


Introduction

STERF is an independent research foundation established in 2006 by Nordic golf federations to support research and deve-
lopment (R&D) in the golf and turfgrass sector. Its goal is to provide practical research data for sustainable golf course mana-
gement. STERF collaborates with universities, research institutes, and international organizations to address challenges such
as environmental regulation, resource use, pest management, and climate change. It aims to strengthen research networks
across Nordic countries and globally. The foundation also focuses on making research results accessible to end-users, ensur-
ing efficient resource use, and promoting sustainability in golf course management.

The golf sector faces several challenges, including the need to provide high-quality playing surfaces while adhering to strict
environmental regulations, addressing climate change, and managing rising operational costs. There is growing pressure on
natural resources like land, water, sand, and energy, creating a need for their efficient use in order to reduce costs and envi-
ronmental impact. Climate change further complicates matters with unpredictable weather impacting turf growth and mana-
gement. Additionally, golf courses must play a role in preserving biodiversity and ecosystem services, offering opportunities
for multifunctional use, such as the promotion of health and recreation. Research and development are crucial to addressing
these challenges, with a focus needed on sustainable practices and efficient resource management.

We recognize that sector specific and global challenges need concerted action and collective solutions underpinned by
robust, applied science. To meet the challenges the golf sector must face and the global risks relating to the 17 UN Sustai-
nable Development Goals set out in in Agenda 2030, STERF has created four new international and trans-disciplinary R&D
programs, including:

e  Winter stress and integrated pest management

e Use of Natural Resources in Golf Course Management

e  Multifunctional golf courses and ecosystem services — Landscape perspective
e New technology for a sustainable future

STERF will support R&D based on these programmes, and the activities of STERF are intended to lead to improvements in the
quality of golf courses, as well as economic and environmental gains for the industry and society as a whole.
All programmes are available at www.sterf.org
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SUMMARY

The world is changing rapidly and the environmental, social ~ Framed by a holistic, social-ecological system approach and

and economic reality we are now facing is very different resilience thinking as a way to address sustainable deve-
to what we are used to. The cumulative effects of parallel lopment and the ever-changing nature of our landscapes,
crises need to be addressed by all sectors, actors and levels this research program constitutes three research areas of
in society, including the golf community. relevance to the future of golf courses:

Multifunctional golf courses are an untapped resource that — ®
have the potential to contribute to a diversity of societal

and environmental benefits. In addition to offering a high
quality arena for golf, these facilities can contribute to .
the achievement of important international and national
environmental quality objectives, and to improving people’s
health and quality of life. The realization of this potential .
is reliant on operations run with a holistic perspective that

take into account social and ecological processes at multiple
spatial and temporal scales, viewing the golf course as part

of a larger landscape. The potential for this is particularly

great in peri-urban environments and in the cultivated
landscapes, where a large number of golf courses are

located, as there is an increasing deficit in green areas and
competition for land is high.

Landscape resilience: Supporting biodiversity, cli-
mate change adaptation and soil quality.

Accessibility: Connecting to and learning from the
nature and culture of the landscape nearby.

Collaborative partnerships: With whom and
about what?






BACKGROUND AND OVERARCHING OBJECTIVES

The concept of multifunctional golf courses was establis-
hed through the “Multifunctional golf courses — an un-
derutilised resource” project, carried out by STERF (Scan-
dinavian Turfgrass and Environment Research Foundation)
in 2010-2011 with the support of the Nordic Council of
Ministers (Strandberg et al., 2011).

The project identified and described examples of multi-
functional activities at seven Nordic golf courses and one
Dutch golf course. Several studies show that golf courses
can be an important resource in providing a wide range of
services that society needs, while also providing high quality
playing surfaces for golf. These services include rural deve-
lopment, the conservation of natural and cultural heritage,
biodiversity support, and areas accessible to the public for
outdoor recreation and teaching (Colding, 2009a, 2009b;
Wernersson, 2009; Sorensson, 2010; Strandberg et al., 2011;
Caspersen, 2014; Dahl-Jensen, 2016a, 2017b; Szczepanski
et al., 2019; Edman, 2021).

From a golf club’s perspective, multifunctionality can also
provide opportunities for additional income, stronger ties
to the local community, improved collaboration, and, in
many cases, shared costs with authorities, civic associations,
and other sports clubs. They can also allow for greater
appreciation of natural spaces among the public and, by
extension, increased political support. More efficient land
use through multifunctionality can also be a necessary con-
dition for the extension of leases and securing land for golf
(Skarin, 2015; Dahl-Jensen, 2016; Esselin 2018).

In urban, peri-urban and cultivated landscapes, there is a
deficit of ecologically functional” and accessible green
areas, with much of the land used for either buildings and
infrastructure, or agricultural production. Access to nature,
cultural environments and outdoor activities close to cities
is important for people’s health and wellbeing (UN Habitat.
2025. Healthier cities and communities through public spa-
ces. A guidance paper.). Consequently, all remaining spaces
that have the potential to provide multiple functions are
essential for sustainable development in these landscapes,
including golf courses (Petrosillo et al., 2019).

From this perspective, golf courses can, depending on their
management, significantly support the preservation, resto-
ration and development of important ecological structures
and processes, as well as cultural historically significant en-
vironments. Golf courses and the land that surrounds them
can also serve as outdoor classrooms and places for out-

1) The spaces with vegetation are often too small, disconnected or
too intensively used to be ecologically functional.

door activities, and can provide space for meetings between
people of different backgrounds, promoting integration
and democracy. Furthermore, golf courses can be an im-
portant partner in stakeholder collaboration in green-blue
infrastructure — the cross-scale network of green and blue
areas in intensively used landscapes (Nguyen et al. 2020),

a network that will only function if supported by match-
ing actor collaboration across land uses and administrative
boundaries (Borgstrom et al., 2006; Hansen et al., 2019).

By developing procedures and methods for achieving this,
golf courses can become practically applicable models,
acting as good examples of collaboration at the landscape
level and of collaboration to create a wider understanding
of ecosystems and biodiversity, and cultural heritage (Szcze-
panski & Strandberg, M., 2022; Skarin, 2015; Esselin, 2018).

In 2017, a survey was carried out to gather information
from Nordic golf courses on the multi-functional activities
at today’s clubs. The survey indicated that golf clubs can be
important actors in the conservation of natural and cultural
heritage. Close to 40% of the clubs have created nature
inventories, and more than half of the clubs are making ef-
forts to increase biodiversity. Almost 30% of the golf clubs
act as service providers and offer green areas and forest
conservation, snow clearance, etc. to local authorities and
local businesses. Well-functioning local partnerships are a
precondition for landscape level multifunctionality. Based
on the survey responses, the following areas were identified
as being important to study and develop further: Accessi-
bility and design, Preservation and development of ecosys-
tem services, Natural and cultural history, and Dialogue and
partnerships. (Strandberg & Hedlund 2018)

This research program aims to generate relevant knowledge
that supports golf courses as

* arenas for sport (golf) and nature-based outdoor re-
creation

*  essential contributors to landscape scale biodiversity,
cultural environments and climate change adaptation

*  publicly accessible parts of the green-blue infrastruc-
ture, and accessible nature for outdoor based environ-

mental education

* partners in landscape scale collaborations






EXTERNAL CONTEXT

As of June 2024, the effects of climate change are
evident all around the world, with reports of temperature
records eleven months in a row according to the EU Earth
obsetrvation organisation Copernicus® . Climate change ef-
fects are also being increasingly experienced in the Nordic
context (e.g. heat waves, droughts, cloudbursts and chang-
ing seasonal patterns” ). Alongside handling the effects of
climate change on golf course quality and playability, golf
courses, as part of the landscape green-blue infrastruc-
ture, will play an increasingly important role in mitigating
the effect of climate change by, for example, providing
temperature relief during hot days (Nguyen et al., 2022) and
through the retention of water during flooding events.

The rapid loss of biodiversity and a risk of the
collapse of important ecosystems is scientifically as
evident as the climate change crisis; it does, however, have
less of an immediate effect on the public, making it less
acknowledged in decision-making IPBES 2019). In inten-
sively used landscapes, preserving and developing a well-
connected and diverse green-blue infrastructure is essential
to support biodiversity locally and regionally (Nordiska
ministerrddet, 2018; Nordregio, 2019). Golf courses, as part
of the landscape’s green-blue infrastructure, hold a (largely
untapped) potential to provide biodiversity support (Petro-
sillo et al., 2019).

The link between past and present is important for
people’s understanding and engagement in landscape sustai-
nable development, as well as for preserving history for the
future (Strandberg et al., 2011; Vattenriket, 2012; Caspersen,
2014). Many golf courses are situated in ancient pastoral
landscapes where present day value is the result of long-
term human use of the natural environment, making them
important for cultural history.

All sectors and actors are impacted by a changed geo-
political situation in the near-Nordic area, with related
changes in economic systems, like those seen in the energy
market and political priorities. At local and regional levels,
these changes have further amplified issues with already
limited public funding, with which planning and mana-
gement for nature conservation and outdoor recreation
usually are to be financed (e.g in Sweden Naturvardsverket,

2) https://climate.copernicus.eu/april-2024-11th-consecutive-
warmest-month-globally#:~:text=April2%202024%20is%20the %20
eleventh,happened%20already%20in%202015%2F2016.

3) https://www.naturvardsverket.se/amnesomraden/klimatforand-
ringar/klimatet-i-framtiden/effekter-i-sverige/

2023; Riksrevisionsverket, 2024). With this backdrop, the
public sector is in great need of collaboration with civic
and private actors in order to fulfil goals of sustainable
development (Buijs et al. 2016). The provision of common
goods, such as ecosystem services and social benefits, is
needed from many green areas, independent of ownership,
due to the severe competition of land in the most favorable
landscapes.

With increasing urbanization and digitalization, the every-
day contact with nature that previous generations enjoyed
is now often something that requires extra effort (Soga and
Gaston 2016). Even if nature is available, it is not neces-
sarily perceived as being accessible (Boulton et al., 2018; Ri-
golon, 2016; Wolff et al., 2022). Furthermore, studies show
that access to nature is a benefit that is unequally spread
among people (Boyd et al., 2018). This means that there is
a risk of unjust distribution of the benefits of using green
areas (Wolch et al., 2014). The lack of accessible green areas
(attractive outdoor environments) also risks contributing to
public health challenges, with limited physical activity the
cause of many diseases. In addition, feelings of connection
to nature are not only about the mental health benefits but
also about knowledge and awareness as the foundation for
environmental concerns and engagement in sustainable de-
velopment (Ives et al., 2018; Whitburn et al., 2019). There-
fore, golf courses will likely have an increasing importance
in providing varied and readily accessible recreation and
educational opportunities for many people.



Alignments with international frameworks and agreements

While STERF’s R&D programme within multifunctional golf courses and ecosystem services is structured to deliver on the
priorities to golf, it is also closely aligned with wider, international agreements, frameworks and platforms, including:

United Nations Sustainable Development Goals (SDG)*
SDG 13 Climate change

SDG 14 Life below water

SDG 15 Life on land

SDG 3 Good health and well-being

SDG 11 Sustainable cities and communities

SDG 4 Quality education

SDG 17 Partnership for the goals

The Paris agreement about climate change®

Adopted during the UN Climate Change Conference (COP21)
in 2015, The Paris agreement is a legally binding interna-
tional treaty. The overarching goal is to stop “the increase

in the global average temperature to well below 2°C above
pre-industrial levels and pursue efforts to limit the tempera-
ture increase to 1.5°C above pre-industrial levels.” The goal
is to both lower emissions of greenhouse gases and increase
the capacity of climate change adaptation. Each ratifying
country reports their actions towards the fulfillment of the
agreement yearly.

The Global Biodiversity Framework & EU Biodiversity
Strategy 2030°

In December 2022, the Kunming-Montreal Global Biodi-
versity Framework (COP15), the most recent international
agreement by the Convention on Biological Diversity, was
ratified. The overarching goal is that “by 2050, biodiversity
is valued, conserved, restored and wisely used, maintaining
ecosystem services, sustaining a healthy planet and delive-
ring benefits essential for all people”” . Among the 23 action
targets to be reached by 2030%, and of particular relevance
for this program, are: Plan and manage all areas to reduce
biodiversity loss (1); Conserve 30% of Land, Waters and Seas
(3); Restore, maintain and enhance nature’s contributions to
people (11); and Enhance Green Spaces and Urban Planning
for Human Well-Being and Biodiversity (12). (See Box 1)

The EU’s biodiversity strategy for 2030 is closely related
to the Global Biodiversity Framework and is a comprehen-

4) https://sdgs.un.org/goals

5) https://unfccc.int/process-and-meetings/the-paris-agreement
6) https://www.cbd.int/gbt/vision

7) https://www.cbd.int/gbf/vision

sive, ambitious and long-term plan to protect nature and
reverse the degradation of ecosystems. The strategy aims
to put Europe’s biodiversity on a path to recovery by 2030
and includes the increase of protected areas to 30% of all
European land and sea areas. The EU’s biodiversity strategy
em-phasizes a more holistic approach to saving biodiversity.
To succeed in this important work, a landscape perspective
is required. All actors in the landscape must collaborate and
contribute to a rich flora and fauna and participate in the
work with green-blue infrastructure. The strategy also high-
lights the importance of re-connecting people with nature
to help to increase, improve and protect biodiversity.

The European Green deal®

Sustaining the status quo with a depleted environment will
not bring the changes required to meet the European Green
Deal. Therefore, sustainability itself is untenable, and the
principle of restoration must be included with sustainability.
Re-developing habitats and ecosystems with their associa-
ted rich biodiversity must be a priority within the implemen-
tation of the European Green Deal. This can create major
benefits for the health and wellbeing of local communities
as well as improving the environment and mitigating climate
change.

The European Network for Outdoor Sports (ENOS)*®

The ENOS Policy position Paper on the EU Green Deal,

the EU biodiversity strategy, emphasizes the importance
of re-connecting people with nature to help to increase,
improve and protect biodiversity. In this context, ENOS is
calling on outdoor sport businesses, federations, clubs and
the millions of enthusiastic but unaffiliated individuals who
participate in outdoor sports to take action. We must all
act to engage with public authorities and nature agencies
to increase biodiversity in urban settings and on the urban
fringe to ensure better air quality and “life quality” for the
people living there.

8) https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en

9) https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal en

10)_https://www.outdoor-sports-network.eu/enos-sustainability/




Plan and Man
&l Areas o R
Biodiversity Loss

Box 1.

The Kunming-Montreal Global Biodiversity Framework
(https://www.cbd.int/gbf)

Target 1: Plan and Manage all Areas to Reduce Biodiversity Loss
Ensure that all areas are under participatory, integrated, and bio-
diversity inclusive spatial planning and/or effective management
processes addressing land and sea use change to bring the loss of
areas of high biodiversity importance, including ecosystems of high
ecological integrity, close to zero by 2030, while respecting the rights
of indigenous peoples and local communities.

Target 3: Conserve 30% of Land, Waters and Seas

Ensure and enable that by 2030 at least 30 percent of terrestrial,
inland water, and coastal and marine areas, especially areas of
particular importance for biodiversity and ecosystem functions and
services, are effectively conserved and managed through ecologi-
cally representative, well-connected and equitably governed systems
for protected areas and other effective area-based conservation
measures, recognizing indigenous and traditional territories where
applicable. They should also be integrated into wider landscapes,
seascapes and the ocean, ensuring that any sustainable use, where
appropriate in such areas, is fully consistent with conservation out-
comes, recognizing and respecting the rights of indigenous peoples
and local communities, including over their traditional territories.

Target 11: Restore, Maintain and Enhance Nature’s Contributions
to People

Restore, maintain and enhance nature’s contribution to people,
including ecosystem functions and services, such as the regulation
of air, water, and climate, soil health, pollination, and the reduc-
tion of disease risk, as well as protection from natural hazards and
disasters, through nature-based solutions and/or ecosystem-based
approaches for the benefit of all people and nature.

Target 12: Enhance Green Spaces and Urban Planning for Human
Well-Being and Biodiversity

Significantly increase the area, quality, connectivity of, access to, and
benefits from green and blue spaces in urban and densely populated
areas sustainably by mainstreaming the conservation and sustain-
able use of biodiversity, This must involve biodiversity-inclusive ur-
ban planning, enhancing native biodiversity, ecological connectivity
and integrity, and improving human health and well-being, and con-
nection to nature. This will contribute to inclusive and sustainable
urbanization and the provision of ecosystem functions and services.

Plan Urban Areas
for Human Well-Being
and Bodiversity
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CHALLENGES AND OPPORTUNITIES FOR GOLF

Golf is a land-demanding sport, occupying more than
70,000 ha in the Nordic countries. An 18-hole golf course
occupies an average of 65-70 ha, of which approximately
20 ha are intensively managed and used playing surfaces
(tees, fairways and greens). The remaining area, 40-70%, is
extensively managed natural land. This demand for land can
pose challenges in landscapes where there is high competi-
tion among different land uses (e.g; in cities), and it can be
difficult to achieve public acceptance. Another challenge in
urban locations is the lack of green areas, where the golf
courses might be used in ways that are not beneficial to the
sport. Similarly to other outdoor activities, golfers and golf
courses are also increasingly influenced by climate change
effects like heat waves and heavy rainfall, resulting in, for
example, flooding, droughts and water shortages. Changes
in the climate also influence species population dynamics,
both grass species and pests.

At the same time, there is great potential in the distribution,
coverage, and locations of golf courses if designed, plan-
ned and maintained in a sustainable way. The large number
of golfers may also be useful. Nordic golf associations
have around 1.1 million members; these members play golf
on over 1,100 golf courses. The corresponding figures for
Europe are approximately 9,000 golf courses and 4,7 mil-
lion registered golf players (EGA, 2021; The R&A, 2019).
In general, these players are passionate about nature, the en-
vironment, and have a very strong sense of connection to
the landscapes in which they play. In 2018, STERF carried
out a survey in order to gather information from Nordic
golf clubs to explore methods of handling challenges and
harnessing the potential of multifunctional golf courses
that benefit local society and nature (Strandberg and Hed-
lund 2018). Based on the results of the survey, STERF’s
goal is to enable research and development which generates
relevant knowledge in order to ensure:

* golf courses support landscape biodiversity, and
ecological functionality by being planned, designed
and maintained as a part of green-blue infrastruc-
ture, thereby providing valuable sources of regulating
ecosystem services (e.g. climate change adaptation),
providing accessible urban green areas, and preserving
and showecasing sites of cultural importance;

* golf demonstrates its value in the urban and peri-
urban landscape by contributing to sustainable cities
and communities, and to healthy lives and well-being;
This means that multifunctional golf courses must be
made accessible and be designed to contribute to safe
social interactions, good health, and quality of life for
many different groups in society at the same time, for
example, ensuring accessible outdoor recreation and
teaching;

the documentation and communication of good
examples of forms of working and methods to create
dialogue and collaborate with a greater number of
actors and interests in society in order to establish the
long-term, sustainable multifunctionality of green-blue
infrastructure;

golf course biodiversity, and natural and cultural value
on the golf course become known to the wider society.
This will enhance pride for the golf club, strengthen
the role of golf in society, and give the club the opp-
ortunity to recruit people who otherwise would never
have found their way to a golf course.



Siglé GC




RESEARCH AND DEVELOPMENT AREAS

As shown by previous projects lead by or with contribu-
tions from STERE, progressive golf courses addressing
multifunctionality, climate change effects, and biodiversity
decline are found throughout the Nordic countries. These
are frontrunners and constitute important sources of
knowledge; they can be viewed as testbeds. However, in
order to fulfil the aims and objectives of the research pro-
gram, there is a need for scaling and mainstreaming
of the insights provided by these courses to promote the
necessary extensive change throughout the golf community.
Such scaling includes the identification of areas where there
is a need for a change in ways of thinking, organizing and
doing, There is a need to address challenges at both large-
scale, long-term, strategical levels and the small-scale, short-
term, operational levels.

Sustainability science promotes a holistic approach to
halt decline and restore ecosystem functionality, meaning
that social-ecological system thinking, where the relations
between the social and ecological systems are at the fore-
front, is necessary (Berkes et al., 2003). A key concept in
this approach is ecosystem services from which we can
learn more about the dependencies between a functional
ecosystem and a multitude of societal benefits (Millennium
Ecosystem Assessment, 2005). Evidently, social-ecological
systems are complex and in continuous flux, making
adaptation possible (Walker and Salt, 2006). The long-term,
sustainable development of landscapes and their social-eco-
logical interactions is, to a large extent, about understan-
ding, acknowledging and navigating (social, ecological
and economic) changes. A core concept is resilience,
the capacity to handle system change without losing desired
functions or benefits (Folke, 2006). The resilience thinking
approach aims to support stakeholders in building the capa-
city to handle changes in a landscape (see Box 2) (Enfors-
Kautsky et al., 2018). In such a process, it is important to
discuss and decide what the desired functions and benefits
are (e.g:, biodiversity rich golf courses that provide high
quality golf, water retention capacity and places for outdoor
recreation and landscape education).

The next step is then to identify what changes need to
happen to sustain these functions and benefits and avoid,
for example, biodiversity decline, climate change, economic
cuts, invasive species spread, or food crisis. However, in the
societal drive for increased productivity and efficiency, there
is little room for change and adaptation.

Framed by a holistic, social-ecological system approach and
resilience thinking as a way to address sustainable develop-
ment and the ever-changing nature of our landscapes, this

research program constitutes three research areas in which
golf courses have an important role to play.

Landscape resilience: Supporting biodiversity, cli-
mate change adaptation and soil quality.

Accessibility: Connecting to and learning from the
nature and culture of the landscape nearby.

Collaborative partnerships: With whom and
about what?

These research areas are presented in the following sections,
with background and knowledge gaps addressed, overar-
ching aims, and expected deliverables.

Box 2:

Seven principles for resilience

1. Maintaining system diversity and redundancy as a
way to safeguard alternatives,

2. Managing connectivity to make sure that the sys-
tem is well connected to larger systems (e.g., the
landscape),

3. Managing slow variables and feedbacks to not just
focus on rapid changes but also follow how the
system gradually changes,

4. Fostering complex adaptive thinking to enable ma-
nagement of the system in a way that acknowledges
change (e.g. learning by doing),

This is then approached by

5. Encouraging learning,

6. Broadening participation, and

7. Promoting poly-centric decision-making.

(Biggs et al. 2015)



LANDSCAPE RESILIENCE
Supporting biodiversity, climate change adaptation and soil quality

In intensively used landscapes, the preservation and deve- STERF wants to support knowledge generation
lopment of a network of green areas and water bodies that regarding the following themes:

are well connected, a green-blue infrastructure, is a central
approach to support biOdiVG]fSity, both lOCﬁlly and regionally ° Golf courses’ potential as ecological parts of

(Nordiska ministerridet, 2018; Nordregio, 2019). Golf |andscapes’ green.blue infrastructure

courses, as part of the landscape green-blue infrastructure, - As a complement to other land-uses and/or acting as
hold an untapped potential to provide biodiversity sup- ecotones

port at this greater spatial scale (Petrosillo et al., 2019). - For supporting ecological connectivity and habitat
The main focus regarding biodiversity and golf courses networks

has been on the golf course itself, with progressive golf - As ecological compensation providing ecological
clubs implementing various species supporting elements structures and processes

(e.g. fauna depots, bird nests, insect hotels, feeding instal- - As spaces for ecological restoration and rewilding
lations, meadows and wetlands) (Lindholm and Nordgren, - With long term potential for biodiversity support

2023). From these local initiatives, this research area of the
program focuses on how golf courses can be acknowledged o Golf courses as nature-based climate change

and integrated as parts of the larger surrounding green-blue adaptation, providing collective benefits
infrastructure (e.g agricultural lands, forests, parks, private - Capacity as a carbon sink

gardens, lakes, streams etc.), thereby supporting landscape - Water retention support in flood prone landscapes
resilience, which is understood as sustaining biodiversity - Heat wave mitigation

and ecological integrity while retaining the capacity to adapt - The economic benefits of golf course mediated

to changes (e.g. climate change). climate change adaptation

With increasing demand for urbanization and local food * Golf courses as a resource of high-quality soil
production, the remaining green-blue infrastructure must - Soil biodiversity and the ecology of golf courses in
become increasingly multifunctional, catering to the mul- relation to design and maintenance

tiple needs of society. After focusing on combinations - Erosion control interventions and capacity

Of Sport (golf), Othef ﬁCtiVitieS (Outdoor recreation) aﬂd - Soll fertlhty as a Contingency resource for food pro_
biodiversity, the next functional need to fit into the equation duction

is climate change adaptation. While there are issues with
how to mitigate the negative climate change effects on the
playability of the golf courses (e.g. heat waves, downpours,
flooding, storms and drought), there is a potential and
need to use golf courses as spaces for nature based climate
change adaptation in intensively used landscapes.

The soil is home to more than 25 percent of our planet’s
biodiversity. This diverse community of living organisms
maintains the ecological integrity and fertility of the soil
that supports plant growth and diversity'” . With an increa-
sing human population and the need for localizing food
production, high quality soil is a resource that will become
more and more precious'? (Amundson et al., 2015). In ut-
ban planning, the recognition of the need to avoid exploit-
ing fertile soil is increasing and discussed in terms of legal
protection (d’Amour et al., 2017; Morgan and Sonnino,
2010). In order to assess the importance of golf courses

as reservoirs of fertile soil, there is a need to better un-
derstand how the soil ecology of golf courses is influenced
by different design and maintenance regimes.

11) https://www.fao.org/soils-portal/soil-biodiversity/en/
12) https://www.fao.org/agriculture/crops/core-themes/theme/spi/
soil-biodiversity/agriculture-and-soil-biodiversity/en/




ACCESSIBILITY

Connecting to and learning from the nature and culture of the landscape nearby.

The realization of benefits from green areas in landscapes
is dependent on accessibility (Andersson et al., 2019). For
example, in order for a resident to gain the physical and
mental health benefits from nature visits, they need to be
able to access nature. Also, other benefits from green areas
(regulating ecosystem services), such as noise reduction,
flood mitigation and mitigation of air pollution, are only
beneficial if they are generated in places where these environ-
mental problems occur.

Access is about overcoming barriers. Physical access
to green areas is a relatively well-studied topic, with a focus
on distance and physical barriers (such as fences and roads),
or a lack of physical infrastructure for access (Wolff et al.,
2022). However, accessibility is also an issue of institutional
and cognitive barriers (ibid). Institutional barriers describe,
for example, formal and informal rules and regulations,
and cognitive access is related to individuals’ knowledge,
interests and feelings, and how clear information, signs

and other facilities enable such access. Since accessibility to
green areas is dependent on individual capabilities, it is not
equal for everyone, and there is an increasing in the discre-
pancy of access to green areas and their benefits (Rigolon,
2010).

Golf courses are increasingly opening up to activities other
than golf, including skiing, bird watching, walking and out-
door teaching. In addition, there is the potential to provide
‘entrances’ or ‘nature light’ for those with limited capability
to visit nature and/or limited expetiences of nature. Golf
courses constitute green areas with relatively high physical
accessibility (e.g. flat pathways, open landscape that is easy
to navigate, places to rest and observe, and facilities such
as restrooms, cafes or restaurants), which is important for
people with limited perceived accessibility (Dahlberg et al.,
2022). They are also often located near population centers,
which means that they are relatively proximate to where
many people live and work. A move towards increased
multifunctionality on a conventional golf course may create
uncertainty and resistance among the existing users and
those living nearby. Positive examples, approaches and
tools that can be employed to avoid or resolve conflicts and
misunderstandings are therefore needed. For a golf course
to be inspired to begin working with multifunctionality, it is
important for it to be able to transform its ideas into eco-
nomic benefits. At present, there is no data available on the
value and costs of multifunctionality on golf courses.

Nature interpretation can allow the general public to
develop a personal relationship with nature and the cul-
tural landscape. The basic aim of nature interpretation is
to contribute to increased knowledge and understanding
of the relationship between people, nature and our cultural

landscapes to promote care of nature, commitment to
natural and cultural heritage and recognition of environme-
. In this context, outdoor teaching is of great
importance but requires a large learning environment with a
diversity of nature (Szczepanski, & Strandberg, M., 2022).

ntal issues

STERF wants to support knowledge generation
regarding the following themes:

* Planning, design and maintenance of golf
courses providing access to nature nearby
- Contributing as part of larger recreational landscape

(e.g: trails, nature experiences, tourism)

- Increasing accessibility for and use by people with
impaired mobility and/or cognitive challenges (eldetly,
young children, wheelchair users, neurodivergent
people)

- Supporting easy access to nature for people with
limited expetiences and/or interest in nature

- Key collaborators in welcoming new visitors to the
golf course

- Considering safety aspects in the design and manage-
ment of multifunctional golf courses

- Developing approaches and tools that can be
employed to avoid or resolve conflicts and misunder-
standings between different users

- Developing methods that can compare the benefits
and potential costs of multifunctionality in economic
terms

* Golf courses as pedagogical land use
- Arenas for nature interpretation to increase know-
ledge and understanding of how relationships between
people, nature and culture shape the landscape
- Landscape hotspots for nature and cultural values that
attract larger group in society to the benefits of the
golf club, and the sport generally
- Knowledge of how the relationship between food,
land and landscape can be demonstrated in different
ways (e.g,, how the golf restaurant can be used to pro-
mote a holistic view)
- The role of golf courses in supporting pupils’ lear-
ning experience when teaching takes place in a natural
outdoor environment
- Providing biologically varied outdoor classrooms used
by teachers at all levels.

13) The Swedish Center of Nature Interpretation, SLU. 2024. www.slu.
se/en/Collaborative-Centres-and-Projects/swedish-centre-for-nature-
interpretation/nature-interpretation-in-sweden/definition/







COLLABORATIVE PARTNERSHIPS

Tt is evident that the sustainability challenges of today
require advanced collaboration between a multitude
of actors across many levels, sectors and organizational
types (O’Farrell and Anderson, 2010; Buijs et al., 2016).

A cornerstone in supporting biodiversity and ecological
functionality is to work across both spatial and temporal
scales (a holistic approach). However, the contemporary use
of our landscapes is characterized by small scale fragmen-
tation, especially in and around cities, which effectively
counteracts exchange and collaboration in planning, main-
tenance and use (Borgstrém et al., 20006).

Golf courses are surrounded by a diversity of land uses
and users (private, public and civic) with different purposes
and goals, ambitions and prerequisites regarding economy,
knowledge and power. Together, this forms a mosaic of
land use regimes, where each land user is often focused
purely on their own needs. Studies have shown that colla-
boration with, and/or support from neighboring land users
for golf courses is uncommon (Lindblom and Nordgren,
2023). This means that interventions to support biodiver-
sity and accessibility are usually isolated to the golf course,
making many potential synergies unexploited (e.g. alignment
with large scale strategies and initiatives, knowledge exchan-
ge regarding the specific landscape dynamic, and sharing of
resources (e.g. machinery, funding)).

Public sector actors (municipalities) have overarching
responsibility for local green-blue infrastructure planning,
biodiversity conservation, and accessible outdoor recreation
areas. They manage land owned by the public sector itself.
However, in order to fulfil the goals of biodiversity conser-
vation and accessible green-blue infrastructure, there is a
need for public sector actors to collaborate with private and
civic landowners and users.

For STERE, there is cleatly a great need for reference
examples of forms of working and methods to initiate
dialogue and collaborate with a greater number of actors
and interests. For example, there is a need to recognize and
harmonise expectations ahead of and during the planning
and management of multifunctional landscapes, of which
golf courses are a part. If the work on important issues
such as nature and biodiversity conservation and outdoor
recreation by means of multifunctional landscapes is to be
successful, a long-term perspective is essential. Therefore,
there is a need for good examples, approaches, and tools
exemplifying how a long-term process can be maintained
when, for example, political decisions change, or key indivi-
duals leave a project.

STERF wants to support knowledge generation
regarding the following themes:

Golf courses in (urban) land use planning and
management

- The integration of golf courses in sustainable, multi-
level urban planning

- The integration of golf courses in strategies for
green-blue infrastructure, water management, nature
conservation, climate change adaptation, and/or out-
door recreation

- The role of golf courses in fulfilling local and regional
goals of biodiversity conservation, cultural environments,
accessible outdoor recreation, and outdoor teaching

Modaels for landscape scale knowledge
co-creation and collaborations

- Pre-conditions for local partnerships between golf
courses and other land users

- Synergies and conflicts of interest between golf cour-
ses and neighboring land users

- Approaches and tools that ensure multifunctional
landscape collaborations’ viability and adaptability over
time, linking short-term and long-term perspectives.
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COMMUNICATION PRINCIPLES AND THE IMPLEMENTATION OF NEW

KNOWLEDGE

Communication principles

* Continuous communication is an essential part of
any knowledge process that seeks to address present
day wicked sustainability challenges. Therefore, it is
important for all STERF projects to be transparent
and share both progress and challenges in an
easily accessible format to involved parties.

* To ensure that the project is founded on the best know-
ledge and related to other relevant knowledge processes
and engagement, it is important to involve relevant
external actors at early stages.

*  To succeed in establishing a multifunctional golf
course, there is a need for good, efficient collaboration
in which all parties stand to gain. STERF therefore
wants to inspire golf clubs to take the initiative
for local cooperation and support them in their
dialogue with local and regional actors through research
and development.

*  With the focus on multifunctional golf courses, STERF
wants to document and communicate methods
and reference examples of collaboration
between golf clubs, authorities and other interests in
society.

Implementation of new knowledge

STERF aims to deliver knowledge based on high quality
scientific research and advanced practical development that
is ready to use. The communication of ongoing research,
research results and new knowledge is one of STERF’s
priority focus areas. Important target groups for the results
delivered within this program are golf clubs, municipalities,
the general public, authorities, associations, and federations
at local, regional, national and international levels.

STERF can contribute to the development of competence
by taking responsibility (alongside the Nordic golf sector)
for:

*  Applying a co-creation approach (Tudose, NC. et
al. 2023; Jacobi, J., et al. 2022) for research projects,
involving end-users in identifying research questions /
problems, the discussions of and creation of solutions,
and developing and implementing new knowledge

and tools. This includes the need to involve reference
groups in the projects.

Acting alongside other relevant ongoing research pro-
jects and innovation activities.

Arranging conferences, seminars and workshops related
to the program, thereby enabling frequent meetings
between the golf sector and societal interests.

Producing handbooks, fact sheets, and demonstration
videos containing practical advice and recommenda-
tions that can be used by the target groups.

Presenting positive examples of golf courses that have
implemented the concept of this program.

Producing information material and supporting data
collection that golf courses can use in dialogue and
cooperation with different actors.



REFERENCES

Amundson, R. et al. 2015. Soil and human security in the
21st century. Science 348:6235

Andersson, E. et al. (2019). Enabling Green and Blue
Infrastructure to Improve Contributions to Human Well-
Being and Equity in Urban Systems. BioScience, 69(7),
566-574. https://doi.org/10.1093 /biosci/biz058

Berkes, E et al. (eds). 2003. Navigating social-ecological
systems. Building resilience for complexity and change.
Cambridge University Press.

Biggs et al. 2015. Principles for building resilience. Sus-
taining ecosystem services in Social-Ecological systems.
Cambridge.

Borgstrom, S. T., Elmqvist, T., Angelstam, P, & Alfsen-
Norodom, C. (2006). Scale mismatches in management of
urban landscapes. Ecology and Society, 11(2). https://doi.
org/10.5751/ES-01819-110216

Boulton, C., Dedekorkut-Howes, A., & Byrne, J. (2018,
October 1). Factors shaping urban greenspace provision: A
systematic review of the literature. Landscape and Urban
Planning, Vol. 178, pp. 82-101. https://doi.org/10.1016/].
landurbplan.2018.05.029

Boyd, I, White, M. P, Bell, S. L., & Burt, J. (2018). Who
doesn’t visit natural environments for recreation and why: A
population representative analysis of spatial, individual and
temporal factors among adults in England. Landscape and
Urban Planning, 175, 102-113. https://doi.org/10.1016/j.
landurbplan.2018.03.016

Buijs, A. E., Mattijssen, T. J., Van der Jagt, A. P., Ambrose-
Oji, B., Andersson, E., Elands, B. H., & Steen Moller, M.
(2016). Active citizenship for urban green infrastructure:
fostering the diversity and dynamics of citizen contribu-
tions through mosaic governance. Current Opinion in
Environmental Sustainability, 22(January), 1-6. https://doi.
org/10.1016/j.cosust.2017.01.002

Caspersen, O.H. et al. 2014. Multifunctional Golf Courses.
IGN Rapport, December 2014, Department of Geosci-
ences and Natural Resource Management, University of
Copenhagen, Frederiksberg. 180 p. www.ign.ku.dk

Colding, J. & Folke, C. 2009a. The Role of Golf Courses
in Biodiversity Conservation and Ecosystem Management.
Ecosystems 12: 191-200.

Colding, J., Lundberg, J., Lundberg, & S. Andersson,

E. 2009b. Golf courses and wetland fauna. Ecological
Applications 19(6): 1481-1491

D’Amour, B. et al. 2017. Future Urban Land Expansion
and Implications for Global Croplands. Proc. Natl. Acad.
Sci. USA 2017, 114, 8939-8944.

Dabhl-Jensen, A-M. 2016. A practical guide for assessing
your golf course’s multifunctional potential. Handbook
Scandinavian Turfgrass Research Foundation. 29 p. www.
sterf.org

Dahl Jensen, A-M. 2017. Multifunctional Golf Facilities as
a Resource of Important Ecosystem Services in a Changing
Urban Environment: Nordic Case Studies. International
Turfgrass Society research Journal. vol. 13. 2017

Dahlberg A, Borgstrém S, Rautenberg M., Sluimer, N.
(2022) A nearby patk or forest can become Mount Everest.
Access to urban green areas by people in wheelchairs from
an environmental justice perspective: A Stockholm case. In:

Plaschke-Altof B, Soovili-Sepping H (eds) Whose green
city? Contested urban green spaces and environmental jus-
tice in Northern Europe. Springer Nature Switzerland AG,
Cham. p. 19-40.

Edman, P. & M. Strandberg. 2021. Practical measures to
increase biodiversity on golf courses in Falkenberg and
Varberg municipalities. Popular article. www.sterf.org

Edman, P. & M. Strandberg. 2021. Practical measures to
increase biodiversity on golf courses in Falkenberg and
Varberg municipalities. STERF website:http://www.sterf.
org/Media/Get/3629/practical-measures-to-increase-bio-
diversity-on-golfcourses-k p. 3.

Enfors-Kautsky, E., Jirnberg, L., Quinlan, A, and Ryan, P.
2018. Wayfinder: a resilience guide for navigating towards
sustainable futures. GRAID programme, Stockholm Resi-
lience Center. www.wavfinder.carth

Esselin, A. 2018. Golf clubs as landscape players - Final
report. STERE. www.sterf.org 19 pp.

European golf association (EGA). 2021. https://www.ega-
golf.ch/content/golf-europe-numbet-registered-players

Folke, C. (2000). Resilience: The emergence of a perspec-
tive for social-ecological systems analyses. Global Environ-
mental Change 16: 253-267.

Hansen, R., Olafsson, A. S., van der Jagt, A. P. N, Rall,
E., & Pauleit, S. (2019). Planning multifunctional green
infrastructure for compact cities: What is the state of prac-
tice? Ecological Indicators, 96(November 2016), 99-110.
https://doi.org/10.1016/j.ecolind.2017.09.042
IPBES. 2019. Global Assessment Report on Biodiversity
and Ecosystem Services. https://www.ipbes.net/global-
assessment

Ives, C. D., Giusti, M., Fischer, J., Abson, D. J., Klaniecki,
K., Dorninger, C., ... von Wehrden, H. (2017). Human—na-
ture connection: a multidisciplinary review. Current Opini-
on in Environmental Sustainability, 26—27(November 2010),
106-113. https://doi.org/10.1016/j.cosust.2017.05.005

Ives, C. D., Abson, D. J., von Wehrden, H., Dorninger, C.,
Klaniecki, K., & Fischer, J. (2018). Reconnecting with na-
ture for sustainability. Sustainability Science, 13(5), 1389—
1397. https://doi.org/10.1007/s11625-018-0542-9

Jacobi, J., A- Llanque, S.M. Mukhovi, E. Birachi, P. von
Groote, R. Eschen, I Hilber-Schob, D.I. Kiba, E Frossard
and C. Robledo-Abad. 2022. Transdisciplinary co-creation
in-creases the utilization of knowledge from sustainable
development research. Environmental Science and Policy,
129:107-115.

Kaplan R, Kaplan S & Ryan R. 1998. With People in
Mind: Design and Management of Everyday Nature. Wash-
ington DC: Island Press. 240 s

Lindholm, C. and L. Nordgren. 2023. Kan fler birdies leda
till stérre biologisk mangfald pa golfbanan? En fallstudie i
Stockholms lin om hur golfklubbar i titbebyggda omriden
kan bidra for att 6ka den biologiska mangfalden. Examens-
arbete, KTH.

Lisberg-Jensen E.2008. G4 ut min sjil” Forskningséver-
sikt om hilsoeffekter av utevistelser i narnatur. Statens
Folkhilsoinstitut. Rapport 2008:10. 28 s.

Millennium Ecosystem Assessment, 2005. Ecosystems and
Human Well-being: Synthesis. Island Press, Washington, DC.




Morgan , K. and Sonnino , R. 2010 . The Urban Foodsca-
pe: World Cities and the New Food Equation . Cambridge
Journal of Regions, Economy and Society , 3 (2) : 209 —
224 .

Naturvardsverket 2023. Uppf6ljning av milen f6r frilufts-
livspolitiken 2023. Rapport 7123.

Nguyen, T. T., Barber, P, Harper, R., Linh, T. V. K., &
Dell, B. (2020). Vegetation trends associated with urban
development: The role of golf courses. PLoS ONE, 15(2).
https://doi.org/10.1371 /journal.pone.0228090

Nguyen, T. T., Eslick, H., Barber, P., Harper, R., & Dell,

B. (2022). Cooling Effects of Urban Vegetation: The Role
of Golf Courses. Remote Sensing, 14(17). https://doi.
org/10.3390/rs14174351

Nordiska ministerradet. 2018. Gron infrastruktur I urbana
miljéer. TemaNord 2018:518, https://norden.diva-portal.
org/smash/get/diva2:1200650/FULLTEXT02.pdf

Nordregio. 2019. Green infrastructure — strategic land use
for well-being, business and biodiversity. Policy brief.

O’Farrell, P. J., & Anderson, P. M. (2010). Sustainable
multifunctional landscapes: a review to implementation.
Current Opinion in Environmental Sustainability, 2(1-2),
59—65. https://doi.org/10.1016/j.cosust.2010.02.005

Petrosillo, 1., Valente, D., Pasimeni, M. R., Aretano, R., Se-
meraro, T., & Zutlini, G. (2019). Can a golf course support
biodiversity and ecosystem services? The landscape context
matter. Landscape Ecology, 34(10), 2213-2228. https://doi.
org/10.1007/510980-019-00885-w

Riksrevisionen. 2024. Forvaltningen av skyddad natur. RiR
2024:11.

Rigolon, A. (2016). A complex landscape of inequity in
access to urban parks: A literature review. Landscape and
Urban Planning, 153, 160-169. https://doi.org/10.1016/j.
landurbplan.2016.05.017

Skarin, O., M. Strandberg & K. Schmidt 2015. Societal Be-
nefits of Golf - Inspiration and Ideas for Local Partnership.
Handbook Scandinavian Turfgrass Research Foundation. 20
p. wwwsterf.org

Soga, M., & Gaston, K. J. (2016). Extinction of expe-
rience: The loss of human-nature interactions. Frontiers in
Ecology and the Environment, 14(2), 94-101. https://doi.
org/10.1002/fee. 1225

Strandberg. M, m fl. 2011. Multifunktionella golfanligg-
ningar en outnyttjad resurs. www.sterf.org 31 s.

Strandberg, M. 2018. Multifunctional activities on Nordic
golf facilities — a survey. International Turfgrass Society
Newsletter. January 2018: 5-6. https://turfsociety.com/
newsletters /2018-09%20itsnd.pdf

Strandberg, M. & Hedlund, B. 2018. Multifunctional
activities on Nordic golf facilities — a survey. www.sterf.org
16p.

Szczepanski, A. & Strandberg, M. 2019. The golf course
as an outdoor classtoom — a proof of concept project.
International Turfgrass Soc1ety Research ]ournal 14 (1),
1022-1025. https:
its2.119

Szczepanski, A. & Strandberg, M. 2022. The golf course
as an outdoor classroom — a proof of concept project.

International Turfgrass Society Research Journal 14 (1),
1022-1025. https://onlinelibrary.wiley.com/doi/10.1002
its2.119

Sorensson M. 2010. Solitdrbin och andra insekter pd Kris-
tianstads Golfklubbs golfbanor i Ahus - inventering och férslag
pa riktade skotseldtgirder. Vattentiket i1 fokus 2010:03

The R&A. 2019. European Golf participation report. Pp
27. https://assets-us-01.kc-usercontent.com/c42c7bf4-
dca7-00ca-4{2¢-373223f80f76/e22427c3-f4{2-4136-9600-
€7fa742c5740/European%20Participation’%e20Report%20

2019.pdf
Tudose, NC., M. Marin, S. Cheval, H. Mltter, A. Bro-

ekman, A. Sanchez-Plaza, C. Ungurean and S. Davidescu.
2023. Challenges and opportunities of knowledge co-
creation for the water-energy-land nexus. Climate Services
30:1003-40.

UN Habitat. 2025. Healthier cities and communities th-
rough public spaces. A guidance paper.

Vattenriket. 2012. Mer 4n en golfbana — ta tillvara banans
natut- och kulturvirden. Biosfirskontoret Kristianstads
Vattenrike. Vattenriket i fokus 2012.02, ISBN 1653-9338.
11s.

Walker, B. and D. Salt (20006). Resilience thinking. Sus-
taining ecosystems and people in a changing world. Island
Press.

Wernersson, L. 2009. Kulturhistorisk analys av Kristian-
stads Golfklubbs golfbanor i Ahus. Biosfirkontoret
Kristianstads Vattenrike. Vattenriket i focus 2009:04

Whitburn, J., Linklater, W., & Abrahamse, W. (2019). Meta-
analysis of human connection to nature and proenvironme-
ntal behavior. Conservation Biology, 50, 179-214.

Wolch, J. R., Byrne, J., & Newell, J. P. (2014). Urban green
space, public health, and environmental justice: The chal-
lenge of making cities “just green enough.” Landscape and
Utrban Planning, 125, 234-244. https://doi.org/10.1016/j.
landurbplan.2014.01.017

Wolff, M., Mascarenhas, A., Haase, A., Haase, D., Anders-
son, E., Borgstrém, S. T, ... Biernacka, M. (2022). Con-
ceptualizing multidimensional barriers: a framework for
assessing constraints in realizing recreational benefits of

urban green spaces. Ecology and Society, 27(2). https://doi.
org/10.5751/ES-13180-270217




LN
N
o
N
L
[~
]
[
(%)

Written by

Sara Borgstrom,
Dept of Sustainable Development,
Environmental Science and Engineering,
KTH

Bruno Hedlund and Maria Strandberg,
STERF

 171(§

ADDRESS P.0. BOX 11016, SE-100 61 STOCKHOLM, SWEDEN E-MAIL INFO@STERF.ORG




