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Executive summary

This Research Agenda has been developed as part of the European Forest Institute (EFI) Network Fund
call for the preparation of a Green Book of Biocities and a Research Agenda for Biocities of the Future. The
Research Agenda is intended as a foundational document for further research and initiatives to be under-
taken by the new EFI Biocities Facility launched in 2022 in Rome (Italy).

A number of conditions, developments and critical notions form the backdrop to this study:

+ the continuing pattern of migration to cities globally, and related urbanization patterns and processes;

« the interrelationships of cities and the urban realm to global problems (and global solutions);

+ the fact that cities are inherently complex, that the urban issue is multifaceted, and that solutions are
by consequence interrelated and demand interdisciplinary attention;

- that the cities of tomorrow face an increasing number of challenges, and are of an increasing diversity;

+ that cities have been, and are expected to remain, crucibles of development and innovation in areas of
technology, economics, culture, society and politics;

- that forests, greenspace and the natural world can become central to a paradigm shift in understand-
ing, ordering and acting in the (bio)city of the future;

+ that the notion of a Biocity resonates with similar initiatives such as eco-urbanism, nature-based solu-
tions and green cities, but aims to critically extend and enlarge on these concepts through the involve-
ment of more diverse branches of research and practice, their effective integration and contextualiza-
tion, and through the exploration of novel cross-cutting perspectives.

The overall objective of the agenda is to contribute towards transforming existing cities to Biocities and
provide a framework for new urban developments. Biocities can be defined from the perspective of ‘de-
sirable futures’ (based on a vision developed by the parallel work of another project consortium on the
Green Book of Biocities). Critical variables that impact future pathways towards Biocities and point to-
wards areas for further action and research include:

(i) degrees of political stability; compatibility of political systems to principles; political commitment to
principles; flexibility and adaptability of regulatory and legislative systems; degree of inclusion and
participation of communities;

(ii) volatility of economic conditions internationally, nationally and locally; predisposition of communi-
ties and governments to expand value concepts beyond the monetary;

(iii) willingness and capacity of urban communities to adapt to systemic changes required of certain prin-
ciples; awareness of motivations behind transitions to various principles; migration patterns, the fu-
ture of work, demographic trends;

(iv) development of necessary technological innovations; uptake of technology;

(v) availability of natural resources; speed of anthropogenic impacts on planetary boundaries.

On the basis of these critical variables, scenarios reveal to what extent the Biocity goals may be reached,
resulting in a first set of overarching research challenges, which include: reconciling different perceptions
by getting and keeping interest groups involved; interoperability between green space management and
urban development; funding and implementation; impacting culture and behaviour towards transforma-
tion.

Learning from these overarching themes, five key topic areas are identified as a framework for elabora-
tion of a research agenda to facilitate the transition to Biocities: (1) circular bioeconomy, (2) climate re-
silience, (3) governance, (4) social and human environment, and (5) biodiversity. Our results show that
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various challenges arise from different perspectives in these topic areas, such as life-cycle management,
cultural change, prioritisation of sustainable approaches, urban carbon storage, infrastructural adapta-
tion, bio-resilience, participation, cross-sectoral planning, systemic integration of health and wellbeing,
and spatial sustainability.

Further, several knowledge areas and research gaps emerge that need to be addressed from the social
sciences and humanities, as well as from ecology, civil engineering, architecture and spatial planning and
design. Examples include: conceptual research on the circular bioeconomy and urban biodiversity; mod-
elling of the urban microclimate, local health impacts and global supply chain effects; methodologies and
standards for impact assessment and participatory planning; historical and contextual research on green,
blue and grey infrastructure across cities. For the implementation of greener, cooler and more resilient
cities, further knowledge is needed on urban innovation, transition, participation, inequality, inclusive-
ness management, health and human wellbeing, suitable policies and strategies and the science-policy
interface.

The implementation of the Research Agenda will require five pathways: (i) an international coordinated
research effort, (ii) interdisciplinary networks, (iii) integration of other initiatives, (iv) conceptual capacity
building and (v) support for emerging disciplines. The implementation of the Research Agenda is expected
to contribute to the Sustainable Development Goals in an urban context, as well as to support the Green
Deal Strategy of the European Commission and the promotion of One Health.
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1. The need for a Biocities Research
Agenda

Today urban areas have become home to much of the European population. This situation is reflected across
the globe, the result of a combination of migration from rural areas and world population growth (United
Nations 2018). As a result, an expected 68% of the world population will be living in urbanized environments
by 2050 (United Nations 2018). Migration to cities and continued population growth will have a matching ef-
fect on patterns and processes of urbanization globally. Depending on the location and context, existing cit-
ies will expand and transform, smaller towns and cities will grow, and new cities will appear. The global en-
vironmental impact of a burgeoning world population concentrated in more numerous and larger cities is
becoming increasingly clear and urgent. The fact that cities are traditionally catalysts for economic activi-
ty, and that associated patterns of production and consumption have reached many of the limits the planet
can sustain, presents a real and present challenge for the built environment. To complicate matters, increas-
ing urbanization presents challenges in matters of human health and wellbeing, community interaction and
social justice. Compounding this task is the fact that cities are inherently complex and that the urban issue is
multifaceted, with solutions demanding trans- and interdisciplinary attention. There are an increasing num-
ber of urban challenges - and of an increasing diversity — which will need addressing.

In this context, initiatives such as the United Nations Sustainable Development Goals (SDGs) present val-
uable and useful frameworks for actors from research, government, industry, and society involved in ur-
ban futures. Whether these frameworks are focused enough to guide urban development towards meeting
these multiple challenges is the question. For cities to become sustainable, resilient and liveable it is nec-
essary to quickly move beyond current paradigms and practices via an innovative, accelerated response
encapsulated in a grand narrative. This Agenda sets out such a step. It brings to the fore forests, greens-
pace and the natural world as guiding themes in a paradigm shift in understanding, ordering and acting in
the city of the future. The city of the future is a Biocity. The notion of a Biocity resonates with similar ini-
tiatives such as nature-based solutions and eco-cities but aims to critically extend and enlarge on these
concepts through the involvement of more diverse branches of research and practice, their effective inte-
gration and contextualization, and through the exploration of novel cross-cutting perspectives.

To be able to pursue a holistic framework and to reach this paradigm shift towards Biocities, current
knowledge must be expanded with new and context-specific knowledge on urban transformations and
sustainable solutions. The Biocities concept calls for a rethinking of current cities in a holistic way, tak-
ing a trans- and multidisciplinary approach and going beyond administrative boundaries. For instance,
peri-urban areas, defined as areas that are in some form of transition from strictly rural to urban’, are of
central significance to assess and manage the external effects of future urban growth, as well as the ex-
ternal drivers of a city's liveability and wellbeing. Through the assimilative and supporting capacities of
their ecosystems, peri-urban areas can buffer risks of natural and anthropocentric disasters and support
climate change mitigation. At the same time, if not properly planned and managed these areas can have
negative impacts on cities. Therefore, a holistic perspective that takes into account ecosystem services
and disservices is crucial in the development of future cities.

Similarly, economic, ecological and societal perspectives need to be integrated to identify synergies and
let cities thrive. Simultaneously, innovative ways of integrating and transferring existing knowledge into
practice are needed. Therefore, academics and practitioners from a variety of backgrounds are invited to
support the European Forest Institute’s Biocities Facility in establishing the knowledge basis for trans-
forming current cities into Biocities in Europe and beyond. Coming from a European perspective, the fol-
lowing research agenda sets out the first steps in this journey.

1 https://inspire.ec.europa.eu/codelist/SupplementaryRegulationValue/7_1_4_7_PeriUrbanAreas
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2. Biocities definition

Fundamental to the development of a Research Agenda for Biocities is defining what a Biocity is. Our defi-
nition is elaborated via a set of principles which consider the concept from various operative perspec-
tives, specifically focusing on how a future Biocity should look and function. Ten basic principles devel-
oped in the parallel initiative ‘Green Book on Biocities’ (Scarascia-Mugnozza et al. 2023) form the basis for
this definition. These principles proceed from the stance that natural systems form a normative basis for
the Biocity, and that specific elaborations and iterations of natural systems emerge in cities in response
to various political, economic, social, technological, legal and environmental conditions. Each principle
builds on key findings from relevant disciplinary fields.

Principle 1: The Biocity as a forest

The Biocity has no net emissions of carbon dioxide (COZ) and other greenhouse gases (GHGs) but
rather net absorption, as a forest ecosystem does (Harris et al. 2021). The Biocity interacts inten-
tionally with trees and forests within and without the urban boundary to benefit from the goods
and services they sustainably provide both during life and whilst incorporated within building
materials.

Principle 2: The self-sufficient Biocity

The Biocity produces locally the derivative resources it needs for its operation. It produces en-
ergy through its own renewable systems, extracts water from its own natural basins or subsoils,
and grows food and biomass (in the Biocity or the associated Bioregion) for its own population
(Guallart 2014).

Principle 3: The multi-level Biocity

The Biocity must be organised so that each of its levels, from the subsoil to the ground, the main
building and the roofs can develop different, mutually reinforcing functions and provide resourc-
es using elements of green, blue, brown and grey infrastructure to service the Biocity as a whole
(Silva et al. 2020).

Principle 4: The healthy living Biocity

The Biocity is not just a collection of human settlements, instead people are understood to be
part of an ecosystem. Since Biocities are necessarily urban areas that promote a wide spectrum
of life (bios), human wellbeing and biodiversity are fostered by the same multi-scalar strategies
as in natural ecosystems. This is achieved by using biodiversity to aid the provision of ecosystem
services (ESS) (Brockerhoff et al. 2017).

Principle 5: The circular bioeconomy Biocity

Circular and evolutionary bioeconomies make the Biocity a vibrant, regenerative system featuring
dynamic governance approaches which enhance interlinked hierarchies of activity. These are in a
state of constant reinvention, and spawn ample aligned job opportunities through the use and de-
velopment of local biobased materials and recycled materials to manufacture, maintain and im-
prove the products required for the proper functioning of the Biocity (Silliman and Angelini 2012).
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Principle 6: The low-mobility connected Biocity

The low-mobility Biocity promotes changes in the habits of its population. Through functional re-
organisation of an urban area, all basic services necessary to live are made readily available with-
in the radius of a 15-minute walk or cycle (Moreno et al. 2021). The connected Biocity enables in-
dividuals to exchange goods and information and enables society to function, flow and progress
together in the most sustainable, efficient and ecological manner (Simard et al. 2012).

Principle 7: The urban-rural balanced Biocity

Soft, blurred, gradated, fluid and reciprocal boundaries between discrete natural ecosystems (eco-
tones) optimise health and function. Similarly, unbiased symbioses and dialogues between the ur-
ban Biocity and its corresponding rural Bioregion enable urban systems to work in harmony with
the natural systems of their territorial environments. This balance thus fuels both the urban and ru-
ral economies, through the growth of thriving, regional biobased value chains (Yahner 1988).

Principle 8: The local culture Biocity

The Biocity is not only adapted to its local climate and environment, but also promotes a ma-
terial, cultural and social identity based on its unique local history and traditions, via continu-
ous exchange with the broader world through physical and information networks. Through an in-
tegrated governance ecosystem incorporating top-down and bottom-up decision-making with
communal rights, local residents and communities are proactively engaged in self-determining
the realities and networks of influence of their Biocity.

Principle 9: The timeless Biocity

In a mature Biocity, publicly accessible urban blue and green nature in the forms of forests,
meadows etc. provide a diverse population of citizens with life opportunities. Such public and
accessible places provide democratic spaces in accordance with the justice perceptions of all af-
fected stakeholders and globally accepted standards for human rights. In doing so, they perpetu-
ate the value of past human and natural heritage, as well as secure the infrastructures which will
be required to meet the challenges of tomorrow.

Principle 10: The universal Biocity

Within the Biocity, biodiversity is prioritized not only in terms of sheltering a variety of species,
but also in terms of maximising accessibility for all citizens, regardless of ability, age, race, eth-
nicity, religion, occupation, gender, income or education, whilst undermining forced displacement
from gentrification. The involvement of citizens is natural at all levels. Ultimately, the universal
Biocity will eliminate systemic and structural environmental inequalities and injustices.
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3. Critical variables, overarching themes
and key research fields

31 Barriers and drivers

The Research Agenda was developed in four steps, as explained in Annex 1 of this document. A first step
in agenda development was the identification of critical variables, which are assumed to impact future
pathways towards Biocities, both as drivers and/or barriers in the transformation process. These varia-
bles point to new areas for further necessary action and research. Through the analysis of the abovemen-
tioned principles based on the PESTLE? (political, economic, social, technological, legal and environmen-
tal) analysis framework, the following critical variables were revealed:

- Degrees of political stability — compatibility of political systems to principles; political commitment to
principles; flexibility and adaptability of regulatory and legislative systems; degree of inclusion and par-
ticipation of communities.

- Volatility of economic conditions internationally, nationally and locally; predisposition of communi-
ties and governments to expand value concepts beyond the monetary (such as biobased value chains).

+ Willingness and capacity of urban communities to adapt to systemic changes required by certain prin-
ciples; awareness of motivations behind transitions to various principles; migration patterns, the future
of work, demographic trends.

+ Development of necessary technological innovations; uptake of technology.

- Availability of natural resources; speed of anthropogenic impacts on planetary boundaries.

3.2 Overarching research themes

Based on the critical variables above, three scenarios for Biocities were developed to understand to what
extent the Biocity goals may be reached. These scenarios revealed the following set of overarching re-
search themes relevant to the transition to Biocities:

Reconciling different perceptions

Different stakeholders such as academics, citizens, governments and industry might have diverse and
even contesting ideas, perceptions, and interests in the development of Biocities. The challenge is to inte-
grate this diversity of stakeholder opinions into the Biocities vision. Therefore, it is necessary to set com-
mon grounds of understanding on the topics and concepts around Biocities and their implementation.

Part of the difficulty in setting common grounds is the definition of the Biocity boundaries of influence.
This definition is challenging as it depends whether you take an administrative or systems-based per-
spective. Limits in the administrative realm are relevant in defining by whom and how Biocities are gov-
erned and, therefore, who takes leadership in the transition and funding for it. Whereas from a systems
approach, the management of the urban-rural interface gains particular importance and does not neces-
sarily coincide with the administrative limits. To implement the Biocities concept considering these dif-
ferent perceptions, it is necessary to collaborate with current (e.g., New European Bauhaus initiative) and
emerging (e.g., One Health) initiatives that have at their core the same aim as the Biocity concept: to de-
velop sustainable, resilient and liveable cities. The main questions to be investigated are: How and to

2 https://pestleanalysis.com/what-is-pestle-analysis/
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what extent can Biocities contribute to reaching Sustainable Development Goals (SGDs), and converse-
ly how will strategies and action plans for reaching the SDGs affect Biocities? How does the conceptual
framework for Biocities relate to other sustainability models, and how does this contribute to identifying
vulnerabilities in the transition to Biocities?

Interoperability between green space management and urban
development

It is not an easy task to integrate the frameworks and conditions that must be considered and addressed
from a green planning perspective in the traditional design and planning of cities. This includes the in-
tegration of systems and cycles at a city planning level. Moreover, the lack of interconnectivity - i.e. ex-
isting silo thinking — across stakeholders and disciplines adds difficulty to the processes. Urban planning
plays a central role in implementing strategies to support urban biodiversity, reduce natural resource use
and mitigate climate change, such as greening cities and managing land-use conflicts. This is also relat-
ed to the challenge of urbanisation processes generating shortages of land, segregation, as well as social
inequalities in green space access and its related benefits for human wellbeing. The integration of green
planning, green management, urban planning and urban design offers the opportunity that silo planning
is changed to intersectoral planning, where different departments coordinate each other to reach the
common objective of Biocities.

Funding and implementation

A number of challenges need to be addressed to secure funding for a transition to Biocities. Overcoming
these challenges is seen as an important prerequisite for the implementation of the Biocities concept.
These challenges include a lack of information, tools, and standards for quantifying, measuring, monitor-
ing, and evaluating the diverse processes that lead to a transition at a city level. They also relate to the
lack of understanding of benefits and conflicts that the use of a specific strategy might generate in diverse
dimensions, such as the contrasting impacts of selected building materials on climate change, biodiver-
sity and the urban socio-spatial aspects. Further, the sources of investments into Biocity solutions need
to be considered. A special challenge is how to involve the private sector. The use of modern technolo-
gy in the transition to Biocities as well as its availability, accessibility and affordability as key elements of
the conceptual framework pose many challenges that need to be addressed. Furthermore, challenges may
vary and act differently across the different scales of cities. So, the question of how the Biocities concept
can be applied at different scales of cities and within different geographical and socio-political contexts
needs thorough investigation. By extension, two fundamental questions need to be answered: Can all cit-
ies become Biocities? Are there growth limits to Biocities?

Getting and keeping everyone involved

On the one hand, engagement and empowerment in terms of co-creation, co-production, co-planning and
co-governance of different stakeholders and more precisely of citizens is needed at all dimensions and
moments of the transition. Engagement and empowerment bring the challenge of thinking of different,
more cooperative and inclusive approaches of governance. On the other hand, there is a disconnect be-
tween researchers, practitioners, developers and decision-makers that results in a need for cooperation.
The disconnect between departments and levels of government that need to work towards common goals
adds difficulty to this issue. The challenge is the integration of different disciplines and their correspond-
ing stakeholders from the beginning into the decision-making and planning processes and throughout its
implementation and evaluation. Fostering participation as proactive engagement and empowerment of
civil society represents the main challenge. This requires adequate information on the process, new (co-)
creative participation methods and monitoring actions.

10
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Impacting culture and behaviour towards transformation

Cultural and behavioural change towards values, mindsets and attitudes that support the transition is
needed. This needs to be considered in education at all levels and requires finding strategies and tools
for adequate communication with diverse audiences. Clear communication with stakeholders is essen-
tial to bridge the information gap between experts and citizens, which might signify obstacles for foster-
ing change.

3.3 Key research fields

In step 2 of the development of the Research Agenda (see Annex 1), five research fields were identified
as a framework for concrete elaboration of the Research Agenda to facilitate the transition to Biocities
(Figure 1):

Figure 1. Research fields and branches of research used to develop the Research Agenda of Biocities.
Source: own representation by the authors.

To elaborate on the challenges and perspectives specific to each of these research fields, the following
branches of research, practice and policy were consulted in a series of webinars:

Circular bioeconomy: urban planning, urban design, architecture, materials sciences, forestry, environ-

mental engineering, industrial ecology, ecological economics, econometrics, sustainability impact assess-
ment, vocational education, innovation management, transition research and municipal governance.

"
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Climate resilience: climate research, urban climatology, environmental sciences, urban hydrology, urban
water resources, physical geography, greenspace planning & management, landscape architecture, urban
design, architecture & built environment, forestry, biology, ecology, biogeography, transition design, resil-
ience, social sciences and humanities.

Governance: environmental sciences, greenspace planning & management, greenspace planning and de-
sign, urban planning, forestry, urban forestry, urban greening, green space governance and policy, forest

and green space goods and services, public involvement, social sciences and humanities.

Social and human environment: spatial planning, forest economy and health, sociology, forest administra-
tion, architecture, urban planning, forest planning and environmental economics.

Biodiversity: urban ecology, environmental sciences, biology, landscape ecology, biodiversity & conserva-
tion, sustainable development, urban planning, urban forestry and forest genetic resources.

12
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4. Circular bioeconomy
41. Challenges and perspectives

The hazardous effects of fossil-fuel driven climate change and the depletion of fossil resources have been
recognized (IPCC 2018; Meadows and Randers 2004). This demands that future cities should be based on
renewable materials and renewable energies. To mitigate overexploitation of bioresources by the urban
metabolism, such an urban bioeconomy should be complemented with circular economy principles. In
the debate about the integration of emerging circular and bioeconomy approaches in urban practice and
research, the following perspectives reveal important challenges that demand further research:

+ From a life cycle management perspective on biobased materials and products, the increasing impor-
tance of closing resource loops, slowing resource consumption, and enhancing the use of local biobased
materials is recognised to achieve a higher resource availability in cities and turn the built environment
into a carbon storage facility. Challenging strategies that require further innovation and knowledge in-
clude the separation, consequent cascading and recycling of organic waste fractions; business models
and information systems to enhance the urban mining and strategic sourcing of biogenic materials (e.g.,
construction wood) from stocks in the built environment; a reduction in food waste and the prolonging
of building service lives through durable materials and maintenance; as well as the design of products
for disassembly and a dematerialisation of construction with wood and other biomass-based materials.

+ A sustainable development perspective highlights the importance of identifying and promoting those
strategies that maximise social, human and environmental outcomes. Not all strategies associated with
the circular bioeconomy necessarily contribute to sustainable urban development that supports a wide
spectrum of life. Challenging from this perspective is the balancing of different capitals (e.g., natural,
social, human) at different scales (e.g., urban, national, global) and the design of suitable guidelines.

+ From a cultural change perspective, habits and mindsets of citizens and public institutions are key fac-
tors to guide urban consumption patterns towards local produce. Simultaneously, cultural change in
supply and manufacturing is necessary to establish circular design thinking and to ensure bioresource
management aimed at maximising ecosystem services. Strategies that might catalyse such change, but
which require further investigation, include participatory planning, citizen science and engagement,
communicating the everyday benefits of a circular bioeconomy at all levels, educating manufacturing
professionals, setting standards, leveraging green public procurement and showcasing full value chain
processes in cities.

+ In terms of spatial sustainability, urban planning and design, architecture, urban agroforestry, and re-
gional interconnectedness play a central role in implementing circular bioeconomy strategies such as
greening cities, managing land use conflicts, and introducing local biobased products into the market.
Research from this perspective should adopt a holistic approach integrating a portfolio of strategies
and effects across the urban-rural interface to unveil interconnections and to clearly define the bound-
aries of a Biocity.

4.2. Knowledge areas and research gaps

Conceptual research - As the idea of a circular bioeconomy is only emerging in the context of cities, a
clear definition and common vision is still to be elaborated by research and practice. This entails the iden-
tification of major actors that can drive the transition as well as the main target systems and related ur-
ban agendas such as climate action or local development policy. In this context, the conceptualisation of
circularity by different actors and for different biomaterial value streams such as food production, organic
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waste management and wood use is a major knowledge gap, especially when it comes to which new per-
spectives the circular economy framing can add to existing conceptualisations in bioeconomy sectors and
how this might fuel further innovation.

To what extent are circular economy and bioeconomy visions already integrated in urban govern-
ance? How can an integration of the two approaches be fostered?

Social sciences and innovation research - A major gap in relation to the circular bioeconomy discourse is
that of social innovation. Whereas technical innovation is well advanced, particularly in relation to bio-
material application and cascading, a lack of social system approaches to the circular bioeconomy is in-
hibiting the leverage of these innovations. Social innovations are needed, for instance, in the reconfigura-
tion of social practices to encourage organic waste separation at the source, to maintain existing building
stock, and to increase and foster the acceptance, understanding and adoption of solutions such as wood
construction or material inventories. Future research should identify the desired functionality of the solu-
tions, stakeholder values, and suitable communication tools and narratives.

Which soft infrastructures (practices, cultures, relationships and networks) advance circularity in
the urban bioeconomy?

Civil engineering and architecture - Engineering and architecture have generated significant knowledge
on the creation of new products from waste and the application of biobased materials. Further research
is required to disseminate and concretise design for disassembly in the biobased construction sector, and
the development of intelligent, accessible and secure inventories of distributed materials. Further, ex-
ploitation of organic waste fractions from unseparated waste is still a challenge to solve in order to access
the basis for any further biorefining.

How can circular practices such as design for disassembly be adapted to and scaled across the bi-
obased construction sector?

Science and data - The availability of data on urban material stocks and flows is crucial to advance cir-
cularity in cities. Material inventories such as building material passports would significantly improve the
ability to connect material demand and supply, while improving the ability to assess the impacts of cir-
cular bioeconomy strategies.

How can intelligent, accessible and secure inventories of distributed materials and flows be devel-
oped to assess and manage complex, cyclical resource flows in cities?

Modelling and impact assessment - Impact assessment is crucial to prioritise those strategies and poli-
cies that maximize social, human and environmental outcomes. While current impact assessment models
mainly focus on the global environmental and economic dimension, the elicitation of tangible local scale
impacts such as employment, public health and urban land use is just as important to advance the adop-
tion of the concept in municipal governance. Further, current models lack granularity to assess the impact
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on different stakeholder groups, and the effect in different socio-economic and geographical contexts.
Fundamental research as well as integration in impact assessments is required to balance evaluations of
resource productivity with other ecosystem services including biodiversity, soil health or carbon seques-
tration. Assessments are especially required of the effectiveness of different municipal policy levers in-
cluding those that aim to induce cultural change.

How can impact assessments holistically represent evaluations of resource productivity together
with other ecosystem services including biodiversity, soil health, or carbon sequestration?

How can positive and tangible impacts on society be integrated in multi-impact assessment meth-
ods such as life cycle assessments?

Methodologies and standards - An actor-centric standardisation of the system boundaries of the urban
material and energy metabolism particularly with regards to the urban consumption and production hin-
terland is indispensable to set the scope of action. Such a standardisation of the urban boundary would
enable the generation of consistent and operational approaches for common quantitative impact assess-
ments.

How can we standardise the system boundaries of a city and associated value chains to generate
consistent and operational approaches for common quantitative impact assessments?
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5. Climate resilience

51. Challenges and perspectives

Recognition and action on planetary boundaries (Stockholm Resilience Centre 2022) and the complex of

challenges brought on by anthropogenic activity is the foundational driver of the field of climate resil-

ience. The Biocity of the future is conceived as an accelerated response to this problem, specifically the

problem of climate change. In discussions about both the impact of climate change on cities, and the im-

pact of cities on climate change, the following perspectives emerge as important threads for future re-

search:

From a mitigation perspective, there is an acknowledged urgency for lowering GHG emissions and en-
ergy consumption in cities, as well as for developing integrated carbon storage measures in and around
urban centres. In addressing these challenges, revisiting of approaches like Earth System Sciences as
first proposed by von Humboldt in Essai sur la géographie des plantes in 1807 can be valuable, as well
as the elaboration of further knowledge around strategies and measures such as developing greens-
paces in and around urban centres to absorb much of the emissions a city produces, sourcing energy,
water, food and building materials locally, and mobility efficiencies which lead to critical reductions in
GHG emissions.

From an adaptation perspective, challenges revolve around physical measures to combat rising tem-
peratures and heat stress, dealing with extremes in precipitation patterns causing droughts and flood-
ing, and coping with sea level rise causing coastal erosion and flooding of low-lying areas.* A guiding
framework for adaptation measures is needed that considers different types of urban infrastructures in
which various climate change-related cycles play out (and can be influenced). These include (1) green-
blue infrastructures: private and public greenspace - in particular the urban forest — and all natural and
built environment water systems and features; (2) grey infrastructure, including transport systems and
elements, but also structures and buildings; and (3) the social infrastructure of cities, understood as the
intangible system of practices, cultures, relationships and networks. Added examples of research atten-
tion in this perspective include strategies and measures linking built environment features both hori-
zontally and vertically to optimize mitigation effects.

A resilience perspective highlights the need to help urban communities and their spaces, places and
networks to co-exist with a natural environment undergoing radical change, assuming that change will
occur even if the most optimistic scenario for reduction of emissions is achieved. Resilience is under-
stood as the agility of urban societies and ecosystems to effectively adapt and evolve in response to
calamities. In addressing these challenges, the Biocities outlook proposes the adoption of existing re-
silience perspectives as well as the notion of bio-resilience, to include the resilience of other spe-
cies found in cities. Other themes emerging in this perspective deserving investigation include foster-
ing health and wellbeing through multi-scalar strategies, linking urban and rural economies to enable
shock-resistant and responsive biobased value chains, integrated governance ecosystems enabling top-
down and bottom-up decision-making which responds to change effectively and equitably, and acces-
sible urban green-blue infrastructure building on existing green-blue networks particular to each city.
At the same time research efforts need to be focused on renewing human-environment and human-na-
ture relationships, with the intention to aid climate change mitigation through awareness and behav-
ioural change.

3

Adaptation measures are considered necessary (and increasingly urgent) as, despite international commitments to eliminate net
global greenhouse gas emissions by 2050, their concentration will continue to rise in coming decades, impacting global and local
climates and weather patterns.
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5.2. Knowledge areas and research gaps

Science and data - Adequate data on biophysical and biogeochemical cycles in cities which form part of
the climate change issue is a first and major research area. Data collection quantifying biophysical and
biogeochemical cycles in cities is limited and, in most cases, non-existent. Where initiatives exist, infor-
mation is rarely validated or correlated with data from other cities. More uniform and precise data on dif-
ferent biophysical and biogeochemical pathways in relation to built environments, at different scales, is
needed. A specific knowledge gap also arises around (data on) the impact of green infrastructure such
as green space and the urban forest on urban biophysical and biogeochemical cycles and depending on
the environmental context (i.e. ecoregions). Leading on from here is the question of the value of related
green-blue infrastructural elements such as public open spaces, water features, green facades and green
roofs. Data on green-blue space on private land is also necessary. From a data management perspective,
interactive databases and data platforms need to be developed and maintained so data can be stored,
analysed, managed and disseminated.

What specificimpact does green-blue infrastructure (urban forest, public open spaces, private gar-
dens, green facades and roofs, urban water bodies) have on biophysical and biogeochemical cy-
cles?

Modelling - A complementary gap in research is that of modelling tools. The majority of tools used to
model biophysical and biogeochemical cycles are not tailored to the urban context or are otherwise out-
dated. New tools are needed to model various cycles and simulate changes in cycles at the tree/building,
neighbourhood, district and city scale. The variability of climate change is an added problem, and models
need to capture this variability at the city scale. Development of tools and modelling with microclimat-
ic data is also needed. On the response end of the equation, more detailed physical models are needed,
complemented by precise data. Specific modelling tools, such as those simulating the interrelationship of
greenspace and water during heatwaves can be invaluable.

What kinds of modelling tools can be developed to simulate the impact of various components and
configurations of greenspace on biophysical and biogeochemical cycles at building, neighbour-
hood, district and city scale?

Spatial planning and design - Knowledge gaps around climate change in urban territories demand spatial
design research and innovation at various scales, including:

+ Element (building, garden, tree, street, canal scale)
« Area (building complex, tree ensemble, neighbourhood, park, watercourse scale)
+ Network (urban tissue, green ensemble, urban forest, water system scale).

These studies should elaborate spatial-physical innovations, from generic principles to specific typo-mor-
phological, (bio)geographic and (micro)climatic conditions of cities. Input for these studies needs to come

4  Biophysical cycles include atmospheric cycles in relation to urban territories and mitigation challenges such as carbon emis-
sions, energy consumption and sequestering, hydrological cycles in relation to urban territories and adaptation challenges such as
drought, extreme rainfall and flooding, and heat cycles in relation to urban territories and adaptation challenges such as UHI and
heat stress. A fourth cycle - air pollution may also be considered as part of a biophysical cycle. Biogeochemical cycles are path-
ways by which chemical substances are exchanged through and between the biosphere, lithosphere, atmosphere and hydrosphere,
namely carbon, hydrogen, nitrogen and oxygen, and to a lesser extent calcium, mercury, phosphorus, selenium, iron and sulfur.
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from a combination of earth, life and building science researchers. In relation to physical infrastructures,
research gaps also exist in the linking of urban metabolic cycles and the urban layout to biophysical and
biochemical cycles. Further research topics are the relation between above-ground and below-ground
spaces.

How can interactions between earth, life and building sciences be better fostered in the design of
new built environment ‘templates’ which mitigate greenhouse gas emissions and adapt the city to
climate change?

What kinds of new built environment ‘templates’ can be developed which mitigate greenhouse gas
emissions and adapt the city to climate change at different scales?

Engineering and building technology - A critical realm for research on climate change mitigation, adap-
tation and resilience in (bio)cities is the interrelationship of biophysical and biogeochemical cycles and
grey infrastructure (understood here as not only transport infrastructure but also urban building stock). In
terms of existing buildings, we need to better understand the interaction between biophysical and bioge-
ochemical cycles and building ‘technology’ (facade, interior, structure etc) as well as with their day-to-day
functioning and maintenance. In terms of building replacement and expansion, we need to review the raw
materials, supply chains and construction processes in relation to their impact on biophysical and bioge-
ochemical cycles. Much is becoming clearer in regard to differences in GHG outputs of various materials,
and continued fundamental, applied and technical research is needed to substantiate these impacts fur-
ther and to innovate related supply chains and construction techniques and processes.

What are the impacts of various raw materials, supply chains and construction processes on bio-
physical and biogeochemical cycles in cities and how can these be reduced?

Policy and governance - There are still many questions on what type of policies are crucial to avoid the
catastrophic impacts of climate change: those promoting a move to renewable energy for electricity and
transport, or those building nature-based systems into cities. This demands further research on how dif-
ferent policies and governance strategies can help to reach zero-carbon goals in cities, and at the same
time promote adaptation and foster resilience. Particular attention is needed on the issue of risk man-
agement (fires, storms, floods, pests) and the need for adequate planning and greenspace management
to deal with these risks.

What are the impacts of contrasting policy frameworks - specifically nature-based vs high-tech
frameworks - in mitigation and adaptation goals around climate change?

Which kind of soft infrastructure (e.g., practices, cultures, relationships and networks in both ur-

ban communities and administrations) can mitigate socio-economic impacts and disservices of cli-
mate change?
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Historical and contextual research - Realising adaptation measures and community resilience demands
an in-depth understanding of the green-blue, grey and social infrastructure particular to each city. An
understanding of the specific built greenspace, the ‘DNA’ of cities, is a prerequisite for spatial design re-
search and innovation.

How can we realise mitigation and adaptation measures which take into account the existing
green-blue, grey and social infrastructure particular to each city?

Monitoring and impact assessment - In the Biocity of the future, where green-blue and grey infrastructure
is central to climate change mitigation and adaptation, it is vital that vegetation survives extreme weath-
er events such as heatwaves, droughts and floods. These challenges require assessment, control studies
and field research on the effects of various conditions on individual taxa and vegetation ensembles in
relation to different urban microclimates, typo-morphologies and sub-surface conditions. These insights
need to be matched by research and the development of responses to identified problems in these areas.
The development of inventory tools to map and monitor green infrastructure at different scales is a must,
and these need to encompass both public and private lands. Another issue for further studies is related
to ecosystem services and which are the most important for cities depending on local, social, economic
and environmental conditions and stakeholder perceptions.

What are the impacts of climate change on urban ecosystem services and which ecosystem servic-
es are most important for cities?
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6. Governance
6. Challenges and perspectives

The holistic, transboundary nature of Biocities requires new forms of thinking about municipal govern-
ance, planning and participation. The need to go beyond silo thinking and to identify adaptable, resil-
ient and co-creating modes of governance is driving research in this field, as well as the need to enhance
cooperation between governments, private actors, planners, scientists and civil society, as well as their
capacity to reimagine the city. In discussions about a transition to Biocities, the following perspectives
emerge as important threads for future research:

+ From a governance perspective, challenges revolve around integrating different disciplines and en-
hancing collaboration between different departments in a cross-disciplinary approach. In this context,
the provision of capacity building at all levels — from institutional capacity to capacity of co-learning - is
crucial. A further challenge is to ensure that the concept of Biocities is conceived as a global cross-sec-
toral model and that it is applied considering all or at least most principles proposed. In this context it
is crucial to ensure inter-governmental cooperation to enable the implementation of the Biocities con-
cept. Therefore, reforming current investment mechanisms and ensuring the maintenance of necessary
capacities for the transition to Biocities will be a further challenge. In this context it will be important
to find ways of (re)funding providers of services such as green spaces. Finally, proposing simple frames
to tackle the complexity of the urban socio-ecological system will be a challenge.

+ A planning, design and management perspective highlights the need to rethink the way cities are
planned beyond current practices so that resilience, sustainability and quality of life are the corner-
stones of urban planning, design and management. Therefore, adapting regulations and allowing in-
terconnections between different disciplines (planning, design and management professionals) will be
necessary, as well as adequate capacity building to secure the proper implementation of the concept.
A further challenge from this perspective will be the need to secure land for the implementation of the
Biocity. Finally, it highlights the importance of avoiding social inequalities at all levels of city planning,
design and management in terms of technology use and access and gentrification.

+ From a participation perspective, challenges revolve around the best methods to involve a wide range
of stakeholders and to integrate their perspectives and their expectations into the vision of Biocities and
the transition process. This requires a proper understanding of the role of these stakeholders in the
governance process, and of the ways to raise their awareness of the Biocities concept, providing them
with the necessary information and with financial and practical advice, and empowering them by giv-
ing self-respect. Additionally, understanding the needs of all stakeholders and addressing the aspect of
long-term thinking in terms of environmental justice, ethics, and the recognition of the long-term ben-
efits of Biocities will be crucial. This necessitates the integration of minorities in the participation pro-
cess in a fully inclusive process. A further challenge is ensuring collaboration between all stakeholders
involved (e.g., consultants, experts and implementing partners) at the different levels of the transition.
Finally, preventing organisations (e.g., enterprises, NGOs) from becoming dependent on local govern-
ments pursuing the transition to Biocities will be a challenge to be tackled.

6.2. Knowledge areas and research gaps

Governance and Politics - Understanding the role of different stakeholders, such as the private sector
and policymakers in initiating the transition to Biocities is a first and major knowledge area and research
gap, as it is a cornerstone to support the transition to Biocities. This also entails understanding the role
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of political leadership and the role of authorities at various scales and going beyond current (municipal)
silo thinking. In this context, a further major research gap is understanding new forms of governance (such
as adaptive and resilient governance approaches, co-governance, green hubs, community arrangements)
supporting the transition to Biocities. On top of this, further research gaps include identifying ways to
align and negotiate (political) agendas of diverse stakeholders supporting and hindering the transition
and aiming to develop a common vision of Biocities, as well as finding ways to mainstream the concept of
Biocities in political and professional discourses. To achieve this communication and narrative research
will be necessary.

How can we align and negotiate agendas of diverse stakeholders towards a common understand-
ing and vision in the transition to Biocities?

Who are the most relevant actors that can lead and initiate the transition to Biocities?

Which role do different actors (e.g., municipalities, businesses, citizens and national governments)
play in this process?

Which factors foster and hinder cooperation of stakeholders towards Biocities?

Which conditions need to be in place to ensure that governance approaches balance trade-offs be-
tween different capitals (e.g., natural, social, human), different ecosystem services and different
groups of people?

Which governance and planning structures can support mutual benefit between urban, sub-urban
and rural areas?

Planning, design, management and monitoring - Major research gaps in planning, designing, managing
and monitoring Biocities are understanding the interconnections between disciplines and avoiding so-
cial inequalities. This will require analysis of the types of policy instruments that are necessary to foster
and support the transition, as well as understanding the policy levers that are most effective in ensuring
the success of the Biocities concept. Additionally, land property rights and prices and the adequate rec-
ognition of the environmental role of agriculture in terms of food production and provision of ecosystem
services in peri-urban areas will also favour the transition to Biocities. This will require understanding of
their potential for the provision of nature-based solutions and green infrastructure.

Which policies are most effective to support the transition to Biocities?

How can we improve the integration of social and experiential (or socio-ecological) information in
urban planning?

How can cities be planned in such a way, that inhabitants and nature are complementary and work
together for benefiting both?

Which capacities (e.g., local authorities) need to be in place for the implementation of the Biocities
concept within 20-25 years?
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Finance and funding - Identifying ways to (re)fund local authorities and municipalities for delivering
Biocities solutions (e.g., payments for ecosystem services) will be crucial for successful implementation.
Thus, involving markets, financial institutions and the private sector with new financing models for plan-
ning and managing Biocities will be relevant. This will require an understanding of the role that the pri-
vate sector can play in investing, implementing and supporting the transition to Biocities.

What are ways to (re)fund local authorities for delivering Biocity solutions such as urban green
space?

Participation research - To foster the transition to Biocities, a major knowledge gap is understanding new
and diversified and inclusive modes of participation. Additionally, finding enabling factors to unite peo-
ple in a shared goal will be necessary, including finding terms shared by different disciplines and stake-
holders which allow for a common mindset.

Which instruments (e.g., communication) ensure proactive, fair and transparent (informal) partic-
ipatory procedures?

Science-policy interface - The transition to climate-proof Biocities and resilient urban communities calls
for next-generation methodologies incorporating citizens, industry, science and administrations. These
innovations require an academically developed design approach that is human-centred, iterative and in-
tegrated, in order to go back and forth between technological potential and human necessity. Specifically,
new frameworks are required for planners, designers and greenspace professionals to benefit from val-
ues created by new technologies.

What type of platforms are necessary to pair necessities (e.g., practical knowledge) of stakehold-
ers and share experiences and solutions across cities?

To what extent do transdisciplinary projects with public and private institutions increase the ap-
plicability of scientific knowledge in practice?
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7. Social and human environment
71. Challenges and perspectives

The topics discussed in the Research Agenda are all embedded in the social and human environment, and
thus the likelihood of the transition to a Biocity is bound to the successful change in the social system.
The most important challenges of the transition to the Biocity are related to urban densification and risks
of overcrowding, the need for more participation and involvement of inhabitants in planning and deci-
sion-making, as well as the aim to foster human health and wellbeing.

+ From a socio-cultural environment perspective, challenges arise concerning the growing urbanisation
and densification of cities that leads to a shortage of living and recreation space in and around cities.
This has an effect on housing prices and consequently leads to segregation and increased inequalities
(e.g., unequal access to different resources), deeper social and economic divide, and poverty. Further,
current consumption trends (e.g., veganism, consumption of local food, urban gardening) linked to ur-
banisation and to food security and food sovereignty in the context of densely populated cities lead to
challenges in land use policy, urban planning and design. “Digitalisation” and digital innovation (e.g.,
advances in social media, Al and digital connectivity) present both a challenge and an opportunity for
the city of the future. Through migration and immigration caused by the climate crisis, cities become
drivers in terms of lifestyles, values and attitudes. The spectrum of diversity is a challenge that cities
have to tackle, as it needs adaptation of processes (e.g., translation of crucial documents for migrants).
Finally, uncertainties concerning future events have severe impacts on society at different levels, and
this poses challenges to both policymakers and society in general. Understanding how societies can
learn to cope with uncertainties would be necessary.

+ A participation and involvement perspective highlights the need of participatory approaches that are
inclusive and methods that aim to propose a comprehensive stakeholder analysis, as well as ways of
establishing co-production and two-way communication. Additionally, it highlights the necessity for
improved channels and tools of data collection aiming for higher representativity in terms of technol-
ogy and digital innovation in participative processes (e.g., social media, participatory GIS, online sur-
veys etc.) to engage different stakeholders. Here, the challenge will be to determine the necessary level
of participation for projects at different scales that are not costly, time-consuming, and that do not re-
quire special skills of planners.

+ From a health and wellbeing perspective, challenges revolve around the integration of more green in-
frastructure in cities (as a way to reduce CO, emissions as well as air and soil pollution, improve air
quality and walkability, foster private gardens for healthy food), the quality of the available green are-
as and equal access to green space. In this context providing good transport infrastructure to promote
physical activity for all types of citizens in terms of abilities and disabilities will be crucial. Finally, a
further challenge is to integrate health and wellbeing in guidelines and regulations for city planning.
Simultaneously, a further challenge is the importance of defining clear and legally binding indicators,
as well as implementing more binding legal acts concerning the amount and quality of green spaces,
which affects the air quality in cities necessary to foster health and wellbeing of all citizens, particular-
ly children.
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7.2. Knowledge areas and research gaps

Innovation and transition research - A major knowledge gap is understanding citizens’ attitudes and val-
ues and how they could be influenced in terms of interventions to foster environmental awareness. In this
context, research on how to more effectively integrate citizens' attitudes and perceptions in the planning
process through socially innovative and co-creative participatory processes in terms of research on new
means of communication, tools and instruments (e.g., citizen science, urban living labs) will foster the
transition. The concept of socio-technical systems in the context of sustainable urban development and
smart urban development is an important knowledge area to foster the transition to liveable Biocities.
The role of innovation and technology in general and digital innovation specifically are fields that need
to be further researched.

How can we create the necessary awareness and willingness to change among stakeholders in or-
der to make a participatory transition to the Biocity successful?

How can we reach stakeholders (e.g., silent voices) that benefit from a Biocity but are not easily
identifiable and reachable through classical communication tools?

Inequality research and inclusiveness management - Major knowledge gaps are identifying ways to re-
duce inequalities in order to achieve green and socially just cities, as well as to provide inclusive growth
and sustainable communities. Research on social movements related to sustainable urban development,
sustainable lifestyles, urban food production, food security and sovereignty will foster the transition to
sustainable cities. In this context, identifying tools and processes to facilitate the creation of Biocities is
a further research gap. Understanding ways to involve a multitude of different stakeholder groups in a
participative democratic process, proposing new governance approaches, monitoring and assessment of
the processes will be crucial in fostering the transition to Biocities. However, the transition to Biocities
(e.g., urban forest areas) could also bring along disservices if these are not adequately planned or man-
aged, leading to danger to citizens and fear. In this context security issues are a further knowledge area
to be considered.

Which housing policies effectively mitigate an exponential rise in housing prices as a consequence
of the transition to more liveable cities?

How can Biocities cater to all citizens’ needs and correct inequalities, by for instance, policies
for affordable housing and providing ecosystem services through urban green space management
equally throughout the city?

How can we foster inclusive and sustainable planning from the Biocity perspective that respects
the needs of all people including persons with disabilities, young people with mental health prob-
lems and refugee groups?

Health and human wellbeing - In the context of urban densification, aspects of health and wellbeing re-
quire a stronger research focus, for example on environmental quality aspects such as noise and air pol-
lution. The effect of both green and blue elements in the city should be included in future research with
a stronger emphasis on the indicators of the impact of the urban environment on human health and
wellbeing. The ongoing global pandemic of COVID-19 has highlighted the importance of research in the
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epidemiological impact of the urban environment specifically in the context of population density and
overcrowding, access to infrastructure (blue and green spaces, clean water and sanitation), and the over-
all environmental quality. Moreover, the quality of the indoor environment is equally relevant for human
health and wellbeing and requires further examination.

What are the vulnerabilities associated with health in cities and how can these be addressed?

How can we ensure systemic integration of health and wellbeing in the urban planning system?
For instance, how can we promote the use of Health Impact Assessment Plans for all city issues?

Which measures are effective in controlling and managing negative health effects of nature (zoon-
osis etc.) including green space management, protective clothing, vaccinations, information?

Behavioural and social change research - A major knowledge gap exists in relation to ‘soft’ infrastructure
(practices, cultures, relationships and networks in both urban communities and administrations). Areas
for investigation include developing tools and pathways for change, changing habits and practices in
mobility, consumption, recycling and circularity, new synergies between administrations and community
groups, and identifying socio-economic impacts and disservices.

How can we encourage and enable greater care and responsibility towards nature across all soci-
eties?

Spatial planning and design - Proposing innovative management approaches for green spaces in cities,
providing a maximum benefit for residents and lowering the implementation and management costs,
while avoiding damage to ecosystems (trade-offs between different ecosystem services) is a further rele-
vant knowledge area. Research is needed on indicators showing the effects of green spaces on health and
wellbeing and proposing binding legislation concerning these effects (defining e.g., a minimum of green
space a city should provide). Inclusive planning and the necessity to have more specific instruments and
procedures to integrate the SDGs and health issues in city planning is another relevant gap.

What are the opportunities that urban environments offer to society?
What is the role of mobility in this context?

How can these be improved when considering health and human wellbeing?
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8. Biodiversity
8. Challenges and perspectives

Biodiversity is a key element of future Biocities. The need to conserve biodiversity is well recognised (CBD
2021). In discussions about the importance of biodiversity for the transformation to Biocities, the follow-
ing perspectives emerged as important threads for future research:

+ From a stakeholder’s perspective, a central challenge is to reach consensus on the understanding of bi-
odiversity in a city. Varying understandings of biodiversity make it difficult to reach a consensus about
which biodiversity we want to preserve. Here, in particular, the awareness and understanding of biodi-
versity and its connection to ecosystem services by citizens plays a major role. A challenge in this con-
text is a non-biased understanding of biodiversity which does not prefer certain more benign species
over others. Therefore, communication and knowledge transfer are key elements to raise awareness
about how natural solutions work as a strategy for biodiversity conservation and how they can be im-
proved. Citizen involvement and awareness building should start in childhood, and not only focus on
adults and public institutions with legislative power. Cultural influences on the understanding of nature
and biodiversity in specific, levels of acceptance from citizens and how people appreciate nature-based
solutions as a management approach to increase biodiversity needs further investigation. In order to
apply any actions to protect, manage, and restore natural or modified ecosystems, citizen science and
transdisciplinary approaches are needed.

+ From a policy perspective, monitoring and measuring the effectiveness of nature-based solutions on
biodiversity is crucial. However, conceptual clarity on nature-based solutions is still missing. Nature-
based solutions could well be inspired by nature without benefiting biodiversity. For instance, a biore-
actor based on algae is an effective carbon storage, but is not directly improving local biodiversity. At
the same time, one strategy could enhance biodiversity in one area (e.g., roof-top garden can increase
flora and insect diversity) but simultaneously create disservices in another one (e.g., breeding problems
of birds in roof-top gardens). Further, the impact of nature-based solutions on biodiversity and ecosys-
tem services could not only be direct. For, instance while a bioreactor itself has no influence on local
biodiversity, its function as a space-efficient carbon storage might save land elsewhere for biodiversity
conservation. Therefore, it is important to quantify both services and disservices from ecosystems when
developing and implementing nature-based solutions. Overall, the application of nature-based solu-
tions is not only influenced by their effectiveness but also by limitations such as acceptance by govern-
ment and citizens, finance, scarcity of land and collaboration between stakeholders.

+ From an ecological perspective, it is important to preserve and improve connectivity between species
within a cityscape to support ecological and genetic links between cities’ flora and fauna. Creating a
stronger foundation for the ecosystem that supports biodiversity in general can foster functional con-
nectivity between the city and the peri-urban and wider landscape in an urban-rural-nature continu-
um. Quantification of biodiversity and its habitat is not just a simple count of the richness of flora and
fauna but must be considered in the urban context from a functional point of view that measures how
different types of ecosystem services are linked to ecosystem structure and functions.

+ From an interdisciplinary perspective, the interoperability between urban biodiversity, landscape ecol-
ogy and urban planning at any governmental level is challenging. For instance, small municipalities
usually lack ecology departments, but big cities have many different departments, which would need
to collaborate to implement biodiversity strategies. Here, another big issue is how to homogenize in-
terpretations from academia, practice and administration about biodiversity. In addition to this, there
is a lack of connection between researchers and practitioners, and there is a need to transfer scientif-
ic knowledge and insights into practice, which is often impacted by economic or legislative constraints.
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8.2. Knowledge areas and research gaps

Conceptual and fundamental research - The concept of biodiversity requires a holistic approach. To un-
derstand blue-green infrastructure and its relation to biodiversity enhancement (aquatic vs terrestrial
realms) further research needs to be conducted. This will include understanding the grey and green envi-
ronment of cities. This will enable the elaboration of the concept of biodiversity in the context of this new
paradigm of Biocities. A major research gap is the identification of key species or groups of species that
foster biodiversity. Furthermore, the purpose, benefits and side effects of applying concepts such as na-
ture-based solutions need to be clear, as well as the notion of “greening” a city, as these are currently not
fully aligned with biodiversity conservation. There is a further need to improve the connectivity between
green spaces in an urban setting to ensure functioning ecological networks, e.g., by connecting fragment-
ed urban landscapes and ensuring viable populations of species (gene pools).

What are the various ontological frames current in understanding (urban) nature, (urban) land-
scape and (urban) biodiversity, where do they come from, and which are the relevant (and effec-
tive) pathways to move forward with, in respect to the concept of Biocities?

How do cities and urban biodiversity interact with non-urban biodiversity patterns and principles
and what kinds of complementarities and crossovers can exist?

What are generic theories, principles and guidelines for biodiversity (in Biocities) and what are
city-specific ones?

What are the “good” and “bad” species or group of species fostering/hindering urban biodiversity?

How can we create, model and implement (genetic) connectivity between species in fragmented
urban landscapes?

Historical and contextual Research - Realising biodiversity demands an in-depth understanding of the
green-blue, grey and social infrastructure particular to each city and how it supports flora and fauna in
multiple ways and scales. An understanding of the biodiversity ‘DNA’ of cities is a basis for future spatial
design research, and implementation of a biodiverse Biocity.

How can we use existing patterns, features and principles within the existing green-blue, grey and
social infrastructure of a city to enhance and elaborate a Biocity 2.0?

Monitoring and impact assessment - Currently there is not enough information about how much biodi-
versity exists in urban environments, which is why spatial modelling and mapping of biodiversity and hab-
itats of cities should be further improved. To measure connectivity between species in fragmented urban
landscapes, genetic models are required. Furthermore, assessment of ecosystem services and disservic-
es need more research as well as the restoration, evaluation and monitoring of urban biodiversity focus-
ing on how it changes with space (e.g., urban to rural gradient) and time (e.g., seasonal, annual, decadal).
Additionally, ecosystem disservices could also be related to a biodiversity increase that is conflicting with
human wellbeing. These conflicts need to be investigated and avoided through innovative and holistic
planning approaches. A major research gap can be found in aquatic biodiversity which is the most under-
valued, poorly surveyed and underreported area of biodiversity. There is more research required on how
this field relates to urban green spaces and urban infrastructure.
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How can ecosystem services and disservices from biodiversity be better assessed?

What are possible conflicts between biodiversity conservation and ecosystem services provision-
ing (human wellbeing)?

What is the effect of blue infrastructure on biodiversity?

Strategies and concepts - Research is needed to develop strategies for elaboration and uptake, for in-
stance by understanding cities as novel ecosystems with people as a nexus in that ecosystem. By exten-
sion, how Biocities can be conceptualized, planned and managed as connected environments forms a par-
allel hiatus in the body of knowledge.

To what extent are positive rewards or incentives such as “green certificates (green points)” effec-
tive to encourage the private sector and the public to maintain and develop green spaces?

Which strategies can mitigate the impact of urban climate and morphological conditions on indi-
vidual taxa and vegetation ensembles?

Science-policy interface and participation - There is a lack of a governance framework connecting sci-
ence, citizens, and government planners in urban biodiversity conservation and management. The role of
different stakeholders (citizens, scientists and policymakers) to protect or foster biodiversity through in-
dividual and collective actions needs more research in order to improve collaboration. In this regard there
is a gap in how issues of concern are addressed differently from the point of view of academics and citi-
zens. Usually, the former tend to think about high impact issues such as climate change, however, local in-
terventions can be achieved by the community. To involve the community in city planning and design pro-
cesses, methods such as charrettes (intense participatory planning processes) need to be applied, but it
is important that the long-term benefits of preserving biodiversity are known by people and policymakers.

How can we increase awareness of the long-term benefits of biodiversity conservation and the
problems connected with biodiversity loss among citizens and policymakers?

How can we design, value and implement conservation strategies that close the breach between
theory and practice?
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9. Priorities and cross-cutting research

needs

To foster the transition to Biocities it is necessary to define the priority and cross-cutting research needs

to be addressed in the coming years. Table 1 proposes a selection of priorities and cross-cutting research
needs that were identified as relevant for this transition.

Table 1. Selected priorities and cross-cutting research needs allowing the transition to Biocities
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10. Implementation

Implementing the research agenda of Biocities will require transnational and intersectoral coordination
and cooperation. This assumes strong commitment from different stakeholders (from researchers to poli-
cymakers) at different levels (local to international) of implementation. To facilitate the transition, we pro-
pose the following five pathways for how the research agenda could be implemented (Figure 2).

Figure 2. Pathways for implementing the Research Agenda of Biocities.
Source: own representation.

Firstly, a coordinated effort is needed between researchers at the international and national level to uti-
lise in an efficient and effective way the international and national research funding resources available.
To foster the coordinated effort, networks and committees integrating various stakeholders could be ben-
eficial. At the same time, the funding resources need to be tailored to the specificities of Biocities topics,
as elaborated in the Research Agenda. Therefore, understanding and awareness of policymakers towards
the topic is a pivotal prerequisite. Furthermore, coordinated efforts by researchers and interested organi-
sations to lobby for financial means to foster knowledge creation on the topic is needed.

Secondly, networking activities at the local, national and international level will be necessary between
the different disciplines (from spatial planning, architecture, forestry to economy) contributing to the
transition. A commonly built digital knowledge platform uniting the findings from different disciplines
that address the research gaps outlined in this Biocities agenda could help to enhance and structure
cross-disciplinary knowledge transfer and mutual learning.
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Thirdly, interdisciplinary and transdisciplinary research projects involving adjacent and emerging dis-
ciplines are necessary and will be pivotal in promoting innovations to allow the transition to sustaina-
ble, resilient and liveable cities. Here, the proposed Research Agenda will facilitate finding interesting re-
search topics to foster the transition and interdisciplinarity.

Fourthly, capacity building at all levels and disciplines will be necessary to promote the concept of
Biocities and to gain momentum in relation to this concept. Here we see the need for building capacities
from school level to universities, but also in practical organisation and decision-making bodies.

Finally, coordinated efforts with other initiatives at the local, national and international level as well as
popularisation of the concept of Biocities will act as a catalyst. It is important to profit from these initia-
tives, as the Biocities concept only provides a frame that must over the years be further co-developed. As
well as awareness raising of the concept within the research community and interested stakeholders, the
popularisation of the topic with the public through various means of communication (traditional and so-
cial media) must be advanced. Here especially the active engagement of journalists, using different com-
munication platforms and tools from blogs, exhibitions to awards could be utilized.

There are some limitations that will constrain the application of this Research Agenda. A first limitation is
time. It will take some years, as well as personnel and financial resources to implement some of the re-
search areas and research gaps identified in the Agenda. Second, the Biocities concept is dynamic, and
it will need to be revised in a couple of years and with it the research priorities mentioned in this docu-
ment. Lastly, coordination, collaboration and funding mechanisms will be strongly needed to implement
this ambitious Research Agenda.

The EFI Biocities Facility founded in Rome in 2022 will promote the implementation of the Biocities
Research Agenda, as result of ongoing consultations with all relevant stakeholders and research insti-
tutions. EFI, involving a network of more than 130 member organisations representing forest research,
industry, forest owners, environmental research and international forest-related organisations from 40
countries, will act as a facilitator in stimulating implementation of the Biocities Research Agenda into pro-
jects and activities, facilitating the creation of research networks and identifying funding opportunities.
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Research Agenda - Biocities of the future
Annex 1. Research methodology

The research agenda has been developed in four steps as shown in Table 2. Each one of these steps are
described in detail in the sub-sections that follow.

Table 2. Steps of the research agenda. Source: Compiled by authors.

Methodology 2020 | 2021 2022
Steps | Activity TM{12{1(2|3|4|5|6[7(8|9|10/11|12|1]|2

Definitions, Drivers and Critical
Variables

Webinar | - Identifying visions and
narratives and initial knowledge gaps

Webinar lla - Identifying drivers,
trends and uncertainties linked to X
visions and narratives

Step 1

Webinar Ilb - Formulating assump-
tions and scenarios for future Bioci- X
ties

White Papers for the Major Research
Fields

Climate Resilience - Focus Group
discussion and white paper

Circular Bioeconomy - Focus Group
discussion and white paper

Step 2

Governance — Focus Group discussion
and white paper

Social and Human environment - Fo-
cus Group discussion and white paper

Biodiversity — Focus Group discussion
and white paper

Identifying Trade-offs and Synergies
Between the Research Field

Step 3

Webinar - Identifying trade-offs and
synergies between Research fields in X
Step 2

Validation

Webinar - Identifying further knowl-
edge areas and research gaps and X
prioritizing these

Step 4
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Step 1 - Definitions, drivers and critical variables

Given the wide range of issues and challenges in the context of Biocities, the shaping of the Research
Agenda needs to be made keeping a holistic view on future developments in the short, but also in the me-
dium and long term. This is not only to ensure that important gaps in knowledge are identified at an ear-
ly stage, but also to build resilience in forming the future of Biocities. Methods of future research can be
helpful for such an approach (European Foresight Platform EFP 2010).

Scenarios can provide a wide range of perspectives on what might happen, “like a set of maps describ-
ing different aspects of a landscape” (Shell 2008). It can deepen our understanding of the driving forc-
es affecting the future development of Biocities, and so contribute to identifying gaps in knowledge and
suggesting areas of new research required to better understand driving forces (UK Government Office for
Science 2017). The approach was based on the Generic Foresight Process Framework (Voros 2003) and on
principles as formulated in the conceptual framework for Biocities (“Biocities Manifesto”).

The draft conceptual framework of Biocities and a number of suggested relevant aspects were re-viewed
and complemented in a first online workshop. The main task was to add critiques, comments and new ide-
as regarding the conceptual framework of Biocities and elements that affect Biocities.

To understand the dynamics of change, the experts were asked in a second workshop to identify driving
forces that influence the trends of contemporary urban development, based on the PESTLE (political, eco-
nomic, social, technological, legal and environmental) structure. A trend is understood as a general ten-
dency or direction of a development or change over time. Drivers are defined as driving forces, factors or
events influencing the trends and affecting or shaping the future. The most important drivers in shap-
ing the future of Biocities are those with the most significant influence and the least certain outcome of
their influence.

The third and last workshop centred around three pre-defined scenarios. Each scenario is based on the 10
principles of the conceptual framework of Biocities. ‘Biocity Eden’ corresponds to the 10 principles, where-
as ‘Gotham’ forms a type of antithesis to Biocity Eden. ‘Status quo’ represents the business-as-usual de-
velopment of cities. Discussing the assumptions and pathways in relation of the drivers to the three dif-
ferent scenarios allowed us to define further gaps in knowledge and thus research gaps.
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Figure 3. Graphical representation of step 1. Source: Compiled by authors.
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Step 2 -White papers for the major research fields

Step 2 was carried out in seven sub-steps. To start with (sub-step 2.), the basic principles, manuscripts
and concept sketches available up to that point were reviewed and an initial thematic overview was
drawn up. Based on this, the ReBio consortium then carried out a clustering in sub-step 2.2; this result-
ed in five thematic research fields: biodiversity, circular bioeconomy, climate resilience, governance, and
social and human environment. A methodological framework was then developed (sub-step 2.3) for the
conception and structuring of the corresponding focus group workshops. To prepare the workshops, re-
search field teams were formed; these invited experts from different regions (Annex 2) and with different
professional backgrounds (sub-step 2.4); about half of the experts came from practice and half from sci-
ence. Thereafter, five thematic workshops were prepared and carried out in detail (sub-step 2.5). These
workshops were recorded and transcribed, with each one resulting in approx. 30 pages of transcript. The
collected data from this step was processed in sub-step 2.6; first, key word protocols were prepared; the
teams analysed the data specifically with regard to research relevance and research gaps. Finally, in sub-
step 2.7 a synopsis of all results and arguments from all five workshops was elaborated; this served a ba-
sis and impetus for elaborating the research agenda and for writing the white papers.

The date of the focus group workshops and the sub-topics addressed in each research field are shown in
Table 3.

Table 3. Dates of focus group workshops

5 participants

Research Field | Focus Group | Sub-Topics

Governance 4 May 2021 Governance for the transition to Biocities; Participation and net-
5 participants | working: key elements for the transition to Biocities; Planning and

design as key elements for the transition to Biocities

Circular 5 May 2021 Life-cycle management of bioresources; Cultural change for circular-

bioeconomy 8 participants | ity; Implementing spatial sustainability; Sustainability impacts

Social and hu- | 11 May 2021 Socio-cultural environment and challenges; Participation and in-

man environ- | 8 participants | volvement; Health and wellbeing

ment

Climate 18 May 2021 Urban biophysical and biogeochemical cycles; Physical and social

resilience 9 particpants | infrastructures; Scales of investigation, development and action

Biodiversity 18 June 2021 Biodiversity in the city: background, trends and challenges; Nature-

Based Solutions (NbS) for biodiversity conservation in a spatial, tem-
poral and taxa scale; Enhancement of ecological knowledge of bio-
diversity: urban biodiversity, landscape ecology and urban planning

Step 3 - Identifying trade-offs and synergies between the
research fields

Step 3 was executed in four sub-steps. In the first sub-step, we finalised the five white papers from five re-
search fields described above in Step 2. We identified challenges, knowledge gaps, and priority research
areas that are cross-cutting to the research fields (Figure 4). After that, we distributed the whitepapers to
the consortium members. In the second sub-step, all white papers were reviewed by the ReBio consorti-
um members to identify synergies and trade-offs between trends in the research fields. The consortium
members provided feedback to the leader of Step 3. After that, in the third sub-step, an online plenary
discussion on identifying synergies and trade-offs was carried out on 16.07.2021. Finally, in the fourth sub-
step, a draft research agenda was created including the challenges, knowledge gaps, priority research ar-
eas, synergies and trade-offs between research fields.
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Figure 4. Diagram of the synthesis of five white papers to detect main challenges, major research gaps and critical research questions. Source: Compiled by authors.
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Step 4 - VValidation

The final step in developing the Research Agenda involved a review of the outcomes of various steps in
relation to outcomes of related initiatives. Webinar sessions between members of the parallel project
and the team leaders of each white paper were held, in which the ten principles developed for the Green
Book on Biocities were used as framework to review the agenda. In a second step an overview of rele-
vant agendas, reports, initiatives and papers was prepared, which were then reviewed using the follow-
ing questions:

+ What do other agendas/reports/initiatives/papers observe in regard to driving forces, critical varia-
bles and overarching themes for the future development of conceptual perspectives such as ‘Biocity'?

+ What do other agendas/reports/initiatives/papers see as challenges and perspectives in respect to var-
ious research fields identified and elaborated in step 2?

+ What do other agendas/reports/initiatives/papers see as knowledge areas and research gaps in rela-
tion to the various research fields identified and elaborated in step 2?

+ Which keywords arise in other agendas/reports/initiatives/papers which complement (or contradict)
the keywords drawn from the ‘landscape of arguments’ prepared at the conclusion of step 2?

+ What are the main implementation challenges emerging in other agendas/reports/initiatives/papers?

Following these reviews, additions and amendments to key areas of the relevant chapters of the Research

Agenda were carried out, with the intention to be as comprehensive as possible with respect to the body
of knowledge at the time of writing.
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Annex 2. Participants list

Annex 2 gives an overview of all the people that have participated in the different steps of the develop-
ment of the research agenda. Participants marked in grey are part of the ReBio Consortium responsible
for developing the research agenda heading towards the transformation to Biocities.

Participants Country Institution Type of Step | Research Field
Stakeholder
Alberto Bezama | Germany, | Helmholtz Centre for Envi- | Research 2 Circular
Chile ronmental Research -UFZ Bioeconomy
Andreas Switzer- PanBern Practice 3,4 Governance
Bernasconi land
Ana Mitic- Serbia Centre for Experiments in | Practice 2 Social and Human
Radulovic Urban Studies - CEUS Environment
Anna Petit-Boix | Germany | University of Freiburg Research 1 Circular
Bioeconomy
Arne Arnberger | Austria University of Natural Research 2 Social and Human
Resources and Applied Environment

Life Sciences

Bart Muys Belgium KU Leuven Research 4 Biodiversity

Cecil Spain Nature Based Solution Research / 2 Governance

Konijnendijk Institute - NBSI Practice

Chantal Belgium IUCN Research / 2 Biodiversity

van Ham Practice

Clémence Dirac | Switzer- Federal Office for the Practice 2 Social and Human
land Environment Environment

Constanza Parra | Berlgium | KU Leuven Research 4 Governance

Daniel Ibanez Spain, US | Institute for Advanced Research / 2 Circular

Architecture of Catalonia Practice Bioeconomy

-1AAC, Harvard Graduate
School of Design

Diana Finland European Forest Institute Research 2 Circular
Tuomasjukka - EFI Bioeconomy
Dijana Vuletic Croatia Croatian Forest Research Research 4 Biodiversity
Institute
Divina Gracia P. | Norway Norwegian Institute of Research 2 Social and Human
Rodriguez Bioeconomy Research - Environment
NIBIO
Evelyn Coleman | Switzer- Bern University of Applied | Research 1 Governance
land Sciences, School of

Agricultural, Forest and
Food Sciences HAFL
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- GBA

Participants Country Institution Type of Step | Research Field
Stakeholder
Elisabeth Austria University of Natural Practice 1,3 Governance
Karaca Resources and Life
Sciences - BOKU
Fabio Salbitano | Italy University of Florence Research 1,4 Governance
Giovanna Norway, Norwegian Institute of Research / 1,2,4 | Circular
Ottaviani Aalmo | Kosovo® Bioeconomy Research - Practice Bioeconomy
NIBIO
Giovanni Sanesi | Italy University of Florence Research 4 Governance
Giuseppe Italy University of Rome Research 14 Circular
Scarascia Bioeconomy
Irene Switzer- Quadrapoda Practice 2 Biodiversity
Weinberger land
Ivana Austria Universi