these
achievements, a lot more remains to be done in reaching the long term European Union’s emission targets for 2050.
At the national agency level, the Swedish Environment Protection Agency has had an overriding responsibility to coordinate what is called The Road-map For a Sweden Without Greenhouse Gas Emissions in 2050 (Swedish Environmental Protection Agency, 2012). A wide representation of Swedish actors has been involved in this process including counties and municipalities. The Road-map 2050 points at the way to reach a carbon neutral Sweden by 2050 with
the aim of having no net emissions from Sweden. In order to reach these goals it is important to
address which policy instruments need to be changed – how, and to make it cost effective. The
county boards conducted stakeholder dialogues and reported about the outcomes to the Swedish
EPA. These were intense dialogue processes with focus on policy change instruments.
The development of scenarios of the emissions inside the Swedish territory is important (but
they do not include the embodied energy from imported products). In this regard it has been
seen to be important to develop back casting techniques aimed at answering e.g. the question
“how near zero can we reach”. Different industrial sectors have varying strategic approaches to
the needs and to the operational steps that are needed – and when. The forest sector is indicated
to be an example of delivering early positive moves in terms of changed perceptions and actions. It seems that these sector actors already have started their transition. There are also other
examples from industry having taken creative strategic steps.
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One particular – and highly relevant and illuminating – sector case has been handled by the
specially appointed Commissioner for the Official Report to the Swedish government Thomas
B. Johansson (including his staff and an elaborate consulting structure) on fossil free vehicles
(Johansson, 2013).
The background to the commission work is the acknowledgement that today´s international energy systems need to be drastically changed as 80 % of energy use comes from fossil fuels. The
changes needed relate e.g. to energy services, universal access, affordability, health and environmental concerns, as well as the concern to connect to planetary boundary issues (and in particular the climate issue), and issues about global peace (risk of oil wars and security). Some of
these issues are strongly related to regional realities, but others are not in reach of regional policies (but such policies may support goals in need of being pursued at higher system levels).
New possibilities are emerging. Drastic fossil reductions can be made possible e.g. with regard
to changes in the sector of fuels. This both holds true for energy efficiency gains but also for
strong shifts towards renewables and electricity based solutions for vehicle fuels.
“Multiple benefits” is a concept that the Commission has highlighted as a suggested benchmark
tool that may help the needed transitions, by moving attention away from focus just on specific
costs. Instead there is a need to develop methods where multiple benefits of a societal transition
are highlighted, e.g. in terms of jobs, growth, security, health, improving local environments
etc. In relation to such benefit assessments social science studies are needed to illuminate which
segments of society are gaining and which are losing. Among the energy system changes that
need to be addressed for the future you find those related to the transport system, or in general
terms the possible energy efficiency improvements (which are seen to provide the most close by
immediate action lines for the near future). The overriding goal is clear: Fossil fuels must be
phased out. The Commissions position is that it might definitely be possible in its field of investigation i.e. a fossil free vehicle fleet – already until 2030 – given that sufficient support is given
and surrounding conditions are met (Ibid.).

6. CONCLUSIONS AND DISCUSSION
In this report we have approached our core issue (“how could we in our region reach a low carbon society in the year 2050?”) by applying four different perspectives on 1) complex systems,
processes, and challenges, 2) a green economy, 3) bioenergy, land use and local transition, and
4) governance, policy instruments and stakeholder positions. All with a focus on the Stockholm-Mälar region in mid Sweden.
These perspectives are complementary, in the sense that certain issues have (deliberately) appeared several times – but have been handled differently for the different contexts. In this way
we wanted to stress the plurality and complexity of the challenges in the transition to a low carbon society. Thus also the theoretical and methodological leanings have been adapted to this
approach. It includes identification and analysis of links, feedbacks, thresholds, opportunities,
barriers, preferences and drivers for change at individual, as well as societal levels. This complex mix of system properties and indicators feed into our different types of models, which are
aimed at supporting the policy and decision processes within our region.
This scoping report has been produced partly by way of on-going discussions among
the participants in WP4. In such working processes it became explicit how different ontologies
and methodologies, and even concepts, are used and perceived within our different fields of expertise. However, it has also resulted in a mutual understanding of problems and dilemmas that
future work will focus on. It has provided an acknowledgement that more work is needed
in creating a shared picture and a collective forging of a common language. This we need in or48

der to solve our research problems by way of the multi-disciplinary scientific work that is related to COMPLEX, and also for the future synthesis.
Many insights have so far been extracted from our research process, and we have also identified
a few “knowledge gaps” between the various perspectives. For example, it is obvious that we
need to use different modelling approaches in our work, depending on the questions asked.
Some would aim at identifying optimal solutions, where optimization is based on costefficiency or stakeholder preferences. Others would be more explorative and descriptive in
character, aiming at describing a range of potential future scenarios.
It is obvious that many of the transformation processes that the European society has to undergo
in the next few decades will have to be played out also in our region. Thus the decision making
in the region (including an advanced planning process) will have to be supported by instruments
that can simulate different types of outcomes, depending on the various scenarios. We believe
that our combined competences and methods can contribute significantly to the design of such
scenarios for decision making, as well as to the co-production of knowledge between our team
and various stakeholders in our region.
An interesting venue of study is how different views on interactions between researchers and
stakeholders could be further explored. This would include how researchers participate as observers of ongoing stakeholder activities, or how researchers act as knowledge providers within
stakeholder activities. It could also include how researchers act as contributors with their own
agenda and interests, as integrated in stakeholder processes e.g. in terms of initiators and mediators of stakeholder processes.
The multi-level governance structure in the Stockholm-Mälar region is in itself a very interesting topic that we have started to explore. On the one hand, this region is the geographical home
of the national government, and the Stockholm county (Stockholms läns landsting) has developed forceful regional planning processes. The wider Stockholm-Mälar region, on the other
hand, with all the counties around lake Mälaren, has considerable challenges to face in terms of
further needs of streamlining the regional governance in a stronger and more collaborative way.
While the municipalities within the region have rather strong and semi-independent governance
capacities in themselves, the collaborative functions at county and regional levels need further
development as the joint regional challenges increase in importance - as the low carbon transformation processes illustrate in a clear way. Obviously more of lateral and vertical collaboration seems to be needed.
In the next stage of our study, we now have the challenge to move from a multi-disciplinary descriptive-analytical science to a trans-disciplinary transformational activity aiming towards the
low-carbon society, while maintaining scientific integrity and rigor.
Our choice of the Stockholm-Mälar region as a case study in Sweden can hopefully provide interesting clues to how societies in Europe can change. However, when developing our project
further, we also wish to connect more to those work packages within COMPLEX that deal with
other regions in Europe, in order to compare our results and scenarios. For this purpose, we plan
further workshops on how to use our combined competences and plurality for improving the
understanding of the societal context, probing related issues and supporting these European
processes with modelling exercises.
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APPENDICES
Appendix A
Definitions of Green Economy and Green Growth
Concept
Green Economy

Green Growth

Definition
1. One that results in improved human well‐being and social equity, while
significantly reducing environmental risks and ecological scarcities. It is
low carbon, resource efficient, and socially inclusive. In a green economy,
growth in income and employment should be driven by public and private
investments that reduce carbon emissions and pollution, enhance energy
and resource efficiency, and prevent the loss of biodiversity and ecosystem
services (UNEP, 2011).
2. One that is low-carbon, resources efficient, and maintaining sustainable
ecosystem productivity. (Commission on the Future of Sweden, 2012)
3. A system of economic activities related to the production, distribution
and consumption of goods and services that result in improved human well‐
being over the long term, while not exposing future generations to significant environmental risks or ecological scarcities. (UNEP, 2009).
4. An economy that results in improved human well‐being and reduced inequalities, while not exposing future generations to significant environmental risks and ecological scarcities. It seeks to bring long‐term societal benefits to short‐term activities aimed at mitigating environmental risks. A
green economy is an enabling component of the overarching goal of sustain‐able development (UNCTAD, 2011).
5. Green economy is “a resilient economy that provides a better quality of
life for all within the ecological limits of the planet.” (Green Economy
Coalition, 2011)
6. “Green Economy” is described as an economy in which economic
growth and environmental responsibility work together in a mutually reinforcing fashion while supporting progress on social development (International Chamber of Commerce, 2011).
7. The Green Economy is not a state but a process of Transformation and a
constant dynamic progression. The Green Economy does away with the
systemic distortions and dis-functionalities of the current mainstream economy and results in human well‐being and equitable access to opportunity
for all people, while safeguarding environmental and economic integrity in
order to remain within the planet’s finite carrying capacity. The Economy
cannot be Green without being Equitable (Danish 92 Group, 2012).
8. The green economy involves largely new economic activities and must
provide an important entry‐point for broad‐based black economic empowerment, addressing the needs of women and youth entrepreneurs and offering opportunities for enterprises in the social economy (Government of
South Africa, 2011).
9. Green economy can be seen as a lens for focusing on and seizing opportunities to advance economic and environmental goals simultaneously.
(Rio+20 Objectives and Themes of the Conference ‐ UNCSD, 2011)
1. Aims to foster economic growth and development while ensuring that
natural assets and environmental services are protected and maintained.
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The approach places a premium on technology and innovation — from
smart grid systems and high‐efficiency lighting systems to renewable energies including solar and geothermal power — as well as on improving incentives for technology development and innovation (Global Sustainability
Panel, 2011).
2. Fostering economic growth and development, while ensuring that natural
assets continue to provide the resources and environmental services on
which our well‐being relies (OECD, 2011).
3. A policy focus for the Asia Pacific region that emphasizes environmentally sustainable economic progress to foster low‐carbon, socially inclusive
development (UNESCAP website).
4. Is, in general terms, economic progress that fosters environmentally sustainable, low‐carbon and socially inclusive development. Pursuing green
growth involves outlining a path to achieving economic growth and well‐
being while using fewer resources and generating fewer emissions in meeting demands for food production, transport, construction and housing, and
energy (UNESCAP, 2012).
5. Is about making growth processes resource‐efficient, cleaner and more
resilient without necessarily slowing them. Development that is green
[which here means resources‐efficient], clean and resilient (World Bank,
2011)
6. Is the new revolutionary development paradigm that sustains economic
growth while at the same time ensuring climatic and environmental sustainability. It focuses on addressing the root causes of these challenges
while ensuring the creation of the necessary channels for resource distribution and access to basic commodities for the impoverished.” (GGGI website)
7. Green growth is growth that “emphasises environmentally sustainable
economic progress to foster low‐carbon, socially inclusive development”.
The OECD definition is similar but emphasises also green investment as “a
driver for economic growth”. (UN DESA – Rio+20 Objectives and Themes
of the Conference)
8. It is growth that is efficient in its use of natural resources, clean in that it
minimises pollution and environmental impacts and resilient in that it accounts for natural hazards (World Bank, 2012).
9. Is growth that is efficient in its use of natural resources, clean in that it
minimizes pollution and environmental impacts, and resilient in that it accounts for natural hazards and the role of environmental management and
natural capital in preventing physical disasters. And this growth needs to be
inclusive. Inclusive green growth aims to operationalise sustainable development by reconciling developing countries’ urgent need for rapid growth
and poverty alleviation with the need to avoid irreversible and costly environmental damage (World Bank,
2012)
10. Growth achieved by saving and using energy and resources efficiently
to reduce climate change and damage to the environment, securing new
growth engines through research and development of green technology,
creating new job opportunities, and achieving harmony between the economy and environment (RoK Framework Act on Low Carbon, Green
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Growth, 2010).
11. Defined as environmentally sustainable progress that fosters low‐
carbon, socially inclusive development (Government of Cambodia, 2009).
12. An emerging concept that recognises that environmental protection is a
driver of global and national economic development. It refocuses society
on achieving qualitative growth rather than simply increasing GDP (Government of Rwanda, 2011).
13. Means “job creation or GDP growth compatible with or driven by actions to reduce greenhouse gases.” (Green Growth Leaders, 2011)
Source: Adapted from UNDP (2012) and authors’ construct (2013).

Sweden has over the last two decades implemented one of the most successful policy toolkits
in its transformation strategy towards a green economy. As the first country to introduce a
carbon tax in 1991, Sweden has also been implementing the EU ETS since its introduction in
2005 which covers installations in the production of electricity and heating sector, refineries,
installations producing iron, steel, glass and glass fibre, cement and ceramics and those producing paper and pulp (Jamet, 2011). The main instruments used to regulate GHG emissions
in Sweden as summarized in Table 2 (also see appendix B for environmental tax trends in
Sweden).
Table 2. Main Instruments Affecting GHG Emissions in Sweden
Price instruments
Other instruments
Energy supply
- EU ETS, covering 33% of
- Electricity certificate
emissions in 2007
system
- Energy and CO2 taxes covering
- Special initiatives for
the remaining part of emissions,
wind and solar power
with exemptions (in general, 21%
of the general rate)
Industry
- EU ETS covering almost all
- F-gas regulation
emissions
- Programme
for
energy efficiency in
- Energy and CO2 taxes for
industries not covered by the EU
industry
ETS. Exemptions: in general,
21% of the general rate.
Transport
- Energy and CO2 taxes
- CO2 requirements for
new vehicles
- Tax exemption for
biofuels/
quota
obligations
- CO2
differentiated
vehicle tax
- Definition of green
car
- Car benefit taxation
- Infrastructure
planning
Residential and
- Energy and CO2 taxes (full rate)
- Energy declaration
services
- Building regulation
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-

Energy advice
Technology
procurement
- Energy labelling
Agriculture
- Energy and CO2 taxes(21% of
- Support for biogas
the general rate)
- Rural
development
programme
Total economy
- EU ETS covering 32% of
- Climate investment
emissions in 2007
programmes
- Energy and CO2 taxes covering
- Research
and
68% of emissions in 2007
development
public policies
Source: Ministry of the Environment (2009a) and OECD (cited in Jamet, 2011)
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Appendix B
Total Environmental Taxes in Sweden 2000-2011 (Current prices, SEK million)
2000
62,344
52,011
27,032

2001
66,209
55,987
23,858

2002
70,349
59,552
23,214

2003
73,063
61,983
20,797

2004
75,106
63,810
17,880

2005
78,965
65,580
19,461

2006
80,626
66,615
19,276

2007
82,834
67,634
19,457

2008
86,826
69,068
19,590

2009
87,973
70,423
20,224

2010*
90,253
72,538
20,146

2011*
86,861
69,862
20,414

11,937
-

13,294
-

14,619
-

16,116
-

17,578
-

18,640
-

19,396
-

19,812
-

19,732
-

20,720
-

21,061
-

20,227
-

881

1,862

1,789

1,829

1,863

1,794

3,198

3,238

3,976

3,395

3,997

3,852

12,162

16,973

19,930

23,241

26,490

25,685

24,745

25,127

25,770

26,084

27,334

25,369

Tax on certain
substances
Sulphur tax
Tax on insecticides
Tax on commercial fertilizers
Tax on waste
Environmental
protection fee
Fee to the battery fund
NOx fee

2,349

2,236

2,281

2,290

2,036

1,943

1,758

1,697

1,457

1,165

1,162

1,120

89
58

101
59

156
44

199
67

131
61

121
77

81
81

56
81

58
89

39
72

48
86

28
86

357

369

356

340

303

329

295

306

366

178

-

-

1,085
116

899
119

906
109

892
109

729
108

735
-

646
-

608
-

332
-

189
-

289
-

204
-

133

123

121

101

84

93

85

78

76

14

25

8

511

566

589

582

620

588

570

568

536

673

714

794

Tax on transportation
Vehicle tax
Sales tax on
motor vehicles
Congestion tax
Kilometre tax
Fee to the vehicle scrap fund
Road charges
Tax on road
traffic insurance

7,859

7,864

8,399

8,596

9,058

11,242

11,999

13,242

16,047

16,219

16,400

15,716

6,847
194

7,014
-22

7,428
15

7,686
-

8,062
-

10,247
2

10,520
2

10,349
3

11,308
-

11,524
-

11,875
-

11,229
-

253

226

243

269

276

271

489
270

345
155

687
-

785
-

799
-

801
-

565
-

646
-

713
-

641
-

720
-

722
-

718
-

748
1,642

782
3,270

891
3,019

778
2,948

779
2,907

254

261

254

166

153

163

254

261

254

166

153

163

2.7%

2.6%

2.7%

2.8%

2.7%

2.5%

2.5%

2.4%

2.3%

2.4%

2.37

6.3%

6.1%

5.95

6.24

6.2%

Total
Energy tax
Energy tax on
fuels
Electricity taxes
Hydroelectic
power tax
Nuclear power
tax (capacity)
Carbon dioxide
tax

Tax on natural 125
123
117
193
202
200
resources
Natural gravel
125
123
117
193
202
200
tax
Per cent of
2.8%
2.8%
2.9%
2.9%
2.8%
2.9%
GDP in Sweden
Env. taxes in
2.7%
2.6%
2.6%
2.7%
2.6%
2.6%
EU as per cent
of total GDP in
EU
Env. taxes in
6.7%
6.7%
6.8%
6.8%
6.8%
6.5%
EU as per cent
of total taxes
and social contributions in EU
Source: Statistics Sweden (SCB); Note: * 2010 and 2011 = preliminary data
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Appendix C
Description of COMPLEX WorkPackage 4: Socio-economic and land use dynamics in
the Stockholm-Mälar region
Objectives
WP 4 will provide process understanding and instruments for support of the transition to a
low carbon society by2050 - with application to the Stockholm-Mälar region of Sweden. This
region consists of two NUTS 2 regions and is one of the highly dynamic regions in northern
Europe. The aim is to analyze strategic societal choices and their consequences. This includes
the design of a toolkit for analysis 1) of emerging and optimally selected land use patterns, 2)
of economic development and the impact of policy instruments, and 3) of the processes
connecting the scientific support to the decision making functions at various levels, including
policy processes at shorter and longer time scales. Focus is on finding integrative forms of
support to guide the path to a low carbon society under varying climate scenarios and world
situations. The integration of social science, natural science and technology will be an important theme.
Different land use patterns will have different effects on the climate, and the climate, in turn,
will constrain the options for land use. Whether land is used for agriculture, forestry, housing,
industry, energy production, or infrastructure will depend on regional, national and EU policies, but also on cultural values and (sometimes conflicting) interests of various stakeholders.
The dynamics of land use change and its environmental and economic impacts require analysis and models that can capture the complexity arising from irreversibilities, thresholds and
nonlinearities involved. This WP will explore existing models and develop new ones where
needed, taking into account conditions of uncertainty and asymmetric information. The models are intended to aid stakeholders in their decision making, linking policies at the (subnational) regional level to those at the levels of households and municipalities, as well as at
national and supra-national levels. We will pay particular attention to decisions made under
uncertainty, using e.g. risk cognition and risk-management approaches.
Description of

Description of Work
WP4 will prepare an empirically based diagnosis of future needs for advanced modelling and
simulation in order to achieve the low carbon policy aims. We will use a portfolio of discursive and analytical approaches, including a stakeholder needs-assessment exercise, an exploration of the scope for consensus building and detailed analysis of existing data (surveys and
satellite data). We will analyse existing models that combine land-use, climate and economy,
and will specify changes in these where needed, in order to match the new challenges and
their related policy requirements. We will study regional and local climate strategies, how
they develop, and to what extent they work or need to be changed in any direction. We will
also develop and combine new models and processes, and analyse the application of these
tools at the regional level. By interviews of relevant policy makers and planning practitioners,
we aim to understand how these tools could be further developed and disseminated in the future.
Our computational methods include a combination of cognitive and spatiotemporal modelling
approaches with Bayesian and socioeconomic models, which can capture various perceptions,
attitudes, and interests regarding regional land use under different scenarios on the path to a
low carbon society. We will also develop a model for optimal land use under uncertainty with respect to a number of factors, such as climate change, future input and output prices,
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and political support for non-market ecosystem services. These models interact with and feed
into the regional CGE and ABM models in WP5 for the determination of demand for energy
and other products under different scenarios.
We will also integrate our results with those of other European regions, in particular those
case study regions identified through the stakeholder consultation process in WP3, but also
those in WP2, where CRE models are in focus. These regions will include urban, peri-urban
and rural areas where stakeholders identify likely conflicts or possible policy implementation
failures. While WP3 and WP4 explores different test regions they are dealing with the same
types of issues, including the handling of a regional focus within a broader national and European larger scale setting.
However, because WP 3 and WP 4 deal with different regions with different historical, political, economic and environmental situations, also the approaches will be somewhat different.
The total project idea is both to have case comparisons (between WP 3 and 4) and at the same
time also to provide capacities to illuminate differences between European situations - also
with regard to appraches to these settings. In addition, there is a difference in patterns of dissemination. The Swedish case-study is addressed to agencies at national and supranational organizational levels, whereas the case-studies in the Netherlands and Spain are more specifically targeting regional agencies.
This will provide COMPLEX with good examples of regions spanning northern, northwestern and southern Europe, where conditions are quite different. Finally, our models will be
integrated with other models in WP6, and the resulting simulation tools will be used for decision support, linking to economic and policy perspectives.
TASKS (with deliverables denoted by “D”)
Task 4.1: Literature study on the state of art with regard to land use and ecosystem services,
as well as governance and behaviour, and policy instruments, including their design, implementation, and enforcement. Exploring the portfolio of relevant existing and future methods
and models. (SLU, SU, AGORA, OCT). D4.1
Task 4.2: Stakeholder identification and contacts (SLU, SU).
Task 4.3: Cost-benefit analyses of technologies for fossil free energy and its national and international context; assessments of investment and operational costs and risk profiles over
time. Development of a numerical dynamic land use model (forest, arable land, wetlands,
lakes, and urban areas) within a chance constrained programming framework for optimal allocation of different outputs such as food, fibre, feed, energy, biodiversity, and carbon and nutrient sequestration, and assessment of conflicting interests. Analysis of model compatibility,
comparability, standards, and space-time scales. (SLU, SU, AGORA, OCT). D4.2
Task 4.4: Developing a computational model for cognition and spatio-temporal perception,
combining cognitive mapping and neural network theory with spatiotemporal modelling techniques for decision support. This allows for investigation and prediction of relations between
different interacting scales and factors. (SLU, SU, AGORA).D4.3
Task 4.5: Survey on place-based information and data demands and potential retrieval across
stakeholders, such as local entrepreneurs, governmental authorities, project participants, and
general modelers/scientists. Develop, together with stakeholders, scenarios on paths and endpoint 2050 for the Stockholm-Mälar region. Factors to be considered include expectations on
green technology development, climate mitigation legislation at national and EU levels, life66

style changes, priorities of regional decision makers in public and private spheres etc. (SLU,
SU, AGORA, OCT).
Task 4.6: Analysis of environmental, institutional, technological, and economic time dependent factors, ensuring long term productivity of land, including empirical assessments of implementation and enforcement of policies and drivers for voluntary initiatives at different hierarchical scales. Explore and develop policy instruments aiming at regional, county, municipality and individual levels. Econometric analysis for determining initiation, implementation
and enforcement success where data are obtained from surveys and official statistics. (SLU,
SU, AGORA, OCT).
Task 4.7: Develop geographical and land-use-linked GHG accounting model, including the
urban/infrastructure/transport and rural nexus. Model future regional GHG emissions until
2050 for the various scenarios, including optimal mitigation options. Develop and implement
a method for production and consumption-based GHG accounting dissemination exercise to
elicit stakeholder response and buy-in (SLU, SU). D4.4
Task 4.8: Analysis and presentation of final results, including model and simulation results.
D4.5
Task 4.9: Workshop on the COMPLEX project, including a first evaluation of the provisional
models in the light of systems analysis understandings and for policy development. (SLU, SU,
AGORA, OCT). D4.5, D4.6
Description of Deliverables
D4.1 Scoping report for Sweden case study: A Scoping report setting out a thorough documentation of the proposed Sweden case study as a first step in the analysis. [month 8]
D4.2 Land use simulations with report: Program codes and data for simulation of optimal land
use options under different scenarios for climate change, economic growth, energy demand,
and human preferences. A report is included. [month 24]
D4.3 Cognitive spatio-temporal model and simulation: Construction of cognitive spatiotemporal network model with simulation results [month 26]
D4.4 GHG models for optimal mitigation: GHG models applied to land use change issues
[month 36]
D4.5 Web portal with models and simulation results: Web portal providing revised computational models [month40]
D4.6 Final report on socio-economic and land use dynamics in the Stockholm-Malar region:
Final report on socio-economic and land use dynamics in the Stockholm-Malar region [month
44]
D4.7 Policy briefing on case study model, simulations, and options: Policy briefing, discussing options for GHG emission reduction, mitigation and innovation opportunities [month 44]
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Lead
beneficiary
number

Delivery
date from
Annex I

Milestone
59
number

Milestone name

MS1

First plenary meeting

3

MS2

Assessment of the state of art
in policy instruments etc

2

MS3

PLUS4-CMP model design

9

MS4

Second plenary meeting

3

MS5

Internal project workshop and revised
model design

9

MS41

WP4 start-up meeting

4

MS42

Focus group on social aspects

3

MS43

Stakeholder workshop

MS44

Construction of paths towards a low
carbon society workshop

4

MS45

Economic analysis of ecosystem
services and model results

4

MS46

Environmental analysis of changes at the local and regional levels

4

10
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Comments

3

Start up Meeting to explore schisms and paradigms. Explain administrative obligations and
managerial structures,
meet and co-ordinate
teams

Milestone for end
of assessment
h
Model design
12
phase milestone
8

To consider manageri15 al reports from WP
leaders and explore
synergy between WPs
Milestone for revisions
16 based on feedback
from all WPs
3

Meeting with
WP4 partners

Focus group on the so5 cietal transformation
and social aspects of
the project
To identify and engage potential stakeh ld
Construction
25 of paths towards a
low carbon society,
including workshop
with stakeholders
d
d ll
Economic analysis of
28 ecosystem services
and results from surveys and application of
policies
at different jurisdicti l
l
Analysis of environ30
mental changes at local and regional levels, including
the policy maker survey, using the established databases
15

Milestone
59
number

Lead
beneficiary
number

Milestone name

Delivery
date from
Annex I

10

Comments

(questionnaires
and interview dat )
Scenario anal34
ysis workshop

MS47

Scenario analysis workshop

MS48

Dissemination seminar

3

Dissemination semi36 nar with stakeholders and the public

MS49

Publication of final results

4

46
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Publication on synthesis of trends and
scenarios and policy
reflections. These will
also include information on model development and prol i

Appendix D
REPORT FROM THE COMPLEX/WP4 WORKSHOP
Societal transformations facing Climate Change - The case of Low Carbon Society by
2050 in the Stockholm-Mälar Region
(Focus group with stakeholder participation)
Sigtuna Foundation, Sigtuna Sweden, 20-21 February 2014.
EXECUTIVE SUMMARY
The international COMPLEX workshop was conducted at the Sigtuna Foundation, Sigtuna
Sweden 20-21 February 2014. It was organized and run by the COMPLEX/WP4. Among the
30 participants, half were selected stakeholders - representatives of a deliberately mixed composition. The other half of the participants consisted of scholars of a wide range of disciplinary backgrounds, including experts in transformation issues related to the COMPLEX project.
The aim with the design of the event was for the organizers to increase understanding about
framings and values held by stakeholders, as well as to explore and co-produce new perspectives, in order to inform further research related to key political issues, policy options available, and barriers and opportunities in a potential transition to a low carbon society in the
Stockholm-Mälar Region.
This workshop was hence aimed at a deeper exploration of a set of concerns:
-

tracing the key political issues, including the understanding of drivers, i.e. what is perceived by different actors to be ‘relevant’ in order to progress to the defined goals of a
low carbon society
exploring the policy options available under perceived frames of operations
assessing barriers and opportunities emerging in the potential transition of society

These concerns were handled practically within four blocks of themes in the workshop:
Theme A: Political issues and options - reflections from and together with formal Swedish regional and municipal bodies.
Theme B: Towards a low carbon society - perspectives on sustainable development, industry
and social action
Theme C: Pathways to a low carbon society - barriers and opportunities
Theme D: Societal transformations - pathways to a low carbon society
Highlights from the presentations and discussions (from plenaries and from bee-hives) are
provided in the full report. Here we restrict ourselves to indicate some key points that were
raised and issues that need to be approached in order to further explore and model pathways
towards a low carbon society by 2050, with special regard to the Stockholm-Mälar Region.
1) Key political issues and drivers
Concerns and drivers:
•
•

Transport and physical mobility seems currently to be top concerns for the active
planning bodies in the region.
Location of work places and housing in the region are also important.
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•

Connections also to broader spatially oriented system interactions are of interest, for
instance those related to the nexus of energy-climate-food-water.

The multi layered character of the governance systems is of high interest:
•
•
•

E.g. how the regional governance system is embedded in the wider national and EUframes (and related power distribution), but also how it provides the context for the
municipality and sub-regional levels.
Attention was given to the connection between levels and between functions as well as
between actor types
Exemplifications were given from various levels especially from small municipalities,
the Stockholm region and up to the greater Stockholm-Mälar Region (with the governance issues connected to the Mälardalsrådet as an illustration). Examples were also
given how the role of the national state level is seen to be important (e.g. as rule and
process designer and implementer of the system and as creator of various incentive
structures).

The diversity of views on the spatio-political development of the regional territory which included the following types of visions:
•
•
•

A centralized strong and expanding Stockholm node
Distributed sub-nodes within a strong greater Stockholm combined with reinforced
urban nodes outside Stockholm
A more evenly distributed development across the entire greater Stockholm-Mälar Region and beyond.

2) Policy options available under perceived frames of operations
Instruments and experimentation:
•

•
•
•
•
•

Examples of policy instruments discussed where for example potential laws about civil society community service, a tax reform aimed at reducing tax on labor and increased tax on emissions, and government support to up-grade degraded (city) living
quarters.
The evaluation of instruments that attempts to alter - at a psychological level - what
builds “social status”.
Discussions about the role of the state (and other public bodies) for creating regulations and incentives to encourage strategic early innovation efforts both in industry
and among social actors
Support to polycentric urban spatial structures in the region in combination with effective public transports between and within urban cores
An enhanced accessibility by means of “walkability” to workplaces and urban services
including ecosystem services and cultural services
Focus on local solutions for decentralized modes of energy production and consumption, small scale enterprises and increased local food production

New benchmarks in the measurement of progress:
•
•

GDP vs. new types of (complementing or reforming) measures/indicators e.g. to be
used in the frame of the ‘Multiple Benefits Concept’.
Different kinds of environmental indicators for the regional level were discussed e.g.
those that mirror the national environmental goals.
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•
•

Indicators related to environmental status were also discussed in the context of future
relevance for mimicking progress towards future lower emissions
Many such new types of indicators have been very scarcely developed, although there
are signs of emerging interests around e.g. ecosystem services approaches and other
tracks.

3) Barriers and opportunities in a transition towards a low carbon society by 2050
General existing structures that hinder transitions:
•
•
•

“Obstructing actors” – often actors that are heavily embedded in old solutions
Resistance to change due to earlier large scale investments (e.g. infrastructure)
Interest was shown towards analyzing systems “pathological feedbacks” - related to
the question why change does not happen despite all the knowledge that exists?

Current unsolved long-term challenges related e.g. to the following:
•
•

Problems emerging due to cognitive lock-in situations due to historically ‘grid-locked’
positions.
Problems with overlapping spatio-governance regimes not adjusted to the new goals of
low carbon society. This may create emerging system contradictions in policy making
between different actors and operating bodies at the regional level due to unclear, or
emerging, needs for changed system boundaries related to roles and mandates.

Framings and opportunities:
•
•
•
•
•
•

•
•

The picture about who will take the lead in a transition towards a low carbon society is
complex. Different sectors – or actors within sectors - have very different framings.
Attention was given to underlying cultural issues, including values and perceptions associated with e.g. life styles, housing and mobility, life careers and jobs, leisure, food
habits and culture, use of time, communication.
Concerns about the fate of key human values in the process of establishing a low carbon society by 2050
Social learning could be activated at several levels of society from individuals to regions and to nations.
Ways to leverage the participatory aspects were stressed
The need to consider the time sequence of efforts in transition work was highlighted.
For instance: whereas improvements in energy efficiency initially is seen as a “low
hanging fruit”, it will most probably not be sufficient as a solitary measure in the long
term. Also the time distribution of its application is not clear - especially when the low
hanging fruits already have been taken.
Transitions of ‘cognitive lock-in’ situations (based on modernist perspectives on progression) were discussed related to; people’s choice of life-styles, to local spatial designs, to social learning, as well as to issues about social equity.
There is a need for a deeper understanding of how governance mechanisms may
change in usefulness during phases of transition.
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