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The framing of nature as separate from culture impacts our notion of landscapes Karina Barquet’
and the functions, infrastructures and activities deemed appropriate within these,

where natural landscapes are associated with nature conservation, and the built Jonathan Green'

environment with human activity. In this paper, we propose bridging this nature-
society dichotomy through a multifunctional perspective as a way to adopt a more
systemic view of space in relation to landscape traits as well as material artefacts.
We argue that multifunctionality is not only fundamental for adaptation, but a way
to reconcile questions of social equity with biodiversity and environmental goals.

We build on global experiences with nature-based solutions to identify three major Zgﬁn‘?ﬁl"ck?er;g:‘tdgg@i’hz‘,’nﬁfg’gs U=
roadblocks hindering current adaptation approaches and outline four leverage realms Improving Conditions for Change.
for moving towards multifunctionality.
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Key messages

e Define who multifunctionality is for, including understanding the mechanisms for
change, the interventions that will lead to collective gains and the identification of
the societies and nature that will benefit and those that will not across spatial and
temporal scales.

e Design for multifunctionality, by planning for multiple benefits from the beginning,
assessing interoperability of interventions and ensuring a sense of place is
incorporated in design practices.

* Monitor multifunctionality across scales, including long-term and at a landscape
level, to assess effectiveness and performance of interventions, and monitor the
provision of landscape services.

e Govern for multifunctionality, which means governing for connectivity, compatibility
and a just adaptation.
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Introduction

Man is both creature and moulder of his environment, which gives him physical
sustenance and affords him the opportunity for intellectual, moral, social and
spiritual growth. In the long and tortuous evolution of the human race on this
planet a stage has been reached when, through the rapid acceleration of science
and technology, man has acquired the power to transform his environment

in countless ways and on an unprecedented scale. Both aspects of man’s
environment, the natural and the man-made, are essential to his well-being and
to the enjoyment of basic human rights - even the right to life itself

(United Nations, 1972).
In 1972, at the first global conference on the environment, there was a realization that
nature and society are inextricably intertwined, yet too often considered separate, or
even opposing, targets. Fifty years later, nature continues to be considered alongside
the economy, rather than fully recognizing its role in underpinning our economic
systems and well-being (Dasgupta, 2021).

The framing of nature as separate from culture impacts our notion of landscapes

and the functions, infrastructures and activities deemed appropriate within these,
where natural landscapes are associated with nature conservation, and the built
environment with human activity. It has also impacted our monitoring systems which
are largely framed around indicators and decisions that focus predominantly on either
ecosystems or humans, and that overlook their interdependence (Caillon et al., 2017).
Meanwhile, we remain a long way from achieving our global targets for biodiversity
conservation and human well-being (Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services, 2019). Bridging the nature—society dichotomy
becomes increasingly urgent as it becomes progressively less likely that societies will
be able to otherwise mitigate and adapt to changes brought about by biodiversity loss
and climate change, and costlier to do so.

In this paper, we propose approaching adaptation through a multifunctional
perspective as a way to adopt a more systemic view of space and recognizing that
landscapes entail both natural and human traits. The recognition of landscapes as a
result of the action and interaction of natural and/or human factors (2000 European
Landscape Convention) provides a bridge to the traditional nature—society dichotomy.
Multifunctional approaches are in this context increasingly relevant for optimizing
multiple ecosystem services and increasing well-being (Bruley et al., 2021; Fagerholm
et al., 2020). Indeed, multifunctionality is recognized as a condition for sustainability
(de Groot, 2006; Selman, 2009), particularly in light of climate change (Lovell & Taylor,
2013). However, the operationalization of multifunctional principles for landscapes is
lagging and there remain important roadblocks.

We build on global experiences with solutions inspired on, mimicking or based on
nature, so-called nature-based solutions (NbS). While the extent to which NbS are
‘natural’ differs widely, most established solutions are rather local in nature, and not all
of these are multifunctional, they nevertheless provide important learning insights that
can inform the debate on multifunctionality (Dorst et al., 2019; Moosavi et al., 2021).

In the following pages, we first present the challenge addressed in this paper. We
connect it to the growing body of literature around NbS. Building on this literature, we
identify three roadblocks that shed light on aspects that have hindered the delivery
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of benefits and co-benefits to society and nature. Based on these insights we present
an outlook highlighting a shift towards more hybrid solutions. The assumption is

that greater system diversity combining natural and cultural structures could lead

to more effective use of space and deliver benefits for both nature and society.

But governance, financial and monitoring processes are currently lacking to ensure
adoption and scaling up. Lastly, we present our proposal for action that contains

four leverage realms needed for triggering a system shift away from single-purpose
solutions towards multifunctional ones that reconcile the nature—society divide.

The challenge

There is a tendency to invest in sustainability interventions that are easy but

have limited potential for transformational change (Meadows, 1999; Wilson et al.,
2020). As a result, much of what might be labelled as sustainable fails to address
the root causes of unsustainability and is therefore unlikely to substantially alter
our current development trajectories (Abson et al., 2017). In response, there is
increasing emphasis in research and policy on the underpinning role of natural
systems, including biodiversity, for human well-being, and of the need to work with
nature’s frames (Woroniecki et al., 2020) to support societal well-being (Dasgupta,
2021; Nesshover et al., 2017). Despite this recognition, the dominant approach for
managing systems continues to be linear (in time and space) (Birney, 2021) and
fails to incorporate dynamism and change, which are fundamental for ecosystem
resilience, thereby failing to truly adopt a systems approach to wicked problems
(Meadows & Wright, 2008).

Nature as a response

Strengthening the relationship to nature is today acknowledged as a key to
transformation (Raymond et al., 2017). In line with this, NbS are increasingly advocated
in research agendas (e.g. European Environment Agency, 2021), conservation efforts
(e.g. by the International Union for the Conservation of Nature), by international
organizations (United Nations Environment Programme, 2021) and government policies
(Department for Environment, Food & Rural Affairs, 2018; Naturvardsverket, 2021).

NbS are seen as a toolbox of interventions that can contribute to multiple policy
goals and offer opportunities for more coherent policy towards a sustainable future
(Frantzeskaki et al., 2019). Embedded in the concept of NbS is the expectation

that these types of interventions can generate benefits, for example to reduce risk
from hazards, as well as generate co-benefits, for example to improve recreation
spaces, carbon storage, reduce urban heat, benefit biodiversity and contribute to
mental health and well-being in urban areas (Arkema et al., 2017; Braubach et al.,
2017; Callaghan et al., 2021; Kondo et al., 2018; Ruckelshaus et al., 2020; Seddon

et al., 2019; Silver et al., 2019; Uebel et al., 2021; Xie & Bulkeley, 2020; Yang et al.,
2018). Additionally, NbS are expected to reconcile the dichotomy between economic
growth and socio-environmental concerns, thus offering a transition path towards a
sustainable economy (Maes & Jacobs, 2015). For instance, in Europe, the European
Commission expects NbS to facilitate a transition towards a more resource efficient
and competitive economy, to foster economic growth and to create new jobs
(Nesshover et al., 2017).

Despite these attempts to move away from engineered (technological or ‘grey’)
solutions (Dasgupta, 2021; Morris et al., 2018), in practice, they remain the default. The
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NbS concept represents a change in discourses framing our relationship with nature
and environmental change, for example the making room for the river approach,
working with water rather than against water, minimizing and mediating peak flows
instead of resisting or preventing floods, or mitigating impacts to societies instead
of defending through hard structures (Bark et al., 2021). But there are limitations to
the implementation of NbS. We discuss these below and then provide an outlook for
nature and society in the context of adaptation for development.

1. Lack of awareness of knowledge-power relations can exacerbate inequities

Conceptually, NbS remain apolitical and presented by policymakers and practitioners
as a technocratic discourse without much reflection on power relations produced or
reproduced through NbS (Cousins, 2021). The extent to which NbS can achieve the
diversity and multiplicity of goals, however, is largely dependent on social practices
that determine the use, production and distribution of ecosystems and access or
exposure to their services and disservices. Thus, NbS need to be better situated into
broader questions of power relations, social change and vulnerabilities. Practically,
ecological interventions through NbS need to be better paired with diverse socio-
economic goals and planning processes if they are to bring benefits to the areas and
spaces where they are needed the most (Curran & Hamilton, 2020).

Beyond the benefits that NbS approaches might bring about, there has been

little attention to questioning the power-knowledge relationships mobilized and
reinforced through the integration of nature into society and the built environment.
The recognition that nature-society interventions will not automatically be equally
beneficial for all people across geographies, timescales and social groups is seldom
made explicit or explored in depth (Barquet et al., 2021; Kotsila et al., 2021). As a result,
little is known about how benefits are delivered to more economically marginalized
communities or whether adaptation interventions are indeed targeting those that
need them the most (Bisaro & Hinkel, 2016; Lehmann et al., 2018). This reflects the
lack of stakeholder-informed approaches to systematically identify ecosystem service
trade-offs, synergies and ‘hotspots’ associated with green solutions (Cousins, 2021;
Meerow & Newell, 2017).

Lastly, current approaches to nature are built on the assumption that there is a
consensual understanding about nature, and that such understanding is static across
time. However, interactions and experiences of nature change over time and can

differ greatly from place to place. For instance, the idea of nature as a contributor to
well-being or recreation can be irrelevant in contexts where ecosystem services are
fundamental for survival (Wessels et al., 2021). In other places, nature might be tightly
associated with criminality or violence, as forests and jungles have provided hideout
opportunities for insurgent groups and criminal networks (Barquet, 2015; Olaniyan,
2018). In urban areas, the design of vegetated areas can influence perceptions

of danger and tranquillity (Herzog & Chernick, 2000). More fundamentally, there
continues to be a perception of grey infrastructure as superior and more effective
than NbS (Mulligan et al., 2020). Incorporating perceptions of nature into decision-
making is important so that adaptation measures do not end up exacerbating
inequalities or lead to maladaptation (Schipper, 2020). To date, however, there is a lack
of understanding of perceptions of nature in non-Western urban contexts and a lack of
comparative studies across geographies and landscapes (Bark et al., 2021).
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2. Lack of deeper understanding of the co-benefits and costs

Because NbS are living solutions in dynamic contexts, standardizing measurements is
a challenge. At the same time, the lack of data on, for example, life cycle costs of NbS,
currently hinders their implementation. Therefore, some degree of standardization

of costs and quantification of benefits would be necessary for cities to even be

able to consider NbS. Also, comparative studies contrasting costs and benefits of
NbS against other engineered (grey) approaches could contribute to clarifying their
multiple benefits. Future projects should evaluate habitats created or restored for
cost-effectiveness in comparison to artificial structures under the same environmental
conditions (Morris et al., 2018).

When it comes to synergies between NbS and climate change, there are studies
reporting on greenhouse gas mitigation outcomes (Burden et al., 2019; Ward et al.,
2016). However, we know that ecosystems such as wetland grasslands are important
for carbon storage and might be more reliable carbon sinks than forests in regions
facing droughts and risks of wildfire. Thus, it is likely that there are unrecognized
synergies between mitigation and adaptation from interventions in, for example,
wetland ecosystems, and their capacity to store water, reduce greenhouse gas
emissions and promote biodiversity and ecological processes, which require
further investigation. Future studies should focus on studying the mitigation and
adaptation outcomes simultaneously in order to assess the extent to which NbS
can maximize synergies.

When it comes to ecosystems and biodiversity, future research could better

highlight the specific mechanisms and conditions that allow for improving or
repairing ecosystems. For example, a well-known case is the Rhine River Delta in the
Netherlands, where 15 years of river restoration for mitigation of fluvial flood has also
proven successful for enhancing biodiversity (Straatsma et al., 2017). However, the
benefits were primarily for fast-spreading species at the expense of other species.
This indicates that NbS alone are not always enough for full ecosystem recovery or to
increase species richness.

Although research connecting NbS to health and well-being is the aspect of social
sustainability best represented in the literature, the explicit connections between
NbS and health planning remain underdeveloped (Kabisch et al., 2017). For example,
although NbS have shown to be beneficial for reducing heatwaves in urban
environments (Augusto et al., 2020), the specific links through which NbS could
impact public health remain largely unexplored. Original research as well as reviews
are needed to assess the regulating services that NbS might have on air pollution
reduction and related morbidity, asthma and other respiratory diseases, and on storm
water management, including infections due to poor filtering of drinking water (van
den Bosch & Ode Sang, 2017).

The global spate of Covid-19-related lockdowns from 2020 spurred research into
the mental and physical health benefits of urban green space. Renaturing, rewilding
and greening urban areas are expected to play an essential role in improving citizens’
quality of life (Davies et al., 2021). Indeed, during the Covid-19 pandemic, restrictions
on movement made stark the individual welfare benefits of ‘green spaces’ and,
crucially, their inequitable distribution (Burnett et al., 2021; Slater et al., 2020; Soga
et al., 2021; Ugolini et al., 2020). This recognition of the restorative potential of green
space for mental well-being — and of the biodiversity within it (Uebel et al., 2021) -
may increase the appeal and acceptability of nature-based, rather than engineered,
solutions, particularly in urban areas (Honey-Rosés et al., 2020; Ugolini et al., 2020).
If cross-sectional correlations with health and well-being are confirmed with further
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longitudinal studies on primary care patients, then the public health policy imperative
will be strengthened, too, and we would expect increased integration of nature-based
structures within urban planning (Callaghan et al., 2021).

Regarding trade-offs between NbS and other goals, there is a need to assess not
only the services provided by NbS but also potential future limitations and uncertainty
that could constitute costs or risks in the future (Roman et al., 2021). Ecosystem
disservices are the ‘ecosystem generated functions, processes and attributes that
result in perceived or actual negative impacts on human wellbeing’ (Shackleton

et al., 2016, p. 590). Climate change, in particular, can alter ecosystems and their
services, and may reduce the performance of green solutions that rely on them.
Socio-economic changes can also alter the functioning of NbS. These changes may
undermine the integrity of ecosystems and affect the capacity of NbS to deliver the
expected outcomes. Despite this, most frameworks treat NbS as static and unaffected
by changing future conditions (Calliari et al., 2019).

3. Challenges of financing and governance

When it comes to financing NbS, public actors have been the main source of
investment to date (Chausson et al., 2020) though this might not be the best way of
financing NbS in many of the urban contexts where most land is privately owned.
While the literature acknowledges the need for diversifying funding sources, there
are at least two challenges for this: the first is the need to ensure that private
investments also yield public benefits (for instance for flood protection); and the
second is to attract private actors who are willing to invest despite the fact that
return on investments is typically higher risk and longer term than for other types
of infrastructure. Moreover, the very fact that silos must be bridged with novel
mechanisms, and/or that more complex governance structures may be needed, can
work against the development of innovative business models (McQuaid, 2019).

A key knowledge need is to develop business models and partnerships that ensure
the economic sustainability of NbS, accounting for life cycle costs and benefits. In
practice, this means expanding the value proposition of business models to include
social and environmental values and will require formalization of efforts to broaden
the consideration of beneficiaries and partners. A requirement for early consideration
of the broad governance model and development of the necessary governance
structures emerges from these needs (McQuaid, 2019).

While some types of NBS, such as green roofs, have been able to allow for private
value capture attracting in this way private or blended capital, NbS delivering

public goods have to rely on different financing strategies and instruments (Uzsoki
et al., 2021). Blended capital or blended finance involves the use of, for example,
public and philanthropic funds to change the risk/return profile of projects, thereby
encouraging private investment (Earth Security, 2021). Uzsoski and colleagues (2021)
list relevant sources for financing NbS: sustainable linked loans, resilience bonds,
concessional loans, government subsidies and tax breaks, savings-based financing,
tax-increment financing, stormwater credit trading systems, crowdfunding strategies,
project bundling, climate and sustainability funds, or environmental impact bonds.
However, any of these financial strategies need to fulfil certain criteria, including

the identification of ecosystem services, the beneficiaries of these services, the
relationship between the beneficiaries and the services, and a biophysical and
financial valuation of the benefits associated with the services. But there is no
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standardized way of measuring ecosystem services, which increases the difficulty of
fulfilling these criteria (Uzsoki et al., 2021).

There are scalar issues posed by the very nature of NbS that translate into
implementation challenges (Cousins, 2021). While the promises of multiple benefits
might be attractive for tapping into different global discourses of sustainability,
adaptation or green recovery, from a planning approach, it also means that there is a
shared responsibility and a requirement for the coordination and cooperation across
administrative levels, governmental structures and jurisdictional boundaries. Research
to date has not properly explored how scalar issues impose challenges on NbS
planning. Understanding their governance and how benefits accrue at different spatial
scales is fundamental (Demuzere et al., 2014; Pataki et al., 2011). There remain several
knowledge gaps pertaining to processes that decide how ecosystem services are
provisioned, governed and distributed across the urban landscape (Brink et al., 2018;
Haase, 2017).

To make NbS politically feasible, their management needs to be embedded into
existing regulations. At the same time, there is a need to review existing national
legislation which might either favour grey infrastructure over NbS, or not regulate at
all, and in that case, there will be an institutional void hindering their implementation.

Outlook

There are clear indications of increased interest in research and policy for bridging
the divide between nature and society, for example through NbS. However due to a
range of structural limitations discussed in the previous section (see also Dorst et al.,
2022), coupled with the need to make more effective use of space and existing grey
structures, there is a need for more explicitly hybrid solutions combining green or

blue infrastructures with existing or new grey ones — rather than purely nature-based.
Hybrid solutions combine ‘the conservation and/or restoration of ecosystems with the
selective use of conventional engineering approaches to provide people with solutions
that deliver climate change resilience and adaptation benefits’ (Thiele et al., 2020, p.
32).

The use of hybrid solutions in urban areas is expected to increase, for example
to improve protection in the face of extreme floods, or improve water provision
and treatment in areas with high population densities, or to mitigate the impacts
of extreme weather events on critical infrastructures (Sarabi et al., 2019). A major
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Green, grey and hybrid solutions

Green infrastructure refers to the development of natural and semi-natural
terrestrial areas that contribute to addressing societal needs, from
recreational areas to areas designed for biodiversity protection. Often
justified on the basis of a narrower range of benefits, they are nonetheless
expected to deliver a wide range of co-benefits. Blue infrastructure is similar,
but refers to those interventions specifically designed to solve challenges
and opportunities around water, for example flood mitigation or rainwater
harvesting. Blue infrastructure is regularly included within classifications of
green infrastructure.

Hybrid (or green-blue-grey) infrastructure are those interventions that
combine elements of traditional infrastructure with green or blue. They are
particularly prevalent in urban areas where green solutions will be integrated
with existing and new engineered solutions and their use can help build
incremental and inclusive upgrading of infrastructural systems, particularly in
underserved communities (Mulligan et al., 2020).

driver behind the shift from purely green or blue to green-blue-grey is the flexibility
that hybrid solutions have in contrast to solely nature-based. As hybrid solutions

can be more easily adapted to existing built infrastructure, they can also be less

land demanding, which can avoid land-use conflicts and reduce opportunity costs,
thereby outperforming NbS in purely economic terms (but subject to the difficulties
of assessing value in economic terms). Thus, rather than purely green, blue or grey,
we should expect to see a spectrum of solutions where different combinations can be
matched to the political, social, cultural, economic and natural systems at a site.

Hybrid solutions can also be connected to more diverse sources of funding by
increasing the number of benefits derived from a project and beyond adaptation,

to provide mitigation services and extend the lifetime of ageing infrastructures. For
example, they can be purposed for infrastructure improvements, such as with the
provision of wastewater services (Chen et al., 2021; Wang et al., 2018); industrial
by-products, like steel slag, can be reused to create habitats (Kuwae & Crooks,
2021); or hybrid infrastructures could be designed to help minimize, compensate or
avoid damage from infrastructure expansion to ecosystems and the environment
(Larsen et al., 2018). Offshore, the use of multi-service platforms will be increasingly
needed for co-locating marine activities while decreasing capital and operating costs
(Abhinav et al., 2020) .

Multilateral development banks (MDBs) are playing a key role in delivering the
substantial investment needs of developing countries, for example in the field of
sustainable infrastructure (Thiele et al., 2020). The Sustainable Development Goals
provide the overall framework in which MDB investment in sustainable infrastructure
is taking place. More recently, MDBs agreed to step up their efforts to foster ‘nature-
positive’ investments (Bennett, 2021). However, MDBs alone will not be able to provide
all the financing necessary, given that their operational models primarily focus on
providing sovereign finance and the needs of developing countries. Thus, other
sources of private investment, for example through public—private partnerships or
blended finance, are still needed. MDBs will play a role for de-risking investments or
creating new markets and demonstrating the potential for new investments.
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However, delivering investments for hybrid solutions will depend greatly on the
enabling framework that is created by national, regional and municipal governments.
For example, public policies need to be better aligned to climate resilience
requirements, data policies and cost assessments need to cover the entire life cycle,
and long-term investors need to make climate resilience a precondition for investment
(Thiele et al., 2020).

To enable hybridity, planning and governance need to become more multifunctional
and less siloed. Current institutional structures generally do not deal well with
interventions that cut across sectors and generate multiple benefits. Instead,
guestions of ownership (who is responsible?), budget lines (who pays?) and attribution
(who owns the results?) become problematic and end up hindering engagement
(Fiertz & Barquet, 2022).

Proposal for action:
From single to multifunctional use of space

What is needed is an enthusiastic but calm state of mind and intense but orderly
work. For the purpose of attaining freedom in the world of nature, man must use
knowledge to build, in collaboration with nature, a better environment

(United Nations, 1972, p. 19)

Back in 1972, there was an attempt to make sense of complexity by calling for ‘intense
but orderly work'. Fifty years later, we have come to appreciate the importance of
systems thinking to make sense of why things are the way they are and to reflect on
possible solutions to very complex problems. Our proposal for action builds on this
thinking. We present a simple suggestion: to shift from single-purpose thinking to
multi-use acting.

Multifunctionality can be understood as ‘the simultaneous provision of multiple
functions’ (Byrnes et al., 2014). Multifunctionality is a concept often used in the
context of ecosystems, their performance and services (Manning et al., 2018).
However, we propose expanding the concept to also encompass the artefacts and
practices produced by societies such as materials, technologies, structures and
cultures (Bomberg et al., 2017; Jerome et al., 2019). Such understanding highlights
the dialectic of nature and society (Fuchs, 2006; Marx & Engels, 1975) and connects
structure and function in a delimited geographical space (Belmeziti et al., 2018).

We identify four leverage realms (Meadows, 1999) to move beyond the nature-
society dichotomy and address key roadblocks for multifunctional planning
(summarized in Figure 1). For each leverage realm, we present challenges and provide
recommendations.
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Leverage Realm #1 * Mechanisms for change
Define * Collective gains
 Scalar Justice

Leverage Realm #2 * Multiple benefits

Design * Interoperability
e Sense of place

N\ /

Leverage Realm #3 * Long-term and landscape level
Monitor ¢ Effectiveness and performance

¢ Landscape and provision

Leverage Realm #4 * For connectivity
Govern * For compatibility

v  For just adaptation
Figure 1: Four leverage realms for moving towards multifunctionality

Leverage realm #1 Define who multifunctionality is for

Explicitly defining who might gain from multifunctionality will also reveal those who will
not. As well as identifying the human beneficiaries of the ‘solution’, there is a need to
identify nature-related risks and opportunities emerging from society’s dependencies
on nature. These may include financial loss resulting from negative impacts on
nature, and the costs stemming from the loss of certain species, genetic variety
and/or key ecosystem services. Beyond loss, transitioning to more nature-positive
practices may generate transition costs that should be planned for and mitigated
(Taskforce on Nature-Related Financial Disclosures, 2021). More fundamentally, it is
also worth considering what nature will gain — or lose — from different options. This
includes understanding specifically what species or ecosystems are targeted, as well
as the context in which the solutions are being delivered. Is this about ecosystem
connectivity and function, or conservation of species? What species, ecosystems or
ecological functions are likely to be gained?
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There are three recently spotted trends worth highlighting here. The first two trends are
presented by Wilson et al. (2020) who find that, first, most behavioural adaptation — at the
individual level — is short-term, small-scale in nature and incremental. Such adaptation
relies on the costs and benefits aligning for the individual, including through market
mechanisms, regulation, or awareness and participation. By contrast, transformational
change, required to steer the system towards multifunctionality, is a process that may
involve institutional reforms and cultural changes, and which generates long-term impacts.
The second trend is that most empirical studies on climate adaptation focus on adaptation
interventions with individual benefits. Less is known about those with collective benefits.
The third trend is highlighted by Coggins and colleagues (2021) who found in their
systematic review of the literature on adaptation that most studies have addressed equity
and/or justice issues at a single scale (countries, subnational levels, cities, communities,
households and individuals). Not only are multiscale approaches rare, also, much

debate is taking place at the international level without connecting to national or local
implementation. As a result, ideas of equity and justice are stronger in the discourse of
climate adaptation but lack specific mechanisms for effective operationalization.

Why are these trends important to consider when defining multifunctionality?

First, we know very little about single-purposed adaptation interventions of a

more transformative character, which means that finding lessons for implementing
multifunctional transformative interventions could be a challenge. While existing
interventions may unintentionally have achieved multifunctionality, in order to define new
interventions, it is crucial to understand the mechanisms and conditions (e.g. ways of
organizing, structures in place, changes required) which led to specific outcomes.

Second, ensuring that adaptation actions are steered towards collective gains is
essentially a question of justice and equity. This is particularly important for how we think
multifunctional interventions could lead to sustainable transformation. Are multifunctional
interventions about numbers, meaning they should deliver to as many people as possible
irrespective of how vulnerable these people are in the first place? Should multifunctional
interventions be about purpose, meaning they should seek to deliver as many benefits as
possible to specifically vulnerable populations? Or should they be about space, meaning
that an intervention should maximize the services provided within a delimited area?

Lastly, scale is fundamental for multifunctionality, as interventions of this type demand

a systemic approach that cuts across traditional jurisdictional lines and provides
connectivity of nature and society. But budget lines remain constrained by our political
systems founded on administrative boundaries. This is not only problematic for practically
financing and governing multipurpose interventions, but could also create inequities and
injustice at a more systemic level. The classic upstream-downstream challenge in river
basins provides a good example where the beneficiary might not be the same as the
payer. Alternatively, those required to act or pay (upstream) will not benefit to the same
extent as those downstream. Multifunctional interventions would thus need to address
scalar injustices by ensuring benefits throughout the system in order to create acceptance
for the intervention in the first place.
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Leverage realm #2 Design for multifunctionality

Combining technologies for delivering several critical services through a common

physical structure is nothing new. Many of today’s water infrastructures provide multiple
services. For example, hydropower reservoirs are often designed and/or operated to
provide services beyond electricity generation, such as water supply, flood and drought
management or irrigation. Worldwide, there are over 8000 large, multipurpose water
systems by design, plus a significant number of systems that operate as multipurpose
although were designed for a single purpose (OECD Environment Directorate, 2017).

There is thus an untapped opportunity to learn from these as well as other indigenous
approaches before designing new multifunctional interventions (Sahle & Saito, 2021). More
specifically, understanding how existing multifunctional practices are impacted by modern
practices, user demands or global chains can inform new multifunctional landscape design
and local policies, for example by locating important areas of landscape service provision.
This can in turn contribute to preserving important ecosystems and functions, and
enhancing landscape integrity, functionality and resilience (Marinelli et al., 2021).

The experience with NbS suggests that while there may be unintended positive
outcomes or multiple benefits from their implementation, unless these are incorporated
in the design of the intervention it will be difficult to manage and monitor their broader
impacts, and hence it will be difficult to tell whether the intervention has indeed led to
improvements (Fiertz & Barquet, 2022; Hanson et al., 2020). Although NbS are promoted
for their multifunctionality, projects are typically site-based and target a particular
benefit, thereby failing to incorporate landscape approaches and a suite of socio-
economic and environmental benefits (Meerow & Newell, 2017). By contrast, designing for
multifunctionality implies considering the range of benefits and trade-offs an intervention
could have, at the design stage, and setting up the appropriate institutional mechanisms
for their governance.

Multifunctionality demands networked designs to ensure that individual features

form, and contribute to, an interconnected system at a landscape scale (Jerome et

al., 2019). Interconnectedness is also reflected in the concept of ‘interoperability’ or

the integration of components into a system of systems. Interoperability allows for the
systemic consideration of multiple systems and their functions together. Increasing
connectivity through multiple nodes can reduce critical points or vulnerabilities within
single infrastructure systems. Considering interoperability in adaptation strategies also
creates opportunities for different adaptation pathways at different timescales, for
example by adjusting or enhancing certain functions depending on changing conditions
(Vercruysse et al., 2019).

Designing for multifunctionality also implies understanding individual and collective
drivers for change and identifying the social fabric required for sustainable change to
occur. The individual and cultural immaterial aspects, such as values and sense of place,
are increasingly recognized as fundamental for achieving just and sustainable planning
practices (Grenni et al., 2020). A place-based approach requires deep understanding of
the people—place relationships - including expectations concerning what the landscape
should be like and what it should be used for — and a recognition of the uniqueness

of places, in terms of local resources, assets, people’s capacities, knowledge and
preferences (Puren et al., 2018; Soini et al., 2012).
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However, multifunctional design needs to address the inherent tension between the
underlying mechanisms for creating a sense of place, such as place attachment and place
identity (Tuan, 1977), and the mechanisms needed to create acceptance for systemic
interventions, for instance at ecosystem or landscape scales where there might be no
sense of identity or belonging of the societies impacted by the interventions. Additionally,
transformation might require changes in the physical and built environment, in the norms
and cultures defining societies, and in the functions attributed to landscapes, all of which
shape our sense of place. In other words, multifunctional design will have to redefine
people’s sense of belonging in order to attain transformative change.

Leverage realm #3 Monitor multifunctionality across scales

Despite broad recognition of the importance of multifunctionality for sustainable
landscapes, tools for assessing, planning and monitoring are yet to properly integrate
multifunctional feedbacks across scales (Galler et al., 2015).

Measuring multifunctionality for nature and society is extremely challenging for
various reasons.

Effects of interventions are usually not assessed over longer periods of time and
across space (Galler et al., 2013; Manning et al., 2018), and there is little knowledge

on the interlinkages between socio-economic developments, landscape patterns and
multiple ecosystem service provision (Huber et al., 2020). This is especially the case
for green interventions, which frequently require ongoing monitoring in contrast to grey
infrastructure (Moosavi, 2017). Lack of long-term, landscape-level monitoring translates
into a knowledge gap when it comes to the costs associated with monitoring, as well

as poor evidence regarding what measures are most effective, whether implemented
interventions have had long-term effects, or who or what has benefited from those
effects (Havs och Vattenmyndigheten, 2021). As a result, potential trade-offs between
multifunctionality (e.g. maximizing multiple benefits) and effectiveness (e.g. minimizing
impacts) are not well understood (Mugume et al., 2017).

There is a need to simulate the effects of measures against a range of social, economic
and environmental parameters, for example hydrological extremes, their resilience

to environmental impacts (e.g. from hydropower), seasonal forecasts and climate
projections, hotspots of taxonomic and phylogenetic (evolutionary) diversity, and indicator
taxa of ecosystem condition, as well as their performance against the use of space for
economic development.

Leverage realm #4 Govern for multifunctionality

Multifunctionality could enable a more just adaptation, but knowledge gaps about direct
and indirect implications of land use on multifunctionality hamper implementation (Huber
et al., 2020; Storbjork & Hjerpe, 2021). As a result, discourse is simply not materializing

at the speed necessary to prepare cities for the effects that are already impacting
societies globally.

To accelerate implementation of multifunctional interventions, there are several gaps
that need to be addressed. First, multifunctional governance needs to integrate the
connectivity concept, a spatially explicit approach that incorporates neighbourhood
effects (Peters & Herrick, 2004), and which calls for inclusive information on flows
that connect across spatial units. To do this, there is a need to develop better models
where connectivity becomes a major part of the formulation, and tools that allow
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us to measure what needs to be parameterized (van der Ploeg et al., 2018). These
models should go beyond biophysical processes to incorporate management and
mitigation strategies for sustainable land management, and connectivity in relation to
socio-economic sustainability.

Second, a cross-scale landscape approach must assess how ‘natural’ interventions can
be made compatible with patterns of mobility or economic activity while leaving room for
more dynamic and uncertain processes like climate change. Furthermore, there is a need
to develop, connect and validate mechanisms to optimize the allocation of resources,
pinpointing where specific monitoring or management actions are likely to be most
effective under current and future climate scenarios, biodiversity and socio-economic
dynamics (Royal Botanic Gardens, Kew, 2021). This can provide an indication of the most
suitable type of management in relation to biological values (such as highest species
richness or carbon storage) or socio-economic function (such as recreational use). The
assumption is that areas differ vastly according to the metric evaluated, and that while
certain forms of management (e.g. protected areas) could also provide gains for socio-
economic activities (e.g. fisheries), there are often considerable trade-offs — meaning that
not all values may be maximizable at the same time (Antonelli et al., 2021).

Third, questions of ownership, finance and service provision are particularly unclear when
considering the long-term life cycle of unconventional interventions — such as green, blue
or hybrid —including their maintenance. Here, research highlights the potential of public-
private partnerships as models for shared responsibility (Winslow, 2021). More generally,
there is a need to assess the politics of multifunctional infrastructure performance and
planning (Meerow, 2020) and review the approaches used to calculate benefits beyond
costs and revenues, as these do not capture who pays the costs and who receives the
benefits (Fiertz & Barquet, 2022). Yet most decision-making processes for adaptation rely
on mainstream economic appraisals that build primarily on measuring net present value:
the difference between the present value of cash inflows and the present value of cash
outflows over a period of time. There are some well-recognized difficulties associated
with this approach (Padilla, 2002), especially because property values are often used as
a starting point to assess whether an intervention is worth the costs (Arkema et al., 2017).
But not everyone owns property, and this is true for the most marginalized and vulnerable
in society. Hence, property cannot be a precondition nor a metric for adaptation (sensu
Harvey, 2003; Lefebvre, 1991). Without knowledge of the distribution of costs and
benefits, multifunctional interventions could maintain or reinforce inequities if more
marginalized groups shoulder a disproportionately greater burden.

Conclusions

This paper proposes a dialectic understanding of multifunctionality to bridge the nature—
society dichotomy in current planning and adaptation practices.

Embedded in the concept of multifunctionality are principles of connectivity, dynamism
and scale that align better with an ecosystem approach compared to current single-
purposed interventions. Beyond ecosystem traits, a joint nature—society understanding to
multifunctionality integrates artefacts and practices produced by societies with nature.
This does not imply that all ecosystems should be permeated by social structures. Rather,
it highlights the need that many places and societies face today: to reconcile questions of
social equity with biodiversity and environmental goals.

We summarized the rich literature on NbS as it sheds light on the benefits and trade-offs
from nature-inspired interventions, and can serve as a basis for moving towards more
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hybrid approaches that can deliver multiple functions. Based on these experiences we
suggest four leverage realms for multifunctional interventions:

1. Define who multifunctionality is for, including understanding the mechanisms for
change, the interventions that will lead to collective gains and the identification of
the societies and nature that will benefit and those that will not across spatial and
temporal scales.

2. Design for multifunctionality, by planning for multiple benefits from the beginning,
assessing interoperability of interventions and ensuring a sense of place is
incorporated in design practices.

3. Monitor multifunctionality across scales, including long-term and at a landscape level,
to assess effectiveness and performance of interventions, and monitor the provision of
landscape services.

4. Govern for multifunctionality, which means governing for connectivity, compatibility
and a just adaptation.
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