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Abstract

One of  the main challenges in today’s society is sustainable development of  our land 
and landscapes for people, nature and the planet. This thesis will explore healthy eco-
systems, what they are and why they need to be addressed (i.e. the potential they hold) 
and finally how we can achieve them. It will explore how landscape architects can uti-
lise landscape ecological theory to improve the ecosystem health in their work, as one 
approach from one scientific field. Rather than a transformation in the planning field 
this thesis urges the need for a systematic transformation of  how we see all systems on 
Earth as one with sub-systems alternating its dynamic. The thesis aims at becoming 
a useful tool across disciplines to provide a new understanding of  planet Earth and 
us. The objective is further to give a brief  understanding of  some important landscape 
ecological theories and principles (i.e. connectivity, corridors, barriers, heterogeneity, 
fragmentation) and make a deeper exploration of  the sources and sinks for ecosystem 
health in our built landscapes. 

Ecosystem health was in the thesis mainly oriented on people, nature and due to the 
scope of  landscape architecture. The innovative approach of  using landscape ecological 
theory enabled analyses of  the function of  different elements as sources and sinks (i.e. 
how they impact the ecosystem health dynamics). This was done for different scales 
(regional, landscape and site-scale) and contexts (land-use types in different matrixes: 
urban and sub-urban, residential and industrial). To see the potential of  such an appro-
ach for landscape architects a system was developed to grade and map the functioning 
of  elements as sources and sinks, and the system was tested on four Norwegian ca-
se-study sites as a joint assessment to map their ecosystem health.  Further, final sug-
gestions were demonstrated on how the dynamics of  sources and sinks could be altered 
by simple interventions. 

The system proved to be effective in mapping sources and sinks in sites on multiple 
scales and within the three systems. The joint assessment provided a holistic syner-
gy (scales and systems) and resulted in a possible prioritization of  the ultimate good 
and bad solutions as in common sources and sinks across the systems. Trade-offs like 
missing out detail when mapping and limiting the study sites to built structures were 
addressed in the discussion. In the thesis a new understanding of  ecosystem health was 
proposed, the potential of  ecosystem health as a more applicable approach for landsca-
pe architects in the strive towards sustainability was identified and landscape ecology 
proved valuable as a tool to achieve healthy ecosystems. More research and testing is 
required but I conclude that ecosystem health is a concept that holds great potential for 
achieving social and environmental sustainability for the future. 
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Glossary

There are multiple definitions for the terms used in this thesis, this 
glossary lists the definitions most suitable to how they were interpre-
ted in this thesis. 

Novel ecosystem 
Derives from the word “novelty” that describes something new, origi-
nal or in this case human made (Hobbs et al., 2006). Novel ecosystems 
are the result of  unintended or intended human actions and some key 
characteristics are new species combinations or the potential to influ-
ence ecosystem functioning (Hobbs et al., 2006). Novel ecosystems are 
the opposite of  natural ecosystems and in this thesis they are used to 
describe the non-natural or non-naturally emerging ecosystems in the 
surroundings. 

Ecosystem integrity 
“The ability of  an ecological system to support and maintain a 
community of  organisms that has species composition, diversity, and 
functional organization comparable to those of  natural habitats within 
a region. An ecological system has integrity when its dominant ecolo-
gical characteristics (e.g., elements of  composition, structure, function, 
and ecological processes) occur within their natural ranges of  variati-
on and can withstand and recover from most perturbations imposed 
by natural environmental dynamics or human disruptions.” (p.852, 
Parrish et al., 2003). It is a holistic concept and framework that focu-
ses on native biodiversity, the natural range of  variations as reference 
points and promoting resilience (p.447, Wurtzebach & Schultz, 2016).

Biotic
Used to describe living or once-living organisms, and biotic factors are 
living organisms that impact their environment (National Geographic, 
n.d.-b). Examples of  biotic factors are vegetation, animals and hu-
mans.

Abiotic 
Used to describe non-living parts of  an ecosystem, with an absence 
of  life or living organisms. An abiotic factor nevertheless shapes its 
environment, and climate, temperatures, water are examples of  abiotic 
factors (National Geographic, n.d.-a). Unique ecosystems comprise 
of  biotic and abiotic factors that work together (National Geographic, 
n.d.-a). 

Biosphere
“The biosphere is a global ecosystem composed of  living organisms 
(biota) and the abiotic (nonliving) factors from which they derive ener-
gy and nutrients» (Gates et al., 2023).

Homeostasis
A state of  equilibrium, of  maintaining and achieving a stable balance 
in a system (Ernest, 2008).

Heterogeneity
Environmental heterogeneity is spatial or temporal variability in 
resources and factors. Some distinguish between biotic and abiotic he-
terogeneity of  abiotic origins such as variations in topography, slope, 
aspect, micro-climate, substrate particle sizes. Biogenic heterogeneity 
is caused by organisms (Wilson, 2000).

Homogeneity
Absence of  variation (Kolasa & Rollo, 1991). 
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0 Introduction

Setting the scene and presenting a problem statement and research 
questions.
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0.1 Setting the scene

The world is in a tumultuous state in the 21st century. Status quo is increasing global warming and 
decreasing global biodiversity while global sustainability goals target a transition scenario with limited 
global warming, optimally to 1.5 degrees and an increase in global biodiversity (p.71,WWF, 2022). 
This chapter will look at the greatest challenges facing the Earth at the moment.

The global temperatures are increasing at a faster pace than expected, biodiversity is decreasing ra-
pidly, nature is degraded globally due to land-use changes, the oceans are becoming more acid, global 
freshwater resources are decreasing, the geochemical fluxes (e.g. nitrogen and phosphorus) are chan-
ging with polluting effects harming nature and society and there is an increase in chemical pollution 
in the atmosphere (IPCC, 2023; Rockström et al., 2009). All of  these effects further accelerate the 
greenhouse balance and damage terrestrial and aquatic ecosystems (Rockström et al., 2009; Sutton et 
al., 2011). According to Rockström et al., a group of  world-leading ecologists, humanity is pushing the 
natural system on Earth beyond what they call its “safe operating conditions” (2009). They identified 
9 planetary boundaries, see figure 0.1, that humanity need to safe guard for a sustainable and sustai-
ned development of  the natural systems on Earth (2009). Climate change and biosphere integrity, also 
known as the nature crisis are two of  the boundaries that already are exceeded to various extents.
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Figure 0.1 illustrating the nine planetary boundaries with their current status of exceedance in 2022. Novel entities (like plas-
����ǡ��������������������������Ȍǡ����������������ƪ���ǡ������������������������������������������������������������������������
already are exceeded beyond their safe-operating space. Stockholm Resilience Centre. 

The climate crisis
 
The UN intergovernmental panel on climate change (IPCC) are calling for urgent action in 2023 
to limit global warming to 1.5 degrees within 2030 as the effects of  climate change already are 
transforming societies and natural systems around the globe (Åsnes et al., 2023; IPCC, 2023; 
Senel et al., 2023; Ulvin et al., 2023). The window of  opportunity to limit global warming to 1.5 
degrees is narrowing and thereby enabling climate resilient and friendly development as seen in 
figure 0.2  (IPCC, 2023). Earth’s biodiversity is on a trajectory towards a critical threshold that 
can lead to the sixth mass extinction of  the worlds species, mainly driven by human activity of  
unsustainable use of  land, water and energy (World Wildlife Fund, n.d.; WWF, 2022). 

The nature crisis

In the Living Planet Report, WWF called it “code red for the planet and humanity” (p.6: WWF, 
2022). According to the report land-use is the biggest, current threat to nature by fragmenting 
natural habitats for plant- and animal species on land, in the sea and in freshwaters. However, 
climate change is also causing biodiversity loss and is expected to become the dominant driver 
of  biodiversity loss if  efforts to limit temperature increase are not successful (WWF, 2022). The 
report shows an average 69 % decline of  wildlife populations from 1970 to 2018 around the 
world due to key threats like agriculture, hunting, logging, pollution, invasive species and climate 
change (WWF, 2022). See figure 0.3. The report urges a nature-positive transformation in how 
humanity produce, govern, consume the Earth and what is financed (WWF, 2022). They called 
for nature- or net nature positivity (net-positive biodiversity within 2030) of  having more nature 
by the end of  this decade than at its start, with countless benefits to society, climate, nature, hu-
man well-being, food and water security (WWF, 2022).  

Figure 0.2 illustrating the development pathways for Earth depending on the degrees of global warming presented by IPCC 
ȋ͚͚͛͘Ȍ���������������������������������������������������������������������������������������������ơ��������������Ǥ������͚͚͛͘Ǥ�
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Historic nature deal

During the last UN Biodiversity Conference in December 2022 (COP 15) in Montreal a historic na-
ture-deal was signed. As Inger Andersen, the UN Under-Secretary-General and UNEP Executive 
Director stressed “the conference of  the Parties must secure the future of  our planetary life support 
system” (UNEP, n.d.-b). During the opening remarks the UN Secretary-General António Guterres 
stressed the emergent threat “business as usual” poses to the world, causing and driving two interlin-
ked crises of  nature and climate (UN News, 2022). He called humanity “a weapon of  mass extincti-
on” that has led the world into a “cacophony of  chaos” where humanity is “committing suicide by 
proxy” to the only planet we have (UN News, 2022b). 

Some of  the resulting targets of  the Kunming-Montreal biodiversity agreement (CBD, 2022) were to:

• Restore 30 % of  degraded ecosystems on land and sea by 2030

• Conserve and manage 30 % areas by 2030

• Reduce pollution risks and negative impacts of  pollution from all sources by 2030

• Tackle climate change through nature-based solutions

• Prevent introduction and spreading of  invasive alien species

• Green up urban spaces 

Two interlinked crises, globally and nationally  
 
Before the COP15 the “champions of  the Paris Agreement”, four of  the key architects of  the 
agreement wrote a statement in where they urged world leaders to understand that the climate 
and nature crises are entwined and interconnected, and that climate action will be undermined 
without equal measures to conserve nature (Fabius et al., 2022; UN News, 2022a). They emp-
hasized that only by protecting biodiversity can the Paris Agreement with the target of  1.5 degre-
es warming be protected, and only by protecting the Paris Agreement can biodiversity be pro-
tected (Fabius et al., 2022). Net-zero emissions within 2050 is possible only through actions of  
delivering a nature-positive society (Fabius et al., 2022). The global panel of  biodiversity of  the 
UN called for equal action for the nature crisis and the new Nature Deal from Montreal in 2022 
set ambitious goals for the world’s nations to limit species extinction, sustain ecosystems and 
protect, restore and preserve more nature globally with cascading benefits to the climate crisis 
(IPBES, 2022a). 

Already, bigger development projects in Norway have been put on halt due to the new targets 
of  the nature-deal and their implications (Nyhus, 2023). The “climate law” that was legalized 
in 2018 in Norway is a legislation to help reach the national climate goals for 2050 however few 
links have, up until the latest Nature Deal been drawn between climate and nature (Klima- og 
miljødepartementet, 2018). What is heavily emphasized by world leaders and scientific experts is 
the need to stop treating these two crises as separate ones and see them as two sides of  the same 
coin, with cascading effects of  crises or benefits (Klenske, 2021). 

Public health challenges

The geological epoch of  today is called Anthropocene due to the dominating influence humans 
have had on Earth-system processes (Leichenko & O´Brien, 2019; Steffen et al., 2015). “Business 
as usual” has pushed forward fundamental changes to the systems on Earth that have been stable 
for centuries (Steffen et al., 2015). However, humanity is also in a tumultuous phase with increa-
sing pressures to solve the crises they have caused and an increasing global population (United 
Nations, n.d.-b). The global population passed 8 billion people in 2022 which was considered a 
historic milestone in human development (United Nations, n.d.-b). The population is expected to 
continue to increase even more rapidly, and reach more than 9.7 billion within 2050 (United Na-
tions, n.d.-b). This means increasing demands and pressures on Earths systems to sustain global 
societies with detrimental support like food, human habitat and possibility for societal develop-
ment. 

Despite a global population increase there are other types of  public health challenges that domi-
nate in the 21st century than those of  communicable diseases and viruses. Some of  the pressing 
challenges are climate change to cause extreme weather conditions and climate anxiety, people 
spending more time indoors and on screens, insufficient physical activity levels, especially for yo-
ung people, a mental health crisis of  increasing mental health issues around the globe and more 
people feeling less connected to nature and society (Clayton, 2020; Gibson et al., 2020; Guthold 
et al., 2020; Hansen, 2021; Lucero-Prisno III et al., 2023; Ogunbode et al., 2022; White et al., 
2021; WHO, 2015; WHO, 2022; Wilson, 1984)

Figure 0.3 showing the 69 % decrease in relative abundance of 5 230 species across the globe of 31 821 populations. 
95 % statistical certainty for the trend. WWF, 2022.

The global Living Planet Index
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Urbanisation

A growing part of  the global population are moving to cities and currently more than 50 % of  the glo-
bal population resides in cities (The World Bank, 2023). The urban population is expected to increase 
1.5 times within 2045, to 6 billion (The World Bank, 2023). This put increasing pressures on cities to 
fulfil the requirements and needs for people to live healthy, happy lives (The World Bank, 2023). In ad-
dition it urges sustainable development and economic growth as more than 80 % of  the global GDP is 
generated in cities (The World Bank, 2023). Urbanisation challenges land-use planners as growing cities 
require sustainable sprawl rather than the opposite that can have detrimental effects to land and natural 
resources in providing essential services and benefits to humanity like food production and publicly 
available recreational areas (The World Bank, 2023). Currently the expansion of  urban land outpaces 
population growth of  50 % (The World Bank, 2023). As with Oslo, the surrounding areas might be at 
stake when the city will expand, figure 0.4 and 0.5. 

near Oslo — Norwaynear Oslo — Norway

1 of 1

	������͘Ǥ͜������������ǡ���������������������������������������������Ʀ������������������������ȋ���������ȌǤ�������������-
veloped areas are previous agricultural- or natural areas. For the scenario of urban sprawl of Oslo thoughtful planning is requi-
red to leave the forests untouched. Maps from Applemaps. 

	������͘Ǥ͝�������������������������������Ʀ���Ǥ�������������������������������������������Ǥ�

Land-use change
 
Human activity has significantly altered 75 % of  the land surface on Earth and 66 % of  ocean 
areas like from fisheries and pollution (UNEP, n.d.-a). Land degradation affects 40 % of  the glo-
bal population and 25 % of  global greenhouse gas emissions are generated by land use changes 
like fertilization, crop production and land clearings (UNEP, n.d.-a). Global food production is 
the primary driver of  biodiversity loss and 70 % of  the projected loss of  terrestrial biodiversity is 
said to be caused by agricultural expansion (UNEP, n.d.-a).

The amount of  novel versus natural ecosystems is increasing, evident as one of  the main drivers 
of  climate change and one of  the planetary boundaries is land-use change (Steffen et al., 2015). 
Currently the expansion of  urban land outpaces population growth with 50 % and it is expected 
that new urban built-up land will take up 1.2 million km2 in 2030
 (The World Bank, 2023). That is an area the size of  Norway four times, of  existing land that will 
be developed, subject to land-use change and urbanization (NationMaster, 2008; Worldometer, 
n.d.). In Norway the type of  area that is most built down is forests and agricultural land for the 
land-uses of  buildings and roads (Søgaard et al., 2021), see figure 0.6. 

Other

Sports arenas

Quarries and 
similarly

Power lines

Roads

Buildings

Forest Agricultural 
land

Active inland pastures Open and woody nature Water and wetlands

Built down area in Norway from 1990 to 2019

Figure 0.6 showing the development of built down area in Norway from 1990 and 2019. Land types that are most built down 
are forests and agricultural land, while it is buildings and roads that are the most built land-use types. Miljødirektoratet 2023, 
based on statistics from Søgaard et al. (2021). Translate to English by me.
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Landscape architecture in a tumultuous world

There are challenges both in the natural and social systems of  Earth and there 
is a call for action in a number of  fields. These challenges are in the hands of  
landscape architects and land-use planners. There is a need to build green, 
resilient and inclusive cities that can be sustainable and at the same time be 
adapted to and mitigate climate change (The World Bank, 2023). The IPCC 
urged planning of  urban systems that could reduce emissions and advance in 
climate resilience (2023). At the same time urban systems should promote pu-
blic health by facilitating active mobility, well-being of  ecosystem services by 
green and blue structures, climate regulation like urban cooling and reduced 
vulnerability to changes (2023). 

Landscape architects work with a number of  elements in the Earth system, 
see figure 0.7, but mainly focus on the natural system with ecological and 
environmental matters like geological, climatic and botanical, and the social 
system with matters of  promoting public health, facilitating social inclusion 
and public availability, coherence, recreation and community spaces (Dram-
stad et al., 1996). 

Figure 0.7 with illustrations of some of the elements landscape architects have to consider and deal with during landscaping like climate 
����������ǡ�����������ǡ��������ǡ��������ǡ���������������Ǧ��������������������ǡ�����������ǡ����ƪ����������������ǡ���������������������Ǥ�
These are considerations on a global, regional, national and local scale. 
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Conflicting interests and land-uses

The significant role of  land-use change in the climate- and nature crisis calls 
for landscape architects to find solutions that can mitigate these negative im-
pacts, boost nature while at the same time enable as healthy and happy socie-
ties as possible. As the Living Planet Report (2022) emphasized, all land users 
contribute to landscape changes or influences through individual, collective 
and collaborative actions (WWF). There are often conflicting interests and 
competing land-uses simultaneously in different landscapes, as visualised in 
the thematic maps below, figure 0.8. These lead to constant compromises and 
prioritizations in planning processes. 

Figure 0.8 A 
showing a thematic map of untou-
ched nature areas  graded from 
dark to light green in a descending 
order of distance between lands-
cape interventions and untouched 
nature.
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Figure 0.8 B
showing a thematic map of natio-
nally preserved recreational areas. 
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Figure 0.8 C
showing a thematic map of living 
areas for wild reindeer.
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Figure 0.8 D
showing a thematic map of nature 
reserves. 
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Figure 0.8 E
showing a thematic map of valuea-
ble cultural landscapes. 
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Figure 0.8 F
showing a thematic map of snow 
scooter trails. 
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Figure 0.8 G
showing a thematic map of de-
veloped areas from 1988 to 2018. 
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Figure 0.8 H
showing a thematic map of hot-
spots for threathened species. 
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showing a thematic map of polluted 
ground. 
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Landscape architects are one of  the lead actors in sustainable land-use de-
velopment, however the aim of  sustainability might not be the most appli-
cable for actual projects and designs. Achieving social, environmental and 
economic development simultaneously can be challenging, and way too often 
prioritizations are given to certain elements at the expense of  other. I want to 
explore another approach to sustainability for landscape architects in where 
people, nature and the climate is prioritized and social, ecological and en-
vironmental sustainability is achieved. With my thesis I want to discover the 
potential of  an ecosystem health approach for landscape architects to achieve 
sustainable development.

Landscape architects have to deal with a multitude of  factors and use different 
approaches when designing. Landscape ecology is a science field that through 
a simple language logically explains the effects of  land-use and human acti-
vity for ecosystems and biodiversity on multiple scales. The understanding 
a landscape ecological approach provides of  what a landscape is and how it 
works has been priceless for me as a landscape architect student. 

I want to test the potential of  landscape ecology as a tool for landscape ar-
chitects in the attempt of  achieving sustainability with healthy ecosystems. I 
want to illustrate the links between what we design and the impact it makes to 
the ecosystem health and provide inspiration of  alternative ways to do things. 
As Special Representative Aboulgmagd stressed during the COP27, there is a 
dire need for progress, not in words but in actions and implementation (UN 
News, 2022a). With this thesis I hope to make sustainability more applicable 
by showing how the strive towards healthy ecosystems can be implemented in 
planning and landscape designing through illustrative examples of  implemen-
tation. My compassion for nature and the Earth’ systems makes saving the 
world imperial and that is what I am hoping I can contribute with as a 
landscape architect. 

0.2 Problem statement

Research question:
What potential does an ecosystem health 
approach have for landscape architects to achieve 
sustainable land-use development? 

To answer this, the research question is broken down into three 
sub-questions. They are:

1. What is ecosystem health?

2. Why is ecosystem health relevant for a sustainable 
land-use development?

3. How can landscape architects create healthy 
ecosystems?

These will constitute the three main parts of  the thesis. Within the 
three questions related elements will be addressed and studied in a 
logical order. For further details, see the table of  contents or outline. 
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In order to answer the research question these methods were used:

I Literature review
To answer the first sub-question a literature review was conducted on the exis-
ting literature on ecosystem health to get a grip of  the concept and its role in 
society. The aim was to achieve an understanding of  the concept as it is today 
with its definitions, implications and suggestions to explain its limited use. As 
the concept is not much used in landscape architecture, additional theories 
from other science fields (philosophy, social science, public health, economy) 
were analysed to see if  they could add to a broader understanding of  the con-
cept that could make it more applicable to landscape architects. 
 
To answer the second sub-question empirical data was collected to create a 
scientific evidence base of  the challenges present in the world to argue for 
the unhealthy state of  the world. A literature search was conducted to search 
for theory and methodology used by landscape architects and to support the 
conception that there is a lack in these for the profession. 

To answer the third sub-question a literature review was conducted on lands-
cape ecology to present the history of  the profession, the foundation of  the 
theory and main principles. A literature search was done to see if  ecosystem 
health had previously been linked to landscape ecology. Literature was also 
reviewed to understand the scale and context dependence within landscape 
ecology that was relevant to ecosystem health.

II Developing a system 
A system was developed to test if  the landscape ecological principles of  sour-
ces and sinks could be used to determine the function typical elements could 
have in outdoor rooms for the ecosystem health. Empirical data was collected 
on the evidential negative and positive effects of  elements, and the data was 
summarized in a table (”table on source and sink elements”). The data can be 
found in appendix 1. 
From this, a gradient was developed with criteria for achieving different sco-
res (”source and sink gradient).

0.3 Method

III Case study
To test the developed system a joint assessment of  four Norwegian case study 
sites was conducted. The sites were chosen based on their representative 
characteristics for typical land-uses. Landscape ecological theory was used 
for conducting the case study analyses to identify the function of  the present 
landscape metrics. For a final, joint assessment of  source- and sink function in 
the sites, common functions within the three systems assessed were identified, 
inspired by McHarg spatial overlaps or layer cake model. 

Development of  thesis idea
IV Field trip 
18.-25.02.23
In february a field trip to Berlin, Germany was done to study green structures 
in a city known for its high biodiversity. The aim was to see as many solutions 
as possible for typical grey and green structures relevant to landscape archite-
cts like fences, parks, vegetation and planting regimes, mixed plantings, nature 
conservation efforts and biodiversity protection in public parks, informational 
signs, use of  outdoor lighting in parks, zoning for different types of  use in 
green areas. 

The outcome of  the field trip was a realisation of  the fact that the previous 
idea for the thesis, a proposal of  optimal, better solutions always depend on 
what the objective was and to whom they were directed. A better solution for 
a dark and scary park for the social system would be to implement a better 
light regime, but that would give a negative contribution to the ecological 
system. This was a significant discovery that made me rethink the thesis as in 
what the objective and research question should be, and how I could suggest 
improvements that would take this context dependency into consideration. 
The field trip and case study sites visited was not used directly in the thesis as 
much as expected and intended when planning the trip, however the results 
and discoveries derived from it became so imperative that they changed the 
course of  the thesis. 
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What potential does an ecosystem health 
approach have for landscape architects to achieve sustainable land-use 

development? 

I WHAT 

is  ecosystem 
health?

II WHY 

is 
ecosystem health 

relevant for 
a sustainable 

land-use
development?

III HOW 

can 
landscape 
architects 

create healthy 
ecosystems?

Introduction
setting the scene

• Literature review

• Merging theories

A new understanding

• Unhealthy ecosystems 

• Healthy ecosystems

• Landscape        
architecture

The potential of an 
ecosystem health 
approach

• Landscape ecological 
theory & principles

• Developing a system

• Case study, joint      
assessment

 - analyses
 - results
 - suggestions

Conclusion

Discussion

The thesis is divided into three parts to answer the three sub-questions of  the 
research question. These three parts constitute of  literature, theory and discus-
sions to answer the sub-questions accordingly. The parts build on each other 
and the answers of  the sub-questions in their respective parts sets the premises 
for the following so the thesis should be read chronologically. 

0 - Introduction
By setting the scene, the background and relevance of  the thesis is presented. 
The problem statement and research questions are introduced together with 
the outline and methods used. 

Part I - What is ecosystem health?
Exploration of  the concept with its evolution, definitions and use found in a 
literature review. Additional theories that can evolve the understanding of  the 
concept are presented, leading up to a discussion of  a new understanding and 
its applicability for landscape architects. 

Part II – Why ecosystem health for a sustainable land-use development?
Examples of  unhealthy ecosystems in the world are presented through three 
current crises followed by outcomes of  healthy ecosystems with the benefits 
they can provide. Landscape architecture and the lack of  theory for solving 
problems is addressed, followed by ecological theoretical approaches. Final-
ly, landscape ecology is introduced as a theory for landscape architects with 
ecosystem health as objective.

Part III – How can landscape architects create healthy ecosystems?
Focusing on how healthy ecosystems can be achieved through landscape 
ecological theory that is introduced, with a reflection of  its applicability to 
ecosystem health. Sources and sinks are chosen as core principles, and con-
text dependency is addressed. A system is developed for testing the function 
of  typical elements in outdoor rooms by scoring them according to their 
function as source or sink to the ecosystem health. A gradient for the scoring 
sheet with criteria is developed. To test the developed system, it is applied to 4 
Norwegian case study sites where a joint assessment of  the whole landscape, 
landscape metrics and elements’ functions are analysed. Finally, suggestions 
of  simple interventions that can change the source-sink dynamics are demon-
strated.  

Part IV - Discussion and conclusion
The thesis research question and sub-questions are discussed, with the de-
veloped system and the developed system for scoring elements. Suggestions 
for future research are introduced, with a final conclusion. 

0.4 Outline
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I What  is  ecosystem health?

Exploration of  the concept with its evolution, definitions and use found in 
a literature review. Additional theories that can evolve the understanding of  
the concept are presented, leading up to a discussion of  a new understan-
ding and its applicability for landscape architects. 

 I      W H A T ?
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Ecosystems

A shopping street in the middle of  a city comprises of  an artificial environ-
ment with hard surfaces, big buildings and materials like glass, concrete, 
asphalt and stone. The present biodiversity mainly consists of  humans, pets, 
maybe some sea gulls, pigeons and some rats at night. Surface water is led to 
pipes and climatic factors are regulated to benefit human activity like granite 
tiles preventing a muddy ground cover. There is a strong presence of  infrastru-
cture like outdoor lights, outdoor furniture, vehicles that produce noise pol-
lution and light pollution that can hinder night sky vision. The microclimate 
in the streetscape is different than for the park across the street with a higher 
average temperature due to the urban heat island effect caused by the heat-ab-
sorbing materials in the streetscape. 

In the park hard, artificial surfaces are replaced by vegetation, tree canopies, 
lawns and permeable ground cover for walking paths. The present biodiversity 
is higher with additional organisms like pollinating insects, butterflies and 
more bird species, and at night animals like roedeers or foxes can be spotted. 
Surface water is absorbed by the vegetated surfaces and there is less control-
ling of  the natural elements. There is still a presence of  infrastructure like out-
door lighting, but vehicles are not a regular element in the park, the vegetation 
can buffer some of  the surrounding noise and there is typically less light pol-
lution so the stars can be seen during the night. The microclimatic conditions 
are significantly different with cleaner and cooler air due to the vegetation. In 
addition, tree canopies provide comfortable shade to the visitors of  the park.  
These two scenarios might seem contrasting, but both are ecosystems. 

Figure 1.1 Illustrations of two types of ecosystems. 

 I      W H A T ?
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1.1 Literature Review

Ecosystem
According to Alimov (2000) ecosystems are 
present where there are interactions between 
living organisms (humans, pets, wild animals) 
and their shared, abiotic environment (i.e. buil-
dings, infrastructure, vegetation).  Ecosystems 
are dynamic in that they are unique in time and 
space (Gillson & Willis, 2004). By most people, 
ecosystems are considered as something sepa-
rate from humans (Bormann 1996). But they 
comprise of  a space and time component, various 
organisms (e.g. humans, pets, pathogens, wild 
animals) that live together and form communi-
ties (e.g. urban settlements, rural, forest biomes, 
deserts) (Alimov, 2000). In ecosystems there is 
regularity in the interrelations and -dependence 
between the organisms, communities and their 
physical environment (Alimov, 2000). Therefore, 
ecosystems can be both novel or artificial and 
natural i.e. cities, neighbourhoods, forests or 
entire regions can all be considered ecosystems. 
Novel ecosystems entwine artificial and ecologi-
cal infrastructures; being water and vegetation in 
or near built environments (the hinterlands) that 
interact in delivering ecosystem services at multi-
ple scales (Gómez-Baggethun et al., 2013). Cities 
have for long been categorized as different types 
of  systems like economic, social or ecological by 
dominating characteristics such as flow of  money 
(Douglas, 1981). They have also been characteri-
sed as “dynamic ecosystems” (Douglas, 1981). 

Health

Evolution of the concept
The first traces of  ecosystem health can be 
found in the writings of  the Scottish geologist 
James Hutton who in 1788 described Earth as 
one, integrated system (Rapport et al., 1999). 
Naturalist and acknowledged author Aldo 
Leopold followed up the idea in his writings of  
land ethics and land health in 1949, a science 
that he proclaimed to be science and work for 
the future (Leopold, 1949; Lo, 2009; Rapport 
et al., 1999). In his land ethics he associated 
‘health’ with beauty, stability and integrity 
of  the land and emphasized that a thing was 
right when it tended to preserve this in a biotic 
community and wrong if  it tended otherwise 
(p.224-225, Leopold, 1949; Lo, 2009). Leopold 
did not include the abiotic environment as part 
of  the cyclic relationships in ecosystem, somet-
hing he was criticized for later on (Lawler et 
al., 2021) (Lo, 2009). These were some of  the 
publications that first introduced ‘ecosystem 
health’ as a concept.

In the late 1970s and 80s a number of  publica-
tions elaborated on the concept of  ecosystem 
health (Rapport et al., 1979; Rapport, 1981; 
Rapport et al., 1985). David Rapport was one 
of  the key authors with an interdisciplinary 
background of  engineering, business adminis-
tration, economics and behavioural ecology 
(Rapport, n.d.). The similar, diagnostic chal-
lenges between determining health for indivi-
duals and whole ecosystems was emphasized 
(Rapport et al., 1999). What health for ecosys-
tems should be based on was examined (i.e. 
ecosystem persistence or resilience) and what 

the syndromes or symptoms (indicators) of  
unhealthy ecosystems would be (i.e. primary 
productivity, species diversity etc.) (Rapport 
et al., 1979). Symptoms of  unhealthy ecosys-
tems were investigated by Rapport et al. (1985) 
as common responses of  dysfunction in both 
terrestrial and aquatic systems. Changes in 
productivity, nutrient cycling, species diversity 
and dynamics within species dominance were 
considered potential indicators of  unhealthy 
systems (1985). Typical stressors could be 
harvesting, pollutant discharges, introduction 
of  exotic species, physical restructuring and 
extreme natural events like storms or volcanic 
activity (1985). Inability to cope could lead 
to further dysfunctions or even to irreversible 
ecosystem breakdown (1985). 

Background for concept evolution
According to ecologist Ramade (1995) the 
Gaia Hypothesis developed by Lovelock (1972) 
played a determining role in how the scienti-
fic environment accepted these two, distinct 
concepts (health and ecosystems) together. The 
hypothesis proclaimed that Earths non-living 
abiotic environment and biotic systems behave 
as one entity that is self-regulatory through 
complex interactions (Aoki, 2012; Boston, 
2008; Lovelock, 1972). The second explanati-
on Ramade came with for the acceptance of  
ecosystem health as a concept was the medi-
cal perspective in which society saw its total 
dependence on functioning nature and thus a 
societal interests to protect the natural environ-
ment for the sake of  human health emerged 
(1995). 

 I      W H A T ?

‘Ecosystem health’ has a surprisingly long history. Ecosystem health comprises of  two 
concepts, ‘ecosystem’ and ‘health’. According to Alimov (2000) an ecosystem is loca-

lized in space and dynamic in time. It is set of  various organisms that live together and form 
communities and the conditions of  their existence (2000). They are in regular relationships 
with each other and form a system of  interdependent biotic and abiotic processes (2000). 
Ecosystems are “unique in time and space” (p.995, Gillson & Willis, 2004)  and need to 
be understood not as “disembodied entities” like economic markets but rather as “living, 
complex, interacting systems” (p.87, Rapport et al., 1999). Health is mostly applied to hu-
man and animal sciences and good health is by the World Health Organization (WHO) 
defined as “a state of  complete physical, mental and social well-being and not merely the 
absence of  disease or infirmity.” (p.1, United Nations, 1946). An expansion of  the concept 
of  ‘health’ and ‘ecosystem’ lays in the foundations of  ‘ecosystem health’. Following comes 
a chronological review of  the evolution and development of  the concept based on some key 
publications. 

Health is complex as a value-based judgement normally assessed by, and of  humans (Rapport, 1989). 
Health is as Rapport reflected upon unique, relative and a subjective state set in a context of  influen-
cing factors (1995; 1999). The human environment can play a significant role for the health of  people 
and there is profound literature and theories (e.g. the Biophilia hypothesis) that support the fact that 
certain environments (e.g. natural, green, vegetated) are more health stimulating than others (e.g. grey, 
artificial surfaces), both physically and mentally (Wilson, 1984). Therefore, the way people are affec-
ted indirectly or directly by different types of  ecosystems can be significantly different both in relation 
to environmental conditions impacting physical health conditions like air quality and urban heat and 
in relation to the feeling of  well-being, decreased stress levels, lowered blood-pressures and similarly 
(Jimenez et al., 2021). 
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The relation between society and ecosystems was 
an emerging concern and landscape architects like 
Ian McHarg (1969) started addressing the role of  
humans as stewards of  the Earth.

Defining the concept
Costanza et al. (1992) lifted the complexity and 
cross-disciplinarity within ecosystem health of  
economic, social and environmental aspects and 
that it (ecosystem health) had several meanings 
(i.e. philosophical, societal, medical, biological) 
(Kuznetsova & Manvelova, 2022; Rapport et 
al., 1999). Costanza et al. (1992) also gave one 
of  the first and much acknowledged definitions: 
“An ecological system is healthy and free from 
“distress syndrome” if  it is stable and sustainable 
– that is, if  it is active and maintains its organi-
zation, and autonomy over time and is resilient 
to stress” (p. 9). Mageau et al. (1995) elaborated 
on this and added operational measures of  vigor 
(productivity), organization and resilience to the 
definition. The stability prospect from Costanza 
et al. of  1992 for ecosystem health has become a 
ground pillar in defining the concept, also refer-
red to as ‘homeostasis’. The two fundamental 
considerations of  ecosystem health according to 
Rapport (1989) to be 1. Ecological integrity to 
be preserved and 2. Ecosystem sustainability is 
present in these definitions. 

Rapport also elaborated on that these two needed 
to be addressed in the three-dimensional spheres 
of  ecosystems: the atmosphere, litosphere, hydro-
sphere and biosphere (Rapport, 1989). In 1995 
Rapport added sustained function, self-main-
tenance and repair as key aspects for healthy 
ecosystems. Bormann (1996) first touched upon 
the concept of  humans as an integrated part of  
ecosystems, later elaborated on by Rapport et al. 
(1999). “Understanding the forces of  transforma-
tion of  the earth’s ecosystems calls for a holistic 
approach in which humans are ‘part of ’ and not 
‘apart from’ the ecosystem” (p. 83). Critics of  the 
definitions argued them to be too vague and that 
biological, direct measures of  ecosystem condi-
tions would be more appropriate (Karr, 1999). 
How did the use of  the concept further evolve in 
society?

Difficulties with the concept
Even though the concept had been discussed in a 
number of  scientific publications the nature of  the 
health metaphor/analogy in relation to ecosys-
tems was still under discussion in the late 1990’s 
(Rapport, 1995).  According to Rapport (1995) 
the analogy of  ecosystems as organisms was de-
bated upon with their non-definable nature of  un-
bounded entities. In addition, the nature of  health 
science to be geared at individuals was argued 
for by some to not give it (health) validity beyond 
individuals (1995; Rapport et al., 1999). Critics 
would also focus on the non-scientific, value-ba-
sed judgement for defining health in relation to 
ecosystems that Rapport (1989) early addressed as 
a relativity concern (Rapport, 1995). 

However, as Rapport (1995) accentuated, adopti-
on of  ecosystem health as a societal goal and as a 
recognised objective, almost as a bottom line for 
sustainable development had already been recog-
nised by national policies and in regional develop-
ment and environmental concerns in 1995. Fol-
lowing Rapport (1995) the value of  the metaphor 
was both its powerful, underlying holistic model 
that stressed the human and non-human forces 
that impacted ecosystem health and the trans-
fer of  scientific basis for assessing health (from 
other scientific fields) that put a focus on curative 
as well as preventive health practices (Rapport, 
1995).

The challenges of ‘health’

 I      W H A T ?

Figure 1.2 The Health Determinants Model by Dahlgren & Whitehead (1991) illustrates a number of health determinants 
����������ơ�����������������ǯ�����������������������������������Ǥ

The ‘health’ aspect of  the concept is complicated. Human health is a relative matter explained 
with the model of  health determinants by Dahlgren & Whitehead from 1991 that still has rele-
vance today, see figure 1.2 (Dahlgren & Whitehead, 2021). A number of  socio-economic and 
individual factors like norms, values and beliefs play a role in defining what is sick and what is 
healthy, how to treat illness and achieve good health (Dahlgren & Whitehead, 2021). Good he-
alth has been defined as a state of  surplus to tackle the demands of  everyday life (Hjort, 1982) or 
as the ability to realise goals and challenges set upon one (Nordenfeldt, 1993; Nordenfeldt, 1995; 
Wacherhausen, 1994). By so, good health has been discussed not only as the absence of  sickness 
but also as a measure of  “life-strength”, capacity or resilience (Bronfenbrenner 1979). 

Also in means of  determining what constitutes health for ecosystems it is a subjective indicator 
performed by, and on the basis of  human values (Rapport, 1995). This emphasizes the need to 
find objective indicators that do not favour some effects of  ecosystem health above others (e.g. 
ecosystem services from healthy ecosystems cannot be provided at the expense of  the system 
resilience or vigor for its own functioning) (Rapport, 1995).  
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Scientific establishment of the concept

What halted further development and use 
of the concept? 
In 1999 Rapport et al. reflected upon the hurdles 
of  the concept to understand why the develop-
ment of  an ecosystem model had been limited so 
far. They gave two possible explanations: the first 
was the nature of  the concept to be cross- and 
transdisciplinary, thus falling between disciplines 
in the scientific world (Rapport et al., 1999). The 
second was the challenge of  defining the concept 
as “’health’ is one of  those elusive properties that 
is better recognized (observed) by its absence” (p. 
84). They addressed the contextual nature of  eco-
system health that as with human health, some 
responses of  stress are common whilst others 
are unique features determined by the ecosystem 
context (Rapport et al., 1999). They were also 
the first to lift the matters of  scale, and Palmer & 
Febria (2012) later emphasized the complexity 
within the interactions that occur in ecosystems 
and their response as a matter of  context depen-
dency. They urged the need for a framework to 
assess ‘ecosystem health’ as both structure and 
function (Palmer & Febria, 2012). 

Sustainability takeover
The Brundtland commission first presented 
sustainable development in 1987 as a way of  de-
veloping the world without it being at the expense 
of  nature, the environment or future generati-
ons (The World Commission on Environment 
and Development). In 2015 the three pillars of  
sustainability (economic, societal and environ-
mental) were utilized within the UN Sustainable 
Development Goals (SDGs) as 17 systemic goals 
covering different factors of  society. These were 
set to be reached within 2030, in line with the 
Paris Agreement of  all membering countries of  
the UN (United Nations, n.d.-a). As Rapport 
already proclaimed in 2007, achieving healthy 
ecosystems should be considered a cornerstone in 
sustainable development as “healthy ecosystems 
are the essential precondition for achieving sustai-
nable livelihoods, human health, and many other 
societal objectives” (p.1). He lifted the potential 
of  an Eco-health approach within sustainabi-
lity science as unique means to reach the SDGs 
(2007). As Rapport (2007) suggested, that should 
be done through restoration of  ecosystems and 
landscapes in accordance with the indicators of  
ecosystem health: resilience, organization, vitality 
(productivity) and absence of  distress syndrome. 
Following Rapport (2007), healthy ecosystems 
were the pre-condition for, but also the objective 
of  sustainable development. Despite their simila-
rities it can seem like sustainability took over for 
ecosystem health as a leading concept due to the 
attention it received and the utilisation through 
the SDGs. Nevertheless, their foundation shares 
many of  the same values and objectives.

Connected health
Connecting human, animal and ecosystem 
health was in 2008 put in a framework of  “One 
World, One Health” with a shared goal – achi-
eving improved health for all (Harvey, 2010).  
The strategic framework arose as an initiative 
by WHO, UNICEF, FAO, the World Bank and 
UN System Influenza Coordination (Harvey, 
2010). It ceased to break down barriers betwe-
en different interests to set upon improving the 
health of  people, animals, wildlife and ecosys-
tems (Harvey, 2010). This was important as an 
early, international framework that addressed 
the unity of  the issues as addressed in ecosys-
tem health. During the Covid-19 pandemic, the 
topic was naturally brought back. 

Already in 2010 Harvey elaborated upon the 
need to build cross disciplinary bridges to pro-
tect health and talked about “connected he-
alth” with respects to the interdependencies of  
the three (human – animal – ecosystem). She 
emphasized the communication between diffe-
rent science fields to often shortfall in addres-
sing “connected health” (i.e. identifying eco-
system services as a pre-condition for human 
survival and not linking it to the pre-condition 
sustainable land-use is for ecosystem integrity 
for provision of  ecosystem services). As Har-
vey (2010) addressed, successful collaborations 
were the highest leverage points for successful 
policies, actions and outcomes. This confirmed 
the value Rapport et al. (1999) put on cross 
disciplinarity as a core in ecosystem health. To 
quote senator J. William Fulbright (1989) on 
the value of  cross disciplinarity: “The essence 
of  intercultural education is the acquisition of  
empathy – the ability to see the world as others 
see it, and to allow for the possibility that oth-
ers may see something we have failed to see, or 
may see it more accurately.” (p.217, Fulbright, 
1989).

 I      W H A T ?

In 1996 the first international symposium on Ecosystem Health and Medicine was held in Ottawa, 
USA by the newly founded International Society for Ecosystem Health (ISEH) (Rapport et al., 1999). 
Transdisciplinary thinkers with backgrounds from economy, ecology, medicine and veterinarian medi-
cine agreed that the discussions on the potential of  merging these sciences into ecology needed to be 
brought to a wider forum and thus ISEH was formed (Rapport et al., 1999). ISEH wanted to engage 
scholars from a number of  scientific fields to bridge or transcend the gap between the natural, social 
and health sciences (Rapport et al., 1999). “A primary goal was to provide the conceptual and met-
hodological foundations for assessing the condition of  the Earth’s ecosystems” (p.82, Rapport et al., 
1999). With their first conference more than 800 participants from 33 countries discussed interfaces 
of  ecology, public health, environmental management, ethics, philosophy, ecological economics and 
more, and the cross-disciplinary potential of  the concept gained momentum (Rapport et al., 1999). 
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Transdisciplinary use of the concept

Figure 1.3 showing the history of publications on ecosystem health from 1965 until 
�����Ǥ�����Ƥ����������������������������������������������������������������������������
review but only the ones relating to ecosystem health in the biological “domain” as in 
this context were considered. Derived from the number of searches in Google Scholar 
using the search words “ecosystem health”.

Interestingly the concept of  ecosystem health has established in a variety of  scientific fields that go beyond 
the biological domain (Hyrynsalmi & Mäntymäki, 2018). In their publication, Hyrynsalmi & Mäntymäki 
looked into the different uses of  ecosystem health with roots back to 1993 where it was introduced within 
‘business ecosystems’ (Moore, 1993). Today the analogy of  ecosystems and ecosystem health is found 
within ‘innovation ecosystems’, business ecosystems’, ‘product ecosystems’ etc. and the widespread use 
implies the value of  the analogy (Hyrynsalmi & Mäntymäki, 2018). Within business ecosystem research, 
ecosystem health is defined as “if  the ecosystem is healthy, individual participants will thrive; if  the ecosys-
tem is unhealthy, individual participants will suffer” (p.5, Iansiti & Levien, 2004). 

Figure 1.4 shows the THRIVES framework that links ecosystem health to urbanism and 
sustainable development (Pineo, 2022a; Pineo, 2022b).

Today
Within the last years the number of  publi-
cations on ‘ecosystem health’ has increased, 
see figure 1.3, indicating that the concept has 
become a recognised concern. Numerous 
publications on planning have used ‘ecosystem 
health’ in topics like ‘healthy urbanism’, ‘urban 
ecology’, ‘healthy cities’ and similarly. Pineo 
(2022b) promoted a new framework called 
“THRIVES: Towards Healthy uRbanism: 
Inclusive, Equitable and Sustainable” illustra-
ted in figure 1.4 (Pineo, 2022a; Pineo, 2022b). 
She used ecosystem health as an overall obje-
ctive for urbanism and linked aspects of  society 
like injustice and inequity to the concept.

Still, publications seem to ponder over 
definitions, what ecosystem health constitutes 
of  and how it can be applicable to different sci-
entific fields. Kuznetsova & Manvelova (2022) 
studied ecosystem health in relation to aquatic 
ecosystems. In their publication, they defined 
ecosystem health as a harmonious unity betwe-
en the organisms and their environment (p.46, 
Kuznetsova & Manvelova, 2022). The concept 
is used in a variety of  fields but seems to be 
a constant object of  redefining and subject to 
different frameworks and methods. One could 
contemplate over the reasons for why it is like 
this, if  the concept is too abstract (Karr, 1999), 
if  the biological terminology for the indicators 
are too technical or if  the link between health 
in societal meaning and for ecosystems is too 
far-fetched. However, what is more relevant 
to this thesis is the implications of  ecosystem 
health in relation to landscape architects who 
develop, plan and design land and land-use. 
As far as this literature review knows, there 
are few implications on how to achieve healt-
hy ecosystems. My next question is therefore 
if  any additional theory can fill the gaps i.e., 
evolve the understanding of  ecosystem health 
to become an applicable objective for landsca-
pe architects in the strive towards sustainable 
land-use development.
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What is  ecosystem health?

1.2.1 Transformation towards a new understanding

System theory
A system is defined as a group of  interrelating, interacting or interdependent parts, or sub-systems that 
together make a complex whole (myNASAdata, n.d.) By using system theory – one can argue that all 
is interconnected and works within one system, as in one ecosystem. System theory was developed in 
an attempt to formulate some common rules applicable to all scientific fields to easier unify social and 
ecological science by Bertalanffy (1968) (n.a., 2020). According to system theory every system con-
tains multitudes of  sub-systems, and together, the whole is greater than the sum of  all isolated (n.a., 
2020). This is in tune with the ecological understanding of  the Earth as a continuation of  ecosystems, 
as expressed by Rutledge et al. «The whole surface of  Earth is a series of  connected ecosystems” 
(2022a).  Within system theory one cannot explain the fundamental characteristics of  a complex 
system by the characteristics of  the separate systems, as the characteristics of  the whole will emerge as 
something unique of  them interacting, just like a cake is the result of  different ingredients mixed and 
baked together (Bertalanffy, 1968; n.a., 2020). 

System thinking
Out of  system theory system thinking evolved as a mindset, a set of  tools, a framework and a language 
(Anderson & Johnson, 1997). According to Anderson & Johnson (p. 18, 1997) some of  the main prin-
ciples of  systems thinking are:

• Having the “big picture” in mind

• Balancing short- and long-term perspectives 

• “Recognizing the dynamic, complex and interdependent nature of  systems”

• Recognising both measurable and non-measurable factors 

• “Remembering that we are all part of  the systems in which we function, and that we each 
 influence those systems even as we are being influenced by them”. 

Earth System Science 
Bormann described Earth as a dynamic, 
self-regulatory ecosystem powered by solar 
energy, characterized by millions of  species, 
humans included that are intimately bound 
together to each other and to non-living 
components (1996). Rapport (1989) stressed 
the three-dimensional spheres that should be 
considered with ecosystem health. Earth Sys-
tem Science uses system theory and this way 
of  thinking to understand Earth as a system 
comprising of  sub-systems: the atmosphere, 
hydrosphere, cryosphere, geosphere and bi-
osphere, see figure 1.5. Earth is also conside-
red part of  a bigger system in the Universe or 
Milkyway (myNASAdata, n.d.; Steffen et al., 
2020). Comparisons to the human body are 
drawn and emphasizes is laid on the fact that 
these sub-systems have to allow for the Earth 
to be in balance (myNASAdata, n.d.; Steffen et 
al., 2020). A change in one sub-system will af-
fect the other and the whole, i.e. Earth (myNA-
SAdata, n.d.; Steffen et al., 2020).
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Evaluating an idea for an expanded understanding of  the concept through additional literature and 
theories that can make it more applicable to landscape architecture towards sustainable land-use de-
velopment.

1.2 Merging theories

“One man cannot do right in one department of  life whilst he is 
occupied in doing wrong in any other department. Life is one indivisible whole” 

- Mahatma Gandhi
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ding to Earth System Science. myNASAdata.
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Other approaches with a similar 
understanding
Social-ecological systems is much referred 
to in the sustainability field and addresses 
the “Integrated system of  ecosystems and 
human society with reciprocal feedback and 
interdependence. The concept emphasizes the 
humans-in-nature perspective» (Folke et al., 
2010). The objective within socio-ecological 
systems is resilience (Folke et al., 2016). This 
approach much refers to biosphere stewardship 
linking back to McHarg’s ideas of  the human 
responsibility to govern and safeguard natural 
resources in a sustainable manner (Folke et 
al., 2016). Achieving ecosystem health can be 
understood as the system-level goal of  ste-
wardship in taking care of  ecosystems, novel or 
natural to become resilient (Weller, 2014). 

The socio-ecological model describing the 
ecology of  human development was developed 
by psychologist Bronfenbrenner in the 1970s 
(Bronfenbrenner, 1979). The model illustrates 
the interrelations between individuals, social 
influences and environmental interactions 
across multiple levels, see figure xx (University 
of  Minnesota: School of  Public Health, n.d.). 
The view on Earth as a system supporting 
human and other activity is increasingly recog-
nised, as with Inger Andersen who addressed 
the planetary life support system during the 
opening of  the COP 15 (UNEP, n.d.-b). Figure 
text: The model in figure xx illustrates the le-
vels of  influencing factors to the human health 
and development, developed by Bronfenbren-
ner 1979. The influences can cross multiple 
levels. 

Transformation 
Transformations are fundamental changes, either physical or qualitative in form, structure, mea-
ning-making (O’Brien & Sygna, 2013) or as in alterations of  fundamental attributes of  a system 
(p.564, IPCC, 2012). When a larva becomes a butterfly, it undergoes a transformation to such extent 
that it cannot return to its previous state. Westley et al. (2011) define transformability as “the capacity 
to create untried beginnings from which to evolve a fundamentally new way of  living when existing 
ecological, economic, and social conditions make the current system untenable.” (p.763, 2011). 

Three spheres of transformation
According to O’Brien & Sygna (2013) successfully achieving a transformation requires transformati-
ons on three levels, the personal, political and practical, illustrated in figure 1.6. “The personal sphere 
includes both individual and collective beliefs, values, worldviews and paradigms. The political sphere 
includes social and ecological systems and structures that enables transformations practically. The 
practical sphere represent behaviours and technical solutions, behavioural changes, innovations, in-
stitutional and managerial reforms” (p.4.5, O’Brien & Sygna, 2013). Their model evolved out of  the 
personal and planetary levels of  transformations presented by Sharma (2007) and builds on the system 
thinking of  sub-systems that all have to be transformed for the system to be. 

Figure 1.6  illustrating the three spheres of transformation that are neccessary for a successfull transformation of a 
������Ǥ��ǯ������Ƭ������ǡ�͚͙͛͘����������������ǡ�͚͘͘͟Ǥ

Figure 1.7 of the socio-ecological model developed by Bronfen-
�����������͙͟͡͡Ǥ���������������������������������������ƪ��������
�������������������������������������������Ǥ�������ƪ�������
can cross multiple levels.

 I      W H A T ?



24

1.2.2 A new understanding of  ecosystem health 

System theory can support the complexity of  health influencing factors, as health is the result of  mul-
tiple interfering “sub-systems” in the life of  the subject (Bronfenbrenner, 1979). The understanding of  
good health as a surplus to tackle challenges and as a measure of  “life-strength”, capacity or resilien-
ce (Bronfenbrenner 1979) is equally relevant to ecosystem health as it is to human health.

Ecosystem health levels and sub-systems
Ecosystems can be understood to operate in multiple levels as in Earth System Science, the Earth is 
a big-scale ecosystem, a city might be a medium scale ecosystem, a pocket-forest a smaller ecosystem 
and the Boreal Forest a bigger one. Based on system theory, Earth System Science and the definiti-
on of  an ecosystem one could define the Earth as a big scale ecosystem comprising of  interactions 
between living organisms and their environment that occur within sub-systems. These sub-systems 
operate at and between multiple levels but as in Earth System Science, for the whole system to be at 
balance it requires balance and optimal functioning within all sub-systems (myNASAdata, n.d.). This 
is similar to the socio-ecological model by Bronfenbrenner (1979) that presented influencing factors to 
human health at multiple levels. 

Ecosystem health presents a harmony between the environment and the organisms using it (Kuznets-
ova & Manvelova, 2022). Enabling a balance in the system, i.e. that the Earth ecosystem is healthy 
requires that the sub-systems are working optimally and are healthy as well (myNASAdata, n.d.). The 
health of  the Earth ecosystem is uniquely given as the result of  the health of  the sub-ecosystems and 
the interactions that occur between them like Bertalanffy articulated in system theory (1968). There 
also constant up- and downstream effects between the sub-systems at different levels that impact the 
whole. Humans are considered a part of  the ecosystem, as addressed by Rapport (1999) McHarg 
(1969), Bormann (1996) and the Millennium Ecosystem Assessment (2005). 

A reflection

Rapport et al. (1999) described ecosystems as 
living, complex, interacting systems that are 
working together in a big system, and that goes 
hand in hand with the holistic way of  thin-
king of  a connected system determined by the 
sub-systems and their interactions. The system 
thinking element of  balancing short and long-
term perspectives links to sustainability (An-
dersen & Johnson, 1997). What Westley (2011) 
expressed on the need for transformations in 
systems that were untenable due to existing 
ecological, economic and social conditions spe-
aks straight to the Earth ecosystem today with 
a need for sustainability within the natural and 
social systems. 

Humans are not excluded from any of  these le-
vels, they are considered part of  the ecosystem 
as supported by Rapport et al. (1999), McHarg 
(1969), Bormann (1996) and more. This new 
understanding of  ecosystem health and eco-
systems requires a philosophical and paradigm 
transformation to understand that the common 
goal for all developmental work is healthy 
ecosystems. The ecosystem approach lifted by 
the Millennial Ecosystem Assessment is one 
example of  such an understanding, underpin-
ning humans as an integral component of  the 
ecosystems (Millennium Ecosystem Assess-
ment, 2005). This philosophical transformation 
might also engage a personal exploration and 
stewardship feeling to what is right and wrong 
to our surroundings of  both the natural and so-
cial system, and to ourselves. It is a belief  that 
happier, healthier people can be able to nurture 
their environment to be happier and healthier 
too. 

I believe the highest leverage point to succeed 
with a transformation is the one where one 
can foster a philosophical transformation in 
how we are seen as a part of  the ecosystems 
as Bormann (1996), McHarg (1969) and Rap-
port (1999) already emphasized. As Bormann 
(1996) elaborated upon there is a need to 
increase the understanding of  how the natu-
ral world works, with the natural and societal 

environment of  political, economic and socie-
tal interactions. The aim should be to find the 
most effective ways in which humans can work 
with nature in harmony rather than against it 
(p.28, 1996). This reflects the goal of  ecosys-
tem health as the ultimate, system goal. When 
we describe and view nature as something 
separated from humanity, I believe valuable 
links are lost for understanding and achieving 
sustainable development. By transforming our 
understanding of  ecosystem health with system 
theory, the paradigm shift can motivate us in 
achieving sustainability and health for the who-
le Earth ecosystem, including us.  

Today the SDGs represent different aims for 
the sub-systems of  society, however the core 
(sustainability) is a fundamental common trait 
of  all. By extrapolating the understanding of  
sustainability to mean health to all might unite 
the work towards achieving these goals and 
make it easier. Rather than debating on, or 
developing additional frameworks, strategies, 
models a new, united system-level goal could 
maybe provide powerful. 

Equally, there seems to be a lost understanding 
of  the interconnections between sub-systems in 
society and solutions to solve current challen-
ges. In february 2023 there were heavy debates 
and demonstrations in Norway on the develop-
ment of  windmill powerplants in precious 
nature areas (Senel et al., 2023). Enabling a 
green energy shift went at the cost of  viola-
ting human rights of  native people and their 
livelihoods of  reindeer-herding, in addition to 
degrading unique ecosystems to such extent 
that they can no longer support the activity 
placed there (Senel et al., 2023). These types of  
trade-offs are not sustainable if  they are done 
without thought for the consequences they can 
have for other sub-systems, in this case the so-
cial system of  human rights, native people and 
the natural system of  ecosystems, biodiversity 
and national treasures for future generations. 
A transformed understanding of  ecosystems as 
the total of  all sub-systems might elevate the 
chances for successful, united transformations 
toward sustainability.  
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The sustainability pillars
The sustainable development goals are based on the three pillars of  sustainability that make a fun-
damental framework for all developmental matters, globally (Purvis et al., 2019). The three pillars 
of  sustainability imply that to achieve sustainability we need sustainability in the whole system of  
society, economy and environment, see figure 1.8. These three aspects of  society can be seen as cor-
nerstones of  human settlements, and if  interpreted with system theory they constitute the ecosystem 
of  the social system. The objective with the sustainability pillars is to achieve a harmonious state of  
sustainability, as reflected in the definition of  healthy ecosystem by Kuznetsova & Manvelova (2022).  

A systemic goal of  ecosystem health could ensure sustainability at the cornerstones of  society – the 
economic, social and environmental systems. By reaching such a point, the system would be flexible 
to accept that all sub-systems are forcers of  the problems of  today and all sub-systems might require 
unique solutions. Therefore, such a systemic goal makes ecosystem health an applicable objective to 
numerous sub-systems be it economy (Hyrynsalmi & Mäntymäki, 2018), politics, food production or 
public health. This is one of  the strengths of  the concept, its generic applicability. It is my belief  that 
the flexibility within ecosystem health to be geared at different sub-systems with the system thinking 
in mind, gives the most potential for achieving the system-level goal. 

Landscape architecture and ecosystem health
According to Weller (2014) the highest ambition within landscape architecture “is to serve as the 
agent of  large-scale landscape stewardship leading to an ideal state of  sustainability” (p.1). As exclai-
med by Robert Wheelright, the co-founder of  Landscape Architecture Quarterly in 1924 “there is 
but one profession whose main objective has been to co-ordinate the works of  man with pre-existent 
nature and that is landscape architecture.” (p.86, Bormann, 1996). McHarg repeated the ideal human 
as a “good steward” to “green the earth, restore the earth [and] heal the earth” which speaks to the 
profession of  landscape architecture (p.87). A key characteristic within ecosystem health is resilience 
which is relevant for the changes the world is facing with the climate, nature and exclaimed public 
health crises of  our time.   
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Figure 1.8 of the existing sustainability pillars representing the social, environmental 
and economic system that all have to be sustainable for a sustainbale development.

What does ecosystem health mean for 
a landscape planner? 
The particular strength of  the system theory 
at the core of  the concept is the whole picture 
perspective like with the three pillars of  sustai-
nability that speaks to multiple foundational 
sub-systems of  society to achieve sustainabi-
lity. For landscape architects I would say the 
following is possible to address with our work: 
social sustainability (i.e. creating meeting-pla-
ces, facilitating social interactions, supporting 
contextual public health issues of  mental and 
physical health) and environmental sustainabi-
lity (i.e. solving or mitigating the climate- and 
nature crises). These objectives would, in the 
system level goal of  ecosystem health give way 
for a developed meaning: a state in which the 
ecosystem no longer deprives but rather 
supports sustainability on all levels for all 
sub-systems of  the ecosystem.

Sustainability and ecosystem health
In Earth System Science the biosphere is one 
of  the five parts that make the Earth system 
which includes all living organisms like tre-
es, insects and humans (myNASAdata, n.d.). 
However, for this thesis I suggest differentiating 
between the sub-systems more in the tunes of  
Wheelright (1924), as the natural and social 
system. The social system includes individu-
als, societies, human developments, artificial 
and innovative technologies, cities, buildings, 
vehicles and all in which humans have played a 
determining role. The natural system contains 
everything that is naturally present on Earth 
like vegetation, the climate, seasonal variations 
driven by cyclonic winds, soil, biodiversity and 
more. The natural system contains of  numero-
us sub-systems that interact and make the 
complex whole, as in the social system. 

For landscape architects to be able to utilize 
ecosystem health towards sustainable land-use 
development I will break it up even further. A 
landscape architect needs to deal with a layer 
of  elements when designing, but typically it is 
the social aspect of  public health, the natural 
aspect like local biodiversity and ecology, and 

the environmental aspect of  reducing the 
climate footprint with the new design and use 
climate change mitigating solutions, like na-
ture-based solutions or raingardens. The in-
terconnected crises need to be solved as inter-
connected as I believe possible with a systemic 
goal of  ecosystem health. 

With that at the foundation, I will divide the 
natural system into the environmental and 
ecological sub-system to make it easier to 
understand and more applicable to achieve, see 
figure 1.9 on the next page. This is not to furt-
her drive a conception of  two separated crises, 
but as a means of  simplicity and accuracy for 
future implementations. The state of  the natu-
ral and social sub-system together impacts the 
health of  the Earth ecosystem, and each other. 
Sustainable development requires sustainability 
within all sub-systems of  society. For ecosys-
tem health, the three “pillars” can be modified 
to fit to the objective of  sustainable land-use 
development and the sub-systems relevant. Th-
erefore, one modification of  the sustainability 
pillars that can work for ecosystem health is 
seen in figure 1.10 on the next page.
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Figure 1.9 illustrates the Earth system with the relevant sub-systems of the ecosystem for landscape 
architecture, the social and natural system that again is sub-divided in the environmental and ecological 
system. 

The Earth ecosystem with sub-systems relevant to landscape architecture
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the sub-systems of the Earth ecosystem that are addressed by landscape ar-
chitects in the strive towards sustainable land-use development. Sustainability 
should be achieved for the social, the environmental and ecological sub-systems 
of the Earth ecosystem. 

Sustainability for the three sub-systems

The socio-ecological model of  Bertalanffy (1979) presented multiple systems at different levels 
where the outer level was the chronosystem, followed by the macro-, exo, meso- level and so 
forth (see figure 1.7). Based on this I will in part III in the thesis focus on three levels of  ecosys-
tems for analyses: the macro, meso and micro level that present ecosystems operating at diffe-
rent scales as sub-systems. The solutions landscape architects design speak to multiple levels of  
ecosystem health. The up- and downstream effects of  healthy ecosystems in the layers determi-
ne the “total” health of  the Earth ecosystem on the planetary scale. If  landscape architects plan 
for ecosystem health in the lower levels and for all sub-systems involved, that will ultimately 
create positive feedback loops to the planetary level of  the ecosystem health on Earth. Similarly, 
will design solutions that don’t plan for ecosystem health, either socially (i.e. non-equitable or 
human-hostile design) or environmentally (i.e. not biodiversity friendly or design at the cost of  
nature) create negative feedback loops in the whole system that negatively affects the planetary 
scale. 

“Our task must be to free ourselves... by widening our circle of  compassion to embrace 
all living creatures and the whole of  nature and it’s beauty” 

– Albert Einstein

Natural system Social system

Environmental Ecological
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II Why  is  ecosystem health relevant for   
    sustainable land-use development?

Examples of  unhealthy ecosystems in the world are presented through 
three current crises followed by identifying the outcomes of  healthy eco-
systems with the benefits they can provide. Landscape architecture and the 
lack of  theory for solving problems is addressed, followed by ecological 
theoretical approaches. Finally, landscape ecology is introduced as a theory 
for landscape architects with ecosystem health as objective.

 II     W H Y ?
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sustainability

Stability, 
 homeostasis

Maintaining productivity, 
organisaton & autonomy

Function, self-maintenance, repair

Vigor, organisation, resil ience

Relativity to scale & context

Connected           health

Harmonius unity    between 
  organisms and               their environment

Where individuals thrive

 Holistic 
 understanding of      
  ecosystems

Keys of  ecosystem health 
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in part I of the thesis.
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Considering the definition of  ecosystem health as a harmonious unity between organisms and their 
surroundings (Kuznetsova & Manvelova, 2022) the current status of  Earth with climate change, the 
nature crisis and a multitude of  public health challenges might not qualify to be called healthy. The 
presented cases depict an unhealthy ecosystem on multiple levels and for multiple sub-systems of  the 
Earth ecosystem. 

Covid - a gentle reminder 
The Covid-Pandemic that broke out in 2019 created massive attention from media, politics and sci-
ence as it accentuated a dualistic relationship between human- and ecosystem health. The pandemic 
served a great example of  typical negative feedback loops that come from unsustainable land-use and 
management of  ecosystems, as addressed by Lawler et al. (2021) who emphasized the link between 
biodiversity, the nature crisis and the pandemic, and Robinson et al. (2022) who stressed stable and 
resilient ecosystems as core determinants for socioeconomic stability and health. Links have also 
been drawn back to the benefits of  a One-Health approach for securing human, animal and planetary 
health as means for achieving health for all (Lawler et al., 2021).

Climate and nature crisis
20th of  March 2023 the sixth synthesis-report by 
the climate change panel of  the UN, the IPCC 
was published (IPCC, 2023). The objective of  the 
report is to “survey” the state of  the earth, previo-
usly done in 2014 (Åsnes et al., 2023; IPCC, n.d.). 
The message was alarming. Within the next seven 
years the world has got to rapidly act to limit glo-
bal warming to 1.5 degrees as the consequences 
of  climate change already are present with fires, 
floods, diseases and climate refugees (Ulvin et al., 
2023). The report was coined “a survival guide for 
humanity” by the UN Secretary-General António 
Guterres and the IPCC presented a long list of  
measures needed to turn the trend (Ulvin et al., 
2023). Guterres emphasized the need for climate 
action on all fronts and sectors, all at once (Ulvin 
et al., 2023). 

Ecosystems cannot keep up with the demands of  
the human population globally and 1 of  the esti-
mated 8 million of  the world’s plant and animal 
species are threatened with extinction (UNEP, 
n.d.-a). The nature crisis threatens food produ-
ction due to pollinator loss, between 100 and 300 
million people are increasingly vulnerable to hur-
ricanes and floods due to habitat loss along the 
cost and the trajectories of  the nature crisis with 
declines in biodiversity and nature can undermine 
progress towards 35 of  44 SDG goals related to 
climate, oceans, land, health, water, cities, poverty 
and hunger (UNEP, n.d.-a). As the Living Planet 

  
 

Report (2022) emphasized, the climate and nature 
crises are two interlinked and connected emer-
gencies that are human-induced and threaten the 
worlds living system of  biodiversity, wildlife and 
humans (WWF, 2022). As Mr. Guterres expressed 
during the opening of  the COP 15 in Montreal, 
corporations are “filling their bank accounts while 
emptying our world of  its natural gifts” and by so 
making ecosystems objects for profit (UN News, 
2022b). “Without nature, we have nothing” (UN 
New, 2022). 

2.1 Unhealthy ecosystems

Public health challenges
Physical health
According to Lucero-Prisno III et al. (2023) 
the top 10 public health challenges of  our time 
are “health systems, the mental health crisis, 
substance abuse, infectious diseases, malnutriti-
on and food insecurity, sexual and reproductive 
health challenges, environmental pollution, the 
climate crisis, cancer, and diabetes” (p.2). In 
2019 a pooled analysis from 146 countries on 
1.6 million youth aged 11-17 was done on their 
physical activity levels (Guthold et al., 2020). 
On average only 1 out of  5 reach the activity 
targets for 2030 in the global action plan on 
physical activity by WHO (Guthold et al., 
2020; WHO, 2018). Some call the present the 
era of  “exponential growth of  the metabolic 
syndrome and obesity” (p.1) and emphasis is 
put on the health benefits of  physical activity 
for both physical and mental health (Sharma 
et al., 2006). Physical activity provides stress 
relief, improves mood, endurance, energy and 
stamina, reduce cholesterol and more, and pro-
vide evidence-based improvements to people’s 
overall health (Sharma et al., 2006). 

Climate change was coined the most critical 
health threat by the WHO with increasing 
temperatures, more frequent extreme weather 
events and disasters like heat waves, floods 
leading to heat strokes and suitable climates for 
the growth of  disease vectors (Lucero-Prisno 
III et al., 2023; WHO, 2022). Environmental 
pollution decreases the quality of  the living en-
vironment for people in polluted areas like ci-
ties, particulate matter is one of  the pollutants 
with stronger negative health-effects with linka-
ges to chronic respiratory and cardio-vascular 
diseases, asthma and other (Kim et al., 2015; 
Lucero-Prisno III et al., 2023). Microplastics 
are increasingly abundant in natural environ-
ments and eventually find their way back to 
humans (Lucero-Prisno III et al., 2023). Also 
for the global mental health, climate change 
represents a risk as there is increasing evidence 
for the psychological distress it causes (Gibson 
et al., 2020). Climate change causes emotional 
reactions that can lead to increased anxiety 

and therefore impede psychological well-being 
(Clayton, 2020). A study from 2022 examined 
the negative emotional responses to climate 
change for 23-year olds in 32 countries (Kaste, 
2022; Ogunbode et al., 2022). The study found 
that more than ¼ of  every young Norwegian 
had climate anxiety (Kaste, 2022; Ogunbode et 
al., 2022).

Mental health & evolution 
People are mentally and physically affected by 
their surroundings and as more than 90 % of  
their lives is spent indoors, the lives of  human 
beings has changed from our evolutionary 
origin (Evans, 2003). In his last book, Swe-
dish psychiatrist Anders Hansen took on the 
questions on why people in society are feeling 
so bad when we are doing so well (Hansen, 
2021). He explained a lot by evolution and that 
human beings are a result of  evolution with 
adaptations that still are present today for how 
they react, why and what can impact the state 
people’s mental and physical health (Hansen, 
2021). Links were among others drawn to life-
style and the physical environment of  human 
beings. The Biophilia hypothesis developed by 
biologist Edward O. Wilson (1984) explains 
the positive associations between human well-
being and nature as a believed innate affinity 
for the natural world. The hypothesis suggests 
it to be a biologically based need based on 
human evolution to prefer water, green vege-
tation of  flowers over built structures of  glass 
and concrete (Wilson, 1984). To quote Wilson 
(1984) biophilia is “the inherent human af-
finity for nature, whereby people evolved with, 
fundamentally depend on, and are inspired by 
nature” (p.76 in Forman (2008)).
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A green view from a hospital window has been 
found to reduce recovery time for patients after 
surgery compared to those who had a grey view 
(Ulrich, 1984). Green structures have proven to 
be effective in lowering depression rates, impro-
ving mental well-being and life quality, providing 
reduced blood pressure levels (i.e. stress levels) 
and enhancing social cohesion improves, even 
enhancing worker satisfaction and productivity 
(Frumkin et al., 2014; Orr, 2002; Shanahan et al., 
2016). These effects can be linked back to the Bio-
philia hypothesis (Wilson, 1984). There is increas-
ing emphasis put on the need for interdisciplinary 
approaches to deal with the mental health crisis 
(Barton & Rogerson, 2017). As Barton & Roger-
son (2017) stressed, utilizing existing knowledge 
on the mental health benefits of  green structures 
can be very effective to tackle the public health 
challenges. “Green spaces provide vital health 
services as well as environmental services; they 
are equigenic, reducing socioeconomic health 
inequalities, facilitating activity and promoting 
better mental health and well-being. The integrati-
on of  biophilic design may provide a cost-effective 
public health intervention, which promotes the 
evident positive links between green spaces and 
mental health.” (p.81, Barton & Rogerson, 2017). 
Nature connectedness has also been positively 
associated with well-being and negatively with 
mental distress, and was emphasized already in 
the 80s as a fundamental need for society (White 
et al., 2021; Wilson, 1984). 

Digital world 
The effects of  increasing time spent on screens 
for people worldwide was discussed in a report by 
WHO from 2015, due to the negative impacts it 
can cause for public health (WHO, 2015). Smart 
phones and computers are stealing peoples’ focus, 
concentration and time with a limitless abundan-
ce of  offers on social media channels and more. 
WHO suggested health consequences of  these 
sedentary lifestyles to be associated with insuffici-
ent physical fitness, poor diets and other potential 
health risks, musculoskeletal problems, sleep de-
privation, hinderance of  social skill development 
and psychological problems like poor self-confi-
dence, well-being and reduced work and acade-
mic performances (WHO, 2015). Discussions 

were even suggesting “internet use disorder” as 
a diagnose for excessive use, with similar charac-
teristics to other substance use disorders (World 
Health Organization, 2015). 

Novel ecosystems 
As more people reside in built areas of  cities and 
sub-urban sites with reduced physical activity and 
increased time spent on screens this has profound 
effects on the overall global public health. The 
built environment can impact mental health con-
ditions negatively like increasing psychological 
stress, regulating social interactions, limiting phy-
sical activity, exposing people to noise pollution 
or limiting the provision of  daylight (Evans, 2003; 
Perdue et al., 2003). The outdoors directly and 
indirectly influence public health through factors 
like air quality, facilitation of  physical activity or 
proximity to green that can have positive effects 
(Perdue et al., 2003). Physical spaces can expose 
people to harmful pollutants or stressors (e.g. noi-
se and light pollution) but they can also influence 
lifestyle choices by facilitating physical activity, 
play, social connection and directly improve phy-
sical health with linkages to diabetes, asthma and 
vascular diseases by for instance green structures 
(Perdue et al., 2003). 
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Unhealthy urban ecosystems 
The intersections between social, economic and 
environmental activity are in cities. As Jansson 
(2013) elaborated on, cities are globally intercon-
nected through political, technical and economic 
systems and through the biophysical life-support 
systems Earth provides. With a growing populati-
on some claim that when humanity is considered 
part of  nature – cities can be regarded as networks 
of  ecosystems (Bolund & Hunhammar, 1999). 
Compared to natural ecosystems, cities are of-
ten considered immature with rapid growth and 
inefficient use of  resources (Bolund & Hunham-
mar, 1999). Human activity impacts the local and 
global climate like in cities through for instance 
vehicle traffic that pollutes the air, creates traffic 
noise and light and spreads particulate matter – 
and these factors again inflict with the local and 
global environment. With climate change the 
regional and local climates are altered and thus 
the livelihoods of  living organisms: animals and 
humans. 

Cities, climate and nature
There is a need to reduce the ecological footprint 
and debt of  cities, connecting them to the biosp-
here and enabling them to provide ecosystem ser-
vices that improve life-quality, health and resilien-
ce to their biodiverse inhabitants of  humans and 
animals (Gómez-Baggethun et al., 2013). Despite 
cities covering only a small part of  the surface on 
Earth, they are home to more than half  of  the 
world’s population and have a disproportionately 
large impact on the biosphere and environment 
at local, regional and global scales, also beyond 
the city-borders  (Grimm et al., 2008; Seto et al., 
2012) in (Gómez-Baggethun et al., 2013). By 
viewing the city as an ecosystem, the surroun-
ding landscapes of  urban and rural land, with the 
interactions and impacts they give each other is 
also considered. A city is equally impacted by a 
number of  environmental and social factors in the 
surrounding landscapes (e.g. air quality, wildlife, 
commuters) as those landscapes are from the city 
(e.g. land sprawl, air pollution).  This interdepen-
dence across scales will be elaborated upon in the 
last part of  the thesis. 

Reflections on unhealthy ecosystems

In their paper, Dean et al. (2011) discussed if  
biodiversity can provide mental health benefits in 
an urban setting. They presented a model of  an 
“ecological linkage mechanism” between environ-
mental change and mental health outcomes given 
the ecosystem health condition as seen in table 
2.1. This model speaks to the system thinking 
in ecosystem health as a number of  sub-systems 
with constant up-and downstream effects and 
interlinkages. With current urbanisation and 
land-use trends comes green infrastructures and 
urban biodiversity (Dean et al., 2011). The quality 
of  these is determined after the ecosystem health 
present, that again can lead to ecosystem services 
and mental health benefits (Dean et al., 2011).  

Global mental and physical health, climate chan-
ge and the nature crisis are linked together and 
the activity “between” these three crises can either 
drive or mitigate each other (Lucero-Prisno III et 
al., 2023). Pollution to the physical environment 
is harmful to nature in an ecosystem, to surroun-
ding ecosystems and to humans (Lucero-Prisno 
III et al., 2023). Urban green is beneficial to pe-
ople but also to biodiversity and the surrounding 
ecosystem that again can provide benefits to the 
city. However, as Lucero-Prisno et al. (2023) em-
phasized there is typically little inclusion between 
health and climate change programs despite the 
benefits it can provide. During the last COP27 in 
2022, health was included as a global goal on cli-
mate adaptation (IPCC, 2022a). By doing so, the 
IPCC recognised the intertwined challenges and 
the solutions they together can provide. By aiming 
for healthy ecosystems, the sub-systems and their 
interlinkages are automatically acknowledged and 
from there it might be easier to prioritize soluti-
ons that benefit people, public health, nature and 
climate together (Dean et al., 2011). 

Table 2.1 presenting a model that shows the ecological linkage mechanism that connects 
mental health with the environmental change given the ecosystem health (Dean et al., 2011). 
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Supporting and Habitat

Ecological functions underlying the production of  
ecosystem services

• Habitat for species

• Maintenance of  genetic diversity

What are the opposite of  unhealthy ecosystems? Some of  the qualities of  healthy ecosystems based 
on their definitions are them to be active, resilient and productive (vigor) and free from distress syn-
drome that lead to undesired functioning (Costanza et al., 1992; Mageau et al., 1995; Rapport et al., 
1999). Costanza (2012) elaborated that the goal of  ‘ecological engineering’ should be to facilitate 
healthy ecosystems that may “perform desired functions and produce a range of  valuable ecosystem 
services” (p.24) beneficial for nature and society. In addition, Costanza et al. (1992) were early on lin-
king ecosystem health to economic, social and environmental aspects of  sustainability and Rapport 
(1995) exclaimed it to constitute the bottom-line for sustainable development. Sustainable develop-
ment and sustainability requires healthy ecosystems that can sustain the natural and social systems. 
One way healthy ecosystems can do so, is by the provisioning of  ecosystem services.

Ecosystem services
Ecosystem services are the multiple benefits that 
society and humans obtain from ecosystems 
(FAO, 2023; Millennium Ecosystem Assessment, 
2005). Categorizations of  ecosystem services has 
developed over the years and led to four main 
categories, see figure 2.2 (Gómez-Baggethun et 
al., 2013). They are provisioning services like 
food and water, supporting services like nutrient 
cycling and habitat provision for species that 
maintain life sustaining conditions on Earth, 
regulating services like disease- and flood control, 
climate regulation and pollination, and cultural 
services like spiritual, cultural and recreational be-
nefits (Millennium Ecosystem Assessment, 2005; 
Wittmer & Haripriya, 2012). 

By providing mixes of  natural and built structures 
in a novel ecosystem like a city, negative factors 
might be eliminated or mitigated through eco-
system services.  Some of  the ecosystem services 
provided by urban ecosystems are noise redu-
ction, air purification, urban cooling and runoff  
mitigation (Gómez-Baggethun et al., 2013).

2.2  Healthy ecosystems
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Provisioning

Goods obtained from 

ecosystems

• Food

• Fresh water

• Wood, pulp

• Medicines

Regulating

Benefits obtained from 
ecosystem processes

• Climate regulation

• Water purification

• Pollination

• Erosion control

Cultural
Intangible benefits from 

ecosystems• Tourism
• Recreation

• Appreciation
• Spirituality

Figure 2.2 presenting the four types of ecosystem services with some examples. Inspired by Wittmer & Haripriya, 2012. 

Figure 2.3 illustrates the ecosystem services provided by a tree. Linnean Solution, 2016. 

In many ways, ecosystem services enable 
human life and activity by providing nutritio-
us food and clean water, recreational services 
beneficial for public health and supporting 
pollination of  crops (FAO, 2023). In fact, every 
third bite of  food one eats depend on pollina-
ting services (FAO, 2023). Ecosystem services 
were in 2014 estimated to have a value of  125 
trillion USD and increasing efforts are put in 
the development of  methods to value ecosys-
tem services or account for them so that they 
can function as indicators for the value of  natu-
re itself  (FAO, 2023; IPBES, 2022b). However, 
this has been criticized, Turnhout et al. (2013) 
addressed the risk of  extensively focusing on 
the money worth of  ecosystem services as that 
can diminish biodiversity to “a series of  quanti-
fiable fragmented parts” (p.154) and reduce the 
worth of  social-natural relations as it is hard 
to translate that value to market transactions 
(Turnhout et al., 2013). 

Biodiversity is essential for ecosystem function 
and provision of  services so to ensure a sustai-
ned provision of  ecosystem services beneficial 
to human society both biodiversity and ecosys-
tems need to be conserved, sustained, suppor-
ted and protected (FAO, 2023). “Half  of  global 
GDP is dependent on ecosystem services” 
(European Commission, 2022) and ecosystem 
services is in the core of  sustainable develop-
ment as numerous systems of  society depend 
on them (e.g. trade, public health, food pro-
duction) (FAO, 2023).The argument of  saving 
nature for the sake of  human health and well-
being is increasingly used, also to conservation 
efforts (Kaimowitz & Sheil, 2007; Kareiva & 
Marvier, 2007; Sachs & Reid, 2006).
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Ecosystem services and ecosystem health
Ecosystem services and ecosystem health
Ecosystem services have become a clear argu-
ment for the benefits nature provides humans and 
society. However, little emphasis has been put on 
the link between ecosystem health and ecosystem 
services. It is imperial to see the value and need 
for nature itself  to function and by so providing 
ecosystem services for the sake of  its own orga-
nization. According to Rapport (1995), for an 
ecosystem to be healthy it could not provide eco-
system services at the expense of  the system itself.  
“Obviously, if  exploitation of  an ecosystem for a 
particular ’service’ were at the expense of  other 
elements vital to the healthy functioning of  the 
system, this would not confer overall health (…) 
Clearly the criteria for ecosystem health cannot 
contravene the criteria for sustaining the functi-
oning of  the system, which include mechanisms 
for self-maintenance and repair” (p. 298). Already 
in 1995 Rapport addressed the conflicting values 
that occur when using ‘ecosystem services’ as 
indicators for health. An ecosystem can still pro-
vide services to some extent (like a pocket forest 
cleaning the air) in an unhealthy state. This has 
been much addressed later on as by Palmer & Fe-
bria (2012) and by the Wildlife and Countryside 
Link (2015). From an economical, ecological and 
ethical perspective an ecosystem services appro-
ach with the objective of  maximizing ecosystem 
services is often times poorly equipped to ensure 
biodiversity and ecosystem health (Wildlife & 
Countryside Link, 2015). 

Following Rapport (1995), utilizing an ecosystem 
for the services it provides in an unsustainable 
matter, as exemplified by the Tragedy of  the 
commons – that will not contribute to the health 
of  the ecosystem (Banyan, 2022). As with the 
Tragedy of  the commons, a concept popularized 
by ecologist Garrett Hardin, if  a public good 
is exploited by all individuals in society – that 
resource will soon be derived to no longer sustain 
any individuals (Banyan, 2022). This illustrates a 
lack of  system thinking (Banyan, 2022) and can 
be linked to what the Secretary General of  the 
UN stressed during the opening of  the COP 15 
(UN News, 2022). As emphasized with the Kun-
ming-Montreal agreement, if  society desires 

sustained ecosystem services for humans to survi-
ve (e.g. food production and oxygen respiration) 
there is a need to recognise the state, or health of  
the ecosystems as a pre-condition to achieve this 
(CBD, 2022; IPCC, 2023). Without an intact na-
tural system, the chances of  intact social systems 
decreases. 

Nature-based solutions 
Nature-based solutions (NbS) are by the Interna-
tional Union for Conservation of  Nature (IUCN) 
defined as “actions to protect, sustainably manage 
and restore natural and modified ecosystems in 
ways that address societal challenges effectively 
and adaptively, to provide both human well-being 
and biodiversity benefit” (p.6, , 2023). NbS provi-
de benefits to society as well as to ecosystems and 
biodiversity, aim at addressing specific challenges, 
are determined by site-specific natural and cultu-
ral contexts, embrace nature conservation norms 
and more (IUCN, 2023). In one way, NbS can be 
considered an extension of  ecosystem services put 
in a system of  infrastructural solutions like storm 
water management through rain swales/rain 
gardens or urban cooling by green walls and roofs 
that also provide habitat for pollinators in urban/
sub-urban areas. In this thesis, I have chosen to 
focus on the concept of  ecosystem services but 
with that  said, many of  the suggestions in part III 
can also be understood as nature-based solutions. 
Further research could argue that there is nothing 
that limits them from being merged with NbS.  

Ecosystem heatlh for a sustainable future
Can healthy ecosystems be one answer to solve the challenges of  the Earth? The last IPCC report 
(2023) stated: “This report recognizes the interdependence of  climate, ecosystems and biodiversity, 
and human societies; the value of  diverse forms of  knowledge; and the close linkages between climate 
change adaptation, mitigation, ecosystem health, human well-being and sustainable development, and 
reflects the increasing diversity of  actors involved in climate action» (p.3). With this, the IPCC addres-
sed ecosystem health as a part of  the interlinked crises and system of  environment, nature and human 
well-being. Also the European environment agency addresses the need for healthy environments in their 
report from 2020 “Healthy environment, healthy lives: how the environment influences health and well-
being in Europe” (European Environment Agency, 2020). In the SDGs (nr. 3, 11, 13, 14, 15) ‘ecosystem 
health’ or ‘healthy ecosystems’ is not explicitly mentioned however, sustainability and the benefits of  
healthy ecosystems as with ecosystem services is highly valued (UNDP, 2023). 

The IPCC urged ecosystem services and nature-based solutions as core solutions for climate change 
adaptation, mitigation and transformation (2023). The Kunming-Montreal agreement urged urban 
greening, tackling climate change by nature-based solutions, conserving, restoring and supporting eco-
systems and biodiversity by nature-friendly practices(CBD, 2022). The Living Planet Report called for 
nature positivity within 2030 of  having more intact nature with the countless benefits it would provide 
to society, climate and nature (WWF, 2022). Healthy ecosystems can sequester and store carbon, filter 
air and water, support and sustain biodiversity that provide services like pollination, help mitigate extre-
me weather risks of  flooding, droughts and erosion, provide energy efficiency, regulate microclimates 
by providing urban cooling, sustain other ecosystems that can catalyse chains of  benefits, improve 
public health of  increasing well-being, physiological and psychological health, provide recreational and 
social arenas and simply take care of  the social and natural system to last and thrive. Aiming at creating 
and sustaining healthy ecosystems could also lead to an increasing investing in urban/rural greening. 
By so, ecosystem health can be one answer to the Kunming-Montreal agreement (CBD, 2022), to the 
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Historical pespective
Fredrick Law Olmsted, a landscape architectural 
“legend” was progressive in connecting landscape 
architecture with public health already in the 19th 
century (Karr, 2021). Olmsted called for public 
landscaping for public health, and promoted clean 
air through vegetation, called parks for breathing 
rooms and wanted recreational spaces and nature 
to be a public good with significant benefits to the 
public in times of  industrial revolutions (Karr, 
2021). 

In 1966 a group of  landscape architects were as-
sembled by the landscape architecture foundation 
in America with a shared concern for the quality 
of  the environment and its future (Miller et al.). 
It led to the “Declaration of  concern” where they 
uttered their worries for how landscape archite-
cture had lost its core of  social and environmental 
communion and where “misuse of  the environ-
ment and development (…) has lost all contact 
with the basic processes of  nature” (p.1). As they 
proclaimed, landscape architects are the experts 
of  landscape capabilities, that is of  the geologi-
cal, ecological, environmental and climatic pre-
conditions and why plants, animals and humans 
flourish in some places and not in other (Miller et 
al., 1966). Landscape architects are also essential 
in maintaining the vital connection between man 
and nature (Miller et al., 1966). They emphasized 
landscape architecture to be a key in solving the 
present environmental crisis of  their time. 

A reflection of landscape architecture

Typical landscape architectural projects and de-
signs can have high costs for nature and climate. 
Paving stone can be imported from China or In-
dia due to reduced costs compared to local stone, 
or local stone can be shipped to China or India 
for manipulation (e.g. cutting, surface treatment). 
Plants can be imported from the Netherlands and 
Germany with a risk of  spreading plant pests and 
diseases to local biodiversity. Planting designs can 
require extensive maintenance of  constant we-
eding or seasonal plants can be used for a higher 
aesthetical value throughout the year than from 
perennials. Rather than incorporating or moving 
existing vegetation in new designs vegetation is 
often completely removed and replaced in new 
designs. There is a number of  decisions that are 
taken in a landscape design process that can give 
them a negative nature- or climate cost. 

Often the planned longevity of  designed landsca-
pes is short with frequent re-designing. Increasing 
attention is raised from the public to the designed 
environment of  buildings and landscapes that 
impact the social system. In Norway “Arkitek-
turopprøret” has a growing number of  followers 
who desire different development of  buildings, 
with more aesthetical value like colour and clas-
sical ornaments, figure 2.4. Biophilic design is a 
rising trend that builds on the biophilia hypothesis 
that promotes human-friendly design in touch 
with nature, figure 2.5 (Forman, 2008). 

2.3  Landscape architecture and ecosystem health
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Landscape architects and planners have since long been addressed as key players in the role as ste-
wards of  Earth (McHarg, 1969). The council of  the Europe Landscape Convention (ets No. 176) 
promotes protection, management and planning of  landscapes, and urges international co-operation 
between all sectors involved with landscapes (Council of  Europe Landscape Convention, n.d.).The 
term ‘stewardship’ has been around since 1969 when landscape architect Ian McHarg published his 
book “Design With Nature” where he embraced the concept of  stewardship. “If  one can view the bi-
osphere as a single superorganism, then the Naturalist considers that man is an enzyme capable of  its 
regulation, and conscious of  it. He is of  the system and entirely dependent upon it but has the respon-
sibility for management, derived from apperception. This is his role—steward of  the biosphere and its 
consciousness” (p. 124). As Lovelock reflected back upon, “It takes a lot of  hubris to even to think of  
ourselves as stewards of  the earth. Do we want the remote and infinitely difficult task of  managing the 
earth? Do we want to be made accountable for its health...?” (Lovelock, 1988). 

Design as fragmentating force 
Zooming out the increasing trend of  landsca-
pe design reveals another issue, the constant 
fragmentation of  landscapes through different 
designs and ideas (Dramstad et al., 1996). For-
man (2008) uses the metaphor of  beasts rampa-
ging around in a restaurant and people respon-
ding to it by fixing a tablecloth, polishing some 
silver and picking some crumbs. With their 
land, humans seem to get lost in concentrating 
on isolated housing developments, new roads, 
new cabins or new designs to existing land-
uses while together this leads to land degra-
dation and transformation of  valuable land 
into fragmented pieces  (Forman, 2008). The 
life-supporting natural system that we depend 
on is being ravaged while we are 

fixed on designing new, building new soluti-
ons (Forman, 2008). Rather than following 
a holistic plan for regions there are constant 
interferences of  plans that often don’t share 
common objectives, values or strategies despite 
the SDGs. Thus there is a lack of  continuity in 
the landscape and regional scale of  planning 
that according to Forman (2008) is threatening 
and wasting our land. 

Landscape architecture today 
50 years after the “Declaration of  concern” a new vision for landscape architecture for the 21st centu-
ry was crafted by the landscape architecture foundation with over 700 landscape architects on board 
(Landscape Architecture Foundation, 2016b). This declaration called for action and a new identity for 
society to be a constructive part of  nature rather than the opposite. They emphasized the cultural and 
environmental systems that landscape architects are positioned to bring together, as landscape is the 
common ground of  humanity (Landscape Architecture Foundation, 2016b). Landscapes sustain us 
with food, water and air – and human activity is constantly returned to the landscapes in various forms 
like pollution or land degradation (Landscape Architecture Foundation, 2016b). Landscape archite-
cts serve the higher purpose of  social and ecological justice for all species and humans, vow to create 
places that nourish the vital communion with the natural world and one another and to serve health 
and well-being to all communities (Landscape Architecture Foundation, 2016b). In their action plan 
the expertise in context and scale is addressed, the fundamentals of  interdisciplinarity and a system 
thinking of  society and environment is highlighted (Landscape Architecture Foundation, 2016a). The 
new vision has a system thinking of  addressing the social and natural system and the interlinkages in 
the hands of  the profession. 

Figure 2.4. Photo of colourful facades in Oslo. Figure 2.5. Photo of a walking path in Stockholm, in line with biophilic 
design thinking.
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Reflection

The constant fragmentation of  land by lands-
cape architectural interventions in land-use 
development is a negative and unsustainable 
trend. It says something about the hardship of  
designing sustainably as most landscape archi-
tects desire sustainable land-use development 
as stressed in the new vision (Landscape Ar-
chitecture Foundation, 2016b). Maybe this can 
indicate that the implications of  the SDGs are 
too vague for landscape architects. For lands-
cape architects to facilitate healthy ecosystems 
in regions a systemic objective of  ecosystem 
health might lead to prioritizing small-scale he-
althy ecosystems that promote the natural and 
social systems. In addition, the surrounding 
landscapes and the whole systems might be 
considered in such targets as they both impact 
and are impacted by the small-scale ecosys-
tems. The benefits of  an ecosystem health ap-
proach can be that it enables a systemic under-
standing of  a site, its sub-systems, its context 
and the most pressing factors to prioritise.  

Landscape architecture as a practice works 
with numerous elements on sites as they make 
the fundamental pre-conditions of  the as-is 
and the future (Forman, 2008). In the pre-fa-
ce of  a design process a landscape architect 
analyse and map the present elements to get an 
understanding of  the site, what is and what is 
lacking (Murphy, 2016). However, from there 
a lot is up to the specific projects, the objecti-
ves, frameworks and involved actors. Could 
one explanation of  the fragmentating trend be 
a lack in methods and theories that landscape 
architects are trained to follow in the steps of  
both pre-face (research) and design, to reach 
sustainable land-use development?
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Designing landscapes 
In the procedural phase of  designing, design 
thinking is the main method for landscape archi-
tects (Murphy, 2016). Brown (2009) called it a 
way of  reconceptualizing reality in putting toget-
her insight with innovative applications based on 
knowledge of  the designer. Richmond & Peterson 
(2001) stated that the two activities within design 
thinking was: “constructing mental models and 
simulating them to draw conclusions and decisi-
ons” (p.117). Murphy (2016) further claimed this 
to be the definition of  design (p. 264). 

Understanding the existing situation that is to be 
changed by design requires an understanding of  
the shared environment and determining what 
that is and consists of, according to Murphy 
(2016). To do this both critical and creative thin-
king is required (De Bono, 1971). As designers, 
the ideas for reforming landscapes constitute the 
core of  the advice that they sell to whomever is 
concerned (Murphy, 2016). Depending on how 
those advices are acted upon, they (the ideas) be-
come manifested in physical and relational realiti-
es that can stay for years (Murphy, 2016).

Through the prism of ecosystem science 
As Murphy (2016) exclaimed, the objective of  a 
landscape architect should be to create “healthy 

human ecosystems” (p.283). He proposed an 
ecological approach for a landscape architectu-
ral theory that regarded human systems within 
ecosystem sciences together with highlighting 
the human perspective of  landscapes (p.285). As 
he exclaimed, excellence in design would come 
as a result when all considerations relevant to a 
landscape architect (utility, economy, aesthetic 
experience, social vitality, ecological sustainabi-
lity) were put together to achieve “a synergy of  
form and process that is greater than the sum of  
their parts” (p.283). With this, one would create 
a system that was dynamic and interactive, con-
sisting of  “vibrant, regenerative, and sustainable 
human-environment integration” (p.283). By 
designing human settlements according to the 
principles of  ecology, things would fundamentally 
change according to Murphy (2016). The concept 
of  waste would cease to exist and social diversity 
and complexity would not be seen as a source of  
conflict but rather as a stabilizing influence as in 
ecology (Murphy, 2016). “The landscape would 
be designed and managed for what it is and what 
it is doing without us, as well as for the bene-
fits people derive directly from it” (p.285). This 
speaks straight to the essence of  ecosystem he-
alth and the system thinking of  ecosystems with 
sub-systems that together make the whole. 
 

2.4  Lack of  theory and methods

Already in 1950, landscape architect Sasaki addressed the lack of  theory and methodology taught to 
landscape architect students that, according to him led the practice on a lethargical trajectory without 
contact with the present problems of  society (p.158). He lifted the case-study or project method in 
university courses where “isolated” landscapes are designed in courses of  different topics: parks, cities, 
squares, infrastructure and so on. He addressed critical thinking with research, analysis and synthesis 
as core in a design process (p.160). Sasaki further urged the need for a basic approach to design. Still, 
there is a pronounced lack of  this (Deming & Swaffield, 2011; Murphy, 2016).

Some typical methods of  landscape architects are using visualisation as a design tool, graphic commu-
nication and using creative and critical thinking (Murphy, 2016). According to Landscape architect 
Murphy (2016) the quality of  the outcome depends on the extent that human interactions is facilita-
ted, together with fitting and honouring the ecological setting of  the place in the design (p.297). In 
his book, “Landscape architectural theory – an ecological approach” Murphy (2016) addressed the 
current status of  theory within the practice. As he expressed, there was an ongoing process of  forming 
a clear theory for landscape architects, however, “If  there were to be a single agreed-upon purpose in 
landscape architecture, it might be to change, with each new design, our concepts about how to learn 
from and reform the ordinary landscapes that shape and inspire our daily lives” (p.280). As he uttered, 
the quest of  landscape architects should be to improve the conditions, and quality of  life, for all wit-
hin the two fundamental considerations of  ourselves (humans) and our environment (p. 283, Murphy, 
2016). 
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Biophilic design
The Biophilia hypothesis has led to Biophilic design thinking of  buildings to limit their negative 
constraint on the environment and human health, and rather urge buildings and landscapes to 
boost human health, productivity and performance by strengthening the connection with the 
natural environment (p.76, Forman 2008). Biophilic design supports the social and natural sys-
tem of  lowering the environmental cost and impact of  buildings and design, “providing habitat 
for targeted rare species, enhance surrounding natural systems, serve as steppingstones for spe-
cies movement across a built area; attract a richness of  fine-scale nature or small species on the 
texture of  building surfaces: and even educate people for nature protection elsewhere” (p.76). 
According to Forman (2008) the cumulative effects of  biophilic design in buildings and designed 
landscapes can be remarkable. 

 “It is evident that in our daily lives nature must be thought of  not as a luxury to be made available if  possi-
ble but as part of  our inherent indispensable biological need ” 

- Federick Law Olmsted, 1982 
(p.11, Dramstad et al., 1996). 

Figure 2.6. illustrating an example of biophilic design. Picture from Tantolunden in Stockholm, a popular recreational 
area that enables public green for physical activity, swimming and relaxing in the middle of the city.
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Spatial overlap and ecological planning
Ian McHarg was an influential landscape archite-
ct who in 1969 published his book “Design with 
Nature” (Yang & Li, 2016). McHarg had a strong 
political voice in his time and with his book an 
environmental decade started (Flemming, 2019). 
He emphasized ecological knowledge in landsca-
pe planning and had an ecological approach as a 
landscape architect. 
Some of  the key design features of  his designs 
were according to Yang & Li (2016, p.21). 
“: (1) multidiscipline integration to provide holis-
tic design strategies, 
    (2) ability to tackle wicked design problems 
residing in a wide range of  scales, and 
    (3) targeting landscape performance in a quan-
titative manner” 

In his book, McHarg presented his “layer-cake” 
method of  site analysis where he used spatial 
overlaps of  maps with different elements to find 
the most optimal placements or needs for inter-
ventions (Flemming, 2019). 

5HÁHFWLRQ

It is often the natural wonders that give us goo-
se bumps or sudden bursts of  excitement. The 
sunset reflecting in the clouds above the roof-tops, 
the first blooms in spring, the warming autumn 
leaves or the sensation of  snow under our feet. 
Our physiological reactions to natural beauty and 
diversity, to the shapes and colours of  nature, to 
the motions and sounds of  other animals are sub-
jective matters that might be hard to explain but 
nevertheless they are impossible to ignore. These 
remarkable things, sometimes and to some can 
give moments of  joy, calm, astonishment, appre-
ciation and act as a reminder of  the natural world 
that we belong in. Even though modern-day 
societies are far from what they once were, these 
elements are vital to human lives and life-quality. 

Figure 2.7.1 Photo series of natural wonders that can enhance life-quality and create small moments of bliss. Photos from Oslo, Vienna and Stockholm. 
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Figure 2.7.2 Photo series of natural wonders that can enhance life-quality and create small moments of bliss. Photos from Oslo, Vienna and Stockholm. 
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Figure 2.7.3 Photo series of natural wonders that can enhance life-quality and create small moments of bliss. Photos from Oslo, Vienna and Stockholm. 
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Landscape ecology as design tool 
This thesis will pursue the ecological approach 
featured by Murphy and will test landscape 
ecological theory as an approach for landscape 
architects attempting to improve ecosystem 
health. The lack in theory addressed by Sa-
saki (1950), Deming & Swaffield (2011) and 
Murphy (2016), and lacking direction derived 
from design thinking has urged me to search 
for additional theory that can aid in solving the 
problems currently faced with. As a landscape 
architect I want to aim for  achieving a harmo-
nious entity between the living organisms and 
their environment of  the landscape as of  Kuz-
netsova & Manvelova (2022). The exclaimed 
goal for ecosystem health will be to facilitate 
positive feedback-loops between the environ-
ment and the users, both animals, humans and 
other organisms. The objective is derived from 
the definitions of  the concept, that the ecosys-
tem should be able to tackle and rather support 
the climate- and nature crisis and public health 
challenges of  today, i.e. promote resilience and 
sustainability. 

 II     W H Y ?

Why landscape ecology? A reflection by a landscape architects

As a landscape architect I believe that landscape ecology has the potential to be applicable to more 
than the natural systems, and more than what it has been used for in the past.I believe that the 
principles within landscape ecology for species survival, dispersal and population growth are ap-
plicable to the natural system of  all ecosystems, and that the principles and theory could achieve a 
more prominent role within the field of  landscape architecture and planning. I  in the applicability 
landscape ecology can have for other fields, or as in this thesis, to other sub-systems within the 
ecosystem. I will in the following part (part III) explore the applicability of  landscape ecological 
principles to the social and natural system – as in ecological and environmental system. In the last 
part of  the thesis I will test the potential of  landscape ecology as a tool for landscape architects in 
achieving sustainable land-use development (i.e. creating healthy ecosystems) and illustrate how 
that potentially can be done. 

Figure 2.8 illustrating a blooming Earth ecosystem that is healthy and sustainable.
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III How  can landscape architects create 
   healthy ecosystems?

Focusing on how healthy ecosystems can be achieved through landscape 
ecological theory that is introduced, with a reflection of  its applicability to 
ecosystem health. Sources and sinks are chosen as core principles, and con-
text dependency is addressed. A system is developed for testing the functi-
on of  typical elements in outdoor rooms by scoring them according to 
their function as source or sink to the ecosystem health. A gradient for the 
scoring sheet with criteria is developed. To test the developed system, it is 
applied to four Norwegian case study sites where a joint assessment of  the 
whole landscape, landscape metrics and elements’ functions are analysed. 
Finally, suggestions of  simple interventions that can change the source-sink 
dynamics are demonstrated.  

 III     H O W ?
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The emergence of landscape ecology
Landscape ecology emerged in the 19th hundreds 
and many threads of  science were weaved toget-
her in the shaping of  the science field (Dramstad 
et al., 1996; Forman & Godron, 1986). The use 
of  the term began when aerial photos became 
more available, with a focus on spatial patterns 
in sections of  landscapes where there were inte-
ractions between biological communities and the 
physical environment (i.e. living systems), see 
figure 3.1 (Dramstad et al., 1996; Troll, 1968). 
German geologist Carl Troll was the one who 
coined the linkage between geographical and bio-
logical thinking ‘landscape ecology’ in 1939, and 
heavily modified landscapes of  the Netherlands 
and West Germany were among the first to be 
assessed (Dramstad et al., 1996; Holtmeier, 2015; 
Wiens & Milne, 1989). During this weaving phase 
of  landscape ecology practices like landscape 
architecture and land-use planning were incorpo-
rated (Dramstad et al., 1996). Since the 1980s the 
concept of  «land mosaic» further evolved with a 
present system thinking of  puzzle pieces fitting 
together, bringing a holistic focus of  landscapes, 
regional planning and design (Dramstad et al., 
1996; Forman & Godron, 1986; Forman, 1995; 
Wu & Hobbs, 2007). 

Landscape ecological theory
‘Landscape ecology’ as a concept comprises of  
‘ecology’, «the study of  the interactions among 
organisms and their environment» (p.12) and 
‘landscape’, «a kilometers-wide mosaic over 
which particular local ecosystems and land-uses 
recur» (p.13, Dramstad et al., 1996). Forman 
& Godron (1986) defined landscape as “a he-
terogenous land area composed of  a cluster of  
interacting ecosystems that is repeated in similar 
form throughout ” (p.11). According to Forman 
(2008) land is home and heritage, a source of  
inspiration and sustenance, land is capital and 
investment, and it is development. 

Landscape ecology is “the science of  studying 
and improving the relationship between spatial 
pattern and ecological processes on a multitude 
of  scales and organizational levels” (p. 179, Wu, 
2013).  

Landscape ecology integrates human and natu-
ral systems and is applicable to different types 
of  landscapes – agricultural, cultural, natural or 
novel (Dramstad et al., 1996; Forman, 2008). It 
is centred on spatial patterns and has a simple, 
easy and applicable language (Dramstad et al., 
1996; Forman, 2008). The characteristics that are 
studied in the living systems are what the landsca-
pe consists of: structure, functioning and chan-
ge (Dramstad et al., 1996; Forman, 2008). The 
landscape structure is the arrangement of  lands-
cape elements and spatial patterns (natural and 
human land uses in a land mosaic), the functio-
ning is the flow and movement of  animals, water, 
wind, materials, plants and energy through the 
structure and change is the dynamics between 
functioning and structure over time (Dramstad et 
al., 1996; Forman, 2008). 

3.1 Landscape ecology

Testing landscape ecological theory as a method for landscape architects in the attempt achieving 
healthy ecosystems. 

Figure 3.1. The view from an airplane window showing a landscape as in an areal photograph.  

 III     H O W ?
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Someones habitat
The science-field is based on the structural 
patterns and functioning of  the landscape that 
almost always includes the function as habi-
tat to some species. For the ecological system 
“Habitat is the place where an organism makes 
its home” (Rutledge et al., 2022b). Habitat 
qualities like abundance of  food and resources, 
nesting sites, disturbances and predator-prey 
balances can determine the function of  the 
habitat together with the spatial structure and 
patterns. The world is the shared habitat of  all 
organisms on Earth. Ecosystems, natural and 
novel are all habitat to some species, be it hu-
mans or animals and the habitats can be set in 
urban, sub-urban, rural or natural landscapes. 
Organisms function given the spatial patterns 
and quality of  their surroundings (Forman, 
2008). 

Reflection

Reflecting on the definition of  a habitat makes 
it equally applicable to the social system of  
people even though the habitat characteristics 
might be different (e.g. people live in houses 
and apartments with four walls and a roof  
rather than in nature). Are the desired and 
undesired qualities for a habitat in the ecolo-
gical system similar to those of  a social sys-
tem? If  so, can landscape ecological principles 
that promote ecological function and positive 
correlations between organisms in their habitat 
(landscapes) be applicable to the social system 
of  humans in their novel habitats? As a lands-
cape architect who needs to consider both the 
natural and social system in designing complex 
landscapes (Forman & Godron, 1981; Forman, 
2008) this might give landscape ecological the-
ory potential as a tool for ecosystem health. A 
pre-condition for healthy ecosystems is that all 
organisms in it, be it humans, pets, wild ani-
mals or insects thrive in their natural or novel 
ecosystems, be it cities or forests like a harmo-
nious entity (Kuznetsova & Manvelova, 2022).
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Figure 3.2 illustrating habitats in the natural and social system.
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Patches
“Patches are communities or species assembla-
ges surrounded by a matrix with a dissimilar 
community structure or composition” (p.734, 
Forman & Godron, 1986). In a patch the internal, 
heterogenous structure is repeated throughout the 
patch area (Forman & Godron, 1986; Forman, 
1995; Wiens, 1976). Patches can originate from 
disturbances (i.e. a clear-cut area in a bigger forest 
matrix), be introduced (i.e. if  the clear-cut was 
turned into a pasture), be remnants (i.e. clusters 
of  trees in an agricultural field) or environmental 
resources (i.e. wetlands in a city) (p.19, Dramstad 
et al., 1996). Patches can be small (e.g. a beetles 
nest in a tree) or big (e.g. national park), round, 
square or elongated, clustered or dispersed, many 
or few and these characteristics determine their 
function (Dramstad et al., 1996; Wiens & Milne, 
1989). However, important to understand with 
patches is the discontinuity they produce in the 
landscape that in “the real world” consists of  “en-
vironmental patchworks” (p.81, Wiens, 1976).

Corridors and stepping-stones
Depending on the corridor characteristics (i.e. 
width and length) and overall connectivity corri-
dors can function as habitat, conduit, filter, bar-
rier, source or sink (p.36, Dramstad et al., 1996). 
Corridors can be of  natural origin such as river 
systems or novel like roads and powerlines. Novel 
corridors can also have natural characteristics like 
hedgerows or alleys. Corridors can together with 
stepping stones (i.e. small, connected patches, see 
figure 3.4) contribute to landscape connectivity by 
providing higher quality linkages between habi-
tats that in turn can buffer the negative effects of  
fragmentation and isolation, see photos in figure 
3.5 (Dramstad et al., 1996). As with barriers the 
function of  corridors depend on the species and 
surrounding landscape as seen in figure 3.6. 

Patch-corridor-matrix model 
The land mosaic or structural pattern can be understood by three types of  elements in the landscape: 
patches, corridors and a background matrix (Dramstad et al., 1996; Forman, 2008). The patch-cor-
ridor-matrix model (see figure 3.3) can be applied to various landscapes  (Dramstad et al., 1996) as 
a tool for comparing landscapes and develop principles of  form and function (Forman, 2008). The 
model is relevant for land-use planners due to the role of  spatial pattern to control function and chan-
ge in both natural and social systems (Forman, 2008). The characteristics of  the landscape structures 
control their function (e.g. a wide corridor can facilitate movement for bigger ground-moving animals 
or function as habitat for smaller animals) (Forman, 2008).

Figure 3.3. The patch-corridor-matrix model illustrates typical structures in a landscape that can be describes as patches, corridors, 
�����������������Ǥ�������������������������������������ǦƤ���ǡ���������������������������������������������������������������Ǥ����������������
along the river can function as a corridor, as can the river itself.  U.S. Department of Agriculture, 2015. 

Figure 3.6. The function of corridors illustrated.  A) With a surrounding agricultural landscape a vegetated road 
verge can both function as habitat and enable movement. B) With a surrounding forested landscape and open, 
����������������������������������������������������������������ơ�����������������������������������������Ǥ�
�Ȍ�������������������������������������������������������������������������������������Ǥ�������ǡ�͚͛͘͘ǡ�����Ƥ���
from Mader, 1987. 
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Figures 3.5 A-C illustrating tree-rows, front gardens, 
alleys and vegetation that can function as stepping 
stones and corridors. Photos from Oslo. 

Figure 3.4 illustrating
 stepping-stones. 

3.2 Landscape ecological principles and concepts
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Matrix and mosaic
The landscape matrix is the dominant or back-
ground land cover in a landscape such as a forest, 
agricultural, urban or rural matrix, see figure 3.7 
(Ercan, 2013). The matrix can be heterogeneous 
or homogenous (Dramstad et al., 1996; Forman, 
2008). 

The land mosaic is the collection of  patches, 
corridors and matrix’ that are dispersed randomly 
throughout the landscape, see figure 3.8 (Forman, 
2008). Development plans for new housings, 
roads or nature reserves will make changes to the 
mosaic patterns and form-and-function principles 
can help understand how this impacts the lands-
cape functioning (Forman, 2008).  
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Figure 3.9. Aeral photo of a land mosaic with agricultural patches, residential areas surrounded by a forest matrix. Multiple river corridors are running through the mosaic. Flisa, Norway. Map from Applemaps. 
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Scale dependence

The overall structure and function of  the landscape mosaic depends on both pattern and scale (Dram-
stad et al., 1996; Forman, 2008). According to Dramstad et al. (1996) scale needs to be recognised as a 
precondition for landscape function and dynamics as feedbacks and interactions occur across all scales 
in ecological landscapes (Newman et al., 2019). 

Wiens & Milne (1989) emphasized the dependence of  the environment, its structure, heterogeneity 
and effects to the landscape dynamics studied in landscape ecology. This is equally relevant to hu-
man-modified landscapes, and the effects of  mosaic patterns should be scaled to what is relevant and 
necessary, be it a landscape- or organism-level (Wiens & Milne, 1989). As Wiens & Milne (1989) emp-
hasized, what is a heterogenous patch from the perspective of  an ant may be contained within a homo-
genous patch from the perspective of  a bird, see figure 3.10. It depends what species you are studying, 
the present structures and how they function in the dynamics between organism and environment 
(Wiens & Milne, 1989). Wien and Milne (1989) thus proposed an adoption of  a multi-scale perspective 
on landscape patterns and dynamics and introduced “microlandscapes” as small scaled landscapes of  
for example beetles. 

Wiens & Milne (1989) argued that microlandscape-studies also can work as models for larger scaled 
landscape systems (e.g. trophic dynamics) and that these microlandscapes enable studies that are more 
detailed, accurate and easy to perform (e.g. experiment replication over multiple plots). The patterns 
they found when studying beetle-movements in a habitat structure in grasslands confirmed a scale-de-
pendence for the form and function dynamics (Wiens & Milne, 1989). According to them, the biases 
and errors of  studying kilometers-wide landscapes are reduced when using microlandscapes, also for 
bigger animals. The behavioural responses of  animals from their environment will always be diffe-
rent, like when comparing an antelope and a beetle. However, by scaling the systems adjusted to the 
size and home-range variances of  the organisms, the landscape mosaics might be contextually and 
geometrically similar. For instance, they proposed that the responses from various animals of  a fractal 
landscape geometry could be used to develop theories of  how landscape fragmentation influence orga-
nisms in a scale- and species-independent way. This based on studying the landscape structure relevant 
to the organism of  study (Wiens & Milne, 1989). 

According to Wiens & Milne (1989) landscape ecology focuses on entire landscapes, the arenas where 
people interact with other organisms and “their environments on a kilometers-wide scale” (p.87). They 
argued for a multi-scale perspective on landscape patterns and dynamics (i.e. landscape ecology) since 
landscape patterns, or the responses of  them vary as functions of  scale. Dramstad et al. (1996) acco-
rdingly suggested at least 3 scales when assessing landscape ecological dynamics that were 1) macro 
– the regional scale, 2) meso – the landscape scale and 3) micro – the site scale. According to Forman 
(2008) these three scales are core in an analytic approach of  spatial arrangements that can lead to dif-
ferent synergies and solutions (2008).

Figure 3.10 illustrating the scale dependence of how landscapes are perceived, as by a beetle and a bird. 
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Fragmentation 
Landscape fragmentation occurs when a larger/
intact habitat is broken up into smaller, dispersed 
patches (p.25, Dramstad et al., 1996). Fragmenta-
tion can lead to isolation (i.e. loss of  connectivity) 
and/or loss of  habitat (Dramstad et al., 1996). 
Fragmentation can occur naturally (e.g. wildfires 
or floods) but is mostly a result of  human acti-
vity and land-use change (e.g. urban sprawl and 
landscape degradation of  natural areas (Forman, 
2008)). Increasing fragmentation has made Wi-
ens (1976) call landscapes for “environmental 
patchworks” (p. 81). 

Barriers
A barrier is a landscape feature that hinders 
movement between ecologically important areas 
or simply hinders flow of  movement and thus 
connectivity (p.1, McRae et al., 2012). The barrier 
function of  an element depends on the characte-
ristics of  the element and the species assessed. A 
river can function as a barrier to mammals who 
don’t swim, and road fences can function as a 
barrier to ground-moving animals however for 
animals who can swim or for birds neither the 
river nor the road fences have a barrier function, 
see figure 3.12. 

Figure 3.11 illustrating landscape fragmentation of breaking apart a 
whole to multiple pieces. 
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Connectivity and isolation
Landscape connectivity is “the degree to which the landscape facilitates or impedes movement 
among resource patches” (p.571, Taylor et al., 1993) and is a key function that is given the stru-
cture of  the landscape. What is desired with connectivity is species movement as a key compo-
nent for species survival  (Taylor et al., 1993). According to Dramstad et al. (1996) connectivity 
in the natural system is “one assay of  ecological health” (p.41). Network connectivity (i.e the 
degree to which all nodes are linked by corridors) and network circuitry (i.e. the degree to whips 
loops and alternative routes are present) can indicate the effectiveness of  the connectivity (Dram-
stad et al., 1996). 

Isolation dynamics, was by McArthur and Wilson (1967) studied on islands and resulted in their 
island biogeography theory that explained the distribution and abundance of  species on ocean 
islands, see figure 3.14. Soon analogies were drawn to fragmented landscapes as island patches 
in oceans of  landscapes and the theory became much used in landscape ecology to explain the 
dynamics of  isolation (Babu, 2016). Negative effects of  isolation can be mitigated by surroun-
ding “islands” as in patches in a given distance (i.e. stepping stones), as well as corridors and an 
overall satisfactory network of  connectivity and circuitry. As with island biogeography larger, 
less isolated islands will have more species diversity while smaller, more isolated islands will have 
less (McArthur & Wilson, 1967). The more isolated patches, the higher the pressure will be on 
the resources available, and the stronger predator-prey imbalances will occur.

Landscape hetero- and homogeneity 
The way the habitat is organised can impact its 
quality and landscape hetero- or homogeneity 
can determine the ecology and dynamics (Wu, 
2013). A heterogeneous landscape is defined 
by the different types of  land cover (i.e. compo-
sitional heterogeneity) and the spatial arrange-
ment (i.e. configurational heterogeneity) (Lo-
vett et al., 2005). 

Landscape heterogeneity is related to the 
complexity of  diversity and pattern in the habi-
tats studied (Lovett et al., 2005). Li et al. (2020) 
addressed the increasing body of  evidence for 
the positive associations between compositi-
onal heterogeneity with a higher abundance 
of  natural resources and increased species 
diversity and/or abundance (Collins & Fahrig, 
2017; Fahrig et al., 2011; Molina et al., 2014). 
With a heterogeneous habitat the amount of  
resources, structures, vegetation types, etc. is 
typically big enough to support more species 
than a homogenous habitat.  

Homogeneity in landscapes comes from ho-
mogeneity in biology and a homogenous lands-
cape is often comprised of  repeating, similar 
structures, functions and dynamics (e.g. agri-
cultural field little compositional heterogeneity 
of  few crop species and little configurational 
heterogeneity with vegetation in one layer). Ty-
pically, land-use intensification and homogeni-
zation can be found in production land with 
negative effects for biodiversity  (Stjernman 
et al., 2019). According to Sumasgutner et al. 
(2019) landscape homogenization can disrupt 
ecosystem dynamics for avian predators whe-
re the landscape mainly consisted of  large, 
agricultural fields with a strong homogenous 
character. 

Both landscape hetero- and homogeneity are 
scale dependent concepts, as illustrated in the 
example with the beetle and the bird in the 
section above (”Scale dependence”) for how 
differently a landscape can be perceived and 
function, see figure 3.15 (Wiens & Milne, 
1989).

Figure 3.14 illustrating island theory as in island biogeography where ocean islands were studied.

Figure 3.15. Illustration of an agricultural landscape that can be perceived as a homogenous landscape to 
������ǡ��������������������������ơ�������������������������������������������������������������Ǥ�
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Edge and core effect
Around all interiors there are edges. Depending on their characteristics edges can have multi-
ple functions as barriers, corridors, filters or habitats (Dramstad et al., 1996). Natural, so called 
“soft” edges are often perforated, non-linear, curved and covered with multi-layered vegetation 
and typically represent a more gradual transition (Bannerman, 1998; Dramstad et al., 1996). So 
called “hard” edges often represent more abrupt changes between two habitats and can be linear, 
straight and share the characteristics of  an edge of  a clear-cut forest (Bannerman, 1998; Dram-
stad et al., 1996). These characteristics “influence the flow of  nutrients, water, energy or species 
along or across it” (p.27).  These key transitional zones between ecological and social systems 
or human and natural habitats hold great opportunity/potential as they today are recognized as 
drivers of  many ecosystem processes (Dramstad et al., 1996; Porensky & Young, 2013). 

The quality of  edge and core habitats can be quite different, prevalent in the different species that 
habituate them. Edge habitats can have different microclimatic conditions than interior habitat 
like soil characteristics (i.e. moist or dry) humidity and evapotranspiration, wind and sun-exposu-
re, wind speed and turbulence, more frequent disturbances from species and human activity, 
temperature stability and so forth (Bannerman, 1998). Some species can thrive in edges (e.g. elk, 
deer and moose) while other species can require interior habitat conditions (e.g. forest-dwelling 
birds like the “northern spotted owl who require big areas of  contiguous forest to sustain breed-
ing populations” (p.5, Bannerman, 1998).

Sources and sinks
Within landscape ecology one can address the 
function of  different elements as sources and 
sinks to population survival, growth or similar-
ly. A sink is something that typically “drains” a 
population, i.e. something that hinders popu-
lation growth and rather shrinks populations 
(Gilroy & Edwards, 2017).  Sources have the 
opposite effect; they promote sustained popu-
lations and growth (Gilroy & Edwards, 2017). 
According to Chen & Fu (2008) “source lands-
capes” contribute positively to the ecological 
process while a “sink landscape” is unhelpful 
to the process. A habitat can be a source, a 
habitat resource can be a source, a corridor can 
be a source and equally for sinks. However, 
when it comes to the concepts of  sources and 
sinks it depends on what is measured or desi-
red (e.g. populations, species dispersal, conne-
ctivity or ecological integrity). So far, no one 
seems to have connected sources and sinks to 
the objective of  ecosystem health. 

	������͛Ǥ͙͞����������������ơ�����������������������������������������������Ǥ������������������������
determines the size of the core and edge. 
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Reflection on the complexity of 
”it depends” 

What is a barrier to one species, can be a corri-
dor for another, or a source or a sink. It all de-
pends. Outdoor lights can be a barrier for species 
movement as they are confused by the artificial 
lights that disturb them from their original routes, 
see figure 3.19. However outdoor lighting works 
as a corridor for human dispersal and movement 
along it as it can provide a feeling of  safety, figure 
3.18. To the environmental system extensive out-
door lighting can lead to light pollution, see fiure 
3.20.

Connectivity is a source to the natural and social 
system and Dramstad et al. (1996) even called 
it “one assay of  ecological health” (p. 41). It 
can mitigate isolation limited habitat quality by 
providing dispersal routes and movement. To the 
social system connectivity is necessary to enable 
access to services in a society and to create a so-
ciety where people can interact. Connectivity that 
enables physical mobility will have even stronger 
benefits to people in all ages and enable kids to 
independently bike to school or to the soccer pitch 
without needing a parent. However, connectivity 
can mean disturbances to the ecological system, 
and Doherty et al. (2021) found that disturbance 
from human activity like recreation and hunting 
had a much stronger impact on animal movement 
than habitat modification like logging and ag-
riculture. This stresses an understanding of  the 
complexity within ecosystems and the interacti-
ons that occur between the natural and social 
system (Doherty et al., 2021). 

Landscape heterogeneity is a source to wildlife 
in the natural system with a higher abundance of  
resources, nesting sites and similarly and to the 
social system landscape heterogeneity can provide 
more value or less. Agricultural fields are typical 
homogenous landscapes because that is what is 
most effective for producing food despite its nega-
tive impacts to the natural system. Heterogeneity 
in other forms like activities or facilitations of  a 
place for the social system can attract more users 
and higher satisfaction. All of  these factors can 
together determine the landscape quality in total 
and its function as source and sink to the objecti-
ve, that can be ecosystem health. 
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Benefits of a landscape ecological 
approach
By focusing on patterns and processes a dy-
namic mosaic is revealed between people and 
nature (Forman, 2004). As Forman (2008) 
argued, landscape metrics like the ones in 
landscape ecology provides an ecological un-
derstanding that is key for planning landscapes. 
In addition, the benefits of  a land-use approach 
rather than an approach fixed on legal or regu-
latory matters that are fluctuating is that it pro-
vides a long-term future for design (Forman, 
2008). Urban planning typically focuses on 
life-quality for people (Fainstein & Campbell, 
1996; Hall, 2002) while conservation planning 
typically focuses on the natural systems and 
nature on which people depend and live on 
(Dale & Haeubner, 2001; Marsh, 2005; Noss 
& Cooperider, 1994). The land-mosaic perspe-
ctive that has emerged from landscape ecology 
and other related practices meshes the two to 
sustain and maintain natural systems and pe-
ople (Forman, 1995; Forman, 2004) in  (p.16, 
Forman, 2008). That is the core of  ecosystem 
health. 

Sources and sinks
Within landscape ecology one can address the 
function of  different elements as sources and 
sinks to population survival, growth or similar-
ly. A sink is something that typically “drains” a 
population, i.e. something that hinders popu-
lation growth and rather shrinks populations 
(Gilroy & Edwards, 2017).  Sources have the 
opposite effect; they promote sustained popu-
lations and growth (Gilroy & Edwards, 2017). 
According to Chen & Fu (2008) “source lands-
capes” contribute positively to the ecological 
process while a “sink landscape” is unhelpful 
to the process. A habitat can be a source, a 
habitat resource can be a source, a corridor can 
be a source and equally for sinks. However, 
when it comes to the concepts of  sources and 
sinks it depends on what is measured or desi-
red (e.g. populations, species dispersal, conne-
ctivity or ecological integrity). So far, no one 
seems to have connected sources and sinks to 
the objective of  ecosystem health. 

Figure 3.18. Photo of a dark forest that can be perceived as 
������������������������Ǥ�����ǡ��������������������������Ƥ��
the social system. 

Figure 3.19. Photo of a medium tall lightpole in a natural 
����Ǥ���������������������������������������������������ơ�-
cts for the ecological system. 

Figure 3.20. Photo from Stockholm at night where extensi-
ve outdoor lights can lead to light pollution with negative 
�ơ���������������������������������Ǥ�
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Social system - reflections

By identifying desired and undesired functions of  different landscape structures similarities to the so-
cial system emerge. Starting with habitat, organisms in both the natural and social system desire good 
quality habitat, with more sources than sinks, abundance of  resources and nesting sites and an overall 
good connectivity to the surrounding environment. Corridors and steppingstones in different scales 
can counter the isolation effects of  non-connected areas. If  in a park or parking lot, too much of  an 
island effect is undesired as it makes people feel exposed and insecure without hiding spots or walls to 
lean into. In a park with too many walls the feeling of  being trapped without escape routes can occur. 
Or, the walls can create possible hiding-spots and feel threatening for that reason. Barriers are negative 
by hindering free movement, however some places barriers can be good to ensure safety (e.g. road-fen-
ces along bigger roads). 

A heterogenous park divided in different sections to utilize different activities can enable a hetero-
geneous user group. However, a fragmented landscape that lacks connectivity and hinders flow of  
movement will negatively impact use by limited facilitation (e.g. a web of  roads between housing 
developments, schools and sports arenas might hinder kids from walking or biking to school or after-
school activities and can therefore have a social barrier effect). A heterogenous landscape that provides 
diverse connectivity and enables mobility is different from a fragmented landscape that is broken up 
into random pieces lacking connectivity.
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Figure 3.21 showing an illustration of fragmentation in the social system. If land-uses and activities are dispersed randomly and wit-
hout adequate connectivity a fragmented area might become less attractive and used. 

Common habitat qualities for the social and natural system

• Good habitat quality with compositional and configurational heterogeneity

• Compositional and configurational heterogeneity in landscape metrics, matrix, patches, corri-
dors and steppingstones with wide distribution and abundance

• Minimal landscape fragmentation

• Minimal undesired barriers, creating permeable barriers that can enable some flow of  
movement where possible 

• Soft edges and maximized interiors

• Maximized connectivity with corridors and steppingstones with heterogenous quality to facili-
tated connectivity for multiple species (ground-moving and flying animals)

• Heterogeneity in services, offers and facilitations

Together, these elements can alter the functioning and dynamics of  a landscape and can be summari-
zed as sources and sinks to ecosystem health. 
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As a planning vision the spatial arrangement 
of  the land mosaic should make both the 
natural and social systems thrive long term 
(Forman, 2008). “The size and shape of  pat-
ches (…) should be dependent on ecological 
processes such as the perceptual abilities and 
behavioural tendencies of  different organisms.” 
(p.1133, Girvetz & Greco, 2007). To avoid too 
strong barrier function alternative dispersal 
routes are necessary (e.g. underground condu-
its or wild-life passages over highways) and an 
assessment of  the species that can be affected 
by plans should be done. In addition, perme-
able barriers that allow for some movement 
or dispersal can be better alternatives by not 
stopping all flow of  movement. Or, simply 
adding some openings in fences to allow flow 
of  energy can mitigate negative effects. 

Landscape ecology for ecosystem 
health
With the emergence of  landscape ecology 
came a deeper message of  linking ecology and 
culture, land and people, nature and humans 
(Dramstad et al., 1996). The core of  landscape 
ecology lays on focusing on the consequences 
of  design proposals and land-use changes have 
for nature, ecosystems, biodiversity, users and 
the overall landscape dynamics (Dramstad et 
al., 1996; Forman, 2008). Rarely do landscape 
architects and planners consider the “larger, 
ecological context of  the landscape or region” 
in which they are designing (p.47, Dramstad et 
al., 1996).  Landscape ecological considerati-
ons and principles are applicable to all scales, 
site- or regional and can contribute to impro-
vement or maintenance of  ecological integrity 
and the overall ecological health of  the en-
vironment (Dramstad et al., 1996). I therefore 
see great potential in using landscape ecology 
as a tool for landscape architects in the strive 
towards healthy ecosystems. 

 III     H O W ?
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Landscape systems
Forman (2008) emphasized the value of  an in-
ward approach to the site-level with 3 arguments: 

1. The cumulative effects of  fine-scale areas
2. The hierarchy theory 
3. Human perception

Firstly, the fine-scale areas of  patches are typically 
widely repeated in similar patterns in built lands-
capes like urban or rural regions (Forman, 2008). 
Therefore, the cumulative effect of  good models 
for these sites could be determining for the lands-
cape- and upper levels (Forman, 2008). These 
can be gullies, streams, villages, towns, highways, 
parking lots and edge parks and by developing ge-
neric solutions that address the natural and social 
systems benefits can be achieved to the additional 
scales (p.292) (p.292, Forman, 2008). 

Secondly, the ‘hierarchy theory’ “predicts that 
complex ecological systems, such as landscapes, 
will be composed of  relatively isolated levels” 
(p.203) and the scaled structure can therefore be 
advantageous for analysing complex landscapes 
(O’Neill et al., 1989). One can see three scales 
within a landscape hierarchy, where the outer/
broader scale of  the scale of  object will have 
effects inwards, the inner scale will have effects 
outwards to the level of  object and the scale of  
object will exert competitive or collaborative ef-
fects by the many similar sites on that scale (For-
man, 2008). The inner scale therefore has just as 
determining prospects as the other scales as they 
all interact with each other and determines the dy-
namics of  the overall landscape through constant 
up- and downstream effects between the scales. 

Thirdly, the human perception of  sites is main-
ly based on the fine-scale sites in a human scale 
unless in an airplane or as a planner working 
with maps (Forman, 2008). «The public main-
ly sees and relates to small spaces» (p.19) so to 
accomplish translating public preferences into 
planning means focusing at the fine-scale sites can 
be effective (Forman, 2008; Johnson & Hill, 2002; 
Nassauer, 1997). 

Furthermore Forman (2008) addresses the 
so-called “paradox of  management” for solving 
challenges within land-use planning (Forman, 
1995; Seddon, 1997). “Focus on a solution that 
is big enough to have some chance of  continued 
success, and small enough that your efforts are 
visible” (p.2, Forman, 2008). To solve big pro-
blems he argued for breaking them into parts and 
addressing enough of  them to alter the balance of  
solutions (Gladwell, 2000). 

3.3 Implementing landscape ecology for ecosystem health

A key reference for the following section is “Urban Regions – Ecology and Planning Beyond the City” 
by Forman (2008). Landscape ecology can be useful for maintaining and constituting ecosystem health on 
the landscape level of  thinking structures and functions between the landscape patterns and the organisms 
using it (Forman, 2008). “It explicitly integrates nature and people” (p.17). The vision for planning a land 
mosaic should be to make both the natural and social systems thrive long term (Forman, 2008). Landsca-
pe ecology can be effective with a core spatial analysis that determines structures, functions and dynamics 
between living organisms (i.e. humans and animals) and the environment (i.e. natural and built landscape). 
Spatial analyses of  the regional and landscape level can provide an understanding of  the ecological dyna-
mics. However, a lof  of  the function is also determined in the site-level of  ecosystems. 

Fine scale interventions and economy
Forman (2008) also discussed the economic 
perspective of  interventions to improve and 
mesh the natural and social systems. Big-sca-
le interventions are often costly and resource 
demanding, especially if  quickly needed to 
address changes in crises (Forman, 2008). 
Fine-scale solutions are not always that expen-
sive, and, by addressing a legacy of  cumulative 
impacts the cost is spread out over time (For-
man, 2008). But maybe most importantly is 
the cost and negative impact for both natural 
and social systems of  doing nothing (Forman, 
2008). 

Additionally there is economic gain to be expe-
cted from such fine-scale improvements acco-
rding to Forman (2008) both due to the sub-
stance of  ecosystem services (sources) but also 
practically as investing in natural systems can 
lead to maintained agricultural productivity on 
the best soils, less waste of  land, concentrating 
development to reduce costs for infrastructu-
re and servicing, investing in key areas for 
natural protection and nature-based tourism, 
rethinking floodplain design to limit potential 
flood-costs and so on (p.5). In the long term 
perspective these changes can be beneficial 
economically. By prioritizing the best uses for 
fundamentally distinctive and somewhat fixed 
land resources the future of  a landscape or 
region will be more promising, with benefits to 
society, economy and nature (Forman, 2008). 

 III     H O W ?
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The emerald network
Forman (2008) highly emphasized the value of  
the emerald network as a system of  connected 
patches and corridors that can support the natural 
and social systems in the landscape, as preva-
lent in the Emerald Necklace in Boston (link). 
Providing habitat, ecological sources, wildlife 
movement and dispersal, nature conservation, 
recreational trails for people and other benefits to 
society like ecosystem services are some of  the 
benefits provided with such a network of  hetero-
genous green (p.272). 

The emerald necklace
The Emerald Necklace is the name of  a landscape design plan in Boston developed between 1878-1896 by Frederick 
Law Olmsted, who by many is called the father of  landscape architecture (Emerald Necklace Conservancy, n.d.). The 
emerald necklace is a connected series of  parks with different character (e.g. botanical gardens, waterways, meadows 
and tree museums) providing active or passive recreation and that made a green corridor through the city of  Boston 
and connected people to the greenery (National Park Service, n.d.). The name emerald necklace refers to the different 
park patches as jewels – and each of  the jewels contributed with connecting nature to people or each other (National 
Park Service, n.d.). “Today it provides important habitat, aesthetics, recreation and connectivity for species and nu-
merous people” (p.298, Forman, 2008). 

Analysed within landscape ecology the network of  parks connected by green waterways or green corridors creates 
connectivity, both considering the natural system (e.g. vegetation and biodiversity) and social system (e.g. mobility, 
accessibility). The different patches, or islands of  parks has different characteristics and their linkages between each 
other contributed to them not being isolated islands, either by corridors or steppingstones. This park system was maybe 
one of  the first landscape projects with a presence of  landscape ecological principles benefitting the natural and social 
system. Emerald networks of  natural landscapes function as systems of  patches and corridors with benefits for biodi-
versity and stability in the natural system and for the social system by providing recreation, public accessibility to green 
spaces and health-promoting surroundings (p.146, Forman, 2008).
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4YFPMG�+EVHIR��EX�'LEVPIW�7X���XS�'LEVPIWKEXI�)EWX��
���VSYRHXVMT�2.5 miles

&EGO�&E]�*IRW�0SST��)RHTSMRXW��&S]PWXSR�&VMHKI�������
�%ZI�0SYMW���� �������
���4EWXIYV
��VSYRHXVMT�����QMPIW
�
6MZIV[E]�0SST��*IR[E]�8�7XEXMSR�XS�2IXLIVPERHW�6SEH
��
���VSYRHXVMT�1.5 miles

0IZIVIXX�4SRH�0SST��+SSH�JSV�JEQMPMIW�[MXL�WQEPP�GLMPHVIR
��
���VSYRHXVMT .7 mile

.EQEMGE�4SRH�'MVGYQJIVIRGI��1.5 miles 

%VRSPH�%VFSVIXYQ��,YRRI[IPP�&PHK��������XS�4IXIV Ẃ�,MPP�7YQQMX���������� ���
���VSYRHXVMT�3.5 miles 

*VEROPMR�4EVO�;EPOMRK�0SST� 2.5 miles

-J�]SY�[SYPH�PMOI�XS�EHH�TL]WMGEP�EGXMZMX]�XS�]SYV�HEMP]�PMJI��XLI�
)QIVEPH�2IGOPEGI�SJJIVW�FIEYXMJYP�TEXLW�XLEX�EVI�GSRZIRMIRX�XS�

HMJJIVIRX�RIMKLFSVLSSHW��,IVI�EVI�E�JI[�WYKKIWXMSRW��
(MWXERGIW�EVI�ETTVS\MQEXI�

7GLSSPQEWXIV�,MPP��2EQIH�JSV�6EPTL�;EPHS�)QIVWSR�
[LS� PMZIH� RIEV� XLMW� WMXI� MR� XLI� ����W� [LIR� LI� [EW� E�
WGLSSPXIEGLIV� MR� 6S\FYV]��8LMW� LMHHIR� WTSX� LEW� TMGRMG�
XEFPIW�� GIRXYV]�SPH� [LMXI� TMRIW�� ERH� SJJIVW� E� WTIGXEGYPEV�
ZMI[�EGVSWW�XLI�TEVO�ERH�XS�XLI�&PYI�,MPPW�FI]SRH�

8LI�;MPHIVRIWW�� %� ���EGVI� REXMZI� SEO� JSVIWX� [MXL�
QIERHIVMRK� TEXLW� ERH� LYKI� 6S\FYV]� TYHHMRKWXSRI�
SYXGVSTTMRKW�� XLI�;MPHIVRIWW� MW� E� TMGXYVIWUYI� PERHWGETI�
ERH�E�KSSH�I\EQTPI�SJ�YVFER�[SSHPERHW����

8LI����7XITW�)PPMGSXX�%VGL��

7GEVFSVS�4SRH�ERH�,MPP��

4IXIVW�,MPP��8LI�LMKLIWX�TSMRX�MR�XLI�)QIVEPH�2IGOPEGI��
4IXIVW�,MPP� ����� JIIX
�SJJIVW�WTIGXEGYPEV�ZMI[W�SJ� .EQEMGE�
4PEMR��6SWPMRHEPI��ERH�XLI�&SWXSR�WO]PMRI�

)\TPSVIVW�+EVHIR��8LI�EVIE�EVSYRH�XLI�'LMRIWI�4EXL�
LEW� PSRK�FIIR�YWIH�F]�VIWIEVGLIVW�XS�XIWX�XLI�LEVHMRIWW�
SJ�RI[�TPERXW� KEXLIVIH� JVSQ�EVSYRH� XLI�[SVPH�F]�TPERX�
I\TPSVIVW�� (SR X́� QMWW� VEVI� ERH� YRYWYEP� TPERXW� PMOI� XLI�
HSZI�XVII��TETIVFEVO�QETPI��SV�*VEROPMRME��

0EV^�%RHIVWSR�&SRWEM�'SPPIGXMSR��7II�XLI�SPHIWX�
ERH�WQEPPIWX�XVIIW�EX�XLI�%VFSVIXYQ��3TIR�QMH�%TVMP�XS
IEVP]�2SZIQFIV�

,YRRI[IPP� &YMPHMRK�� 8LMW� FYMPHMRK� LSYWIW� EHQMR�
MWXVEXMZI� SJ½�GIW�� E� LSVXMGYPXYVEP� PMFVEV]�� VIWXVSSQW�� ERH�
E� ZMWMXSV� GIRXIV� [MXL� QETW�� WIEWSREP� I\LMFMXMSRW�� ERH�
ORS[PIHKIEFPI�WXEJJ�XS�LIPT�QEOI�XLI�QSWX�SJ�]SYV�ZMWMX��
;IIOHE]�FYMPHMRK�EGGIWW�JSV�VIWXVSSQW�FIKMRW�EX�����EQ��
GPSWIH� LSPMHE]W�� :MWMXSV� 'IRXIV� LSYVW�� 2SZIQFIV� XLVSYKL�
1EVGL�� RSSR¯����TQ�� %TVMP� XLVSYKL� 3GXSFIV�� �����EQ¯
����TQ��GPSWIH�;IHRIWHE]W��������������
��0MFVEV]�LSYVW��
1SRHE]¯*VMHE]�������EQ¯����TQ��������������
�
�
.EQEMGE� 4SRH� &SEXLSYWI�&ERHWXERH�� &YMPX� MR�
������ XLIWI�8YHSV�WX]PI� WXVYGXYVIW� EHH�E� VYWXMG� IPIQIRX�
XS�XLI�TSRH���:MWMXSVW�GER�VIRX�WEMPFSEXW�SV�VS[FSEXW�XS�
IRNS]� YRMUYI� ZMI[W� SJ� XLI� TEVO� SV� WMQTP]� HVMJX� SR� XLI�
[EXIV��[[[�GSYVEKISYWWEMPMRK�SVK
��8LI�&ERHWXERH�MW�LSQI�
XS� RYQIVSYW� VIGVIEXMSREP�� IHYGEXMSREP�� ERH� GYPXYVEP�
EGXMZMXMIW��8LI�&SEXLSYWI�MW�STIR�%TVMP���XLVSYKL�:IXIVER Ẃ�(E]��

4EVOQER�1IQSVMEP��(ERMIP�'LIWXIV�*VIRGL��7GYPTXSV

4MRIFERO� 4VSQSRXSV]�� %� TIEGIJYP� WTSX� MR� XLMW�
FYW]� TEVO�� XLI� TVSQSRXSV] Ẃ� WXYRRMRK� ZMI[W� EGVSWW� XLI�
4SRH� ERH� GSSPMRK� FVII^IW� XLVSYKL� XEPP� TMRIW�QEHI� MX� ER�
EXXVEGXMZI�WMXI�JSV�XLVII�WYGGIWWMZI�QERWMSRW�MR�XLI�����W��
8SHE]�� E� KVERMXI� SYXPMRI� QEVOW� XLI� JSSXTVMRX� SJ� XLI� PEWX�
QERWMSR�XLEX�WXSSH�LIVI��

;EVH´W�4SRH��8LMW� WIGPYHIH� TSRH� MW� E� KPEGMEP�±OIXXPI�
LSPI²� JSVQIH� EX� XLI� IRH� SJ� XLI� PEWX� MGI� EKI�� �%� WIVIRI��
LIEZMP]�[SSHIH�EVIE��XLI�ZMWMXSV�½�RHW�E�UYMIX�[MPHIVRIWW��
WXITW�JVSQ�XLI�WYVVSYRHMRK�GMX]��

;MPH¾�S[IV�1IEHS[��3RGI�XLI�WMXI�SJ�ER�MRHSSV�MGI�
WOEXMRK� VMRO�� XLI�QIEHS[�RS[�SJJIVW� YRMUYI� LEFMXEX� JSV�
FYXXIV¾�MIW��FIIW��ERH�SXLIV�TSPPMREXSVW�

(EMW]�*MIPH��3PQWXIH�SVMKMREPP]�HIWMKRIH�XLMW�EW�E�PEVKI�
QIEHS[�WYVVSYRHIH�F]�[SSHW��8SHE]��TPE]MRK�½�IPHW�WIVZI�
GSQQYRMX]� KVSYTW� JSV� PMXXPI� PIEKYI�� WSJXFEPP�� WSGGIV� ERH�
XSYGL�JSSXFEPP���������������������������������������

%PPIVXSR�3ZIVPSSO��8LMW�WIQM�GMVGYPEV�[EPO�HIWGIRHW�
MRXS�XLI�TEVO�ERH�TVSZMHIW�WGIRMG�ZMI[W�SJ�XLI�FEROW�ERH�
MWPERHW�SJ�0IZIVIXX�4SRH���

0IZIVIXX� 4SRH�� 0IZIVIXX� 4SRH� MW� E� ½�RI� I\EQTPI
SJ� 3PQWXIH Ẃ� WOMPP� GSQFMRMRK� PERHWGETI�� [EXIV�� ERH�
WXVYGXYVI�MRXS�LMW�HIWMKRW��-WPERHW�[IVI�GVIEXIH�XS�TVSZMHI�
FSXL�ZMWYEP�MRXIVIWX�ERH�[EXIVJS[P�FVIIHMRK�EVIE�

&IPPIZYI�7XVIIX�&VMHKI

'LETIP�7XVIIX�&VMHKI�%VIE�,MWXSVMG�&VMHPI�
4EXLW��&VMHKIW�TPE]IH�E�OI]�VSPI�MR�EPP�SJ�3PQWXIHẂ�[SVO��
RSX�SRP]� EPSRK�VMZIVW��FYX�IZIV][LIVI� XLEX�LI�WSYKLX� XS�
WITEVEXI� HMJJIVIRX� QSHIW� SJ� XVERWTSVXEXMSR��8LI� 'LETIP�
7XVIIX� &VMHKI� WITEVEXIH� [EPOIVW� EFSZI� JVSQ� XLI� FVMHPI�
TEXL�FIPS[��

6SYRH�,SYWI�7LIPXIV

%XLPIXMG�*EGMPMXMIW�8LI�.SWITL�0II�4PE]KVSYRH�EVIE�
JIEXYVIW�WSJXFEPP��WSGGIV��PEGVSWWI��JSSXFEPP��FEWOIXFEPP�ERH�E�
VIGVIEXMSREP�VYRRMRK�XVEGO��3RI�SJ�XLI�HMEQSRHW�MW�REQIH�
MR�LSRSV�SJ�6SFIVXS�'PIQIRXI�°�XLI�½�VWX�0EXMR�%QIVMGER�
IPIGXIH�XS�XLI�&EWIFEPP�,EPP�SJ�*EQI�
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;LMXI�7XEHMYQ

3ZIVPSSO�7LIPXIV�6YMRW��3VMKMREPP]� E�½�IPH�LSYWI�� MX�
[EW�SRI�SJ�XLI�JI[�WXVYGXYVIW�3PQWXIH�IZIV�HIWMKRIH��8LI�
WMXI�[EW�XLI�LSQI�XS�)PQE�0I[MW´�4PE]LSYWI�MR�XLI�4EVO�MR�
XLI�´��W�ERH�´��W��ERH�NE^^�KVIEXW��MRGPYHMRK�(YOI�)PPMRKXSR��
TIVJSVQIH�LIVI�

8LI� 4PE]WXIEH�� %� PEVKI�� EGXMZI� WTSVXW� EVIE� XLEX�
EGGSQQSHEXIW�FEWOIXFEPP��XIRRMW�ERH�QER]�½�IPH�WTSVXW�

*VEROPMR� 4EVO� >SS�� *SYRHIH� MR� ������ XLI� ^SSẂ� ���
EGVIW�EVI�LSQI�XS�PMSRW��XMKIVW��KMVEJJIW��ERH�QSVI���:MWMXSVW�
XS�XLI�WMKREXYVI�8VSTMGEP�*SVIWX�GER�WXERH�JEGI�XS�JEGI�[MXL�
XLI�>SSẂ�WIZIR�KSVMPPEW�EX�SRI�SJ�½�ZI�KPEWW�ZMI[MRK�WXEXMSRW��
,IVSMG�WXEXYIW�F]�(ERMIP�'LIWXIV�*VIRGL�¾�ERO�XLI�RSVXL�
IRXVERGI����[[[�JVEROPMRTEVO^SS�SVK

;MPPMEQ�.��(IZMRI�+SPJ�'SYVWI��3VMKMREPP]�E�WLIIT�
QIEHS[�MR�3PQWXIH Ẃ�HIWMKR��XLMW����LSPI�JEGMPMX]�MW�XLI�
WIGSRH�SPHIWX�TYFPMG�KSPJ�GSYVWI�MR�XLI�GSYRXV]���3TIR�]IEV�
VSYRH��[IEXLIV�TIVQMXXMRK����������������

;MPPMEQ� 0PS]H� +EVVMWSR� 7XEXYI�  4YFPMWLIV� SJ�
±8LI� 0MFIVEXSV²� ERH� JSYRHIV� SJ� XLI�2I[� )RKPERH�%RXM�
7PEZIV]� 7SGMIX]�� +EVVMWSR� [EW� E� TS[IVJYP� ZSMGI� MR� XLI�
EFSPMXMSRMWX�QSZIQIRX��3PMR�0IZM�;EVRIV��7GYPTXSV

%PI\ERHIV�,EQMPXSR�7XEXYI� ,EQMPXSR��E�*SYRHMRK�
*EXLIV� [LS� EPWS� WXEVXIH� XLI� GIRXVEP� FEROMRK� W]WXIQ��
[IPGSQIW� ZMWMXSVW� XS� XLI� 1EPP� FIX[IIR� %VPMRKXSR� ERH�
&IVOIPI]�WXVIIXW���(V��;MPPMEQ�6MQQIV��7GYPTXSV�

�����1IQSVMEP

+ISVKI�;EWLMRKXSR�7XEXYI��8LSQEW�&EPP��7GYPTXSV

7[ER�&SEXW��8LIWI�MGSRMG�TIHEP�FSEXW�½�VWX�ETTIEVIH�SR�
XLI�0EKSSR� MR�������(IWMKRIH�F]�6SFIVX�4EKIX�� XLI]�EVI�
WXMPP�S[RIH�ERH�STIVEXIH�F]�XLI�4EKIX�*EQMP]���

1EOI�;E]� JSV�(YGOPMRKW�7GYPTXYVI��1VW��1EPPEVH�
ERH� LIV� IMKLX� HYGOPMRKW� [IVI� GVIEXIH� EW� E� XVMFYXI� XS�
6SFIVX� 1G'PSWOI]�� EYXLSV� SJ� E� GLMPHVIRẂ� FSSO� EFSYX�
HYGOW�XLEX�PMZI�MR�XLI�4YFPMG�+EVHIRẂ�0EKSSR���2ERG]�7GL}R��
7GYPTXSV

*IR[E]� :MGXSV]� +EVHIRW�� :MGXSV]� +EVHIRW� [IVI�
GYPXMZEXIH�HYVMRK�;SVPH�;EV�--�XS�IEWI�HIQERH�SR�[EVXMQI�
JSSH� WYTTP]��8LI� *IR[E]� KEVHIRW� EVI� EQSRK� XLI� JI[� XS�
VIQEMR�MR�GSRXMRYSYW�GYPXMZEXMSR��8SHE]������TPSXW�EVI�XIRHIH�
F]�GSQQYRMX]�KEVHIRIVW�ERH�JIEXYVI�E�FSYRX]�SJ�¾�S[IVW�
ERH�ZIKIXEFPIW�

&S]PWXSR�&VMHKI��(IWMKRIH�F]�TVSQMRIRX���XL�GIRXYV]�
EVGLMXIGX� ,�� ,�� 6MGLEVHWSR�� XLMW� FVMHKI� MW� GSRWXVYGXIH� SJ�
'ETI�%RR� KVERMXI�� 4VSNIGXMRK� FE]W� SJJIV� W[IITMRK� ZMI[W�
EGVSWW�XLI�*IRW�

0IMJ�)VMOWWSR�7XEXYI��

&SWXSR�;SQIR Ẃ�1IQSVMEP��1E]SV�8LSQEW�1��1IRMRS�
VIWIVZIH� XLI� WMXI� JSV� E�[SQIRẂ�QIQSVMEP� MR� ������8LI�
&SWXSR�;SQIRẂ� 'SQQMWWMSR� WIPIGXIH� %FMKEMP� %HEQW��
0YG]� 7XSRI�� ERH� 4LMPPMW�;LIEXPI]� EW� I\IQTPEV]� ½�KYVIW��
1IVIHMXL�&IVKQERR��7GYPTXSV�

7EQYIP�)PMSX�1SVMWSR�7XEXYI��8LMW�WGLSPEV��IHYGEXSV��
ERH� QEVMXMQI� LMWXSVMER� [EW� XLI� 4YPMX^IV�TVM^I� [MRRMRK�
EYXLSV�SJ�XLI�±3\JSVH�,MWXSV]�SJ�XLI�9RMXIH�7XEXIW²������
�
ERH�±8LI�3\JSVH�,MWXSV]�SJ�XLI�%QIVMGER�4ISTPI²������
��
4IRIPSTI�.IRGOW��7GYPTXSV

'IRXVEP� &YV]MRK� +VSYRH�� 4YVGLEWIH� MR� ����� ERH�
EHHIH� XS� XLI�'SQQSR� MR� ������ XLMW� MW� XLI� ½�REP� VIWXMRK�
TPEGI� JSV� 6IZSPYXMSREV]�;EV� WSPHMIVW� ERH� QER]� SXLIVW���

7SPHMIVW�ERH�7EMPSVW�'MZMP�;EV�1SRYQIRX��
1EVXMR�1MPQSVI��7GYPTXSV

*VSK�4SRH��7MXI�SJ�����Ẃ�±;EXIV�'IPIFVEXMSR²MREYKYVEXMRK�
XLI� GMX]Ẃ� TYFPMG�[EXIV� W]WXIQ�� XSHE]� XLI� TSRH� WIVZIW� EW� E�
WOEXMRK�VMRO�MR�XLI�[MRXIV�ERH�E�WYTIVZMWIH�[EHMRK�TSSP�MR�XLI�
WYQQIV��8LI�8EHTSPI�4PE]KVSYRH�MW�RIEVF]�

7LE[�1IQSVMEP��8LMW� LSRSVW� XLI� ��XL� 6IKMQIRX� SJ�
XLI�1EWWEGLYWIXXW�MRJERXV]��0IH�F]�'SPSRIP�6SFIVX�+SYPH�
7LE[�� XLI� ��XL� [EW� XLI� ½�VWX� JVII� FPEGO� VIKMQIRX� MR� XLI�
9RMSR��&VSR^I�VIPMIJ�F]�%YKYWXYW�7EMRX�+EYHIRW��+VERMXI�JVEQI�
ERH�XIVVEGI�F]�'LEVPIW�*��1G/MQ

&VI[IV�*SYRXEMR

&SWXSR� 'SQQSR� :MWMXSVW´� 'IRXIV� ERH� 4EVO�
6ERKIV� 7XEXMSR��1ETW�� XSYVMWX� MRJSVQEXMSR�� ERH� VIWX�
VSSQW��8LMW�EPWS�QEVOW�XLI�WXEVX�SJ�XLI�*VIIHSQ�8VEMP�����
,SYVW��1SRHE]¯7EXYVHE]�������EQ¯�TQ��7YRHE]���EQ¯�TQ

.EQIW�4��/IPPILIV�6SWI�+EVHIR����(IWMKRIH�F]

;EV�1IQSVMEPW

.ETERIWI�&IPP��*SYRH�SR�E�WGVET�LIET�MR�=SOSWYOE��XLMW�
FIEYXMJYP� FVSR^I� ��XL�GIRXYV]� XIQTPI� FIPP� [EW� FVSYKLX�
FEGO�F]� WEMPSVW�SR�XLI�977�&SWXSR� MR������� -R������� XLI�
.ETERIWI� KSZIVRQIRX� ERRSYRGIH� XLEX� XLI� FIPP� WLSYPH�
VIQEMR�MR�&SWXSR�EW�E�KIWXYVI�SJ�TIEGI�

7LEXXYGO� )QIVEPH� 2IGOPEGI� :MWMXSV� 'IRXIV���
(IWMKRIH�F]�,��,��6MGLEVHWSR�MR�������XLI�FYMPHMRK�MW�SRI�
SJ�E�TEMV�XLEX�LSYWIH�XLI�KEXIW�YWIH�XS�VIKYPEXI�XLI�7XSR]�
&VSSOẂ� ¾�S[� MRXS� XLI� *IRW��8LMW� KEXILSYWI�� RS� PSRKIV� MR�
STIVEXMSR��[EW�GSRZIVXIH�MR������XS�E�ZMWMXSV�GIRXIV�ERH�
SJ½�GIW�SJ�XLI�)QIVEPH�2IGOPEGI�'SRWIVZERG]�
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8LMW�QET�[EW�GSRGIMZIH�ERH�TVSHYGIH�F]�XLI�)QIVEPH�2IGOPEGI�'SRWIVZERG]�
[MXL�XLI�WYTTSVX�SJ�MXW�TYFPMG�ERH�TVMZEXI�TEVXRIVW�

PERHWGETI� EVGLMXIGX� %VXLYV� 7LYVGPMJJ� MR� XLI� ����W�� XLMW�
KEVHIR�[EW�VIWXSVIH�F]�XLI�'MX]�SJ�&SWXSR�ERH�XLI�)QIVEPH�
2IGOPEGI�'SRWIVZERG]��'SQFMRMRK�XLI�FIWX�SJ�SPH�ERH�RI[�
VSWIW��XSHE]Ẃ�KEVHIR�MRGPYHIW�SZIV�������TPERXW�VITVIWIRXMRK�
����HMJJIVIRX�ZEVMIXMIW�

Figure 3.22 with a map of the Emerald Necklace in Boston. Emerald Necklace Conservancy, n.d.

 III     H O W ?



57

 III     H O W ?

Discussion of theory
In the theory presented by Forman (2008) 
he clearly emphasized the value of  fine-scale 
interventions as most designed landscapes 
consist of  these fine-scale solutions (Bolund 
& Hunhammar, 1999). In addition, Wiens 
& Milne (1989) argued for the value of  mi-
cro-landscapes that could function as models 
for larger landscape systems as they could 
detect scale- and species-independent responses 
between landscape mosaics and organisms’ 
responses. By focusing the lens on the site-scale 
or microlandscapes one can more easily detect 
the causes of  different ecological responses and 
dynamics (Wiens & Milne, 1989). 

These fine-scale solutions are multiplied co-
untlessly in rural and urban contexts and 
even globally so the cumulative effect of  some 
generic ‘better’ solutions that strengthen the 
natural and social systems would be effective. 
These ultimate “bad” solutions have potential 
in being improved by landscape architects to 
become ultimate good and serve the cause of  
ecosystem health. These fine-scale sites inter-
relate and are part of  the dynamics between all 
scales in an ecosystem, and not only does their 
structure impact the overall network of  green 
in the landscape, but also the function of  the 
organisms using it. One can also add the local 
context of  places with local challenges that can 

Urban sustainability 
To achieve urban sustainability, Forman (2008) presented three approaches. The first once again 
builds on the cumulative effects a multitude of  fine-scale solutions can give for a bigger landsca-
pe. These small solutions could be of  a “single type, multiplied together many-fold”, or as “an 
array of  types with potential synergies” (p.317). Suggestions were facilitation of  public transport, 
energy-efficient building materials, water conservation techniques, recycling waste and growing 
food on balconies, implementing biophilic design with green roofs, equipping cityscapes with 
storm-water swales, porous pavement, rich biodiversity and aesthetic design, cities with a dense 
park and  greenspace corridor network are other suggested solutions (Forman, 2008). As Forman 
(2008) emphasized, a weakness with this approach is the limited potential for long term nature to 
thrive as it is anthropocentrically focused. 

The second approach is taking a systems view of  the city analogous to “urban metabolism” 
(Forman, 2008) where the city as part of  a larger system is seen as a box with inputs and outputs, 
or exemplified with Hong Kong in 1971 as a sponge absorbing tons of  freshwater, oxygen, petro-
leum, food and cargo goods and sending out pollutants, sewage and materials (Forman, 2008). 
Addressing the spatially separated or connected greenspaces and their potential function to ena-
ble flow and movement by improved connectivity can have broad implications for the system of  
the city (Forman, 2008). Together, all separate structures or patterns (i.e. patches and corridors) 
make an interactive, dynamic system (i.e. land mosaic and overall ecosystem). 

The third approach emphasizes the prime-footprints model of  a city of  identifying primary 
landscapes that provide most of  the inputs to a city, and similarly identifying the landscapes that 
receive the most output (Forman, 2008). This model refers to the main out- and input areas as 
the sources and sinks for a city. By achieving a balance between the natural and social system 
within these frames Forman (2008) believes this approach is the most successful to achieving 
urban sustainability. 

Figure 3.23 illustrating a city with its surrounding landscape and the input and output between them. 



58

Building on the proposal of  microlandscapes 
from Wiens & Milne (1989) one could develop a 
theory that was based on the relationship between 
the present landscape structures that function in 
the ecosystem-specific context to create the uni-
que dynamics present. This dynamics is what con-
stitutes the health of  the ecosystem, the harmony 
or disharmony (Kuznetsova & Manvelova, 2022) 
between the environment and its organisms. The 
landscape structures that function as sources and 
sinks to the ecosystem health could be determined 
in the site-scale similarly to the prime footprint 
model presented by Forman (2008) as domains 
that hinder or promote the ecosystem health. 
By analysing landscape structures and functions 
on three scales as suggested by Dramstad et al. 
(1996) the regional, landscape and site level will 
be identified. By using the principles of  spatial 
overlaps inspired by McHarg to identify what the 
ultimate good and bad are one would get a better 
understanding of  how elements function for the 
different systems. The results of  this could lead 
to a prioritization of  best and worst land uses in 
accordance to elements function as sources and 
sinks (Forman 2008). 

As already mentioned, climate change, the nature 
crisis and the public health crises indicate unhealt-
hy ecosystems on multiple layers, climate change 
representing unhealthy ecosystem on the outer 
layer of  Forman (2008) and the unhealthy eco-
systems at site level representing the micro-layer. 
For landscape architecture these three crises can 
and should be addressed in design and planning, 
and the scales at which the practice operates is 
typically either on the regional (macro), landscape 
(meso) or site-level (micro). 

As an answer to the analyses that will be condu-
cted fine-scale interventions will be demonstra-
ted within four main land-use sites of  the social 
system to provide a tool-box of  applicable, generic 
solutions to improve ecosystem health from the 
bottom level of  the micro-level. Like LEGO bites 
the suggested solutions are presented in a gradient 
of  their source-effect and they can either be added 
individually or combined with other elements that 
impact the dynamics in the sites. Despite 

the differences within the four case-study sites 
they represent complex ecosystems with a set of  
dynamics sub-systems. The given context deter-
mines the dynamics, and this dependency urges 
solutions that are fit to address the elements that 
function as sinks to the present ecosystem health. 
The case study sites are chosen to illustrate typi-
cal landscape features that are abundant in our 
surroundings, to enable a broader audience and a 
bigger applicability. Even though the rural typolo-
gies are in a sub-urban setting their characteristics 
visualise the typical ecosystems and are useful as 
examples. The combination of  analyses on three 
levels enables a joint assessment for a holistic 
approach towards ecosystem health. 

The analytic approach based on landscape metrics 
will create an understanding of  the state of  the 
ecosystem health on the landscape-level. A mesh 
of  the approaches presented by Forman (2008) 
will be used. I will focus on cumulative, fine-scale 
solutions with a systemic view on a shared eco-
system (in his words of  city) with sources and 
sinks, not in the way he understood them as main 
areas of  out- and inputs but rather as what functi-
ons as sources and sinks to the ecosystem health. 
This will be based on the spatial analysis t in the 
land-use type that determine the functioning and 
“health” of  the present ecosystem (corridors, bar-
riers, homogenous habitat etc). Using the prime 
footprint model to recognize what limits and pro-
motes the ecosystem from being healthy (the sour-
ce and sink functions) can lead to a prioritization 
of  the best possible land uses. The solutions will 
therefore not only be focused on landscape ecolo-
gical fixes on the structure, but rather on what in 
the ecosystem can make it a source for ecosystem 
health rather than a sink. This is a rather new and 
unexplored trajectory within landscape ecologi-
cal theory as it often is focused on the landscape 
metrics rather than elements in the fine site-scale. 
Analysing element function as source and sink is 
as far as I am concerned not done before. 

3.3 Implementing landscape ecology for ecosystem health
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Identifying sources and sinks for the ecosystem health

Figure 3.24. Visual mindmap of the vision to create healthy ecosystems for all.
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3.3.1 Land-use types
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Urbanization is also occurring in Norway, with 
a strong centralization trend with growth of  
sub-urban and urban areas (Statistisk sentralbyrå, 
2023b). The number of  people that reside around 
and in big municipalities and cities like Oslo, 
Bergen, Trondheim and Stavanger is increasing 
(Statistisk sentralbyrå, 2023b). Remote municipa-
lities and districts are shrinking with a growing 
amount of  elderly residents (Statistisk sentralbyrå, 
2023b). 

For a place to get a city status it has since 1997 re-
quired a minimum of  5000 inhabitants (Statistisk 
sentralbyrå, 2023b). Today Norway has almost 
110 cities (Statistisk sentralbyrå, 2023b). Statistics 
Norway differentiates between urban and rural 
areas as where people live closely together (i.e. 
cities) and where the distance between neighbors 
is greater (rural/sub-urban) (Statistisk sentralbyrå, 
2023b). For an area to be considered residential a 
collection of  houses with more than 200 residents 
living within a proximity of  50 metres is required 
(tettsted) (Statistisk sentralbyrå, 2016). 

Land-use types
The share of  built area in Norway is only 1.7 % 
(Statistisk sentralbyrå, 2022a). The distribution 
of  this built land is presented in table 3.1 and the 
distribution in Oslo is presented in table 3.2. 

What these tables present is that residential and 
industrial built areas are the most dominant land-
uses, together with transport and technical infra-
structure (Statistisk sentralbyrå, 2022a). Lands-
cape architects are involved in the planning of  all 
of  these land-uses, e.g. roads, residential areas in 
urban or rural matrix, industrial sites like shop-
ping malls, fulfillment centers, railway stations 

and commercial areas. Industrial and residential 
areas are often mixed-use developments but still 
have typical characteristics. The industrial and 
residential case study sites that are chosen for this 
section represent typical qualities for these land-
uses. Their characteristics are not site-specific but 
rather context-specific in relation to the land-use 
they provide. There are differences between their 

layout in an urban or rural matrix and that is why 
I have chosen to present them both for the two 
matrixes. The case study sites represented are: 

1) A sub-urban industrial site of  a big-scale 
warehouse in a neighborhood of  shopping malls, 
fulfillment centers, a highway and similarly. 

2) A sub-urban residential site of  terraced- 
and single-housing developments with gardens, 
small roads and recreational areas.

3) An urban industrial site of  high-rises, of-
fice buildings, roads and public transportation and 
multiple commercial offers at the ground level.  

4) An urban residential site of  apartment 
buildings, blocks and single housings with 
schools, streets, squares and multiple commercial, 
gastronomic offers at the ground level. 

Land-use in Norway Table 3.1 showing the disitribution of built area in Norway categorized after the type of built land. Transport and techn-
ical infrastructure is the widest distributed  followed by residential housing. Numbers from Statistisk sentralbyrå, 2022. 

Table 3.2 showing the disitribution of built area in Oslo with the biggest distribution of residential housing before 
transport and technical infrastructure. Numbers from Statistisk sentralbyrå, 2022.  
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Figure 3.25 shows a typial landscape section illustrating the transitions from a rural matrix to the right, to a sub-urban/rural matrix to an urban matrix to the left.   

In this part four different places from the city of  
Oslo, Norway will be analysed. These places re-
present the most typical land-uses in an urban and 
sub-urban matrix, industrial and residential. The 
sub-urban sites represent characteristics that also are 
common for the rural matrix. 

The selection of  these four sites is done based on the 
most common land-uses and matrix’ of  development 
today, illustrated in figure 3.25, 3.26 and 3.27. They 
have contrasting characteristics and functioning in 
the landscape, and in my opinion, they represent 
typical features of  the social system that often have 
conflicting interests with the ecological and/or en-
vironmental system. 

URBAN MATRIX SUB-URBAN MATRIX

Figure 3.26 shows sketches of typical features present in an urban and sub-urban or rural matrix. 
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The industrial areas represent a mixed land-use with 
commercial, industrial and business activity with 
offices, warehouses, malls, terminals, train stations, 
harbours and other infrastructures. With these follow 
a strong presence of  typical structures like parking 
lots, over-sized buildings and high-rises and dense 
road connectivity. The activity present is domina-
ted by the land-uses and contain less recreation and 
residency with a higher intensity of  vehicles, less 
pedestrians, more traffic and pollution that follows 
of  e.g. noise, light, air and particulate matter. These 
sites are typically grey with impermeable surfaces on 
the ground and roofs, hard building surfaces of  glass 
and concrete and a limited aesthetic value. 

Industrial areas have a concentration of  energy and 
use during work-hours at daytime in the weekdays. 
During the night the majority of  these areas are typi-
cally empty and dead with a lack of  program. 
This is marked by a moon-symbol. 

Industrial

Residential

The residential areas represent modern and traditio-
nal housing in apartment complexes, single-housing, 
terraced housing, remote detached houses and simi-
larly with typical infrastructure of  interconnecting 
roads, gardens, backyards, playing grounds, schools, 
kindergartens and other social services. Based on the 
Norwegian definition a collection of  houses with 
more than 200 residents living within a proximity of  
50 metres to each other can be considered residential 
(tettsted) (Statistisk sentralbyrå, 2016). The activity 
is typically more facilitated for movement of  pede-
strians, bikes, cars and a slower pace. The quality 
of  the environment is context dependent but due to 
safety, life-quality and neighbourhood communities 
the desired qualities are often the same of  minimized 
traffic and pollution of  noise, light, air and particula-
te matter. The structures are often more heterogenous 
with a mixed structure of  grey and green and a desire 
for aesthetic value. 

Residential areas have a concentration of  energy and 
use after work/school in the afternoons, nights and 
weekends. 

URBAN SUB-URBAN
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Figure 3.27 A illustrating a typical industrial site in an urban (to the left) and sub-urban (to the right) matrix. 

Figure 3.27 B illustrating a typical residential site in an urban (to the left) and sub-urban (to the right) matrix. 
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3.3.2 Case study sites
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IKEA is typical industrial site found in a sub-urban 
and rural matrix, often in relation to an urban sprawl 
process. These land-use types are growing in distri-
bution to meet a constant increased consumption 
and are often strategically placed near infrastructural 
hotspots like highways. These sites are typical sites 
for landscape projects aiming at reconnecting the 
surrounding and fragmented green.

The characteristics of  this land-use type is huge, 
homogenous parking lots with asphalt, little aesthetic 
value in and around the warehouse, more grey than 
green surfaces and some green edges that provide 
much desired shade for families or dog-owners who 
try to find suitable parking spots during the summer. 
There is often a lacking human scale in these types 
of  sites with vast parking lots and over-sized ware-
houses, and a weak presence of  friendliness in the 
design.  

There is often a strong presence of  infrastructural 
elements like street lights, big roadside fences and a 
faster pace of  traffic. 

See photos (figures 3.28 A-D) for an overall feel of  
IKEA Furuset.  

- industrial  sub-urban-
IKEA Furuset
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Korsvoll is a typical residential site in a sub-urban 
or rural matrix. The residential site contains a mul-
titude of  houses, designs, gardens and fences of  
different character. It is often found next to a natural 
or agricultural matrix as it is typically a developed 
patch from that matrix, in this case the forest (Os-
lomarka). These sites typically represent a multitude 
of  individual housing developments and are widely 
distributed in Norway. Typically there is less building 
of  single-houses due to the inefficient use of  area it 
provides compared to terraced housings or apartment 
buildings. 

The characteristics of  this land-use type is a multitu-
de of  fragmented, heterogenous green garden patches 
of  varying quality, typically with finely cut lawns, 
evergreen hedges and dense fencing. There is a more 
human scale with heterogenous single-houses with 
elements like outdoor lighting of  house and lawn, 
garages or private cars in the street. They are often in 
closeness to green and contain a fine web of  walking 
trails, short cuts and a slower pace of  traffic. These 
areas often present a stronger friendliness. 

See photos (figures 3.29 A-D) for an overall feel of  
Korsvoll. 

- residential  sub-urban-
Korsvoll
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Bjørvika is a typical industrial site in an urban 
matrix. The site represents a typical mixed-use 
development of  office buildings, conference centres, 
hotels, ware-houses, commercial and gastronomic 
services. These are often placed on the ground level, 
whilst the upper levels constitute offices or some 
times residential apartments. Mixed-type develop-
ments either use old, pre-industrial or abandoned 
buildings or are built in modern developments. 

The characteristics of  this land-use type are 
over-sized, high-rise office-buildings or skyscrapers 
with materials like glass, concrete and steel. The 
surrounding streetscape is typically characterized 
by grey, impermeable surfaces, shade and increased 
wind speed due to the buildings. These buildings 
can lack a friendliness to humans due to their scale 
and biodiversity, and the sites often have a strong 
presence of  infrastructure like lights, light pollution, 
traffic, mobility options and a fast pace of  humans 
and vehicles. The abundance of  green is context 
dependent but in Bjørvika the main street (Dronning 
Eufemia) provides green character of  street-trees, 
lawn and shrubs and there are pauses of  green betwe-
en the train rails from the train station (Oslo S) and 
the waterfront (the Oslofjord). 

See photos (figure 3.30 A-D) for an overall feel of  
Bjørvika. 

- industrial  urban-
Bjørvika
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Frogner is a typical residential site of  older age in an 
urban matrix. The residential site typically contains 
apartment buildings, single-houses, terraced houses 
of  different age and schools and kindergartens. In 
addition there is typically a handful of  commercial 
offers like cafés, restaurants, grocery stores and some 
additional commercial activity. The ground level of-
ten contains service offers while the upper levels con-
tain residential apartments and some times offices. 

The characteristics of  this land-use type is a more hu-
man-friendly design with a human scale on buildings 
(height), invested aesthetic value in the architecture 
and more colors. There is often a greener streetscape 
with good connectivity through front-gardens and 
backyards, street trees, parks, squares and recreatio-
nal landscapes. In Frogner the green abundance and 
connectivity is very high. The traffic pace is slower 
and adapted to pedestrians and bikers, and there is a 
good connectivity of  public transportation like city 
trams and buses. 

See photos (figures 3.31 A-D) for an overall feel of  
Frogner. 

- residential  urban-
Frogner

 III     H O W ?

	�������͛Ǥ͙͛��Ǧ����������������������ơ������������������	������Ǥ����ȋ��������Ȍ��������������������������������������������������������������������������������������
����������������ǡ���ȋ���������Ȍ�������������Ǧ�������������������������������������������������ǡ���ȋ�����������Ȍ�����������������������������ƥ�����������������������
D (bottom right) shows Gyldenløves gate, a street with green edges of street trees and an alley in the middle with a vegetated ground cover. 



68

3.3.3 Identifying source and sink 
dynamics in the case study sites

To do so, ypical source and sink elements need to be detected, 
together with the criteria for achieving the different scores as 
sources and sinks. 
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ELEMENT SOCIAL ECOLOGICAL ENVIRONMENTAL ADDITIONAL 
ECOLOGICAL 

FUNCTION

S Y S T E M

Table of  source and sink elements

The following table, table 3.3 presents typical ele-

ments for outdoor rooms. 

Based on literature the function of  the elements as 

sources (+) or sinks (-) is determined based on their 

effect as something that either promotes or hinders 

the ecosystem from being healthy. Some elements 

can have contrasting positive and negative contri-

butions to the ecosystem and are therefore graded 

”scores” as sources or sinks (+/- or -/+) based on a 

personal evaluation. 

The elements in the table are a selection of  some of  

the most typical elements and are used to illustrate 

the dynamics between elements and function for 

ecosystem health. They are categorized in 4 main 

categories: 

infrastructure, urban green, permeability of  ground 

cover and disturbances.

Additional ecological functions of  the elements are 

given in the far right column. 

The literature can be found in Appendix 1. 

L A B E L S 
Source +
Weak source +/-
No function: 0
Weak sink -/+
Sink -

Elements’ function depends

!e idea behind the table was to develop a system for 
scoring elements that are typically found in outdoor 
rooms according to their function to the ecosystem he-
alth dynamics of a place. !e foundation of the scoring 
lays in literature on elements’ function for the di"erent 
systems, interpreted as source or sink function. 

In some cases, elements have the same function as 
sources or sinks in all of the systems, e.g. grey and green 
walls, roofs, permeable vegetated ground cover and 
urban green. It is bene#cial for the social, ecological and 
environmental system with green walls that sequester 
carbon, #lter the air, reduce the urban heat island e"ect 
with a cooling e"ect, provide habitat to insects and 
birds, improve the microclimate, provide aesthetical 
value and can improve both physical and mental public 
health.

In other cases, elements have varying function for the 
di"erent systems, e.g. outdoor lighting, fences, sports 
facilities, mobility and public green. Outdoor lighting 
provides safety and functions as a source to the social 
system but a sink to the ecological function as a distur-
bance factor that impedes with the ecosystem and have 
lethal potential to some species. Fences most o$en pro-
vide desired functions to the social system but hinder 
%ow of energy to the ecological system. Sports facilities 
with arti#cial turf enables usage all year round, however 
the ecological impact of plastic turf is negative. Public 
green functions as a social source however it can provi-
de a high disturbance load to the ecological system that 
makes it a sink. 

Some elements might even have contrasting e"ects wit-
hin the same system and these must be evaluated based 
on the context and main functions of the site. Outdoor 
lighting has a positive impact on public health when by 

providing safety that enables usage for/by all users at all 
times of the day. However, their negative impact on the 
environment by contributing to light pollution hinders 
surprisingly many people from seing the night sky on a 
daily basis. !erefore the element gets a +/- score based 
on the evaluation that safety provision weights more in 
a public health consideration than night sky vision. 

Some elements also dont have a function to all sys-
tems, like noise pollution, fences or public green not 
impacting the environmental system directly or in the 
same way as the other systems. Whether a green area is 
publicly available or surrounded by fences is not im-
pacting the environmental system. !e negative en-
vironmental impact of e.g. fence production is outside 
the scope of this thesis and is therefore not considered 
in the scoring system. 
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Table of  source and sink elements
par t I

ELEMENT SOCIAL ECOLOGICAL ENVIRONMENTAL ADDITIONAL 
ECOLOGICAL FUNCTION

Infrastructure: 
                  mobility 

+ -
Baxter-Gilbert et al., 2015; 
Müller & Berthoud, 1997

-??? Barrier

: Fences + -
Jakes et al., 2018;

McIntur" et al., 2020

0 Barrier

: Grey walls/facades -
Kellert & Wilson, 1993; 

Qi et al., 2019

-
Klem et al., 2009; 

Parkins et al., 2015

-
Azkorra et al., 2015; 

Wesołowska & Laska, 2019

Barrier

: Green walls/facades +
Azkorra et al., 2015; 

Wesołowska & Laska, 2019; 
Wong et al., 2010

+
Azkorra et al., 2015

+
Azkorra et al., 2015; 

Wesołowska & Laska, 2019

Habitat

: Grey roofs - - -

: Green, vegetated roofs +
Hansen & Espedal, 2021; 

Kotzen, 2018

+
Li & Yeung, 2014; 

Williams et al., 2014

+
Li & Yeung, 2014; 

Williams et al., 2014

Habitat and stepping stones 
to avian organisms

: Sports facilities w. arti#cial 
turf

+
Burton, 2021

-
Burton, 2021

-
Cheng et al., 2014; 

Frischknecht et al., 2021
Green structures +

Bolund & Hunhammar, 1999; 
Elderbrock et al., 2020; Hun-
ter et al., 2019; Lederbogen et 
al., 2011; Mitchell, 2013; Peen 

et al., 2010; Remme et al., 
2021; Shanahan et al., 2014; 

Ulrich, 1984

+
Aronson et al., 2017; 

Muñoz-Pedreros et al., 2018

+
Folke et al., 1997

Habitat, corridor and step-
ping stone

: Public green +
European Environment Agen-
cy, 2020; European Environ-
ment Agency, 2022; Suárez et 

al., 2020

-
Erfanian et al., 2021

0

: Individual trees +
Cimburova & Berghauser 

Pont, 2021

+ +
Bolund & Hunhammar, 1999

Habitat, stepping stone

S Y S T E M

L A B E L S 
Source +
Weak source +/-
No function: 0
Weak sink -/+
Sink -
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Table 3.3 of elements functioning as sources and sinks with references. 



71

ELEMENT SOCIAL ECOLOGICAL ENVIRONMENTAL ADDITIONAL 
ECOLOGICAL FUNCTION

: Tree rows or alleys + +
Beninde et al., 2015; 

Weber et al., 2014

+
Bolund & Hunhammar, 1999

Corridor

: Heterogenous vegetation 
patches (structure, layers, 

vegetation types, function)

+/-
Bjerke et al., 2006; Gamfeldt et 
al., 2013; Jansson et al., 2013; 
Suárez et al., 2020; Talal et al., 

2021

+
Allouche et al., 2012; Gam-
feldt et al., 2013; !omsen 

et al., 2022; Tylianakis et al., 
2008; Vilà et al., 2007

+
(Derkzen et al., 2015; Elderbrock 
et al., 2020; Gamfeldt et al., 2013; 

Jonsson et al., 2019)

Habitat

: Homogenous vegetation 
patches

+ +/- +/-

Impermeable ground cover + - 
(Hu et al., 2018)

-
Bolund & Hunhammar, 1999

Permeable ground cover +
Çelik, 2013

-/+
Minixhofer & Stangl, 2021

+
Minixhofer & Stangl, 2021

Permeable, vegetated ground 
cover

+
Minixhofer & Stangl, 2021; 

Sun et al., 2023

+
Bastida et al., 2021; Fan et al., 
2023; Hoorman, 2016; Hu et 

al., 2018; Minixhofer & Stangl, 
2021

+
Bernatzky, 1983; Minixhofer & 

Stangl, 2021

Habitat, stepping stone

Disturbances: 
Outdoor lighting

+/- 
Positive

Haans & de Kort, 2012; 
Kaplan & Chal#n, 2022; 

Portnov et al., 2020

Negative
Chepesiuk, 2009; Falchi et al., 

2016; Pauley, 2004

-
Czaja & Kołton, 2022; "ren-

ch-Constant et al., 2016; Gas-
ton et al., 2013; Grubisic et al., 
2018; Longcore & Rich, 2004; 
Meng et al., 2022; Meravi & 

Kumar Prajapati, 2020

- Barrier

: Noise pollution -
Bolund & Hunhammar, 1999 
World Health Organization, 

2010; World Health Organiza-
tion, 2022

-
Francis et al., 2012; 

Kight & Swaddle, 2011; 
Senzaki et al., 2020

0

Vegetation to mediate noise 
pollution

+ 
Bolund & Hunhammar, 1999; 

Dzhambov & Dimitrova, 
2014; Ow & Ghosh, 2017; 

Wong et al., 2010

+ +

L A B E L S 
Source +
Weak source +/-
No function: 0
Weak sink -/+
Sink -

Table of  source and sink elements
par t II

S Y S T E M

Table 3.3 of elements functioning as sources and sinks with references. 
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Analyses of  land-use types

MACRO
The macro scale of  the regional level will analyse 
the following:

What is the matrix?
What are the natural corridors?
How is the overall green connectivity 
through the matrix?

In addition, the level of  fragmentation, hetero-
geneity, land-use and infrastructure will be identi-
fied. 

 

MICRO
In the micro scale of  the site level analysis results of  the 
study site will be presented as personal 
suggestions to 

What elements in the site function as sources 
and sinks to the ecosystem 
health? 

This is determined in accordance to the table to the right 
presenting the source-sink gradient of  what the criteria’s 
are for the different “scores”. The gradient follows a 
descending order from strong source to strong sink, and 
is defined for the social, ecological and environmental 
system. The final results will be illustrated in analyses for 
the different systems with coloured elements explained 
by their function as sources or sinks. These suggestions 
are based on literature (table on sources and sinks) and a 
personal evaluation of  the site context and main challen-
ging elements.

For the following analyses different landscape metrics will be analysed in 3 different scales: macro, meso and micro. 

A source to ecosystem health promotes and 
strenghtens the system to be healthy.

A sink to ecosystem health prevents or drains 
the system from being healthy.

REMINDER:

MESO
The meso scale of  the landscape level will analyse 
the following:

What are the patches, barriers, corridors 
and stepping stones?

In addition, the ecological and social connectivity, 
patch quality, heterogeneity and edge-interior quality 
will be identified.

1. 2. 3. 

 III     H O W ?
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Source-sink gradient with criterias

Table 3.4 presents the criterias for elements to functi-
on as sources or sinks within their given system. !e 
gradient follows a descending order from strong source 
to strong sink. !e criterias for the di"erent scores are 
given within the di"erent systems as the function of 
an element as source or sink depends on the system of 
objective. For instance, publicly available green spaces 
can be a source to the social system but a weak sink to 
the ecological system as it can contribute with a high 
disturbance load. !is is what the gradient will try to 
di"erentiate between and clarify. 

!e suggestions are based on literature (table 3.3, Ap-
pendix 1) and a personal evaluation of the site context 
and main challenging elements present. 

!e gradient will be used in the #nal results of the ana-
lyses of what elements function as sources and sinks in 
the case sites. 

!e table is presented on the next page. 

SOCIAL ECOLOGICAL ENVIRONMENTAL
Strong source

Weak source

Weak sink

Strong sink

For the environmental system a selection was made for 

what elements to include and not. It was decided that only 

the present environmental functions (in- and outputs) would 

be considered, i.e. not the emission of  producing an element 

or the energy consumption of  outdoor lighting. Rather, the 

microclimatic regulatory functions of  present elements that 

could contribute to factors like urban cooling or stormwater 

management were chosen. Also elements that could be utili-

zed for green energy were included and an overall assess-

ment of  the benefits of  maximizing the green distribution 

concerning ecosystem service provision. Forman (2008) ad-

dressed the matter of  reducing ”wasted land” and this idea 

fostered a desire to include resource utilization and green 

distribution to the system as those elements can increase the 

worth of  land (functioning) and reduce its wasted potential. S Y S T E M

 III     H O W ?

Figure 3.33 illustrating the gradient system of the table that will present the crtieria for  the source and sink function of 
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SOCIAL ECOLOGICAL ENVIRONMENTAL

Promotes public health i.e. physical and mental health and well-being 
(socially sustainable)

Supports biodiversity, native species and ecosystem functioning 
(ecologically sustainable)

Climate change mitigation and transformation 
(environmnetally sustainable)

Green structures • Abundance: high
• Provision of ecosystem services: unlimited (recreation, well-

being, improved air quality)
• Quality: high (aesthetically pleasing, facilitates use like recrea-

tion, sports and play)
• Accessibility: unlimited (encourages use)
• Restrictions for use: none (free ”usage program”, allowed to 

sit on lawns, touch flowers etc.)
• Availability: public (majority of  green publicly available)

Green structures • Abundance of green: high
• Quality of green: high. Heterogeneous vegetation 

and layering
• Support to ecosystem functioning (enabling ecosys-

tem service provision): high 
• Cost of ecosystem service provision: low, not at the 

expense of  the system itself
• Accessibility: unlimited (to all species, on the gro-

und)

Green structures • Green coverage: high
• Green heterogeneity (correlation with provision of eco-

system services): high
• Provision of ecosystem services (e.g. carbon sequestration 

and flood risk mitigation): unlimited. Benefits the microcli-
mate and global climate. 

• Cost of ecosystem service provision: low, not at the expen-
se of  the system itself

Infrastructure • Coverage (e.g. lights, impermeable surfaces, trash cans, par-
king): extensive

Disturbances • Disturbance load: low (few conflicting interests or activities)
• Pollution (air, light, noise): low (high mitigation on site due to 

unlimited provision of  ecosystem services)

Disturbances • Disturbance load: low (noise, activity, traffic) Resource 
utilization for 

optimal 
efficacty

• High (solar panels on grey roofs)

Facilitation • Additional facilitations: e.g. improved health (ecosystem ser-
vice), strengthening community feeling of  togetherness

Additional effect • Sustains the ecosystem to thrive long-term Additional effect • Sustains the ecosystem to thrive long-term

Connectivity • High (facilitates active mobility by foot, bike or public transpor-
tation)

Green connectivity • High

Priority in areal 
planning

• The social system (e.g. public transportation, people-friendly, 
feeling of  safety)

Priority in areal 
planning

• Priority: green connectivity and quality Priority in areal 
planning

• Maximize green coverage for maximized ecosystem service 
provision (nature-based solutions)

Green structures • Abundance: medium
• Provision of ecosystem services: limited (green walls don’t 

facilitate recreation, physical activity or sports)
• Quality: high/medium 
• Accessibility: limited (roofs accessible to those with access)
• Restrictions for use: some (not able to smell vegetation on 

green walls)
• Availability: semi-private / private green (backyards, gardens)

Green structures • Abundance of green: medium
• Quality of green: medium 
• Support to ecosystem functioning: medium (roofs 

can only function as habitat for specialists who can 
deal with the special conditions present like strong 
wind and sun exposure)

• Cost of ecosystem service provision: low 
• Accessibility: limited (roofs)

Green structures • Green coverage: medium 
• Green heterogeneity: medium
• Provision of ecosystem services: limited (a lawn sequesters 

less carbon than a forest). Benefits the microclimate
• Cost of ecosystem service provision: medium

Disturbances • Pollution: medium (medium provision of  ecosystem services 
or relatively small possibility to mitigate present pollution)

Disturbances • Disturbance load: medium (garden maintenance, 
human activity)

Facilitation • Additional facilitations: social or cultural services (Opera in 
Oslo offers a unique experience to walk on the roof)

Green connectivity • Medium

Connectivity • Medium 

Gradient par t I  -  sources 
 III     H O W ?
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SOCIAL ECOLOGICAL ENVIRONMENTAL

Limited climate change mitigation

Green structures • Abundance: low
• Provision of ecosystem services: limited 
• Quality: low
• Accessibility: very limited (fencing or opening hours)
• Availability: private (majority of  green is private)
• Restrictions for use: many (not allowed to touch or smell flo-

wers, forage berries and fruits or use a lawn)

Green structures • Abundance of green: low
• Quality of green: low. Homogenous vegetation and 

layering 
• Support to ecosystem functioning: low (little habitat 

or natural resources)
• Cost of ecosystem service provision: medium 
• Accessibility: limited (too strong barrier effect)

Green structures • Green coverage: low
• Green heterogeneity: low (homogenous)
• Provision of ecosystem services: limited
• Cost of ecosystem service provision: high 

Infrastructure • Coverage (e.g. lights, impermeable surfaces, trash cans, par-
king): fluctuating

Disturbances • Disturbance load: High (barriers, people, conflicting 
activity)

Resource 
utilization for 

optimal 
efficacty

• Low 

Disturbances • Disturbance load: medium (noise level becoming a barrier for 
use)

• Pollution: medium

Green connectivity • Low, fragmented

Facilitation • Additional facilitations: none (parking lot provides parking 
but not other services like ecosystem services that can increase 
the aesthetical value)

Connectivity • Medium to low (less facilitation for active mobility)

Does not promote public health (not socially sustainable) Threatens or suppress’ biodiversity, further driving the nature 
crisis (not ecologically sustainable)

Unsustainable, further driving the climate crisis 
(not environmentally sustainable)

Green structures • Abundance: none/low Green structures • Abundance of green: none 
• Support to ecosystem functioning: none (degrades 

ecosystems, deprives species of  habitat end perturba-
tes ecosystem functioning) 

• Cost of ecosystem service provision: high, at the 
expense of  the system itself.

• Accessibility: none
 

Green structures • Green coverage: none 
• Cost of ecosystem service provision: high, at the expense 

of  the system itself  

Infrastructure • Coverage (e.g. lights, impermeable surfaces, trash cans, par-
king): marginal

Disturbances • Disturbance load: high (limits use or quality of  the experience)
• Pollution: high (llack provision of  ecosystem services)

Disturbances • Disturbance load: High (barriers, people, conflicting 
activity)

Resource 
utilization for 

optimal 
efficacty

• None

Facilitation • Business, commerce and infrastructure with low social quality
• Evokes negative responses or activities in society 
• Causes negative mental and physical health impacts/responses
• Discriminates (socio-economic, demographic or ethnic groups)

Additional effect • Pollutes or destroys natural resources (artificial turf)
• Kills or hurts species (traffic)
• Exhausts the ecosystem

Additional effect • Pollutes and destroys natural resources to such extent that it 
hinders provision of  ecosystem services

• Exhausts the climate and environment, locally and globally

Connectivity • Connectivity: low (facilitated for private vehicles) Green connectivity • Low, very fragmented

Priority in areal 
planning

• Priority in areal planning: industry and private vehicles as 
main mobility option

Priority in areal 
planning

• Ecosystem conservation and support, and green con-
nectivity

Priority in areal 
planning

• Traffic and infrastructure

Gradient par t II -  sinks
 III     H O W ?
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Analyses and results  of  case study 

I  sub-urban industrial
II sub-urban residential
III urban industrial
IV urban residential

3.3.4 

 III     H O W ?
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sub-urban land-use types
I  industrial
II residential
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IKEA Furuset -  sub-urban industrial
MACRO-SCALE Landscape level

150010005000

1

Map from Apple maps.

• Matrix

Sub-urban surrounded by forest matrix.

• Regional level of green connectivity

Low/medium.

• Land-use heterogeneity

Medium. Multiple land-uses and activites.

• Land-use

Industrial, commercial, business, transport, residential.

• Infrastructure

Network of  roads, railways, green corridors and buildings.

• Fragmentation level

High due to infratrcutre and land-use heterogeneity. 

A N A L Y S I S
What is the matrix? 

What are natural corridors? 
How is the overall connectivity through the matrix?

fragmented 
landscape 
connectivity

Barriers
scaled

Corridors

Sink 
patches

Source
green patches and 
stepping stones

Corridors & 
stepping stones

Forest matrix

Fragmented 
green connectivity

Green corridors with 
connectivity

IKEA

Rural matrix Rural matrix

Source and sink
corridors 

Ground patch
parking lot
soccer pitches

Elevated patch
roof

Source-sink gradient 

barriers

fragmented 
landscape 
connectivity

Sink 
patches

Source
green patches and 
stepping stones

Source and sink
corridors 

Source-sink gradient 

barriers

Figure 3.34 of macro analysis on the landscape level. 
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IKEA Furuset -  sub-urban industrial
MESO-SCALE Landscape level

0 50 100 150 Map from Apple maps.

1

What are the patches, barriers, corridors and stepping stones?

• Patches

Parking lot, IKEA roof, sports arenas.

• Patch quality – heterogeneity

Homogenous patches of  different ground coverage being 

asphalt, concrete and artificial turf.

• Green corridors and stepping stones

Tree rows along smaller road and in parking lot patch..

• Movement corridors

Roads and highway.

• Barriers

 Roads and highway.

• Edge-interior quality

Higher edge quality in parking lot patch than interior patch. 

Green edges of  tree rows, some green stepping stones in 

interior of  the parking lot but mostly oriented on the sides. 

A N A L Y S I S

fragmented 
landscape 
connectivity

Barriers
scaled

Corridors

Sink 
patches

Source
green patches and 
stepping stones

Corridors & 
stepping stones

Forest matrix

Fragmented 
green connectivity

Green corridors with 
connectivity

IKEA

Rural matrix Rural matrix

Source and sink
corridors 

Ground patch
parking lot
soccer pitches

Elevated patch
roof

Source-sink gradient 

barriers

fragmented 
landscape 
connectivity

Sink 
patches

Source
green patches and 
stepping stones

Source and sink
corridors 

Source-sink gradient 

barriers

IKEA

Parking lot

Soccer pitches

Figure 3.35 of meso analysis on the landscape level. 
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Source and sink elements

Following are suggested analyses results of the site with 
elements that function as sources or sinks. !is is done 
based on the source and sink table (table 3.3) and the 
following source-sink gradient (table 3.4).

In these suggestions the gradients will be mapped in 
accordance to the present elements and landscape 
metrics’ functioning. 

!e red areas show what elements that dont function 
i.e. hinder ecosystem health. 

!e green show what elements that contribute i.e. pro-
mote ecosystem health. 

!ese mapped gradients can help visualise where the 
biggest need to make improvements are, and might 
provide some sort of prioritation scale. 

Source-sink gradient (table 3.2)

Strong source

Weak source

Weak sink

Strong sink
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0 50 100 150 Map from Apple maps.

1

0 50 100 150 Map from Apple maps.

1

0 50 100 150 Map from Apple maps.

1

S
O
C
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Analyses results -  IKEA Furuset MICRO-SCALE Site level

What elements function as sources and sinks?

Sources

• Roads enable mobility.

• Road-fences provide safety.

• Stepping stones make a greener edge on the parking lot, provi-

ding shade and some recreational value. 

• Sports arenas offer social value of  recreation, together with the 

public green field in west. 

Sinks

•  IKEA only provides commercial activity and the roof  

lacks sources for all systems

• The parking lot provides parking, has impermeable ground 

cover and some green. 

• The surrounding green corridors along road and northeast 

of  the parking is not publicly available and has low quality 

due to many disturbances (e.g. noise, traffic, lights).

E
C
O
L
O
G
IC
A
L

E
N
V
IR
O
N
M
E
N
T
A
L

Sources

• Green corridors along roads and green patches west and northe-

ast of  the parking lot.

• Stepping stones.

Sinks

• IKEA and parking lot has impermeable cover and no eco-

logical function or value.

• Roads with traffic and disturbances.. 

• Fences have barrier-function. 

• Many disturbances (i.e. pollution) from traffic and infra-

structure present of  lights, fences and noise.

• Artificial turf.

• Fragmented overall landscape connectivity. 

Sources

• Green corridors and patches of  lawn and trees that provide some 

ecosystem services that benefit the microclimate (e.g. carbon 

sequestration). 

• Stepping stones of  trees.

• Permeable, vegetated ground cover of  lawn.

Sinks

• Traffic and infrastrucutre that provides pollution (e.g. ligh-

ts and noise).

• Impermeable ground cover.

• Artifical turf.

IKEA

IKEA

IKEA

Figures 3.36 A-C of from top to bottom of micro analyses on the site level. 
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Korsvoll -  suburban residential
MACRO-SCALE Landscape level

150010005000

1

Map from Apple maps.

• Matrix

Sub-urban facing forest matrix.

• Regional level of green connectivity

Good.

• Land-use heterogeneity

Low.

• Land-use

Mainly residential and recreational, some commercial and 

industrial activity.

• Infrastructure

Network of  roads, public transportation, blue-green corri-

dors and buildings.

• Fragmentation level

High due to infratrcutre and land-use heterogeneity. 

A N A L Y S I S
What is the matrix? 

What are natural corridors? 
How is the overall connectivity through the matrix?

Green connectivity

Forest matrix

Agricultural matrix

Green corridors 
with connectivity

Korsvoll

Surrounding forest 
matrix

Patches
gardens and rooftops

Barriers
fences

Blue corridor
Akerselva

Source 
patches and 
forest matrix

Sink 
patches

Corridors

Rural/sub-urban matrix

Corridors & 
stepping stones

corridors

Source-sink 
gradient 

green connectivity

barriers

Forest

Figure 3.37 of macro analysis on the landscape level. 
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Korsvoll -  suburban residential
MESO-SCALE Landscape level

7550250

1

Map from Apple maps.

What are the patches, barriers, corridors and stepping stones?

• Patches 

Private gardens and single-houses.

• Patch quality - heterogeneity

Mostly homogenous garden patches of  similar vegetation: 

lawn, some shrubs or fruit-trees. Some heterogeneity depen-

ding on garden design (vegetation, maintenance, structure). 

Homogenous grey roofs.

• Green corridors and stepping stones

Garden patches function as stepping stones. Depending on 

permeability between gardens and their surrounding matrix/

patch they can function as corridors. 

• Movement corridors 

Smaller roads, trails and hiking routes. 

• Barriers

Fences. To some extent the roads. 

• Edge-interior quality

Depends on garden design. Gardens with natural fences of  

shrubs and homogenous vegetation e.g. finely cut lawn can 

have a higher edge than interior quality. Gardens with he-

terogenous vegetation and artificial fences will have a higher 

interior than edge quality. 

A N A L Y S I S

Green connectivity

Forest matrix

Agricultural matrix

Green corridors 
with connectivity

Korsvoll

Surrounding forest 
matrix

Patches
gardens and rooftops

Barriers
fences

Blue corridor
Akerselva

Source 
patches and 
forest matrix

Sink 
patches

Corridors

Rural/sub-urban matrix

Corridors & 
stepping stones

corridors

Source-sink 
gradient 

green connectivity

barriers

Forest

Oslomarka

Gardens and houses

Figure 3.38 of meso analysis on the landscape level. 
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Source and sink elements

Strong source

Weak source

Weak sink

Strong sink

Source-sink gradient (table 3.2)

Following are suggested analyses results of the site with 
elements that function as sources or sinks. !is is done 
based on the source and sink table (table 3.3) and the 
following source-sink gradient (table 3.4).

In these suggestions the gradients will be mapped in 
accordance to the present elements and landscape 
metrics’ functioning. 

!e red areas show what elements that dont function 
i.e. hinder ecosystem health. 

!e green show what elements that contribute i.e. pro-
mote ecosystem health. 

!ese mapped gradients can help visualise where the 
biggest need to make improvements are, and might 
provide some sort of prioritation scale. 
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7550250

1

Map from Apple maps.

7550250

1

Map from Apple maps.

7550250

1

Map from Apple maps.
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Analyses results -  Korsvoll MICRO-SCALE Site level

What elements function as sources and sinks?

Sources

• Roads, trails and shortcuts enable mobility.

• Surrounding forest provide ecosystem services that improve the 

microclimate while providing recreational and hiking activity. 

• Gardens have recreational value. Depending on the unique 

garden design they can provide different function, e.g. foraging 

berries and fruits, play, recreation, barbecue, aesthetical values. 

Heterogenous garden patches provide multiple services and 

activites.

• Permeability beween gardens and surrounding gardens (open 

fences or no fences) can enable more interaction between neigh-

bours (i.e. limited barriers). 

Sinks

 

E
C
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L
O
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N
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Sources
• Surrounding, heterogenous forest.
• The unique garden designs define their quality and function. 
Heterogenous garden patches with diversity in layout, structure and 
vegetation with a limited amount of  barriers can function as sour-
ces.
• Green permeability to cross garden patches and enable connecti-

vity.

Sinks

• Fences that hinder flow of  movement. 

• Homogenous garden patches with little diversity in layout, 

structure and vegetation with more barriers can function as 

sinks. 

• Disturbance from streets of  vehicles, bikes, pedestrians and 

pets.

Sources

• Surrounding forest with strong provision of  ecosystem services 

that benefit the microclimate and global climate e.g. carbon 

sequestration, carbon storage. Green corridors and patches of  

lawn and some trees.

• Garden patches with vegetated, permeable ground cover benefit 

the microclimate. 

Sinks

• Traffic and infrastrucutre that provides pollution (e.g. ligh-

ts and noise).

• Impermeable ground cover on streets. 

Oslomarka

Oslomarka

Oslomarka

Figures 3.39 A-C of from top to bottom of micro analyses on the site level. 
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urban land-use types
II  industrial
IV residential



87

Bjørvika - urban industrial 
MACRO-SCALE Landscape level

0 500 1000 1500

1

Map from Apple maps.

• Matrix

Urban facing ocean matrix.

• Regional level of green connectivity

Low/medium.

• Land-use heterogeneity

Medium. Multiple land-uses and activities.

• Land-use

Industrial, commercial, business, gastronomic, residential, 

cultural and recreational.

• Infrastructure

Network of  roads, pedestrian pavements, biking lanes, tram 

tracks, railways, green and blue corridors, roofs, grey squares 

and buildings.

• Fragmentation level

High due to infratrcutre and land-use heterogeneity. 

A N A L Y S I S
What is the matrix? 

What are natural corridors? 
How is the overall connectivity through the matrix?

Overall (green) 
connectivity

Green corridors 
with connectivity

Corridors and stepping 
stones
on the ground

Patches
buildings with gardens 
& backyards

Barrier
tram tracks

Source
on the ground

Sink 
building and front

backyard

building front/facades

Source and sink
Schoolyard

Urban matrix

Ocean matrix
Oslofjorden

Blue corridor
Akerselva

Urban matrix

Corridors and stepping 
stones
in backyards

Source-sink 
gradient 

Source 
connectivity

Source and sink
corridors

Frogner

Corridors
schoolyard

vegetated front garden 
of sink building

backyard

tram tracks

Overall (green) 
connectivity

Green corridors 
with connectivity

Corridors and stepping 
stones
on the ground

Patches
rooftops

Facing ocean matrix

Barriers
Roads, train rails 
and tram tracks

Corridors

walking bridge

Source
on the ground

Sink 
on rooftops

on rooftops

building walls & 
facade

Source and sink
Walkable roof 

Urban matrix

Ocean matrix
Oslofjorden

Blue corridor
Akerselva

Bjørvika

Urban matrix

Corridors and stepping 
stones
on rooftops

Source-sink 
gradient 

source rooftop
sink facade

Source 
connectivity

corridors

Frogner

barriers

Map from Apple maps.

Figure 3.40 of macro analysis on the landscape level. 
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Bjørvika - urban industrial 
MESO-SCALE Landscape level

0 50 100 150

1

Map from Apple maps.

What are the patches, barriers, corridors and stepping stones?

• Patches

Rooftops and ground level streetscape like the square 

Stasjonsalmenningen.

• Patch quality – heterogeneity

Homogenous rooftop patches of  different ground coverage, 

grey and green. Heterogenous streetscape with green vegeta-

tion and the waterfront amongst grey squares and streets.

• Green corridors and stepping stones

Tree rows and vegetation on the ground in small parks, squ-

ares, streets and rooftops.

• Movement corridors

Roads, public transportation network, pavemenrs and bi-

king lanes. In general the streetscape facilitates pedestrian 

movement. 

• Barriers

Main road (Dronning Eufemias gate), train station (Oslo S) 

and tram tracks.

• Edge-interior quality

Edge quality in streetscapes with green corridors of  tree 

rows. Interior quality in green patches.  

A N A L Y S I S

Overall (green) 
connectivity

Green corridors 
with connectivity

Corridors and stepping 
stones
on the ground

Patches
rooftops

Facing ocean matrix

Barriers
Roads, train rails 
and tram tracks

Corridors

walking bridge

Source
on the ground

Sink 
on rooftops

on rooftops

building walls & 
facade

Source and sink
Walkable roof 

Urban matrix

Ocean matrix
Oslofjorden

Blue corridor
Akerselva

Bjørvika

Urban matrix

Corridors and stepping 
stones
on rooftops

Source-sink 
gradient 

source rooftop
sink facade

Source 
connectivity

corridors

Frogner

barriers

Dronning Eufemias gate

Oslo S

Opera house

The Oslofjord Stasjonsalmenningen

Figure 3.41 of meso analysis on the landscape level. 
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Source and sink elements

Strong source - promotes 
ecosystem health

Weak source

Weak sink

Strong sink - hinders 
ecosystem health

Source-sink gradient (table 3.2)

Following are suggested analyses results of the site with 
elements that function as sources or sinks. !is is done 
based on the source and sink table (table 3.3) and the 
following source-sink gradient (table 3.4).

In these suggestions the gradients will be mapped in 
accordance to the present elements and landscape 
metrics’ functioning. 

!e red areas show what elements that dont function 
i.e. hinder ecosystem health. 

!e green show what elements that contribute i.e. pro-
mote ecosystem health. 

!ese mapped gradients can help visualise where the 
biggest need to make improvements are, and might 
provide some sort of prioritation scale. 
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Analyses results -  Bjørvika MICRO-SCALE Site level

What elements function as sources and sinks?

Sources

• Roads and streetscape in general enable mobility to vehicles, 

bikes and pedestrians.

• Green corridors along trafficated street provide ecosystem ser-

vices (e.g. noise buffering, air filtering, aesthetical value).

• Stepping stones on the ground provide ecosystem services and 

are available to all. 

• Green roof  patches provide ecosystem services limited to those 

with access. 

• Opera roof  provides cultural and recreational values. 

• Waterfront provides recreational value. 

Sinks

• Facades provide little aesthetical value and urban heat 

island effects

• Grey rooftops forces the urban heat island effect and no 

recreational value

• Traffic and trainstation provides disturbances (e.g. polluti-

on and noise)
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Sources
• Green rooftops available to avian organisms. 
• Stepping stones on the ground available to all. 
• Waterfront can provide ecological value to marine organisms but 

that is outside the scope of  this analysis. 

Sinks

• Facades with glass can lead to collissions with birds.

• Traffic and trainstation hinder flow of  movement.

• Disturbances from streets of  vehicles, infrastructure (e.g. 

light) public transportation, bikes, pedestrians and pets.

• Enabled connectivity but with lacking quality patches as 

destinations. 

Sources

• Green patches, corridors and stepping stones on roof  and gro-

und provide ecosystem services that improve the microclimate. 

Source quality depend on vegetation heterogeneity and quality.  

Sinks

• Traffic emits pollution.

• Surplus of  grey surfaces increases the urban heat island 

effect and thus decreases microclimatic conditions.

• Grey rooftops dont utilize the available resources e.g. solar 

panels. 

Opera house

Opera house

Opera house

Figures 3.42 A-C of from top to bottom of micro analyses on the site level. 
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Frogner - urban residential 
MACRO-SCALE Landscape level

0 500 1000 1500

1

Map from Apple maps.

• Matrix

Urban

• Regional level of green connectivity

High

• Land-use heterogeneity

Low, residential mix

• Land-use

Residential, educational, recreational, gastronomic and 

some commercial activity

• Infrastructure

Network of  small streets, pedestrian pavements and biking 

lanes, tram tracks, green and blue corridors, schoolyards and 

buildings

• Fragmentation level

Low due to high level of  green connectivity in the 

background matrix

A N A L Y S I S
What is the matrix? 

What are natural corridors? 
How is the overall connectivity through the matrix?

Overall (green) 
connectivity

Green corridors 
with connectivity

Corridors and stepping 
stones
on the ground

Patches
buildings with gardens 
& backyards

Barrier
tram tracks

Source
on the ground

Sink 
building and front

backyard

building front/facades

Source and sink
Schoolyard

Urban matrix

Ocean matrix
Oslofjorden

Blue corridor
Akerselva

Urban matrix

Corridors and stepping 
stones
in backyards

Source-sink 
gradient 

Source 
connectivity

Source and sink
corridors

Frogner

Corridors
schoolyard

vegetated front garden 
of sink building

backyard

tram tracks

Figure 3.43 of macro analysis on the landscape level. 
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Frogner - urban residential 
MESO-SCALE Landscape level

0 50 100 150

1

Map from Apple maps.

Overall (green) 
connectivity

Green corridors 
with connectivity

Corridors and stepping 
stones
on the ground

Patches
buildings with gardens 
& backyards

Barrier
tram tracks

Source
on the ground

Sink 
building and front

backyard

building front/facades

Source and sink
Schoolyard

Urban matrix

Ocean matrix
Oslofjorden

Blue corridor
Akerselva

Urban matrix

Corridors and stepping 
stones
in backyards

Source-sink 
gradient 

Source 
connectivity

Source and sink
corridors

Frogner

Corridors
schoolyard

vegetated front garden 
of sink building

backyard

tram tracks

What are the patches, barriers, corridors and stepping stones?

• Patches

Buildings with backyards and gardens in streetscape

• Patch quality – heterogeneity

Homogenous grey rooftop patches. Heterogenous streetsca-

pe with green vegetation amongst grey squares and streets

• Green corridors and stepping stones

Tree rows and vegetation on the ground in streets, squares, 

parks, gardens and backyards.

• Movement corridors

Streets, public transportation network, pavements and bi-

king lanes. In general the streetscape facilitates pedestrian 

movement. 

• Barriers

Bigger road (Bygdøy Allee) and tram tracks (Frognerveien)

• Edge-interior quality

Edge quality in streetscape with green corridors (tree rows) 

and patches (frontgardens). Interior quality in green patches 

in streetscape or backyards and gardens. Building patches 

with front gardens have edge quality. 

A N A L Y S I S

Map from Google maps.

School yard

Tram 

Apartment buildings

Backyard

Figure 3.44 of meso analysis on the landscape level. 
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Source and sink elements

Strong source

Weak source

Weak sink

Strong sink

Source-sink gradient (table 3.2)

Following are suggested analyses results of the site with 
elements that function as sources or sinks. !is is done 
based on the source and sink table (table 3.3) and the 
following source-sink gradient (table 3.4).

In these suggestions the gradients will be mapped in 
accordance to the present elements and landscape 
metrics’ functioning. 

!e red areas show what elements that dont function 
i.e. hinder ecosystem health. 

!e green show what elements that contribute i.e. pro-
mote ecosystem health. 

!ese mapped gradients can help visualise where the 
biggest need to make improvements are, and might 
provide some sort of prioritation scale. 
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Analyses results -  Frogner MICRO-SCALE Site level

What elements function as sources and sinks?

Sources

• Green patches and corridors available to the public.

• Front gardens of  buildings publicly available. 

• Backyards and private gardens weaker source function. 

• Schoolyard source. 

• Overall connectivity and enabled mobility in the streetscape for 

vehicles, public transportation, pedestriands and bikers. . 

Sinks

• Grey facades, rooftops and backyards wihtout vegetation.
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Sources
• Green patches and corridors available on the ground to all.
• Limited access to private vegetation in gardens and backyards. 

Sinks

• Impermeable groun cover in streetscape. 

• Traffic disturbances. 

• Grey rooftops and backyards.

Sources

• Green patches, corridors and stepping stones on roof  and gro-

und provide ecosystem services that improve the microclimate 

and global cliamte (e.g. carbon sequetration and storage). Source 

quality depends on vegetation heterogeneity and quality. 

Sinks

• Traffic emits pollution.

• Surplus of  grey surfaces (e.g. glass and concrete)  increase 

the urban heat island effect and thus decreases microclima-

tic conditions.

• Grey rooftops dont utilize the available resources e.g. solar 

panels. 

Map from Google maps.

Map from Google maps.

Map from Google maps.

School yard

School yard

School yard

Figures 3.45 A-C of from top to bottom of micro analyses on the site level. 
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3.3.6 Interventions

Demonstration of  alternative improvements for elements to function as sources 
rather than sinks.

 III     H O W ?
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Suggestions

For the following part, suggestions for how to improve 
the ecosystem health dynamics by making sinks functi-
on as sources and sources function even stronger. !e 
aim of this part is to show that this can be done by sim-
ple interventions.  Improvements for the red elements 
identi#ed in the site-scale of the land-use analyses dont 
neccessarily require new or advanced expertise to be-
come green.  Landscape archtiects already have a whole 
set of developed tools and ways to mititgate negative 
impacts and improve sites. 
 
To meet the di"erent challenges and contexts present 
some alternatives will be presented by simple sketches. 
!ey will be presented in a gradient for better alternati-
ves that can be selected by the options available for site 
improvement, budget and scale for the interventions. 
Some of the positive impacts will be mentioned, but the 
suggestions are all based on the present tables on source 
and sink elements and the gradient that explains the 
functioning of di"erent elements to the three selected 
sub-systems within the ecosystem. !e suggestions are 
not a complete list of alternatives that can improve the 
ecosystem health but is a follow up from the previous 
tables and analyses of ecosystem health functions.

Following the table are some site-speci#c suggestions 
for how they can be implemented in the case study sites 
or suggestions that can #t several places. 
!e aim with such improvements are to achieve a majo-
rity of source function for all systems and the identi#ed 
sinks from the analyses results are leading the impro-
vements. 

Some of the sinks detected in the source-and sink maps 
were grey surfaces on the ground, walls and roofs, bro-
ken landscape connectivity and garden design. Weak 

sources like gront gardens or street trees or green edges 
can get stronger source functions and the sinks can with 
suggested improvements get a source function. Addi-
tionally, by looking at the common sinks and sources 
for the three systems it can become even clearer what 
improvements that can be done without risk and with 
the biggest potential. Homogenous, grey surfaces is one 
example. 

!e aim is to change the sink functions into source 
functions and thereby changing the source dynamics 
in the sites. !e mapping of sources and sinks easily 
point out source and sink- functions in sites, what have 
the same function to all systems and what has unique 
functions to some of the systems. !is was it becomes 
easier to identify where improvements should be focu-
sed and what e"ect they will have. Or, what function on 
desired for a site and thereby addressing what elements 
hinder or promote that in the site within the di"erent 
systems. 

I will present alternative suggestions with an in-
creasing source function (illustrated by the gradient 
to the right). The gradient is based on literature on 
source and sink elements (Table 3.3, 3.4 and Ap-
pendix 1) and a persoanl evaluation. 

The main purpose of  presenting several better 
alternatives is not to define what separates ”bet-
ter” from ”best” as that demands another scientific 
work in itself  and is outside the scope of  this thesis. 
It is rather is to present different alternatives and 
stress their increasing positive effect as sources to 
the ecosystem health of  the social, ecological and 
environmental system. Simple, site-scale interventi-
ons are emphasized as they hold much potential in 
improving the ecosystem health of  the sites.  

G r a d i e n t  o f  b e t t e r 
a l t e r n a t i v e s

I have selected elements in each case study site that function as sinks or weak 
sources. I present some (of  many) alternative ways to change their function 
to become sources. Many of  the alternatives that enhance a source function 
for one system will have correlating positive effects to the other systems as 
healthy ecosystems are able to provide ecosystem services that benefit the 
whole ecosystem of  people, nature and climate. An environmental source 
function of  urban cooling will improve the microclimate of  the site that also 
benefits the social and ecological system of  more comfortable summer tem-
peratures and conditions. 

The following should be seen as examples of  site-improving interventions 
and not a completed list of  ways to improve the ecosystem health. As I only 
present some suggestions per site there are more alternatives that could be 
added in all for all the sites, and many of  the suggestions are applicable 
to the other case study sites. The idea behind the case-study sites is to pre-
sent typical situations in novel ecosystems that can be found anywhere and 
therefore the idea is that the suggestions have the potential to be applied in a 
multitude of  sites with different land-uses and matrix context.
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IKEA Furuset 
sub-urban industrial

IKEA
*

Parking lot
*

*

The following are some suggestions for present ele-

ments that impact the source-sink dynamics of  the 

site. Additional suggestions can be green facades, li-

mited outdoor lighting and permeable ground cover.

*  IKEA roof

The given land-use and contextual pre-conditions 

of  the building, the placement and typical activities 

make the roof  an unattractive place for recreation or 

other activities. Nonetheless, the undesired area for 

the social system opens up for undisturbed land-u-

se (in the given context of  other disturbances on 

the site like traffic noise and light). The roof  holds 

potential to provide green energy with e.g. solar 

panels. Or, the roof  can get an ecological function 

as habitat, nesting-site for ground nesting birds or 

as resource for biodiversity (e.g. pollinating insects, 

stop-over for migratory birds). Therefore a priority 

to the environmental or ecological system should be 

given to site-improvements for the roof. 

 
*  Parking lot

The parking lot accomplishes what it’s set up to do, 

providing parking space for the customers of  IKEA. 

However, the characteristics of  the homogenous 

patch are boring to the human eye with little aesthe-

tic value except for the groups of  trees in the edges. 

The vast impermeable ground cover hinders effici-

ent stormwater management and to the ecological 

system the patch might be considered a grey desert 

of  sink functions. Given that the same amount of  

parking needs to be sustained the social system is 

prioritised. The social system would benefit from 

a greener and more heterogenous patch with more 

aesthetic value, and so would the ecological and 

environmental system. These systems often function 

in correlation to each other, and what is a source to 

one often is a source to another. The same goes for 

this site. 

For the ecological system the best option for maxi-

mized source function might be to rip up the imper-

mable ground cover and replace the parking lot with 

a little forest. This would also benefit the environ

mental system of  storm water retention, carbon 

sequestration and storage, air filtering 

and cooling. If  the land-use of  the parking lot could 

be redistributed to reduce the amount of  parking to 

better meet the needs of  all systems it could provide 

a source function of  more ecosystem services like 

aesthetic value, function with recreational ”island” 

for people to rest at or walk their dog, support biodi-

versity and be more energy efficient. However, with 

the present priority to the social system the aim is to 

find solutions that can combine source function for 

all systems within the frames of  the site. 

*  Edges

The edges of  the parking lot towards the road pro-

vide multiple ecosystem services already like noise 

buffering and aesthetic value, function as stepping 

stones or corridors to biodiversity and have an en-

vironmental function of  cooling and air filtering to 

mention some of  the effects. However, the relative 

distribution of  green in the edges compared to the 

vast, grey interior is small. By enforcing the edges 

their function as sources would be increased and 

might manage to match the source function of  the 

interior. More vegetation in the edges would provide 

more noise buffering, more shade for warm sum-

mer days, more aesthetic value and become a more 

human- and nature friendly site. It would provide 

more resources and habitat options to the ecological 

system, however this also depends on the species 

ELEMENTS
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IKEA

Suggestions
IKEA roof

*
Parking lot

as is:
Grey roof  without social, 
ecological or environmental 
function.

suggestion I:
Solar panels for environmental 
source function.

suggestion III:
Heterogenous vegetation in all 
layers for maximised ecologi-
cal and environmental source 
function.

suggestion II:
Homogenous ground vege-
tation for environmental and 
ecological source function.

IKEA Roof

The benefits of  green roofs with heterogenous vegetation (both vegeation types and strucutres/layers) are ecological source 
function of  providing resources like pollen, habitat, nesting-sites or stepping stone function to migratory birds. For the environ-
mental system heterogenous vegetation in all layers increases the provision of  ecosystem services like air filtering of  particulate 
matter, flood risk mitigation, carbon sequestration and storage and cooling. Even though this type of  vegetated roof  is not faci-
litated for use of  the social system these source functions in the natural system benefit the social system indirectly of  improved 
microclimates and for instance increasing abundance of  wildlife. So
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Figures 3.47 A-D to the right with sketched suggestions. 
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Suggestions
parking lot 

as is:
Geen edges, homogenous grey 
interior.

suggestion I:
Green interior with ecological, 
environmental and social sour-
ce function.

suggestion II:
Reinforced green edge together 
with green ”island” that also 
tackles stormwater and rain-
water runoff.  Source function 
to all systems. Can also add 
in groups of  trees in between 
to reinforce connectivity and 
green distribution across the 
whole parking lot.

IKEA

Parking lot

Parking lot

*

The benefits of  more heterogenously distributed parking lots that combine social and natural function are increased aesthetic 
value, recreational experiences in busy commercial areas as sitting on a bench, in the shade of  a tree or enjoying the calming 
sounds of  birds, water or wind in the leaves. With less grey, impermebale surface replaced by green, permeable surfaces there 
a number of  ecosystem services provided that indirectly benefit the social system like cooling. The ecological system gets an 
increase in natural resources and habitat valuable to biodiversity. With a heterogenous distribution of  different green elements 
there is a higher support to more species that are adapted to itnerior or edge qualities. The higher the distribution and hetero-
geneity of  green is, the higher the distribution of  ecosystem services from the environmental system is if  the growth condtitions 
are adequate. So
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Figures 3.48 A-C to the right with sketched suggestions.
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IKEA

Suggestions
edges

Parking lot

as is:
Green edge of  trees on asphalt.

suggestion Ia:
With ground cover vegetation.

suggestion Ic:
With shrub vegetation.

suggestion Ib:
With herbaceous vegetation.

Edges

suggestion II:
With heterogenous vegetation 
in all layers.

*

	������͛Ǥ͜͞��Ǥ����������������������������������������������������������������������Ǥ�

Figures 3.49 A-E to the right with sketched suggestions.
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IKEA

Parking lot

as is:
Green edge of  one tree species.

Edges

compositional 
heterogeneity:
More tree species will give a 
bigger contribution i.e. sour-
ce function to all systems as 
different species have different 
qualities for ecosystem service 
provision (habitat, carbon 
sequestration, aesthetic value), 
requiremenets for growth con-
dition and resilience. 

As a heterogenous forest is 
stronger to withstand threats 
will trees in novel ecosystems.

In addition, their aesthetic 
contribution will increase with 
more variation.

*

Suggestions
edges
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Figures 3.50 A-E to the right with sketched suggestions.
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Two alterations of  heterogeneity are configurational (i.e. spatial arrangement, vegetation in 
different layers) or compositional (i.e. types of  land cover, using different species for a tree row 
instead of  one). 

Structural heterogeneity
With heterogenous vegetation in all layers (ground-, herbaceous, shrub and canopy layer) the 
ecological and environmental function could be maximised. It could provide increased aesthe-
tic value and noise buffering function beneficial to the social system. 

Species heterogeneity
With heterogenous species there would be a bigger array of  aesthetics. The social function of  
this could be a more diversified aesthetic expression that would be subjectively evaluated, some 
might think it messy, others exciting. 

More heterogenous vegetation could provide e.g. more resources available to biodiversity, more 
habitat, nesting sites and biodiversity. Heterogenous vegetation could provide more ecosystem 
services that benefit the environmental system of  e.g. air filtering and stormwater retention. 
The social system could also benefit from an increased provision of  ecosystem services like noi-
se buffering and aesthetic value that can soften the homoegenous look of  the parking lot and 
make it more human- and nature friendly. Combined or separately integrating heterogenous 
vegetation could improve the source function of  the site. 

Configurational heterogeneity Compositional heterogeneity

Suggestions
edges

Source functions

Figures 3.49 B-E to the left and 3.50 B-E to the right with sketched suggestions.
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Korsvoll
sub-urban residential

7550250

1

Map from Apple maps.

Garden- and house patches

Oslomarka

These elements are not site-specific but elements 

that are present or applicable to all garden patches. 

Additional suggestions for this site are green roofs or 

facades, permeable ground cover and street vegeta-

tion. Suggested sites are just examples of  where the 

improvements could be done.

*  Fences

Fences are typically abundant elements in residential 

neighbourhoods with multiple intentions. Fences 

can however function as a sink for the ecological sys-

tem as barriers that hinder flow of  energy. This sink 

function can also l the social system and prevent kids 

play between neighbours, however this sink effect is 

low. Fences can have different design and vegetation 

as fences offer source functions to the ecological and 

environmental system. The amount of  fences in resi-

dential areas is vast and they can hinder ground-mo-

ving animals from dispersal and survival. 

*  Messy gardens

Garden design and maintenance can impact their 

source function to the ecological and environmental 

system. The social system is a more subjective mat-

ter of  preference and therefore it is hard to suggest 

better or worse alternatives for what maximizes the 

source function of  aesthetic value and use of  the 

gardens. For the natural systems the heterogeneity 

of  the gardens with species variation and layering. 

Even though a messy garden might be perceived 

negatively in the social system it can provide strong 

source function to the ecological system of  pollina-

tors and other.  

*  Outdoor lighting

Outdoor lights are abundant in all residential and in-

dustrial areas. Outdoor lighting have a negative sink 

function for the ecological system as a distraction or 

disturber of  natural processes for wildlife. For the 

social system lighting is associated with safety and 

for streetscapes it is an important element to ensure 

the feeling of  safety and use. Outdoor lighting also 

includes lit houses and facades, porches and even 

lights on vegetaion. By increased use of  lights on 

more elements than simply streets their sink function 

to the ecological system increases vastly.  

In sites like these there is a higher abundance of  

wildlife due to the proximity to the forest matrix. 

The objective should be to find the balance between 

minimizing outdoor lighting with sink function to 

the natural systems and providing safety to the social 

system. 

ELEMENTS
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Suggestions
fences

Fences
suggestion I:
Artificial fencing that hinder 
flow of  energy i.e. barrier to 
ground moving animals. 

suggestion II:
Natural fencing that function 
as a barrier for humans but 
that is permeable i.e. it allows 
some passing of  animals. 

Permeable or no fences enable free movement for ground-moving animals as well as humans. These are source functions to the 
ecological and social system. The benefits of  vegetation as fences are environmental source functions, in addition to prossible 
habitat or movement corridors for wildlife. Permeable fences with a more symbolic function for the social system can work to 
mark an edge without functioning as barrier. The ecological system is strongest affected by fencing so priority should be given to 
find solutions that enable source function to all systems. 

So
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suggestion IV:
No fence i.e. no barrier

7550250

1

Map from Apple maps.

*

*

suggestion III:
Permeable fencing with a wea-
ker barrier function that have a 
more symbolic function.

Garden- and house patches

Oslomarka
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Figures 3.52 A-D with sketched suggestions.
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Suggestions
messy gardens

Gardens

suggestion I:
Homogenous garden of  homo-
genous vegetation and use. 

suggestion II:
Fully fenced (left) or part-
ly fenced (right) to enable 
movement in some edges. 

By breaking up the homogenous garden patch with different vegetation and function for use the source function increases to all 
systems. Heterogenous vegetation will provide seasonal variation, aesthetic and foraging possibilities for the social system. In 
addition, by either limiting artificial fencing to have one open edge to enable movement of  ground moving animals or by repla-
cing the fence with a shrub or vegetated fence the source function increases further for the ecological system. The social system 
will in addition get more insight limitation with a vegetated fence if  it is left to grow tall, in addition to other ecosystem services 
the vegetation provides. By leaving a messy corner in the garden where the maintenance is limited so the vegetation can grow to 
provide resources to the ecologica system the source function further increases and a more naturalistic look might be prefereable 
to some. So
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7550250

1

Map from Apple maps.

*

*
suggestion III:
Artificial fencing (left) around 
heterogeous garden patch with 
a messy corner and an openig 
in the fence. Natural and per-
meable fencing (right). 

Garden- and house patches

Oslomarka

**
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Figures 3.53 A-F with sketched suggestions.
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Suggestions
outdoor l ighting

Lights

worst case scenario:
Outdoor lighting in multi-
ple layers of  vegetation with 
strong sink function.

Limiting number of  light 
sources will decrease the sink 
function.

Outdoor lighting can have a sink function for the ecological system of  vegetation, trees and wildlife. Therefore limiting the out-
door vegetation to the minimum of  what is required to enable a feeling of  safety for the people is important. Outdoor lighting 
on buildings can have an equally negative impact as lighting of  vegetation and it should be avoided to limit the sink function to 
that system. This will indirectly affect the environmental source functioning of  the vegetation as outdoor lighting can negatively 
impact vegetation function and growht. Minimizing outdoor lighting will also benefit the social system of  reduced light polluti-
on. 

So
ur

ce
 fu

nc
ti

on
s

7550250

1

Map from Apple maps.

*

*
better:
Outdoor lights in streets or 
where absolutely neccessary 
limits the sink function. 

Garden- and house patches

Oslomarka
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Figures 3.54 A-C with sketched suggestions.
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Suggestions
outdoor l ighting with sensors

An alternative to limit the sink function of  outdoor ligthing that can benefit all systems is using sensors on the lights so they 
only activate when there is movement registered. If  possible, requiring movement from humans or bigger vehicles for the lights 
to turn on would reduce the negative impact they can have for biodiversity and wildlife. Insects and small animals would then 
be undisturbed by the lights and vegetation would not be affected. Sensors would also ensure the feeling of  safety and view 
for the social system. This type of  alternative have to be thought through and only placed at sites where it does not increase a 
feeling of  unsafety or criminal activity. 
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Figures 3.55 A-I with sketched suggestions.



108

Bjørvika
urban industrial

The elements in the urban matrix are not restricted 

to certian sites as they are general and widely distri-

buted in the site. Stars are suggested sites for theinte-

rventions.  Additional suggestions for this site can be 

street trees, green edges, limited outdoor lighting.

*  Urban roofs
The contextual pre-conditions of  the urban high-ri-

ses are weather exposed outdoor rooms unavailable 

to the public. However, these roofs are increasingly 

designed as recreational spaces with a bigger social 

function to those with access. These roofs are often 

more facilitated for the social than ecological sys-

tems and their functions follow. The special conditi-

ons on the roofs being strongly ecposed to weather 

and especially wind, sun and droguth make them 

challenging habitats and growth places for the ecolo-

gical system. Due to their typical, contextual place-

menet in an urban matrix their potential to support 

the ecological system is limited and naturally the 

social system is prioritized. However, it is possible to 

combine ecological and source function.

 
*  Facades

The buildings in this land-use site often compose of  

hard structures like glass or concrete facades with 

little function to the social system outside of  the 

office (i.e. the public) and to the ecological system. 

The strong sink functions of  these materials in 

high-rise developments worsen the micro-clima-

tic conditions of  e.g. increased wind speed, urban 

heat island effect and noiese echoing in addition to 

having negative impacts on the ecological system. 

The biophilia hypothesis that suggests a human 

preference to natural and vegetated surfaces with 

soft curves supports the social source function green 

walls could have. In addition this would provide 

environmental source functions of  microclimatic 

regulations and ecological benefits of  resources and 

habitat. 

*  Ground cover

Ground cover has multiple effects as source and sink 

due to for instance ground cover permeability that 

affects the environmental source function of  ecosys-

tem service provision like stormwater mangement  

or urban cooling. Permeable and vegetated ground 

cover provides a number of  ecosystem services that 

benefit the social, ecological and environmental 

system. The ecological system of  microbiological 

communities that are supported by live and humus-

rich soils again beneftis the social system through 

fighting pests and diseases and providing health 

stimulating bacterias. Impermeable surfaces dont 

provide any desired ecosystem services but undesi-

red ones like urban heat island effect. For an urban 

matrix the abundance of  permeable, vegetated surfa-

ces is very limited.   

*  Human friendly streetscapes

A continuation of  the biophilia hypothesis is the as-

pect of  scaling on strucutres that is human-friendly. 

Oversized high-rises can feel intimidating and unfri-

endly to the social system. Only grey surfaces on the 

ground with little variety creates homogenous eco-

systems that are little stimulating to the human mind 

and similarly for the ecological system. The source 

function of  the environmental system is limited in 

these types of  streetscapes. By breaking them up, 

adjusting them more to a human scale and adding in 

as much green and heterogeneity in the elements the 

streetscape can achieve more source functions to all 

of  the sub-systems.  

ELEMENTS

Stasjonsalmenningen

Opera house Dronning Eufemias gate

Figure 3.56. Map of Bjørvika with places for suggested interventions. 
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Suggestions
urban roofs

as is:
Grey roof  without social, 
ecological or environmental 
function.

suggestion I:
Some vegetation and facili-
tation for use for social and 
ecological source function.

suggestion II:
Heterogeneity in facilities for 
use increases the source functi-
on to the social system. The 
ecological system can gain 
some source function with 
adequate and heterogenous 
vegetation. 

Urban roofs

Stasjonsalmenningen

Opera house

The benefits of  multiple possibilities for use of  the social system increases the possible source function with outdoor furniture, 
recreational facilities, possibilities to grow food and take care of  plants. Heterogenous vegetation provides ecological source 
function with resources and nesting site for avian biodiversity and wildlfie. Due to the facilitation for the social syste the poten-
tial of  the roof  to function as habitat can be limited due to a higher disturbance load in roofs like IKEA. The environmental 
function is lower with a roof  that has such limited distribution of  vegetation and green, permebale cover. The characteristics of  
these roofs in Bjørvika are for instance their height that affects the accessibility for biodiversity and their source function to the 
ecological system. So
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Dronning Eufemias gate

Figure 3.56 A. Map of Bjørvika with places for suggested interventions marked with stars.  

Figures 3.57 A-C with sketched suggestions.
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*
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Suggestions
urban roofs

Urban roofs

Stasjonsalmenningen

Opera house

as is:
Grey roof  without social, 
ecological or environmental 
function.

suggestion I:
Solar panels for environmental 
source function.

suggestion III:
Heterogenous vegetation in all 
layers for maximised ecologi-
cal and environmental source 
function.

suggestion II:
Homogenous ground vege-
tation for environmental and 
ecological source function.

The benefits of  green roofs with heterogenous vegetation (both vegeation types and strucutres/layers) are ecological source 
function of  providing resources like pollen, habitat, nesting-sites or stepping stone function to migratory birds. For the environ-
mental system heterogenous vegetation in all layers increases the provision of  ecosystem services like air filtering of  particulate 
matter, flood risk mitigation, carbon sequestration and storage and cooling. Even though this type of  vegetated roof  is not faci-
litated for use of  the social system these source functions in the natural system benefit the social system indirectly of  improved 
microclimates and for instance increasing abundance of  wildlife. So
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Dronning Eufemias gate

Figure 3.56 A. Map of Bjørvika with places for suggested interventions marked with stars.  

Figures 3.58 A-D with sketched suggestions.
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IKEA

Parking lot

Social priority
Where the social system is prioritized there will be a mixed-use and function by the social and 
ecological system of  the roof. The environmental and ecological system will probably get a 
lower source function of  a mixed-use roof  than the social. 

Environmental and ecological priority
Where the social system either is not prioritized or not possible to plan for the environmental 
system can be prioritized and provide green energy. By prioritizen for a mixed-use between the 
ecological and environmental system they would both be able to get a source function. 

The social system would get a source function for those with access to the roof  offering recrea-
tional possibilites like growing food, a place to host neighbourhood-community activities, bar-
becue or relaxing in green, semi-private environments away from the busy city life. A mixed use 
for the green system would provide resources, nesting-sites and habitat in addition to environ-
mental source functions of  urban cooling, air filtering and stormwater retention.

Suggestions
urban roofs

Social priority Ecological and 
environmental priority

Source functions
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Suggestions
green walls

Green walls

Stasjonsalmenningen

Opera house

as is:
Grey surfaces of  glass, concre-
te, asphalt and similarly. 

suggestion Ia:
To the left. External vegeta-
tion stands for creeper plants 
that cling to wires will provide 
source function to the social, 
environmental and to some 
extent ecological system. 

suggestion II:
Panels with integrated substra-
te, plants and watering sys-
tems from the roofs. Stronger 
envrionmental and ecological 
function due to a bigger distri-
bution of  green. 

suggestion Ib:
To the right. Climbing plants 
directly on walls with the same 
function. However climbing 
plants can destroy the wall 
with time and become a long-
term sink. 

The benefits of  green walls for the social system are urban cooling of  the streetscape and isolation of  building interior, filtering 
of  air and particulate matter with benefits to outdoor and indoor climate, aesthetic value and increased abundance of  biodive-
risty. For the ecological system the more heterogenous vegetation and seasonal value can increase the source function, as will 
the environmental source function. However for optimal growth, distribution and function the ground conditions are significant. 
With the integrated wall panels the possibilites to different types of  vegetation arises, and mosses, sphagnum and other can be 
used in addition to more traditional plants. These can have a bigger seasonal value and therefore provide ecosystem services for 
a longer time-period. The bigger the distribution of  green walls in Bjørvika is, the stronger source function they provide.So
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Dronning Eufemias gate

Figure 3.56 B. Map of Bjørvika with places for suggested interventions marked with stars.  

Figures 3.59 A-D with sketched suggestions.
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Suggestions
ground cover

Ground cover

Stasjonsalmenningen

Opera house

The ground cover determines the provision of  desired and undesired ecosystem services like urban cooling and heating. The 
gradient shows the scaled functionality from vegetated permeable ground cover to un-vegetated. The gradient only shows the 
differences in permeability, but in addition a more heterogenous and vegetated ground cover will contribute to benefits to the 
social, ecological and environmental system except for stormwater management like noise buffering and air filtering. Increasing 
permeability automatically provides increasing provision of  a number of  ecosystem services like aesthetic value and biodiver-
sity conservation. Breaking up the homogenous ground coverage of  an urban matrix by patches, stepping stones or corridors of  
permeable and ultimately vegetated ground cover can increase the ground cover and site heterogeneity. Implementing permeable 
and vegetated ground cover could be done in places with less traffic like the squares and streets marked in the map as long as it 
does not hinder Univeral Design. Alterations could be to choose a smaller section of  a street to provide Universal Design and a 
bigger section with heterogenous ground cover and vegetation like fragmentating a street with multiple functions. 
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Impermeable

Permeable

Gravel

Soil

Rocks

Cobblestone and 
similarly

Homogenous vegetation

Heterogenous vegetation

Increasing 
permeability

Decreasing 
permeability

*

*

*
Dronning Eufemias gate

Figure 3.56 C. Map of Bjørvika with places for suggested interventions marked with stars.  

Figures 3.60 with sketched suggestions.
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Suggestions
human friendly streetscape

Streetscape

Stasjonsalmenningen

Opera house

A more human scale of  buildings and structures increases the human friendliness of  sites that function as a source to the soci-
al system. A grey streetscape provides undesired ecosystem services of  urban heating and increased flood risks while a green 
provides desired ecosystem services like aesthetic value, microclimate regulation, recreational paths and biodiversity supporting 
source functions. In Dronning Eufemias gate the middle section of  the street is vegetated with lawn and some shrubs but this 
is where the tram goes. There is a great abundance of  street trees on the sides, but if  the green corridor in the middle would be 
more densely and heterogeneously vegetated it could have provided a great walking path with ecosystem services like aesthetic 
value, cooling, noise buffering, air filtering and pleasant room for a break. Moderations and alternatives could be implemented 
for several of  the busier streetscapes So
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Grey streetscape

Green streetscape

Dronning Eufemias gate

*
*

*

Figure 3.56 D. Map of Bjørvika with places for suggested interventions marked with stars.  

Figures 3.61 with sketched suggestions.
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Suggestions
human friendly streetscape

Squares

Stasjonsalmenningen

Opera house

The more heterogenous streetscapes like in a square the more source function it can provide to the social system of  adults, kids 
and elderly wih different needs and preferences for using a square. In addtion the mentioned effects of  grey versus green surfa-
ces are present and the ecological and environmental system would benefit equally from a more heterogenous streetscape de-
sign. For situations like Stasjonsalmenningen where there is no green coverage, considering different options to reduce freshwa-
ter waste with fountains and similarly should be considered to limit the sink function of  the grey square. In addition a large grey 
square with only green edge can become unpleasantly warm during summer and more abundant tree-vegetation would provide 
more shade and possibly sustained use of  the square. Vegetation would also slow stormwater runoff  and mitigate flood risks.So
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Homogenous streetscape in a square

Heterogenous streetscape in a square

*

Figure 3.56 E. Map of Bjørvika with places for suggested interventions marked with stars.  

Figures 3.62 A-B with sketched suggestions.
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Frogner
urban residential

Like in Bjørvika the elements are general and not 

site-specific so the suggested stars are examples of  

places where the solutions could be implemented.

Additional suggestions for this site can be green 

roofs or facades, permeable ground cover and per-

meable fencing. 

*  Street trees

The distribution of  street trees and the choices for 

tree species and structural heterogeneity are alterna-

tions found in Frogner. Some streets have street trees 

on the sides and an alley in the middle, like Gylden-

løves gate. Other streets like Frognerveien dont have 

any while other have tree rows along the edges. The 

traffic in this area is less and slower in this area and 

the streets are wide. Even though the traffic is slower 

and less the grey sink functioning facades can bene-

fit from source functions from street trees like urban 

cooling. Design alterations like density enhances the 

source function for all systems. Street trees enhance 

the streetscape and are publicly valuableas aesthetic 

value. 

*  Street tree ground cover

The ground cover of  the street trees play a signifi-

cant role both to the growth conditions and functio-

ning of  the trees, but also in other ways like permea-

bility in ground cover, aesthetic value and ecologial 

source function. Ground cover will be limited by 

street width and other factors but the more permea-

ble and heterogenous vegetation there is the stronger 

the source function to all systems. 

* Front gardens

In tune with street trees and their ground cover is 

the aspect of  front gardens that are abundant in 

Frogner. The quality of  the garden, i.e. the sour-

ce or sink function they provide depends on their 

design. Heterogenous vegetation again maximizes 

the ecosystem services that serve as source function 

to all systems. These front gardens also play a role as 

publicly accessible aesthetic value that benefits not 

only the people living in the houses but the surroun-

ding environment. 

*  Green backyards

Backyards are private greenspaces in an urban 

matrix but their quality and source function will 

increase with vegetation and heterogeneity in both 

vegetation and user function. The ecological system 

can be supported by less disturbed green areas but 

the limited accessibility only makes these green are-

as accessible to avian biodiversity. The social source 

function vegetation can have as identity marker or 

as a seasonal indicator for the people living in the 

building is great. 

ELEMENTS

School yard

Frognerveien

G
yldenløves gate

Figure 3.63. Map of Frogner with places for suggested interventions marked with stars.  
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Suggestions
street trees

Street trees suggestion I
Sparsely distributed street 
trees.

suggestion II:
Densely distributed street 
trees that make tree rows. 
Increasing density increases 
the ecological source function 
as corridor and social source 
function. 

suggestion IV:
Wider belts with heterogeneo-
us vegetation in all layers, (gro-
und, understorey, shrub and 
canopy). Maximizes source 
function to all systems. 

suggestion III:
Wider belts of  street trees or 
”tree forests” with hetero-
geneity in species and structu-
re. Increases the source functi-
on for all systems.

The more heterogenous and densely distributed street trees are the stronger the source function is to all systems. The social 
system will benefit from services like noise buffering, aesthetic value, urban cooling and shading, limited insight due to vegeta-
tion from the streets and abundance of  biodiverse species like birds or insects. The ecological source function will increase with 
density as the street trees can function as corridors or stepping stones with increasing resources and habtitat possibility. The 
envrionmental source function increases and more ecosystem services can be expected with a denser vegetation of  the streets. 
Planting trees along trafficated roads is particularly good for microclimatic regualation (e.g. air filtering and noise buffering) 
that indirectly benefits the social system. Where there are street trees already one could discover the possibilities to increase the 
vegetation density, and where there are no street trees like in Frognerveien the alternatives show different options. So
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Frognerveien

G
yldenløves gate

Figure 3.63 A. Map of Frogner with places for suggested interventions.  

Figures 3.64 A-E with sketched suggestions.
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Suggestions
street tree ground cover

Street tree ground cover

suggestion I:
Street trees staight on imper-
meable ground cover. 

suggestion II:
Street trees on permeable gro-
und cover of  open soil. 

The more vegetated and heterogenous vegetation in the ground cover the more source function the street trees get for all sys-
tems. More aesthetic value, more seasonal variation, possibilities for foraging if  chosing fruit- or berry trees or shrubs, more 
noise buffering, air filtering and cooling that benefits the social system. The ecologial system benefits from heterogenous ve-
getation with multiple resources and nesting sites in addition to humus and compost that will improve the soil and microbial 
activity. The heterogenous ground cover of  trees with vegetation in all layers can also reduce the disturbance load for the plan-
tings if  a shrub is put as an edge towards the pavements. This could also be done towards the street to limit the disturbance load 
from pollutants to the interior of  the planting. By making ”edges” to prevent disturbance the habtiat potential of  these platnings 
increases and benefits the ecological system. The alternatives require more or less space in the streets/pavements and could for 
instance be implemented in Colbjørnsens gate or Skovveien. 
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School yard

Frognerveien

G
yldenløves gate

suggestion III:
Street trees on permeable 
ground cover of  ground vege-
tation. 

suggestion IV:
Street trees on permeable 
ground cover of  ground- and 
herbaceous vegetation. 

suggestion V:
Street trees on permeable 
ground cover of  heterogenous 
vegetation in all layers. 

**

Figure 3.63 B. Map of Frogner with places for suggested interventions marked with stars.  

Figures 3.65 A-E with sketched suggestions.
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Suggestions
front gardens

Front gardens
suggestion I:
Permeable front garden of  
homogenous ground cover. 

suggestion II:
Front garden with heterogeno-
us vegetation in all layers. 

The more heterogenous the front gardens are the more source function they provide to all systems. Aesthetic value for the public 
in the streets and for the residents inside the buildings facing the gardens, foraging possibilities with fruit- and berry vegetation, 
they provde places to watch the streetlife. The ecological source function increases with heterogenous vegetation but these green 
patches will have a high disutrbance load of  pets if  no fences are present. The environmental source function increases with the 
abundance and distibution of  heterogenous green with direct and indirect benefits to the social system.
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School yard

Frognerveien

G
yldenløves gate

suggestion III:
Front garden with heterogeno-
us vegetation in all layers and 
street strees. 

*
*

Figure 3.63 C. Map of Frogner with places for suggested interventions.  

Figures 3.66 A-C with sketched suggestions.
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Suggestions
green backyards

Green backyards

The more heterogenous the backyards are for different user groups and considering vegetation the greater the aesthetic value 
will be for the social system. In an ubran matrix the abundance of  green is almost always lower than in a rural matrix so one 
should aim at maximizing the green potential for places that allow it. Backyards can provide a semi-private outdoor room safe 
for kids play and without too many distrubances. Making these rooms green increases their source function to the ecological 
and environmental system that will benefit the social system directly and indirectly. Cooling, air filtering, shade, biodiversity and 
nesting sites are some of  the source functions green backyards can provide. In addition vegetation can become identity markers 
for places and become valuable to the residents. So
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School yard

Frognerveien

G
yldenløves gate

* *

Homogenous, grey backyard

Heterogenous, green backyard

*

Figure 3.63 D. Map of Frogner with places for suggested interventions.  

Figures 3.67 A-B with sketched suggestions.
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A ref lect ion after  suggested improvements 
variability

Context dependence 
Tylianakis et al. (2008) emphasized that the biodiversity impact on ecosystem functioning was given the 
contextual environment and setting. Different research outcomes are often explained by the attribution 
of  context dependence (Catford et al., 2022). Context dependence refers to situations where the condi-
tions and context impacts the relationships studied and when the strength or direction of  a relationship 
differs under contextual differences (Catford et al., 2022). Palmer & Febria (2012) and Rapport et al. 
(1999) stressed context dependency within ecosystem dynamics and ecosystem health as stress respon-
ses are individual, with a contextual nature. It depends what the context is (e.g. forest or agricultural 
matrix), it depends what the ecosystem is (e.g. urban or natural) , it depends what species one invests 
(e.g. humans or pollinators), what system one works for (e.g. social or ecological) and what outcome one 
desires (e.g. increased connectivity or decreased disturbance). Elements or landscapes that are conside-
red to have source functions in a novel ecosystem might be considered to have sink functions in a natural 
ecosystem. 

System dependence
This system dependence is important to consider in planning as different elements and landscape 
metrics can have different effects to the natural and social system. As Forman (2008) emphasized one 
should aim at combining benefits to the natural and social system. The ultimate goal should be to find 
solutions that don’t compromise on any of  them, in other words, that benefit all three systems: the eco-
logical, social and environmental. In some
typologies the social system might be given priority due to the context, and in other the ecological sys-
tem might. These dependencies are important to recognise.

The photo to the lef, figure 3.68, depicts contrasting ecosystems with contrasting sources and sinks to 
the ecosystem health.

Even though the tree-groups in IKEA functioned as stepping stones and therefore sources to that site, 
their source function to the ecosystem health might be weaker than the stepping stones’ function in Bjør-
vika. The graded source and sink functions tried to illustrate the strength of  the elements function. The 
source might also function differently to the social than to the ecological system. When seing the wide 
range of  source- and sink functioning elements in the different sites it is evident that there is potential 
in improving the ecosystem health in the specific context by different and multiple means. This was the 
idea for demonstrating multiple “better” alternatives. 

There is a constant weighing that should be done to the present sub-systems within the ecosystem that 
make the total ecosystem health. Solutions will always give trade-offs to some systems and gains to other 
as with the example of  outdoor lighting that is beneficial for the social system of  providing safety but 
that can have negative effects for the natural system. The ultimate goal however, should be to find soluti-
ons that don’t compromise on any of  the systems and that can be beneficial to the ecological, social and 
environmental system simultaneously. For some scenarios the social system might be prioritizes while 
other might prioritize the ecological.  

In addition, there are dynamics between elements, organisms and functions in the site-scale
that are hard to detect in maps. In Frogner front gardens were categorized as sources despite the diffe-
rent source-quality different design can have. Equally in Korsvoll with the different garden patches that 
can function as sources and sinks depending on the gardens. This will be further discussed in the discus-
sion. 

Figure 3.68. Photo from Voss, Norway of a novel ecosystem in the foreground with a natural ecosystem in the background. These ecosystems 
ZLOO�KDYH�GLɘHUHQW�VRXUFH�DQG�VLQN�IXQFWLRQV�WR�WKH�SUHVHQW�HFRV\VWHP�KHDOWK��DQG�GLɘHUHWQ�HOHPHQWV�ZLOO�KDYH�GLɘHUHQW�IXQFWLRQV��ERWK�GH-
SHQGLQJ�RQ�WKH�FRQWH[W�DQG�V\VWHP�
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Relativities

Adding the scale dependency addressed within landscape ecological theory (Wi-
ens & Milne, 1989; Dramstad et al., 1996; Forman, 2008; Newman et al., 2019) 
to the discoveries from the suggestions three types of  relativity can be addressed. 

Scale relativity 
There is a constant relativity between scale in landscape ecology for different 

landscape metrics and their ecological function as explained with the ant and the 
bird (Wiens & Milne, 1989; Rapport et al., 1999). addd Photo/drawing.

Same scale but different context
There is a relativity between functions in different contexts, i.e. what functi-

ons as a source in the rural industrial ecosystem might not have the same functi-
on in another ecosystem like the rural residential (e.g. the stepping stones in the 
parking lot in IKEA might not function as sources in Korsvoll that both has a 
higher abundance of  green, and compositional and configurational heterogeneity 
of  the green structures present). The function is relative to the context – the exis-
ting ecosystem qualities, metrics, structures and dynamics (Wiens & Milne, 1989; 
Palmer & Febria, 2012). 

Same scale and context but different systems 
There is also a relativity between the systems of  the ecosystem in the same 

scale and context. What functions as a source for the social system, like a green 
corridor with recreational properties for people might function as a sink to wild-
life due to the disturbances it creates, or an evergreen hedgerow as a noise-buffe-
ring fence might function as a source to the social system but a sink to biodiver-
sity as the vegetation types does not provide pollen to pollinating insects. To deal 
with this relativity it is imperial to consider the trade-offs of  different solutions, 
if  modifications are possible to ensure a win-win to both systems or if  one of  the 
systems should be prioritized. 
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IV Discussion

Presenting the discussion, f inal thoughts and suggestions for 
future research. 
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The aim of  this thesis was to explore what potential an ecosystem health approach has for landscape 
architects to achieve sustainable land-use development? To answer this, the three sub-questions were 
answered and landscape ecology was tested as a method to achieve healthy ecosystems. 

1. What is ecosystem health?
2. Why is ecosystem health relevant for a (sustainable land-use) development?
3. How can landscape architects create healthy ecosystems?

What is ecosystem health?

By combining a set of  theories like system theory, system thinking, Earth System Science, ecological 
systems theory a new understanding of  ecosystem health and ecosystems appeared as something that 
weaved together environmental, social and ecological sustainability. This new understanding set the 
premises for the rest of  the thesis as it presented a new way of  seeing and relating to the environment 
and planet around us coming together as one system. By understanding the ecosystem as a set of  
sub-systems in which everything in society works together, maybe a holistic view on society could be 
developed that in turn could make sustainability easier to achieve. As landscape architects are dealing 

Sub-systems and levels
By applying the ideas of  system thinking, ecolo-
gical systems theory for influences on the indi-
vidual health as a set of  factors from multiple 
levels to ecosystems, one could break down the 
understanding of  ecosystem to similar sub-system 
levels. Using Formans (2008) ’hierarchy theory’ 
for relatively isolated levels in a landscape hie-
rarchy of  three scales led to an understanding of  
sub-systems with constant up- and downstream 
effects and interactions that together make up the 
health of  the total ecosystem. That said, there 
is more to an ecosystem, but these sub-systems 
were the ones I found most relevant to the work 
of  landscape architects. As defined by Gillson 
and Willis (2004) ecosystems are unique in time 
and space and occur where there is an interaction 
between organisms and their environments. A 
tree in a round-about is just as much an ecosys-
tem as the garden surrounding your house or the 
balcony outside your apartment. A forest is just as 
much an ecosystem as a city, or a neighbourhood 
with more grey than green elements. Ecosystems 
contain both natural and artificial elements, but 
what emerged was that the desired characteristics 
within ecosystems were surprisingly similar for 
the social and natural system. 

4.1 Discussion

How to achieve healthy ecosystems?

The seemingly similar desired and undesired characteristics of  an ecosystem was explored with lands-
cape ecological theory and principles that are mainly used to study the relation between landscape 
structures and organisms using them, and the influence landscape patterns can have on species sur-
vival, population growth, wildlife conservation etc. What became evident was that many of  the same 
functions were desired and undesired in equal terms of  both the ecological and social system. What 
the ecological systems need to thrive (i.e. more supporting functions - more sources than sinks) did 
not conflict with the social system, on the contrary they were in tune with each other. In addition, the 
bigger the green distribution was (that supports the ecological and social system) the more support 
would be given to the environmental system. Landscape ecological theory and principles as a tool for 
improving the livelihoods, or ecosystems of  both humans and wildlife proved to hold much potential. 
People thrive in heterogenous landscapes, with green views, with a higher abundance of  green than 
grey – much like biodiversity.

My personal opinion is that too few projects actually consider the whole of  these three sub-systems 
within the ecosystem, and way too often the natural system has to give way to the social system. 
Existing vegetation is rarely included in new designs, extensive changes are planned to sites with 
little consideration to what exists or to the solutions that would benefit the social and natural system 
simultaneously. What I wanted to test with these four case studies was both to determine the functi-
oning of  typical elements in outdoor rooms in relation to ecosystem health but also to see if  it would 
be possible to identify a correlation between the benefits between different systems. My hope was that 
this system could prove that it is possible, and even beneficial to plan for the whole ecosystem rather 
than one of  its sub-systems.
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Sinks and sources
Sinks and sources are two landscape ecological 
concepts that are typically used to identify what 
hinders or limits population growth (i.e. sinks) 
or promotes and enables population growth (i.e. 
sources). I wanted to test how elements in the 
outdoor room function as sources and sinks to the 
ecosystem health and tried to develop a system 
for grading elements based on their function to 
the social and natural system of  ecological and 
environmental sub-systems. I selected typically 
occurring elements in a built landscape and pre-
sented their source or sink function to the three 
sub-systems. The function was determined based 
on literature (Appendix 1) on the effects diffe-
rent elements have for the sub-systems and their 
functioning (e.g. light pollution on the ecological 
system). 

To deal with the variances within elements’ 
function as strong or weak sources or sinks I 
further developed a gradient with criteria for 
achieving the different scores. This scoring was 
based on literature, empirical data and a personal 
evaluation of  elements function as a landscape 
architect. To test if  this graded scoring could work 
in practice, I tested applying the system to four 
case study sites.  For each site, I tried to map the 
functions of  sources and sinks within the three 
scales of  ecosystems, the macro, meso and micro 
scale according to Forman’s landscape hierarchy. 
The reasoning for choosing these four sites were 
a) they are land-uses widely distributed across 
Norway, b) these land-uses are found around in 
the world as a result of  growing populations, ur-
banisation and urban sprawl, and finally c) these 
industrial and residential sites are typical projects 
for landscape architects. 

Spatial overlaps and prioritization
Inspired by Ian McHarg’s layering of  maps and 
spatial overlays, a prioritization could be made 
for where to make improvements for the diffe-
rent sub-systems, or for the overall ecosystem. In 
other words, the resulting analyses could imply 
where the highest potential for a positive outcome 
was(common sinks for all systems), where it was 
the most urgent (strong sinks) and where even 
simple improvements could make things better 
(from weak to strong sources). 

The benefit of  identifying sources and sinks for 
each of  the three systems was that it resulted in a 
clear picture of  the state of  the sub-system given 
the present elements. It also enabled a clearer 
understanding of  the site, the main challenges and 
what worked well, as well as the options for prio-
ritizations of  interventions based on given project 
objectives (e.g. increased biodiversity or sustained 
use by multiple user groups). The potential within 
this system to provide a set of  prioritizations was 
a positive surprise and proves the potential within 
landscape ecological theory as a tool towards an 
objective like ecosystem health. To aid an eva-
luation of  what system to prioritize, it however 
became clear that additional thematic maps like 
of  native species, threatened species, air quality, 
social services, cultural history or special land-
uses could be beneficial. 

Landscape ecology as a tool
One positive finding was that landscape ecological theory proved to be applicable and effective as 
a tool for landscape architects and planners aiming for achieving healthy ecosystems in the strive 
towards sustainable land-use development for the future. Desired and undesired functions, like 
barriers or corridors were surprisingly often the same for different systems. The same was true for 
sources and sinks, many of  the sink- or source-scoring elements were the same for the different 
systems (however not all as addressed within “system dependence”). 

In addition, improvements for one system often proved to have positive effects on the other sys-
tems as well, e.g. more abundance of  green to improve the public health would also benefit the 
ecological and environmental system. Almost all improvements to the natural system, for exam-
ple more heterogenous vegetation, would be assessed as a change that would positively affect 
the social system for example improved aesthetic value. For the social system however, certain 
elements e.g. outdoor lighting to improve the feeling of  safety could have negative effects on the 
natural system. This made it clear that when prioritizing the social system, caution must be given 
to the effects it can have to the natural system. By using the score system developed combined 
with mapping of  sinks and sources, it became apparent where elements scored differently. Such 
results could then suggest where further assessments would be needed to ensure desired effects. 
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Missing out details
The approach and gradient developed worked 
in terms of  mapping overall landscape structu-
res and identifying what in the site hindered or 
promoted ecosystem health for all sub-systems. 
However, it became evident that mapping can 
lead to a lack of  detail, for instance dependent on 
what is known as the smallest mappable unit or 
based on the categorisation applied. In these case 
studies, certain elements and details were unde-
tectable in maps and were therefore not included 
in the assessment of  source and sink dynamics. 
Typical examples of  details that are undetectable 
in mapping are maintenance regimes or species 
choice for plantings or quality of  green structure. 

When mapping a green area as a source impor-
tant details like the condition of  the element, the 
quality, the longevity, age and other significant 
details about the quality and function are left out. 
These missing details can be significant for the 
function in multiple sub-systems. 

A front garden like in Frogner can either be a 
heterogenous green patch with compositional and 
configurational heterogeneity, full of  source qua-
lities to the ecosystem, or it can contain a simple, 
tired, homogenous lawn with a much lower sour-
ce quality. When mapping green structures, it is 
hard to detect these differences and therefore their 
score might not be complete or correct. Figures 
4.1 A-C shows three front gardens along the same 
street with different qualtiies. 

Figure 4.1 A - showing a front garden of herbaceous ground cover vegetation and 
some bigger shrubs behind a fence.

Figure 4.1 B - showing a front garden of permeable ground cover vegetation 
(lawn) and some shrubs.

Figure 4.1 C - showing a front garden of herbaceous ground cover vegetation to-
gether with mulitple shrubs. This front garden was the most heterogenous (with 
��������������������������Ƥ������������������������ȌǤ�

The aspect of  longevity or sustainability for green elements is also important, as the growth 
conditions are vital to the function and quality of  the element. For instance, a row of  street-trees 
can be planted directly on the pavement without any soil, vegetation in the ground cover and 
with little root-volume. Their contribution then, will be limited compared to street-trees that are 
planted in vegetated belts with much root-volume and limited disturbances. Similarly, age of  
vegetation also plays a role for its functioning. An old tree, in general contributes to more ecosys-
tem services than a newly planted tree. 
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Adding a level
A danger of  mapping the gradients as is done here, is that the source function might seem indifferent. 
By adding another, site-scale level where the case study sites were analysed on a more detailed level, 
more elements would appear, and additional improvements could be suggested. Examples are growth 
conditions for green structures like choices of  soil or non-native/native species, shade and light con-
ditions, planting design that require minimum management efforts, social interactions, user groups 
and user needs for a place. These elements are hard to trace in a map and would typically require field 
work, which was not possible for this thesis.  

In addition, the number of  elements to assess with such a mapping gradient is nearly unlimited, one 
could for instance add in materials that could enable more or less desired effects, provide habitat to 
species, study innovations to avoid undesired effects like bird collisions with glass facades, the use of  
innovative fences that don’t hinder flow of  energy and so on. Somewhere I had to draw a line for the 
thesis scope to be manageable. 

Suggested interventions
The suggestions for how to improve the sour-
ce-sink dynamics of  the sites are also presented 
in a graded order from as-is to better or even 
best, i.e. strong source. Grading the better sug-
gestions is also a relative matter. What is better 
and best will always be a result of  relativity, to 
what system one prioritizes and to what functi-
on is intended. In addition, there will always 
be contrasts between different ecosystems, for 
example an urban ecosystem with a strong 
source function will probably struggle to ever 
achieve the same source function as a natural 
ecosystem like a forest. That is a relativity one 
has to keep in mind when using this mapping 
system. However, there are a range of  exam-
ples where ecosystems that today are consi-
dered natural have been sustainably managed 
or modified by humans to function as they do 
today (Gillson & Willis, 2004). Therefore, I be-
lieve in the value of  the social systems working 
together with and for the natural system and I 
hope that my developed system might be a tool 
to achieve this.

Scoring sheet, gradient and criteria
The elements and criteria chosen in this first de-
velopment phase and testing are limited and there 
is a bundle of  additional aspects that could be 
added like statistics for traffic, air pollution, proxi-
mity to urban green, safe or walkable access and 
other present conditions that could impact the pri-
oritization for improvements. The criteria could 
be further developed to be adapted to special 
conditions, like where the abundance of  summer 
and spring droughts are increasing as currently 
seen in Spain this spring (Elster & Aasen, 2023). 
Conditions that require specialised species or even 
considering environmental impacts of  different 
solutions like energy or water demand could 
also be added in a similar system. In Barcelona, 
there is an ongoing “naturalisation” programme 
where they use weeds as understory vegetati-
on due to their limited water- and maintenance 
requirements (The International Association of  
Horticultural Producers, n.d.). There is a number 
of  elements to assess, for this thesis a selection 
was made and the criteria used for this thesis were 
simplified to test the utilization potential.

Subjectivity
Even though I went from a table of  elements’ 
function as sources and sinks to a gradient with 
criteria to balance out these variances a lot still 
depends on the interpreter or user of  the sys-
tem and his/her personal evaluations. Also, the 
comparative evaluation of  the different systems 
will be subjective, unless the aims are clear and 
explicit. Otherwise, an ecologist would probably 

argue differently than a sociologist. As literature 
can support either prioritization, in the end it 
becomes a question of  sub-system prioritizing. In 
addition, some of  the social values of  ecosystem 
services are objectives of  preference like aesthetic 
value; some prefer homogenous garden designs 
while other prefer messy gardens. This relativity 
is hard to avoid with gradients when there is no 
method for measuring quality. 

Measuring quality
Another challenge of  mapping source-sink quality 
of  elements, is that there is no existing method 
for measuring the quality of  an outdoor room in 
relation to objectives. There are topic maps that 
can identify different environmental factors like 
light pollution, air pollution, green abundance 
etc. but there are no known methods for mea-
suring how good or bad an element function in an 
outdoor room, or function relative to its original 
intention, neither for the social nor natural sys-
tem. Life-cycle assessments are on the rise as tools 
to measure the in- and output demands of  e.g. 
materials, shipping or the carbon sequestration of  
vegetation. However, a joint assessment for the 
ecological, environmental and social system is not 
existing as far as I know, and therefore these types 
of  scoring systems will always have a degree of  
subjectivity to them. To counter this, using adequ-
ate and updated literature on the effects of  ele-
ments is a required pre-condition to ensure empi-
rical evidence for the criteria within the gradients. 
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Why ecosystem health for a sustainable land-use development?

Healthy versus unhealthy ecosystems
The approach of  this thesis is the idea that healthy ecosystems is a key to a sustainable development 
of  our societies. The world is faced with multiple challenges of  climate change, nature crises and 
increasing public health challenges, i.e. unhealthy ecosystems. In this situation, the global society 
is working to find good and applicable solutions, limit the negative consequences and find ways to 
transform our systems to make them more sustainable. Landscape architects are no exception and 
people, nature and the environment are issues that need to be dealt with within all projects. 

What are the benefits of  healthy ecosystems? Nature regulates global and local climates, and the 
state of  nature is key to maintaining ecosystem functioning and biodiversity. Ecosystem services 
providing large benefits to human societies are the results of  complex interactions between healthy 
ecosystems and the environment. Unhealthy ecosystems hinder or are deprived from this functi-
oning and the trajectory we are presently on can limit the chances of  ecosystem service provision 
from numerous ecosystems. 

Ecosystem services
It is important to emphasize that ecosystem services are just as vital for the natural system itself, 
and that a continued provision only can be expected if  they are sustainable for the systems provi-
ding them. If  the natural system provides ecosystem services at the expense of  the system itself, it 
cannot be considered sustainable, as Rapport (1995) stressed long before the concept was widely 
established. This is also a reason why that is mentioned as a criterion within the source-sink gradi-
ent. 

I chose to use ecosystem services for the criteria of  the gradient due to their recognised status as 
valuable for societies world-wide. There are of  course many other benefits of  healthy ecosystems 
that I could have mentioned, but ecosystem services function to highlight the benefits in a way that 
people are familiar with. The foundation of  this thinking is that by planning with healthy ecosys-
tems as the main objective, it can benefit and sustain the human society and the natural systems on 
Earth. 

The risk that comes with using ecosystem services as the “product” of  healthy ecosystems is that it 
can reinforce the anthropocentric view on ecosystems and nature as a subject to support human so-
cieties. With the system thinking of  ecosystems, I have tried to address that the social system is just 
one of  many sub-systems that all work together and interact. The output from the social system to 
the natural system has to be just as rewarding to the natural system as the output from the natural 
system is for the social system. 
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Redistributing used land
According to Coresight Research (2018) 25 % of  
the malls in America will probably shut down wit-
hin the next three to five years (Thomas, 2020). 
Norway has the densest concentration of  shop-
ping malls relative to the number of  inhabitants in 
the world, with 572 malls on 5.4 million inhabi-
tants (Statistisk sentralbyrå, 2022b; Stugu, 2015). 
Looking at the land occupied by these malls, 382 
out of  them occupy more than 2500 square me-
ters (Stugu, 2015). In comparison, “Slottsparken” 
in Oslo (the park surrounding the castle) covers 
an area of  2250 square meters (Oslo byleksikon, 
n.d.). The trend of  land-use change can be expe-
cted also in Norway and should urge some sort 
of  redistribution of  used land. In my perspective, 
that makes for another reason to study this type 
of  land-use and see the potential these sites hold 
to serve a new purpose or achieve an improved 
function to multiple sub-systems of  the ecosys-
tem. 

Temporary landscape interventions
There is an increasing abundance of  temporary 
land-use changes around the world like parking 
day or seasonal redistributions of  streets to serve 
a social source function (Jolma Architects, 2021). 
The latter happened during the summer of  2022 
in Oslo in Grønland where a street was turned 
into a “city life street” of  temporary plantings, 
trees, benches, outdoor seating for restaurants and 
upheaval of  traffic for the time being (Bykuben, 
n.d.). 

Another trend is the emphasis on car-free city 
centres like in Oslo (Oslo kommune, n.d.). The 
future of  land as we know it is far from certain, 
and possibly new use and function of  city ele-
ments and structures can be expected. Hopefully 
the suggestions presented can serve as inspiration 
not only on how to improve the sites with their 
current function but also to how differently things 
can be done if  one prioritizes other systems or all 
of  them together as for ecosystem health when 
developing a location. Who says that walls should 
be made of  hard surfaces and not be living plants? 
Or that the main function of  parking lots should 
be to serve parking to cars and not humans with 
human-friendly landscapes that can give people a 

break, enable a moment to sit on a bench under a 
tree and listen to the birds singing or some water 
running? My hope is that by showing some “ulti-
mate” scenarios we can open up our minds also 
to alternative functions or design. 

Operating space 
The operating space for when the majority of  
energy of  activity is present in a site varies, see 
figures 4.2 A-C. Typically, industrial sites have 
an operating space concentrated during a limited 
timeslot in the daytime of  week-days while resi-
dential sites are the opposite, with an operating 
space concentrated during afternoons, evenings, 
weekends and holidays. This means that industri-
al sites often are empty during the night, in we-
ekends and holidays. Signs of  this can be empty 
parking lots, empty but lit office buildings and less 
life and interactions occurring on the street level. 
Similarly, a residential neighbourhood will often 
be empty and silent when people are at work or in 
school. 

These different operating spaces for the given 
land-uses creates possibilities. If  one can utilize 
this potential of  certain areas that are empty in gi-
ven timeslots to benefit the ecosystem, this “lack” 
of  function can instead become a source.

The parking lot, building and site in IKEA for in-
stance is not in use during the evening and night, 
or on Sundays when the store is closed. Nevert-
heless, the outdoor lights are most probably on 
during the whole night. By changing the lighting 
regime so that it is switched off  during the night 
hours or installing sensors so that the lights only 
switch on in the presence of  a moving human or 
car, the sink function of  outdoor lighting produ-
cing light pollution would be strongly decreased. 
This would benefit the ecological system of  rem-
oving disturbances that have profound effects on 
wildlife, insects, birds and vegetation (Appendix 
1). It is almost overwhelming considering the cas-
cading effects these types of  operating space-ad-
justments could have if  done for all similar sites 
in an industrial area.  In addition to the spatial 
aspects, I wanted to highlight these types of  pos-
sibilities that arise when considering the time-slot 
of  use for landscape projects as one should aim 
for a function, and ultimately a source function 
for a site during and without human use. 

4.2 Final thoughts
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Relative comparisons and quality measurements
Due to time and practical limitations of  this thesis work, there are additional areas that could have 
been studied in more depth. I will suggest some future areas to explore within the topic of  ecosystem 
health. 

One suggestion is looking at the possibility to develop a method for ‘relative comparison’ of  natural 
and novel ecosystems. Using natural ecosystems and measuring or mapping their source functions 
could serve as reference for novel ecosystems. Natural ecosystems are a great resource with blue-print 
smart, natural solutions. Identifying reference values, structures or functions of  “best practice” in the 
natural world could aid the development of  novel ecosystems. Nature-based solutions is one alter-
native of  this, where natural systems and functions are used in novel ecosystems with great success. 
Merging nature-based solutions with the approach in the thesis could also be done. Other suggestions 
are to develop a grading system of  better and best options, and for measuring the quality of  elements’ 
function in both quantity and quality. In addition, establishment and management schemes of  planted 
vegetation could be researched within the same tunes of  sources and sinks as they are significant for 
the functioning and sustainability of  plantings. The use of  native and non-native species, the benefits 
of  avoiding open soil and even discussing weeding (i.e. what defines a weed, isn’t a weed better than 
open soil considering the ecosystem services it can provide?) are topics that could be studied within 
ecosystem health.

Check points
Additionally, to emphasize the relativity of  source/sink- functions within systems, objectives and prio-
ritizations, simple check points could be developed, like: 

• Who are you planning for? Detect the systems present, their current state (i.e. health as in dyna 
 mics of  source and sink functions), interaction and provision of  ecosystem services.

• Are there any special conditions or considerations in the site that should be emphasized or pri 
 oritized (e.g. wet ground conditions, threatened species, risk of  drought, user-groups etc.)? 

• If  so, why should these be considered? 

• What are the pros and cons for all systems of  the suggested intervention? 

• Do the suggested source functions outweigh the current or the sink functions? If  not, how are 
you planning to make up for it, the total ecosystem health? 

Modelling landscape designs
In addition, models or methods to measure the results of  planned interventions after a number of  
years (5, 10, 20 years) could be developed to detect blind spots, elements or considerations that were 
forgotten, the actual functioning of  the ecosystem (i.e. is it working as intended, better, worse?), the 
potential for further improvements (identified by mapping the gradients and seeing the development 
i.e. if  the colours changed or not after a number of  years). In general, there are currently few methods 
to track the development of  landscape projects be it plantings, installations, functions or use. This 
holds great potential as a learning source to everyone involved. This is also closely linked to sustaina-
bility, as we need to start mapping what works and not across projects and between individual landsca-
pe architects, to avoid making the same mistakes and waste resources, nature and continue hasty and 
thoughtless degradation of  ecosystems. This links back to holism and the foundation of  ecosystem 
health as an approach that enables a holistic, joint assessment to maximize health for all.  

4.3 Research for the future 
 

Green land-uses
The approach developed for this thesis should 
also be tested for ecosystems like parks, fore-
sts, plantations, urban greenery and similar. 
I chose not to include green land-uses in my 
case study sites and rather focus on heavily 
developed sites, but it would be interesting to 
see the potential in such a context. Combi-
ned with a more detailed scale to include the 
scope of  quality rather than just abundance of  
green would then possibly be easier to achie-
ve. Adding in existing methods of  area-smart 
greenery with boosting effects to a multitude of  
sub-systems like SUGI-forests or the Miyawa-
ki-method can further elevate the potential of  
such an approach as they build on many of  the 
same principles. 
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V Conclusion
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The purpose of  this thesis has been to present 
a new understanding of  the ecosystems that 
we are surrounded by and act in, in and provi-
de a toolkit of  how this understanding can be 
elevated by landscape architects when merging 
landscape ecological theory to achieve healt-
hy ecosystems. The main aim was to explore 
the potential of  an ecosystem health approach 
for sustainable land-use development and test 
what potential landscape ecology had as tool 
to achieve healthy ecosystems. These objectives 
were achieved. 

All of  the detailed “how to”s for making the 
optimal vegetation patch, roof  garden, green 
wall or permeable ground cover is not menti-
oned in the thesis as there is an abundance of  
expertise on the field on how to best suit design 
proposals with the local context, using the right 
species and fitting the design to the social, eco-
logical and environmental needs. The priority 
of  this thesis has been to highlight the array 
of  considerations a landscape architect must 
address when designing, and to remind the 
profession of  the fact that we need to address 
them all, holistically as a joint ecosystem in the 
pursuit of  making some positive land-use chan-
ge. Simply designing a green roof  for the sake 
of  stormwater management without conside-
ring the rest of  the system is continuing on the 
trajectory of  business as usual, that has led us 
to the state of  the world today. We need to con-
stantly try to make the best of  what we have, 
but for the ecological, social and environmen-
tal system together. In my opinions that should 
be our “pillars of  sustainability” and the way 
forward as a profession. Finally, I want to em-
phasize the fact that this thesis does not sepa-
rate between the ecological and environmental 
system as the world leading scientists clearly 
have stated the need to stop doing. This builds 
on the understanding of  the natural and social 
system of  the ecosystem, and by sub-dividing 
the natural into ecological and environmental 
the intention was to make joint, sustainable 
solutions easier to access. The ecological and 
environmental system are and work together as 
a fine-tuned dynamic in the natural system. 

As Inger Andersen said as the UN Under-Se-
cretary-General and UNEP Executive Director 
during the launch of  the IPCC report in 2022 
(22:23, IPCC, 2022b): 

“Backing nature is the best way 
to adapt to, and slow climate 
changes while providing jobs and 
boosting economies (…) in the 
end, nature can be our biggest sa-
viour. But only if we save it first”

 I would like to end this thesis with the letter of  
Chief  Seattle from the end of  the 19th century.

 

Conclusion 
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Letter to all

”The President in Washington 
sends word that he wishes to buy 
our land. But how can you buy or 
sell the sky? the land? The idea is 
strange to us. If  we do not own the 
freshness of  the air and the sparkle 
of  the water, how can you buy 
them?

Every part of  the earth is sacred to 
my people. Every shining pine ne-
edle, every sandy shore, every mist 
in the dark woods, every meadow, 
every humming insect. All are holy 
in the memory and experience of  
my people.

We know the sap which courses 
through the trees as we know the 
blood that courses through our 
veins. We are part of  the earth 
and it is part of  us. The perfumed 
flowers are our sisters. The bear, the 
deer, the great eagle, these are our 
brothers. The rocky crests, the dew 
in the meadow, the body heat of  
the pony, and man all belong to the 
same family.

The shining water that moves in the 
streams and rivers is not just water, 
but the blood of  our ancestors. If  
we sell you our land, you must 
remember that it is sacred. Each 
glossy reflection in the clear waters 
of  the lakes tells of  events and me-
mories in the life of  my people. The 
water’s murmur is the voice of  my 
father’s father.

The rivers are our brothers. They 
quench our thirst. They carry 
our canoes and feed our children. 
So you must give the rivers the 
kindness that you would give any 
brother.

If  we sell you our land, remember 
that the air is precious to us, that 
the air shares its spirit with all the 
life that it supports. The wind that 
gave our grandfather his first breath 
also received his last sigh. The wind 
also gives our children the spirit 
of  life. So if  we sell our land, you 
must keep it apart and sacred, as 
a place where man can go to taste 
the wind that is sweetened by the 
meadow flowers.

Will you teach your children what 
we have taught our children? That 
the earth is our mother? What 
befalls the earth befalls all the sons 
of  the earth.

This we know: the earth does not 
belong to man, man belongs to the 
earth. All things are connected like 
the blood that unites us all. Man 
did not weave the web of  life, he is 
merely a strand in it. Whatever he 
does to the web, he does to himself.

(...) Your destiny is a mystery to us. 
What will happen when the buffalo 
are all slaughtered? The wild horses 
tamed? What will happen when the 
secret corners of  the forest are heavy 
with the scent of  many men and 
the view of  the ripe hills is blotted 
with talking wires? Where will the 
thicket be? Gone! Where will the 
eagle be? Gone! And what is to say 
goodbye to the swift pony and then 
hunt? The end of  living and the 
beginning of  survival (...)

Parts of  Chief  Seattle’s Letter 
1887, America
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Appendix 1 

Infrastructure - mobility
Social system
Enables movement and connectivity. 

Ecological system
Mobility infrastructure like roads or rail roads 
have profound effects on the ecological sys-
tem. Examples are traffic intensity, roadside 
vegetation, integration of  roads in the lands-
cape, road(side) attractiveness, mitigation 
measures, habitat juxtaposition and barrier 
alternatives (figure 3.8, Müller & Berthoud, 
1997). Müller & Berthoud (1997) developed a 
theoretical model that illustrated the relations-
hip between the barrier effect and the traffic 
intensity on fauna trying to pass a road. The 
number of  roadkills would only increase line-
arly until the barrier effect would reach 100 % 
in preventing crossings either through fences 
or traffic noise/light with the similar effect 
(Müller & Berthoud, 1997). 

Insects like pollinators are alsov negatively 
impacted by infrastructure as high mortality 
rates are found due to collisions with vehicles 
that can have cascading ecological effects 
(Baxter-Gilbert et al., 2015).

Infrastructure – fences
Social
Fences are put off  to define boundaries bet-
ween different patches, properties, activates or 
dangers. They can have a limiting movement 
effect as barrier, however that is intentional or 
desired most times. 

Ecological 
Fences are suggested to be the most common 
form of  human infrastructure in the world, 
estimated to be 10 times greater the length 
than all roads on the globe (Jakes et al., 2018). 
Fences have significant ecological impacts on 
multiple scales from physiology (e.g. injury or 
fitness), behaviour (e.g. movement, foraging, 
migration, predation), population (e.g. disu-
trbiton, direct and indirect mortality, popu-

lation isolation, demography), community 
(e.g. composition, multitrophic effects, disease 
susceptitbility), ecosystem (e.g. ecosystem 
processes, habitat state, erosion) to human 
effects (McInturff  et al., 2020). Fences have 
the power to reorganize whole ecosystems 
globally and create more losers than winders 
(McInturff  et al., 2020). Photo of  the ecologi-
cal impact of  the Mexican wall. 

Infrastructure - grey surfaces
Social
One of  the effects of  grey facades is the im-
pact they on the urban heat island effect of  
increasing surface temperatures by “trapping” 
the heat when absorbing solar radiation (Qi 
et al., 2019). Color, thickness, melting tem-
perature and construction materials are some 
of  the variables that determine the extent that 
grey surfaces impede solar reflection (Qi et al., 
2019). In addition, grey surfaces can be less 
stimulating aesthetically to the human mind 
than more natural looking surfaces according 
to the Biophilia hypothesis (Kellert & Wilson, 
1993). 

Ecological 
Reflective and clear panes are the most fatal 
surfaces for birds due to collisions (Klem et 
al., 2009; Parkins et al., 2015). 1 billion bird 
deaths (of  both migratory and local birds) 
annually are due to the collision with glass in 
the U.S, 60 million deaths are due to vehicular 
collisions and 400 000 to wind turbines (Klem 
et al., 2009). 

Environmental
Urban heat-island effect increases energy con-
sumption for cooling as well as other effects 
�$]NRUUD�HW�DO���������:HVR�RZVND�	�/DVND��
2019). 

Infrastructure - green surfaces/walls
Social
Green walls can reduce local noise intensity of  
up to 10 dB (Wong et al., 2010) and laboratory 

experiments achieved higher noise buffering 
potential in green walls (Azkorra et al., 2015). 
Other benefits are energy savings due to the 
cooling and insulating effect vegetation can 
have, reducing the urban heat island effect by 
lowering surface temperatures and providing 
storm-water control and even improve indoor 
DLU�TXDOLW\��$]NRUUD�HW�DO���������:HVR�RZVND�
& Laska, 2019). 

Ecological
Green walls can support biodiversity as well 
as other properties provided by urban green 
(Azkorra et al., 2015). 

Environmental
Green walls reduce urban heat island effect 
which lowers energy consumption and surface 
temperatures, provide storm-water control, air 
purification, pollutant dispersion and other 
properties of  urban greenery (Azkorra et al., 
������:HVR�RZVND�	�/DVND���������

Infrastructure - grey roofs
Environmental
Grey roofs function like other grey structures 
in the ground by increasing the urban heat 
island effect, increase surface run-off  etc. By 
transforming grey roofs to contain solar panels 
their environmental contribution increases. 

Infrastructure - green, vegetated roofs
Social 
Green roofs provide new possibilities for 
urban greenery as a both land-efficient and 
public or private recreational space (Kotzen, 
2018). Green roofs offer social and aesthe-
tical values like urban greenery (i.e. cultural 
provision), possibilities for community co-
hesion through activities like urban farming 
with health and well-being benefits (Kotzen, 
2018). Today most green roofs are private 
property but examples exist of  public, green 
roof ”parks” like Økern Portal in Oslo with a 
running strip, beehives, an urban food-forest 
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and biodiversity-supporting vegetation and 
elements (Hansen & Espedal, 2021). 

Ecological 
Can enrichen biodiversity, support pollinators, 
provide habitat to ground nesting birds that 
is free from disturbances and threats that are 
typically found on the ground (e.g. humans, 
pets, predators) (Li & Yeung, 2014). However 
there are limitations to the conservational pro-
spect of  green roofs as they are not equivalent 
to ground-level habitats, and according to Wil-
liams et al. (2014) this needs to be investigated 
further. Photo bird nest Braathen  

Environmental
Contribute to hydrologic and energy saving 
benefits of  reducing the urban heat island 
effect, enriching the urban environment by 
purifying the air and runoff  water, delaying 
storm peaks to drainage systems and diminish 
runoff  quantity (Li & Yeung, 2014; Williams 
et al., 2014). Additional benefits are similar to 
the ones provided by urban green. 
If  covering a grey roof  with solar panels one 
achieves an environmental contribution of  gre-
en energy. 

Sports facilities w. artificial turf (add photo 
from bygdøy)
Social
Artificial turf  enables sport activity all year ro-
und without seasonal and weather limitations 
like those of  natural grass and a higher usage 
capacity compared to natural turf  (Burton, 
2021).

Ecological 
Compared to natural turf  there are benefits 
with artificial turf  of  saving water, the need for 
maintenance ceases like mowing, using pesti-
cides or herbicides to remove weeds (Burton, 
2021; Walker & Branham, 2020). However, by 
leaches of  rubber crumb into nature there is 
microplastic pollution of  waterways, oceans, 
natural ecosystems and ultimately biodiversity 

that are significant (Burton, 2021). 

Environmental
Artificial turf  is promoted as a water saving 
and low maintenance replacement for natural 
grass (Cheng et al., 2014). However the infill 
material typically used comes from scrap tires 
and this rubber crumb contains organic conta-
minants and heavy metals that can leak out to 
nature with surface rainwater or volatilize into 
the air (Cheng et al., 2014). Sports fields are 
sources of  microplastic emissions with a 7 % 
share of  total microplastic emissions in Swit-
zerland (Frischknecht et al., 2021). 
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Urban green – these effects are present in all 
vegetation structures 
Social
Environmental psychology has become increa-
singly relevant to understand the public health 
impacts of  the ecosystems most people in the 
world inhibit - cities. The stressors in the city are 
linked to an array of  public health challenges like 
increased chances of  experiencing anxiety and 
mood disorders (Peen et al., 2010). Urban stressors 
provoke neural responses linked to emotional re-
gulation, depression, stress and anxiety and linked 
environmental risk factors in the urban environ-
ment to social stress processing (Lederbogen et al., 
2011). Urban noise, light, traffic, density of  people 
and activity are some of  the present attributes of  
the city, with light-, noise- and air pollution often 
following them with negative contributions (see 
further down). 

Urban nature can deliver a range of  mental and 
physical health benefits and is increasingly consi-
dered a cost-effective tool for planning and achie-
ving healthy cities (Shanahan et al., 2014). Expe-
riences of  urban nature is proven to reduce stress 
in a daily life context and health promoting effects 
like faster hospital recovery due to a natural view 
is one of  the impacts (Hunter et al., 2019; Ulrich, 
1984). Nature provides direct physiological health 
benefits of  air, pollution and water purification, 
decreased urban heat island effect, protection of  
floods and extreme weather events (Remme et al., 
2021). Links are also found between the chances 
people are of  undertaking physical activity and 
the natural elements present in their environment 
(Shanahan et al., 2014). Physical activity under-
taken in natural environments even reduces the 
risk of  poor mental health more significantly than 
when undertaken in other environments (Mitchell, 
2013). 

Some of  the most highly valued services of  ecosys-
tems are the cultural ones of  outdoor recreation, 
natural beauty and community identity (Elder-
brock et al., 2020). The recreational aspects of  
natural environments offering recreation, physical 
activity, play and the connection it enables to na-
ture, seeing wildlife and biodiversity are highly va-
lued by the public (Bolund & Hunhammar, 1999).

Ecological 
Urban green spaces are invaluable for biodiversity 
conservation in cities worldwide (Aronson et al., 
2017). Green corridors, green surfaces like walls 
or roofs, green patches of  parks, public and private 
gardens, riparian corridors and remnant vegeta-
tion patches are biodiversity supporting elements 
(Aronson et al., 2017). Urban areas provide habitat 
to support biodiversity (Muñoz-Pedreros et al., 
2018)Vegetation also improves microbiotic condi-
tions in the soil that provides a number of  ecosys-
tem services to the ecological, social and environ-
mental system. 

Environmental 
The spill-over effect from the hinterlands (i.e. 
surrounding areas) of  cities is detrimental for cities 
according to a study of  the 29 largest cities in the 
Baltic Sea region (Folke et al., 1997). It was esti-
mated that these cities needed areas that provided 
ecosystem support at least 500-1000 times larger 
than the area of  the cities themselves, for both 
input and taking care of  the output of  the cities  
(Folke et al., 1997). This illustrates the need of  
ecosystem services for cities, with a similarly posi-
tive effect from natural areas situated in them. The 
ecosystem services provided by green areas that 
impact the microclimatic conditions are multiple, 
like reducing the urban heat island effect, manage 
stormwater, air and water purification, carbon se-
questration and storage and so forth. (need source 
as I mention it all further down?)

Public green 
Social
The value of  public green is great in an urban 
matrix’ with societies comprising of  different peo-
ple with different backgrounds and opportunities 
to connect with nature. Having publicly accessible 
green spaces that are free and available to all, even 
at night is a public health investment that benefits 
all ages and socio-economic groups (European 
Environment Agency, 2022). Living, working or 
being educated near blue/green spaces impro-
ve cognitive and immune functioning, enhance 
physical activity, improve mental health and social 
cohesion, improve metarnal and foetal outcomes, 
relaxation and restoration, reduce cardiovascular 
morbidity and mortality (European Environment 
Agency, 2020; European Environment Agency, 

2022). The degree of  accessibility and greening 
across neighborhoods often vary, but WHO re-
commends a minimum distance of  300m to green 
spaces to all to ensure the multiple health- and 
well-being benefits to all (European Environment 
Agency, 2022). In Oslo, immigrants and low-imco-
me households have relatively less access to green 
spaces for outdoor recreation than non-immigrants 
(Suárez et al., 2020). Involving local communiti-
es in design and management processes of  green 
space foster sustained use over time and a sense 
of  ownership and care (European Environment 
Agency, 2022).

Ecological 
Recreational and human activity have major 
impacts on the vegetated features in an urban area 
due to movement, use, vandalism, light and noise 
that comes with human use of  green elements 
(Erfanian et al., 2021). Visitor load and type of  
activity determines the effects it can have on the 
ecological system, both vegetation, soil health and 
biodiversity (Erfanian et al., 2021). Most wild ani-
mals shy humans and human activity and therefo-
re urban environments can be stressful for species. 
Some species can even adapt to human interacti-
ons, like certain types of  birds or roedeer that are 
periodically seen in urban environments like Oslo. 

Individual trees 
Social
Provides cultural ecosystem services of  recreati-
on, aesthetical beauty, psychologhical benefits, 
community identity and belonging, well-being 
and public health benefits (Jansson et al., 2013). 
Trees can achieve a strong identity function for a 
place, communal belonging and positively impact 
a neighborhood by providing seasonal variations 
in addition to above mentioned ecosystem services 
of  different types (Cimburova & Berghauser Pont, 
2021). 

Ecological 
Can function as habitat or resource to a number of  
species. Trees with flowers or fruits have a bigger 
ecological function to support biodiversity like pol-
linating insects. Leaf  litter and other plant residu-
als can be used as compost to enrichen the soil and 
cycle nutrients.  
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Environmental 
There are differences in the provision of  ecosystem 
services from different tree species. Coniferous 
trees with a larger total surface leaf  area have a 
bigger capacity to filter the air and provide eco-
system services during the worst months for air 
quality in the winter and have a longer seasonal 
value (Bolund & Hunhammar, 1999). Deciduous 
trees loose their leaves in the winter months, and 
therefore provided limited ecosystem services (e.g. 
air filtering and aesthetical value) in the winter 
season. However, coniferous trees are more sensiti-
ve to air pollution than deciduous trees so a mixed 
species planting is optimal for maximized filtering 
capacity from vegetation and maximized aestheti-
cal value (Bolund & Hunhammar, 1999). 

Tree rows or alleys
Social
Often act as a structural component in streets, 
along roads and where there is limited space, and 
some times budget for urban green (Weber et al., 
2014). Vegetation that is suitable along movement 
corridors to add in ecological and aesthetical 
values. Trees are important to city dwellers in this 
consent, as well as other types of  roadside vegeta-
tion that are less planted or maintained (Weber et 
al., 2014). People valued ecological and economi-
cal function over orderliness (Weber et al., 2014). 

Ecological 
Together with patch area and quality, green corri-
dors, like tree rows or alleys have been proven to 
be most significant to support biodiversity in urban 
environments (Beninde et al., 2015). Trees with 
flowers or fruits have a bigger ecological function 
to support biodiversity like pollinating insects. In 
addition, as Weber et al. (2014) argued, cultivated 
and wild roadside vegetation offer cheaper and 
space-saving opportunities for biodiversity conser-
vation and enhancement in cities. 

Environmental
Street trees have been reported to be able to filter 
up to 70 % of  air pollution (Bolund & Hunham-
mar, 1999) and adding in the aspect of  different 
tree species’ air filtering capacity gives many opti-
ons for maximizing the ecosystem services availa-
ble (further up on coniferous and deciduous). 

Heterogenous vegetation patches (structure, lay-
ers, vegetation types, function)
Social
An overall increased provision of  ecosystem 
services of  cultural, regulating, provisioning and 
supporting character has been linked to habitat 
or vegetation heterogeneity. With a diverse plan-
ting there is naturally an increased aesthetical 
heterogeneity and value, more biomass to provide 
services like carbon sequestration and storage, air 
filtering, water infiltration and evapotranspirati-
on, bigger capacity to buffer noise and light and 
so forth. Studies on diverse, heterogenous forests 
even showed an increase in ecosystem services like 
higher berry production due to an overall increa-
sed biomass productivity and understory species 
richness (Gamfeldt et al., 2013). However, the per-
ceived feeling of  safety might be threatened with 
heterogenous vegetation patches. Possibilities for 
overview and control, landscape design, vegetation 
density, character and maintenance are some of  
the aspects that are highlighted to be of  impor-
tance for perceived personal safety (Jansson et al., 
2013). Jansson et al. (2013) suggest vegetation of  
an open character to have more positive effects, 
with an undergrowth of  low density. According 
to Suàrez et al. (2020) the preferred green space 
for recreation for residents in Oslo is large woo-
ded areas with dense tree vegetation and presence 
of  water, however preferences differ depending 
on place of  residence and age. Other identified 
preferences are colorful, native flowers, trees that 
provide shade, grass and food-bearing plants that 
can support native species as habitat (Talal et al., 
2021). The recurring preference for relatively dense 
urban vegetation speaks for a heterogeneous prefe-
rence in the public (Bjerke et al., 2006). In additi-
on, Talal et al. (2021) found that visitors desired to 
learn more about plants so installing signs or labels 
can help educate and engage visitors further (Talal 
et al., 2021). 

Ecological
Different types of  vegetation offer different extents 
of  ecosystem services so a mixed planting would 
optimize the extent of  ecosystem services provided 
(Elderbrock et al., 2020).
The relationship between resource heterogeneity 
and biodiversity is complex and has been much 
studied with varying results. Diversity patterns 

have been explained by habitat heterogeneity as 
one of  the primary drivers (Thomsen et al., 2022). 
Thomsen et al. (2022) described three axes of  habi-
tat heterogeneity to be a) amount of  habitat b) its 
morphological complexity (i.e. the arrangement of  
spatial and structural components like plants, ani-
mals and microorganisms, their shape and size and 
the relationships between (Villee, 2018)) and c) the 
ecological resources available, like food. 

They concluded that the positive and additive 
effects from habitat heterogeneity proves the 
biodiversity promoting impact it can have “via 
cascades of  facilitative interactions” (Thomsen et 
al., 2022).  Not only does habitat heterogeneity im-
pact biodiversity, but biodiversity also impacts the 
functioning of  ecosystems (Tylianakis et al., 2008). 
Tylianakis et al. (2008) suggested that biodiversity 
might have the greatest impact on the functioning 
of  diverse naturally, heterogeneous ecosystems” 
showing a positive effect from biodiversity (Tyli-
anakis et al., 2008). One study claimed different, 
that with increasing habitat heterogeneity the 
effective area available for given species would 
decrease – making a tradeoff  between environmen-
tal heterogeneity and amount of  suitable habitat 
area and thus biodiversity (Allouche et al., 2012). 
Studies on species diversity in forests have shown 
benefits of  higher biomass- and game productivity 
and increased understory plant species richness 
(Gamfeldt et al., 2013; Vilà et al., 2007).

Environmental
Some of  the ecosystem services that urban ecosys-
tems can provide were analyzed by Elderbrock et 
al. (2020) to detect the provisioning difference of  
vegetation types. They monitored Runoff  reten-
tion of  e.g. stormwater, air purification, carbon 
storage, cooling fraction and recreation and found 
strong differences of  different vegetation types. 
Lawn/grass provided the biggest share of  services 
when it came to runoff  retention, recreation and 
cooling fractions followed by trees (Derkzen et 
al., 2015; Elderbrock et al., 2020). Trees on the 
other hand provided the biggest share of  services 
when it came to air purification, carbon storage 
and cooling fraction together with woodlands 
and shrubs (Elderbrock et al., 2020). Jonsson et 
al. (2019) studied the relation between mixed 
forest stands and provision of  ecosystem services 
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and found that plant monocultures provided less 
ecosystem services than mixed forest stands with a 
composition and degree of  mixing types and ages. 
Additional benefits from diverse forests are increa-
sed soil carbon storage (Gamfeldt et al., 2013). 

Impermeable ground cover
Social system
Enables universal design and movement all year 
round during all weather and seasons. Enables 
vehicle, biking and pedestrian movement. Often 
asphalt, concrete, tiles or bricks. Necessary with 
literature? 

Ecological system
Impermeable surfaces have significant effects on 
the exchange of  water, materials and gasses betwe-
en the atmosphere and soil (Hu et al., 2018). Soil 
bacteria communities were analyzed for different 
surfaces in Beijing where it was found that the 
impermeable surface presented a lower bacterial 
diversity than vegetated surfaces, with changes 
in bacterial community composition (Hu et al., 
2018). Interactions between soil properties and 
heavy metals were found to be the cause of  this 
change (Hu et al., 2018). 

Environmental system
Impermeable surfaces lead to increased surface 
water run-off  that lead to increased vulnerability to 
street flooding and degrades water quality through 
the pick-up of  street pollutants (Bolund & Hun-
hammar, 1999). In densely populated areas imper-
meable surfaces together with higher extractions of  
water cause decreasing groundwater levels (Bolund 
& Hunhammar, 1999). This increases the vulnera-
bility to climate change with a prediction of  more 
frequent extreme weather events. 

Permeable ground cover
Social
Permeable ground coverages enable a hard surface 
that at the same time provide ecosystem services. 
These can be suspended pavements or pavement 
types like permeable asphalt types, reinforced con-
crete or bricks and grillage that infiltrate surface 
water (Çelik, 2013). 

Ecological 
Can impact nutrient load and cycling in the soil 

(Minixhofer & Stangl, 2021). 

Environmental
Can provide stormwater management, water 
pollution filtration and to varying extent impact 
the nutrient load and the soil carbon storage ability 
(Minixhofer & Stangl, 2021). 

Permeable vegetated ground cover
Social
Besides stormwater management some of  the 
contributions are decreasing noise, the urban heat 
island effect and water availability (Minixhofer & 
Stangl, 2021). In addition vegetation has health 
and well-being effects as well as contributing with 
aesthetical value (Minixhofer & Stangl, 2021). 
Vegetation also improve soil community biota by 
increasing soil biodiversity and this have multiple 
benefits to human health by suppressing patho-
gens, shaping a beneficial human microbiome, 
promoting immune fitness and remediating soil 
(Sun et al., 2023). 

Ecological
Providing biodiversity and ecological benefits, 
increasing the nutrient load, increasing water av-
ailability and managing metal pollution are some 
of  the ecological benefits (Minixhofer & Stangl, 
2021). In addition this surface has a higher compo-
sition of  bacterial community in the soil (e.g. lawn, 
shrub coverage or roadside trees) that are impor-
tant for a number of  ecosystem services provided 
by soil such as soil structure, aggregation, recycling 
of  nutrients and water recycling (Hoorman, 2016; 
Hu et al., 2018). Soil biodiversity is positive for 
plant productivity, organic matter decomposition, 
plant-soil mutualism, antibiotic resistance regula-
tion and support microbial activity (Bastida et al., 
2021; Fan et al., 2023).

Environmental
In vegetation-free cities around 60 % of  the rain 
water is led off  through drains while only 5-15% 
is led to drainage systems in vegetated areas due 
to evaporation or infiltration (Bernatzky, 1983). 
The urban heat island effect is strongly reduced by 
vegetation and evapotranspiration as well as air 
quality being improved in addition to other eco-
system services like carbon storage (Minixhofer & 
Stangl, 2021). 
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Light pollution
Social system
The world atlas of  artificial sky luminance was 
published in 2016 to show the extent of  light 
pollution in the world (Falchi et al., 2016). More 
than 80 % of  the world and more than 99 % of  the 
population in the U.S and Europe live under light 
polluted skies (Falchi et al., 2016). Light polluti-
on affects the ability to see stars in the night sky, 
the Milky Way and perturbates the darkness that 
comes with the night and night-vision (Chepesiuk, 
2009). Light pollution can occur as sky glow, light 
trespass of  unwanted light “spillover”, horizontal 
glare or be a result of  overillumination like a lit 
office building at night (Chepesiuk, 2009). Add 
photo of  night sky oslo form phone. Links have 
been drawn between light pollution and health 
in multiple studies in relation to sleep and sleep 
disturbances like effects on melatonin and the 
circadian clock due to light (Chepesiuk, 2009). 
These links have made lighting an expressed public 
health issue (Pauley, 2004). 

Positive effects of  outdoor lighting
The feeling of  safety to pedestrians and people in 
urban areas after dark increases with public space 
lighting (Haans & de Kort, 2012; Kaplan & Chal-
fin, 2022; Portnov et al., 2020). Therefore outdoor 
lighting also acts as a source to the social system. 

Ecological system 
Many claim that the biological world mainly is 
organized after light (Gaston et al., 2013). The 
spreading artificial lighting of  human settlement 
and transport networks has provided perturbations 
to natural light regimes and therefore has proven 
to impact the ecological systems (Gaston et al., 
2013). Artificial light encroaches in former natural 
environments and disrupts natural cycles of  light 
and darkness that impact photosynthesis, circadian 
clocks, photoperiodism, spatial orientation, light 
environments and other ecological and ecosystem 
processes (Gaston et al., 2013). Light pollution 
increases the environmental pressures on insects 
and Grubisic et al. (2018) argue that this needs to 
be considered as a causal factor of  insect decline 
worldwide. Light can change animal navigation, 
change predator-prey alteration, change competi-
tive interactions and affect physiology (Longcore 
& Rich, 2004). The orientation or disorientation 

animals can experience by artificial light sources 
they are either attraction or repulsed to by glare 
have negative effects on foraging, reproductivity, 
communication and other behaviours in the ecolo-
gical community (Longcore & Rich, 2004). (pictu-
re grasshopper hytta). 

Another study found a negative relation between 
photosynthetic activity of  plants growing near stre-
et lights, with adverse effects on several parameters 
– indicating some sort of  stress in the plants (Mer-
avi & Kumar Prajapati, 2020). A 13 year dataset of  
the UK was used to analyze budburst data mat-
ched with satellite imagery of  night-time light and 
average spring temperatures (ffrench-Constant et 
al., 2016). Budburst in trees came 7.5 days earlier 
in brighter areas, and this was independently from 
the urban heat island effect that occur in denser 
urban areas that might increase spring temperatu-
res (ffrench-Constant et al., 2016). Another study 
adds in the acceleration in spring leaf  development 
by up to 20 days of  urban trees exposed to light 
pollution and that fall colour change was delayed 
E\�QHDUO\�VL[�GD\V�RQ�DYHUDJH��&]DMD�	�.R�WRQ��
2022; Meng et al., 2022). 

Noise pollution
Social system
Noise has become one of  the main environmental 
challenges of  the WHO European Region with 
an increasing trend of  public complaints (World 
Health Organization, 2010). Noise pollution sour-
ces are road traffic, railway, aircraft, wind turbines 
and leisure activities (World Health Organization, 
2022). WHO reports that traffic noise alone dama-
ges the health of  almost every third person in the 
European Region of  the WHO and that every fifth 
European is regularly exposed to significantly he-
alth damaging sound levels at night (World Health 
Organization, 2010). Some of  the health effects 
with both long- and short term are cardiovascular 
effects, sleep disturbance, poorer work and school 
performance, hearing impairment and so forth 
(World Health Organization, 2010).

Ecological system
It has been found that noise pollution also has 
significant effects on the ecological system with 
effects from DNA repair, gene expression and 
cell structure to physiological, behavioural and 

community level (Kight & Swaddle, 2011). Aco-
ustic stress can impact avian, aquatic and terrestri-
al species, individuals, communities and have both 
direct (e.g. acoustically oriented birds) and indirect 
impacts like on predator-prey interactions or on 
reverberates like grasshoppers (Francis et al., 2012; 
Senzaki et al., 2020). 

Vegetation to mediate noise pollution
Noise reduction is an acute matter for the public 
health of  the population and an estimation of  the 
cost of  noise was in 1998 0.2-2% of  GDP in the 
EU (Bolund & Hunhammar, 1999). A vegetated 
lawn decreases the noise level to the same extent 
as doubling the distance to the noise source (3dB), 
and dense or wide plantations can lower them 
even more (3-6dB). Water can on the other hand 
carry the noise long distances (Bolund & Hunham-
mar, 1999). Moderate plantings have been shown 
to reduce traffic noise by 50 % with an optimal 
depth of  5m on the vegetation barriers (Ow & 
Ghosh, 2017). This study showed that vegetative 
barriers with moderate to dense plantings were 
able to reduce traffic noise by 9-11dB (Ow & 
Ghosh, 2017). Synthetical (man-made) noise bar-
riers were inferior to tree belts with consideration 
to the noise buffering effects and the psychological 
value they provide (Ow & Ghosh, 2017). Also 
green walls can buffer noise pollution, in Singapo-
re it was found that green facades could reduce 
the local sound intensity up to 10 dB (Wong et al., 
2010). The annoyance responses or perception of  
chronic noise exposure in humans are accentuat-
ed to be reduced by vegetation as a psychological 
buffer, however these study results are inconsistent 
(Dzhambov & Dimitrova, 2014). 



148

Appendix 1 reference l ist
�ůůŽƵĐŚĞ͕�K͕͘�<ĂůǇƵǌŚŶǇ͕ �D͕͘�DŽƌĞŶŽͲZƵĞĚĂ͕�'͕͘�
WŝǌĂƌƌŽ͕�D͘�Θ�<ĂĚŵŽŶ͕�Z͘�;ϮϬϭϮͿ͘��ƌĞĂʹŚĞƚĞƌŽŐĞŶĞŝƚǇ�
ƚƌĂĚĞŽī�ĂŶĚ�ƚŚĞ�ĚŝǀĞƌƐŝƚǇ�ŽĨ�ĞĐŽůŽŐŝĐĂů�ĐŽŵŵƵŶŝƟĞƐ͘�
WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ, 
ϭϬϵ�;ϰϯͿ͗�ϭϳϰϵϱͲϭϳϱϬϬ͘�ĚŽŝ͗�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬ
ƉŶĂƐ͘ϭϮϬϴϲϱϮϭϬϵ͘

�ƌŽŶƐŽŶ͕�D͘�&͘ ͕�>ĞƉĐǌǇŬ͕��͘��͕͘��ǀĂŶƐ͕�<͘�>͕͘�'ŽĚĚĂƌĚ͕�
M. A., Lerman, S. B., MacIvor, J. S., Nilon, C. H. & Vargo, 
d͘ �;ϮϬϭϳͿ͘��ŝŽĚŝǀĞƌƐŝƚǇ�ŝŶ�ƚŚĞ�ĐŝƚǇ͗�ŬĞǇ�ĐŚĂůůĞŶŐĞƐ�ĨŽƌ�
urban green space management. &ƌŽŶƟĞƌƐ�ŝŶ��ĐŽůŽŐǇ�
and the Environment͕�ϭϱ�;ϰͿ͗�ϭϴϵͲϭϵϲ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϬϬϮͬĨĞĞ͘ϭϰϴϬ.

�ǌŬŽƌƌĂ͕��͕͘�WĠƌĞǌ͕�'͕͘��ŽŵĂ͕�:͕͘��ĂďĞǌĂ͕�>͘�&͘ ͕�
�ƵƌĞƐ͕�^͕͘��ůǀĂƌŽ͕�:͘��͕͘��ƌŬŽƌĞŬĂ͕��͘�Θ�hƌƌĞƐƚĂƌĂǌƵ͕�
D͘�;ϮϬϭϱͿ͘��ǀĂůƵĂƟŽŶ�ŽĨ�ŐƌĞĞŶ�ǁĂůůƐ�ĂƐ�Ă�ƉĂƐƐŝǀĞ�
ĂĐŽƵƐƟĐ�ŝŶƐƵůĂƟŽŶ�ƐǇƐƚĞŵ�ĨŽƌ�ďƵŝůĚŝŶŐƐ͘�Applied 
�ĐŽƵƐƟĐƐ͕�ϴϵ͗�ϰϲͲϱϲ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘
ĂƉĂĐŽƵƐƚ͘ϮϬϭϰ͘Ϭϵ͘ϬϭϬ.

�ĂƐƟĚĂ͕�&͘ ͕��ůĚƌŝĚŐĞ͕��͘�:͕͘�'ĂƌĐşĂ͕��͕͘�<ĞŶŶǇ�WŶŐ͕�'͕͘�
�ĂƌĚŐĞƩ͕�Z͘��͘�Θ��ĞůŐĂĚŽͲ�ĂƋƵĞƌŝǌŽ͕�D͘�;ϮϬϮϭͿ͘�^Žŝů�
ŵŝĐƌŽďŝĂů�ĚŝǀĞƌƐŝƚǇʹďŝŽŵĂƐƐ�ƌĞůĂƟŽŶƐŚŝƉƐ�ĂƌĞ�ĚƌŝǀĞŶ�
ďǇ�ƐŽŝů�ĐĂƌďŽŶ�ĐŽŶƚĞŶƚ�ĂĐƌŽƐƐ�ŐůŽďĂů�ďŝŽŵĞƐ͘�The ISME 
Journal͕�ϭϱ�;ϳͿ͗�ϮϬϴϭͲϮϬϵϭ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬƐϰϭϯϵϲͲϬϮϭͲ
ϬϬϵϬϲͲϬ͘

�ĂǆƚĞƌͲ'ŝůďĞƌƚ͕�:͘�,͕͘�ZŝůĞǇ͕ �:͘�>͕͘�EĞƵĨĞůĚ͕��͘�:͘�,͕͘�
>ŝƚǌŐƵƐ͕�:͘��͘�Θ�>ĞƐďĂƌƌğƌĞƐ͕��͘�;ϮϬϭϱͿ͘�ZŽĂĚ�ŵŽƌƚĂůŝƚǇ�
ƉŽƚĞŶƟĂůůǇ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ďŝůůŝŽŶƐ�ŽĨ�ƉŽůůŝŶĂƟŶŐ�ŝŶƐĞĐƚ�
ĚĞĂƚŚƐ�ĂŶŶƵĂůůǇ͘�:ŽƵƌŶĂů�ŽĨ�/ŶƐĞĐƚ��ŽŶƐĞƌǀĂƟŽŶ, 19 (5): 
ϭϬϮϵͲϭϬϯϱ͘�ĚŽŝ͗�ϭϬ͘ϭϬϬϳͬƐϭϬϴϰϭͲϬϭϱͲϵϴϬϴͲǌ͘

Beninde, J., Veith, M. & Hochkirch, A. (2015). 
�ŝŽĚŝǀĞƌƐŝƚǇ�ŝŶ�ĐŝƟĞƐ�ŶĞĞĚƐ�ƐƉĂĐĞ͗�Ă�ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�
ĨĂĐƚŽƌƐ�ĚĞƚĞƌŵŝŶŝŶŐ�ŝŶƚƌĂͲƵƌďĂŶ�ďŝŽĚŝǀĞƌƐŝƚǇ�ǀĂƌŝĂƟŽŶ͘�
�ĐŽůŽŐǇ�>ĞƩĞƌƐ͕�ϭϴ�;ϲͿ͗�ϱϴϭͲϱϵϮ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϭϭϭͬĞůĞ͘ϭϮϰϮϳ.

�ĞƌŶĂƚǌŬǇ͕ ��͘�;ϭϵϴϯͿ͘�dŚĞ�ĞīĞĐƚƐ�ŽĨ�ƚƌĞĞƐ�ŽŶ�ƚŚĞ�ƵƌďĂŶ�
climate. Trees in the 21st Century. Berkhamster: 
Academic Publishers.

�ũĞƌŬĞ͕�d͘ ͕�TƐƚĚĂŚů͕�d͘ ͕�dŚƌĂŶĞ͕��͘�Θ�^ƚƌƵŵƐĞ͕��͘�;ϮϬϬϲͿ͘�
sĞŐĞƚĂƟŽŶ�ĚĞŶƐŝƚǇ�ŽĨ�ƵƌďĂŶ�ƉĂƌŬƐ�ĂŶĚ�ƉĞƌĐĞŝǀĞĚ�

ĂƉƉƌŽƉƌŝĂƚĞŶĞƐƐ�ĨŽƌ�ƌĞĐƌĞĂƟŽŶ͘�Urban Forestry 
& Urban Greening͕�ϱ�;ϭͿ͗�ϯϱͲϰϰ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ƵĨƵŐ͘ϮϬϬϲ͘Ϭϭ͘ϬϬϲ.

�ŽůƵŶĚ͕�W͘ �Θ�,ƵŶŚĂŵŵĂƌ͕ �^͘�;ϭϵϵϵͿ͘��ĐŽƐǇƐƚĞŵ�ƐĞƌǀŝĐĞƐ�
in urban areas. Ecological Economics͕�Ϯϵ�;ϮͿ͗�ϮϵϯͲϯϬϭ͘�
doi: ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬ^ϬϵϮϭͲϴϬϬϵ;ϵϵͿϬϬϬϭϯͲϬ.

Burton, K. (2021). EĂƚƵƌĂů�'ƌĂƐƐ�ǀƐ�^ǇŶƚŚĞƟĐ�dƵƌĨ�
Decision Making Guide͗�dŚĞ�'ŽǀĞƌŶŵĞŶƚ�ŽĨ�tĞƐƚĞƌŶ�
Australia. Available at: ŚƩƉƐ͗ͬͬǁǁǁ͘ĚůŐƐĐ͘ǁĂ͘ŐŽǀ͘
ĂƵͬƐƉŽƌƚͲĂŶĚͲƌĞĐƌĞĂƟŽŶͬĨĂĐŝůŝƚǇͲŵĂŶĂŐĞŵĞŶƚͬ
ŶĂƚƵƌĂůͲŐƌĂƐƐͲǀƐͲƐǇŶƚŚĞƟĐͲƚƵƌĨͲĚĞĐŝƐŝŽŶͲŵĂŬŝŶŐͲŐƵŝĚĞ 
;ĂĐĐĞƐƐĞĚ͗�ϭϵ͘Ϭϰ͘ϮϯͿ͘

�ĞůŝŬ͕�&͘ �;ϮϬϭϯͿ͘�^ƵƐƚĂŝŶĂďŝůŝƚǇ�ǁŝƚŚ�ůĂŶĚƐĐĂƉĞ�ĚĞƐŝŐŶ͗�
ƚŚĞ�ĞǆĂŵƉůĞ�ŽĨ�^ŝůůĞ�;<ŽŶǇĂͲdƵƌŬĞǇͿ͘�/ŶƚĞƌŶĂƟŽŶĂů�
Journal of Academic Research͕�ϱ͗�ϭϯϰͲϭϰϮ͘�ĚŽŝ͗�
ϭϬ͘ϳϴϭϯͬϮϬϳϱͲϰϭϮϰ͘ϮϬϭϯͬϱͲϰͬ�͘ϭϵ͘

�ŚĞŶŐ͕�,͕͘�,Ƶ͕�z͘ �Θ�ZĞŝŶŚĂƌĚ͕�D͘�;ϮϬϭϰͿ͘��ŶǀŝƌŽŶŵĞŶƚĂů�
ĂŶĚ�,ĞĂůƚŚ�/ŵƉĂĐƚƐ�ŽĨ��ƌƟĮĐŝĂů�dƵƌĨ͗���ZĞǀŝĞǁ͘�
Environmental Science & Technology͕�ϰϴ�;ϰͿ͗�ϮϭϭϰͲ
ϮϭϮϵ͘�ĚŽŝ͗�ϭϬ͘ϭϬϮϭͬĞƐϰϬϰϰϭϵϯ͘

�ŚĞƉĞƐŝƵŬ͕�Z͘�;ϮϬϬϵͿ͘�DŝƐƐŝŶŐ�ƚŚĞ�ĚĂƌŬ͗�ŚĞĂůƚŚ�ĞīĞĐƚƐ�
ŽĨ�ůŝŐŚƚ�ƉŽůůƵƟŽŶ͘�Environ Health Perspect, 117 (1): 
�ϮϬͲϳ͘�ĚŽŝ͗�ϭϬ͘ϭϮϴϵͬĞŚƉ͘ϭϭϳͲĂϮϬ͘

�ŝŵďƵƌŽǀĂ͕��͘�Θ��ĞƌŐŚĂƵƐĞƌ�WŽŶƚ͕�D͘�;ϮϬϮϭͿ͘�>ŽĐĂƟŽŶ�
ŵĂƩĞƌƐ͘���ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ�ŽĨ�ƐƉĂƟĂů�ĐŽŶƚĞǆƚƵĂů�
ĨĂĐƚŽƌƐ�ŵĞĚŝĂƟŶŐ�ĞĐŽƐǇƐƚĞŵ�ƐĞƌǀŝĐĞƐ�ŽĨ�ƵƌďĂŶ�ƚƌĞĞƐ͘�
Ecosystem Services͕�ϱϬ͗�ϭϬϭϮϵϲ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ĞĐŽƐĞƌ͘ ϮϬϮϭ͘ϭϬϭϮϵϲ.

�ǌĂũĂ͕�D͘�Θ�<ŽųƚŽŶ͕��͘�;ϮϬϮϮͿ͘�,Žǁ�ůŝŐŚƚ�ƉŽůůƵƟŽŶ�ĐĂŶ�
ĂīĞĐƚ�ƐƉƌŝŶŐ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƵƌďĂŶ�ƚƌĞĞƐ�ĂŶĚ�ƐŚƌƵďƐ͘�
Urban Forestry & Urban Greening͕�ϳϳ͗�ϭϮϳϳϱϯ͘�ĚŽŝ͗�
ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ƵĨƵŐ͘ϮϬϮϮ͘ϭϮϳϳϱϯ.

�ĞƌŬǌĞŶ͕�D͘�>͕͘�ǀĂŶ�dĞĞīĞůĞŶ͕��͘�:͘��͘�Θ�sĞƌďƵƌŐ͕�W͘ �,͘�
;ϮϬϭϱͿ͘�Z�s/�t͗�YƵĂŶƟĨǇŝŶŐ�ƵƌďĂŶ�ĞĐŽƐǇƐƚĞŵ�ƐĞƌǀŝĐĞƐ�
ďĂƐĞĚ�ŽŶ�ŚŝŐŚͲƌĞƐŽůƵƟŽŶ�ĚĂƚĂ�ŽĨ�ƵƌďĂŶ�ŐƌĞĞŶ�ƐƉĂĐĞ͗�
ĂŶ�ĂƐƐĞƐƐŵĞŶƚ�ĨŽƌ�ZŽƩĞƌĚĂŵ͕�ƚŚĞ�EĞƚŚĞƌůĂŶĚƐ͘�Journal 
of Applied Ecology͕�ϱϮ�;ϰͿ͗�ϭϬϮϬͲϭϬϯϮ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϭϭϭͬϭϯϲϱͲϮϲϲϰ͘ϭϮϰϲϵ.

�ǌŚĂŵďŽǀ͕ ��͘�Θ��ŝŵŝƚƌŽǀĂ͕��͘�;ϮϬϭϰͿ͘�hƌďĂŶ�ŐƌĞĞŶ�
ƐƉĂĐĞƐ͛�ĞīĞĐƟǀĞŶĞƐƐ�ĂƐ�Ă�ƉƐǇĐŚŽůŽŐŝĐĂů�ďƵīĞƌ�ĨŽƌ�ƚŚĞ�
ŶĞŐĂƟǀĞ�ŚĞĂůƚŚ�ŝŵƉĂĐƚ�ŽĨ�ŶŽŝƐĞ�ƉŽůůƵƟŽŶ͗���ƐǇƐƚĞŵĂƟĐ�
ƌĞǀŝĞǁ͘�Noise and Health͕�ϭϲ�;ϳϬͿ͗�ϭϱϳͲϭϲϱ͘�ĚŽŝ͗�
ϭϬ͘ϰϭϬϯͬϭϰϲϯͲϭϳϰϭ͘ϭϯϰϵϭϲ͘

�ůĚĞƌďƌŽĐŬ͕��͕͘��ŶƌŝŐŚƚ͕��͕͘�>ǇŶĐŚ͕�<͘��͘�Θ�ZĞŵƉĞů͕��͘�
Z͘�;ϮϬϮϬͿ͘���'ƵŝĚĞ�ƚŽ�WƵďůŝĐ�'ƌĞĞŶ�^ƉĂĐĞ�WůĂŶŶŝŶŐ�ĨŽƌ�
hƌďĂŶ��ĐŽƐǇƐƚĞŵ�^ĞƌǀŝĐĞƐ͘�Land, 9 (10). doi: ŚƩƉƐ͗ͬͬ
ĚŽŝ͘ŽƌŐͬϭϬ͘ϯϯϵϬͬůĂŶĚϵϭϬϬϯϵϭ.

�ƌĨĂŶŝĂŶ͕�D͘��͕͘��ůĂƚĂůŽ͕�:͘�D͘�Θ��ũƚĞŚĂĚŝ͕�,͘�;ϮϬϮϭͿ͘�
^ĞǀĞƌĞ�ǀĞŐĞƚĂƟŽŶ�ĚĞŐƌĂĚĂƟŽŶ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�
ĚŝīĞƌĞŶƚ�ĚŝƐƚƵƌďĂŶĐĞ�ƚǇƉĞƐ�ŝŶ�Ă�ƉŽŽƌůǇ�ŵĂŶĂŐĞĚ�ƵƌďĂŶ�
ƌĞĐƌĞĂƟŽŶ�ĚĞƐƟŶĂƟŽŶ�ŝŶ�/ƌĂŶ͘�^ĐŝĞŶƟĮĐ�ZĞƉŽƌƚƐ, 11 (1): 
ϭϵϲϵϱ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϴͲϬϮϭͲϵϵϮϲϭͲϱ͘

�ƵƌŽƉĞĂŶ��ŶǀŝƌŽŶŵĞŶƚ��ŐĞŶĐǇ͘�;ϮϬϮϬͿ͘�Healthy 
environment, healthy lives: how the environment 
ŝŶŇƵĞŶĐĞƐ�ŚĞĂůƚŚ�ĂŶĚ�ǁĞůůͲďĞŝŶŐ�ŝŶ��ƵƌŽƉĞ, ISSN 1977-
ϴϰϰϵ͘�>ƵǆĞŵďŽƵƌŐ͗�WƵďůŝĐĂƟŽŶƐ�KĸĐĞ�ŽĨ�ƚŚĞ��ƵƌŽƉĞĂŶ�
Union.

�ƵƌŽƉĞĂŶ��ŶǀŝƌŽŶŵĞŶƚ��ŐĞŶĐǇ͘�;ϮϬϮϮͿ͘�tŚŽ�ďĞŶĞĮƚƐ�
ĨƌŽŵ�ŶĂƚƵƌĞ�ŝŶ�ĐŝƟĞƐ͍�^ŽĐŝĂů�ŝŶĞƋƵĂůŝƟĞƐ�ŝŶ�ĂĐĐĞƐƐ�ƚŽ�
ƵƌďĂŶ�ŐƌĞĞŶ�ĂŶĚ�ďůƵĞ�ƐƉĂĐĞƐ�ĂĐƌŽƐƐ��ƵƌŽƉĞ: European 
�ŶǀŝƌŽŶŵĞŶƚ��ŐĞŶĐǇ͘

&ĂůĐŚŝ͕�&͘ ͕��ŝŶǌĂŶŽ͕�W͘ ͕��ƵƌŝƐĐŽĞ͕��͕͘�<ǇďĂ͕��͘��͘�D͕͘�
�ůǀŝĚŐĞ͕��͘��͕͘��ĂƵŐŚ͕�<͕͘�WŽƌƚŶŽǀ͕ ��͘��͕͘�ZǇďŶŝŬŽǀĂ͕�
E͘��͘�Θ�&ƵƌŐŽŶŝ͕�Z͘�;ϮϬϭϲͿ͘�dŚĞ�ŶĞǁ�ǁŽƌůĚ�ĂƚůĂƐ�ŽĨ�
ĂƌƟĮĐŝĂů�ŶŝŐŚƚ�ƐŬǇ�ďƌŝŐŚƚŶĞƐƐ͘�Science Advances͕�Ϯ�;ϲͿ͗�
ĞϭϲϬϬϯϳϳ͘�ĚŽŝ͗�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĂĚǀ͘ ϭϲϬϬϯϳϳ͘

&ĂŶ͕�<͕͘��ŚƵ͕�,͕͘��ůĚƌŝĚŐĞ͕��͘�:͕͘�'ĂŝƚĂŶ͕�:͘�:͕͘�>ŝƵ͕�z͘ͲZ͕͘�
^ŽŬŽǇĂ͕��͕͘�tĂŶŐ͕�: Ͳ͘d͘ ͕�,Ƶ͕�, Ͳ͘t͕͘�,Ğ͕�: Ͳ͘�͕͘�^ƵŶ͕�t͕͘�Ğƚ�
Ăů͘�;ϮϬϮϯͿ͘�^Žŝů�ďŝŽĚŝǀĞƌƐŝƚǇ�ƐƵƉƉŽƌƚƐ�ƚŚĞ�ĚĞůŝǀĞƌǇ�ŽĨ�
ŵƵůƟƉůĞ�ĞĐŽƐǇƐƚĞŵ�ĨƵŶĐƟŽŶƐ�ŝŶ�ƵƌďĂŶ�ŐƌĞĞŶƐƉĂĐĞƐ͘�
EĂƚƵƌĞ��ĐŽůŽŐǇ�Θ��ǀŽůƵƟŽŶ͕�ϳ�;ϭͿ͗�ϭϭϯͲϭϮϲ͘�ĚŽŝ͗�
ϭϬ͘ϭϬϯϴͬƐϰϭϱϱϵͲϬϮϮͲϬϭϵϯϱͲϰ͘

īƌĞŶĐŚͲ�ŽŶƐƚĂŶƚ͕�Z͘�,͕͘�^ŽŵĞƌƐͲzĞĂƚĞƐ͕�Z͕͘��ĞŶŶŝĞ͕�:͕͘�
�ĐŽŶŽŵŽƵ͕�d͘ ͕�,ŽĚŐƐŽŶ͕��͕͘�^ƉĂůĚŝŶŐ͕��͘�Θ�DĐ'ƌĞŐŽƌ͕ �
W͘ �<͘�;ϮϬϭϲͿ͘�>ŝŐŚƚ�ƉŽůůƵƟŽŶ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĞĂƌůŝĞƌ�
tree budburst across the United Kingdom. Proceedings 
of the Royal Society B: Biological Sciences͕�Ϯϴϯ�;ϭϴϯϯͿ͗�

ϮϬϭϲϬϴϭϯ͘�ĚŽŝ͗�ĚŽŝ͗ϭϬ͘ϭϬϵϴͬƌƐƉď͘ϮϬϭϲ͘Ϭϴϭϯ�

&ŽůŬĞ͕��͕͘�:ĂŶƐƐŽŶ͕��͕͘�>ĂƌƐƐŽŶ͕�:͘�Θ��ŽƐƚĂŶǌĂ͕�Z͘�;ϭϵϵϳͿ͘�
�ĐŽƐǇƐƚĞŵ�ĂƉƉƌŽƉƌŝĂƟŽŶ�ďǇ�ĐŝƟĞƐ͘�Ambio͕�Ϯϲ�;ϯͿ͗�ϭϲϳͲ
172.

&ƌĂŶĐŝƐ͕��͘��͕͘�<ůĞŝƐƚ͕�E͘�:͕͘�KƌƚĞŐĂ͕��͘�W͘ �Θ��ƌƵǌ͕��͘�
;ϮϬϭϮͿ͘�EŽŝƐĞ�ƉŽůůƵƟŽŶ�ĂůƚĞƌƐ�ĞĐŽůŽŐŝĐĂů�ƐĞƌǀŝĐĞƐ͗�
ĞŶŚĂŶĐĞĚ�ƉŽůůŝŶĂƟŽŶ�ĂŶĚ�ĚŝƐƌƵƉƚĞĚ�ƐĞĞĚ�ĚŝƐƉĞƌƐĂů͘�
Proc Biol Sci͕�Ϯϳϵ�;ϭϳϯϵͿ͗�ϮϳϮϳͲϯϱ͘�ĚŽŝ͗�ϭϬ͘ϭϬϵϴͬ
ƌƐƉď͘ϮϬϭϮ͘ϬϮϯϬ͘

&ƌŝƐĐŚŬŶĞĐŚƚ͕�Z͕͘��ŝŶŬĞů͕�&͘ ͕��ƌĂƵŶƐĐŚǁĞŝŐ͕��͕͘�
�ŚŵĂĚŝ͕�D͕͘�<ćŐŝ͕�d͘ �Θ�<ƌĞďƐ͕�>͘�;ϮϬϮϭͿ͘�Ökofaktoren 
Schweiz 2021 gemäss der Methode der ökologischen 
Knappheit͘��ĞƌŶ͗��ƵŶĚĞƐĂŵƚ�Ĩƺƌ�hŵǁĞůƚ͘

'ĂŵĨĞůĚƚ͕�>͕͘�^Ŷćůů͕�d͘ ͕��ĂŐĐŚŝ͕�Z͕͘�:ŽŶƐƐŽŶ͕�D͕͘�
'ƵƐƚĂĨƐƐŽŶ͕�>͕͘�<ũĞůůĂŶĚĞƌ͕ �W͘ ͕�ZƵŝǌͲ:ĂĞŶ͕�D͘��͕͘�
Fröberg, M., Stendahl, J., Philipson, C. D., et al. 
;ϮϬϭϯͿ͘�,ŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ŵƵůƟƉůĞ�ĞĐŽƐǇƐƚĞŵ�ƐĞƌǀŝĐĞƐ�
ĂƌĞ�ĨŽƵŶĚ�ŝŶ�ĨŽƌĞƐƚƐ�ǁŝƚŚ�ŵŽƌĞ�ƚƌĞĞ�ƐƉĞĐŝĞƐ͘�
EĂƚƵƌĞ��ŽŵŵƵŶŝĐĂƟŽŶƐ͕�ϰ�;ϭͿ͗�ϭϯϰϬ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬ
ŶĐŽŵŵƐϮϯϮϴ͘

'ĂƐƚŽŶ͕�<͘�:͕͘��ĞŶŶŝĞ͕�:͕͘��ĂǀŝĞƐ͕�d͘ �t͘�Θ�,ŽƉŬŝŶƐ͕�:͘�
;ϮϬϭϯͿ͘�dŚĞ�ĞĐŽůŽŐŝĐĂů�ŝŵƉĂĐƚƐ�ŽĨ�ŶŝŐŚƫŵĞ�ůŝŐŚƚ�
ƉŽůůƵƟŽŶ͗�Ă�ŵĞĐŚĂŶŝƐƟĐ�ĂƉƉƌĂŝƐĂů͘�Biological Reviews, 
ϴϴ�;ϰͿ͗�ϵϭϮͲϵϮϳ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϭϭϭͬ
ďƌǀ͘ ϭϮϬϯϲ.

'ƌƵďŝƐŝĐ͕�D͕͘�ǀĂŶ�'ƌƵŶƐǀĞŶ͕�Z͘�,͘��͕͘�<ǇďĂ͕��͘��͘�D͕͘�
Manfrin, A. & Hölker, F. (2018). Insect declines and 
ĂŐƌŽĞĐŽƐǇƐƚĞŵƐ͗�ĚŽĞƐ�ůŝŐŚƚ�ƉŽůůƵƟŽŶ�ŵĂƩĞƌ͍�Annals 
of Applied Biology͕�ϭϳϯ�;ϮͿ͗�ϭϴϬͲϭϴϵ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϭϭϭͬĂĂď͘ϭϮϰϰϬ.

,ĂŶƐĞŶ͕�s͘ ��͘�Θ��ƐƉĞĚĂů͕�:͘�d͘ �;ϮϬϮϭͿ͘��ůŝ�ŵĞĚ�ŽƉƉ�ƉĊ�
Nord-Europas største spiselige takpark. �ŌĞŶƉŽƐƚĞŶ. 
Available at: ŚƩƉƐ͗ͬͬǁǁǁ͘ĂŌĞŶƉŽƐƚĞŶ͘ŶŽͬŽƐůŽͬŝͬ
>ϱŽǁǇsͬďůŝͲŵĞĚͲŽƉƉͲƉĂĂͲŶŽƌĚͲĞƵƌŽƉĂƐͲƐƚŽĞƌƐƚĞͲ
spiselige-takpark�;ĂĐĐĞƐƐĞĚ͗�ϭϵ͘Ϭϰ͘ϮϯͿ͘
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,ŽŽƌŵĂŶ͕�:͘�:͘�;ϮϬϭϲͿ͘�Role of Soil Bacteria
: Ohioline. Available at: ŚƩƉƐ͗ͬͬŽŚŝŽůŝŶĞ͘ŽƐƵ͘ĞĚƵͬ
ĨĂĐƚƐŚĞĞƚͬĂŶƌͲϯϲ�;ĂĐĐĞƐƐĞĚ͗�ϭϵ͘Ϭϰ͘ϮϯͿ͘

,Ƶ͕�z͘ ͕��ŽƵ͕�y͕͘�>ŝ͕�:͘�Θ�>ŝ͕�&͘ �;ϮϬϭϴͿ͘�/ŵƉĞƌǀŝŽƵƐ�^ƵƌĨĂĐĞƐ�
�ůƚĞƌ�^Žŝů��ĂĐƚĞƌŝĂů��ŽŵŵƵŶŝƟĞƐ�ŝŶ�hƌďĂŶ��ƌĞĂƐ͗���
�ĂƐĞ�^ƚƵĚǇ�ŝŶ��ĞŝũŝŶŐ͕��ŚŝŶĂ͘�&ƌŽŶƟĞƌƐ�ŝŶ�DŝĐƌŽďŝŽůŽŐǇ, 
ϵ͘�ĚŽŝ͗�ϭϬ͘ϯϯϴϵͬĨŵŝĐď͘ϮϬϭϴ͘ϬϬϮϮϲ͘

,ƵŶƚĞƌ͕ �D͘�Z͕͘�'ŝůůĞƐƉŝĞ͕��͘�t͘�Θ��ŚĞŶ͕�^͘�z͘ͲW͘ �
(2019). Urban Nature Experiences Reduce Stress 
ŝŶ�ƚŚĞ��ŽŶƚĞǆƚ�ŽĨ��ĂŝůǇ�>ŝĨĞ��ĂƐĞĚ�ŽŶ�^ĂůŝǀĂƌǇ�
Biomarkers. &ƌŽŶƟĞƌƐ�ŝŶ�WƐǇĐŚŽůŽŐǇ͕�ϭϬ͘�ĚŽŝ͗�ϭϬ͘ϯϯϴϵͬ
ĨƉƐǇŐ͘ϮϬϭϵ͘ϬϬϳϮϮ͘

,ĂĂŶƐ͕��͘�Θ�ĚĞ�<Žƌƚ͕�z͘ ��͘�t͘�;ϮϬϭϮͿ͘�>ŝŐŚƚ�ĚŝƐƚƌŝďƵƟŽŶ�
ŝŶ�ĚǇŶĂŵŝĐ�ƐƚƌĞĞƚ�ůŝŐŚƟŶŐ͗�dǁŽ�ĞǆƉĞƌŝŵĞŶƚĂů�ƐƚƵĚŝĞƐ�ŽŶ�
ŝƚƐ�ĞīĞĐƚƐ�ŽŶ�ƉĞƌĐĞŝǀĞĚ�ƐĂĨĞƚǇ͕ �ƉƌŽƐƉĞĐƚ͕�ĐŽŶĐĞĂůŵĞŶƚ͕�
and escape. Journal of Environmental Psychology, 
ϯϮ�;ϰͿ͗�ϯϰϮͲϯϱϮ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘
ũĞŶǀƉ͘ϮϬϭϮ͘Ϭϱ͘ϬϬϲ.

:ĂŬĞƐ͕��͘�&͘ ͕�:ŽŶĞƐ͕�W͘ �&͘ ͕�WĂŝŐĞ͕�>͘��͕͘�^ĞŝĚůĞƌ͕ �Z͘�'͘�Θ�
,ƵŝũƐĞƌ͕ �D͘�W͘ �;ϮϬϭϴͿ͘���ĨĞŶĐĞ�ƌƵŶƐ�ƚŚƌŽƵŐŚ�ŝƚ͗���ĐĂůů�
ĨŽƌ�ŐƌĞĂƚĞƌ�ĂƩĞŶƟŽŶ�ƚŽ�ƚŚĞ�ŝŶŇƵĞŶĐĞ�ŽĨ�ĨĞŶĐĞƐ�ŽŶ�
ǁŝůĚůŝĨĞ�ĂŶĚ�ĞĐŽƐǇƐƚĞŵƐ͘��ŝŽůŽŐŝĐĂů��ŽŶƐĞƌǀĂƟŽŶ, 
ϮϮϳ͗�ϯϭϬͲϯϭϴ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘
ďŝŽĐŽŶ͘ϮϬϭϴ͘Ϭϵ͘ϬϮϲ.

Jansson, M., Fors, H., Lindgren, T. & Wiström, B. 
;ϮϬϭϯͿ͘�WĞƌĐĞŝǀĞĚ�ƉĞƌƐŽŶĂů�ƐĂĨĞƚǇ�ŝŶ�ƌĞůĂƟŽŶ�ƚŽ�ƵƌďĂŶ�
ǁŽŽĚůĂŶĚ�ǀĞŐĞƚĂƟŽŶ�ʹ���ƌĞǀŝĞǁ͘�Urban Forestry & 
Urban Greening͕�ϭϮ�;ϮͿ͗�ϭϮϳͲϭϯϯ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ƵĨƵŐ͘ϮϬϭϯ͘Ϭϭ͘ϬϬϱ.

:ŽŶƐƐŽŶ͕�D͕͘��ĞŶŐƚƐƐŽŶ͕�:͕͘�'ĂŵĨĞůĚƚ͕�>͕͘�DŽĞŶ͕�:͘�Θ�
^Ŷćůů͕�d͘ �;ϮϬϭϵͿ͘�>ĞǀĞůƐ�ŽĨ�ĨŽƌĞƐƚ�ĞĐŽƐǇƐƚĞŵ�ƐĞƌǀŝĐĞƐ�
ĚĞƉĞŶĚ�ŽŶ�ƐƉĞĐŝĮĐ�ŵŝǆƚƵƌĞƐ�ŽĨ�ĐŽŵŵĞƌĐŝĂů�ƚƌĞĞ�
species. Nature Plants͕�ϱ�;ϮͿ͗�ϭϰϭͲϭϰϳ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬ
ƐϰϭϰϳϳͲϬϭϴͲϬϯϰϲͲǌ͘

<ĂƉůĂŶ͕�:͘�Θ��ŚĂůĮŶ͕��͘�;ϮϬϮϮͿ͘��ŵďŝĞŶƚ�ůŝŐŚƟŶŐ͕�ƵƐĞ�
ŽĨ�ŽƵƚĚŽŽƌ�ƐƉĂĐĞƐ�ĂŶĚ�ƉĞƌĐĞƉƟŽŶƐ�ŽĨ�ƉƵďůŝĐ�ƐĂĨĞƚǇ͗�
ĞǀŝĚĞŶĐĞ�ĨƌŽŵ�Ă�ƐƵƌǀĞǇ�ĞǆƉĞƌŝŵĞŶƚ͘�Security Journal, 
ϯϱ�;ϯͿ͗�ϲϵϰͲϳϮϰ͘�ĚŽŝ͗�ϭϬ͘ϭϬϱϳͬƐϰϭϮϴϰͲϬϮϭͲϬϬϮϵϲͲϬ͘

<ĞůůĞƌƚ͕�^͘�Z͘�Θ�tŝůƐŽŶ͕��͘�K͘�;ϭϵϵϯͿ͘�The Biophilia 
Hypothesis͕�ǀŽů͘�ϰ͗�/ƐůĂŶĚ�WƌĞƐƐ͘

<ŝŐŚƚ͕��͘�Z͘�Θ�^ǁĂĚĚůĞ͕�:͘�W͘ �;ϮϬϭϭͿ͘�,Žǁ�ĂŶĚ�ǁŚǇ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�ŶŽŝƐĞ�ŝŵƉĂĐƚƐ�ĂŶŝŵĂůƐ͗�ĂŶ�ŝŶƚĞŐƌĂƟǀĞ͕�
ŵĞĐŚĂŶŝƐƟĐ�ƌĞǀŝĞǁ͘��ĐŽů�>ĞƩ͕�ϭϰ�;ϭϬͿ͗�ϭϬϱϮͲϲϭ͘�ĚŽŝ͗�
ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϭͲϬϮϰϴ͘ϮϬϭϭ͘Ϭϭϲϲϰ͘ǆ͘

<ůĞŵ͕��͕͘�&ĂƌŵĞƌ͕ ��͘�:͕͘��ĞůĂĐƌĞƚĂǌ͕�E͕͘�'Ğůď͕�z͘ �Θ�
^ĂĞŶŐĞƌ͕ �W͘ �'͘�;ϮϬϬϵͿ͘�Architectural and Landscape 
ZŝƐŬ�&ĂĐƚŽƌƐ��ƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ��ŝƌĚʹŐůĂƐƐ��ŽůůŝƐŝŽŶƐ�
in an Urban Environment. The Wilson Journal of 
Ornithology͕�ϭϮϭ�;ϭͿ͗�ϭϮϲͲϭϯϰ͕�ϵ͘

<ŽƚǌĞŶ͕��͘�;ϮϬϭϴͿ͘��ŚĂƉƚĞƌ�ϰ͘Ϯ�Ͳ�'ƌĞĞŶ�ZŽŽĨƐ�^ŽĐŝĂů�ĂŶĚ�
�ĞƐƚŚĞƟĐ��ƐƉĞĐƚƐ͘�/Ŷ�WĠƌĞǌ͕�'͘�Θ�WĞƌŝŶŝ͕�<͘�;ĞĚƐͿ�Nature 
Based Strategies for Urban and Building Sustainability, 
ƉƉ͘�ϮϳϯͲϮϴϭ͗��ƵƩĞƌǁŽƌƚŚͲ,ĞŝŶĞŵĂŶŶ͘

Lederbogen, F., Kirsch, P., Haddad, L., Streit, F., Tost, 
,͕͘�^ĐŚƵĐŚ͕�W͘ ͕�tƺƐƚ͕�^͕͘�WƌƵĞƐƐŶĞƌ͕ �:͘��͕͘�ZŝĞƚƐĐŚĞů͕�
M., Deuschle, M., et al. ;ϮϬϭϭͿ͘��ŝƚǇ�ůŝǀŝŶŐ�ĂŶĚ�ƵƌďĂŶ�
ƵƉďƌŝŶŐŝŶŐ�ĂīĞĐƚ�ŶĞƵƌĂů�ƐŽĐŝĂů�ƐƚƌĞƐƐ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�
humans. Nature͕�ϰϳϰ�;ϳϯϱϮͿ͗�ϰϵϴͲϱϬϭ͘�ĚŽŝ͗�ϭϬ͘ϭϬϯϴͬ
nature10190.

>ŝ͕�t͘��͘�Θ�zĞƵŶŐ͕�<͘�<͘��͘�;ϮϬϭϰͿ͘���ĐŽŵƉƌĞŚĞŶƐŝǀĞ�
ƐƚƵĚǇ�ŽĨ�ŐƌĞĞŶ�ƌŽŽĨ�ƉĞƌĨŽƌŵĂŶĐĞ�ĨƌŽŵ�ĞŶǀŝƌŽŶŵĞŶƚĂů�
ƉĞƌƐƉĞĐƟǀĞ͘�/ŶƚĞƌŶĂƟŽŶĂů�:ŽƵƌŶĂů�ŽĨ�^ƵƐƚĂŝŶĂďůĞ�
Built Environment͕�ϯ�;ϭͿ͗�ϭϮϳͲϭϯϰ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ŝũƐďĞ͘ϮϬϭϰ͘Ϭϱ͘ϬϬϭ.

>ŽŶŐĐŽƌĞ͕�d͘ �Θ�ZŝĐŚ͕��͘�;ϮϬϬϰͿ͘��ĐŽůŽŐŝĐĂů�ůŝŐŚƚ�
ƉŽůůƵƟŽŶ͘�&ƌŽŶƟĞƌƐ�ŝŶ��ĐŽůŽŐǇ�ĂŶĚ�ƚŚĞ��ŶǀŝƌŽŶŵĞŶƚ, 
Ϯ�;ϰͿ͗�ϭϵϭͲϭϵϴ͘�ĚŽŝ͗�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϴϵϬͬϭϱϰϬͲ
ϵϮϵϱ;ϮϬϬϰͿϬϬϮ΀Ϭϭϵϭ͗�>W΁Ϯ͘Ϭ͘�K͖Ϯ.

DĐ/ŶƚƵƌī͕��͕͘�yƵ͕�t͕͘�tŝůŬŝŶƐŽŶ͕��͘��͕͘��ĞũŝĚ͕�E͘�Θ�
�ƌĂƐŚĂƌĞƐ͕�:͘�^͘�;ϮϬϮϬͿ͘�&ĞŶĐĞ��ĐŽůŽŐǇ͗�&ƌĂŵĞǁŽƌŬƐ�
ĨŽƌ�hŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ��ĐŽůŽŐŝĐĂů��īĞĐƚƐ�ŽĨ�&ĞŶĐĞƐ͘�
BioScience͕�ϳϬ�;ϭϭͿ͗�ϵϳϭͲϵϴϱ͘�ĚŽŝ͗�ϭϬ͘ϭϬϵϯͬďŝŽƐĐŝͬ
ďŝĂĂϭϬϯ͘

DĞŶŐ͕�>͕͘��ŚŽƵ͕�z͘ ͕�ZŽŵĄŶ͕�D͘�K͕͘�^ƚŽŬĞƐ͕��͘��͕͘�
tĂŶŐ͕��͕͘��ƐƌĂƌ͕ �'͘�Z͕͘�DĂŽ͕�:͕͘�ZŝĐŚĂƌĚƐŽŶ͕��͘��͕͘�
'Ƶ͕�>͘�Θ�tĂŶŐ͕�z͘ �;ϮϬϮϮͿ͘��ƌƟĮĐŝĂů�ůŝŐŚƚ�Ăƚ�ŶŝŐŚƚ͗�ĂŶ�

ƵŶĚĞƌĂƉƉƌĞĐŝĂƚĞĚ�ĞīĞĐƚ�ŽŶ�ƉŚĞŶŽůŽŐǇ�ŽĨ�ĚĞĐŝĚƵŽƵƐ�
ǁŽŽĚǇ�ƉůĂŶƚƐ͘�PNAS Nexus͕�ϭ�;ϮͿ͘�ĚŽŝ͗�ϭϬ͘ϭϬϵϯͬ
ƉŶĂƐŶĞǆƵƐͬƉŐĂĐϬϰϲ͘

DĞƌĂǀŝ͕�E͘�Θ�<ƵŵĂƌ�WƌĂũĂƉĂƟ͕�^͘�;ϮϬϮϬͿ͘��īĞĐƚ�ƐƚƌĞĞƚ�
ůŝŐŚƚ�ƉŽůůƵƟŽŶ�ŽŶ�ƚŚĞ�ƉŚŽƚŽƐǇŶƚŚĞƟĐ�ĞĸĐŝĞŶĐǇ�ŽĨ�
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