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Abstract

Future scenarios and pathways of potential development trajectories are powerful tools to assist with decision-making to
address many sustainability challenges. Such scenarios play a major role in global environmental assessments (GEAs).
Currently, however, scenarios in GEAs are mostly developed at the global level by experts and researchers, and locally
imagined, bottom-up scenarios do not play a role in such assessments. In this paper, we argue that addressing future sustain-
ability challenges for achieving more equitable development in GEAs requires a more explicit role for bottom-up inspired
futures. To this end, this paper employs an innovative global assessment framework for exploring alternative futures that
are grounded in local realities and existing practical actions, and that can be appropriately scaled to the required decision-
making level. This framework was applied in the context of the UN’s Global Environment Outlook 6, a major example of
a GEA. We developed novel methods for synthesizing insights from a wide range of local practices and perspectives into
global futures. We collected information from crowdsourcing platforms, outcomes of participatory workshops in different
regions of the world, and an assessment of reported regional outlooks. We analysed these according to a framework also
used by an integrated assessment model in the same GEA. We conclude that bottom-up approaches to identify and assess
transformative solutions that envision future pathways towards greater sustainability significantly strengthen current GEA
scenario-development approaches. They provide decision makers with required actionable information based on tangible
synergistic solutions that have been tested on the ground. This work has revealed that there are significant opportunities for
the integration of bottom-up knowledge and insights into GEAs, to make such assessments more salient and valuable to
decision makers.

Keywords Futures thinking - Global environmental assessments - Innovation - Participatory processes - Scenarios -
Sustainable development goals - Transformations

Introduction

The rapid pace and scale of societal and environmental
changes in the anthropocene necessitate important changes
in how integrated scientific assessments are carried out to
account for such changes from local to regional and global
levels. Contemporary global environmental assessments
are shifting focus from only synthesizing the current state
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of knowledge towards understanding transformations and
interventions needed to mitigate and manage environmen-
tal risks (Kowarsch et al. 2017; Jabbour and Flachsland
2017; Castree et al. 2020). This shift in intention and
direction is especially relevant in the context of global
agendas that require going beyond the current solution
space, however, such consideration is also warranted for
local and regional levels.

Global environmental assessments (GEAs) distil, syn-
thesize and interpret existing information in ways that
intend to be relevant to decision makers. They can help
governments to achieve consensus when negotiating com-
plex international agreements (Jabbour and Flachsland
2017). However, GEAs struggle to integrate dynamics at
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local, regional and national to global scales (Bennett et al.
2003) because they rely primarily on global-scale quanti-
tative scenarios (Van Vuuren et al. 2012). These global-
scale quantitative scenarios, usually developed using
integrated assessment models (IAMs) (Van Vuuren et al.
2012; Calvin et al. 2019), are limited by the extent they
can include novelty into their analysis. IAMs also cannot
simulate decisions that engage multiple jurisdictional lev-
els, diverse actors, and emerging trends from sub-global
scales. As a result, they are not, by themselves, immedi-
ately useful to national and sub-national decision making
(Biggs et al. 2015).

This paper investigates how analyses based on diverse
local practices and perspectives can make a valuable
contribution to global environmental assessments. To do
so, we describe the development of aggregate insights
from large sets of local participatory processes and local
practices. We identify locally sourced, bottom-up exam-
ples of potential futures that can engage with disruptive
change, innovation and transformation. We also consider
changes in governance, emphasising the future roles of
diverse societal actors. The examples are synthesized in
a manner that is uniquely valuable for GEAs, with the
results being equally beneficial to local and regional deci-
sion makers. The process documented here was used for
the Sixth Global Environment Outlook (GEO-6) report
(Pereira et al. 2019).

Integrating bottom-up scenarios into global
environmental assessments

The models used in developing GEAs are useful for
exploring plausible future behaviour of a global system
of interconnected social, environmental and economic ele-
ments. This helps to assess broad-scale futures beyond
individual contexts. However, future pathways and scenar-
ios often exhibit tensions and alternative options at various
scales. For example, global recommendations for healthy
diets (e.g. Willett et al. 2019) may not align with regional
suitability for recommended crops (Neumann et al. 2010,
Chapman et al. 2020). Similarly, global level recommenda-
tions for reducing meat consumption, urban/rural linkages,
markets and globalisation may not align with regional or
national aspirations, which may show preference for agro-
ecology instead of sustainable intensification of produc-
tion, or argue for localised rather than global food supply
chains (Aguiar et al. 2020). GEAs have typically used
scenarios and pathways from global perspectives (IPBES
2016), ignoring these local, national and regional consid-
erations. Moreover, global scenarios are usually based on
integration of global data and models to project plausible
future pathways and outcomes.
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The range of explorable futures in GEAs is thus con-
strained by the mathematical architecture of the model,
and there are limits to the complexity and diversity of ele-
ments that can be practically simulated and reliably cali-
brated to available data, especially at local and national
levels. To address this, much research has emphasized
the downscaling of global scenarios for use at local levels
(Zurek and Henrichs 2007; Mason-D’Croz et al. 2016;
Palazzo et al. 2017). By contrast, relatively little research
has been done on methods that upscale local scenarios,
practices and perspectives for use in pathways, syntheses
and scenarios at the global level (Pereira et al 2021). This
is mainly because tremendous diversity exists across dif-
ferent localities and regions (Aguiar et al. 2020, Chen et al.
2020), and the pace and extent of change at these scales
can be highly unpredictable. In short, there is a gap in
research on creating global futures through aggregating
or synthesizing local scenarios.

As such, most global approaches to scenario develop-
ment (including those based on IAMs) cannot engage
effectively with (1) the roles and behaviour of specific
actors and the multi-level policy and practice mechanisms
that support transformation, (2) disruptive technologies
and processes, and (3) geographic disaggregation to
appropriate decision-making levels. Participatory, local
approaches can use local narratives and perspectives to
offer complementary insights to the GEA process. They
can help imagine how local actors might behave in the
future; they can consider disruptive change, and they can
develop future pathways that are contextualized and prac-
tical (Pereira et al. 2021). Additionally, pathways based
in local knowledge and practices can be based on exist-
ing and potentially transformative initiatives as a start-
ing point (Pereira et al. 2018). This paper leverages this
complementarity.

This paper responds to the need for developing a bottom-
up aggregation and synthesis approach for creating futures
based on local practices and perspectives in GEAs. We
develop a framework for doing this in the GEO-6 assessment
by drawing on an important precursor project. In December
2014, the UN Framework Convention on Climate Change
(UNFCCC) launched the Global Climate Action portal to
track the diversity of bottom-up actors and their commit-
ments and pledges to climate mitigation, adaptation, financ-
ing, capacity-building and other actions in addressing cli-
mate change. The portal is evolving towards a consistent
methodology to account for quantifying bottom-up actor
contributions in global climate mitigation scenarios (Hsu
et al. 2019; Kuramochi et al. 2020). It has a three-fold aim to
(1) aggregate local climate efforts and their impact on exist-
ing climate scenarios to allow for more accurate appraisal
of existing emissions pathways and gaps, (2) understand
the mitigation contributions of local efforts and provide
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examples that may prompt governments to better support
these activities and (3) incorporate local initiatives that are
critical to advancing lower carbon trajectories, but are dif-
ficult to quantify into global climate scenarios (Chan et al.
2016). We view this kind of cross-scale approach, pioneered
in the climate sphere, as highly applicable to environmental
sustainability more broadly and draw on it as an example
of how to aggregate or upscale bottom-up scenarios. Fur-
thermore, there is growing evidence for the use of bottom-
up approaches in global assessments as they offer a context
for analysing transformative change by documenting actual
interventions that are taking place across different scales and
levels (UNEP 2019; IPBES 2019; Hsu et al. 2019).

Transformative interventions and sustainability
transformations

There are a growing number of initiatives aimed at iden-
tifying local practices and perspectives with the potential
to contribute to transformative futures. Some rely on par-
ticipants submitting their initiatives and activities either
through workshops (e.g. The Seeds of Good Anthropocenes
(Bennett et al. 2016), or online platforms, e.g. the Climate
CoLab (Malone et al. 2017). Some are sector specific,
focusing on issues such as sustainable land management
(e.g. world overview of conservation approaches and tech-
nologies (WOCAT) or climate (e.g. the senses toolkit on
climate scenarios https://climatescenarios.org/). Other ini-
tiatives are facilitated at regional level, focusing on small-
scale social innovations (e.g. transactional environmental
support system see Kenward et al. 2013), food sustainability
(e.g. TRANSMANGQO see Hebinck et al. 2018), and local
and regional transitions for a sustainable, low-carbon future
(PATHWAYS), including many funded at the European
level through the Horizon 2020 scheme.

Existing literature on sustainability transformations pro-
vides a useful framework to understand the governance
conditions needed to transform unsustainable systems and
scale the innovations identified by the workshop on seeds
and Climate CoLab portal (see Kivimaa and Kern 2016 and
further details in Sect. 2 below). Sustainability transforma-
tions are often multi-phased, with periods related to a prob-
lematic status quo, a preparation phase in which innova-
tions begin to develop, a navigation/acceleration phase in
which innovations grow and become part of the new system,
and an institutionalization phase in which a more desirable
system is made sustainable in the long term (Olsson et al.
2006; Moore et al. 2014). For transformations to occur suc-
cessfully, each of these phases requires governance condi-
tions that are strongly enabling. These enabling conditions
include both supporting conditions for scaling innovations

! https://www.pathways-project.eu/home.

appropriately and disrupting conditions for the weakening
of existing, problematic structures.

There are challenges associated with aggregating the
information captured in these diverse initiatives into bot-
tom-up syntheses, largely due to the plethora of bottom-up
knowledge that can be gathered. However, such aggregation
if done in a way that allows for the diversity of pathways
options to remain clear whilst still providing a coherent
message, presents opportunities for collectively informing
effective for policy and decision-making, especially at local
and national levels. In particular, it allows alignment with
higher-level global pathways and policies, e.g. by promot-
ing coherence, consistency, and compatibility (Zurek and
Henrichs 2007). Recent sustainability assessments have,
therefore, shown an appetite for combining complementary
features of bottom-up and top-down scenarios and pathways
(Rosa et al. 2017; IPBES 2019; UNEP 2019). Headway is
also being made in the field of multi-level governance, espe-
cially around climate (see Holscher and Frantzeskaki 2020).
This is an emerging approach, still with many challenges,
but there is high demand for such sustainable development
scenarios and pathways.

Methodological rationale and approach

We collated local to regional measures for shifting to more
sustainable futures from two types of sources described
below: initiatives of locally sourced practices and per-
spectives, and sub-global regional assessments of GEO-6.
We coded each measure according to a measure typology
aligned to the IAM analysis for GEO-6, and analysed the
underpinning enabling conditions for change.

Gathering and coding local practices
and perspectives

We used two distinct participatory methodologies from
local practices and future perspectives on tangible system
transformations. These two processes were designed to gen-
erate local data on stakeholders’ perspectives. The first is
a ‘Seeds’ approach (Bennett et al 2016) and the second is
based on the Climate colab platform (Malone et al 2017).
Appendix 1 provides a description of the Seeds and Co-lab
proposals that were used.
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Seeds

The first participatory process was a series of four work-
shops held in Bangkok, Guangzhou, Nairobi and Singapore,
where local stakeholders were invited to envision specific
local transformation pathways. Participants were asked to
propose seeds, which are examples of existing, but not yet
dominant social initiatives, new technologies, economic
tools or social-ecological projects, or organizations, move-
ments or new ways of acting that appear to be making a
substantial contribution towards creating a future that is just,
prosperous and sustainable (Bennett et al. 2016). They were
subsequently asked to build proposals for how to achieve as
many SDGs as possible by combining different seeds with
one another and exploring how they could interact (UNEP
2017a,2017b, 2017¢c, 2018). The four workshops led to 156
seeds and 24 proposals for specific system transformations.

Co-lab

The second participatory process was an online contest held
through the Climate CoLab platform, an online contest plat-
form and community run by the Massachusetts Institute of
Technology (MIT). The contest asked participants to com-
bine proposals previously collected by the Climate CoLab
platform and to build creative combinations of actions that
can achieve climate and sustainable development goals. Pro-
posals’ authors worked with each other and with over 800
experts, using the CoLab platform, on climate change and
related topics, to create, analyse and select detailed proposals
for what to do about different aspects of the climate change
problem. The contest was promoted through a wide range of
networks, including through UN Environment Programme
(UNEP), MIT and other organizational partners worldwide.
The Climate CoLab contest resulted in 73 proposals by 112
proposal authors; featured 188 proposal comments; and saw
3064 votes being cast. The judges selected 12 final proposals
plus a judges’ choice winner from both processes. The pub-
lic was also invited to vote for the proposal most deserving
of a popular choice award out of the 12.

Coding proposed measures

To synthesize local practices and perspectives into higher-
level futures, we aligned the coding of the proposed local
practices and regional measures to a pre-defined measures
typology that was applied in the global IAM framework
to model the GEO-6 alternative scenarios (Van Vuuren
et al 2019). The typology identifies 33 measures which are
grouped hierarchically into four “clusters”: energy, climate
and air, agriculture, food, land and biodiversity, human well-
being, and freshwater and oceans (Table 1). As an iterative
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process, The Seeds and CoLab proposals were coded based
on the availability and quality of the data submitted, so not
all the results could be coded on all dimensions. The ini-
tiatives were coded according to our typology measures as
well as SDGs that they addressed, to derive an SDG-meas-
ures pairing matrix. Coding was done by a single person to
ensure consistency. A proposed initiative could be assigned
to many measures such that a single proposal could have
multiple intervention types across multiple clusters. The
initiatives were assessed and coded according to a matrix of
measures and SDGs pairings to derive a heat map. Where
initiatives did not fit into these existing clusters of measures,
they were added into an ‘Additional regional & bottom-up
interventions’ category (See Results and Fig. 4).

Gathering and coding regional assessments

Six GEO regional assessments had been completed in
2016 under UNEP sponsorship: for Africa, Asia and the
Pacific, Europe, Latin America and the Caribbean, North
America and West Asia (UNEP 2016a,, 2016b, 2016c,
2016e, 2016d, 2016f). Each regional assessment highlights
region-specific environmental challenges, priorities and
the responses, providing important insights on the empha-
sis that specific regions give to different measures. Solu-
tions or recommendations proposed by the regional assess-
ments are intermediate and potential bridges between
global assessments and local practices. Taken together,
these solutions provide a set of overarching regional meas-
ures for building sustainable futures at a global level. Pro-
posed solutions and recommendations from the Outlooks
chapter of each regional assessment were extracted. These
were coded as specified in 2.2, where a single proposed
solution or recommendation by a regional assessment
could be assigned to many measures. By aligning with
the global IAM typology, we were thus able to compare
similarities between measures recommended at global and
regional level, and identify regional measures that consti-
tuted gaps in the global coding typology.

Analysis of interventions in light of enabling
conditions for change

The above coding allowed for an understanding of what
clusters were being addressed by solutions, but not of the
theory of change behind each solution. Seeds and propos-
als were, therefore, also analyzed under the framework
of enabling and disruptive conditions (Kivimaa and Kern
2016). This framework draws on the Schumpeterian notion
of ‘creative destruction’ whereby the authors argue that pol-
icy mixes for a transition need to aim at both ‘creating the
new’ whilst ‘destabilising the old’ (Kivimaa and Kern 2016
205). As such, the framework expands on the innovation for
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Table 1 Coding measures by cluster based on van Vuuren et al 2019

Cluster Measure category

Energy, air and climate Energy access

Behavioural change (transport and
households)

End-use electrification

Low/zero-emission technologies (non-
biomass)
Bioenergy (with and without CCS)
Improve energy efficiency
Negative emission technologies
Air pollution control
Non-CO2 emission reduction
Agriculture, food, land and Reduce food waste
biodiversity Yield improvement
Nutrition management
Food access
Diet change
Manage soil carbon loss
Minimize land damage
Land ownership
Protection of terrestrial ecosystems
Land-use planning
Forest management
Freshwater and oceans Improve water-use efficiency
Blue carbon
Water, sanitation and hygiene (WASH)
Wastewater treatment
Water quality standards
Desalination
Integrated water resource management
Sustainable fisheries
Ocean regulation
Protection of marine ecosystems
Human wellbeing Poverty alleviation
Child/maternal healthcare
Education

sustainability transitions literature by arguing that what is
important is not only the creation of novelty (enabling inno-
vations), but also the destruction of problematic incumbents
(disruptive conditions). This argument aligns well with the
transformations literature, such as the Three Horizons heu-
ristic, that argues that there is a need for both growing the
alternative ‘new’ system whilst at the same time breaking
down the current dominant system (Sharpe et al 2016). This
analytical framework allowed for an understanding of the

transformation mechanisms at play in the proposed meas-
ures, such as the enabling of experimentation and mobili-
zation of resources, as well as the disruption of incumbent
power structures and actors.

Results

Translating local practices and perspectives
into additional synthesized measures

A substantial portion of solutions did not fit neatly into the
four pre-defined categories of measures that had been used
in the GEO-6 IAM analysis (see van Vuuren et al 2019),
and so a fifth cluster of measure categories (‘“Additional
regional and bottom-up interventions’) was created based
on the solutions found in the bottom-up analysis (see “Addi-
tional regional and bottom-up interventions” in Figs. 1, 2,
3). These will be further discussed in Sect. 3.5, but a key
result of this was that nine new measures were developed
and coded as part of the analysis:

e Monitoring and reporting: innovations to improve the
monitoring and reporting of environmental conditions,
including citizen science initiatives.

e Circular economy: innovations that involve the increased
efficiency of resource use, specifically through new busi-
ness models that better engage with the issue of waste
products of other production processes (see Ghisellini
et al. 2016).

e Sharing economy: innovations related to the peer-to-peer
sharing of goods and services, primarily through infor-
mation and communications technology (ICT) platforms
(see Hamari et al. 2016).

e Plastic and solid waste reduction: innovations that help
to reduce plastic and solid waste.

e Awareness and skills building: education related to sus-
tainability and environmental issues to improve public
awareness and build relevant skills.

e Gender equality: solutions that promote the fair treat-
ment of all genders, including female empowerment and
considerations of gender equity.

e Smart cities for sustainability: smart cities use modern
digital technologies, such as apps for mobile phones, to
engage and connect citizens in addressing their key sus-
tainability challenges, such as city transportation, con-
sumption patterns, energy, nutrition, water and waste.

e Ecosystem restoration: the process of assisting the recov-
ery of an ecosystem that has been degraded, damaged or
destroyed. Although this category would fit well under
the agriculture, food, land and biodiversity cluster, it is
considered as a separate category here due to the empha-
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Fig. 1 Heat map of workshop
seeds, showing pairings of
specific measures and SDGs.
Numbers indicate the count
of proposals coded with the
specific pairing of interven-
tion (row) and SDG (column).
‘Additional regional and
bottom-up interventions’ is
described more in Sect. 3.3

Cluster

Good health and well-being (3)

Affordable and clean energy (7)

Industry, innovation and infrastructure (9)
Sustainable cities and communities (11)
Responsible consumption and production {12)

Climate action (13)

Energy, Air & Climate

w | No poverty (1)

O [ Clean water and sanitation (6)
| Peace, justice and strong institutions (16)

w | Quality education (4)
©| Gender equality (5)

N | Zero hunger (2)

w
et
=
~

Agriculture, Food, Land &
Biodiversity

Human Wellbeing

Freshwater & Oceans

Additional regional & bottom-up
interventions

sis on this intervention in the reports. In future assess-
ments, it could be adapted to refer to nature-based solu-
tions, encapsulating those relevant innovations that draw
on indigenous knowledge and ecological infrastructure.

e Effective governance: solutions to improve regional
cooperation, and harmonization across scales, includ-
ing to improve the management of interlinkages and
tele-coupling between systems to reduce interregional
inequalities.

Due to the limits on workshop geography and CoLab
submissions (see Appendix 1), the participatory analysis is
not representative of all on-the-ground solutions globally.
However, it does provide an indication of how this comple-
mentarity of online and in-person participatory processes
could be more broadly implemented in future environmental
assessments.

Findings from participatory workshops

The participatory Seeds workshops and Climate CoLab
crowdsourcing highlighted the diversity of solutions found
globally. These initiatives were identified as concrete exam-
ples of typical solutions in each of the measure categories
used by the IAM analysis (see van Vuuren et al. 2019). They
also challenged some of the assumptions on how change
happens within top-down models by providing alternative
mechanisms for achieving impact, and highlighted the inter-
related trends of SDGs, their potential synergies, and the
role of diverse actors in achieving the 2030 Agenda. Most
of the suggested solutions with transformative potential to
enhance human wellbeing or promote environmental con-
servation were focused on interventions and initiatives that
could be implemented in the global South, with a focus on
Asia and Africa (Appendix 1). Few proposals focused on

@ Springer

iy
=

12

5 G| Decent work and economic growth (8)
o ‘ N Life below water (14)
o ‘# Partnership for the goals (17)

S ‘N Life on land (15)

iy
'Sy
N
o
()]
~

14 14 14

o

o = ‘w Reduced inequalities (10)

4 4 1 1 3 7 3
14 | 2 0

N

4 3|2 02

4|1 6 32|43
- -

o

15 11 15

(3]

13

interventions that could address the cause of some of the
drivers of change stemming from the global North (e.g.
solutions for curbing high GHG emitting nations, or unsus-
tainable consumption practices) highlighting an imbalance
in terms of where the burden for implementing change is
suggested to happen.

The analysis of the Seeds contributed during the
GEO-6 participatory workshops showed strong repre-
sentation of the energy, climate and air cluster, particu-
larly linked to SDGs 7, 11 and 13. Specific interventions
within the cluster are detailed in Fig. 1, with popular
interventions related to low/zero emissions, behaviour
change, energy efficiency and (to a lesser degree) energy
access (For a more detailed heatmap for individual meas-
ure, see Appendix 2, Fig. 1). The Seeds showed strong
representation in the fifth “Additional” cluster (i.e. meas-
ure not identified in the top-down IAM). The most prom-
inent of these measures included: awareness and skills
building, monitoring and reporting, plastics and consumer
waste reduction, and circular economy, with the strongest
links to SDGs 11 and 12, and slightly less strong links to
SDGs 3 and 13 (Fig. 1). There was modest interest in the
agriculture, food, land and biodiversity cluster, with the
strongest interventions relating to diet change and protec-
tion of terrestrial ecosystems.

The Climate CoLab proposals were quite different
from the Seed groupings from the GEO-6 participatory
workshops. In the Climate CoLab proposals, the Agricul-
ture, Food, Land and Biodiversity cluster was much more
prominent (Fig. 2), with many proposals targeting food
access and minimizing land damage (For a more detailed
heatmap by individual measure, see Appendix 2, Fig. 2).
The proposals also focused heavily on poverty alleviation.
SDGs 1, 2, 3 and 13 emerge as strongly linked across
many proposals (Fig. 2). Comparatively, few Climate



Sustainability Science (2021) 16:1907-1922 1913
Fig.2 Heat map of Climate _
CoLab proposals showing pair- . 2
. & < —
ings of measures and SDGs. o | @ = £ 5)
Numbers indicate the count | 2 12 2
. = 8 2|3 o
of proposals coded with the _ =| 3| & 2| 5 5
. .. . . m o = ey = —
specific pairing of intervention w IR g 2 2|5
(row) and SDG (column) 3 2 2 E HEE é 2 é
3|2 |E|=s|8|<c|8|2B|¢& = 5| ®
3 | = S K] o o B © 3 W = o 2
~|z2le|lz|l=|2|28|&|=|8|c|2|s|m|cs]|*
S| S| s|R|E2|5|2|=s|8|3|B|8|s|6|2|alse
Zls|s18|S|s|=s|%|s|¢e|olel|l2|3|l5|8|%
Z| S| 2|28 |e|c|=|=|2|c|8B|=2|2|%|2
sg|s| 8|2 |s|2|3| 2|5 |=|B|S|8|=|2|8
22| =|lz|8|2|8|2|E|8|=|5|8|2|=c|alc@
ol < | 5| 2| 5 | B s 1 S| ® 8 T [ o (5] g c
2l ol o|®|c|c8|o8| 8| 2| a|B|a|E| ool &%
o 5 <1 S o | @ | & o | 2 @ 35 g | = £ £ o ©
Cluster =4 N[ O g| o o < [a} £ | x a | x| O i} 3 o [
Energy, Air & Climate 11 13 138 4 6 1217 12 11|68 |5 |20]7]9 310
Agriculture, Food, Land & 32 1B 2 20 24 17 15 17 14 8
Biodiversity
Human Wellbeing 0 11 11 5 5 7 7 9 6 6 5 [ 7 128 5 ‘ 78 3 |7
Freshwater & Oceans 3 5 4 3 4 4|3 4 |1[3[3|1|[5][1]2]2 4
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CoLab proposals had interventions relating to energy,
climate and air despite strong representation of SDG 13
(climate action). Gender equality emerged as a strong
intervention in Climate CoLab proposals compared with
the Seeds, but it was not strongly related to any other
SDG. Awareness and skills building in the “Additional”
cluster, was strongly represented in both the seeds and
Climate CoLab proposals. Neither the Seeds nor the
CoLab proposals produced any substantial focus on the
merged cluster for freshwater and oceans, although this
gap is partially addressed in the analysis of the regional
assessments.

Regional assessments

The most frequently occurring interventions in the GEO
regional assessments were low/zero-emission technologies,
the protection of terrestrial biodiversity, effective govern-
ance, skills and awareness building, and monitoring and
reporting (Fig. 3 For a more detailed heatmap by individual
measure, see Appendix 2, Fig. 3). They highlighted roughly
similar proportions of interventions across regions in the
energy, climate and air cluster and in the agriculture, food,
land and biodiversity cluster. The interventions in the com-
bined cluster for fresh water and oceans shows only slightly
less prevalence (Fig. 3). There was a marked absence of
interventions that directly addressed the human well-being
cluster, especially related to poverty alleviation (unlike the
Climate CoLab proposals in which this cluster was strongly
emphasized). There was also evidence of gaps across the
regions with reference to a sharing economy and gender
equality.
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Elaboration on additional measures

As mentioned above, nine additional measures (included
as the “Additional” cluster) were identified from the par-
ticipatory GEO-6 processes and the review of the Regional
Assessments, which had not been included in the IAM anal-
ysis (van Vuuren et al 2019). For Seeds and CoLab propos-
als, the measures that were coded across both “additional”
and at least one of the four main clusters, some preliminary
patterns emerged, although the sample sizes were small. For
Seeds, the most common cluster to be paired with “addi-
tional” measures was energy, climate and air, with Seeds
linking this cluster to monitoring and reporting, smart cities,
and awareness and skills building (Fig. 4). Gender equality
appeared in only two Seeds and neither of these was linked
to any of the four main clusters. In contrast, in the Climate
CoLab proposals, gender equality, and awareness and skills
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Additional regional & bottom-up interventions 6 3 8 5 6 6

Fig.3 A heatmap of interventions highlighted by the outlook chap-
ters of the GEO Regional Assessments. The darker the block, the
higher the number of those group of measures highlighted by the
associated regional assessment; white indicates absence of the meas-
ure
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Fig.4 Count of the number of
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building emerged as one of the strongest intervention catego-
ries and appeared in various proposals paired with all of the
four main clusters. These CoLab proposals ranged in their
suggestions from a mentoring network for women to female
economic empowerment through activities like beekeep-
ing. Agriculture, food, land and biodiversity emerged as the
strongest cluster paired with various “other” interventions.

Of the nine additional interventions, two effective govern-
ance, and awareness and skills building were highlighted as
important interventions across all six regional assessments.
The regional assessments indicated the need to involve a
diverse range of actors in seeking transformative solutions
to achieve sustainable development, and all emphasized
the need to develop new collaborations between business,
government and civil society. In addition to these common-
alities, the assessments strongly reflected region-specific
issues.

In North America, the identified governance and capac-
ity-building needs focused on integrated forward-looking
approaches that leveraged new technologies and citizen
science in monitoring and reporting that would ultimately
internalize environmental costs in the economy. Africa and
Latin America and the Caribbean emphasized effective
implementation and regulation to prevent further habitat
loss and land degradation, focusing strongly on policies that
strengthen equitable land ownership and sustainable use of
natural resources. Europe, and Asia and the Pacific strongly
emphasized regional policy integration and cooperation.
However, the outlook for Europe focused its policy coordi-
nation around encouraging sustainable lifestyles, while Asia
and the Pacific emphasized coordination as an adaptation
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response in disaster risk reduction. In West Asia, the domi-
nant governance issue was peace and security. Only three
assessments (Africa, Europe, and Latin America and the
Caribbean) emphasized the need for global governance in
addressing tele-coupling aspects that transfer the impacts of
production and consumption to other regions. This limited
consideration of interregional impacts, particularly from
major regions of consumption such as North America and
parts of Asia and the Pacific, is concerning and we suggest
should be included as an explicit criterion in future regional
assessments.

While monitoring and reporting was a strongly repre-
sented measure in Seeds, it was far less prevalent in Climate
CoLab proposals. In the regional assessments, it was empha-
sized by all regions except Europe, with a focus on the use
of new technologies and citizen science to monitor future
trends and report on sustainable development outcomes.
Ecosystem restoration was also important in the regional
assessments, but the focus differed in each region. In North
America, restoration was considered important for improved
water-quality management, while in West Asia restoration
strongly focused on coastal marine ecosystems as a strategy
to reduce disaster risk. In Europe, restoration was an inte-
grative pathway to realizing multiple goals for biodiversity
conservation, reinvigorating abandoned farmlands, reducing
nitrogen and GHG emissions, and the mental and physical
health benefits of restoring blue-green infrastructure.

Finally, there are clear indications from the bottom-up
initiatives that circular economies and smart cities for sus-
tainability represent emerging opportunities that can be lev-
eraged as integrated and synergistic approaches to achieve
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sustainable futures. The contribution of the sharing and cir-
cular economies highlights innovations that boost the energy
cluster, and also address production and consumption chal-
lenges in the agriculture, food, land and biodiversity cluster.
These results also point to the richness of information pro-
vided by these bottom-up and participatory approaches that
would not have been attained by traditional global assess-
ments methods and associated scenarios.

Commonalities across food and urban systems

Based on the number of interventions that emerged from
the bottom-up analysis, it became clear that the food system
and urban systems were two very important areas for effect-
ing transformative change. Here we describe cross-cutting
interventions for sustainability from all three data collections
in these two sub-systems.

Food systems

The food system is a key cross-cutting issue due to its
wide-ranging environmental impacts (Gordon et al. 2017,
Willett et al. 2019). A focus on food related interventions,
therefore, emerged organically in the stakeholder engage-
ment and crowdsourcing initiatives, in which 27 out of the
156 workshop-collected seeds and 11 out of the 34 Climate
CoLab finalists’ proposals related directly to food.

Several of the Seed workshops and CoLab proposals
related to dietary change, specifically advocating increased
uptake of and support for vegetarian and vegan diets. Such
diets are widely understood to demand less land, water and
energy than meat-based diets (Pimentel and Pimentel 2003),
although regionally appropriate livestock rearing on pasture
can be sustainable (Eisler et al. 2014). Others related to
alternative farming methods (e.g. urban agriculture, rooftop
farms, agroforestry) that could potentially have a positive
impact on food security while reducing dependence on land
and/or water resources. While the dominant focus of the
Climate CoLab proposals was climate change, about one-
third were still related to the food system. Proposed solu-
tions ranged from broad-scope, global interventions such as
a network of “tens of thousands of food forests” through to
targeted interventions such as improving moisture-retention
capacity of soils in drought-affected parts of Africa. The
prominence of food in these bottom-up scenarios shows a
clear willingness to embrace changes in the food system,
suggesting a degree of public awareness of the necessity of
change implied by top—down modelled scenarios.

Some of the proposed interventions represent game-
changers that potentially alter the way model-based food-
production scenarios are developed. For example, modelled
links between population, meat consumption, average agri-
cultural yields and land use could be reimagined in light of

widespread reuse of food waste for nutrient recovery (Cord-
ell et al. 2011), while regenerative, ecological and multifunc-
tional agriculture systems have the potential to both increase
and diversify yields (Horlings and Marsden 2011). In addi-
tion, radical models of optimized hypothetical diets have
also been presented in the literature (Ward et al. 2014), and
could alter the conventional specification in top-down sce-
narios of a rigid relationship between humans and land use.

Urban systems

The participatory results focused to a large extent on improv-
ing urban environments, with SDG 11 (sustainable cities
and communities) mentioned often, by 38% of all seeds
workshop participants and half of all climate CoLab pro-
posals. Analysis of these results also showed a variety of
SDG synergies, supporting the idea of urbanization being a
cross-cutting issue in which solutions can have multiple co-
benefits. Seeds addressing SDG 11 had large synergies for
addressing SDGs 3, 9, 12 and 13. Climate CoLab proposals
also indicated several synergies with SDG 11, including for
SDGs 3, 12, 13 and 17. These coding results were further
reflected in the descriptions of relevant Seeds and proposals,
as many spoke of a variety of co-benefits for urban-based
solutions.

Urban-related Seeds often focused on empowering citi-
zens using online platforms and smartphone applications
(apps). Some apps focused on allowing users to monitor
and report their energy usage, air and water pollution, to
identify plant species (biodiversity knowledge and aware-
ness), and more. A core aspect of these apps was to enable
data-based action in addition to educating users. An app to
monitor energy consumption incorporated monetary incen-
tives to change electricity use habits, and an app to monitor
water quality connected directly to relevant municipal water
agencies. Urban seeds also focused on infrastructure, par-
ticularly on developing green infrastructure through green
roofs, community gardens and green building standards
more generally.

In all four workshops, seeds-based visions often coa-
lesced around sustainable cities or communities. Urban areas
were imagined in which buildings are fitted with solar panels
and/or green roofs, are built with sustainable materials, and
make use of smart technologies to minimize energy usage.
Pathways to sustainable futures often included setting aside
spaces and providing infrastructure to enable urban agricul-
ture, the products of which could be used for food as well
as for sustainable consumer goods such as biodegradable
or edible cutlery. One pathway focused specifically on an
international cities platform that allows for environmental
data and actions to be aggregated internationally, and to be
used by citizens to learn and engage in sustainable com-
munity actions.
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Linking interventions and bottom-up pathways
to enabling conditions for transformative change

The results presented above identify the nature of solutions
needed, but these solutions do not necessarily imply trans-
formative change. To achieve change at appropriate scale
(local, region, nation), solutions need to be cognizant of and
address the enabling and disruptive conditions that play a
role in system transformations.

Sections 3.6.1. and 3.6.2. introduce categories of ena-
bling and disruptive conditions for transformations based on
a framework outlined by Kivimaa and Kern (2016). The cat-
egories are described in more detail with further examples
from the literature, followed by references to the relevant
workshop seeds and Climate CoLab proposals.

Enabling conditions for creating innovation

Establishing and supporting markets for innovations Gov-
ernance for transformations should involve establishing and
supporting new markets for innovations. This consists of
policies like regulations, tax exemptions, deployment sub-
sidies and labelling. For example, agroecological innova-
tions and building markets for indigenous foods are being
recognised as increasingly important for meeting food and
nutrition security needs whilst improving the sustainability
of the food system (Tomich et al. 2011; Akinola et al. 2020).

Some seeds and CoLab proposals mentioned creating
and expanding markets such as an ethical fashion industry,
and many others looked at innovations related to new and
growing markets within the circular and sharing economies.
Although there are strong arguments that a focus on a cir-
cular economy in the fashion industry risks addressing only
material concerns and not taking into account the broader
social-ecological system implications (Palm et al 2021).
These changes may require market-supporting policies like
the labelling of fashion projects that meet certain standards,
and subsidies that make niche innovations (e.g. in reusing
waste) more affordable for consumers. Policymakers and
stakeholders should explore how more sustainable markets
related to identified innovations can be supported until they
become the norm.

Supporting innovation experimentation and learn-
ing Learning and experimentation includes support for
research and development, deployment and demonstration,
policies that stimulate entrepreneurship, incubators, low-
interest loans, venture capital and supportive regulatory
conditions. For example, national contexts for fostering
innovation and technology uptake of rapidly emerging phe-
nomenon such as pay-as-you-go digitally enabled business
models in Africa that have had significant early success in
providing poor people with access to technologies relevant
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to the sustainable development goals (SDGs) (e.g., for elec-
tricity access, water and sanitation, and agricultural irriga-
tion) (Ockwell et al. 2019).

Not many seeds and CoLab proposals specifically
addressed experimentation and learning support, although
one Seed was an innovation lab focused on sustainable inno-
vations at the local level.

Financial resource mobilization Financial resource sup-
port is the mobilization of financial capital through fund-
ing mechanisms, low-interest loans and venture capital. For
example, improved information on climate change risks,
reforms that recognize the value and benefits of long-term
investment strategies, and financial reporting requirements
on climate can all help enable increased private and public
sector investments (Clark et al. 2018).

A large number of seeds and climate CoLab proposals
identified a need for greater financial mobilization including
the mobilization of domestic funds; the Inga Foundation’s
proposal seeks international funding, Govardhan Ecovillage
proposes a Green Innovations Fund, and “Framework for
Community-based Sustainable Development” mentions a
need for developed countries to transfer financial resources
(and technological expertise) to less developed countries
(See Appendix 1). Some climate CoLab proposals were
more in depth, calling for incentives for the elderly to work,
incentives for developing carbon sinks, subsidies for organic
farmers, and incentives/subsidies for individuals, coopera-
tives, and businesses supporting composting of urban solid
waste.

Human resource mobilization Human resource support is
the mobilization of human capital, e.g. through education
and labour policies. For example, facilitating youth involve-
ment in agriculture and providing skills and resources is
important for achieving sustainable development (Meteler-
kamp et al. 2020).

Human resource mobilization was a salient theme within
the seeds and CoLab proposals, particularly the role of edu-
cating and engaging people on environmental issues. There
were a large number of awareness, knowledge, and skills
development solutions, all of which help to mobilize peo-
ple towards actioning transformations. Seeds-based visions
from all workshops also listed public awareness as a key
component of realizing the participants’ imagined sustain-
able futures. Exciting examples of human resource mobiliza-
tion included educating the youth to work on climate issues
through the ‘Youth Climate Leaders’ and “Youth Inform-
ing Communities on Climate Change Adaptation through
building homes” Climate CoLab proposals, and the many
app-based solutions that make environmental engagement
accessible.
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Disruptive conditions to destabilise incumbents’

Control policies and rules reform Control policies are taxes,
trade restrictions and regulations that can be instituted by
government actors to make existing processes less profit-
able or more sustainable. Rules reform consisting of radical
policy reforms and changes in overarching rule structures.
For example, control policies such as the EU emissions trad-
ing scheme help internalize environmental costs of carbon
emissions and help level the playing field for niche innova-
tions (Kivimaa and Kern 2016). It is important to acknowl-
edge that transformations usually have winners and losers
(Geels 2014). As such, for every new innovation there are
displacements that can be promoted through control poli-
cies (and should be explored), although such policies should
consider their wider implications as they can have unin-
tended consequences.

Seeds and CoLab proposals related to control policies
included introducing limits on plastic, reducing red meat
from diets, and bans and taxes on plastic packaging. A few
Seeds and CoLab proposals suggested entirely new rule
structures to promote sustainability, such as embracing the
concept of a wellbeing economy, lowering age requirements
for voting for elected officials, introducing new financial
systems that incorporate the value of the environment, and
expanding the circular economy with extended producer
responsibility.

Reduction in existing regime support The removal of sup-
porting conditions that have allowed for the existing, prob-
lematic structures to be successful. For example, redirection
of capital towards more sustainable practices: loan cove-
nants, stock exchange listing rules, and shareholder activism
could have profound impact on improving the sustainability
of the seafood industry (Jouffray et al. 2019).

Solutions that tackled the conditions that make existing
systems successful mostly focused on informing and engag-
ing people on why the existing structures are problematic
and how to do things differently. For example, many apps
looked at education of users for how to improve their lifestyle
to be environmentally friendly, and to promote programmes
such as ‘No Straw Tuesdays’ aimed to challenge the exces-
sive use of straws and plastics more broadly. Although there
is significant potential in using finance to enable systemic
change, no specific proposals along these lines were raised
by participants, which reinforces the importance of having a
wide range of expertise in participatory workshops.

Changes in networks and key actors The replacement of
incumbent actors and the breaking of powerful actor-net-
work structures in favour of new actors and networks more
favourable to the desired transformations. For example,
redefining social roles within communities and governance

structures through novel forms of collective action, coopera-
tives, and associations; enabling new relationships that cre-
ate space for grassroot initiatives and bottom-up solutions
(Wolfram 2018).

Several seeds pathways and climate CoLab proposal
finalists referenced changing current actor relations, specifi-
cally through building collaborative environments and new,
involved networks of stakeholders. Decentralized power
and action in large networks were key components of many
Seeds. One climate CoLab proposal, ‘C’SQUARE’ reflected
the trend found in Seeds pathways and mentioned the need
to empower and mobilize citizens to gather their opinions
to improve urban areas. Its success was dependent on strong
partners and collaborations.

Discussion
The contribution of bottom-up initiatives

The lack of bottom-up futures in the context of global sus-
tainability assessments poses major challenges. In terms of
legitimacy, large-scale global or regional futures that do not
represent the diversity of many different lived experiences,
world views and discourses, risks giving insufficient space
for the concerns and needs of different societal actors, and
overlooking the social innovations these actors may have
to offer (Pereira et al 2021). It is difficult to imagine trans-
formative change if visions of large-scale sustainable futures
do not draw on insights and perspectives from local and
national actors, as well as incorporating diverse knowledge
from indigenous people (IPBES 2019). Many of the Seeds
for better futures exist today in the margins of current sys-
tems, which often means that they operate locally, even if
they are sometimes organized through trans-local networks
(Bennett et al. 2016). This applies also to Seeds that may
contribute to more desirable futures, such as practices, tech-
nologies and forms of governance that might have a global
impact. It also holds for new threats and risks that might
modify the challenges of the anthropocene as they emerge,
such as conflicts, natural resource crises, diseases and prob-
lematic technologies (Steffen et al. 2015). Furthermore,
the lack of bottom-up contributions to global sustainability
futures also has consequences for how these scenarios and
visions are used. If global futures lack connections to on-the-
ground realities, they may be deemed too theoretical and too
generic to inform decision-making. The top-down framing
of future challenges at local levels can limit what gets con-
sidered and affect the legitimacy of who contributes to this
framing of the future (Vervoort et al. 2014).

Using bottom-up approaches, it can be possible to identify
game-changing concepts that fundamentally restructure the
way we view future scenarios. One tangible example is the
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development of small-scale, decentralized renewable energy
systems. The rapid pace of technological development and
the associated decrease in the cost of, among others, solar
photovoltaics and battery storage, coupled with Internet
and Communications Technology (ICT), makes microgrids
a new possibility for areas not yet served by conventional
electricity from fossil fuels. This has already become a real-
ity in Kenya since the establishment of M-KOPA, a mobile-
enabled payment system for Solar Home Systems in 2013
(Ockwell et al. 2019). These technologies and the public
demand to embrace them mean that the types of energy tran-
sition characterizing the past (coal to oil, oil to gas, gas to
large-scale renewables) may not necessarily characterize the
leapfrog development of energy supplies in the future (see
Ockwell et al. 2018. for solar transition in Africa).

Another ongoing debate is on the need for enhanced
assessment approaches that can cope with diverse evi-
dence/knowledge systems, cross-scale interactions and the
entanglement of facts and values at the international sci-
ence-policy interface (Mach and Field 2017; Edenhofer and
Minx, 2014; Jabbour et al. 2012), and still deliver, action-
able information with purpose and credibility. The impor-
tant contributions of bottom-up initiatives driven by different
actors is thus increasingly recognized as core facets of a
useful global assessment. For example, the Fifth Assessment
Report of the IPCC acknowledged the role of local actors in
global climate mitigation (Seto et al. 2014) and the UNEP
Emissions Gap report found significant potential emission
reductions by various non-state actors, complementing
governments’ commitments pledged in support of the Paris
Agreement (UNEP 2019). National governments throughout
the world have also begun to recognize that sound climate
scenario modelling and assessment require contributions
from bottom-up sources (Hsu et al. 2019). Individual actors
frequently form hybrid coalitions, often in cooperation with
national governments, building transnational climate gov-
ernance networks, and demonstrate the potential additive
effects of individual bottom-up climate actions when actors
align goals and coordinate efforts (Andonova et al. 2009).
The roles of different societal actors and diverse knowledge
systems are made explicit in bottom-up approaches and they
highlight the need for diverse higher-level enabling condi-
tions like international agreements to enable niches (see
Byrne et al. 2018).

In addition to making the role for diverse actors explicit,
the results of this bottom-up approach have also highlighted
geographical inequalities of where change needs to happen,
emphasising a need for more equitable and equity-focussed
interventions. The analysis of the Climate CoLab proposals,
where an overwhelming focus was put on solutions for the
global South, particularly countries in Africa and Asia, high-
lights existing inequities in the perceptions of where inter-
ventions are necessary for transformation, and of who needs
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to act (Parks and Roberts 2008; Newell 2015; Nagendra et al.
2018). This imbalance can obscure or ignore the role of the
global North in current development trajectories (e.g. focus-
ing only on poverty alleviation and not discussing wealth
redistribution). While the GEO Regional Assessment for
Europe (UNEP 2016e) did highlight trade-offs and tensions
associated with tele-coupling (e.g. highlighting consump-
tion patterns in one region driving environmental concerns
related to production in another region) (See examples from
Adger et al. 2009; Liu et al. 2013; Seaquist et al. 2014), the
limited emphasis on such cross-scale impacts is of concern
and requires concerted research effort. Here, incorporat-
ing principles of distributive justice—normative principles
designed to guide the allocation of the benefits and burdens
of economic activity based on fair distribution (Lamont and
Favor 2008) can help to construct a development agenda
based on principles of equity and equality and further efforts
towards SDG 10 of reducing inequalities. An equity-based
approach can provide options for where and how to imple-
ment solutions with the most transformative potential to
achieve just and sustainable development; for example, in
reforming consumption and production patterns or in insti-
tuting market mechanisms such as caps on trade, carbon
taxes and offsetting schemes.

Many of the solutions presented in this paper offer oppor-
tunities for countries in the global South to leapfrog onto
more sustainable and equitable development trajectories
through pathways that link diverse SDGs. For example, the
use of ICT plays a major role in driving change in the bot-
tom-up pathways in food, water and energy systems, and sus-
tainable cities, and indicates tangible solutions for how these
more sustainable and equitable change processes are facili-
tated. There are already many good examples of how this is
being leveraged for change in the global South (Karpouzo-
glou et al. 2017; Ockwell et al. 2018). Finally, the econom-
ics of transformative change for sustainability have become
important research discussions as the degrowth movement
and other eco-socialist concepts are becoming increasingly
influential (Hickel 2019; Otero et al. 2020; D’Alessandro
et al. 2020). This economic shift was also captured by the
many initiatives for sharing and circular economies in the
bottom-up pathways that could help enable a transformative
shift to a well-being economy.

Next steps for integrating a bottom-up approach
into global environmental assessment scenarios

The analysis presented in this paper offers new insights
on how contemporary global environmental assessments
and their socially constructed processes can be adapted to
facilitate more inclusive and contextualized explorations of
futures amidst the increasingly complex interrelationships
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between decision-making, knowledge, and society. This
paper has demonstrated the potential of including bottom-
up approaches in GEAs; however, more work is needed to
implement such findings in global decision-making and/or
model-based future scenarios that inform national and multi-
national policies. As indicated by the “additional interven-
tions” for achieving the SDGs that stem from bottom-up,
participatory approaches, which are not captured by the
measures suggested in global IAMs, there is a clear knowl-
edge gap in current IAM-dominated approaches for deci-
sion-making about more sustainable futures. To address this,
more comprehensive participatory approaches are needed
to capture the crucial aspects that cannot be captured by the
IAMs, and hence identify further knowledge gaps that are
relevant for decision-making.

The process pioneered in GEO-6 represents an oppor-
tunity, if refined and adopted in future assessments, for
the top—down scenario-development community to receive
feedback on the public acceptance of the various inter-
ventions and their trade-offs adopted through bottom-up
approaches. To meet the requirement of an increased food
supply, for example, pathways include the expansion of
agricultural land for rain-fed agriculture (at the expense
of biodiversity), or increased use of fertilizer and irriga-
tion to improve yields on the land already in use (at the
expense of water resources and pollution). Stakeholders
could be consulted to gain insights into the relative accept-
ance of different options, as well as to identify blind spots
in the modelling approach that may mean alternative, syn-
ergistic solutions are being overlooked. Similarly, gaps in
actual interventions that could help to achieve SDGs tar-
gets can also be revealed as is the case with interventions
specifically aimed at drivers like population growth and
anthropogenic climate change that present an important
challenge to sustainability, as identified across the GEO-6
report (UNEP 2019).

Longer-term possibilities for integration could include
quantitative aggregation of local scenarios and Seed ini-
tiatives with direct links to model inputs and outputs; and
model integration with online crowdsourcing of bottom-up
pathways. However, while GEO-6 demonstrated the poten-
tial benefits of such two-way integration, there remain sig-
nificant challenges before it can become routinely included
in practice. This stems from the fact that the methodologies
currently employed in exploring local or seed initiatives tend
not to result in these scenarios being described in quantita-
tive terms, or with system linkages sufficiently articulated
to enable their incorporation in IAMs. We contend that this
may be overcome by developing explicit cross-disciplinary
methodologies with integration in mind. The challenge for
the research community is to achieve the quantitative rigour
required of modeling, without sacrificing the participatory
benefits of bottom-up scenario creation (Pereira et al 2021).

Concluding remarks

Our analysis of potential bottom-up and regional solutions
for sustainability has highlighted that there is an important
contribution that bottom-up approaches can make to global
environmental assessments. We show that by including
bottom-up activities, a more accurate understanding of
both existing sustainability interventions and knowledge
gaps can be identified. Moreover, the inclusion of bottom-
up activities can help national governments to support and
account for bottom-up activities in their own agenda set-
ting and ensure the relevance to their needs. For instance,
by identifying small-scale initiatives that provide func-
tions (e.g. capacity-building or piloting of innovative solu-
tions) that may be difficult to quantify, but can be critical
to achieving the transition to a more sustainable society
(Chan et al. 2016), a wider space for policy interventions
could be opened up. The concentration of activities in the
global South further suggests that noting these activities
could fill a key data gap in current records of sustainability
innovations occurring beyond the global North. However,
it also points to an interesting global discourse that may
be emphasising that the regions where change needs to
occur are in the South, rather than addressing patterns
of resource over-consumption in the North. Overall, as
an experimental intervention to gain bottom-up insights
for the GEO-6 report, the process outlined in this paper
demonstrates the potential for future assessments to take
some of these approaches on board in order to situate their
findings more readily in what is already happening on the
ground, and to make the outcome of GEAs more useful
and actionable for decision makers and practitioners.
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