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ARTICLE INFO ABSTRACT

Keywords: The United Nations 2030 Agenda catalysed the development of global target-seeking sustainability-oriented
Target-seeking scenarios scenarios representing alternative pathways to reach the Sustainable Development Goals (SDGs). Implementing
Pathways

the SDGs requires connected actions across local, national, regional, and global levels; thus, target-seeking
scenarios need to reflect alternative options and tensions across those scales. We argue that the design of
global sustainability-oriented target-seeking scenarios requires a consistent process for capturing multiple and
contrasting perspectives on how to reach the goals, including the perspectives from multiple scales (e.g. local,
national, regional) and geographic regions (e.g. the Global South). Here we propose a novel approach to co-
design global target-seeking scenarios, consisting of (a) capturing global perspectives on pathways to the
SDGs through a review of existing global scenarios; (b) a multi-stakeholder process to obtain multiple sub-global
perspectives on pathways to sustainability; (c) an analysis of convergences, and crucially, divergences between
global and regional perspectives on pathways to reach the SDGs, feeding into the design of new target-seeking
scenario narratives. As a case study, we use the results of the 2018 African Dialogue on The World in 2050,
discussing the future of agriculture and food systems. The identified divergent themes emerging from our
analysis included urbanization, population growth, agricultural practices, and the roles of different actors in the
future of agriculture. The results challenge some of the existing underlying assumptions of the current
sustainability-oriented global scenarios (e.g. population growth, urbanisation, agricultural practices), indicating
the relevance and timeliness of the proposed approach. We suggest that similar approaches can be replicated in
other contexts to better inform the process of sustainability-oriented scenario co-design across scales, regions and
cultures. In addition, we highlight the implications of the approach for scenario quantification and the evolution
of modeling tools.

Sustainable Development Goals
Cross-scale analysis

Food system transformation
Three Horizons

1. Introduction Scenarios are defined as plausible stories about how the future may
unfold; they can be conveyed in words, numbers, and maps, often

Future scenarios can be used as tools to expand our understanding of combining quantitative and qualitative elements (Ferrier et al., 2016;
the drivers and consequences of sustainability challenges across scales. Raskin et al.,, 2005). They have a particularly central role in
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international science-policy fora such as the IPCC (Intergovernmental
Panel on Climate Change) and the IPBES (Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services Global Assess-
ment). Conclusions derived from global environmental scenarios often
influence international agreements and foster action at multiple levels,
e.g. in the case of the IPCC scenarios and the Paris Agreement (UNFCCC,
2015). Importantly, the quality of the policy advice derived from sce-
narios vitally depends on the quality of the underlying scenario building
process.

Historically, the majority of global environmental scenarios were
exploratory (asking “Which futures might unfold under specified conditions
and what are their implications?”). However, there has been a growing
attention to target-seeking/normative sustainability-oriented scenarios
(asking “What future do we want and how do we get there?”) (Ferrier et al.,
2016; Wollenberg et al., 2000). Target-seeking scenarios thus capture
both information on the desired “end-point” of future development and
ways how to reach it, given the current conditions. Recently, interest in
the development of sustainability-oriented target-seeking scenarios on
the global level has been catalysed by the United Nations 2030 Agenda
and its Sustainable Development Goals (SDGs), as well as the Paris
Agreement (Gao and Bryan, 2017; Kok et al., 2018; Rogelj et al., 2018a;
Sachs et al., 2019; van Vuuren et al., 2015).

Closely related to target seeking scenarios is the concept of path-
ways, which outlines the courses of events and actions towards the
desired targets. This concept has become very popular in the sustain-
ability arena, even though it has often been used with different mean-
ings (Demeritt et al., 2011; Fazey et al., 2016; Geels and Schot, 2007;
Leach et al., 2010; Rosenbloom, 2017; Swart et al., 2004; Turnheim
et al., 2015). While the global scenario community sometimes uses the
terms pathways and target-seeking scenarios interchangeably (Rogelj
et al., 2018b; Turnheim et al., 2015), here we distinguish the two con-
cepts. We consider pathways as “alternative trajectories of intervention
and change, supported by narratives, entwined with politics and power”
(based on (Leach et al., 2010)). In our specific context of reaching sus-
tainability goals, pathways consist of different strategies which might be
adopted by different actors for moving from the current situation to-
wards a desired future vision or set of specified targets. They are courses
of events and actions that build on each other, from short-term to long-
term change. In our understanding, target-seeking scenarios represent
multiple alternative pathways to sustainable futures, as for example the
three Roads to Rio scenarios (Kok et al., 2018; van Vuuren et al., 2015).

Since an infinite number of possible alternative pathways and their
combinations exist, the crucial challenge in designing target-seeking
sustainability-oriented scenarios is how to select which pathways
should be represented in individual scenarios and in their coherent sets
(Alcamo, 2008). For instance, one could ask which alternative options of
consumption patterns, technological innovations, regulatory measures,
etc., should be represented in a desired future? The selection of alter-
native pathways is not well covered in the scenario literature and rep-
resents an important gap.

The selection of specific pathways to be represented in target-seeking
scenarios is inherently value-laden and requires considerations for
multiple values, world views, voices and overcoming potential power
asymmetries and tensions between them (Leach et al., 2018). Thus, a
consciously deliberate process is needed to elicit multiple perspectives
on pathways to sustainable futures. Such different perspectives may also
arise due to different regional and cultural contexts. Furthermore, con-
trasting perspectives on desirable sustainability pathways may be held
by actors from different scales — local, national, regional, and global.
This is particularly problematic for the implementation of SDGs, vitally
requiring to connect actions across scales. Target-seeking scenarios to
support SDG implementation must therefore allow for the representa-
tion of relevant divergences disputed across groups of actors and scales.

Meanwhile, global sustainability scenarios are developed with
limited participation. For instance, the globally widely used Shared
Socioeconomic Pathways (SSPs) narratives were initially drafted in a
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single workshop involving mostly modelling experts from the Global
North (O’Neill et al., 2017). Several other global scenario processes have
also underrepresented views from the Global South (e.g. in the case of
the modelling groups contributing to the IPCC 1.5°mitigation scenarios
(Rogelj et al., 2018a). These processes of scenario development do not
account for the diversity of views discussed above and have been
designed solely through a top-down process, incorporating the opinions
of selected experts while excluding other relevant actors from different
scales (Alcamo, 2008).

To fill these gaps, we use an innovative approach to design narratives
for global target-seeking scenarios, incorporating multiple perspectives
from across scales and regions. The approach is centred around the
analysis of convergences, and crucially, divergences between global and
regional perspectives about pathways to reach the SDGs. Specifically,
the identified divergences then guide the selection of pathways to
represent in the design of new global sustainability-oriented target-
seeking scenarios. We present the results based on a case study under-
taken within the 2018 African Dialogue on the World In 2050 (Aguiar
et al, 2019), in which several of the current assumptions of
sustainability-oriented scenarios were contested.

2. Material and methods
2.1. Case study

The 2018 African Dialogue on The World in 2050, held in Kigali in
October 2018, was a two-day multi-stakeholder workshop discussing
how transforming agriculture and food systems can contribute to reaching
the SDGs in Sub-Saharan Africa. The Dialogue was organized with
financial support from the Swedish International Development Coop-
eration Agency (SIDA), through SwedBio at Stockholm Resilience Centre
(https://swed.bio/). Its participatory process was designed to provide
insights to practitioners, policymakers, and scenario builders about
alternative pathways to sustainable futures, capturing convergences and
divergences across different groups of actors and scales. The Dialogue
was organised in the context of “The World in 2050” (TWI2050) - an
initiative bringing together a large network of researchers to develop a
new generation of target-seeking scenarios designed to represent mul-
tiple pathways for achieving the SDGs within the planetary boundaries
(TWI, 2019, 2018).

The Dialogue assembled forty participants from eleven different
countries and included representatives of national governments, UN
organizations, civil society, local communities, academia, and research.
The stakeholders were selected based on their expertise in themes
related to African agriculture and agro-biodiversity, social and economic
development strategies, spatial planning, research-development-
innovation, conservation and resource management. The complete
report on the Dialogue process, list of participants and results are
available online in (Aguiar et al., 2019) and a separate paper focusing on
the workshop process (Collste et al., 2019).

In this case study, we designed alternative narratives to inform new
global target-seeking scenarios by comparing sustainability pathways
represented in global scenarios with the regional pathways to the SDGs
emerging from the 2018 African Dialogue, as follows.

2.2. The research approach

Our approach consisted of three phases (Fig. 1), detailed in the
following subsections:

First, we analysed and synthesized current global perspectives on
pathways to achieve the SDGs based on a literature review of model-
based global scenarios (Section 2.2.1).

Second, in order to capture multiple regional perspectives on
pathways to achieve the SDGs, we developed and applied a partici-
patory target-seeking scenario process adapted to the SDG context,
based on the Three Horizons pathways approach (Collste et al., 2019;
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Results:
New global target-seeking scenarios narratives:
branching-pointsand common actions

PHASE 3:
Cross-scale divergence/convergence analysis
across the multiple regional perspectives and
(bottom-up) in relation to the global
perspectives

Case study: Second African multi-stakeholder
Dialogue in TW12050 focusing on the food
system and agriculture transformation in
Africa

Fig. 1. Schematic representation of the research approach.

Sharpe et al., 2016) (Section 2.2.2).

Third, we conducted a structured cross-scale analysis of conver-
gences, and divergences between the regional and global perspectives.
Combining the convergent and divergent themes, we built the narratives
for a new generation of target-seeking scenarios (Section 2.3).

2.2.1. Capturing global perspectives: a literature review

In the first phase, we reviewed and compiled existing sustainability-
oriented scenarios from recent global environmental assessments, such
as the 1.5 IPCC Special Report (Rogelj et al., 2018b), the IPBES Global
Assessment (Chan et al., 2019), and The World in 2050 report (TWI,
2018). We focused particularly on scenarios representing pathways to
achieve multiple sustainability goals — explicitly addressing agriculture
and food system themes.

The analysis consisted of (a) uncovering the general assumptions and
their alternatives addressed by the core global scenarios discussed in
these assessments, (b) connecting those to existing typologies of sce-
narios (Hunt et al., 2012; van Vuuren et al., 2012a), pathways and
narratives (Geels et al., 2015; Luederitz et al., 2017; Scoones et al.,
2018), and (c) analysing the implication of such assumptions and al-
ternatives for Africa.

2.2.2. Three Horizons for the SDGs (3H4SDG)

To uncover multiple regional perspectives about pathways to the
SDGs, we adapted the Three Horizons framework (Sharpe et al., 2016) to
the SDG context, creating a novel approach “3H4SDG” (Aguiar et al.,
2019; Collste et al., 2019). This approach combines elements of previous
works in sustainability science (Lundquist et al., 2017; Pereira et al.,
2018a) and multiscale participatory processes (Aguiar, 2015; Folhes
et al., 2015). As an in-depth description and discussion of the 3H4SDG
approach requires a substantial space and is beyond the scope of this
study, we provide only its brief summary and refer the reader to a
related report available online in (Aguiar et al., 2019) and a separate
paper detailing the participatory workshop process and the participants’
feedback (Collste et al., 2019).

3H4SDG focuses on identifying a desirable vision of the future (a
system we want to transform to), the undesirable features of the current
system (a system we want to transform from), and necessary changes to
shift from the current undesirable features to the desirable vision. The
approach allows to explore the pathways to the SDGs in a holistic,

integrated way by avoiding siloed discussions on individual goals or
clusters of goals. This is in line with the 2030 Agenda resolution ac-
cording to which the SDGs are “universal and indivisible” (UN General
Assembly, 2015). Furthermore, 3H4SDG exposes the participants to
recent global scenario studies, their underpinning premises and as-
sumptions, enabling a cross-scale discussion. Finally, it promotes the
emergence of multiple and alternative pathways by applying the process
in parallel in small groups of stakeholders, “opening-up” to include non-
dominant voices and narratives from different levels (Leach et al., 2007).
Importantly, an essential part of the process is that each group takes
notes of any divergent ideas that emerged within the group, across
groups and also between their regional perspectives and the global scale
perspectives. In the case of the African Dialogue case study, participants
were divided into four regionally-focused sub-groups.

The key characteristic of the future visioning approach applied in the
3H4SDG approach is that participants are invited to think about their
desired futures without imposing any previous assumptions on them, e.
g. in terms of what type of economic and political development is
realistically feasible (e.g., based on researchers’ beliefs and values, or
worldviews about political or economic systems). The rationale behind
this approach is that if bound with specific limitations or assumptions (e.
g. the prioritization of economic profitability), participants’ exploration
of futures is restricted and may inhibit uncovering potentially key or
transformative elements (Raudsepp-Hearne et al., 2019). Thus, we have
intentionally left the visions open to further plural explorations of their
feasibility. At later stages of scenario building processes, the explora-
tions of feasibility can take place e.g. through modelling efforts and
through further societal deliberation of the pathways and their potential
outcomes (beyond the scope of this study).

2.2.3. Cross-scale analysis of convergences and divergences

In order to compare the regional and global perspectives, we drew on
the multi-scale scenario literature. We followed the conceptual approach
to link scenarios across geographical scales proposed by (Zurek and
Henrichs, 2007). We developed our method assuming complemen-
tarity of information across scales and comparability of treatment
given to certain themes within the focus of analysis (Zurek and Henrichs,
2007). Our selection of themes is based on a bottom-up/top-down
analysis. The analysis differs from previous cross-scale scenario ana-
lyses in Africa (Mason-D’Croz et al., 2016; Nilsson et al., 2017) as our
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goal is primarily to inform the global scale based on the regional per-
spectives. Most previous work focuses on the top-down re-scaling of
global scenarios for regional and local use (for example, (Mason-D’Croz
et al.,, 2016)). We adopt a balanced bottom-up/top-down process to
operationalize the cross-scale comparison, as detailed below.

The process of analysing convergences and divergences started from
a bottom-up perspective, situating the multiple regional perspectives
derived from the 3H4SDG approach within the global ones. This process
was adopted in order for the cross-scale analysis not to be bounded or
dominated by the narratives underpinning the existing global scenarios.
The analysis focused on convergences and divergences on three levels:
(1) within different 3H4SDG groups, (2) between the 3H4SDG groups and
(3) with respect to the global scale. Convergent themes were those
mentioned in more than one group and/or stressed to be important by
the participants. Divergent themes included the ones identified by the
participants during the participatory process or by authors of this paper
during the analysis phase. Finally, the resulting themes were organized
following a categorization to social, technological, environmental,
ecological, and political dimensions (Schultz, 2015).

Based on the identified convergent and divergent themes, we
extracted insights to inform the design of global-scale sustainability
scenarios (Fig. 2). The convergence analysis provided information on
common premises and actions that are perceived to be consensus parts of
all pathways to sustainability, thus enriching sustainability-oriented
scenarios narratives. The divergence analysis was then used to explore
multiple alternatives of sustainability pathways. Each divergent theme
was considered a potential pathway bifurcation (branching point)
which may be combined when designing new scenarios.

In this phase of the process, we also related the divergent themes
to issues prominent in current debates in scientific literature and
policy arenas (e.g. on the land-sparing vs land-sharing debate, Phalan,
2018a). This approach allowed us to put the divergent elements from the
participatory process into a broader perspective from the literature and
embrace elements currently non-dominant in target-seeking scenario
narratives and broader societal discussions (Sharpe et al, 2016; Chan et
al, 2020; Geels, 2011). Thus, the approach reflected our presumption

Branching points for
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that target-seeking scenarios need to capture plural and contested views,
explore alternatives and compare their outcomes, fostering the debate
about possible pathways at multiple levels. In sum, we translate the
divergent themes into branching points through the lens of scientific
literature contextualizing the stakeholder views.

3. Results

3.1. Global perspectives: review of global scenarios representing
sustainable pathways

The need for transformation of food systems has been largely dis-
cussed at the global scale in influential scientific literature and reports
(FAO, 2017; Foley et al., 2011; Gordon et al., 2017; Willett et al., 2019).
Although several quantitative modelling exercises have explored
different aspects of the food and agriculture systems transformations
(for instance, (Erb et al., 2016; Gerten et al., 2020; Muller et al., 2017;
Obersteiner et al., 2016; Schader et al., 2015)), to date the core example
of global integrated target-seeking scenarios aiming at achieving multi-
ple goals (including human development, food, biodiversity, climate) is
the Roads from Rio + 20 study (Kok et al., 2018; PBL, 2012; van Vuuren
etal., 2015), implemented using the IMAGE IAM (Integrated Assessment
Model). Three scenarios represent alternative pathways for achieving
the defined targets under alternative assumptions. For instance, the
adoption of “land sharing” or “land sparing” (Phalan et al., 2011;
Tscharntke et al., 2012) representing two alternative strategies for
conciliating agricultural production and biodiversity conservation.

More recently, multiple IAM groups have focused on developing
scenarios to represent pathways to achieve the Paris Agreement, relying
on the new IPCC scenario framework based on SSPs (O’ Neill et al., 2017;
Riahi et al., 2017; van Vuuren et al., 2012b). The SSPs represent five
different development trajectories for societal trends elaborated in
storylines and quantified in models. These storylines can be combined
with different assumptions about climate policy to form a larger context
of socioeconomic development and extent of climate change (Kriegler
etal., 2014). Although the SDGs were not targeted in the development of

the design of alternative

P sign
From the cross-scale W (sustainability) target-seeking scenarios
divergence/convergence analysis . .
we extracted: Common elements to all (sustainability) target-
seeking scenario narratives
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Fig. 2. Divergent themes providing insights for branching points of alternative scenarios; convergent themes providing information about narratives underlying all

new scenarios (Source: prepared by the authors based on (Fazey et al.,

2016; Roy et al., 2018).
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the SSPs (Zimm et al., 2018), SSP1 (“Sustainability”) assumptions
combined with stringent climate policy (aligned to keep the average
increase in temperature below 1.5 or 2 °C) is widely considered a sce-
nario exploring a route towards a more sustainable future (e.g. SSP 1-
1.9; (Rogelj et al., 2018a)). Current global IAMs are not able to repre-
sent all aspects of the SDGs, but they capture some of the key trade-offs
and synergies among certain goals, mainly in relation to the food-water-
energy nexus (Van Soest, under review, (TWI, 2018)).

One of the key foci of these recent studies, in line with the Paris
Agreement, has been to explore how to reconcile climate change miti-
gation options with other goals, such as producing enough food for a
growing population. Such scenarios usually rely on a “scarcity narra-
tive” (Lambin and Meyfroidt, 2011; Scoones et al., 2019): the need to
feed a growing population without further destroying nature, under the
double threat of climate change and competing land uses (for climate
mitigation, for instance). Examples of such studies based on the SSPs
include the “integrated SDGs” scenario (Parkinson et al., 2019), and the
“lifestyle change” scenario (van Vuuren et al., 2018), combining ele-
ments of SSP1 and 2, and SSP1-1.9 (Rogelj et al., 2018a).

In general, there are several elements that can make scenarios more
likely to be consistent with the 1.5 °C target. The default case mostly has
scenarios that show (almost) full de-carbonization of the energy system,
energy efficiency, reduction of non-CO; emissions and negative emis-
sions based on reforestation and bio-energy-with-carbon-capture-and-
storage (BECCS). However, there are other elements that are discussed
within the scenario literature that make it more likely to meet the 1.5 °C
target, including lower population, strong urbanization, medium to high
economic growth, low (food) consumption and a nature restored world
with highly concentrated and technological food production. These el-
ements can also help to reach the goals schematically represented in
Fig. 3. For the agriculture and food system this implies:

e From the consumer side: transition towards healthier and environment
friendly diets (e.g. less red meat), emphasis on education, reducing
population growth, an energy transition to renewable sources like
bio-energy and high urbanization.

Mitigation measures
for the 1.5 °C goal

Large area under reforestation/
afforestation (carbon removal)

Reduced area available
for food production,
while productivity increases

Increased area for biofuels
(to reduce emissions)

Nature protections
and environmental
law enforcement
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e For food production: aland-constrained scenario for food production
due to competition with large-scale reforestation and biofuels.
Strong emphasis on technical solutions, mainly sustainable inten-
sification and better management practices, aligned to the land
saving approach. One key component is ‘sustainable intensification’
with yield increases estimated from 50% to almost 100% (TWI,
2018). Such pathways also imply less waste throughout the process.
All these studies explicitly or implicitly assume (but do not model or
detail) a series of assumptions regarding the governance of such
large-scale transformations in different geographical contexts and
also what people themselves consider to be a desirable and sustain-
able future.

Following the classification of scenario archetypes in (van Vuuren
et al., 2012a), most scenarios reviewed in this section largely follow the
Global Sustainable Development archetype, which entails: strong orienta-
tion towards environmental protection and reducing inequality, based
on solutions found through global cooperation, lifestyle change and
more efficient technologies. The only exception is the “Decentralized
Solution” from the Roads to Rio + 20 study mentioned above, which
follows a Regional Sustainability archetype. This Regional Sustainability
archetype entails regional solutions for current environmental and so-
cial problems, usually combining drastic lifestyle changes with decen-
tralized governance and agro-ecological approaches for agriculture
(with higher land claims for agriculture). Furthermore, international
institutions decline in importance, due to a shift towards local and
regional decision-making structures and institutions.

What do these dominant narratives imply for Africa?

Fig. A.1 illustrates SSP1 land cover impacts for Africa. Under the
assumption that the livestock sector intensifies substantially, and food
losses and dietary preferences for animal products are reduced, SSP1
projects a considerable reduction in grazing land. Abandonment of
grazing lands takes place in relatively productive areas, leading to a high
potential for bioenergy production and cropland expansion. When
considering additional mitigation measures, the level of deforestation in
Sub-Saharan Africa is significantly reduced, resulting in a considerable
increase of forest areas. According to (Doelman et al., 2018), in the

Changes in diets
(less meat)
and less waste

Reduced demand
for food, water,
energy
(smaller compared
to other scenarios)

Economic growth
and well-being
premises

Low population
growth, high
urbanization

and education

Fig. 3. Conceptual diagram representing how the assumptions underlying the current 1.5 °C. mitigation scenarios (in light green) affect land availability for food
production (in darker green). Although such scenarios assume lower population growth than other scenarios, there is still an inherent assumption about the need to
double current agricultural productivity, as land for food production is restricted due to competing large scale restoration and biofuels expansion projects inherent in
climate mitigation (source: prepared by the authors). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)
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mitigation scenario, agricultural demand in Africa cannot be fulfilled
within the region, requiring high levels of imports from other regions.
This is in direct conflict with notions of self-sustainability and sover-
eignty aspired by many regions of the world, including Africa. This is
particularly pertinent considering that the emergence of shocks such as
COVID-19 can disrupt supply chains, and dependence on imports can
lead to vulnerability to these shocks (Kummu et al., 2020).

Key underlying assumptions of the SSPs are population and urbani-
zation dynamics, which vary considerably among them (Kc and Lutz,
2017). For instance, the population estimates in 2100 for the different
SSPs range from 7 billion in SSP1 (lower than the current population of
7.6 billion) to almost 13 billion. The effectiveness of the SSP1 scenario in
limiting environmental pressure depends on these very low population
growth assumptions (in addition to relatively low consumption and
strong technology development). This is illustrated in Fig. A.2 for low-
income countries. In Africa, the very low population growth assump-
tions in SSP1 are combined with an increase in the urban to rural ratio
from 37% currently to 90% in 2100. This places a significant expectation
on countries to urbanize, and somewhat writes-off rural areas as part of
the livable solution to sustainability. The two factors are interconnected,
as SSP1 projections rely on premises of women’s education and urban-
ization to reduce fertility rates (Abel et al., 2016; Jiang and O’Neill,
2017; Kc and Lutz, 2017).

3.2. Convergent and divergent themes emerging from the 3H4SDG
approach: the 2018 African Dialogue results

Using the 3H4SDG pathways approach during the 2018 African
Dialogue, three different pathways emerged from the groups that were
focusing on local to regional issues (Ubuntu, Prosperous and Peaceful East
Africa and the Urugendo pathways), while another pathway (Rainbow
pathway) emerged from a group focusing on African wide continental
concerns. Appendix B presents a synthesis of the individual pathways.
Appendix C summarizes the divergences identified by the participants
during the Dialogue. An in-depth description of the individual pathways
is also provided in (Aguiar et al., 2019; Collste et al., 2019).

3.2.1. Convergences and divergences within and between regional pathways

From the convergence analysis between the regional pathways,
the themes that emerged were: a strong emphasis on education/skills,
youth, women and population empowerment, the consolidation of co-
operatives and cooperation between farmers, the need for infrastruc-
ture, generating and sharing of reliable data, structuring of local to
global markets, financing and insurance for agriculture, independence
from foreign donors, regional cooperation, transparency and account-
ability of governments — and not least, political will. (Aguiar et al., 2019)
details such convergences in the context of the SDG implementation,
grouping them in four categories: Empowerment (youth, women and
population), Partnerships for change, Environment and Knowledge,
Technology and data sharing.

From the divergences identified by the participants within and
between regional pathways (Table C.1), five themes emerged
(detailed in the following section): (i) Population growth; (ii) Consumption
patterns; (iii) Actors involved in agriculture in the future; (iv) Dominant
agricultural practices; (v) Role of the state and private sector in governance.
Interestingly, the African Continent group, when compared to the sub-
regional groups, emphasized more aspects related to regional coopera-
tion, including data generation and sharing, and the importance of al-
liances for change (across Africa and with other continents). The African
Continent group also brought some concerns usually expressed in global
scenarios (such as changes in meat consumption) not addressed by the
other groups, as discussed below.

3.2.2. Divergences with respect to the global scale
The divergences between the pathways on the regional and global
level mirrored some of the themes identified above, including (i)
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Population growth; (ii) Consumption patterns; (iii) Actors involved in agri-
culture in the future; (iv) Dominant agricultural practices; (v) Role of the
state and private sector in governance. In addition, they concerned: (vi)
Urbanization and (vii) Globalization (markets for food and land mitigation).

I. Population growth: The issue of population growth (and mea-
sures to control it) caused divergences in all the groups. Some
viewed population growth as a threat to the natural resources and
food security, while others emphasized it as an opportunity to
create new markets, a larger work force and innovative youths —
reflecting the different angles of this debate in society. The
Prosperous and Peaceful East African pathway story mentions this
as an open issue: “... whether we should limit population or find ways
to see it as an asset”. In spite of this, all groups integrated some
level of family planning, and gender empowerment in their
pathways.

II. Consumption patterns: Some participants argued in favour of a
meat-free diet and justified this by the potential negative envi-
ronmental consequences of meat production, such as greenhouse
gas emissions and land consumption. Others argued against a
meat-free diet and justified this by the need for meat protein,
especially for the malnourished and children, the importance of
herding in the livelihoods of pastoralists, and cultural attach-
ments (Nori and Scoones, 2019). Changes toward healthier and
more environmentally friendly diets are one of the key assump-
tions of the sustainability-oriented global scenarios, based on
international reports like EAT Lancet (Willett et al., 2019). A
considerable reduction in the consumption of meat can lead to a
significant reduction in greenhouse gas emissions and area
required for agriculture (van Vuuren et al., 2018).

III. Actors involved in agriculture in the future: The Ubuntu
pathway tells a story of small-scale farmers organized in well-
structured cooperatives, providing enough food for themselves,
for the local markets, but also exporting to the continent and the
world (and oriented towards agroecology). However, the role of
small-scale farmers in the future was also contested, for instance:
“there have been many debates about whether small-scale agriculture
is viable or [whether] we should encourage large-scale commercial
(industrial) farming. Whether agriculture should be commercial/
market-oriented, or community-oriented”. There was also a discus-
sion about whether intensification of production is a source of
more income for the small-scale farmers, or not. Some partici-
pants argued that higher volumes of production lead to lower
prices, calling for larger farms. All groups emphasized the
importance of strengthening cooperatives of smallholder farmers,
the diversification of products and use of modern techniques
combined with indigenous knowledge.

IV. Dominant agricultural practices: A core divergence that
emerged from the comparison across groups relates to the debate
around agroecology versus sustainable agricultural intensifica-
tion (SAI) as pathways to a sustainable agriculture (Duru et al.,
2015; Garnett et al., 2013; Godfray and Garnett, 2014; Pereira
et al.,, 2018b; Struik and Kuyper, 2017; Tomlinson, 2013;
Tscharntke et al., 2012). Current dominant global sustainability
scenarios largely rely on a land sparing, high technological sus-
tainable intensification approach. There were also disagreements
inside and across groups about the adoption of GMOs (Geneti-
cally modified organisms) (Bawa and Anilakumar, 2013) and
about the use of biofortified seeds, followed by a discussion on
their actual need - as compared to improved diets and crop va-
rieties. These debates opened up some of the critical alternative
pathways currently in play within the continent.

V. Role of the state and private sector in governance: Another of
divergence relates to the role of the state and private sectors in
promoting agriculture and human well-being. One of the groups
wrote in their synthesis letter: “We still debate about whether to
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Table 1
Pathway branching points and their alternatives, derived from the analysis of divergent themes. The branching points are linked to the STEEP categories.

Branching points and pathway elements to be combined in scenario design

Social - Urban/rural relations:

Current global sustainability scenarios rely on an assumption of a highly urbanized world.

Alternative pathways requiring exploration include sustaining more balanced urban/rural relations, considering the existence of strong
rural communities with a high quality of life in some contexts. Target-seeking scenarios also need to address the quality and type of Very high
urbanization (prosperity and services for all vs. current chaotic urbanization in the Southern hemisphere, mid-size cities vs. megacities) urbanization (SSP1)
more explicitly.

References for the debate: (Christiaensen and Todo, 2014; de Brauw et al., 2014; Giineralp et al., 2017; Jayne et al., 2014)

Current global sustainability scenarios rely on the assumption of very low population growth associated with massive urbanization. Balanced urban-
rural with well-

being in both

Social — Population growth:

Pathways requiring exploration based on this study include an alternative perception of the population in Africa as an opportunity (e.g. in Low growth, associated
terms of innovation, local markets), while focusing on excessive consumption (instead of population) as the actual sustainability issue. with high urbanization
References for the debate: (Abel et al., 2016; Kc and Lutz, 2017; Scoones et al., 2018) and education (S5P1)

Low growth,
associated with
education and family
planning in both
urban and rural areas

Current global scenarios derived from SSP1 rely primarily on a global land sparing narrative, in which food is produced in the more
suitable lands across the globe through highly technological and intensive production. The majority of the recent scenarios align with Low-medium

the “sustainable intensification” narrative (ref). growth, people
seen as an asset in

rural and urban
areas
Technology - Agricultural practices:

The alternatives emerging from this study include agroecological intensification, or a mixture of sustainable intensification and Technglogy oriented; nd sparing:
agroecology in different contexts (similarly toto the pathways represented in the Rio + 20 scenarios). These alternatives could allow for sustainable intensification
a combination of land sharing and land sparing at different scales and in different contexts.

Other pathway alternatives include different considerations of technical options, such as the use of GMO and its implications, and a range
of practices related to agrochemical inputs and pesticides.

References for the debate: (Bennett, 2017; Duru et al., 2015; Fischer et al., 2014; Garnett et al., 2013; Godfray and Garnett, 2014; Kremen,
2015; Pereira et al., 2018b; Phalan et al., 2011; Struik and Kuyper, 2017; Tomlinson, 2013; Tscharntke et al., 2012)

Mixed pathways at
different scales

Agroecology
intensification, land sharing

Economy - Actors in agriculture:

Current target-seeking scenarios tend to disregard the impacts of the options above on land distribution among different types of actors
(large industrial companies, cooperatives, small and medium size farmers, etc.). Furthermore, they do not consider the impact of the Few actors, large
alternative technical choices (e.g. use of fertilizers and pesticides) on health and livelihoods. industrial scale

Alternative pathways explored in this study branched around land tenure issues. These issues are strongly linked to rural/urban well-being
and urbanization and highlighted the need for alternative scenarios to represent a range of possible futures for different types of farms,
ranging from an extremely concentrated landscape (in a highly urbanized world, with very few large actors producing food) to a more
balanced mix of actors and agricultural systems. Another key element is to consider cooperatives of small farmers as economic actors.

References for the debate: (Christiaensen and Todo, 2014; de Brauw et al., 2014; Jayne et al., 2014; Pereira et al., 2014)

Medium size
farmers/
cooperatives

Mix in
Current sustainability scenarios largely rely on increase in low meat diets. different
Small farmers in contexts
cooperatives
Social - Consumer behavior and consumption patterns:
Alternative pathways include multiple combinations of diets, depending on context and cultural background, beyond the meat-free R eretarian
narrative. Better practices for cattle raising, for instance, need to be considered to explore how to minimize the detrimental 8
environmental impacts of the activities.
References for the debate: (Rothgerber, 2015; Stehfest et al., 2009; Willett et al., 2019) Vegan
Diversified
according to
context
Innovative/tech
diets

Economic — Markets and globalization/food production:

(continued on next page)
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Table 1 (continued)
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Branching points and pathway elements to be combined in scenario design

Current sustainability scenarios rely mainly on a global sustainability archetype which assumes a globalized open market, including for
food products.

Alternative pathways include a broader range of narratives, including a primary focus on producing food for local/regional markets,
instead of global ones. In addition, more sophisticated models need to explore the role of control over food supply chains - their control
by a few global corporations versus more decentralized systems.

References for the debate: (Geels et al., 2015; Luederitz et al., 2017; Stringer et al., 2020)

Environment - Land-based climate change mitigation:

Current sustainability scenarios rely mainly on the narrative of full de-carbonization of the energy system, energy efficiency, reduction of
non-CO2 emissions and negative emissions based on reforestation and bio-energy-with-carbon-capture-and-storage (BECCS). Currently
the dominant global narrative relies on a globalized approach to land allocation based on agricultural suitability and economic
compensation through the REDD mechanism.

Alternative pathways which need to be incorporated in global scenarios include a broader range of land-based mitigation options, from the
current globalized approach to a more decentralized/distributed approach (each continent mitigates its own historical emissions, for
instance) or even mixed options.

References for the debate: (Doelman et al., 2018; Kok et al., 2018; Krause et al., 2018; van Vuuren et al., 2015)

Current global sustainability scenarios mostly rely on the assumption of a globalized, connected word, largely aligned to the Global
Sustainable Development archetype, which entails global cooperation, lifestyle change and more efficient technologies.

Political — Governance & Role of the State and Private sector:

Alternative roles of the state and the private sector in agriculture, and more broadly in the economy, need to be represented in pathways.
For instance, the role of state and private sector in promoting agriculture and human well-being (welfare state versus liberal economies),
the presence or absence of agricultural subsidies, including the trade implications of both.

Global markets

Mixed pathways at
different scales

Local consumption

Globalized

Regionalized

Regulatory, private sector
investments in agriculture anc
infra-strucure

A related branching point relates to reaching the goals in democratic or autocratic political systems (e.g., China).

References for the debate: (TWI, 2018)

Other aspects

Strong welfare
State, social
investments in
Agriculture

continue or discontinue subsidies and the role of government in
supporting agriculture”. As a related issue, the Rainbow group
discussed the adequacy of having social democracy as the polit-
ical ideology governing Africa. They solved this with a more
general formulation “priority for social programs”.

VI. Urbanization: The assumptions of increasing urbanisation un-
derlying current sustainability scenarios (mainly the ones aligned
with the SSP1) conflicted with the vision that emerged from some
of the groups. The Ubuntu pathway, for instance, describes a
future of strong rural communities. The Prosperous and Peaceful
East Africa group wrote in their synthesis: “Urbanized world:
There might be alternative ways of living rural” and “Are global
models thinking we will all be [living in] Shanghai or New
York?”.

VII. Globalization, food production and mitigation: From the
groups emerged a perspective of producing food for local markets
as a priority, ensuring local food security. Only the excess would
be commercialized regionally and then globally. This might
provide an alternative perspective from those represented in the
scenarios which assume global markets for commodities. As
mentioned above, global scenarios rely on a global land sharing
pathway, in which food is produced with high levels of

productivity in the more suitable lands all over the world, thereby
freeing land for restoration and biofuel production (both depicted
as necessary to mitigate global emissions). Also related to this,
climate adaptation was considered a major priority for Africa, but
making space for climate mitigation through restoration and
biofuels, such as illustrated in (Doelman et al., 2018), was
mentioned by the participants.

Appendix D summarizes the convergent and divergent themes using
a categorization into social, technological, environmental, ecological
and political dimensions.

3.3. Using the results to co-design the narratives of global target-seeking
scenarios

In the final step, we used (a) the identified convergences to define
common assumptions and propose consensus actions that all the
designed target-seeking scenario narratives should include, and (b) the
identified divergent themes to provide insights into the pathways’ bi-
furcations (branching points) that need to be considered when
designing target-seeking scenarios representing alternative pathways to
reach sustainability goals. When deriving the potential branching
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Example of creating new global scenario narratives through comparing existing global narratives with the branching points (derived from the divergences) and
common elements (derived from the convergences) resulting from the study approach. We compare elements derived from Table 1 and from the SSP1 narrative

(O’Neill et al., 2017). Legend: Orange — divergence, Green— general convergence.

Alternative narrative 1 based on the
branching points and common
actions

SSP1 narrative element
(O’Neill et al. 2015)

Alternative narrative 2 based on the
branching points and common
actions

High and well-managed
urbanization.

Balanced urban-rural population
ratio with high quality of life in both

rural and urban areas. cities.

Mixed level of urbanization in
different contexts favoring middle-size

Low fertility and
relatively low population
growth.

Low to medium population growth,
people seen as an asset in rural and
urban areas.

Low population growth associated
with education and family planning in
rural and urban areas.

Low meat diets Diversified diets according to

context.

Innovative/tech diets.

Improvements in
agricultural productivity;
rapid diffusion of best
practices

Agroecology intensification, land
sharing.

Mixed land sharing/sparing pathways
at different scales; sustainable
intensification

Medium and small farmers in
cooperatives, reverse land
concentration trend.

Not explicitly captured in
SSP1 (but implicitly few
actors, highly efficient)

Mix of large and medium farmers,
fewer small farmers/cooperatives in
different contexts

High education and skills Common to all sustainability narratives.

High social cohesion Common to all sustainability narratives.

Not captured in SSP1
science-based knowledge/evidence.

Research and extension combining traditional (e.g. indigenous, local) and

points, we linked the identified divergences with insights from current
debates in scientific literature and policy arenas on related themes.

Table 1 summarizes which branching points and resulting pathways
we derived, based on the divergent themes identified through the
participatory process and their comparison with the literature.

For instance, the divergent theme “Dominant agricultural practices”
was closely related to the current land sparing/land sharing debate,
which has been central to navigating conservation and agricultural
production in the last decade (Bennett, 2017; Fischer et al., 2014; Kre-
men, 2015; Phalan et al., 2011; Tscharntke et al., 2012; Phalan, 2018a,
2018b). In addition, the same divergent theme was also closely related
to the current societal debate on agricultural practices, especially on the
concepts of “sustainable intensification”, “agroecological intensifica-
tion” and “ecological intensification” (Duru et al., 2015; Garnett et al.,
2013; Godfray and Garnett, 2014; Struik and Kuyper, 2017; Tomlinson,
2013; Tscharntke et al., 2012). The links between the identified diver-
gent theme and the evidence in the literature gave rise to the branching
point “Technology - Agricultural practices” and its related pathway
branches (Table 1). Available evidence illustrates that this branching
point is underpinned by different world-views, divergent group interests
and power asymmetries (Newell and Taylor, 2018; Scoones et al., 2018;
Tittonell, 2014).

The divergent theme “Actors involved in agriculture in the future”
was linked to the issue of land distribution and concentration, particu-
larly the fate of small-scale farmers in the future (branching point
“Economy — Actors in Agriculture”). This issue has been highly societally

relevant and encumbered with strongly contesting visions, ranging from
perspectives favouring medium to large-scale, market-oriented mecha-
nized farming to the agroecological movement focusing on peasant’s
livelihoods (Meyfroidt, 2017; Samberg et al., 2016; Cabral et al., 2016;
Jayne et al., 2016; Kuyper and Struik, 2014; Scoones et al., 2018; Burke
et al., 2020; Nicholls and Altieri, 2018). Although recent literature has
disputed the understanding of a linear relationship between productiv-
ity and property size, calling for more nuanced and region-specific
considerations (Peters, 2013; Collier and Dercon, 2014; Kweka and
Ouma, 2020; Rada and Fuglie, 2019), plurality in this theme has been
generally absent from current global scenarios. In Africa, current trends
indicate that medium-scale farms (10-100 ha in Africa) are likely to
soon become the dominant form of farming in many African countries,
with disputed perspectives on the economic benefits for smaller farmers
(Jayne et al., 2016; Burke, Jayne, and Sitko, 2020). There is also an
ongoing process of large-scale land acquisitions which might substan-
tially alter the land distribution in the region (Bottazzi et al., 2016;
Oberlack et al., 2016). The issue of land distribution and rural liveli-
hoods is also closely linked to current heated debates such as the “Half
Earth proposal” (Ellis and Mehrabi, 2019; Schleicher et al., 2019).

The identified branching points “Technology— Agricultural prac-
tices”, “Economy — Actors in Agriculture” further relate to the issues of
urbanization and food security (Pereira et al., 2014). In the case of Af-
rica, urban realities are highly complex and challenge the common
assumption in current global scenarios that urbanization will guarantee
human development. Urban areas in Africa show high levels of
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unemployment and a growth of informal settlements (slums) (Brelsford
et al., 2017; Giineralp et al., 2017), usually not mirroring the “thriving
cities and urban livelihoods” as often and uncritically considered in the
Global North literature (e.g., (Ellis and Mehrabi, 2019)). At the same
time, citizens continue to draw on local nature to satisfy basic needs
(Balbi et al., 2019). Thus, it is vital for target-seeking scenarios to
incorporate alternative perspectives on urbanization, as captured by the
identified branching point “Social - Urban/rural relations”.

Finally, the branching points were combined to design new
sustainability-oriented target-seeking scenario narratives. Table 2 shows
a possible combination of the branching points to design two new
sustainability-oriented target-seeking narratives. As an illustration, we
compare these new narratives to the SSP1 assumptions.

4. Discussion

The key contribution of this study is illustrating how a participatory
process can inform the design of target-seeking scenarios, bridging
scales and opening sustainability narratives to multiple perspectives. We
structure the Discussion in four related topics; first, we discuss how the
explored pathways embrace multiple perspectives reflected in the cur-
rent societal and scientific debates. Second, we discuss the potential
limitations of our approach, especially related to the participatory pro-
cess. Third, we discuss the implications for the quantification phases of
target-seeking scenario building. Finally, we discuss how the identified
branching points can be used to provide insights in the evolution of
different modeling approaches.

4.1. Embracing multiple perspectives in target-seeking scenario narratives
across scales

Recent pathway research recognizes that it is vital to avoid imposing
pre-existing assumptions on the process of exploration of sustainability
pathways (Le Heron et al., 2016). These assumptions can be e.g. beliefs,
paradigms of world-views held by the researchers or by a certain part of
society in general. A key aspect of this thinking is that setting the
boundaries of what comprises a realistic or unrealistic content of future
pathways or judging where these boundaries are need to be avoided at
the stage of eliciting participatory pathway narratives. Thus, in this
study, we intentionally did not constrain participants’ pathway explo-
ration, in order not to restrain the emergence of potentially key, inno-
vative or transformative elements (Le Heron et al., 2016). Also at the
later stage of enriching the global-scale target-seeking scenario narra-
tives with the identified branching points within this study, we inten-
tionally refrained from setting such boundaries of what comprises a
feasible pathway, leaving space to a plural representation of existing
debates in science and society. We argue that setting such boundaries
would, again, impose selected understandings of the global dynamics,
and would thus proliferate the dominance of certain narratives. In our
understanding, the explorations of pathway feasibility need to be left
open for a wide range of potential users of the study results, be it through
further qualitative deliberative processes, or quantitative modelling. In
this respect, our results clearly unveil tensions between world views and
value systems across different scales and contexts (Kostakis et al., 2016),
and surface themes under-represented in existing global target-seeking
scenarios.

4.2. Limitations of the research approach

In general, the design of holistic target-seeking scenarios requires to
cover a wide range of themes. However, in case that target-seeking
scenarios are enriched through complementary participatory pro-
cesses, these can only cover a certain subset of themes at a time. For
instance, our case study focused specifically on food and agricultural
systems transformation in Africa and thus, some other themes and
regional aspects were omitted, e.g. energy system transformation. Thus,
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the omitted aspects need to be added through complementary partici-
patory processes in other regions and at other scales, or expert processes
combined with literature review.

We developed the 3H4SDG participatory approach as a generic tool
to be further adapted and improved in the future. Ideally, the partici-
patory process would be repeated in multiple contexts, adding to the
understanding of convergences and divergences across scales and so-
cioeconomic and biocultural contexts. We expect that some conver-
gences and divergences would be common across regions, for instance
urbanization trends across the continents of the Global South (see
(Nagendra et al., 2018)), while others might be context specific (e.g. the
informal nature of significant parts of economies, (Gérxhani, 2004;
Schneider et al., 2010), adding richness to the resulting scenarios.
Importantly, balancing out diversity and manageability is key for the
proposed type of participatory process.

As in all participatory processes, the depth and representativeness of
information derived largely depends on the selection of the participants
(Cvitanovic et al., 2019; Reed et al., 2013). For the proposed approach,
the main criteria for stakeholder selection should be the diversity of
perspectives on the issue under discussion. Although we believe we
achieved this goal in our particular case study, the results could have
benefited from e.g. a broader representativeness of gender and addi-
tional African sub-regions, as discussed in (Aguiar et al., 2019). We
recommend that future applications of the process include additional
types of interactions with stakeholders, e.g. discussing the convergent
and divergent themes in a more structured way, and to combining them
into new narratives in a participatory manner. Additional discussion of
the participatory process, including the information on the reception of
the process by the involved participants, is available in (Collste et al.,
2019).

4.3. Quantifying the narratives

As a potential next step, the global target-seeking narratives resulting
from our proposed approach and its pilot application in this study can be
quantified on the global and regional levels - in a process similar to that
used to quantify the SSPs (O’Neill et al., 2014; Riahi et al., 2017).

In general, building alternative quantitative scenarios around a
qualitative narrative represents the most common approach for scenario
construction, known as Story and Simulation (SAS) (Alcamo, 2008).
Recently, new approaches, such as “scenario discovery”, have been
advocated (Carlsen et al., 2017) and applied to national (Gao and Bryan,
2017) and global scales (Lamontagne et al., 2018). In the scenario dis-
covery approach, individual assumptions about drivers are combined in
multiple ways, without requiring a predefined narrative. We argue that
our approach to the identification of branching points can be easily
adopted in scenario discovery, helping define the options that can be
combined in this process. In any of these two cases (SAS or scenario
discovery), multiple scenario exercises can then be explored to test
whether different pathways do or do not lead to the desired goals.

Finally, we envision that the proposed approach to designing target-
seeking scenarios does not necessarily have to be applied solely to feed
into modelling on the global scale, e.g. by IAMs. It can also inform
modelling at other scales, as it might not be possible for global models to
capture the specificities of alternative pathways for different regions or
countries. We argue that particularly to support the implementation of
the SDGs, complementary models and scenarios representing alternative
pathways need to be developed at multiple scales (Allen et al., 2017; Gao
and Bryan, 2017). The approach can also be combined to complement
ongoing cross-scale modelling initiatives (Schmidt-Traub et al., 2019).
For instance, the approach can help explore the feasibility of global
target-seeking scenario assumptions (e.g., about GDP or population
growth) for different countries in a simulation environment. Similarly, it
can serve the exploration of how individual countries’ decisions
contribute to the achievement of global goals (e.g., limiting the tem-
perature to 2 °C, or protecting “Half Earth”, (Ellis and Mehrabi, 2019;
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Schleicher et al., 2019)).
4.4. Insights for evolving modeling tools based on societal needs

Existing computational models do not adequately represent alter-
native pathways across scales, including their broad sets of goals and
targets (such as the SDGs) (van Soest et al., 2019). For instance, in our
specific case, some of the branching points emerging from our analysis
are not adequately represented in current models (e.g. alternative re-
gimes of governance) (Table 1). Tackling this may require some of the
following strategies; first improving existing computational models may
be needed. This is particularly true for IAMs, initially developed to
address climate-related concerns (van Soest et al., 2019). Second, rep-
resenting pathways to multiple goals might require opening-up to
multiple modelling approaches (Groeneveld et al., 2017; Lippe et al.,
2019; Rounsevell et al., 2014; Schliiter et al., 2019; Schulze et al., 2017;
van Vuuren et al., 2016), more adequate to different contexts and scales
(Allen et al., 2017, 2016). Finally, the consideration of un-quantifiable,
qualitative pathway elements needs to be embraced (Mallampalli et al.,
2016; Harrison et al., 2013).

We argue that the results of the proposed approach can provide in-
sights into necessary improvements in computational models, fostering
their evolution. One clear example is the “Actors in agriculture”
branching point, illustrating the need for modelling current and alter-
native patterns of land tenure among different types of actors and its
implications for the SDGs in urban and rural areas. Although this is
currently not feasible, spatial data at global scale are already becoming
available to help enable this process (see, for instance (Samberg et al.,
2016)). Another example is the "Agricultural practices” branching point
and the representation of alternative agricultural management practices
in models (Erb et al., 2016).

In case such modelling limitations cannot be overcome in the short
term, target-seeking scenario processes involving quantification through
models should transparently state which options are not being repre-
sented due to being considered less relevant and which due to the lim-
itations in the modelling approaches or lack of data. This distinction is
vital, given the potential importance of the resulting target-seeking
scenarios for decision making. In such cases, branching points such as
those identified in this study can enrich the narratives of alternative
target-seeking scenarios and foster related discussions across scales.

In sum, quantitative scenarios are bounded by (1) the current sci-
entific knowledge in different fields (e.g. agricultural management), (2)
the breadth of perspectives encompassed by their narratives, and (3) the
technical limitations of existing modeling tools to represent both. We
argue that our approach can help to better bridge and shed light on these
three aspects.

5. Conclusions

In this paper we propose an innovative approach to include multiple
perspectives, including those from different regions, cultures and scales,
in the design of global target-seeking scenarios. Unlike the exploratory
scenarios, which are traditionally designed around major uncertainty
axes (Alcamo, 2008), we argue that target-seeking scenarios should
instead be designed around major tensions and debates in the society,
including dominant and non-dominant perspectives.

The approach proposed in this study relies on capturing conver-
gences and divergences between regional- and global-scale perspectives
on pathways to sustainability through a structured participatory process
and subsequent analysis. Our results illustrate that integrating multiple
stakeholder perspectives on alternative sustainability pathways in
designing global target-seeking scenario narratives is feasible and highly
relevant, despite its challenges. This process can also contribute to the
ongoing effort in IPBES aiming to generate new bottom-up sustainabil-
ity-oriented scenarios for biodiversity and ecosystem services (Kok et al.,
2017; Rosa et al., 2017).
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Implementing the SDGs and achieving sustainability in the long run
will require negotiations at multiple levels and navigating a plurality of
values and solutions. Scientific discussions around the SDGs since their
launch in 2015 have largely focused on technical aspects at the target
level, such as monitoring and understanding target level interaction
based on conceptual or empirical relationships between goals and tar-
gets (Nilsson et al., 2016; Pradhan et al., 2017; Reyers et al., 2017; Weitz
et al., 2018). We agree with recent criticism (Scoones, 2019) about the
need to maintain the holistic perspective on the goals aiming at their
implementation (Stafford-Smith et al., 2017). We need to make the SDGs
part of the planning discussions at multiple levels. Society at large needs
to feel ownership over the goals, and approaches such as the 3H4SDG can
contribute to that end. Although there have been some criticisms about
the applicability and feasibility of the SDGs and their targets (Easterly,
2015; Horton, 2014; Lim et al., 2018; Winkler and Williams, 2017), the
SDGs may be the best chance we have to engage people in a deep
transformative process towards common sustainability goals. This is also
applicable beyond the current SDGs, which are primarily a vehicle to
express a desired future. As we demonstrated in this study, there is a
richness that participatory approaches can bring to the discussion of
pathways and to the design of new scenarios representing them. We
therefore believe that advancing on cross-scale participatory scenario
processes, linked to appropriate models at multiple scales, is a critical
contribution that the scientific community can make to the global sus-
tainability agenda.
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