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Abstract:  
This thesis explores how the Planetary Boundaries (PBs), as derived from the Planetary 
Boundary Framework (PBF), and the Sustainability Principles (SPs), as derived from the 
Framework for Strategic Sustainable Development (FSSD), can be integrated. It presents 
and discusses how the PBs and SPs intersect and provide additive value, with the purpose 
to inform the development of strategic guidelines towards sustainability. Agriculture was 
used as a case context due to its significant contribution to the sustainability challenge. The 
methods include the development of a matrix, populated with agricultural contributions to 
SP violations and PB transgressions, and a series of qualitative interviews with 
sustainability experts to validate the matrix and provide further insight into how an 
integrated approach can be used in practice. Results show that intersects exist on both 
driver and impact levels, and that the matrix provides an enhanced understanding of the 
system. Researchers conclude that there are various benefits from integrating the SPs and 
PBs, including aspects such as easing communication, informing prioritisation of urgent 
issues, and the development of strategic transformation approaches. Integrating SPs and 
PBs provides an enhanced definition of sustainability, from which explicit goals, criteria 
and strategic guidelines can be developed towards solving the sustainability challenge. 
Keywords:  
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Executive summary 

Introduction  

Since the industrial revolution, socio-economic trends have altered the state and functioning 
of the Earth system and are continuing to do so, with increasingly negative consequences 
(Steffen et al. 2015a). Despite countless efforts, this sustainability challenge remains. This 
thesis explores key aspects of two frameworks addressing the sustainability challenge and 
assesses their potential for integration. The frameworks in question are the Framework for 
Strategic Sustainable Development (FSSD) and the Planetary Boundary Framework (PBF). 
To contextualise this research, agriculture is applied as a case context. Authors of the FSSD 
have developed a principle-based ‘unifying operational definition of sustainability' (Broman 
and Robèrt 2015). This definition of sustainability is bound by eight Sustainability Principles 
(SPs) including three ecological principles (SP1-3) and five social principles (SP4-8). The 
SPs offer guidance towards sustainability, but provide no explicit data on the current state or 
thresholds of the Earth system, nor whether certain issues should take priority. The PBF 
argues that there are nine planetary Earth system boundaries (PBs) that, if transgressed, push 
the Earth system into a new (unsustainable) state (Steffen et al. 2015b). The PBF has been 
embraced by many institutions but does not offer guidance as to how these transgressions can 
be avoided or reversed. Integrating the SPs and the PBs could contribute specificity to the 
systems analysis, enabling sustainability practitioners to gain a more comprehensive 
understanding of impacts, and strengthen measurable progress towards sustainability. 
Building on these synergies, a comprehensive and enhanced definition of sustainability, as 
well as strategic guidelines, may be derived from integrating the frameworks. 

Agriculture is applied as a case context due to its significant contributions to the 
sustainability challenge through an increasing demand for food by a growing and more 
affluent population (Foley et al. 2011). Globally, agriculture is responsible for the largest 
systematic, physical degradation of the biosphere (Foley et al. 2011). Many parties are 
discussing the potential for sustainable agriculture, but the absence of a clear definition of 
sustainability has been a roadblock to success (IPES-Food 2015). Various definitions of 
sustainable agriculture have been proposed but experts state that a combination of strategic 
approaches is more likely to succeed (Fischer et al. 2012). When applying the SPs to 
agriculture, practices such as chemical fertilisation, chemical pest control and deforestation 
can be identified as contributions to violations of ecological principles, whereas food 
insecurity, corruption, economic conditions, discrimination and land expropriation can form a 
structural obstacle to social sustainability (Gladek et al. 2016). When applying the PBF, the 
role of agriculture as a key driver of PB transgressions becomes apparent from looking at 
biogeochemical nitrogen (N) & phosphorus (P) cycles, land-system change, biodiversity loss 
and climate change (Steffen et al. 2015b; Foley et al. 2011).  

The primary purpose of this thesis, therefore, is to identify the intersects and additive value of 
integrating the SPs and PBs, while a secondary purpose is to develop an integrated approach 
to be used in practice. This approach may then be used to inform strategic guidelines towards 
sustainable agriculture. The primary research question is framed as follows: How do the 
Planetary Boundaries and the FSSDs Sustainability Principles intersect and provide additive 
value in the context of agriculture? The secondary research question is: How can an 
integrated approach of SPs and PBs be used in practice? Within the FSSD, the focus of this 
research is on the SPs given their explicit strength in defining sustainability. The target 
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audience for the outcome of this research includes organisations and individuals (advisors, 
scholars, and consultants) that could benefit from building increased capacity to guide a 
strategic transition towards sustainability in general and sustainable agriculture in particular.  

Methods 

The researchers applied a pragmatic qualitative research approach and collected data in two 
phases.  

In phase one, the intersects between the PBs and the SPs were identified in a matrix (PBs on 
the horizontal axis and SPs on the vertical axis), populated with global agricultural 
contributions, and categorised as drivers or impacts. A literature review informed the 
researchers' population of the matrix. Researchers collected 261 papers, of which 66 papers 
were chosen to form the bulk of the review. In the review of these articles, researchers 
assessed how agriculture drives and impacts PB transgressions as well as SP violations. 

In phase two, researchers conducted qualitative semi-structured interviews with eight 
sustainability experts, to validate the additive value of integration as identified in the matrix 
approach. The interviewees were selected based on experience with either PBF, FSSD or 
both, expertise in sustainability or sustainable development, and knowledge of agricultural 
systems. The interview questions focussed on both the intersects and the additive value of 
framework integration. The interview findings were collected through audio recording, note-
taking and verbatim transcribing. A post-interview discussion served to assess individual 
findings and determine common themes. A process of open thematic coding identified twelve 
themes, which were analysed by all researchers to increase inter-coder reliability. 

It is acknowledged that limitations such as the time constraint and limited interviewee 
diversity may have influenced the results. Data triangulation, member checking and 
collective participation in the iterative data analysis process, served to ensure a higher level 
of confidence in the results. 

Results 

In the matrix population process, researchers used agricultural contributions to identify 
intersects of PBs and SPs. Primary and secondary drivers, as well as impacts, were identified 
(e.g. greenhouse gas emissions causing climate change and ocean acidification, and the close 
overlap of SP3 and biosphere integrity). The matrix highlights the agricultural issues that 
drive PB transgressions and violate SPs, while also giving insight into the complexity of 
those issues. A majority of interviewees agreed that the matrix is a useful tool for facilitating 
understanding of the current reality and identifying key issues to prioritise. That said, the 
matrix was also found to have some limitations in terms of providing a more comprehensive 
understanding of the interlinkages between social and ecological processes. 

According to many of the interviewees, the PBs clearly prescribe current environmental 
problems, which is an additive value to the SPs. The ability to know at what level 
systematically increasing substances in the biosphere cause Earth systems to shift into 
unsustainable states, adds value to the understanding of the sustainability challenge. The PBs 
offer an addition to the SPs by indicating acuteness and urgency, ultimately aiding 
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prioritisation of ecological SP violations. The ability to conceptualise and communicate 
problematic issues has been a significant benefit from the PBs to FSSDs strategic planning 
processes. The visual representation of PBs in the ‘dashboard’ format has proven to be a 
powerful communication tool.  

In addressing the transformation towards sustainability, pragmatic and principle-based 
approaches were identified along with the suggested precautionary behaviour. Utilising the 
gap between the ‘safe operating space’ (within boundaries) and the current level of PB 
transgressions as an indication of goals and targets was identified as a pragmatic approach. 
Interviewees described how a principle-based approach is effective in order to avoid PB 
transgressions while allowing for flexibility, innovation and creativity. SPs encourage 
precautionary behaviour, shifting focus from identifying and quantifying boundaries to 
creating solutions that are inherently sustainable. During a strategic planning process, the PBs 
can inform several steps by communicating alertness and estimating the magnitude of the 
challenge. A strategic planning process towards sustainability at Polarbröd AB, a large bread 
manufacturer in Sweden, was found as an example of an integrated approach in practice. 

Discussion 

Results show that intersects and additive value exist between the ecological SPs and PBs and 
that the integrated approach contributes to an enhanced understanding of the sustainability 
challenge and offers various approaches towards transformation. The matrix population 
approach can contribute to a current reality analysis of a system such as agriculture, serving 
as a valuable baseline assessment to inform strategic planning towards sustainability. The 
integration of PBs and SPs may help to develop an enhanced definition of sustainability from 
which strategic (agricultural) guidelines can be developed. Practitioners are advised to 
integrate the capacity of the SPs to address root causes and upstream mechanisms with the 
PBs' capacity to identify current risks and issues requiring urgent attention. This integration 
contributes to the development of a timely and operational definition of sustainability. The 
attributes of pragmatic targets afforded by the PBs and the design principles dictated by the 
SPs merge to produce a more complete approach to strategic sustainable development. 

In an ideal state, adhering to the SPs would eliminate the need for PBs. However, in some of 
the cases where an Earth system has already transgressed its boundary, adhering to the SPs 
does not suffice and active measures should be taken to reverse or restore the physical 
degradation of the biosphere to a level within the safe operating space. This applies to the 
PBs for climate change and land-system change. 

To develop strategic guidelines for the transition towards sustainable agriculture, the 
integration of the SPs and PBs can assist practitioners in multiple ways. Combining the SPs 
as boundary conditions with the notion of the PBFs ‘safe operating space' form the basis for a 
timely and holistic definition of sustainability. From this definition, explicit goals, criteria, 
and strategic guidelines can be developed. A novel ‘stepwise thought process' is introduced, 
aiming to support the development of specific criteria and strategic guidelines for the 
transformation of the agricultural system towards sustainability. It can be applied at the 
organisational level as well as the regional or policy level. This stepwise thought process may 
also apply to other systems besides agriculture. 
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As a next step, the researchers recommend that the integrated approach is tested and 
validated in the field and that further exploration and research is carried out by additional 
manipulation and iterations of the matrix. Furthermore, future research may include increased 
integration of social SPs or the development of modelling software. 

Conclusion 

In conclusion, the PBs and the SPs intersect and provide additive value in the context of 
agriculture in multiple ways. The matrix population method provides a thorough 
understanding of global agriculture and therefore proves to be a powerful method of 
analysing the current reality of a system, thus informing strategic planning towards 
sustainability. The PBs provide additive communicative value to the SPs in identifying Earth 
systems at risk. This ultimately dictates urgency and thus aids in the prioritisation of 
ecological issues - attributes that are limited within the SPs. Together, the frameworks 
combine to form a more complete, holistic approach from which further progress towards 
sustainable (agricultural) development can be achieved. The application of this integrated 
approach on additional systems may further contribute to solving the sustainability challenge. 
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Glossary 

ABCD planning process: A four-step strategic planning process nested within the FSSD. It 
is used to create a vision bound by the Sustainability Principles and develop a strategic action 
plan for how to achieve this vision. 

(Ocean) Acidification: The ongoing decrease in the pH of the Earth's oceans, caused by the 
uptake of CO2 from the atmosphere. 

Aerosols: Particles of soil or liquid matter larger than a molecule but small enough to remain 
suspended in air or gas. 

Additive value: The value or benefit one framework adds to another. 

Anthropogenic: Human-induced or originating in human activity. 

Atmosphere: The layer of gases that surround the Earth and support life.  

Backcasting: An FSSD method wherein actions are created from the perspective of the 
vision for the future. 

Baseline assessment: An assessment performed during the design phase of a plan of action, 
providing information on the currently existing situation. 

Biosphere: The global ecological system integrating all living beings and their relationships, 
including their interaction with the elements of the lithosphere, geosphere, hydrosphere, and 
atmosphere. 

Biogeochemical flow: A flow that considers biological, geological, and chemical aspects. 

Blue water:  Fresh surface- and groundwater, lakes, rivers and aquifers. 

Burden of Proof: The imperative to produce the evidence that will shift the conclusion away 
from the default position to one's own position.  

Cascading effects: A sequence of events in which each produces the circumstances 
necessary for the initiation of the next, leading to an inevitable and sometimes unforeseen 
chain of events. 

Control variable: A constant and unchanging standard of comparison in scientific 
experimentation, in this case, to be able to measure the planetary boundary. 

Driver: A factor which causes a particular phenomenon to happen or develop. 

Earth system: Earth's interacting physical, chemical, and biological processes in land, 
oceans, atmosphere and poles. It includes the planet's natural cycles (e.g. carbon, water, 
nitrogen, phosphorus, sulphur) as well as all life and societies. 

Ecosystem services: Services ecosystems provide to society. These can be provisioning, 
such as the production of food and water; regulating, such as the control of climate and 
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disease; supporting, such as nutrient cycles and crop pollination; and cultural, such as 
spiritual and recreational benefits. 

Eutrophication: A form of water pollution from excessive nutrient runoff into lakes and 
rivers, encouraging the growth of algae (algal bloom) and other aquatic plants. Negative 
environmental effects include hypoxia, the depletion of oxygen in the water, which may 
cause death to aquatic animals. 

(Nitrogen) Fixation: A process in which dinitrogen (N2) in the atmosphere is converted into 
ammonia (NH3), either industrially by the Haber-Bosch process or organically through soil 
microorganisms.  

Five-Level Model: Structures key information into five different levels: ‘system level’, 
‘success level’ ‘strategic guidelines level’, ‘actions level’ and ‘tools level’. 

Funnel Metaphor: A metaphorical illustration of the systematic decline of the ecological 
and social systems' potential to support the fulfilment of human needs, in the context of 
increasing demands. 

Greenhouse gases: Atmospheric gases, primarily carbon dioxide, methane, and nitrous oxide 
restricting some heat-energy from escaping directly back into space. 

Green water: The fraction of rainfall that infiltrates into the soil and is available to plants. 

Holocene: The geological epoch that began after the Pleistocene at approximately 11,700 
years before AD 2000 and continues to the present. 

Hypoxia: Reduced oxygen content in air or a body of water detrimental to aerobic 
organisms. 

Lithosphere: The upper layer of the solid Earth, both continental and oceanic, which 
comprises all crustal rocks and the cold, mainly elastic part of the uppermost mantle. 

Monoculture: The agricultural practice of producing or growing a single crop, plant, or 
livestock species, variety, or breed in a field or farming system at a time. 

Pesticide: Substance or mixture of substances intended to control, prevent, or kill a pest, 
which includes insecticides, fungicides and herbicides. 

Precautionary principle: The precept that an action should not be taken if the consequences 
are uncertain and potentially dangerous. 

Prioritisation (as it relates to the FSSD): Process in the ABCD strategic planning tool 
within which ideas are organised based on implementation potential, impact level, cost, risk-
reduction and other factors. 

Regime shift: Large, abrupt, persistent changes in the structure and function of a system. 

Resilience: The capacity of a system to respond to a perturbation or disturbance by resisting 
damage and recovering quickly. 
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Runoff: Precipitation that flows towards the streams on the surface of the ground or within 
the ground. Frequently high in nutrients and suspended sediments, as well as toxicants. 

Safe operating space: Identified in the PBF as a space, beyond which there is an increased 
risk of irreversible and abrupt environmental change.  

(Carbon) Sequestration: The uptake and storage of carbon in a carbon sink, such as the 
oceans, forests or soils, in order to keep the carbon out of the atmosphere. 

Solar irradiance: The amount of solar radiation in watts per square metre received outside 
the Earth’s atmosphere on a surface- normal to the incident radiation, and at the Earth’s mean 
distance from the Sun. 

Stratospheric ozone: The ozone layer or ozone shield is a region of Earth's stratosphere that 
absorbs most of the Sun's ultraviolet (UV) radiation. It contains high concentrations of ozone 
(O3) in relation to other parts of the atmosphere. 

Structural obstacle: “Social constructions - political, economic and cultural - which are 
firmly established in society, upheld by those with power and, due to a variety of 
dependencies, difficult or impossible to overcome or avoid by the people exposed to them” 
(Missimer 2015, 140). 

Threshold: A point, beyond which a relatively small change or disturbance in external 
conditions may cause a rapid shift in an ecosystem.  

Tillage: The agricultural preparation of soil by mechanical agitation of various types, such as 
digging, stirring, and overturning. 

Tipping point: A situation in which an ecosystem experiences a rapid shift to a new state, 
often self-perpetuating through so-called positive feedbacks. The shift may be long-lasting, 
and hard to reverse. 

Zone of uncertainty: “This zone encapsulates (...) intrinsic uncertainties in the functioning 
of the Earth system. Beyond the zone of uncertainty suggests a much higher probability of a 
change to the functioning of the Earth system that could potentially be devastating for human 
societies.” (Steffen et al. 2015b, 2) 
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1 Introduction 

This chapter introduces the global sustainability challenge and how various frameworks are 
currently aiding sustainable development approaches. It further introduces the Framework for 
Strategic Sustainable Development (FSSD) and the Planetary Boundaries Framework (PBF) 
as the focus of this thesis. The agricultural system is presented as an appropriate case context 
within the sustainability challenge, on which an integrated approach of FSSD and PBF can be 
tested. Finally, it describes the purpose, research question and scope of this thesis. 

1.1 Sustainability Challenge 

Since the industrial revolution, socio-economic trends have altered the state and functioning 
of the Earth system and are continuing to do so with increasingly negative consequences 
(Steffen et al. 2015a). These trends include population growth, increasing levels of affluence, 
and consequently, increasing demands for resources. The consequences on the Earth system 
include forest loss, ocean acidification and global warming, threatening resource availability. 
These trends and consequences contribute to the global sustainability challenge, which can 
be understood as a combination of the increasing demand on resources by society and the 
decreasing of resource availability in the Earth systems. As this demand continues to increase 
while Earth system resources and functions continue to decrease, the sustainability challenge 
becomes increasingly urgent to address. The challenge is complex as it involves many 
interconnected social and ecological systems, actors and socio-political structures. To steer 
society towards a sustainable future, the Brundtland Commission coined the term Sustainable 
Development in the paper ‘Our Common Future’ in 1987. It is defined as: “development that 
meets the needs of the present without compromising the ability of future generations to meet 
their own needs” (Brundtland et al. 1987, 41). Although many attempts towards defining 
sustainable development have been made since then, the lack of a clear operational definition 
of sustainability is attributed to humanity's inability to solve the challenge (Johnston et al. 
2007). 

1.2 Framework for Strategic Sustainable Development 

In response to the sustainability challenge, a consensus process aiming to develop a unifying 
and operational definition of sustainability began in Sweden in the early 1990s (Robèrt 
1992). This approach became known as the FSSD. In its most recent version it includes 
features such as the ‘funnel metaphor', the Five-Level structuring model, a 4-step operational 
planning process for collectively created strategic transitions (ABCD) and a principled 
definition of sustainability ‘bound’ by eight Sustainability Principles (SPs) (Broman and 
Robèrt 2015). The ‘funnel’ is a metaphor describing how the sustainability challenge 
systematically increases over time, and that humanity can avoid ‘hitting the walls of the 
funnel’1 by moving towards to sustainability earlier rather than later, see figure 1.1 (Broman 
and Robèrt 2015). The Five Level Model aids planning in complex systems by structuring 

                                                

1 ‘Hitting the walls of the funnel’: Refers to the decreasing opportunity to live in a sustainable 
society and the associated consequential problems (i.e. increasing costs for resources, 
increasingly strict legislation). 
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and categorising key information into five different levels: ‘system level’, ‘success level’ 
‘strategic guidelines level’, ‘actions level’ and ‘tools level’. In the strategic planning process 
towards sustainability, a vision (bound by sustainability principles (see section 1.2.1)) is 
developed in step A. The current reality is acknowledged in step B, possible actions towards 
the vision are brainstormed in step C, and are prioritised in step D (Broman and Robèrt 
2015). 

 

Figure 1.1. The funnel metaphor and the ABCD-procedure of the FSSD. 
(Broman and Robèrt 2015). 

1.2.1 Sustainability principles 

Authors of the FSSD have developed a unifying operational definition of sustainability based 
on eight Sustainability Principles (SPs). These three ecological SPs (SP 1-3) and five social 
SPs (SP 4-8) are considered to be necessary, sufficient, general, concrete and non-
overlapping (Broman and Robèrt 2015). The ecological SPs describe the conditions for 
essential aspects of nature to be sustained, including assimilation capacity, purification 
capacity, food production capacity, climate regulation capacity, and diversity (Broman and 
Robèrt 2015). The social SPs, formally added to the FSSD in 2015, describe the conditions 
for social systems to be sustained, including trust between people and between people and 
societal institutions, diversity, common meaning, capacity for learning and capacity for self-
organisation (Missimer, Robèrt and Broman 2016). The SPs aim to guide organisations and 
individuals in strategically (re)designing and planning for sustainability. The SPs are utilised 
as ‘boundary conditions' for an envisioned sustainable future (Broman and Robèrt 2015). 
This principled definition is stated as follows: 

In a sustainable society, nature is not subject to systematically increasing:  
SP1) concentrations of substances extracted from the Earth's crust,  
SP2) concentrations of substances produced by society, and  
SP3) degradation by physical means.  

[Furthermore] people are not subject to structural obstacles to  
SP4) health,  
SP5) influence,  
SP6) competence,  
SP7) impartiality, and  
SP8) meaning-making (Broman and Robèrt 2015). 
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Through analysing an organisation's current violations of these principles, and strategically 
eliminating contributions to these violations, organisations can move towards sustainability 
in a ‘stepwise' process (Broman and Robèrt 2015). The SPs serve as boundary conditions for 
the system to be sustained. 

1.2.2 Limitations of the SPs  

The SPs can guide organisations towards sustainability, but do not offer information about 
the current state of the systems that are involved in that transformation. Two out of three 
ecological SPs, SP1 and SP2, describe systematically increasing substances in the biosphere 
but do not prescribe specific substances. The SPs do not provide explicit information or 
variables with regards to thresholds (a specific point, beyond which the concentration of a 
substance threatens the sustainability of a system), nor do they inform whether certain 
substances should take priority (Broman and Robèrt 2015). Furthermore, the SPs do not 
indicate whether certain ecological or social impacts differ in magnitude. 

1.3 Planetary Boundaries Framework 

In 2009 prominent Earth system scientists published the Planetary Boundaries Framework 
(PBF) in ‘Nature’ and other scientific journals (Rockström et al. 2009). The framework has 
been embraced by many leading organisations such as the United Nations High-Level Panel 
on Global Sustainability (Blomqvist, Nordhaus, and Shellenberger 2012). The framework 
describes how the Holocene is the stable state of the Earth system that can support 
civilisation, and that the ‘great acceleration’ of the past 65 years marks the beginning of a 
new geological epoch; the ‘Anthropocene’ (Steffen et al. 2015a). The authors argue that 
humanity is altering the state of the planet, and is now the major force of change in the Earth 
system (Rockström et al. 2009). These forces can be described as a ‘quadruple squeeze’: 
population growth and inequality, climate change, ecosystem loss, and the element of 
surprise or rapid tipping points (Rockström and Karlberg 2010). Anthropogenic pressures on 
Earth systems such as forest biomes, marine ecosystems and biogeochemical flows (e.g. 
carbon, nitrogen and phosphorus cycles) may drive these systems into new undesirable states 
(Rockström et al. 2009). Resilience is introduced as the capacity of the Earth system to 
persist in a Holocene-like state under changing conditions, and how transgressing certain 
boundaries could undermine this resilience. The PBF currently acknowledges nine Planetary 
Boundaries (PBs) within which humanity can operate safely, recognising that there may be 
more. 

1.3.1 Planetary Boundaries 

The 2009 publication identified the PBs as: ‘Land-use Change’, ‘Biodiversity loss’, 
‘Nitrogen (N)’ and ‘Phosphorus (P)’ levels, ‘Freshwater use’, ‘Ocean acidification’, ‘Climate 
change’, ‘Ozone depletion’, ‘Aerosol loading’, and ‘Chemical pollution’ (Rockström et al. 
2009). Authors argue that transgressing one or more of these PBs can trigger non-linear, 
abrupt environmental change within continental- to planetary-scale systems, which may be 
‘deleterious or even catastrophic’ (Rockström et al. 2009). In the 2015 update Planetary 
Boundaries: Guiding Human Development on a Changing Planet, ‘biodiversity loss’ was 
redefined as ‘biosphere integrity’ (with separate boundaries for genetic and functional 
diversity), land-use change as ‘land-system change’ and chemical pollution as ‘novel entities’ 
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(Figure 1.2) (Steffen et al. 2015b). In the same update, the authors introduced new control 
variables for some of the PBs, as well as regional boundaries for biosphere integrity, 
biogeochemical N and P flows, land-system change, and freshwater use (Steffen et al. 
2015b). Moreover, the paper identified ‘biosphere integrity’ and ‘climate change’ to be ‘core 
boundaries’; boundaries recognised to have the potential, if transgressed, to push the entire 
Earth system into a new state (Steffen et al. 2015b). Control variables beyond the boundary 
enter a ‘zone of uncertainty’, with increasing risk of tipping points and regime shifts2. 
Beyond the zone of uncertainty this risk is considered high (Figure 1.2). 

 

Figure 1.2. Planetary Boundaries ‘dashboard’ (Steffen et al. 2015b) 

1.3.2 Limitations of the PBs 

According to its authors, the PBF does not offer guidance as to how current transgressions 
can be reversed, nor how to manoeuvre within the safe operating space (Steffen et al. 2015b). 
The PBF does not integrate underlying mechanisms and causation, although it acknowledges 
that these must be addressed to legitimise a stable Earth-system state (Steffen et al. 2015b). 
The PBF in utilisation does not take the regional distribution of the impacts into account, 
which may risk neglecting other key environmental problems. Further, it contains inherent 
uncertainties such as unquantified or even unquantifiable boundaries (e.g. novel entities) 
(Lewis 2012; Blomqvist, Nordhaus, and Shellenberger 2012). 

                                                

2 Regime shifts: large, abrupt, persistent changes in the structure and function of a system. 
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1.4 Integrating SPs and PBs 

Potential synergies between the PBF and the FSSD have surfaced, suggesting that the PBs 
could be used to provide ‘urgency basis' or ‘impact guides' to the SPs, increasing insight into 
the process of prioritising problems as well as solutions (Robèrt, Broman, and Basile 2013). 
Integrating the SPs with the PBs could contribute specificity to a systems analysis, enabling a 
more comprehensive understanding of impacts. There is an apparent opportunity to use these 
frameworks to strengthen measurable progress towards sustainability, and authors of the 
paper Analysing the Concept of Planetary Boundaries from a Strategic Sustainability 
Perspective - How Does Humanity Avoid Tipping the Planet invited the development of "a 
combined research and application approach" (Robèrt, Broman, and Basile 2013). The PBs 
provide insight into the current state of the Earth system, and highlight which boundary 
transgressions should be prioritised. The SPs can provide guidance in transitioning to a state 
within the ‘safe operating space for humanity’ (Rockström 2016). Building on these potential 
synergies the researchers of this thesis inferred that the PBs and SPs complement one 
another, and that a more comprehensive and operational definition of sustainability can be 
derived from merging the frameworks. In order to develop an integrated application 
approach, utilising a specific system as a ‘case context' may enhance the usability of this 
approach. An applicable case context for this thesis should be a system that significantly 
contributes to the sustainability challenge as identified by PB transgressions and SP 
violations. Additionally, the system should be complex in nature, influenced by humans, and 
lacking a clear definition of sustainability. Therefore, the researchers identified global 
agriculture as an applicable system. 

1.5 Agriculture as a case context 

Agriculture is an example of a system widely contributing to the sustainability challenge 
through an increasing demand for food and decreasing resource availability for growing and 
producing food (Foley et al. 2011). This section will present a variety of critical aspects in 
relation to how agriculture contributes to the sustainability challenge and thus why it is an 
appropriate case context for the research presented in this thesis.  

Globally, the human population is predicted to increase from 7.3 billion today to 
approximately 9.7 billion by 2050 (United Nations 2015). Simultaneously, increasing 
affluence will increase the demand for more land-intensive diets (Alexander et al. 2015). 
These trends will have significant implications for the global food system. Experts predict 
that a 70-100% increase in global food production is required by 2050 in order to feed all of 
humanity (Godfray et al. 2010). While such a dramatic increase in food production is 
required to support the predicted global population and affluence growth, its environmental 
impact is likely to undermine vital ecosystem services in the future (Asner et al. 2005).  

The environmental impacts of agriculture are predominantly caused by 1) cropland and 
pasture expansion and 2) intensification. Globally, agriculture is responsible for the largest 
conversion of natural ecosystems to cropland and pasture, thus the physical degradation of 
the biosphere (Foley et al. 2005). In many areas, agricultural expansion has caused native 
species’ displacement and further contributed to the extinction of numerous species (Phillpot 
et al. 2008). Significant biodiversity loss disturbs fragile and intricate food chains and has 
cascading negative effects on ecosystem services (Diaz et al. 2006). Intensification has 
dramatically increased demands on irrigation, pesticide use and fertilisation, negatively 
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impacting groundwater quality (Matson et al. 1997). Approximately 70% of global human 
water use is consumed by agriculture (FAO AQUASTAT 2016). Irrigation routinely causes 
large rivers in semi-arid regions to dry up (Foley et al. 2005). Fertiliser and pesticide use, 
although contributing to increasing yield, has resulted in increased fertiliser runoff and 
accumulation in environmental reservoirs (Galloway and Cowling 2002). Production of meat 
and dairy is currently responsible for 70% of global greenhouse gas (GHG) emissions from 
agriculture (IPCC 2014). These emissions are expected to double by 2050, primarily driven 
by an increasing demand for meat-based protein in the expanding middle classes of low and 
middle-income countries, ultimately leading to increased global warming (Caro et al. 2014).  

Besides the impacts on the biosphere, the agricultural system also impacts society through 
pressures on aspects such as food security and health. Most regions in the world have 
sufficient access to food; however, people in areas such as India and Sub-Saharan Africa 
continue to suffer from undernourishment (Moomaw et al. 2012). Additionally, an estimated 
31% of food globally (by mass) is wasted rather than consumed (Gustavsson et al. 2011). 

Therefore, it is overtly apparent that, as agroecology expert Pablo Tittonell eloquently states: 
“[...] the current model of agricultural intensification is not sustainable (socially and 
thermodynamically), it is neither ecological nor eco-efficient, it is ineffective at feeding the 
world, it is harmful for the environment and contributes to biodiversity loss” (Tittonell 
2014a, 54). 

1.6 Current approaches towards sustainable agriculture 

The impact of agriculture on the Earth systems as well as potential transformation approaches 
towards sustainable agriculture are discussed at many levels, from the grassroots level (e.g. 
permaculture) to academic (e.g. the Food Climate Research Network, FCRN) as well as at 
the policy level, (e.g. the United Nations Food and Agriculture Organisation (FAO) and the 
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES)). The 
discussions often involve various descriptions and interpretations of the definition of 
sustainable agriculture. In the article Solutions for a cultivated planet the authors argue for a 
goal based approach, where solutions for the challenges should follow four core strategies; 1) 
stop expanding agriculture, 2) close yield gaps, 3) increase agricultural resource efficiency 
and 4) increase food delivery by shifting diets and reducing waste (Foley et al. 2011). 
According to other experts, approaches to transition towards sustainable agriculture must be 
based on a definition of sustainability at the ‘appropriate scale and dimension’ (IPES-Food 
2015). Due to the diversity involved in the debate on sustainable agriculture, arriving at a 
precise and operational definition of sustainable agriculture has been ‘extremely problematic’ 
(Rigby and Cáceres 2001). Current definitions vary greatly and are primarily goal-oriented, 
contributing to the confusion due to the multitude of interpretations of these goals (Velten et 
al. 2015). 

The urgent need to make the agricultural system more sustainable has inspired diverse 
approaches ranging from bottom-up movements such as organic agriculture and 
permaculture, to academic approaches such as agroecology and top-down policy strategies 
such as ‘climate smart agriculture’ and ‘sustainable intensification’ (SI). The potential of 
these approaches to combat the various challenges is widely debated. Some experts state that 
current growth of organic agriculture and agroecology are examples of positive trends 
(Reganold and Wachter 2016). However, some critics question whether organic agriculture 
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can feed the world sustainably (Seufert, Ramankutty, and Foley 2012). At the policy level 
initiatives primarily focus on SI, maximizing yield with minimum resources (Godfray et al. 
2010). Critics argue that SI neglects to take a whole systems approach (IPES-Food 2015). 
The blurred boundaries between ecological, sustainable, and agro-ecological intensification 
have led to confusion, and more precise definitions are needed (Wezel et al. 2015). Experts 
have stated that no single solution will do and that a combination of approaches is more 
likely to succeed in the transition towards sustainable agriculture (Fischer et al. 2012). 

These discussions highlight some of the diversity in current approaches and the relevance for 
introducing more strategic approaches to guide practitioners towards sustainable agriculture 
(Ponisio et al. 2016). To summarize, it can be stated that there is a need for a clear 
operational definition of sustainable agriculture, as well as an integrated transformation 
approach. Agriculture, therefore, appears to be a relevant and applicable case context for the 
development of such a definition and approach, utilising the FSSD and PBF. An integrated 
approach will allow pragmatic collaboration between multiple approaches in transitioning 
towards a sustainable agricultural system that is capable of meeting society’s needs without 
undermining the ability to do so in the future. 

1.6.1 Agriculture and Sustainability Principles 

As is common in the FSSD, a system can be analysed by using the SPs. The following 
presents a simplified example of how this would apply on agriculture. When applying the 
SPs to agriculture, the ‘substances’ referred to in SP1 and SP2 may be identified as fertilisers 
and pesticides, and the physical degradation (SP3) as deforestation and soil degradation 
(Foley et al. 2011). Common fertilisers such as phosphorus (P) and potassium are mined from 
the lithosphere (contributing to a systematic increase into the biosphere, violating SP1) 
(Bouwman, Beusen, and Billen 2009). N fertiliser is produced by society industrially 
(contributing to a systematic increase in the biosphere, violating SP2) (Bouwman, Beusen, 
and Billen 2009). The conversion of original forest cover to cropland involves deforestation, 
and farming practices, such as tillage, which contribute to soil degradation (contributing to 
the systematic physical degradation of the biosphere, violating SP3) (Foley et al. 2011). 
Inadequate availability of food (or food insecurity) is an example of a structural obstacle to 
health (SP4) if resulting from the social system (i.e. apparent corruption in the political 
system) (Gladek et al. 2016). Similarly, if farm workers are for example not allowed to 
unionise, this can be understood as a structural obstacle to influence (SP5) (Gladek et al. 
2016). Farm workers in developing countries are often unable to build their competence 
because of structural obstacles such as economic conditions limiting access to education 
(SP6), and minorities are often subject to discrimination and not treated impartially (SP7) 
(Gladek et al. 2016). Lastly, the increase in land expropriation (‘land grabbing’) is a 
structural obstacle for subsistence farmers to make meaning on their land (SP8) (Gladek et al. 
2016). 

The application of SPs on agriculture above show only a few primary examples; multiple 
iterations of applying SPs may surface additional and more subtle violations. Due to the 
complexity of systems such as agriculture, it may not always be obvious to which SP a given 
issue should primarily be linked. For example, the oxidation of tilled soils produces CO2 
emissions, which is contributing to climate change. Even though the tillage is physical 
(violating SP3), since this CO2 is released from the biosphere (soil organic carbon) by 
society, this can also be linked to SP2. The process of mapping SP violations of complex 
systems may require extensive knowledge of both the system in question as well as the SPs. 
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1.6.2 Agriculture and Planetary Boundaries 

From an initial review of the PBF, the role of agriculture as a key driver of PB transgressions 
becomes apparent. In the following sections, some examples of how agriculture has 
contributed to the transgression of PBs are introduced. This list is limited to contain only 
those four PBs that are in or beyond the zone of uncertainty. 

Biogeochemical flows: (N and P cycles). Current biogeochemical flows of N and P are 
beyond the zone of uncertainty with high risks of serious impact (Steffen et al. 2015b). For 
example, global P flow from freshwater systems into oceans (22 Tera grams (Tg) per year) 
and regional P flow from fertilisers to erodible (agricultural) soils (14 Tg per year) have 
transgressed the proposed boundaries of 11 Tg P per year (global) and 6.2 Tg per year 
(regional)3 (Steffen et al. 2015b). Biogeochemical N and P transgressions are primarily 
driven by fertilisation in agriculture (Steffen et al. 2015b). The use of N and P fertilisers have 
contributed to a significant increase in yields; however, the negative impacts of fertiliser 
runoff include groundwater pollution, loss of habitats and biodiversity, an increase in 
frequency and severity of harmful algal blooms, eutrophication, hypoxia and fish kills 
(Bouwman, Beusen, and Billen 2009). 

Land-system change. Land-system change is in a zone of uncertainty with increasing risk 
(Steffen et al. 2015b). This is measured as the current area of forested land against the 
percentage of original forest cover, with a proposed global boundary at 75%, and current 
value at 62%. The main driver for land-system change is agriculture (Goldewijk 2001). The 
conversion of forested land to cropland has contributed to increased agricultural production, 
but the negative impacts such as biodiversity loss, increased GHG emissions and altered 
water vapour and river flows threaten continued production (Newbold et al. 2015; Foley et al. 
2005).  

Biosphere integrity (genetic and functional diversity). Genetic diversity is measured as the 
rate of species extinction with a proposed boundary of fewer than 10 extinctions per million 
species per year (E/MSY), but with an aspirational goal of 1 E/MSY (the pre-industrial rate 
of species loss). The current value is 100–1000 E/MSY. The control variable for functional 
diversity (Biodiversity Intactness Index or BII) has not yet been developed for global use. 
The conversion of vital habitats to cropland is the main driver for biodiversity loss (Mace et 
al. 2014). If the current trend of biodiversity loss continues, the planet could face its sixth 
large extinction event (Brook, Sodhi, and Bradshaw 2008). Even though the exact negative 
impacts of biodiversity loss on societies are still uncertain, research suggests that plant 
production and decomposition could be negatively affected, altering carbon and water cycles 
(Hooper et al. 2012). 

Climate change. Climate change is becoming an increasingly well-known and publicly 
acknowledged issue. Countries that attended the 2015 COP21 conference in Paris committed 
to keep global mean temperature rise below two degrees Celsius (UNFCC 2016). Global 
mean temperature rise is driven by climate change, which is caused by GHG emissions from 
society. The control variable for this boundary is widely agreed upon as the atmospheric CO  
concentration in parts per million (ppm) as well as energy imbalance at the top of the 
atmosphere in Watt (W) per square meter (m2) with boundaries set at 350 ppm CO2 and +1.0 
                                                

3 The P boundary is a global average, but the regional distribution is critical for impacts 
(Steffen et al. 2015b). 
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W m2 respectively. Current levels of CO2 are 404 ppm (March 2016) (Dlugokencky and Tans 
2016). Agriculture, forestry and other land use contribute 24% of global GHG emissions, 
almost equivalent to all global electricity and heat production (25%) (IPCC 2014). The 
impacts of climate change are likely to influence agriculture negatively, primarily through 
declining crop yields due to unpredictable weather conditions such as severe droughts, 
consequently threatening food security (IPCC 2014). It must, however, also be noted that 
agriculture may benefit from increased carbon in the atmosphere (enhancing photosynthesis) 
and has significant climate change mitigation potential (Smith et al. 2014). The Rodale 
Institute published a white paper in 2014 claiming that regenerative organic agriculture is the 
"down-to-earth solution to global warming", and the 2013 United Nations Conference on 
Trade and Development Report Wake up before it is too late, outlines the urgency to focus on 
sustainable agriculture as a solution for both climate change mitigation and food security 
(Rodale Institute 2014; UNCTAD 2013). 

1.7 Purpose 

The primary purpose of this thesis is to develop an integrated approach utilising the intersects 
and additive value of the SPs and PBs. In other words, how they overlap and complement one 
another. The secondary purpose is to identify how such an integrated approach of SPs and 
PBs can be used in practice to inform the development of strategic guidelines, for example, 
towards sustainable agriculture. 

1.8 Research questions 

The research builds upon an invitation for further research (Robèrt, Broman, and Basile 
2013). The research questions are based on this invitation and are constructed as follows: 

Primary Research Question: How do the Planetary Boundaries and the FSSDs 
Sustainability Principles intersect and provide additive value in the context of agriculture? 

Secondary Research Question: How can an integrated approach of the SPs and PBs be used 
in practice? 

1.9 Scope and intended audience 

Researchers decided to primarily focus on the SPs within the FSSD given the principles’ 
explicit strength in dictating sustainability and their function as ‘boundary conditions’. The 
area of intersection between the SPs, PBs, and agriculture, as illustrated in figure 1.3 
articulates the scope of the thesis. 



10 

 

Figure 1.3. Scope of research 
 

The primary target audience for this thesis are organisations and individuals that could 
benefit from capacity building to guide strategic transitions towards sustainability. In 
particular, this paper intends to support and inform FSSD and PBF practitioners (policy 
makers, advisors, critics, scholars and consultants) interested in a novel approach, utilising 
the frameworks in conjunction. This audience could use the integrated approach to develop 
strategic goals, metrics, criteria and indicators in strategic planning processes. Particularly, 
this thesis can serve practitioners with an agenda towards sustainable agriculture.
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2 Methods 
This chapter introduces the methods that were utilised to answer the research questions. The 
researchers applied a pragmatic qualitative research approach, utilising any method or 
combination of methods that would help answer the research questions (Sandelowski 2000). 
A theoretical integration of the PBs and the SPs has previously been attempted by Robèrt, 
Broman, and Basile in 2013. This thesis is acknowledged by the researchers as a next step in 
the development of theory on integrating SPs and PBs (Sutton and Staw 1995; Weick 1995). 
The research to develop the integrated approach is of an emergent nature and the discussions 
can be described as novel. The research was conducted in two phases. Phase one included the 
development and population of a PBs versus SPs matrix as an initial attempt to combine the 
two frameworks and assess how they intersect. Phase two included the process of validation 
and further exploration of the topic through a series of qualitative semi-structured interviews 
with experts. 

2.1 Phase one - matrix development and contextual analysis   

As the initial method, the researchers developed a matrix with the PBs on the horizontal axis 
and the SPs on the vertical axis (see Table 2.1). This method aimed to identify and map how 
the PBs and SPs intersect through utilising global agriculture as a case context. The decision 
to map intersects in a matrix format was rooted in the assumption that it would provide the 
researchers with a relatively simple format to identify, test, and qualify the assumed 
intersects between PBs and SPs. Furthermore, the format of the matrix was chosen with the 
intention of providing researchers with an internal map to guide further research and inform 
interview questions, as well as constituting a document that could be distributed externally 
among experts in the field for further qualification and feedback. Lastly, the matrix was 
intended to provide clarity and overview of the intersects to the researchers, and serve as a 
dynamic reference point throughout the research process, which could be updated 
accordingly with additional findings. 

Table 2.1. Sample of the matrix 
 SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 

Biogeochemical N and P flows         

Genetic diversity (biosphere integrity)         

Functional diversity (biosphere integrity)         

Land-system change         

Climate change         

Ocean acidification         

Freshwater use         

Novel entities         

Stratospheric ozone depletion         

Atmospheric aerosol loading         
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2.1.1 Populating the matrix 

An extensive literature review informed the researchers’ population of the matrix, thus 
identifying how the PBs and SPs intersect. Besides contributing to answering the primary 
research question, the matrix was used to provide insight into the current drivers and impacts 
of global agriculture on the biosphere and society. 

The scope of the agricultural system analysed in the matrix included the global land-based 
production of food, fibre, biofuel and animal feed on both cropland and pasture. It excluded 
marine catch and aquaculture production, other stages of the food system (distribution, 
packaging, retail, consumption, waste) and socio-political issues related to agriculture (e.g., 
food insecurity and malnutrition).  

The cells were initially populated with data collected from the researcher’s knowledge of the 
agricultural system. This data was validated through a review of scientific papers. These 
papers were collected through keyword searches and referral sampling on online databases 
including, but not limited to, ScienceDirect, Scopus and Google Scholar. ScienceDirect was 
chosen because it contains 493 journals on the subjects of agricultural, biological and 
environmental science, and Scopus was chosen because it is the largest abstract and citation 
database of peer-reviewed literature. Primary keyword searches were ‘planetary boundaries’, 
‘strategic sustainable development’, ‘sustainable agriculture’, ‘sustainability’ and 
‘agriculture’ or combinations thereof. To validate agriculture’s role in the transgressions of 
PBs as well as SP violations, specific keywords such as ‘nitrogen’, ‘phosphorus’, ‘land-
system-change’ or ‘land-use-change’, ’biodiversity loss’ and ‘climate change’ were used. The 
researchers eventually collected a total of 261 papers. After an initial filtering process, 66 
papers were selected to form the bulk of the literature review. In the filtering process, the 
majority of reviewed papers that were ultimately excluded from the research, were dismissed 
by the researchers as a result of not containing applicable or new information or having a low 
citation rate. In acknowledgement of sustainability science's rapid progress and to ensure a 
relatively up to date foundation of data, the researchers decided only to include articles 
published from 2005 onwards, unless no papers from the specified timeframe were able to 
provide the sufficient data necessary for the analysis. Furthermore, peer-reviewed articles 
presenting global data were prioritised, with a preference on meta-studies and frequently 
cited scientific papers to strengthen the validity of the findings further. The articles that were 
selected and qualified through this process carried either a strong emphasis on agriculture in 
relation to sustainability or were articles assessing one or both frameworks (PBF/PBs or 
FSSD/SPs) or aspects thereof.   

In the review of these articles, researchers identified two key focus areas for assessment. 1) 
How agriculture is currently related to the sustainability challenge and in turn how it impacts 
PB transgressions or SP violations. 2) In the articles on PBF/PBs and FSSD/SPs, the 
researchers searched for areas where the frameworks intersect and any potential for 
integration.  

In each cell of the matrix, researchers identified areas where agriculture intersects with both 
PBs and SPs, and in what way. For example, how the current global biogeochemical flow of 
nitrogen transgresses a PB, violates SP2, and is primarily driven by agricultural demand for 
fertilisers (further elaborated in section 3.1.1). 
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2.2 Phase two - interviews 

Researchers conducted eight semi-structured, qualitative interviews with various experts 
from the fields in question, each approximately one hour in length (Table 2.2). The purpose 
of the interviews was twofold. 1) To validate the populated matrix, test its usability, and 
receive general feedback on the approach. 2) To identify and contextualise how the 
frameworks intersect in general, in addition to how and where the potential for additive value 
occurs. This interview method was deemed most appropriate to gather data from experts, as it 
provided researchers with access to deeper understanding and insights (Bryman 2012). The 
method provided the opportunity to tap into interviewees’ specific experience, when relevant 
to the topic at hand. Furthermore, as the analysis and exploration of intersects between PBs 
and SPs can be categorised as a novel research area with limited data and knowledge present 
in the field, quantitative data collection was likely to be inefficient and subject to 
questionable sample validity. 

2.2.1 Selection and sampling 

The interviewees were selected based on meeting a minimum two of the following criteria; 1) 
experience with either PBF, FSSD or both, 2) expertise in sustainability or sustainable 
development and 3) knowledge of agricultural systems, as displayed in Table 2.2. Given the 
limited number of people that with expertise in the scope being researched (figure 1.3), 
researchers employed purposive sampling when selecting interviewees, to better focus on 
answering the research questions (Barbour 2001). The initial plan was to conduct ten 
interviews. However, the number of interviews was reduced to eight due to interviewee 
availability.  

Table 2.2. List of interviewees 
Name Position FSSD PBF SD* AG* 

Göran 
Broman 

Professor, Department of Strategic Sustainable Development, 
BTH, Sweden     

Sarah 
Cornell 

Research coordinator, Planetary Boundaries, Stockholm 
Resilience Centre, Sweden     

Bryan 
Gilvesy  

Sustainability speaker, Farmer and Owner of YU Ranch in 
Tillsonburg, Ontario, Canada     

Cindy  
Kite 

Market Analyst and Sustainability Planning, Polarbröd AB, 
Sweden     

Pernilla 
Malmer 

Senior Advisor, Agriculture and Biodiversity at the Stockholm 
Resilience Centre, Sweden     

Merlina 
Missimer 

Program Director, Department of Strategic Sustainable 
Development, BTH, Sweden     

Karl-Henrik 
Robèrt 

Founder & Senior Advisor, The Natural Step, Sweden     
Camilla 
Välimaa 

Senior Advisor, The Natural Step, Sweden     

* SD = Sustainable Development, AG = Agriculture 
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2.2.2 Interview protocol  

In alignment with the purpose of the interviews, the questions focussed on the additive value 
of integration, in order to answer the research questions. Those interviewees with knowledge 
of the FSSD were asked to respond to and provide feedback to the findings presented in the 
matrix. In addition, they were asked questions about their use of each framework in practice 
as well as possible opportunities and benefits of integrating the frameworks. Each interview 
consisted of a series of approximately ten, comparative and evaluative questions (Appendix 
A). The semi-structured interview format accommodated researchers’ ability to pose 
additional questions when appropriate, in order to further strengthen and qualify the output of 
each interview (Bryman 2012). Similarly, questions were omitted when deemed irrelevant or 
redundant. During each interview, data was collected through note-taking and audio 
recording. The audio recordings of each interview were distributed among team members 
(two to three per team member) and transcribed verbatim. This allowed the researchers to 
revisit and analyse the data in full at a later stage, as well as accommodate correct citation 
and referencing in the writing process. At least two researchers were present for seven out of 
eight of the interviews. One researcher maintained the role of interviewer while the other(s) 
noted what was said by both interviewer and interviewee. 

2.3 Data analysis and interpretation 

The thematic analysis of the matrix data was carried out by all researchers collectively and 
included iterative loops of individual observation and reflection on findings, followed by 
plenary discussions (Braun and Clarke 2006; Whittemore, Chase, and Mandle 2001). From 
these individual reflections and discussions, key insights on both content and usability of the 
matrix were recorded. Based on these reflections and discussions, the researchers developed 
an initial understanding of how the matrix could inform strategic sustainable development by 
using agriculture as a case context. This understanding was then brought forward and 
validated through the interviews. Feedback from interviewees included insights into new 
intersects and connections, gaps and limitations in the matrix, as well as recommendations 
and feedback in terms of how and when the matrix approach is appropriate to use. 

Following each interview, at least two team members separately assessed their interpretation 
of the outcomes and identified key themes from the interview, in order to ensure inter-coder 
reliability. A post-interview discussion including all researchers served to assess individual 
findings and identify common themes. The scribe summarised their findings and contributed 
to the post-interview discussion. Initially, the data was openly coded to identify main themes. 
This process was followed by a round of a priori coding based on these themes (Saldana 
2012). Researchers focussed on attributes generating additive value in integrating the PBs 
and SPs. The researchers’ stepwise coding and thematic analysis process was executed as 
follows.  

1) Each researcher individually analysed all transcribed interviews and noted themes 
(open coding).  

2) Researchers collectively shared and discussed individual findings to map 
commonly identified themes in a coding comparison matrix (Appendix B) for further 
qualification based on the following three criteria:  
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A) Themes identified by all researchers were added to a coding comparison 
matrix.  

B) Themes identified by two researchers were added to the coding comparison 
matrix unless opposed, in which case they were discussed before being added 
or discarded. 

C) Themes identified by a single researcher were discussed before being added 
to the coding comparison matrix or discarded.  

As a result of this step, 12 themes were added to the coding comparison matrix 
(Appendix B).  

3) Each researcher went through a second round of a priori coding and analysis of all 
transcribed interviews in depth, to qualify the themes in the coding comparison matrix 
as well as extract any relevant quotes and statements. These were then placed in the 
coding comparison matrix under interviewee name and in relation to statement’s 
specific relevance to a given theme. 

4) A collective discussion among researchers followed in order to clarify and resolve 
any inconsistencies and assess the populated coding comparison matrix.  

5) Researchers collectively clustered and merged overlapping themes to provide 
clarity and eliminate any redundancies.  

As a result of this process, the 12 initial themes were condensed to form seven key themes 
(see section 3.2), identified by researchers in relation to how they provide additive value in 
the integration of PBs and SPs. By maintaining full collective participation and involvement 
in the data analysis and discussions thereof, the researchers could ensure limited individual 
biases and therefore a higher level of confidence in the results (Whittemore, Chase, and 
Mandle 2001). 

2.4 Limitations 

The researchers were trained in the FSSD, but initially only had limited familiarity with the 
PBF. This may have influenced the researcher’s understanding of the research focus area. 
Additionally, the researchers acknowledge that they all carry an inherently Western 
perspective due to their roots in North America (Canada) and Northern Europe (Denmark and 
The Netherlands). A further limitation may be that not all agricultural issues have been 
captured in the contextual analysis. The researchers recognise that the interviewees have 
similar backgrounds (mostly Sweden-based scholars and sustainability consultants), thus 
potentially limiting diverse and critical perspectives. It is acknowledged that the theoretical 
contribution made by this thesis has yet to be tested and validated externally. 

2.5 Validity 

To level their understanding of the frameworks, the researchers studied the online course 
material from the Planetary Boundaries and Human Opportunities course provided by the 
Sustainable Development Solutions Network education platform (SDSNedu). This included a 
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literature review of articles discussing the PBF as well as a series of 45 video lectures from 
key researchers at the Stockholm Resilience Centre (SRC). This significantly strengthened 
researchers’ capacity to assess both frameworks from a relatively equal intellectual level of 
understanding. 

The researchers have attempted to strengthen validity by triangulating data from the literature 
review, matrix, interviews, and course material from the FSSD as well as the PBF 
(Whittemore, Chase, and Mandle 2001). This was done in an attempt to minimise the risk of 
any systematic biases held by the researchers as well as the field (Caelli, Ray, and Mill 
2003). The statements and quotes from interviewees presented in chapter 3, underwent 
member-checking after being subject to researchers’ analysis and interpretation. In this 
process, seven out of eight interviewees have confirmed researchers’ interpretation of the 
interview data, as well as provided feedback and corrections where necessary and 
appropriate. 

In order to ensure relevant and appropriate data, the interviewees were specifically chosen 
based on expertise with, or knowledge of the PBF and FSSD, as well as practical experience 
in using these frameworks. Furthermore, three interviewees have been directly involved in 
developing either the PBF or FSSD, thus contributed with essential inputs in terms of the 
intention and theoretical foundation behind the frameworks.  
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3 Results 
The following section presents the findings as they relate to the research questions. Initially, 
the agricultural intersects of PBs and SPs, as identified through the matrix population and 
literature review process, are examined. Secondly, the themes identified based on the 
interviews with experts from the field, form the basis for identifying additive values of the 
frameworks. Lastly, an example from the field is provided as an attempt to illustrate how an 
integrated approach could be used in the context of agriculture. 

3.1 Intersects between PBs and SPs 

This section explores the key findings from the matrix. First, the results from populating the 
matrix are shown, followed by an explanation of the matrix feedback received from 
interviewees. The initial matrix that was developed by the researchers can be found in 
Appendix C. This was the version shared with interviewees. The feedback gathered from the 
interviews informed several alterations to ultimately produce the matrix as presented in Table 
3.1. 

3.1.1 Matrix data 

Table 3.1 illustrates the intersects between PBs and the ecological SPs when applying 
agriculture as a case context. Social SPs proved inapplicable to relate directly to the PBs in 
the context of agriculture and thus were removed from the matrix (see section 3.1.3 for 
further explanation). PBs (far left column) shown in red and yellow have been transgressed, 
whereas PBs in green are within the ‘safe operating space'. PBs in white have not yet been 
quantified. Cells within the matrix contain the SP violation(s) contributing to the row's 
specific Earth system boundary. Cells contain examples of agricultural issues that are 
identified as either ‘drivers' or ‘impacts' of SP violations or PB transgressions. Drivers 
describe the first point of intersect where a particular SP violation directly leads to, or 
‘drives’, the transgression of a PB and therefore indicates where to intervene in order to avoid 
further transgressions. Primary (PRM) drivers refer to key and severe transgressions and 
violations while secondary (SEC) drivers refer to simultaneously occurring minor drivers of a 
less direct nature. ‘Impacts’ describe the downstream effects, and subsequent violations, of 
the primary intersection or driver. For instance, where the violation of one SP, or the 
transgression of one PB, subsequently causes the violation or transgression of another SP or 
PB respectively. These intersects (primary and secondary where applicable) will be further 
explained in the respective boundary subsections. It is noted that not all agricultural issues 
may have been captured in this analysis. 
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Table 3.1. Matrix of intersects 
 Systematic increase of 

concentrations of 
substances extracted from 
the Earth's crust - SP1 

Systematic increase of 
concentrations of 
substances produced by 
society - SP2 

Systematic degradation of 
the biosphere by physical 
means - SP3 

Biogeochemical N 
(fixation of 62 Tg N per 
year) 

 DRIVER: Application of 
industrially and 
biologically fixed N 
fertiliser (80% by 
agriculture globally) 

IMPACT: Eutrophication 
leading to marine 
degradation (caused by N 
flows in rivers) 

Biogeochemical P  
(11 Tg P flow from 
freshwater into the ocean) 

PRM DRIVER: 
Application of mined P as 
fertiliser on soils 

SEC DRIVER: 
Application of P from 
manure and bio solids on 
soils 

IMPACT: Eutrophication 
leading to marine 
degradation (caused by P 
flows in rivers) 

Genetic diversity 
(Extinction rate < 10 
E/MSY) 

 SEC DRIVER: Fertiliser 
and pesticide application 
on plants and soil 

PRM DRIVER: Land-
system change (primary 
driver), overgrazing, 
pollution, monoculture, 
tillage, compaction, 
irrigation 
IMPACT: Biodiversity 
loss 

Functional diversity 

Land-system change 
(75% of original forest 
cover) 

 SEC DRIVER: CO2 
emissions from conversion 
(12% of global GHG 
emissions from 
deforestation and other 
land use) 

PRM DRIVER: Land 
conversion for cropland 
expansion (agriculture). 
IMPACT: habitat 
fragmentation, loss of 
biodiversity 

Climate change (350 ppm 
CO2 in the atmosphere) 

SEC DRIVER: Fossil 
fuels use on farm (i.e., 
machinery) (1-1.2% of 
global GHG emissions) 

PRM DRIVER: N2O from 
practices, CH4 from 
livestock (10-12% of 
global GHG emissions 
from agriculture) 

IMPACT: Climate change 
degrades ecosystem 
diversity and resilience, 
increases extreme weather 
events 

Ocean acidification 
(≥80% of pre-industrial 
aragonite saturation) 

 DRIVER: CO2 emissions 
into the atmosphere 

IMPACT: Loss of marine 
species such as coral reefs 

Freshwater use (4000 
km3 blue water use per 
year) 

  DRIVER: Irrigation 
IMPACT: Alters blue and 
green water cycles (70% 
of blue water is consumed 
by agriculture) 

Novel entities  DRIVER: Application of 
pesticides, introduction of 
GMOs, nanoparticles, 
POPs 

IMPACT: Biodiversity 
loss (functional and 
genetic) through toxicity 
and chemical pollutants 

Stratospheric ozone 
depletion (stratospheric 
O3 concentration) 

 DRIVER: Ozone-
depleting substances from 
agriculture such as CFCs 

IMPACT: Increasing 
Ultraviolet B radiation 
endangering ecosystems  

Atmospheric aerosol 
loading (Aerosol Optical 
Depth, regional variation) 

DRIVER: aerosol 
emissions from fossil fuels 

DRIVER: aerosol 
emissions from 
agricultural waste & 
biomass burning 

IMPACT: Extreme 
weather events and 
reduction in the solar 
irradiance is damaging 
cropland and biosphere 
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Biogeochemical N flows (Table 3.2). The industrial Haber-Bosch process converts 
atmospheric dinitrogen (N2) to ammonia (NH3), of which 80% is sold as fertiliser for 
agriculture (Gruber and Galloway 2008). Since this process involves the production and 
application of a substance which is currently systematically increasing in the biosphere, the 
intersection is with SP2 at the driver level (at the point of application to soils). Impacts as a 
result of N concentrations beyond the PB include eutrophication of terrestrial and marine 
ecosystems. This leads to hypoxic conditions in coastal oceans, acidification of soils and 
freshwaters, contamination of groundwater by nitrate (NO3), the formation of N2O 
(contributing to climate change as a potent GHG), and air pollution (de Vries et al. 2013). 
These impacts are categorised as violations of SP3, driven by a violation of SP2.  

Table 3.2. PB Biogeochemical N vs. ecological SPs 
 SP1 SP2 SP3 

Biogeochemical N 
(fixation of 62 Tg N per 
year) 

 DRIVER: Application of 
industrially and 
biologically fixed N 
fertiliser (80% by 
agriculture globally) 

IMPACT: Eutrophication 
leading to marine 
degradation (caused by N 
flows in rivers) 

 

Biogeochemical P flows (Table 3.3). Phosphorus (P) is mined from phosphate rock to 
produce fertiliser for agriculture (Mackenzie, Ver, and Lerman 2002). When applied to 
agricultural soils it systematically increases in the biosphere; hence, the primary driver 
intersects with SP1. Runoff of P from agricultural soils into groundwater and rivers leads to 
groundwater pollution, eutrophication, hypoxia, fish kills, and loss of habitats and 
biodiversity (Bouwman, Beusen, and Billen 2009). Similar to N, these impacts are 
categorised as violations of SP3 driven by the primary driver violation of SP1. 

Table 3.3. PB Biogeochemical P vs. ecological SPs 
 SP1 SP2 SP3 

Biogeochemical P  
(11 Tg P flow from 
freshwater into the ocean) 

PRM DRIVER: 
Application of mined P as 
fertiliser on soils 

SEC DRIVER: 
Application of P from 
manure and bio solids on 
soils 

IMPACT: Eutrophication 
leading to marine 
degradation (caused by P 
flows in rivers) 

 

Biosphere integrity (genetic diversity) (Table 3.4). Land-system change for agricultural 
purposes has been identified as the primary driver of biodiversity loss (Newbold et al. 2015; 
Mace et al. 2014). Whenever land-systems are systematically degraded in the process of 
conversion or cultivation, this boundary has a primary driver intersection with SP3. 
Simultaneously, farming practices such as monoculture, overgrazing, pesticide use, and 
tillage, continue to reduce biodiversity after conversion (Gladek et al. 2016; Kissinger, 
Herold, and De Sy 2012; Benton, Vickery, and Wilson 2003). Therefore, a secondary driver 
intersection occurs with SP2, in the case of systematically increasing novel chemical toxins 
and pollutants such as pesticides (Rorije 2011; Scheringer et al. 2012). Intersections take 
place at both the impact and the driver level, since degradation of the biosphere is most often 
measured in genetic diversity (Mace et al. 2014). Researchers identified a strong intersect 
between SP3 and ‘biosphere integrity’, as the integrity of the biosphere is directly related to 
its physical degradation. 
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Table 3.4. PB Genetic diversity vs. ecological SPs 
 SP1 SP2 SP3 

Genetic diversity 
(Extinction rate < 10 
E/MSY) 

 SEC DRIVER: Fertiliser 
and pesticide application 
on plants and soil 

PRM DRIVER: Land-
system change (primary 
driver), overgrazing, 
pollution, monoculture, 
tillage, compaction, 
irrigation 
IMPACT: Biodiversity 
loss 

Functional diversity 

 

Land-system change (Table 3.5). Land conversion (usually from original forest cover to 
cropland and pasture) for agricultural expansion is the main driver for land-system change, 
and driven by agricultural demand, mostly (65%) for animal products (Alexander et al. 
2015). Systematic conversion of original forest cover to a less diverse or dysfunctional state 
is a systematic degradation of the biosphere (Foley et al. 2005). Therefore, the primary driver 
intersection as well as the impact intersection is with SP3. Secondary, the CO2 emissions 
from conversion (12% of global GHG emissions) is a secondary intersection with SP2, since 
the systematic increase of these GHG in the atmosphere would not have happened without 
the land conversion (Smith et al. 2014). Simultaneously, the loss of biodiversity driven by 
land-system change is a second violation of SP3, and is covered by the biosphere integrity 
intersection. 

Table 3.5. PB Land-system change vs. ecological SPs 
 SP1 SP2 SP3 

Land-system change 
(75% of original forest 
cover) 

 IMPACT: CO2 emissions 
from conversion (12% of 
global GHG emissions 
from deforestation and 
other land use) 

PRM DRIVER: Land 
conversion for cropland 
expansion (agriculture).  
IMPACT: Habitat 
fragmentation, loss of 
biodiversity 

 

Climate change (Table 3.6). Agriculture contributes 10-12% of global GHG emissions in the 
form of methane (CH4) through enteric fermentation in livestock (32–40% of total agriculture 
emissions), rice paddy cultivation (11%), as well as nitrous oxide (N2O) through manure 
deposited on pasture (15%) and synthetic fertiliser (12%) usage (Smith et al. 2014). The 12% 
CO2 contribution from land-system change can also be included here. CH4, N2O and CO2 are 
substances that are systematically increasing in the atmosphere and are produced through 
agricultural practices. The driver intersection therefore is with SP2. However, some of the 
emissions are driven by intersections identified earlier such as N fertiliser and SP2, as well as 
land-system change and SP3. Climate change intersects with SP3 on the impact level, given 
the effect of climate change such as droughts, extreme weather events, species loss, and 
global warming have adverse effects on ecosystems, contributing to systematic degradation. 
It must be stated here that agriculture also has significant climate change mitigation potential 
(Smith et al. 2014).   
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Table 3.6. PB Climate change vs. ecological SPs 
 SP1 SP2 SP3 

Climate change  
(350 ppm CO2 in the 
atmosphere) 

SEC DRIVER: Fossil fuels 
use on farm (i.e., 
machinery) (1-1.2% of 
global GHG emissions) 

PRM DRIVER: N2O from 
manure and fertiliser, CH4 
from livestock (10-12% of 
global GHG emissions 
from agriculture) 

IMPACT: Climate change 
degrades ecosystem 
diversity and resilience, 
increases extreme weather 
events 

 

Ocean acidification (Table 3.7). The oceans increasingly absorb CO2 from the atmosphere 
causing increased acidification, posing a direct threat to marine life such as corals and 
molluscs (The Royal Society 2005). This process is strongly linked to increasing CO2 
emissions, hence, similarly to climate change, partially driven by agriculture (Steffen et al. 
2015b). As this process is driven by the systematic increase of CO2 into the atmosphere, the 
primary driver intersects with SP2.  

Table 3.7. PB. Ocean acidification vs. ecological SPs 
 SP1 SP2 SP3 

Ocean acidification 
(≥80% of pre-industrial 
aragonite saturation) 

 DRIVER: CO2 emissions 
into the atmosphere  

IMPACT: Loss of marine 
species such as coral reefs 

 

Freshwater use (Table 3.8). Agriculture accounts for approximately 70% of global 
freshwater use from rivers, lakes, reservoirs, and renewable groundwater stores (FAO 
AQUASTAT 2016). The boundary defines the maximum amount of blue water (fresh 
surface- and groundwater) that can be consumed globally as well as the variable for monthly 
river flow at the river basin as control variables. “Global manipulations of the freshwater 
cycle affect biodiversity, food-, and health security, and ecological functioning, such as 
provision of habitats for fish recruitment, carbon sequestration, and climate regulation, 
undermining the resilience of terrestrial and aquatic ecosystems” (Rockström et al. 2009). 
Since increasing blue water consumption and decreasing river flows systematically degrade 
the biosphere, this intersects with SP3 at the driver and impact level.  

Table 3.8. PB Freshwater use vs. ecological SPs 
 SP1 SP2 SP3 

Freshwater use  
(4000 km3 blue water use 
per year) 

  DRIVER: Irrigation 
IMPACT: Alters blue and 
green water cycles 
(agriculture consumes 
70% of blue water) 

 

Novel entities (unquantified boundary) (Table 3.9). Globally, society uses over 100.000 
different synthetic chemicals and introduces hundreds of new substances each year (Persson 
et al. 2013). Agriculture contributes to the demand for these substances through the 
application of chemical pesticides (insecticides, herbicides and fungicides), some of which 
persist in nature as pollutants (Rorije 2011; Scheringer et al. 2012). However, the use and 
application of other novel substances such as nanoparticles and genetically modified 
organisms (GMOs) in agricultural processes is increasing (Kuzma and Verhage 2006; Snow 
et al. 2005). Negative impacts of these substances are still unknown or highly debated 
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(Persson et al. 2013). Since this boundary describes the systematic increase of substances 
produced by society, the intersect is with SP2 at the driver level. As adverse impacts of these 
substances may degrade the biosphere, an impact intersection occurs with SP3. 

Table 3.9. PB Novel entities vs. Ecological SPs 
 SP1 SP2 SP3 

Novel entities  DRIVER: Application of 
pesticides, introduction of 
GMOs, nanoparticles, 
POPs 

IMPACT: Biodiversity 
loss (functional and 
genetic) through toxicity 
and chemical pollutants 

 
 
Stratospheric ozone depletion (Table 3.10). Ozone depletion is caused by increasing 
concentrations of anthropogenic ozone-depleting substances (like chlorofluorocarbons or 
CFCs) in the atmosphere (Rockström et al. 2009). Stratospheric ozone filters ultraviolet B 
radiation from the sun, thus depletion would impact ecosystems negatively (Rockström et al. 
2009). A systematic increase of anthropogenic ozone-depleting substances is a violation of 
SP2, therefore the driver intersection is with SP2. Whenever these substances are produced 
by agriculture (e.g. tropospheric ozone is particularly sensitive to changes in vegetation 
cover), agriculture contributes to this process (Foley et al. 2005). As a result of the Montreal 
Protocol these substances are regulated, and SP2 has been adhered to, ensuring that the PB is 
not transgressed globally (Rockström et al. 2009). 

Table 3.10. PB Stratospheric ozone depletion vs. ecological SPs 
 SP1 SP2 SP3 

Stratospheric ozone 
depletion (stratospheric 
O3 concentration) 

 DRIVER: Ozone-depleting 
substances from 
agriculture such as CFCs 

IMPACT: Increasing 
Ultraviolet B radiation 
endangering ecosystems  

 

 
Atmospheric aerosol loading (unquantified boundary) (Table 3.11). Aerosols (particles of 
matter small enough to remain suspended in gas or air) loaded into the atmosphere have 
various origins. General examples are the emissions of black and organic carbon, sulphates 
and nitrates from biofuel and fossil fuel combustion (Foley et al. 2005). In the context of 
agriculture, besides biofuel and fossil fuel combustion, certain practices such as organic 
waste burning also increase carbon monoxide concentrations (Lelieveld et al. 2001). 
Increased aerosols reduce solar irradiance, which may negatively impact plant growth 
(Steiner et al. 1999). In the case of fossil fuel consumption in agriculture the intersection is 
with SP1, while the biofuel and biomass combustion in agriculture intersects with SP2 at the 
driver level, and with SP3 at the impact level. 

Table 3.11. PB Atmospheric aerosol loading vs. ecological SPs 
 SP1 SP2 SP3 

Atmospheric aerosol 
loading (Aerosol Optical 
Depth, regional variation) 

DRIVER: aerosol 
emissions from fossil fuels 

DRIVER: aerosol 
emissions from 
agricultural waste & 
biomass burning 

IMPACT: Extreme 
weather events and 
reduction in the solar 
irradiance is damaging 
cropland and biosphere 
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3.1.2 Matrix analysis

Through the matrix population process, researchers found agricultural contributions in the 
intersects that relate to PBs and SPs on the levels of driver and impact. The contribution from 
these issues to other PB transgression and SP violations became clear in the process (e.g. 
climate change driving ocean acidification, or the close overlap of SP3 and biosphere 
integrity). Furthermore, the matrix highlighted the complexity of intersects, drivers and 
impacts, as well as the interplay between, as displayed in the causal loop diagram in figure 
3.1. For example, defining the intersections for N requires knowledge of industrial fixation as 
well as biological fixation, agricultural application, soil processes and water systems. 

 

Figure 3.1. Causal loop diagram based on the matrix 
 
The interviewees agreed that the initial matrix (Appendix C) is a useful tool for facilitating 
understanding of the current reality, as it provides an organisational structure (Broman 2016). 
Although the overall response to the matrix was one of interest, respondents also noted two 
main limitations to the matrix: 1) the complexity of the data presented and, thus 2) the 
difficulty to distinguish between drivers and impacts (Valimaa 2016). A suggestion was to 
focus solely on the primary intersects between SP violations and PB transgressions, and not 
include secondary drivers to avoid adding unnecessary complexity (Valimaa 2016). The 
matrix was not initially clear to all interviewees; thus further explanation was required. 
Additionally, it was indicated that there is a risk that a matrix such as this does not capture all 
environmental issues, nor all the “little subtleties” among those issues (Broman 2016). For 
example, animal welfare did not come up as an issue in the population process. The 
researchers integrated many of the above suggestions to produce the final matrix, as 
presented in Table 3.1.   



24 

3.1.3 Social sustainability intersects  

The matrix initially attempted to identify intersects between PBs and all eight SPs. Although 
the researchers identified indirect relationships between PBs and social SPs, it became 
apparent that the intersects between PBs and social SPs cannot be classified as (primary) 
drivers or impacts. This conclusion was affirmed through the feedback from interviewees. 

Since the social system is nested within the ecological system, “it is obvious that if we are 
systematically destroying the ecosystem, […] society will be negatively impacted” (Missimer 
2016). It is stated that “if the ecological capacity to sustain civilisation” keeps declining, then 
in turn the pressure on the social system increases and people will be gradually more 
[negatively] affected (Robèrt 2016). Literature review confirmed that PB transgressions as 
well as ecological SP violations negatively impact the social system in the areas of health, 
safety and meaning-making (Gladek et al. 2016). 

The PBs describe zones of uncertainty with risks of tipping points in the biosphere, and the 
social SPs describe structural obstacles within society, therefore the focus of the SPs is on 
different systems. Consequently, structural obstacles to fulfilment of human needs with root 
causes in the ecological system “do not belong to the social principles” (Broman 2016). For 
example, the negative impacts of climate change such as extreme droughts may threaten 
human health, but may not be driven by a structural obstacle within society. The SPs “are 
defined for the ecological system and the social system separately” and operate with an 
“intellectual separation in the definition of ecological [SP1-3] and social sustainability [SP 4-
8]” (Broman 2016). 

Interviewees mention that the PBs, in contrast to the social SPs, are not explicitly articulating 
social challenges. Although there is no “place on Earth now that is not impacted by human 
beings", the ‘human element’ is not adequately defined within the PBF (Malmer 2016). It is 
mentioned that PBs could benefit from “having the human at the heart” (Cornell 2016). In 
other words, acknowledging and integrating social sustainability (similar to the social SPs 
within the FSSD) into the PBF would add value. Several interviewees refer to the ‘Oxfam 
Doughnut’ as an attempt to integrate social sustainability into the PBF (Malmer 2016; 
Raworth 2012). 

3.2 Additive values of the frameworks 

As a result of analysing and coding the data from the interviews, seven themes were 
identified in relation to how the SPs and PBs provide additive value to one another. These 
themes are structured based on three of the five levels of the Five Level Model - system level, 
success level and strategic guidelines level - and how the PBs and SPs add value in these 
levels (see Table 3.12). Several themes highlight how the PBs add value to the system level. 
An integrated definition of sustainability is presented at the success level. Finally, at the 
strategic guidelines level, two types of approaches for transformation were identified 
(Pragmatic approaches and Principle based approaches), followed by the appropriate 
behaviour to exercise in navigating this transformation (precautionary behaviour). 
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Table 3.12. Overview of section structure using the Five Level Model 
Level Section in this chapter 

System level 3.2.1 Boundary quantification 
3.2.2 Problem identification 
3.2.3 Prioritisation 
3.2.4 Communication 

Success level 3.2.5 Definition of sustainability 

Strategic guidelines level 3.2.6 Approaches towards transformation 
3.2.7 Strategic planning 

3.2.1 Boundary quantification 

PBF researchers have quantified boundaries to the “safe operating space” for six out of the 
nine Earth system processes addressed in the PBF. Interviewees highlighted how the PBs 
provide additive value to the SPs by having quantified boundaries. This is an important 
aspect in the sense that the quantified PBs provide evidence that there are “limits to this 
planet”, and these can be viewed as “non-negotiable boundaries” (Välimaa 2016). 

Prior to the introduction of the PBs in 2009, FSSD practitioners conducted a systems analysis 
based on the principle that the SPs that cannot be systematically violated, which often 
brought up the question “[but] where is the limit?” (Välimaa 2016). The SPs communicate, 
for example, that there can be no systematic increase in degradation by physical means (SP3), 
but they do not state a variable (Broman 2016). Rather they inform what not to do on an 
overarching and general level, which is pointed out to cause some challenges in 
communicating the SPs. It can be difficult for an audience to relate to and understand the 
SPs, without further elaboration (Kite 2016). The PBs on the other hand “help you say that 
there is a boundary, and it actually means radical change. You can put your finger on that.” 
(Välimaa 2016).  

The PBs revealed the “limits to how far we can go in systematically increasing substances 
like N and P”, essentially providing “specific limits” as to how far society can systematically 
increase the concentration of certain substances and practices, “specifically for principle 1 
and 2 when using nitrogen and phosphorus” (Välimaa 2016). In addition to communicating 
that there are explicit “boundaries for how much we can use”, the PBs reveal which 
boundaries have already been transgressed and where immediate action is necessary (see 
section 3.2.3) (Malmer 2016). The fact that most PBs are quantified assist in communicating 
the severity of the change that has to happen in a given system. "You can say radical change 
is needed. And if you can say radical change [is approximately] 25% of what we use today, 
then it's really hitting home" (Välimaa 2016). In the context of the current state of the planet, 
"the PBs actually show you how we have already passed many of those boundaries," which is 
endangering the entire Earth system (Robért 2016). 

PBF researchers are still in a process of calculating and defining accurate, absolute 
boundaries. For instance, the novel entities boundary remains undefined, and experts question 
how quantification is achievable, given the vast number of novel chemicals and potential 
interactions of these in society and nature (Broman 2016; Cornell 2016). Moreover, a focus 
on Earth system processes and their boundaries has afforded discussions surrounding which 
additional boundaries should be included, such as an energy or a material resource boundary 
(Cornell 2016). Given the inadequacy of the PBs to include all potential boundaries, the SPs 
add value by taking an inherently holistic approach (Broman 2016; Robért 2016). 
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3.2.2 Problem identification 

In providing these aforementioned quantified boundaries, interviewees state that the PBs add 
value to the SPs by prescribing current environmental problems. This is a significant 
contribution of the PBs according to interviewees because “people do not think about the 
[problems associated with] nitrogen and phosphorus” (Malmer 2016). By identifying 
problems using the PBs, practitioners are shown where to focus and act accordingly (see 
section 3.2.3). In isolation, the SPs do not prescribe current environmental issues in the same 
way the PBs do (Broman 2016; Kite 2016).  

Alternatively, it was also stated that in a system analysis the SPs can be used to “identify all 
sustainability issues including the current environmental issues” (Välimaa 2016). In that 
sense the SPs add value to the PBs by allowing for the identification of environmental 
problems beyond the PBs. “The SPs identify issues related to the set scope, and then the PBs 
are used, when relevant to the scope, to clarify or highlight these issues” (Välimaa 2016). 
“The PBs are too limited to use [...] for identification of environmental or sustainability 
issues [on their own]” (Välimaa 2016). Instead, the SPs are vital in the process of 
strategically guiding the choice of actions in the transformation towards sustainability (see 
section 3.2.5).  

3.2.3 Prioritisation of issues 

By quantifying absolute boundaries to the safe operating space and simultaneously 
identifying current problems, the PBs provide further additive value to the SPs by 
determining which Earth systems to prioritise in moving towards sustainability. The SPs 
provide a scientific foundation and clearly describe principles or rules that cannot be violated 
in a sustainable state. The PBs on the other hand, quantify and visualise specific boundaries 
for “anthropogenic pressures” on the planetary Earth systems (Cornell 2016). It also defines 
the so-called safe operating space, within which the planet remains in a safe, predictive state, 
comparable to the conditions of the Holocene. As mentioned, the PBs portray the 
representation of known anthropogenic pressures and illustrates where we currently are, 
where we are ‘safely’ within the boundaries and where we have already transgressed them. In 
doing so, they offer an addition to the SPs that can assist in prioritising actions leading 
towards sustainability, by indicating “acuteness in the situation that we should really pay 
attention to” (Robért 2016). The PBs point out “where we have already gone too far […] and 
where we need to focus right now” (Välimaa 2016). For example, “the climate change issue 
is really severe because we have already surpassed this boundary, so for that reason we 
should prioritise it” (Broman 2016). Once it is apparent which issues must be prioritised, 
practitioners can use the SPs to inform actions as they provide guidelines or rules that cannot 
be violated in a sustainable state. 

3.2.4 Communicating urgency 

A key area where the interviewees have benefitted significantly from the introduction of the 
PBF is the communication of the sustainability challenge and the ability to “conceptualise 
problematic issues” (Kite 2016). The communicative value of the PBF has strengthened 
stakeholders’ capacity to relate to and understand the issues at hand (Kite 2016). In each 
case, interviewees referred to an audience or recipients of this communicative strength as 
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stakeholders in the transformation process towards sustainability (e.g. clients, suppliers, co-
workers). 

The visual representation of the PBs and its iconic image with "the radioactive red flashes" as 
Cornell describes it, was pointed out to be "a powerful communication tool" (Cornell 2016). 
Cornell refers to the analogy of a ‘dashboard’ to describe how the PBs are communicated. A 
dashboard is a strong visual as well as an awareness and feedback indicator, and "if you have 
too many red buttons on a dashboard you need to get worried" (Cornell 2016). Following this 
analogy, the PBs contributes to the SPs by communicating urgency. However, it is also 
pointed out that the PBs could strengthen its communicative value further by introducing 
visuals "that represent the dynamics" and visuals "that remind us of the complexity, not just 
the urgency of the issues" (Cornell 2016). Additionally, the visual representation of the PBs 
is "a way to illustrate that everything is connected" (Malmer 2016). This understanding of the 
connectedness could be strengthened by incorporating visuals to further illustrate the 
relational dynamics and complexity (Cornell 2016). It was also pointed out that the PBs can 
potentially be used to reinforce "communication and political leverage" for conservation 
bodies and NGOs (Cornell 2016). 

3.2.5 Definition of sustainability 

Several interviewees state that defining sustainable agriculture based on its practices has 
proven difficult (Kite 2016; Malmer 2016; Välimaa 2016). The SPs provide a definition of 
sustainability from which a definition of sustainable agriculture can be derived (Kite 2016). 
The SP-based definition of success does not describe the ‘perfect’ state, rather the state where 
the social and ecological system are not systematically undermined. This way of defining 
success provides an opportunity to check any agricultural practice or type of farming against 
the SPs, in order to assess their respective impact and how close it is to being a sustainable 
practice (Välimaa 2016). None of the interviewees mentioned the use of the PBs or the notion 
of the ‘safe operating space’ to define sustainability. 

3.2.6 Approaches towards transformation 

Driven by the individual attributes of the PBs and SPs, two approaches towards 
transformation were identified. These approaches are explained in two separate sections, 
‘Pragmatic approaches’ and ‘Principle-based approaches’. Finally, exercising precautionary 
behaviour is advantageous by strategically combining the SPs and PBs, as further explored in 
the following section. 

Pragmatic approaches. The PBs aid in providing clarity on the current state of the Earth 
system as described in section 3.2.1, but can also be utilised in the transformation towards the 
‘safe operating space’. An example that was mentioned is that if land-system change has a 
particular boundary (defined as 75% of original forest cover by Steffen et al. 2015b) and is 
currently transgressed (in 2015, 62% of original forest cover was left globally), then the 
difference between the current status quo and the PBs control variable describes not only the 
distance to the future goal, but the future goal itself. "So the solution in the future, to solve 
the challenges of agriculture, will not be to get more [cropland]" (Välimaa 2016). In other 
words, since the percentage of original forest cover has already transgressed the boundary, it 
is clear that no further forest should be converted to cropland. In this example a clear, 
pragmatic target is provided by the PBs. Another mentioned example is the currently 
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transgressed boundary of the biogeochemical N flow. If the control variable is the "industrial 
and intentional biological fixation of N", with a boundary at 62–82 Tg N per year, and the 
current flow is at ~150 Tg N per year, then the conclusion would be that it is required to 
decrease N flow to be 41% of current flow on average. Depending on regional usage the 
necessary decrease may be be even more severe, and therefore distribution would need to be 
considered. "For example, we need to go down to a percentage of what we use today, and 
that percentage may more or less need to [be allocated to] Africa" (Välimaa 2016). In that 
case, the PBs can become a pragmatic tool for transformation, providing goals and targets 
(Välimaa 2016). 

Principle-based approaches. Many interviewees mentioned how a principle-based approach 
is effective in order to either avoid PB transgressions or navigate towards the safe operating 
space. A principle-based approach allows for flexibility, innovation and creativity (Gilvesy 
2016). Interviewees identify applying the SPs as an example of a principle-based approach. 
The SPs are designed to describe the sustainable future, and the FSSD approach helps us 
reach this future in a stepwise manner (Robèrt 2016). In essence, “principles guide the 
journey towards change” (Välimaa 2016). 

“The SPs are like design principles so that we don’t create solutions where we overstep the 
boundaries or create other problems not covered by the PBs” (Välimaa 2016). 
Simultaneously they give hope and direction when facing these transgressed boundaries and 
the current state of the world (Kite 2016). The SPs aid in moving the conversation in the 
direction of, “okay, what can we do?” (Kite 2016). Since the SPs address the basic 
mechanisms that drive the PB transgressions, effective solutions can be generated, guided by 
design principles (Broman 2016). Several interviewees mentioned how the SPs address the 
root cause of an issue, thus rendering the knowledge and quantification of exact boundary 
values unnecessary (unless a boundary transgression has already occurred). The SPs aid in 
the design process in such a way that the PBs are not transgressed (Välimaa 2016). The SPs 
are an asset to the PBs because they explain “why we are approaching those boundaries and 
thus guide innovation of solutions” (Broman 2016).  

In the context of agriculture, a principle-based approach “would not state which specific 
practices should be used in the future, it only states the principle results that need to be 
achieved” (adherence to the SPs) (Välimaa 2016). 

Precautionary behaviour. PBs do not prescribe how transgressions should be resolved 
(Broman 2016; Cornell 2016). Further, “one of the risks that we have got with implementing 
the PBF is this idea that people could surf right up to the edge of the threshold.” (Cornell 
2016). In the process of addressing the pressures that have been identified, following the SPs 
enables practitioners to address the pressures before the limits are quantified (Broman 2016). 
Since there are still ongoing discussions about the control variables of current PBs as well as 
the identification of new PBs, there is an inherent time delay in that process (Cornell 2016). 
At the same time the PBs are limited to those issues that can cause planetary tipping points, 
and are therefore incomplete for the use of defining sustainability (Välimaa 2016). Therefore, 
“working with SPs can save a lot of effort because we don’t need to find out all the 
boundaries and the exact values of those boundaries” (Broman 2016). “You don't need a 
number in order to have very effective sustainability policy. [...] It bothers me a little bit that 
we are moving so much towards this idea of numbers, indicators and metrics, rather than 
process, understanding, and more precautionary, tentative behaviour.” (Cornell 2016). 
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Several examples of applying the precautionary principle were given in relation to the 
boundary for novel entities (Broman 2016; Cornell 2016; Robèrt 2016). As mentioned in 
section 3.2.1, many experts are convinced that a boundary for novel entities will never be 
quantified (Broman 2016; Cornell 2016). It would, therefore, be appropriate to apply the 
precautionary principle (Malmer 2016), and applying the SPs to the PBs is inherently 
precautious and therefore arguably much safer (Robèrt 2016). 

3.2.7 Strategic planning  

Many of the interviewees are familiar with the FSSDs ABCD strategic planning process (as 
introduced in section 1.2) and have mentioned this in their response as a useful planning 
process to achieve sustainability. Interviewees noted that the PBs add value to most steps of 
the ABCD. In the A step it aids in explaining the sustainability challenge, as explained in 
chapter 3.2.1, and it adds to the funnel-metaphor by "communicating alertness" (Robèrt 
2016). It is often used in that context, as explained in chapter 3.2.3. In the B step, the PBs add 
value as a "checklist of problems that the organisation is likely contributing to" (Broman 
2016). It is important to note, that the "PBF displays a series of known impacts from 
violations of the SPs. As long as we continue to violate the SPs, we will continue to 
transgress PBs, while also exploring new PBs we have not estimated yet. In other words – 
planning towards the SPs covers the whole spectrum of sustainability". (Robèrt 2016). Most 
interviewees referred to the D step (prioritisation of actions or solutions) as having the 
highest potential of integration (Välimaa 2016). "The greatest potential for integration is in 
the D-step, where other forms of support might be needed as well" (Broman 2016). This was 
further explained in section 3.2.4. “We should obviously look out for those problems that the 
PBs indicate are close to actually destroying the world now and put relatively higher 
priorities on those in the D-list.” (Broman 2016). 

More specifically, the PBs can also be used in conjunction with specific tools such as life 
cycle analysis (LCA), by mapping the impacts and contributions along the lifecycle of a 
given product or industry to the regional or planetary control variables (Cornell 2016). This 
would allow private and public sector actors to identify their role in driving PB 
transgressions, and determine the opportunities for transformation (Cornell 2016). 

3.3 Integrated approach in practice 

Opportunities for integrating PBs and SPs as an approach have been theoretically discussed, 
but a formalised practical integration of the two has, as far as this thesis is informed, not been 
tested and applied at this point. However, the interviews resulted in the identification of 
examples where integration on a more practical or operational level has been attempted to 
inform a more strategic transition towards sustainability. For instance, the efforts of 
Polarbröd AB, a large bread manufacturer in Sweden, to become more sustainable, surfaced 
as an applicable ad hoc case study of an integrated approach in practice. 

Polarbröd AB recently conducted a life cycle analysis (LCA) of their environmental impact 
and discovered that 50% of those impacts come from the production of the ingredients used 
in their products, "which is basically agriculture" (Kite 2016). This knowledge was essential 
when Polarbröd AB adopted its long-term sustainability goals. As a result of the 
understanding of the impact of primary production on the environment, Polarbröd AB 
adopted the goal of sourcing 100% sustainable ingredients by 2020. Research was done to 



30 

develop a definition of sustainable agriculture. Since it was "difficult to say what sustainable 
agriculture is", the focus shifted to the impacts of agriculture. This, however, "still didn't give 
us a definition of sustainable agriculture and it did not give us a way to prioritise." (Kite 
2016). 

The SPs became the definition of sustainable agriculture from which more specific 
considerations were derived. Based on the SPs, Polarbröd's board of directors adopted a 
definition of sustainable agriculture that meets four criteria: "in harmony with nature, fossil 
free, based on closed-system thinking and ‘effective and productive'" (Kite 2016). This 
principle based definition then provided "suggestions of how agriculture has to change to 
[adhere to] these principles" (Kite 2016). Following the development of this definition, the 
PBs helped to identify five concrete focus areas: energy (climate), plant nutrition (leakage), 
soil health & compaction, biological diversity & plant protection (pesticides, herbicides, 
fungicides), and water. Together these criteria and focus areas helped to understand what "we 
can and cannot do" (Kite 2016). 

Both SPs and PBs were utilised in the development of a strategic plan to achieve this target 
and recognised as useful in their utility (Kite 2016). For example, the PBF was often used in 
presentations to stakeholders in order to inform the audience about the sustainability concerns 
related to agriculture (Kite 2016). This happened at a point of creating awareness and 
cultivating understanding of the issues among stakeholders (FSSD ‘system level', and A step 
of the ABCD process). Kite, market analyst at Polarbröd and one of those working to achieve 
100% sustainable ingredients, has used the PBF "to structure [her] thinking and it gave [her] 
a way to talk to other people." According to Kite, "the biggest problems identified in the PBF 
[…] are agricultural issues […]. This gave me an ability to ‘hang’ the problems I was writing 
about onto a framework or attach them to a framework […]. That told us exactly how 
problematic these issues are. So an ability to conceptualise them in a way that was already 
getting a lot of attention." (Kite 2016). "I could, quite literally, put the PBF up on a 
PowerPoint and say, ‘you’ve all seen this model right?’ Well, let me talk about agriculture.” 
(Kite 2016). 

The PBs on their own helped created a sense of urgency amongst stakeholders, sometimes 
with adverse effects. “It seems like it's hopeless, what are we going to do? Creating a sense of 
urgency that action is critical when people don't know what to do, can be paralysing” (Kite 
2016). The [SPs] can help here, by making people feel like it’s actually possible to move 
towards sustainability. […] You can say ‘we can do whatever we want, as long as we don’t 
violate these principles’” (Kite 2016). “The SPs help to move the conversation […] in a 
[direction] that can encourage optimism and action”, empowering the stakeholders (Kite 
2016). “We talk about the problems based on the PBF and we talk about moving towards 
sustainable agriculture based on the FSSD" (Kite 2016). For example, since organic 
agriculture can also contribute to nutrient and biodiversity loss, simply switching to organic 
ingredients would not be sufficient when backcasting from sustainability as defined by the 
SPs. Focussing on the key problems that must be overcome (as presented by the PBs) helped 
to develop a holistic approach, transcending the organic versus conventional debate (Kite 
2016). 

In the process of prioritising actions (D step in the FSSDs ABCD planning process) the 
agricultural problems that were identified earlier receive "the priorities that the PBF points 
out" (Kite 2016). The PBs have become "awareness indicators", highlighting systems "we are 
dependent on" and making sure actions that are being adopted do not "undermine aspects 
[PBs] that are right now blinking yellow or red" (Kite 2016). A concrete example of this is 
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the potential leverage and positive impact of addressing fertiliser usage. "We see that 
biogeochemical (N and P) flows are a big problem in red and we know that genetic diversity 
is a big problem in red and we see that climate change […] is not in the red but is pretty 
frightening" (Kite 2016). "We know all those things are impacted by the kind of fertiliser that 
you use and the way you apply it. So that allows us to say […] if we focus on the fertiliser 
that is used and how it's used, we can actually get somewhere in two red and one yellow 
boundary" (Kite 2016). These insights from the PBF indicate what you "definitely cannot do" 
(Kite 2016). However, the global priorities may differ per farm depending on local and 
regional conditions. The PBs do not answer the question of "what an individual farmer 
should prioritise, although one can use PBF as a guide" (Kite 2016). For example, a farmer 
that produces ingredients supplied to Polarbröd AB may "know there is [no] nutrient runoff 
from the farm, [...] but that genetic diversity is a problem" (Kite 2016). In that sense, the PBF 
can be used for global understanding and more specifically within the local context (Kite 
2016). 

An example of an action that was implemented based on these criteria and focus areas was 
the shift to a flour with a lower environmental impact, in cooperation with supplier 
Lantmännen AB (an agricultural cooperative and Northern Europe’s leader in agriculture, 
machinery, bioenergy and food products). In this case, nitrogen-sensors were used to 
determine whether or not the grains need fertiliser, allowing the farmer to apply fertiliser 
only exactly where it is needed, thus reducing the amount used and the risk of leakage 
(reducing contributions to N boundary transgressions, and SP2 violations). Lantmännen AB 
now sells the flour in grocery stores under the name of ‘a friendlier wheat’ (ett vänligare 
vete) (Kite 2016). They are currently focussing on moving forward based on the vision of 
‘fossil free diversity farms' (fossilfria mångfaldsgårder). "This is a farm that does not use 
fossil energy on the farm, practices crop rotation and whose physical landscape is 
characterised by considerable variation." (Kite 2016).  
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4 Discussion 
This chapter discusses the results of the research in light of the research questions. Firstly, it 
reviews the findings more generally and then focusses on several key insights. These insights 
are structured based on three of the five levels of the Five Level Model - system level, 
success level, and strategic guidelines level - and how the PBs and SPs are integrated at these 
levels (see Table 4.1) following the structure introduced in chapter 3. Researchers have 
chosen to limit the discussion to these levels since "it is the rigour by which the first three 
levels are described that determines how confident an organisation can be when choosing 
appropriate actions and appropriate forms of support such as various tools" (Broman and 
Robert 2015, 6). A ‘stepwise thought process’ based on interpretation of the results is 
introduced in 4.2 as well as future research opportunities. The research questions are 
addressed within this chapter. 

Primary Research Question: How do the Planetary Boundaries and the FSSDs 
Sustainability Principles intersect and provide additive value in the context of agriculture? 

Secondary Research Question: How can an integrated approach of SPs and PBs be used in 
practice? 

Table 4.1. Overview of section structure within the Five Level Model 
Level Section in this section 

System level Addressed in 4.1.1 Understanding the System 

Success level Addressed in 4.1.2 Conceptualising Sustainability 

Strategic guidelines level Addressed in 4.1.3 Strategic Approaches to Integration 

Actions level Not addressed in this section 

Tools level Not addressed in this section 

4.1 Interpretation of results 

Data collected from the literature review, matrix population, as well as the interviews, shows 
that intersects and additive value exist between the SPs and PBs. The intersects and additive 
values are not limited to overlapping PBs and SPs, as was discovered in the matrix 
population, but are also found on a more general level in the process of transformation 
towards sustainability.  

4.1.1 Understanding the System 

 The PBs and SPs intersect and provide additive value in the process of understanding 
the system at hand, in this case, agriculture. This research has identified two potential 
approaches to conducting this system analysis, the Matrix Population Approach, and the 
Problem Identification Approach. These approaches are further elaborated in the following 
sections. 
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Matrix Population Approach. Given the feedback (as discussed in section 3.1.2) it is clear 
that the matrix, as presented, provides value to strategic sustainable development at the level 
of understanding the system. The matrix serves to strengthen a baseline analysis of a system 
such as agriculture. For instance, the matrix identifies a clear relationship between the 
biogeochemical flow of N (currently transgressed) and a violation of SP2. Furthermore, it 
provides insights by mapping the relationships between drivers and impacts, and 
interconnections among PBs themselves as well as among the SPs, as displayed in figure 3.1. 
The results from the matrix population process are displayed in a concise and organised 
manner. This clarity enhanced researchers' understanding of the case context (agricultural 
system). It was pointed out to have a similar advantage for practitioners, provided they have a 
basic understanding of the frameworks. The matrix, therefore, has definite value in clarifying 
current (agricultural) issues and how they relate to PBs and SPs. It is an informative, 
analytical tool, and it is therefore recommended that it is used as such. It can serve as a 
valuable baseline assessment to inform strategic planning towards sustainability. 

However, the matrix does not explicitly provide strategic guidelines. The matrix analysis is 
limited to only include issues related to pre-determined PBs and thus, will exclude any 
potential issues not covered by the PBs. An interesting observation is that intersects were 
found for all PBs, strengthening the unifying nature of the SPs. There is an ongoing scientific 
debate focusing on additional boundaries that could potentially be added to ensure a more 
complete picture of the Earth systems. The overlapping of PBs and SPs resulted in an 
abundance of information that required conceptualisation of many cells, thus significantly 
increasing complexity. Additionally, as the results show, the SPs and PBs address different 
focus areas and address these on different levels, thus directly overlapping the two may not 
be an effective method of integration. Addressing all possible relationships in the same 
analysis could be counterproductive and create unnecessary confusion. It is therefore advised 
to determine a clear purpose for the population exercise, as well as a focus and population 
sequence. 

Problem Identification. This research found that the PBs and SPs provide additive value, 
particularly in the integration of their respective approaches to problem identification. By 
scientifically quantifying boundaries, the PBs provide sound evidence that there are “limits to 
this planet”, and that they should be viewed as "non-negotiable boundaries" (Välimaa 2016). 
It is argued that the PBs, within the Earth system processes they address, can serve as a tool 
for problem identification by illustrating various levels of severity of anthropogenic pressures 
on the Earth’s systems. The PBs are quantified and visually presented clearly, which eases 
conceptualisation The SPs, which operate on a more overarching level, do not include 
quantified variables. The PBs provide clarity within specific, quantifiable key Earth systems 
by showing the current state or reality of these in relation to a quantified control variable. In 
doing so, they provide a foundation for current state problem identification by highlighting 
the areas where the Earth system is already compromised and where it is still within the safe 
operating space. In turn, PBs serve as valuable indicators pointing out areas that should be 
addressed urgently, thus holding the capacity to inform prioritisation.  

When using the PBs to assist in problem identification, one must remain mindful that the 
quantified variables illustrating current anthropogenic pressures on Earth systems operate 
with a time delay. The PBs are based on scientific data that may, by the time it has been 
analysed, quantified, and translated into an updated and peer-reviewed publication, lose some 
reliability concerning its accuracy. In a reality where the Earth’s systems are under 
significant anthropogenic pressure, it is, therefore, vital to assess not only current issues in 
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relation to their safe or unsafe ‘distance’ from quantified boundaries but also pay close 
attention to the current trajectories within all PB areas. This could further inform and validate 
problem identification, by increasing awareness of issues that are accelerating quicker than 
others. However, it is also important to acknowledge that the PBF is undergoing continuous 
development, and thus, it should be assumed that additional PBs will be identified and added 
accordingly. In other words, one must remain cautious to view the PBs collectively as all-
encompassing in its identification of anthropogenic pressures on the Earth systems. The 
overarching nature of the SPs means that they can point out problematic areas that could go 
overlooked if only consulting the PBs, in turn providing additive value by covering areas 
where the PBs currently fall short. 

Another important aspect of the problem identification in relation to PBs is the issue 
surrounding how necessary it is to identify and quantify boundaries before taking measures to 
prevent potential problems. In other words, when it is advised to follow a precautionary 
principle. For example, it is pointed out that it is virtually impossible as well as unnecessary 
to quantify boundaries for a PB such as novel entities (Cornell 2016; Broman 2016). An 
example of where such a precautionary principle has been implemented in practice is in the 
European Union (EU) where it was implemented into law in the early 1990s. Here, it is stated 
that “if an action or a policy risks causing severe and/or irreversible harm to the public or to 
the environment, the absence of a scientific consensus should not be used as a reason for 
delaying the adoption of effective preventative measures" (European Commission 2015). 
Furthermore, the EU law also dictates that "in the case of an unknown but potentially harmful 
action, the burden of proof that the action is not harmful falls upon those taking the action" 
(European Commission 2015). This example highlights a crucial aspect with regards to the 
additive value provided by integrating the PBs and SPs. The PBs can identify issues requiring 
urgent attention while the SPs can ensure that areas not currently presenting a problem will 
remain unproblematic.  

4.1.2 Conceptualising sustainability 

Since a definition of sustainable agriculture has proven difficult to develop, the integration of 
PBs and SPs may help to develop a definition of sustainability from which strategic 
(agricultural) guidelines can be derived. A theoretical example of this is provided in section 
4.2. The FSSDs principle-based definition of sustainability addresses primary mechanisms 
that could undermine the ability for people to meet their needs now and in the future (Broman 
and Robèrt 2015). However, adherence to the SPs alone may not be sufficient to reach a 
sustainable state with regards to PBs that have already been transgressed. For example, no 
longer systematically increasing concentrations of CO2 or other GHGs in the atmosphere 
does not ensure a halt in climate change, since the PB of 350 ppm of CO2 is already 
significantly transgressed with the current global level at approximately 404 ppm (March 
2016) (Dlugokencky and Tans 2016). Although CO2 will dissipate over time once society 
stops the systematic increase, achieving a level within the safe operating space could take a 
substantial amount of time without further intervention. Here, other actions, such as carbon 
sequestration (systematic decrease of CO2) may be advised to reverse a transgressed PB more 
rapidly and bring it back within the safe operating space in addition to avoiding subsequent 
environmental problems. Similarly, when society is no longer systematically degrading the 
biosphere by physical means (e.g. through land-system change, soil compaction), the 
biosphere may not be in a functional state capable of delivering the ecosystem services 
necessary to support society. In these instances, adhering to the SPs means stabilising the 
negative curve towards potentially catastrophic tipping points by seizing to harm the 
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environment. However, this may be insufficient as some of the severe PB transgressions 
should urgently be reversed and brought back within the safe operating space, before 
governance by SPs alone is sufficient (see section 4.1.3 for further elaboration). 

Practitioners should, therefore, integrate the capacity of the SPs to address root causes and 
upstream mechanisms with the PBs’ capacity to show current risks and urgencies, in order to 
develop an enhanced and timely definition of sustainability. This definition can be 
understood as the safe operating space for the biosphere governed by the ecological SPs, with 
society as a nested system, governed by the social SPs (see figure 4.1). This definition can 
then inform the development of visions, strategic guidelines, focus areas, goals and targets, 
similar to how Kite undertook this process with Polarbröd AB (section 3.3). While the safe 
operating space as defined by the PBs becomes the quantifiable destination (definition of 
success), the SPs are capable of recognising other issues and informing actions with regards 
to unquantified boundaries as well as areas not addressed by the PBF.  

 

Figure 4.1. Integrated conceptualisation of sustainability. 
Safe operating space of the biosphere within planetary boundaries wherein 
the ecological SPs (green) govern society's interaction with the biosphere. 

The arrows display the primary intersection between ecological SPs and PBs. 
PBs are coloured based on whether they are beyond the zone of uncertainty 

(red), in the zone of uncertainty (yellow), below boundary (green), and 
unquantified (grey).  
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4.1.3 Strategic approaches to integration

There is clear additive value of integrating the PBs and the SPs to enable strategic transitions 
towards sustainability. PBs inform prioritisation by clearly communicating where urgent 
focus is required. In addition, the PBs dictate what the target or goal should be, based on its 
insight into a current Earth system value relative to the Earth system’s absolute limit 
(previously articulated in section 3.2.6). The SPs are necessary to instruct and guide how to 
move strategically towards sustainability and thus either remain in the safe operating space or 
eliminate further transgression. Therefore, the attributes of each – pragmatic targets afforded 
by the PBs and the design principles articulated by the SPs – merge to produce a more 
holistic approach to strategic sustainable development.  

The SPs are appealing in the sense that they do not dictate any specific actions. Instead they 
contribute by providing guidance and allow practitioners to creatively develop strategic 
guidelines tailored to their unique system. Therefore, practitioners are able to determine 
appropriate strategic actions to ensure sustainability as long as the SPs are adhered to. This 
SP to PB contribution of flexibility and creativity is significant, as it provides scientific 
grounding and motivation to move towards sustainability given the absence of restrictions or 
concrete rules.   

As expressed in section 3.2.6, there is a definite opinion that as long as the SPs are followed, 
boundary quantification is unnecessary. In essence, adhering to the SPs would avoid future 
boundary transgressions, following the premise that SPs provide a definition of sustainability. 
These instances where boundaries may not be necessary are specific to those Earth systems 
that have a boundary which has not yet been transgressed. Thus, it is essential that boundaries 
are governed by the SPs to ensure they remain within the safe operating space. Essentially as 
long as the SPs are adhered to, a defined limit may not be necessary (Figure 4.2). 

 

Figure 4.2 Governance of a process within the safe space. 
The black arrow indicates that adherence to SPs ensures that the  

process remain within the safe operating space. 
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However, in some cases where an Earth system boundary is already transgressed, the act of 
not systematically increasing or degrading will not necessarily be sufficient (figure 4.3). 
Here, it is advised that strategic actions include systematically decreasing the concentration 
of those substances in the biosphere, or reversing or restoring the physical degradation of the 
natural environment (depending on which ecological SP is responsible for boundary 
transgressions).  

In the following section, each PB is assessed based on the findings from the matrix and the 
data (section 3.1.1). It discusses when adhering to the SPs is sufficient to govern a given PB 
and identifies those PBs where active efforts to reverse PB transgressions are necessary 
before SP governance alone is sufficient. 

Biogeochemical N flows (currently transgressed, beyond zone of uncertainty). Global 
adherence to SP2 would reduce the rate of systematic N application on soils to a level where 
excess N is no longer systematically flowing into rivers, lakes and streams. This would in 
turn decrease the demand on biological and industrial N fixation, resulting in a fixation of 
less than 62 Tg N per year. Governance by SPs alone is sufficient for this PB and would 
result in an immediate, systematic decrease of biogeochemical N flows to a level below the 
boundary, thus returning this system to the safe operating space. That said, the impact of 
eutrophication may take longer to be resolved. 

Biogeochemical P flows (currently transgressed, beyond zone of uncertainty). Global 
adherence to SP1 and SP2 would reduce the rate of P application on soils to a level where 
excess P is no longer systematically flowing into rivers, lakes and streams. This would 
decrease the demand on phosphate mining, manure and bio solids. Governance by SPs alone 
is sufficient for this PB and would result in an immediate, systematic decrease of 
biogeochemical P flows from freshwater into the oceans to a level below 11 Tg per year, thus 
returning this system to the safe operating space. However, as previously mentioned, the 
impact of eutrophication may take longer to be resolved. 

Biosphere integrity (genetic diversity) (currently transgressed, beyond zone of uncertainty). 
Global adherence to SP2 and SP3 is sufficient to govern systematic chemical and physical 
degradation of the biosphere and would result in halting the decline in genetic (and 
functional) diversity, as well as lower the extinction rate to less than 10 E/MSY, a level 
within the safe operating space. 

Land-system change (currently transgressed, in zone of uncertainty). Global adherence to 
SP3 would govern the avoidance of further degradation because of land-system change. 
However, governance by SPs alone is currently not sufficient as the percentage of global 
original forest cover has been reduced to 62%, which is 13 percentage points lower than the 
quantified boundary (75%). Therefore, efforts to physically restore the percentage of original 
forest cover to (at least) 75% is necessary before governance by SPs alone is sufficient, to 
ensure that this PB remains within the safe operating space (see figure 4.3). 

Climate change (currently transgressed, in zone of uncertainty). Adhering to SPs (SP 2-3) 
would eliminate the systematic contributions of GHG emissions responsible for driving 
climate change. However, governance by SPs alone is currently not sufficient as current CO2 
levels in the atmosphere are at approximately 404 ppm, with the PB quantified at 350 ppm. 
CO2 takes approximately one thousand years to dissipate once released in the atmosphere, so 
even in the event that SPs are completely adhered to, the naturally occurring systematic 
decrease is so slow that the PB will potentially remain in the zone of uncertainty for hundreds 
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of years. Therefore, efforts to actively sequester carbon and systematically decrease CO2 
levels are necessary to restore the PB within the safe operating space, before governance by 
SPs alone is sufficient (see figure 4.3). In the transition, particularly adhering to SP3 would 
maintain resilience in ecosystems enabling their capacity to respond to climate change. 

Ocean acidification (within safe operating space). Ocean acidification is driven by CO2 
emissions. Therefore, appropriate governance of this PB is equivalent to that of the PB for 
climate change. According to The Royal Society (2005) and Steffen et al. (2015b), 
eliminating CO2 emissions and returning to below the climate change boundary would ensure 
that ocean acidification remains within the safe operating space. 

Freshwater use (within safe operating space). Adhering to SP3 is sufficient to govern the 
negative impact of freshwater mismanagement, and therefore, ensure that this PB remains 
within the safe operating space (see figure 4.2). 

Novel entities (unquantified boundary). Adhering to SP2 is sufficient to govern this boundary 
entirely. Furthermore, SP governance would render further definition and quantification of 
this PB redundant (Broman 2016). 

Stratospheric ozone depletion (within safe operating space). As a result of the Montreal 
Protocol, ozone depleting substances are already regulated, and SP2 is adhered to, ensuring 
that the PB remains within the safe operating space (Rockström et al. 2009). Further 
governance by SPs alone is, therefore, sufficient (see figure 4.2). 

Atmospheric aerosol loading (unquantified boundary). Adhering to SPs (SP1-3) would limit 
the loading of aerosols. Therefore, governance by SPs alone is sufficient for this PB. 

 

 

Figure 4.3. Governance of processes that transgressed the PB. 
Adherence to SPs would stop the systematic deviation or increase, but does 
not necessarily reverse to the ‘safe operating space’ (grey dashed arrow). A 

natural systematic decrease may (or may not) occur (grey arrow). The 
boundary informs that an induced systematic decrease may be required 

(black arrow) before governance by SPs alone is sufficient. 
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The examples provided in figure 4.2 and 4.3 suggest that the PBs and SPs can be integrated 
to provide additive value by providing strategic guidelines in determining the appropriate 
kind of transformation required to move towards sustainability. 

Finally, knowledge that there is a boundary increases the risk of allowing continuous 
unsustainable practices up to the edge of the safe operating space; that is "surfing the 
threshold" (Cornell 2016). It is, therefore, essential to also view the PBs as awareness 
indicators for where precautionary behaviour is necessary to ensure no further boundary 
transgressions. The SPs inherently carry the capacity for such behaviour, and through their 
intersects with PBs at multiple levels, they have the potential to govern the ‘safe operating 
space’ and avoid future transgressions. Combined with the pragmatic approach of identifying 
targets, the integrated approach can guide the transformation towards the ‘safe operating 
space' (figure 4.4). 

 

 

Figure 4.4. SP 1-3 guiding transformation towards the 'safe operating space'. 
This is not applicable to climate change, ocean acidification and land system 

change (based on Steffen et al. 2015b and Rockström 2016). 

4.2 Stepwise thought process 

In order to develop strategic guidelines towards sustainable agriculture, the integration of the 
SPs and PBs can assist practitioners in 1) defining sustainability, 2) identifying criteria, and 
3) developing strategic guidelines. Researchers of this thesis have developed the following 
‘stepwise thought process’ which is based on interpretation of the results presented in this 
research, as well as the chart in Appendix A of ‘A framework for strategic sustainable 
development’ (Broman and Robèrt 2015). This stepwise thought process integrates the PBs 
and SPs to develop a unifying, timely and operational definition of sustainability. The 
audience of this thesis can utilise the following steps to develop strategic goals, targets, 
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indicators and guidelines to move towards sustainability. Although this example is developed 
for the agricultural case context, it may apply to other systems. 

Table 4.2. Stepwise thought process 

Step 1 The normative judgement of sustainability or sustainable development: "We 
[society] want to meet the needs of the present without compromising the ability 
of future generations to meet their own needs.” (Brundtland et al. 1987, 41). 

Step 2 The ideal state of the Earth to support current and future generations sustainably 
can be defined as maintaining ‘Holocene like' conditions. (PBF precautionary 
approach) (Steffen et al. 2015b) 

Step 3 In a safe operating space for society, the following global Earth system processes 
are limited at the following control variables (bearing in mind that the process of 
identifying and quantifying boundaries is currently incomplete) (Steffen et al. 
2015b): 
1. Maximum 350 ppm CO2 in the atmosphere. 
2. A species extinction rate lower than 10 E/MSY (ideally 1 E/MSY) and a 

biosphere integrity index (BII) maintained at 90%. 
3. Area of forested land at minimum 75% of original forest cover. 
4. Maximum 4000 km3 of consumptive blue water use per year. 
5. Maximum 11 Tg of P flow from freshwater into the ocean per year and 

maximum 62 Tg of N fixation (intentional & biological) per year. 
6. Aragonite concentration in mean ocean surface lower than 80% of the pre-

industrial level. 
7. Aerosol Optical Depth (to be defined globally). 
8. Stratospheric O3 concentration at <5% reduction from pre-industrial level. 
9. Novel Entities (to be defined globally). 

Step 4 Society is sustainable when the “deviation from this ideal state [implied by the 
above] is not systematically increasing and people are not subject to systematic 
obstacles to meeting their needs” (Broman and Robèrt 2015, 7). In certain cases, 
substances or degradation may need to systematically decrease, as was explored in 
4.1.3. Non-deviation means that certain aspects of the ecological system are not 
systematically degraded (Broman and Robèrt 2015): 
→ Assimilation capacity 
→ Purification capacity 
→ Food production capacity 
→ Climate regulation capacity 
→ Diversity 

Step 5 In an ecologically sustainable society, nature is not subject to systematically 
increasing 
1. concentrations of substances extracted from the Earth's crust, 
2. concentrations of substances produced by society, 
3. degradation by physical means. 

Simultaneously, in a socially sustainable society, people are not subject to 
structural obstacles to 
4. health,  
5. influence,  
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6. competence,  
7. impartiality, and  
8. meaning-making. (Broman and Robèrt 2015) 

Step 6 The current state of the Earth system as informed by the PBs shows that society is 
violating the principles as mentioned above and thus contributing to the following:  
1. Concentrations of substances extracted from the Earth's crust, substances 

produced by society and systematic physical degradation have increased CO2 
in the atmosphere to approx. 404 ppm (March 2016). 

2. Degradation by physical means and substances produced by society have 
increased genetic diversity loss to a rate of 100-1000 E/MSY. 

3. Degradation by physical means has reduced original forest cover to 62%. 
4. Degradation by physical means is increasing blue water withdrawal, now at 

2600 km3 per year. 
5. Concentrations of P extracted from the Earth's crust are flowing into oceans 

with a rate of 22 Tg per year and concentrations of N produced by society are 
fixed at a rate of 150 Tg per year. 

6. Aragonite saturation in the oceans has decreased to 84%. 
7. Increased aerosol loading into the atmosphere. 
8. Stratospheric O3 concentration at <5% reduction from pre-industrial level. 
9. The introduction of over 100.000 different novel entities. 

All of the above anthropogenic pressures contribute to a systematic deviation from 
the ideal state, with increasing risks of tipping points and regime shifts, potentially 
undermining the ability of the Earth system to support society. 

Step 7 In the context of the current state, society should aim to globally: 
1. Eliminate systematic GHG (CO2e) emissions and sequester C in order to 

contribute towards reducing to the safe level of 350 ppm CO2. 
2. Halt species extinction, maintain the safe extinction rate of 10 E/MYS and 

maintain BII at 90%. 
3. Halt forest to cropland and pasture conversion and increase forest cover to 

return to 75%. 
4. Maintain blue water withdrawal below 4000 km3 globally. 
5. Reduce P flow from freshwater into oceans to 6.2 Tg per year and reduce N 

fixation to 62 Tg per year. 
6. Eliminate contributions to ocean acidification through reducing CO2 

emissions. 
7. Apply the precautionary principle on any aerosols introduced into nature. 
8. Eliminate ozone-depleting substances such as CFCs. 
9. Apply the precautionary principle on any novel entities introduced into 

nature. 

Step 8 At the organisational (e.g. farm or factory), local or regional scale the following 
testing questions can be used in order to identify current impact and opportunities: 
1. Is this entity directly and/or indirectly contributing to any GHG emissions 

(e.g. CO2, CH4, N2O, NxO) that are contributing to climate change? 
→ Does this entity have opportunities to mitigate these GHG emissions?  

→ If yes, how can this be done? 
2. Is this entity directly and/or indirectly contributing to the loss of species at a 

rate higher than 10 E/MYS (or rather 1 E/MYS)? 
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→ Does this entity have opportunities to halt genetic and functional 
diversity loss?  
→ If yes, how can this be done? 

3. Is this entity directly and/or indirectly contributing to the conversion of 
original forest cover? 
→ Does this entity have opportunities to increase forest cover?  

→ If yes, how can this be done? 
4. Is this entity directly and/or indirectly contributing to the withdrawal of blue 

water at a rate higher than the regional boundary? 
→ Does this entity have opportunities to reduce its consumption?  

→ If yes, how can this be done? 
5. Is this entity directly and/or indirectly contributing to excess P runoff into 

erodible soils and freshwater systems? 
→ Does this entity have opportunities to close the P cycle?  

→ If yes, how can this be done? 
6. Is this entity directly and/or indirectly contributing to excess N fixation into 

erodible soils and freshwater systems? 
→ Does this entity have opportunities to close the N cycle?  

→ If yes, how can this be done? 
7. Is this entity directly and/or indirectly contributing to the introduction of 

aerosols into the atmosphere? 
→ Does this entity have opportunities to limit the aerosol loading?  

→ If yes, how can this be done? 
8. Is this entity directly and/or indirectly contributing to the release of ozone 

depleting substances such as CFCs into the atmosphere? 
→ Does this entity have opportunities to limit the introduction of ozone-

depleting substances? 
→ If yes, how can this be done? 

9. Is this entity directly and/or indirectly contributing to the release of novel 
entities into the biosphere? 
→ Does this entity have opportunities to limit the introduction of novel 

entities? (precautionary principle) 
→ If yes, how can this be done? 

Step 9 Is this entity directly and/or indirectly contributing to violations of any of the SPs 
beyond the contributions to PBs? (SP analysis) 

→ Does this entity have opportunities to adhere to all SPs on all levels at all 
times? 
→ If yes, how can this be done? 

Step 10 At this point, the entity or practitioner can start designing interventions, as 
informed by the system understanding as mentioned above  (current state), 
conceptualisation of the ideal state, and the testing questions and SP analysis to 
prioritise which issues to address. 

 

  



43 

4.3 Future research  

As this research is of an emergent nature and carries novel discussions, there are ample 
opportunities for further research within this field. The theoretical contributions made by this 
thesis have yet to be applied, tested and qualified in the field. As demonstrated in 3.3, 
Polarbröd AB has begun such application. The researchers recommend that further 
integration approaches are tested based on the results and discussions presented in this 
research. Further research may also include the development of modelling software 
incorporating the integrated approach to developing transformation scenarios towards 
sustainability. Researchers also recommend further analysis of current (strategic) planning 
approaches used by PBF experts at the SRC. 

As was noted, several interesting findings originated from the process of developing and 
populating the matrix. Researchers suggest that further exploration and research can be 
carried out by additional manipulation and iterations of the matrix. For instance, a matrix can 
be developed to show the downstream impacts exclusively or alternatively the upstream 
drivers or root causes. A thorough matrix, as was developed, including impact and driver 
relationships, can be difficult to conceptualise, yet extremely informative. Additionally, 
future research can include an attempt to integrate the social SPs further. An analysis of the 
Oxfam Donut (currently being updated) could assist in applying a social lens to the 
integration.  

The scope of the research for this thesis remained on the global agricultural system. That 
said, the researchers acknowledge the opportunity to apply and test the integrated approach 
on regional agricultural systems, sub-systems or other systems. Based on the researchers’ 
hypothesis, the presented approach, has the potential to inform and strategically guide 
transformation towards sustainability for other systems as well. Possibilities include for 
example the energy or transportation system. Further research could provide strategic 
guidelines towards sustainable development within these systems.  
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5 Conclusion 

In conclusion, the PBs and the SPs intersect and provide additive value in the context of 
agriculture in multiple ways. Various intersections emerged in the matrix development at the 
levels of driver and impact. The matrix population method provided the researchers with a 
thorough understanding of global agriculture and therefore proves to be a powerful method of 
analysing the current reality of any system. Consequently, the matrix can be used to inform 
strategic planning towards sustainability. The integrated approach allows for better 
understanding of the agricultural system in order to develop interventions that address both 
current issues as well as avoid future deviations from sustainability. 

Furthermore, there are many ways in which the PBs and SPs complement one another when 
applied simultaneously. For instance, the PBs provide additive communicative value in 
identifying the problems and illustrate which Earth systems have transgressed the boundaries, 
and alternatively, which Earth systems remain in the safe operating space. This ultimately 
dictates urgency and aids in prioritisation - attributes limited within the SPs. On the other 
hand, the SPs provide design principles or guidelines to inform what human activities 
specifically need to be addressed at the root cause level to remain in the safe operating space 
- guidance not provided by the PBs. Further, the SPs are intended to be all-encompassing, 
therefore governing any processes not included in the PBs. Together, these frameworks 
combine to form a more complete, holistic framework from which further progress towards 
sustainability can be achieved.  

Interviewees confirmed that there is a strong potential to develop an integrated approach 
further, and stated that they are excited about the fact that this research is conducted. This 
positive feedback reinforces the researchers' confidence in the contribution made by this 
research, and its relevance to strategic sustainable development. The findings presented in 
this thesis serve to further inform sustainability practitioners’ strategic interventions. The 
application of this framework integration on additional systems, as was suggested in section 
4.3, may further contribute to solving the sustainability challenge. 
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Appendix A: Interview questions 

Please Note: Some questions were added and/or omitted based on the interviewee and their 
specific knowledge and experience.  
 
Introduction 

1) Please briefly define what your role is at __________.  
a. What are your responsibilities?  
b. How long have you been here?  

2) What is your understanding of the FSSD? 
a. More specifically; the SPs? 

3) What is your understanding of the PBF? 

Core questions 

4) How are you using the frameworks in your work?  
a. How do you apply them to your work? AND how often? 
b. Please explain a recent project (related to agriculture?) that utilized the 

framework(s). 
c. Why do you use them this way? 

5) What benefits do you see in using the framework(s) (towards sustainable agriculture)? 
6) Do you see any short-comings when using the framework(s) (towards sustainable 

agriculture)? 
d. Please elaborate on these 

7) What potential do you see for improving these frameworks?  
e. What would you change to make them more effective? 

8) What potential do you see for integration of these frameworks? 
f. Have you ever attempted to combine these frameworks?  

9) Are there any other frameworks for sustainable development that you have used?  
g. What did you find useful with these alternative frameworks? What did not 

work?  

 
Matrix 

10) [referring to matrix sent to interviewee] Could you use this matrix in your work? 
What value do you see in how they are combined? What (if anything) would you 
suggest for possible modifications? 
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Appendix B: Coding Comparison Matrix 

Simplified coding comparison matrix to demonstrate the number of theme mentions made by 
each interviewee and the subsequent total theme mentions.  

Interviewees: A B C D E F G H I J K L M N 
Bryan Gilvesy 2 
Camilla Valimaa 1 6 5 3 2 1 3 7 2 10 6 1 1 
Cindy Kite 4 7 5 2 1 5 4 1 1 1 2 
Göran Broman 4 1 2 3 1 2 4 3 1 2 
Karl-Henrik Robèrt 3 1 2 4 2 4 4 3 2 2 2 
Merlina Missimer 2 3 3 1 
Pernilla Malmer 4 1 1 1 1 5 1 
Sarah Cornell 4 1 3 1 3 3 8 5 1 4 1 
Total mentions: 12 22 18 7 11 14 17 14 11 29 9 15 9 4 

 

Theme Legend 

A: Prioritization  
B: Communication 
C: Design principles 
D: Operational 
E: Time 
F: Social 
G: Problem identification 
H: Definition of sustainability 
I: Asset to ABCD 
J: Boundaries and limits 
K: Precautionary 
L: Root cause 
M: Miscellaneous (not categorised as a theme)  
N: Agricultural relevance (not categorised as a theme)   
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Appendix C: Initial Matrix 
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