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Abstract

Urbanization and agricultural land use are two of the main drivers of 
global changes with effects on ecosystem functions and human wellbeing. 
Green infrastructure is a new and promising approach in spatial planning 
contributing to sustainable urban development, but rarely considers 
spatial and functional potentials of utilizable agricultural land as an 
integral part. This doctoral thesis addresses this gap and investigates how 
peri-urban farmland can promote green infrastructure development and 
sustainable urban development. The results contribute to the conceptual 
understanding of urban green infrastructures as a strategic spatial planning 
approach that incorporates inner-urban utilizable agricultural land and 
the agriculturally dominated landscape at the outer urban fringe. Four 
strategies are introduced for spatial planning with the contribution to a 
strategically planned multifunctional network. Finally, this thesis sheds 
light on the opportunities that arise from the integration of peri-urban 
farmland in the green infrastructure concept to support transformation 
towards a more sustainable urban development. This work concludes 
that the linkage of peri-urban farmland with the green infrastructure 
concept is a promising action field for the development of new pathways 
for urban transformation towards sustainable urban development. Along 
with these outcomes, attention is drawn to limitations that remain to be 
addressed by future research.
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1 Introduction

Land use is one of the primary drivers of global 
changes with effects on ecosystem functions and hu-
man wellbeing (MEA, 2005). Two very recent global 
assessments – the ‘Global assessment report on bio-
diversity and ecosystem services of the Intergovern-
mental Science-Policy Platform on Biodiversity and 
Ecosystem Services’ (IPBES, 2019) and the special 
report on ‘Climate Change and Land’ of the Intergov-
ernmental Panel on Climate Change (IPCC, 2019) – 
present compelling evidence of the effects of land 
use and the need for sustainable land management, 
underpinning the urgency of the current state and 
trends and the need for change. Both studies iden-
tified urbanization and unsustainable agricultural 
intensification as two of the main drivers of global 
changes with effects on ecosystem functions and 
human wellbeing. The impact of modern agriculture 
on ecosystems, biodiversity and human wellbeing 
has been widely discussed and the expansion of ag-
ricultural land use and unsustainable intensification 
of agricultural practices are among the main direct 
drivers of land degradation and loss of biodiversity 
globally (e.g., Foley et al., 2005; Stoate et al., 2009). 
Urbanization causes environmental change at local 
and global scales, causing habitat loss and fragmen-
tation, over-exploitation of natural resources, pollu-
tion and climate change (e.g., Grimm et al., 2008; 
Seto et al., 2011; Elmquist et al., 2013). As a con-
sequence of these threats and challenges, urbaniza-
tion and agricultural land use belong to two of the 
six main fields of society’s transformation towards 
sustainable development needed to achieve the 
United Nations 2030 Agenda (e.g. TWI2050, 2018; 
Sachs et al., 2019). Moreover, both systems can be 
linked in subnational regional settings – in positive 
as well as negative ways. Urban and peri-urban agri-
culture (UPUA) offer promising pathways to promote 
transformation towards sustainable development 
(IAASTD, 2009; IPCC, 2019). A number of strategic 
spatial planning approaches evolved since the 1960s 
to tackle these challenges and to promote sustaina-
ble land use development in urban areas (Albrechts, 
2004; Healey, 2006). The concept of Green Infra-
structure (GI) has emerged as a spatial planning ap-
proach that contributes to sustainable development 

and copes with urban sprawl (Benedict and McMa-
hon, 2002). As a promising contribution to the de-
velopment of resilient cities and sustainable urban 
transformation, it recently gained attention in scien-
tific research. A recent milestone to promote GI in 
Europe was the adoption of the European GI Strat-
egy by the European Commission in 2013 as part of 
the six main targets of the EU Biodiversity Strategy to 
2020 (European Commission, 2013). Urban GI (UGI) 
planning aims to develop multifunctional networks 
at different urban scales – from urban regional scale 
to neighborhood scale – interlinked with GI planning 
at the surrounding landscape scale. It can be defined 
as “a strategic planning approach that aims to devel-
op networks of green and blue spaces in urban are-
as, designed and managed to deliver a wide range of 
ecosystem services and other benefits at all spatial 
scales” (Hansen et al., 2016). However, the focus of 
research on UGI planning has mainly been on green 
urban structures, such as parks, urban forest, build-
ing and street green, but it has neglected spatial and 
functional potentials of utilizable agricultural land 
or considered small-scale urban gardening activi-
ties as one form of UPUA such as rooftop, allotment 
or community gardening. Still, many open spaces 
in European cities are dominated by agricultural 
land, thus making it a relevant spatial factor. Con-
sequently, there is a knowledge gap in how urban 
and peri-urban utilizable agricultural land can con-
tribute to UGI. Since the last 20 years again, discus-
sion of modern conceptual ideas of UPUA evolved 
(e.g. Mougeot, 2006), also explicitly with regard to 
spatial urban planning and design (e.g., Philips 2013; 
Viljoen and Bohn, 2014). Furthermore, research at 
farm level, investigating social, economic and envi-
ronmental functions in urban contexts (e.g., Lohr-
berg et al., 2016, Piorr et al. 2018) point to linkages 
to UGI objectives. 

Against this background, it’s worth to further in-
vestigate how UPUA can contribute to the basic 
conception of GI as an “interconnected network of 
green spaces that conserves natural ecosystem val-
ues and functions and provides associated benefits 
to human populations” to provide an ecological 
framework “for environmental, social and economic 
sustainability” (Benedict and McMahon, 2002). The 
overarching aim of this thesis is therefore to inves-
tigate whether peri-urban farmland can contribute 
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to the development of UGI as a strategy to promote 
sustainable urban development based on three re-
search questions:
 x How can peri-urban farmland support the devel-

opment of multifunctional green space networks 
based on the two core GI principles connectivity 
and multifunctionality? (Conceptual understand-
ing)

 x Can peri-urban farmland be linked to the UGI con-
ception to develop a strategic planned multifunc-
tional network? (Implications for planning)

 x How can peri-urban farmland as a component of 
UGI promote pathways of transformation towards 
sustainable urban development? (Overarching)

Within this thesis, ‘peri-urban farmland’ is under-
stood to emphatically include all of the utilizable ag-

ricultural land within the functional urban area un-
der consideration. Thus, utilizable agricultural land 
consists of all forms of low-intensive and high-inten-
sive farming, whether assigned to UPUA in the nar-
row or broader sense. 

2 Research approach and methods

To operationalize Green Infrastructure this work ap-
plies the framework for UGI planning as conceptu-
alized by the GREEN SURGE project, addressing four 
aims for UGI planning and four planning principles 
(figure 1). Furthermore, the work is structured based 
on four published articles as part of this cumulative 
thesis (figure 2). 

Figure 1. Scheme illustrating the understanding of UGI planning as conceptualized by the GREEN SURGE project 
(adapted from Hansen et al., 2017).
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Article-I, “Farmland – an Elephant in the Room of 
Urban Green Infrastructure? Lessons learned from 
Connectivity Analysis in three German Cities” (Rolf 
et al. 2018) investigates the potential contributions 
of peri-urban farmland to connectivity, as one of the 
two GI key principles using a quantitative GIS-based 
analysis of structural connectivity. The study is con-
ducted in functional urban areas of the three largest 
and expanding cities in the federal state of Bavaria 
in Southeast Germany, namely Munich, Augsburg, 
Nuremberg, all three belonging to European Met-
ropolitan Regions. The study uses structural con-
nectivity as a surrogate for functional connectivity, 
supporting a variety of ecological, social and abiotic 
processes and functions. It focuses on low-intensi-
ty farmland as a site-specific characterization (using 
habitat suitability modeling), hypothesizing that it 
offers particular potential for multiple functions.

Article-II, “Algorithmic Landscapes meet Geodesign 
for effective Green Infrastructure Planning – Ideas 
and Perspectives” (Rolf and Peters 2020) is an ad-

ditional methodological excursion and incorporates 
the habitat suitability modeling approach, as applied 
in Article-I. It discusses the use of GIS modeling and 
algorithms to analyze complex ecological interrela-
tions in the landscape. It shows how they help to 
handle comprehensive environmental data to pro-
cess them purposefully and to support communica-
tion strategies for collaborative GI planning.

Article-III, “A stakeholder Approach, Door Opener 
for Farmland and Multifunctionality in Urban Green 
Infrastructure” (Rolf et al. 2019) investigates the 
contribution of peri-urban farmland to multifunc-
tionality, another GI key principle. Using participa-
tory research to involve stakeholder opinions, this 
approach evaluates multifunctionality qualitatively. 
The research area is the peri-urban landscape of the 
European Metropolitan Region of Malmö, Sweden. 
The study takes into account the heterogeneity of 
agricultural land and its diversity of site-specific con-
ditions, potentials and constraints, taking into ac-
count both low and high productive farmland.

Figure 2. Structure of the thesis and with research approach and contributions of the articles to the research questions.
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Article-IV, “Integrating farmland in Urban Green In-
frastructure planning. An evidence synthesis for in-
formed policymaking” (Rolf et al. 2020) is based on 
a comprehensive literature analysis to analyze if the 
current state of research supports evidence-based 
policymaking by arguments that agriculture land-
scapes can contribute to UGI aims, namely biodiver-
sity conservation, climate change adaptation, green 
economy development, and social cohesion. A re-
ciprocal approach is applied, evaluating how policy-
making at the European level provides a framework 
to encourage and facilitate UGI development in ag-
riculture landscapes and to address potentials and 
gaps in evidence-based policymaking that is needed 
to support transformation.

3 Key findings

3.1 Conceptual understanding – contributions of 
GI core principles to develop multifunctional 
green space networks

Insights emerge from this work with regard to the 
development of multifunctional green space net-
works by peri-urban farmland based on the two GI 

core principles connectivity and multifunctionality 
(figure 3). 

Referring to connectivity, potential contributions 
of peri-urban farmland to ecological, social and 
abiotic functions and benefits are related to struc-
tural and functional connectivity. With an empha-
sis on ecological connectivity, the consideration of 
semi-natural farmland as part of UGI offers the po-
tential to support the inner urban biodiversity. Fur-
ther ecological functions can be supported beyond 
semi-natural farmland, as demonstrated by comple-
mentary measures in highly productive agricultural 
landscapes that also support connectivity and pro-
mote networks for wildlife. In addition, two modes 
emerge, how peri-urban farmland promotes connec-
tivity while looking at social processes and functions. 
First, farmland corridors contribute to alternative 
mobility such as walking and cycling, for instance, by 
linking quarters or districts separated by farmland, 
thus contributing to the recreation networks, which 
is being considered as one relevant objective to be 
provided by UGI. Second, farmland offers promising 
potential near to residences and neighborhoods for 
physical activity and wellbeing effects. Furthermore, 
farmland potentially supports abiotic processes and 
functions due to connectivity: The general struc-

Figure 3. The high share of functional urban areas by utilizable agricultural land – i.e. ‘peri-urban farmland’ offer spatial potentials 
contributing to UGI connectivity and multifunctionality (Calculation based in Urban Atlas data (EEA 2012)).
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ture of farmland is suitable for ventilation corridors, 
thus improving the supply of fresh air and reducing 
air pollution. Due to high evapotranspiration rates, 
wet grassland farming systems efficiently function 
as cooling systems for the urban system. However, 
modeling approaches are needed to better predict 
these effects, taking into account the spatial pattern 
of the agricultural landscape and the urban struc-
ture, for instance, to design efficient wind channels. 
In sum, utilizable agricultural land can contribute 
to GI and enhance connectivity, steering ecological, 
social and abiotic processes and functions. Conse-
quently, it can be argued that peri-urban farmland 
can purposefully complement UGI as an intercon-
nected network, together with parks, forests and 
other urban green spaces.

Referring to the core principle of multifunctional-
ity, this thesis gives insights with an emphasis on 
the landscape level and extends the vast knowl-
edge existing about multifunctionality concept and 
agriculture at the farm level. Results clearly show 
that peri-urban farmland offers multiple functions 
contributing to GI, thus promoting sustainable land 
use. The multifunctionality framework is appropri-
ate to promote synergies between different func-
tions and to deal with trade-offs in the peri-urban 
landscape. The importance of considering and ac-
commodating different values among stakehold-
ers cannot be stressed too much. The participatory 
approach supported to co-develop scenarios at a 
fine-grained scale, which helped to consider the 
complex relationships between different needs, 
values, their synergies and conflicts and to negoti-
ate strategic objectives, including the identification 
of priority functions, comprising key functions and 
additional functions in meaningful bundles suitable 
for UGI planning. The evidence synthesis conducted 
furthermore helped to strengthen and refine differ-
ent multifunctionality options. Hence, these findings 
provide a knowledge base for UGI planning that will 
contribute to a better understanding and increased 
acceptance by stakeholders, and thus promote in-
tegration across sectors and scales, which is con-
sidered as crucial for effective sustainable planning. 
Moreover, the results strengthen confidence in the 
proposition that meaningful bundles of multiple 
functions suitable for UGI development are strongly 
related to landscape heterogeneity and its different 

site characteristics defining agricultural potentials – 
while some relate to farmland of high productivity 
others assist on sites of less agricultural productivity. 
This outcome suggests that the spatial allocation of 
the different strategies needs to be carefully consid-
ered to intertwine multiple functions for UGI plan-
ning in peri-urban farmland to avoid conflicts and 
to promote win-win situations between agriculture 
and UGI planning. Accordingly, one key finding is that 
successful GI planning taking into account peri-urban 
farmland, inevitably needs to respond to landscape 
character. Multifunctionality needs to be considered 
in both space and time where functions are allocat-
ed to different land units (i.e., spatial segregation), 
and that these functions interact with each other. 
With this in mind, the GI approach supports looking 
at multifunctionality beyond the farm level, taking 
into account multifunctionality at the landscape lev-
el, and eventually considering functions and benefits 
at a territorial scale. 

3.2 Implications for planning – four ways for 
strategic spatial planning of a multifunctional 
green space network 

The identification of linkages between peri-urban 
farmland and the UGI concept show their suitability 
for the strategic spatial planning of multifunctional 
green space networks that address major urban chal-
lenges, namely biodiversity conservation, climate 
change adaptation, green economy development, 
and social cohesion. Four different spatial planning 
strategies have emerged that show the ability to link 
peri-urban farmland with the UGI conception (i.e., 
to develop a multifunctional green space network). 
These are the connecting, the productive, the inte-
grated, and the adapted way (figure 4).

These strategies may be understood as ideal types, 
representing an abstraction of real, existing individ-
ual phenomena that intertwine physical, ecological, 
social, as well as the economic functions of a mul-
tifunctional UGI network. They have been scaled 
to elements suitable for discussing options for UGI 
development. Furthermore, they relate to the basic 
network conception of hubs, links and sites (cf. Ben-
edict and McMahon, 2006). Thus, these four strat-
egies have the ability to stimulate discussion about 
how UGI planning can and should incorporate uti-
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lizable agricultural land, especially the agricultural-
ly dominated landscape at the urban fringe and its 
surroundings. 

As a first spatial planning strategy – the connect-
ing way: multifunctional farmland corridors as links 
– this work suggests ‘multifunctional farmland cor-
ridors’ as a ‘pathway’ to develop UGI links within 
agriculturally dominated green belts or rings at the 
urban fringe. Multifunctional farmland corridors are 
understood as linear network elements in a highly 
productive agricultural landscape that do not inter-
fere with on-site productivity (figure 5). They signif-

icantly contribute to a functional recreational net-
work by offering opportunities for leisure activities 
(e.g., walking, cycling, riding) and enhancing accessi-
bility to the wider landscape for urban dwellers. This 
option gains high acceptance and appreciation by a 
number of different stakeholders, including farmers 
as key actors, due to its potentials for a variety of 
functions. Several UGI objectives, besides recrea-
tion, can be underpinned by established scientific ev-
idence. These comprise accompanying margin strips 
that promote dispersal within the landscape matrix 
and provide small habitat opportunities for wildlife 

Figure 4. Schematic illustration of four ways linking farmland with the UGI concept and their relation to 
agricultural commodities and non-commodity outputs.

Figure 5. Illustration of multifunctional farmland corridors with potential key functions and benefits addressing urban challenges.
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thereby augmenting urban biodiversity. Further-
more, farmland corridors can be beneficial for farm-
ers by contributing to biological pest control and pol-
lination or prevent soil erosion. Consequently, this 
thesis suggests multifunctional farmland corridors 
as a striking example of a UGI network element that 
can be integrated into high intensively managed ag-
ricultural dominated landscape matrix to coherently 
and mutually reinforces multiple functions. 

The second spatial planning strategy – the produc-
tive way: sites for value added farm production 
– also relates to sites that are of high productivity.
In comparison to the previous type, the productive 
way offers an opportunity to combine UGI devel-
opment with the agricultural production cycle on-
site that benefits directly from the site productivity. 
It aims to benefit from the fertility of the sites for 
food production with the inclusion of further social 
functions, such as recreation, regeneration, and ed-
ucation, into agricultural production, and which of-
fers new farming models and relationships between 
consumer and producer (figure 6). Several ideas 
have been identified within this work, such as rent-
a-field farms or self-picking farms (e.g., fruit, vege-
tables, flowers) that enable an ‘on-field’ experience 
for citizens in their spare time or at the weekend, 
relating to rather small scaled urban gardening and 
urban agriculture activities (e.g., Lovell 2010; Aerts 
et al., 2016) as well as to UGI in the wider agricultur-
al landscape more explicitly. Furthermore, these re-
sults provide established evidence that support the 
idea that UGI development does not need to lead 
to the exclusion of economic benefit for agricultural 
businesses, but may even promote sustainable eco-

nomic growth in the agricultural sector. Accordingly, 
‘the productive way’ offers opportunities for alter-
native business models and new income situations. 
In addition, it contributes to the efficiency of sup-
ply chains, constructs social activities and networks, 
stimulating active involvement and may function 
as a node to strengthen relationships between cit-
izens and farmers. Consequently, the consideration 
of ‘productive farmland’ as a spatial planning strat-
egy for UGI has the potential to support the green 
economy in several ways, promoting transition from 
conventional farming to alternative models.

In contrast, the third spatial planning strategy – the 
integrated way: semi-natural farmland as hubs – is 
more related to sites of low agricultural productivi-
ty. As supported by the quantitative analysis of this 
work, there may be significant spatial potential for 
low-intensity farmland within the peri-urban land-
scape. The integrated strategy reflects region-spe-
cific management practices that are constrained by 
prevailing environmental conditions (soil, climate, 
topography) and their geophysical constraints (cf. 
Beaufoy et al., 1994). Accordingly, management can 
be very different, with or without livestock or mixed. 
The farmland may vary in character, ranging from 
grassland systems, such as meadows and pastures, 
to agroforestry and cropping systems, like pastoral 
woodland, orchards, olive groves and other arable 
systems (c.f. Oppermann et al., 2012). Structured as 
a mosaic of cultivation and semi-natural vegetation, 
they often have integrated historical features, such 
as hedgerows, stone walls, ponds, or trees (ibid.). As 
discussed with the different stakeholders and sup-
ported by evidence, semi-natural farmland provides 

Figure 6. Illustration of productive farmland with potential key functions and benefits addressing urban challenges.
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a number of positive externalities from agriculture, 
i.e., integrated amenities, such as ecological and so-
cial- cultural functions and values contributing to the 
quality of the urban environment (figure 7). If certain 
EU agri-environmental indicators apply, semi-natural 
farmland can be defined as having “high nature val-
ue” (HNV). Accordingly, this thesis suggests semi-nat-
ural farmland as hubs, serving as building blocks for 
the UGI network, suitable for conservation of bio-
diversity and the maintenance of natural ecological 
processes (cf. Benedict and McMahon, 2006). If pro-
tected as areas under ‘Habitats Directive’ (Council 
Directive 92/43/EEC) or ‘Birds Directive’ (Directive 
2009/147/EC), they may, in addition, interlink dif-
ferent scales, the regional UGI with the Natura 2000 
network as the backbone of trans-european green 
infrastructure (cf. European Commission, 2019). 
UGI planning ought to support the management of 
semi-natural farmland in the peri-urban landscape, 
to prevent areas from agricultural abandonment or 

to avoid intensification. However, this does not nec-
essarily need to lead to museumization. Rather it ad-
vocates semi-natural farmland as a vital part of the 
urban, that promotes ecosystem stewardship and 
collaboration, generating and catalyzing new path-
ways for innovative ecosystem management leading 
to more sustainable and balanced land use and ur-
ban growth. As a consequence, the results show that 
UGI, as an integrated cross-sectoral spatial planning 
approach, also offers opportunities to contribute to 
the development of future-oriented pathways to the 
conservation semi-natural farmland.

The fourth spatial planning strategy – the adapted 
way: sites for farming as interventions – sheds light 
on the introduction of adapted farm management 
at sites that have not been under agricultural culti-
vation previously to promote non-commodity out-
put values to introduce and/or support processes 
and functions with non-commodity, as alternative 
management contributing to UGI (figure 8). Grazing 

Figure 7. Illustration of semi-natural farmland with potential key functions and benefits addressing urban challenges.

Figure 8. Illustration of adapted farmland with potential key functions and benefits addressing urban challenges.
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management offers opportunities for active ecolog-
ical rehabilitation and restoration, respectively, for 
the reparation of ecosystem processes, functions 
and services and to support the re-establishment 
of species compositions and community structure. 
This option bears potentials of social-cultural ser-
vices farms for nature experience and education for 
urban dwellers, school classes, etc. especially when 
accessible and integrated with a recreation network. 
Inner-urban adapted farmland management, such 
as grazing can be an alternative for urban greenery 
as part of UGI. Farmland contributes to inner-urban 
stormwater retention sites, supplementing green 
river banks and inner-city fields as ventilation cor-
ridors. In sum, adapted farming may be understood 
as an intervention to complement or further devel-
op UGI by providing additional functions. Adapted 
farming presents new opportunities for cooperation 
with farmers and to develop new business models 
for UGI maintenance. Nevertheless, the study has 
also shown that agricultural production is of subor-
dinate relevance at such sites. If farming manage-
ment is supposed to support functions and provide 
benefits to the urban people, strong incentives are 
needed to involve farmers in such interventions. 

3.3 Overarching – farmland and UGI as an arena 
for sustainability transitions

It is believed that due to the long development his-
tory of ‘mature’ cities and to their existing infra-
structure, the resulting path dependencies are dif-
ficult to change (WBGU, 2016). Nevertheless, urban 
agglomerations are considered to provide a fertile 
medium for creativity that can promote the innova-
tion of transformation pathways towards sustaina-
bility (e.g., Ernstson et al., 2010; Nevens et al., 2013; 
Loorbach and Shiroyama, 2016). This final reflection 
sheds light on the outcomes of this thesis, suggest-
ing that peri-urban farmland linked with UGI plan-
ning can support such transformative processes.

In particular, the inherent principle of multifunction-
ality largely contributes to the generation of co-ben-
efits that are considered crucial to trigger trans-
formative processes. Co-benefits generate shared 
motivations, which motivate collaborative dynam-
ics. As a self-reinforcing cycle of mutual trust and 

understanding, this legitimizes and stimulates ongo-
ing collaboration, sustaining principled engagement, 
and vice versa (Emerson et al., 2012). This ongoing 
collaboration supports future processes of problem 
solving and the unfolding creativity reveals new 
pathways, thus, promoting transformational and sys-
temic change. The idea that farmland and UGI may 
function as a collaboration arena for sustainable de-
velopment can be further discussed by reflecting on 
the participatory approach in the light of the four 
principles for co-knowledge production in sustaina-
bility research as proposed by Norström et al. (2020) 
– proposing that processes should be context-based,
pluralistic, interactive, and goal-oriented. They are 
considered as essential for high-quality knowledge 
co-production promoting sustainability and can be 
related as follows. The integration of farmland in the 
UGI planning process (1) supports the development 
of context-specific solutions, by taking needs and 
values (including economic) of the various actors of 
the region into account; (2) offers opportunities for 
pluralistic collaboration of researchers and local ac-
tors from different sectors to generate knowledge, 
and (3) offers opportunities for interactive processes 
among the different stakeholders involved. Further-
more, (4) the overarching goal of the development 
of UGI, with its different benefits that can be shared 
among participants, clearly benefits from goal-ori-
ented and problem-focused approaches for knowl-
edge creation.

The results of this thesis indicate that linking peri-ur-
ban farmland with the UGI concept is a promising 
field of action that can lead to the development of 
new pathways for urban transformation towards 
sustainable urban development. They contribute 
to a better understanding and contextualization of 
farmland and its potentials as part of UGI. Conse-
quently, the presentation of the results conclude by 
advocating the multiple benefits of farmland and 
fosters an appreciation of the need for its mainte-
nance as a vital part of the city. Finally, they assert 
that sustainable pathways will evolve that deal with 
land use competition and facilitate synergies that 
can maintain farmland and lead to a rethinking of 
the urban-rural divide.
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4 Conclusions

This thesis contributes to the conceptual under-
standing of UGI as a strategic spatial planning ap-
proach that incorporates both inner-urban utilizable 
agricultural land and the agriculturally dominated 
landscape at the urban fringe and its surroundings. 
Several insights emerge with regard to the two GI 
core principles connectivity and multifunctionali-
ty. One striking outcome is that peri-urban farm-
land can contribute to GI and enhance connectivity, 
steering ecological, social and abiotic processes and 
functions. Hence, peri-urban farmland can purpose-
fully complement UGI as an interconnected net-
work, together with parks, forests and other urban 
green spaces. As another outcome, this work has 
strengthened confidence that meaningful bundles 
of multiple functions suitable for UGI development 
are strongly related to landscape heterogeneity and 
its different site characteristics that define agricul-
tural potentials and constraints. As illustrated by 
the different strategies proposed, some meaningful 
bundles relate to farmland of high agricultural pro-
ductivity while others assist sites of less agricultural 
productivity. It can be concluded that spatial allo-
cation of the different multifunctionality planning 
strategies must be carefully considered to avoid con-
flicts and to promote win-win situations between 
agriculture and UGI planning.

This thesis introduces four different strategies for 
spatial planning of the contribution of peri-urban 
farmland to UGI as a strategically planned multifunc-
tional network. These strategies can be used as rec-
ommendations to stimulate UGI planning for incor-
porating inner-urban utilizable agricultural land and 
the agriculturally dominated landscape at the urban 
fringe and its surroundings. However, these findings 
need to be carefully applied and might need to be 
adapted to individual situations. More importantly, 
they need to be negotiated with the stakeholders 
in each region, because acceptance and successful 
implementation strongly depends on this. Neverthe-
less, these strategies offer promising starting points, 
because this work has proven general acceptance by 
different stakeholders including farmers as key ac-
tors.

In addition, conclusions about UPUA can be drawn. 
First, the thesis extends the knowledge of UPUA 
and multifunctionality that usually focused at the 
farm level. As such, the conceptual linkage between 
peri-urban farmland and UGI translates the benefits 
and social, economic and environmental functions 
between the spatial scales, from the farm level to the 
landscape level. Second, although UPUA has been 
discussed in the UGI context, research tended to fo-
cus on small-scale activities. The linkage of peri-ur-
ban farmland with the UGI concept highlights that 
the wider utilizable agricultural landscape can con-
tribute to an interconnected network of multifunc-
tional green spaces to provide multiple benefits to 
the urban system. These findings widen the current 
debate about UGI planning that often excludes uti-
lizable agricultural land. Furthermore, they expand 
knowledge about the multifunctionality of UPUA by 
providing a detailed picture of UGI aims and objec-
tives. Hence, this thesis provides knowledge about 
how the UGI concept can link urban and agricultur-
al systems in the peri-urban to successfully address 
urban challenges such as biodiversity conservation, 
climate change adaptation, green economy develop-
ment, and social cohesion. 

Finally, opportunities to support transformation to-
wards sustainable urban development arise from 
the linkage of peri-urban farmland and the UGI con-
ception. In particular, the inherent GI principle of 
multifunctionality endorses the idea of co-benefits 
that are considered crucial to trigger transformative 
processes. This is further supported by reflecting on 
the participatory approach of this work in the light 
of the four principles for co-knowledge production 
in sustainability research, which leads to the con-
clusion that the linkages support processes that are 
context-based, pluralistic, interactive and goal-ori-
ented. Thus, the linkage of peri-urban farmland with 
the UGI concept is a promising action field for the 
development of new pathways for urban transfor-
mation towards sustainable urban development.

Despite the outcomes of this thesis, limitations re-
main to be acknowledged. First, the thesis has only 
investigated the two core principles of GI, connec-
tivity and multifunctionality. There are several other 
principles considered important for successful UGI 
planning, such as the integration and coordination of 
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green with grey infrastructure, multiscale planning, 
as well as the design of strategic, cooperative and 
socially inclusive planning processes. These all need 
to be looked at more specifically. Further research 
may help to better understand overlaps and inter-
relations between the different principles for better 
integration of peri-urban farmland in UGI planning.

Second, there are still knowledge gaps with regard 
to some important regulating functions to be tackled 
by UGI, including local climate regulation to support 
climate change adaptation as one of the main ob-
jectives assigned to UGI planning. This work gathers 
evidence about how farmland potentially supports 
cooling processes due to their general structure suit-
able for ventilation corridors and evapotranspiration 
rates of wet grassland farming systems. Still, it is 
important to better understand effects of the spa-
tial pattern of the agricultural landscape and the ur-
ban structure, for instance, to design efficient wind 
channels. As pointed out in this thesis, modeling 
approaches can help to predict these effects and to 
support planning that considers farmland for urban 
climate regulation in urban development planning. 
In addition, quantitative biophysical valuations, 
more sociocultural research is needed. Although this 
work integrates a participatory research approach to 
qualitatively evaluate functions and benefits based 
on stakeholder opinion, more research with regard 
to the sociocultural valuation of ecosystem services 
provided by farmland in an explicit peri-urban con-
text is needed. This would help to understand peo-
ple’s attitudes and perceptions better and identify 
relevant factors for taking co-benefits into account, 
relevant to the motivation of collaboration and the 
support of transformational and systemic change 
towards sustainable urban development. This also 
includes the involvement of farmers as key actors to 
identify factors for successful partnerships between 
planning and farming.

Finally, agriculture in Europe strongly depends on 
European policy frameworks, and urban policymak-
ing at the local level reflects this limitation. Although 
this work tackles some aspects of policy integration 
at the European level, more research on this topic 
is needed. Besides identifying opportunities for sup-
porting policymaking at the EU level, it is also im-
portant to identify mechanisms that support policy 

integration at the local level that are necessary to 
support the agricultural sector effectively during 
transformation processes. 
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