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Note 
The Nexus Assessment chapters share a common thread of case studies highlighting Indigenous Peoples’ and local 
communities’ (IPLC) food systems. Chapters 1 to 4, 5.1 to 5.5 and 6 include one or more of these case studies. The case 
studies are presented in boxes and are distinguished by box titles in italicized font. Lessons learned from the common 
case studies are presented in Chapter 7, online Suplementary material 7.1.

Disclaimer on maps  
The designations employed and the presentation of material on the maps used in the present report do not imply the 
expression of any opinion whatsoever on the part of the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services concerning the legal status of any country, territory, city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. These maps have been prepared or used for the sole purpose of facilitating the 
assessment of the broad biogeographical areas represented therein. 
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Chapter 3 

FUTURE INTERACTIONS ACROSS 
THE NEXUS

EXECUTIVE SUMMARY
Understanding interactions between nexus elements 
in scenarios, including diverse views of the future 
and good quality of life, is critical in supporting policy 
and management actions today (well established) 
{3.1.1, 3.4.4, 3.7.1}. Scenarios are projected to have 
larger negative impacts in low-income regions due 
to trade-offs between nexus elements (established 
but incomplete) {3.4.2, 3.6.2}. Scenarios describe a 
range of direct and indirect drivers (well established), but 
the interactions between these drivers play out differently 
at different temporal and spatial scales and for different 
geographic regions (established but incomplete). Scenarios 
highlight the importance of tackling indirect drivers of 
biodiversity loss as these affect multiple nexus elements 
individually and through interactions (established, but 
incomplete). Future trade-offs between nexus elements 
may be more severe in already vulnerable and low-income 
regions. Climate change, for example, is projected to 
negatively impact biodiversity and health in developing 
countries through changes in food imports and prices, 
and subsequent impacts on agricultural systems and food 
availability (established but incomplete) {3.4.2, 3.6.2}.

Understanding of nexus interactions amongst 
Indigenous Peoples and local communities can 
enrich scenarios with alternative knowledge and 
value systems (established but incomplete) {3.1.1, 
3.6.2.2] (Box 3.1, Box 3.7). Diverse visions of the future 
support better governance of nexus interactions 
leading to sustainable resource management and 
just outcomes for nature and people (established 
but incomplete) (Box 3.2). Knowledge co-design, co-
production and sharing can lead to more inclusive future 
scenarios by including multiple ways of knowing (established 
but incomplete) {3.7.3}. Actions that support decolonization 
and strengthen Indigenous customary practices are critical 
for ensuring future thriving of Indigenous cultures and 
knowledge {3.1.2, 3.6.4}. Climate change mitigation, and 
its complex interactions with food, health and biodiversity, 
is a major concern for Indigenous Peoples and local 
communities {3.1.2, 3.4.2, 3.7.3} (Box 3.2, Box 3.4). 
Strengthening the local context in scenario building and 
analysis is crucial in capturing how biodiversity, nature’s 
contributions to people and social-ecological dynamics 
contribute to diverse knowledge systems (established but 
incomplete) {3.7.3}. 

Scenarios that maintain current trends into the 
future continue to place biodiversity at risk and have 
negative implications for other nexus elements and 
nature’s contributions to people (well established) 
{3.7.1}. These scenarios indicate that declines in 
biodiversity will continue unless rapid, integrated 
and transformative change is undertaken across 
the nexus (established but incomplete) {3.2.1, 3.3.1, 
3.4.1, 3.5.1, 3.6.1}. Scenarios that maintain current trends 
into the future (Business-as-Usual scenarios) are broadly 
negative across the nexus elements {3.2.1, 3.3.1, 3.4.1, 
3.5.1, 3.6.1, 3.7.1}, leading to impacts from climate change 
{3.2.1}, malnutrition {3.4.2}, heat-related human mortality 
and morbidity, infectious diseases and mental health {3.5.1}. 
Increasing water and food demand are projected to further 
undermine water quality, ecosystem habitats and health 
{3.3.1, 3.4.1}. Business-as-usual scenarios often assume 
expansion and intensification of cropland, pastures and 
fisheries, with detrimental impacts on biodiversity caused 
by habitat conversion and overexploitation, greenhouse 
gas emissions, increasing water withdrawals and pollution 
(well established). Alternatively, scenarios that fail to meet 
food demand result in negative impacts on health through 
inadequate nutrient supply (well established) {3.7.1}. 
Sustainable production and consumption and a focus on 
issues of equity and competing demands would reverse 
biodiversity loss (established but incomplete) {3.1.2, 3.2.2, 
3.2.3, 3.2.4, 3.4.4, 3.6.2} (Box 3.2, Box 3.3). 

Scenarios exploring expansion of nature 
conservation deliver positive outcomes for all nexus 
elements when planned in an integrated and just 
manner (well established) and coupled with broader 
measures such as climate change mitigation, 
changes in food production, equitable consumption 
and sustainable management (established but 
incomplete) {3.2.3.3}. Expanding nature conservation 
can have potential negative impacts on other nexus 
elements (established but incomplete), notably food 
security and nutrition (well established) {3.2.3.3}. However, 
nature conservation can be positive when planned in an 
integrated and just manner (well established), considering 
co-benefits and minimizing the trade-offs with other nexus 
elements across realms and spatial scales (established 
but incomplete) {3.2.3.3}. Planning future protected areas 
would benefit from an integrated view that maximizes 
synergies across the nexus and considers issues of equity 
and competing demands, so that additional areas are 
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sufficient, effective and implementable (established but 
incomplete) {3.2.3.3}. 

Scenarios of active marine ecological restoration 
have positive effects on food and climate change 
(well established) {3.2.3.3}. Scenarios of terrestrial 
ecological restoration that need more land area have 
been shown to require food system transformation 
(established but incomplete). The Kunming-Montreal 
Global Biodiversity Framework target 2 states that at least 
30 per cent of the total area of degraded habitats should 
be under restoration by 2030. Achieving this target will 
require careful planning to minimize competition with food 
production and bioenergy provision, but would have benefits 
for biodiversity, climate change mitigation and adaptation, 
improve water quality and support nature conservation. 
Trade-offs between ecological restoration and nature 
protection and the implications for other nexus elements, 
such as food, highlight the need for a holistic approach to 
addressing biodiversity loss (well established) {3.2.3.7}. 

Increased future freshwater demand for food 
production and other uses can have negative 
consequences for biodiversity, especially in the context 
of future climate change (established but incomplete) 
{3.3.2, 3.3.3}. Scenarios emphasize the difficulty of reaching 
win-win solutions in the water sector that are positive for all 
stakeholders. However, various systematic approaches have 
been proposed for water management, such as nature-based 
solutions, to achieve positive outcomes (established but 
incomplete) {3.3.2, 3.3.3, 3.3.4}.

Transformative change across the food system is 
central to unlocking co-benefits for biodiversity, 
nutritional health, climate change and water (well 
established). The food system is important in many 
scenarios evaluating biodiversity impacts within the nexus 
for both terrestrial and marine realms (well established). 
For example, national scale increases in food imports 
have been shown to cause indirect land-use change, such 
as deforestation, in exporting countries (established but 
incomplete) {3.2.3, 3.2.4}. The current agricultural area can 
potentially feed future human populations in the medium 
to long-term while reducing greenhouse gas emissions 
and water pollution (well established) {3.4.3.1} through 
sustainable agricultural practices and improving nitrogen use 
efficiency from the current 35 to 44 per cent to 70 to 80 per 
cent, combined with a reduction in the over-consumption 
of meat and optimal crop food-feed ratios (well established) 
{3.4.3.1}. Positive food system scenarios also include 
sustainably managed fisheries, healthy diets that are less 
resource intensive and distributing food more equitably (well 
established) {3.4.2, 3.4.3}.

There are clear co-benefits to nutritional health 
from widespread adoption of a less meat intensive 

diet, which could provide sustainable healthy diets 
for 10 billion people in 2050, preventing 19 to 24 per 
cent of total deaths per year among adults caused 
by insufficient food and unhealthy diets, without 
overstepping global biophysical limits (established 
but incomplete) {3.4.2}. Reductions in livestock numbers 
due to reduced intake of animal-based foods would reduce 
the demand for plant proteins such as soy used for animal 
feed and the land area used for pasture (established but 
incomplete) {3.4.2}. However, increases in the production of 
plant-based proteins in tropical regions could have negative 
impacts on biodiversity (established but incomplete) {3.4.2}. 

Foods from freshwater and marine environments 
can contribute positively to health, climate 
change mitigation and adaptation and biodiversity 
conservation (well established) {3.4.3.2}. Fisheries 
scenarios show that climate change and the choice of 
management practices could negatively affect marine 
ecosystems and the long-term availability of marine food 
(well established) {3.4.3.2}. Sustainable fishing practices, 
including the use of efficient fisheries restricted areas, 
would ensure sustainable production (well established) 
{3.4.3.2}. Sustainable mariculture is a potential alternative to 
continuing deteriorating fish stocks and is expected to grow 
in the future as an important source of nutrition (established 
but incomplete) {3.4.3.2}, although some regions will face 
greater climate change challenges. Countries with less 
affected maricultural sectors could add stability through 
trade (established but incomplete) {3.4.3.2}.

Scenarios show that land-use change influences 
the exposure of humans to zoonotic hazards. The 
distribution of several vector-borne diseases is 
projected to shift towards higher latitudes and 
altitudes under climate change scenarios (established 
but incomplete) {3.5.2}. Changes in biodiversity, land-
use and land cover, and social behaviour will shape future 
disease emergence {3.5.2.1}. New mammal assemblages 
and viral evolution hotspots are projected to occur in areas 
of high human population density, which could act as 
starting points for newly emerging zoonoses (established 
but incomplete) {3.5.1, 3.5.2}. However, these effects will 
vary locally depending on the implementation of individual 
and public health prevention measures {3.5.1, 3.5.2}. Some 
non-native arthropod disease vectors may colonise new 
locations under warmer temperatures. For other vectors of 
human diseases, the geographic extent of habitable regions 
in some localised terrestrial landscapes could decrease with 
a warming climate (established but incomplete) {3.5.2}.

Urban green and blue space can have positive 
effects on mental and physical health and other 
nexus elements (climate change mitigation, food 
production and water regulation), including the 
improvement of local micro-economic conditions 
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and social cohesion (established but incomplete) 
{3.5.3}. As land-use, precipitation, temperature and extreme 
weather patterns change, opportunities for urban and 
coastal green spaces to support mental health and physical 
exercise are projected to diminish {3.5.3}. Under high-end 
climate scenarios, cyanobacterial and algal blooms would 
elicit marine biodiversity imbalances that downgrade the 
recreational value of fisheries and the support functions of 
marine and coastal ecosystems (established but incomplete) 
{3.3.1, 3.5.3}.

Scenarios indicate the importance of early climate 
change mitigation actions, with further delays 
expected to be more costly. Delay will also require 
land-based carbon dioxide removal at large scale 
that would increase competition for land and water 
(well established) {3.6.3}. Delays in mitigation actions 
will cause greater trade-offs across the nexus, jeopardizing 
water supply, biodiversity and habitat restoration as well 
as food security (well established) {3.6, 3.6.3}. A holistic 
portfolio of integrated measures across the nexus would 
contribute to climate change mitigation while also benefiting 
sustainable development (established but incomplete) 
{3.6.3}. For example, ecosystem restoration, sustainable 
production and consumption, dietary and energy transitions 
promise benefits across multiple nexus elements (well 
established) {3.6.3}. The ocean is a major climate change 
mitigator with many solutions focusing on the placement of 
excess carbon in deep water, but these solutions are still 
far from implementation and knowledge is lacking about 
potential impacts on biodiversity and food (established but 
incomplete) {3.6.3.2}. Scenarios of continuation of current 
trends for climate change mitigation (and adaptation) tend 
to be more costly and less just than scenarios based on 
a holistic portfolio of integrated measures across nexus 
elements (established but incomplete) {3.6.3}.

Human-induced climate change is expected to impact 
the entire nexus, becoming worse over the coming 
decades (well established) {3.6.1, 3.6.2}. Adaptation 
will be key to addressing the multiple hazards arising 
from climate change (well established) {3.6.3, 3.6.4}. 
Climate change is projected to be an increasingly important 
driver of biodiversity and ecosystem change affecting 
genetic, species and ecosystem levels (well established) 
{3.2.1, 3.3.1, 3.4.1, 3.5.1, 3.6.2}. Projected impacts 
vary substantially in different parts of the world owing to 
variations in the different drivers of biodiversity change 
and their time scales (established but incomplete) {3.6.2}. 
Climate change adaptation actions can have antagonistic 
effects (maladaptation) as well as co-benefits for other 
nexus elements (established but incomplete) {3.6.2}. There 
is a growing gap between countries’ preparedness for 
climate change and the actual adaptation measures needed 
to respond to increasing climate risks (established but 
incomplete) {3.6.4}.

Scenarios cluster into six nexus scenario archetypes 
that reflect different relationships between the nexus 
elements and their positive and negative outcomes 
(established but incomplete) {3.7.1} (Figure 3.6). The 
nature-oriented nexus archetype has high benefits for 
biodiversity and is broadly positive for the other nexus 
elements. Balanced nexus is also broadly positive across 
nexus elements, especially for food and health, but less 
so for biodiversity, water and climate change, reflecting 
elements of sustainable use and nature conservation goals. 
Conservation first is more positive for biodiversity than 
balanced nexus but has an impact on food, and smaller 
negative impacts on water and health, reflecting the effects 
of terrestrial protected areas on food production and 
nutritional health. The climate first, food first and nature 
overexploitation archetypes are all negative for biodiversity. 
Climate first is strongly negative for food, but strongly positive 
for addressing climate change reflecting land competition 
arising from climate change mitigation scenarios. Food 
first is strongly positive for food, but negative for the other 
nexus elements, except health, arising from co-benefits 
with nutritional health. Nature overexploitation has negative 
impacts across all nexus elements, although less so for 
water, and represents economy first scenarios and some 
scenarios of continuation of current trends into the future, 
with strong climate change impacts. The archetypes with 
positive outcomes for different nexus elements (nature-
oriented nexus, balanced nexus) have flexible and well-
functioning institutions, inclusive decision-making, strong 
pro-sustainability and environmental regulation, sustainable 
consumption and production, and inclusive approaches to 
economic development {3.2.1, 3.2.2}.

The nexus scenario archetypes have different 
implications for the achievement of policy goals, such 
as the Sustainable Development Goals, the Kunming-
Montreal Global Biodiversity Framework and the Paris 
Agreement (established but incomplete) {3.7.1, 3.7.2}. 
Archetypes that are positive for biodiversity, and have fewer 
trade-offs with the other nexus elements, are also broadly 
positive for the Sustainable Development Goals. Climate 
change mitigation policy that would contribute to the Paris 
Agreement is more effective in future scenarios that minimize 
trade-offs across the nexus elements. Better connecting 
food and climate change policy would have beneficial 
outcomes in achieving multiple Sustainable Development 
Goals, the Kunming-Montreal Global Biodiversity Framework 
goals and the Paris Agreement (established but incomplete) 
{3.7.1, 3.7.2}. However, not all archetypes have positive 
outcomes across the Sustainable Development Goals. 
Sustainable Development Goals 1 (no poverty) and 10 
(reduced inequalities) are largely negative across all 
archetypes, indicating that even the nature-oriented scenario 
archetypes inadequately include actions that address 
poverty and social inequalities. Sustainable Development 
Goal 5 (gender equality) is absent from all scenarios and 
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archetypes, which is a significant knowledge gap amongst 
the nexus scenarios. Sustainable Development Goals 16 
(peace, justice and strong institutions) and 17 (partnerships 
for the goals) are missing in the nature-negative archetypes, 
although these goals are critical prerequisites for most 
response options (established but incomplete) {3.7.1, 3.7.2}. 

Knowledge gaps include the need for more scenarios 
covering interactions between the nexus elements 
and advances in scenario methods to better represent 
them (established but incomplete) {3.7.6}. The 
complexity of health and disease, including projected 
changes in biodiversity, socio-economic determinants 
of health and public health actions, is inadequately 
depicted in scenarios (unresolved) {3.5, 3.7.6}. Nature-
oriented scenarios that are also plausible in terms of 
implementation, especially policy implementation, are lacking 
(established but incomplete) {3.7.6}. Further development 
and application of quantitative, integrated modelling tools, 
qualitative methods and approaches to learn from and 
include Indigenous and local knowledge would advance 
understanding of the role of biodiversity within the nexus 
(established but incomplete) {3.7.6}. Scenarios are lacking 
for polar regions, the open and deep oceans and tropical 
regions with missing scientific data monitoring, and the 
further development of scenarios that better link processes 
across realms would support the recognition of co-benefits 
between sectors and their impacts (established but 
incomplete) {3.7.6}. There are very few quantitative scenarios 
with a direct focus on health (established but incomplete) 
{3.5, 3.5.1, 3.7.6} with health more commonly addressed 
through the lens of other nexus elements {3.7.6}.

3.1	 INTRODUCTION

3.1.1	 Scope of this chapter
Scenarios and models provide a means for exploring 
uncertainties about how different drivers of change might 
develop in the future and how those changes might impact 
the interconnections among the nexus elements. They can 
therefore help to anticipate change and foster synergistic and 
collective action that benefits multiple elements of the nexus 
(IPBES, 2016). Negative trends in the state of nature and its 
contributions to people are mostly projected to worsen in the 
coming decades, albeit unevenly between different regions, 
because of indirect and direct drivers playing out differently 
across geographies. Direct drivers, such as land and sea 
use, direct exploitation (i.e., harvesting of plants and animals), 
climate change, pollution and the spread of invasive alien 
species (Díaz et al., 2019), that have predominated in the past 
50 years will continue to play an important role in the future, 
increasingly driving further biodiversity and NCP decline 
(Díaz et al., 2019). These direct drivers are underpinned by 

a multitude of societally mediated, indirect drivers such as 
economy and trade, culture, demography, institutions and 
governance systems among others (Díaz et al., 2019).

Many previous scenario studies address the impacts of 
direct and indirect drivers on individual sectors such as 
agriculture, forestry, fisheries and water. However, such 
studies often overlook the interactions between sectors, 
which may result in misinterpretation of patterns, directions 
and magnitudes of impact on human and environmental 
systems (P. A. Harrison et al., 2016). Interactions play out 
in different ways (directions and magnitudes) in different 
regions and in different scenarios (P. A. Harrison et al., 2016; 
J. Li et al., 2021; J. Liu et al., 2018). The discrepancies 
are particularly pronounced for indicators such as food 
production and water exploitation, which are highly 
influenced by other sectors and by local abundance of 
resources. Furthermore, the discrepancies are greater under 
scenarios of indirect drivers than under direct drivers, such 
as climate change scenarios, and at the sub-regional rather 
than regional scales (P. A. Harrison et al., 2016).

Nevertheless, scenarios are increasingly taking a more 
integrated approach to evaluate the impacts of policies and 
decisions across multiple nexus elements, as well as the 
effects of interacting direct and indirect drivers, to support 
policy design across sectors (P. A. Harrison et al., 2023). 
This includes incorporating wider knowledge systems and 
world views within scenarios, including Indigenous and local 
knowledge (ILK), which has previously been neglected (Lam 
et al., 2020) (Box 3.1). Scenario studies are therefore vital 
to provide evidence for the integrated solutions that will 
be needed to collectively meet international policy goals, 
such as the Sustainable Development Goals (SDGs), the 
Kunming-Montreal Global Biodiversity Framework and the 
Paris Agreement.

This chapter synthesizes evidence from available scenario 
studies that consider future interlinkages between 
biodiversity, water, food, health and climate change, and 
their drivers, in order to answer the policy-relevant questions 
from Chapter 1 (section 1.1.3): how might the nexus 
elements and interdependencies change in the future, and 
what pathways and scenarios could lead to sustainable 
futures that address the nexus elements synergistically with 
minimal trade-offs? 

To do this, evidence is synthesized from the scientific 
literature, science-policy reports and Indigenous Peoples’ 
and local communities’ (IPLC) visions and scenarios, 
where available, to capture plural knowledge systems, 
including ILK. (For example, the 7th Generation Principle 
embodies the responsibility that present-day decisions 
lead to a sustainable world for seven generations into 
the future and dates back to the Great Law of Peace of 
the Haudenosaunee Confederacy.) To be included in the 
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Box 3  1  	 African Biodiversity Network Indigenous Futures Thinking Dialogue.

Figure 3  1 	 Eco-cultural calendar for Tharaka Nithi, Kenya. 

Ecocultural calendars are a strong community research tool that covers aspects of the past, present and future and can support 
a process to revive a whole socio-ecological system, as they embrace the whole “universe”. The picture was taken under the 
collaboration between SwedBio and African Biodiversity Network, together with the Institute for Culture and Ecology and the 
communities of Kivaa and Tharaka, Kenya, in contributing to the piloting of the Multi Evidence Base Approach. 
Source: (Tengö et al., 2021) – Photo credit: Pernilla Malmer; permission for use granted by SwedBio.

analysis, studies need to consider interactions between at 
least three of the nexus elements of biodiversity, water, food, 
health and climate change. 

In total, 52 studies containing 186 scenarios were reviewed, 
identified through a structured keyword-based search and 
snowball sampling (for detailed information on the review 
process see the associated data management report).2

2.	 The data management report for the scenarios review (https://doi.
org/10.5281/zenodo.13913205).

The individual scenarios (as the unit of analysis) were 
systematically analysed to evaluate the impact of each nexus 
element on the other elements, which led to the creation of 
six nexus scenario archetypes. Each archetype comprises a 
set of individual scenarios (minimum of 20 scenarios in each 
archetype) that have similar characteristics in terms of drivers 
and outcomes regarding nexus interactions. The archetypes 
are presented in the synthesis section 3.7.2.

https://doi.org/10.5281/zenodo.13913205
https://doi.org/10.5281/zenodo.13913205
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Indigenous and local knowledge embodies the wisdom gathered 
over centuries by communities living with and governing 
biodiversity in their everyday realities. This knowledge also 
guides them in envisioning their futures and navigating through 
unforeseen events and disruptions, such as the local impacts 
of climate breakdown and biodiversity loss, conflicts and 
socio-political change. The Indigenous futures thinking dialogue 
process, undertaken as a collaboration between the African 
Biodiversity Network, Institute for Sustainable Development in 
Ethiopia, Institute for Culture and Ecology in Kenya, Groupe De 
Recherche et d’Action pour le Bien-être au Bénin in Benin and 
SwedBio, supported communities in strengthening their plans 
and visions for their future based on their earlier experiences of 
community dialogues, eco-cultural mapping and calendars. As 
part of this dialogue, community walking workshops took place in 
three communities across Benin, Kenya and Ethiopia. Additionally, 
elders, women, men and youth from the communities of Boru 
Selassie in Dessie, Ethiopia; Kivaa in Eastern Kenya; and Kotan-
Segbe in Sado – Avrankou, Benin were actively engaged in the 
local dialogue (Mburu, 2016; Tengö et al., 2021).

The dialogue was a community-centred process to address 
challenges and develop visions for the future of the community 
based on their own knowledge, experiences and methods. 
Eco-cultural mapping and calendars are participatory tools 
for Indigenous futures thinking that connect past, present and 
future. They aim to reveal the deep geography, cultural vision 
and meaning of a territory, while building a collectively agreed 
vision of the relations of different elements that interact in the 
territory over time. 

The Indigenous futures thinking dialogue also aimed to bridge 
across different knowledge systems from Indigenous Peoples 
and local communities, academia, government, community-
based organisations, women and youth groups. Activities 
undertaken during the dialogue were geared towards building 
communities’ confidence and solutions to coping with 
emerging issues and challenges such as COVID-19, locust 
outbreaks and climate change. 

The dialogue identified the many challenges faced by the three 
communities: the erosion of ILK, loss of knowledge, weakened 
customary governance and culture, disconnect between the 
youth and the elders and between people and their places and 
histories. The dialogues allowed communities to discuss what 
they wanted to keep, what needs to change, and innovations 
and pathways forward to realise change. At the core of the 
discussions in the three communities was the conservation or 
restoration of critical ecosystems, revitalisation of customary 
governance and the potential for strengthening customary law, 
conflict resolution mechanisms and ceremonies to address 
the challenges they are experiencing. Storytelling, cultural 
practices, ceremonies and rituals are embedded components 
of enacting visions of the future. Discussions also focused 
on intergenerational knowledge transfer and re-connecting 
youth to their traditions, values and culture. The dialogues also 
discussed the rights of Indigenous Peoples over their lands, 
territories and resources, rights to continue their customary 
sustainable practices and their right to self-determination. The 
experiences included examples of partnership and collaboration 
with local authorities and actors.

Box 3  1  	

3.1.2	 Overview description of 
scenarios, scenario approaches 
and methods

Scenarios are representations of plausible futures for one or 
more components of a system (IPBES, 2016). The scenario 
approach is important to help decision-makers understand 
future feedbacks and uncertainties across the nexus, and 
in some cases in assessing the effects of policy decisions 
themselves (i.e., in policy scenarios) (Rounsevell et al., 
2021). The IPBES Methodological Assessment on Scenarios 
and Models of Biodiversity and Ecosystem Services (IPBES, 
2016) identified four broad types of scenarios and related 
phases of the policy process (Figure 3.2). Exploratory 
scenarios are often used to set agendas, and they project 
plausible future trajectories without prior commitment 
to a goal. Target-seeking scenarios are used to design 
processes to achieve a desired and identified outcome (a 
vision or a goal). Policy screening scenarios evaluate the 
implementation stage, and how multiple policies perform in 
relation to a desired outcome. Finally, retrospective policy 
evaluation scenarios review past policies and assess how far 
a given policy is from the intended outcome. 

Of the 186 assessed scenarios, most were exploratory 
scenarios that showed positive and negative future impacts 
on the nexus elements. Others were target-seeking 
scenarios that demonstrated how different combinations of 
response options that take account of interlinkages among 
the nexus elements enable a transition to sustainable 
futures. The latter scenarios provide valuable knowledge for 
linking to chapters 4 to 6, which focus on response options. 

Scenario studies are assessed across spatial scales (from 
local to global) and for different geographies (across biomes, 
climatic zones and the IPBES world regions). Out of the 
186 assessed scenarios, 59 per cent covered the terrestrial 
realm and 41 per cent the marine realm, respectively. 
57 per cent of the scenarios focused on the global scale, 
while 27 per cent covered the regional scale, 6 per cent the 
national scale and 10 per cent the local scale. Local and 
regional scenarios focused mainly on Europe, then Asia-
Pacific and the Americas. Connections between regions 
are also assessed, such as through telecoupling (Hull & Liu, 
2018; J. Liu et al., 2013). This includes, for example, the 
role of global trade in indirect land-use change, the role of 
transboundary water management, and the role of climate 
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and oceanographic events such as El Niño and La Niña 
outside the Pacific region.

The future is considered through the lens of three time 
horizons: the short, medium and long-term. Short-term 
refers to 2030, consistent with the targets of the SDGs 
and other regional policy targets (e.g., the European 
Union Biodiversity Strategy). Medium-term refers to 2050, 
consistent with the CBD 2050 Vision for Biodiversity. Long-
term refers to the end of the 21st century and is needed to 
capture scenarios with long-term drivers such as climate 
change. There is, moreover, an important body of scenario 
literature that is independent of time. This includes, for 
example, scenarios of protected areas, dietary changes 
or marine protected areas that explore the consequences 
of these management interventions or societal choices on 
biodiversity without specifying when these changes will 
happen in practice. These studies are included since they 
still refer (even abstractly) to some (undefined) point in the 

future, and because they can add important insights into 
interrelationships between the nexus elements.

Scenarios are often clustered into scenario families that 
have similar underlying storylines, assumptions and trends 
in drivers of change, often called scenario archetypes 
(IPBES, 2016, 2018b). This clustering into scenario types 
facilitates comparisons between a large number and 
range of different studies (Sitas et al., 2019). Examples of 
common scenario archetypes include global sustainable 
development scenarios and business-as-usual (BAU) 
scenarios that represent the continuation of current trends 
into the future and track the future outcomes of staying on 
the current course of action/inaction (IPBES, 2016). The 
Nature Futures Framework: A flexible tool to support the 
development of scenarios and models of desirable futures 
for people, nature and Mother Earth (NFF) is an example of 
a tool that can be used to cluster scenarios in a way that is 
focused on the relationship between biodiversity and people 

futurepast present

N
at

ur
e 

or
 

N
at

ur
e 

or
 

N
at

ur
e 

or
 

N
at

ur
e 

or
 

Target

Observed trajectory

Expected pathways

Exploratory scenarios

Retrospective policy evaluation

Target-seeking scenarios

Policy-screening scenarios

IMPLEMENTATION

Intervention 
scenarios

AGENDA
SETTING

REVIEW

DESIGN

futurepast present

Policy A

Policy B

futurepast present

futurepast present

Gap
Policy A

Figure 3  2 	 Types of scenarios and the four major phases of the policy cycle.

Policy cycle phases are indicated by the labels and grey arrows outside the coloured quarters of the circle. In exploratory scenarios, 
the dashed lines represent different plausible futures, often based on storylines. In target-seeking scenarios (also known as normative 
scenarios), the diamond represents an agreed-upon future target and the coloured dashed lines indicate scenarios that provide 
alternative pathways for reaching this target. In policy-screening scenarios (also known as ex-ante scenarios), the dashed lines represent 
various policy options under consideration. In retrospective policy evaluation (also known as ex-post evaluation), the observed trajectory 
of a policy implemented in the past (solid line) is compared to scenarios that would have achieved the intended target (dashed line). 
Source: IPBES (2016).
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by describing three different value perspectives: those 
emphasizing intrinsic values (nature for nature), instrumental 
values (nature for society) and relational values (nature as 
culture/one with nature), similarly to other available value 
frameworks such as the Life Framework of Values from the 
IPBES Methodological Assessment Regarding the Diverse 
Conceptualization of Multiple Values of Nature and its 
Benefits, Including Biodiversity and Ecosystem Functions 
and Services (Values Assessment) (Pascual et al., 2023; 
Raymond et al., 2023). The NFF is a flexible tool to support 
the development of scenarios and models of desirable 
futures for people, nature and Mother Earth (Pereira et 
al., 2020). The framework is described in more detail in 
Box 3.2. 

Assessing the implications of future scenarios for the nexus 
requires modelling and non-modelling tools that are capable 
of holistic, integrated assessment. Quantitative modelling 
tools are useful in exploring the impacts and interlinkages 
between nexus elements for alternative scenarios and in 
defining goals and pathways to desirable futures. There are 
many tools for this purpose including integrated assessment 
models (e.g. P. A. Harrison et al., 2018), coupled simulation 
models such as socio-ecological or socio-economic models 
(e.g. Rabin et al., 2020), general ecosystem models (e.g. 
Harfoot et al., 2014), agent-based models (e.g. Brown et 
al., 2022), and other fully-coupled assessment frameworks 
based on consistent, scalable and regionally-transferable 
platforms (e.g. Henry et al., 2022; Johnson et al., 2019) that 
operate at different geographic scales from local to global 
(Tittensor et al., 2021). However, all modelling tools have 
their limitations, and it is important to understand these 
limitations, the assumptions that underlie the models and 

scenarios, and associated different types of uncertainties 
when interpreting their outputs. This includes how 
uncertainties play out differently over short, medium and 
long timescales and the role of feedbacks (particularly social 
feedbacks), as well the need to build on multiple knowledge 
systems including ILK (Koven et al., 2022; Lyon et al., 2022; 
Rounsevell et al., 2021). The use of ensemble modelling 
has been used to consider such uncertainty (e.g., Lotze et 
al., 2019).

Many qualitative methods also exist (Capitani et al., 2019) 
for exploring scenarios, which can be highly valuable for 
understanding interconnections among nexus elements and 
their relation to policy and management options (Beck et 
al., 2019). Such methods are particularly useful for exploring 
aspects that are currently poorly represented in models, 
such as governance, societal and cultural drivers, as well 
as wider world views, including ILK, through participatory 
scenario development (Fulton et al., 2015).

Of the 186 assessed scenarios, most were researcher-led 
and did not often utilize participatory approaches, including 
ILK. Most scenarios were based on modelled trends up 
to 2050 – 2100 for BAU or for the Shared Socioeconomic 
Pathways (SSPs) and Representative Concentration 
Pathways (RCPs) in analysing the impacts of socio-
economic and climate change.

Box 3  2  	 A description of the Nature Futures Framework: A flexible tool to support the 
development of scenarios and models of desirable futures for people, nature 
and Mother Earth.

The Nature Futures Framework (NFF) is a scenario and 
modelling framework that was developed in response to the 
recommendations in the IPBES Methodological Assessment 
Report on Scenarios and Models of Biodiversity and Ecosystem 
Services (IPBES, 2016). The NFF fills a gap as a flexible tool 
for developing desirable future scenarios for people and nature 
centred around their diverse relationships to identify and inform 
context- and place-specific policy options that are locally 
relevant and can contribute to biodiversity conservation and 
good quality of life (IPBES, 2023b). 

The NFF presents three main value perspectives on people’s 
relationship with nature: nature for nature (intrinsic values), 
nature as culture/one with nature (relational values), and nature 
for society (instrumental values) (Figure 3.3) (Pereira et al., 
2020). The NFF recognizes that these value perspectives 

are not mutually exclusive of each other but can overlap and 
reinforce each other. By making diverse nature values explicit in 
developing future visions and generating evidence for decision-
making, a broader range of nature’s contributions to people is 
identified and considered while rightfully acknowledging nature’s 
right to thrive on its own (Harmáčková et al., 2023; H. Kim et 

al., 2023). Furthermore, the NFF promotes the integration of 
diverse knowledge systems, including from Indigenous Peoples 
and local communities (IPLC) (Tengö et al., 2014). By doing 
so, the NFF aims to encourage societies to envision desirable 
and realizable futures where people and nature co-exist in 
harmony, building on existing good practices and evidence. The 
future visions, narratives and modelled evidence are expected 
to engage a broad range of stakeholders from societies to 
catalyse the transformation required to achieve sustainable 
futures (Durán et al., 2023; IPBES, 2023b).
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The NFF has been applied in diverse ways through research 
communities around the globe (IPBES, 2023b). For example, 
new visions were developed by youth in Latin America, for the 
conservation of high seas, and for a new national park in the 
Netherlands (Kingdom of the) by exploring and incorporating 
diverse values of nature in envisioning the future (Kuiper et al., 
2022; Pereira et al., 2023; Rana et al., 2020). In Hindu Kush 
Himalaya, Dasgupta & Shakya (2023) developed an analytical 
framework in which the NFF is used to develop ecosystem 
services-oriented pathways for sustainable futures. In Nepal, 
the NFF informed on how access to information about climate 
impact, legal barriers and reinforcement from the authority 
can potentially redirect forest management professionals to 
consider multiple benefits of nature in management processes 
(Karki, 2022). 

Stronge et al. (2023) used the framework with Māori people 
in New Zealand to develop shared goals for maintaining soil 
health and well-being and found multiple co-existing values, 
confirming that the inclusivity of value perspectives within the 
framework allowed the cultural perspectives of Māori people 
to be captured. Sarkar et al. (2020) developed “Rights for Life” 
scenarios for achieving biodiversity targets and social equity for 
IPLC and found that explicitly recognising the rights of people 
can build a basis for new regulations, policies and governance. 
Using the Half Earth and Sharing the Planet scenarios and 
the NFF value perspectives, De Bruin et al. (2023) found that 
perceptions on equity are linked to how people perceive nature, 
their professional focus and their view on conservation and 
development today, thus demonstrating how incorporating 
different equity issues in scenarios can lead to more inclusive 
policy design. 

In New Zealand, Diprose et al. (2022) used the NFF value 
perspectives to categorize the self-reported outcome of the 
New Zealand Garden Bird Survey and subsequent impact/

actions for people and nature. The study found that the NFF 
lens helps create space for relational aspects between people 
and nature as well as between people. Palacios-Abrantes et al. 
(2022) explored how the NFF can identify trade-offs between 
alternative climate change adaptation pathways focusing on 
different nature values and concludes that diverse perspectives 
of people’s values could lead to adaptive decision-making and 
policy that is resilient to climate change. For a transformation 
in the economic system, Otero et al. (2022) proposes 
methodological approaches for developing degrowth scenarios 
for biodiversity using the NFF and calls for a community of 
practice to realize the effort. 

While diverse in its application across realms and regions, the 
NFF has not been used widely in exploring nexus issues and 
how new visions can help achieve policy coherence between 
biodiversity and other sectors. However, there are currently 
ongoing efforts in this area visioning nature-people positive 
futures using the NFF in Europe, focusing on the nexus among 
biodiversity, water, food, health, climate change, energy and 
transport (BIONEXT, 2023). 

One of the objectives of the NFF (Pereira et al., 2020) is to 
support the generation of global- and regional-scale scenarios 
that engage with ILK or that are developed with IPLC 
participation, by focussing on values, particularly relational 
ones (e.g., nature as culture/one with nature). Through the 
dialogue workshops organized by the Indigenous and local 
knowledge (ILK) technical support unit of IPBES, an exchange 
with IPLC was organized to provide feedback on the framework 
and develop visions and pathways for regional scenarios 
(IPBES, 2022). In the previous dialogues, the focus on value 
systems resonated with participants, with some welcoming 
the inclusion of nature as culture/one with nature, and many 
relating the different values to characteristics of relationships 
between IPLC and other actors. It was suggested that a 

Box 3  2  	

Figure 3  3 	 The Nature Futures Framework.

A flexible tool to support the development of scenarios and models of desirable futures for people, nature and Mother Earth, and 
its methodological guidance. Source: IPBES (2023b).
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3.1.3	 Chapter organization

The chapter is structured into five main sections (3.2 to 
3.6; Table 3.1) that synthesize evidence from scenarios that 
emerge from each of the nexus elements, i.e., biodiversity, 
water, food, health and climate change-oriented scenarios. 
For each of these sections, the key drivers that influence 
the nexus element and its interactions with other nexus 
elements is first discussed. Then each section is broken 
down into specific types of scenario studies, for example, 
for biodiversity-oriented scenarios this covers scenarios that 
focus on biodiversity policy targets, nature conservation, 

and ecosystem degradation and restoration, while for water 
this covers scenarios that focus on water quality, water 
demand and water supply. For each scenario type, impacts, 
feedbacks, synergies and trade-offs among the nexus 
elements are discussed in relation to response options 
(measures or actions) and indirect and direct drivers for 
terrestrial, freshwater and marine realms. A synthesis across 
all scenario studies is provided in section 3.7 with respect 
to drivers, nexus interactions, global policy targets, decision 
support tools for nexus decision-making, implications for 
IPLC, and uncertainties and knowledge gaps. 

cyclical shape of the NFF framework would better represent 
the holistic interconnectedness of fundamental elements in 
IPLC cosmologies (often nature, universe and people) while 
a triangle might be perceived as implying a hierarchy within 
values. Participants also reflected on how they explore the 
future and relate to scenarios as a way to do so: some 
recognized the value of looking into the future with good 
and bad scenarios and ways to strike a balance between 
objectives, while others recognized the value of IPLC not only 
envisioning their future but also reviewing and contributing 
to the production of scientific knowledge via co-production 
approaches. Decolonization, moving away from western values 

of profit from nature to more relational values between nature 
and people, and the recognition of IPLC as key actors and 
stewards of nature were proposed as key features of the way 
forward. However, co-design processes must be tailored to 
specificities reported by participants on how IPLC engage with 
the future: for example, projections into the future are rooted 
in understanding of the present and the past which need to be 
an integral part of the scenario design process; the future is 
not necessarily viewed as an endpoint but through the lens of 
stability in the system, considering issues of rights recognition 
and cultural transmission.

Box 3  2  	

Table 3  1  	 List of the specific types of scenario studies covered under the different nexus 
elements, which comprise the chapter sections and sub-sections.

Chapter section Specific types of scenario studies Description of scenario 

Biodiversity Biodiversity targets These scenarios focus on achieving specific biodiversity targets such as 
halting the decline of species populations

Nature conservation These scenarios focus on achieving area-based or action-based 
conservation targets such as the 30 by 30 target

Ecological degradation and restoration These scenarios focus on reducing degradation of ecosystems or 
alternative pathways to their restoration

Water Water quality scenarios Scenarios focused on water quality improvement or decline

Water demand scenarios Scenarios of allocation of water among sectors to meet future needs

Water supply scenarios Scenarios of water quantity management such as dam construction and 
flood mitigation

Food Food demand scenarios Scenarios focused on the increasing demand for food, mostly driven by 
population, incomes and preferences

Food supply scenarios Scenarios focused on the production side of the food system

Integrated food scenarios Scenarios focusing on both the supply and demand sides of the food 
system
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3.2	 BIODIVERSITY-ORIENTED 
SCENARIOS AND THEIR 
NEXUS INTERACTIONS
This section synthesizes the scenario literature on biodiversity 
and its interactions with the other nexus elements of water, 
food, health and climate change. It is structured according 
to three types of biodiversity scenarios: (1) scenarios of 
biodiversity policy targets; (2) scenarios of nature conservation; 
and (3) scenarios of degradation and restoration.

Several scenarios have been developed that describe future 
impacts of drivers on biodiversity and future implications for 
biodiversity policy goals, nature conservation, ecosystem 
degradation and conservation strategies. All 186 nexus 
scenarios assessed in this chapter considered biodiversity, 
since this was a prerequisite for a scenario to be included 
in the analysis. Of the 186 systematically assessed nexus 
scenarios, 15 included an assessment of biodiversity policy 
targets, 52 of nature conservation, and 12 for degradation 
and restoration. Most of the studies were at the global scale, 
and only 3 studies included ILK.

3.2.1	 Impacts of multiple drivers 
on biodiversity and nature’s 
contributions to people (NCP)

Most of the assessed scenarios explore the impacts 
of multiple drivers on biodiversity and NCP. Drivers 
include land-, freshwater- and sea-use change, habitat 
loss, overexploitation of natural resources including the 
direct harvesting of plants and animals, climate change, 
pollution, infrastructure development and the spread 
of invasive alien species. All these drivers act across 
spatial and temporal scales, as well as across terrestrial, 
freshwater and marine realms. Scenarios typically focus 

on the strongest drivers of terrestrial biodiversity loss: 
land-use or climate change (P. A. Harrison et al., 2019; 
Kok et al., 2018, 2023; Leclère et al., 2020; Veerkamp 
et al., 2020; Visconti et al., 2016; WWF, 2020b). There 
is consensus amongst scenarios that both biodiversity 
and all other nexus elements are at risk from multiple 
drivers, with implications for the environment, people and 
economies at different scales. 

Evidence from BAU scenarios (Kok et al., 2018; P. W. 
Leadley et al., 2014; Tallis et al., 2018) suggest that 
climate change affects the productivity and resilience of 
ecosystems, with projections showing a growing challenge 
to ecosystem integrity and functioning by 2050. Climate 
change will affect genetic, species and ecosystem 
levels, including shifts in the distribution of species and 
ecosystems, changes in species abundance and increased 
risk of extinctions, with projected changes and their drivers 
varying substantially geographically (IPCC, 2022a; P. W. 
Leadley et al., 2014). Biodiversity-rich regions such as sub-
Saharan Africa, South Asia, Southeast Asia, the Caribbean 
and Latin America are probably most at risk.

Biodiversity will also be impacted strongly by indirect drivers 
such as demographic, socio-economic and technological 
changes, including lifestyle changes. The complex 
interactions between social, economic, political and 
biophysical systems highlight the challenge of developing 
sustainable pathways for development and nature 
conservation. The evidence from scenarios is unequivocal 
in demonstrating that there is no “one solution fits all” 
approach to achieving sustainable biodiversity targets 
(P. Leadley et al., 2022). Reversing biodiversity loss requires 
a nexus approach that simultaneously examines interactions 
among multiple sectors along with synergies and trade-offs 
among goals. For example, Leadley et al. (2022) show that 
no single target acting on direct drivers of biodiversity loss 
contributes more than 10-15 per cent to the achievement 

Chapter section Specific types of scenario studies Description of scenario 

Health Infectious diseases, vector-borne 
diseases and zoonoses for health

Scenarios focusing on transmittable diseases, for example, those 
transmitted through human-wildlife contact 

Green and blue spaces Scenarios focused on the role of nature on physical and mental health

Climate Climate change impacts Scenarios exploring future impacts of climate change across the nexus

Climate change mitigation Scenarios exploring nature-based solutions to climate change mitigation 
across the nexus

Climate change adaptation Scenarios that explore alternative options for adapting to future climates 
across the nexus

Table 3  1  	
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of any one biodiversity outcome of the Kunming-Montreal 
Global Biodiversity Framework. 

Reducing or minimizing the direct and indirect drivers on 
biodiversity and NCP, however, will require substantial 
departures from BAU pathways. Existing target-seeking 
scenarios illustrate how biodiversity will continue to decline 
if society continues its current path – unevenly so among 
different regions – unless rapid and integrated action is 
taken to reduce the direct drivers of ecosystem destruction. 
This calls for the implementation of different interventions 
and conservation strategies that will have future 
consequences and trade-offs for other nexus elements, 
such as food security, resource extraction and clean 
energy provisioning (Leclère et al., 2018; Mace et al., 2018; 
Oberdorff, 2022) (see also Chapter 5.1, section 5.1.3).

3.2.2	 Scenarios focused on 
biodiversity targets 

Fifteen biodiversity target-seeking scenario studies explore 
how to move from today to futures that reverse biodiversity 
loss and meet policy targets, such as the Kunming-Montreal 
Global Biodiversity Framework. These scenarios project 
biodiversity and NCP trends and their implications for the 
nexus to 2050 and beyond. Some studies were based on 
the Aichi biodiversity targets for 2020 and the vision for 
2050 to “bend the biodiversity curve” (Kok et al., 2018, 
2023; Leclère et al., 2018, 2020; Visconti et al., 2016) 
(Box 3.3). In addition, some scenarios focus on the SDGs 
that limit net loss of natural habitat by halting deforestation 
(Tallis et al., 2018). Target-seeking studies are biased 
towards the terrestrial realm, with no scenarios for the 
marine realm alone and only one study, Kok et al. (2023), 
that evaluated the terrestrial and freshwater realms together. 
Additionally, although important (Díaz et al., 2019; Kozicka 

et al., 2023), none of the scenarios were developed with 
stakeholder involvement and consideration of ILK. 

Despite the negative outcomes found in future scenarios 
and the challenges of multiple drivers acting on biodiversity, 
evidence from target-seeking scenarios and pathways (Kok 
et al., 2018; Leclère et al., 2018; Tallis et al., 2018; Visconti 
et al., 2016) indicate that a world that achieves many of 
the global biodiversity targets and sustainability goals is not 
beyond reach. Future biodiversity losses can be avoided 
and the biodiversity trends from habitat conversion can 
be reversed by 2050. For example, in the sustainability 
scenario of Tallis et al. (2018) over 50 per cent of each of 
the 14 global biomes remain as natural habitat, except for 
temperate grasslands. However, substantial changes from 
BAU trends are needed to meet the objective of slowing 
and then stopping the loss of terrestrial biodiversity. It is 
also clear that no single action can achieve all biodiversity 
targets. When and how biodiversity loss is halted and 
reversed will depend on the timing and type of actions. 
Additionally, positive outcomes vary by biodiversity indicator 
type, spatial and temporal scale, and contexts. The “option 
space” to implement the necessary measures also differs 
between world regions because of differing priorities, 
contexts and synergies and trade-offs.

Bending the curve (Leclère et al., 2020) and sustainability 
(Tallis et al., 2018) scenarios demonstrate that long-term 
biodiversity goals can only be met by combining a broad 
and ambitious portfolio of measures. These measures 
include mitigating climate change, behavioural change, 
enhancing biodiversity protection, sustainably managing 
fisheries and targeting other drivers of habitat conversion 
through land-use changes that include rapid shifts to 
more equitable and sustainable agricultural production 
approaches, particularly in areas with higher yields and 
lower water stress. However, the capacity to produce food 

Box 3  3  	 Bending the curve of biodiversity loss.

The concept of “bending the curve” of biodiversity loss refers to 
strategies and actions aimed at halting and ultimately reversing 
biodiversity decline (Mace et al., 2018), as aligned with the 
2050 Vision from the Convention on Biological Diversity (Living 
in Harmony with Nature). One of the seminal papers that 
framed the conversation was “Aiming higher to bend the curve 
of biodiversity loss” by Mace et al. (2018), which argued for the 
necessity of transformative changes across economic, social, 
political and technological dimensions to achieve tangible 
conservation outcomes.

Building on an extensive science-policy assessment process, 
the IPBES Global Assessment Report on Biodiversity and 
Ecosystem Services (IPBES, 2019) concluded that “bending 

the curve” requires tackling the root causes of biodiversity loss: 
the interconnected economic, sociocultural, demographic, 
political, institutional and technological indirect drivers behind 
the direct drivers of biodiversity loss. Such transformation will 
require innovative governance approaches that are adaptive, 
inclusive, informed by existing and new evidence and 
integrative across systems, scales of biodiversity, jurisdictions 
and tools (Díaz et al., 2019).

To effectively “bend the curve,” interdisciplinary and integrated 
approaches are essential, including sustainably increased 
crop yields and trade in agricultural goods, reduced food 
waste, dietary shifts, increased extent and management of 
protected areas and increased restoration and landscape-level 
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conservation planning (Leclère et al., 2020). Leclère et al. (2020) 
utilized an ensemble of scenarios and modelling techniques 
to project the outcomes of various conservation strategies on 
global biodiversity trends. 

The results indicate that increased conservation alone will not 
be sufficient, but that combining this with additional sustainable 
production and consumption measures could potentially 
reverse the declining trends in biodiversity before 2050 
(Figure 3.4). The results also indicate that siloed strategies 
might entail trade-offs with some of the sustainable agenda 
goals (e.g., food security risks associated with ambitious 
conservation efforts) while combined strategies would limit 
those trade-offs and instead entail co-benefits across goals 
(e.g., climate change mitigation and health benefits). 

By providing a quantitative analysis of the trajectories of 
biodiversity decline under different conservation scenarios, the 
study offered a roadmap for policymakers, conservationists 
and stakeholders on how to successfully bend the biodiversity 
curve. Furthermore, it illustrated what integrated action might 
entail to inform qualitative and quantitative aspects of the 
Kunming-Montreal Global Biodiversity Framework. Beyond 
models and scenarios (P. Leadley et al., 2022), the concept has 
also been used in multiple other research and policy contexts 

(Britton et al., 2023; Tickner et al., 2020; WWF, 2020a). For 
instance, Tickner et al. (2020) reviewed evidence on what 
bending the curve means for freshwater biodiversity, what 
interventions will be required and how major policy frameworks 
could be adjusted to better support this goal, while follow-up 
studies proposed specific components of integrated strategies 
to address multiple threats to freshwater biodiversity (Arthington 
et al., 2023). 

Importantly, these efforts require close collaboration between 
different types of societal actors, including, among others, 
governments at international and national levels, business and 
finance sectors, researchers, the conservation community and 
civil society, and IPLC (Mace et al., 2018). Addressing equity 
and justice issues associated with transformative change, as 
well as exploring alternative value perspectives about human-
nature relationships, are likely key enabling factors (Obura et al., 
2023; Pascual et al., 2023).

To assess the effectiveness of efforts to bend the curve, clear 
and measurable indicators are needed (Jetz et al., 2019). These 
indicators should be aligned with global targets and consider 
ecological, economic and social dimensions of biodiversity 
(Soto-Navarro et al., 2021).

Box 3  3  	

Figure 3  4 	 Bending the curve.

Adapted from Leclère et al. (2020). Bending the curve of terrestrial biodiversity needs an integrated strategy. The figure illustrates 
the main findings of the article but does not intend to accurately represent its results.
Copyright Adam Islaam | International Institute for Applied Systems Analysis (IIASA).
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sustainably is context specific. Furthermore, transforming 
energy production from primarily fossil fuels to renewable 
sources and more broadly decarbonizing the energy system 
would benefit biodiversity and food security. Consumption 
measures are also needed, for example reducing food 
waste and increasing sustainable healthy diets with a focus 
on plant-based proteins (where possible and appropriate). 
Prioritizing sustainability pathways not only achieves the 
2050 Vision from the Convention on Biological Diversity of 
Living in Harmony with Nature but will lead to other positive 
outcomes such as reducing greenhouse gas emissions to 
limit global warming to 2°C by 2100; eradicating hunger by 
2050; and providing universal access to safe drinking water, 
improved sanitation and modern energy. 

3.2.3	 Scenarios focused on nature 
conservation 

Management for nature conservation through protected 
areas and other effective area-based conservation 
measures (OECMs) is used in scenarios to facilitate positive 
biodiversity outcomes by averting further declines and 
influencing other nexus elements. Nature conservation refers 
to a site-based legal, tenure or governance system with the 
primary goal of preserving biodiversity, its processes or NCP, 
and supporting the sustainable use of nature. The specific 
form of nature conservation to be established, by whom and 
when is dependent on local contexts and appropriateness 
of management (Arneth et al., 2023; Barnes et al., 2018; 
Visconti et al., 2019). Scenarios for nature conservation 
are usually constructed by assessing either the potential 
opportunities, synergies and trade-offs that might arise 
from implementing nature conservation measures in an 
area or by simulating nature conservation actions as land- 
or water-use practices that displace or affect other nexus 
elements. A total of 52 studies (22 terrestrial, 17 marine 
and 13 freshwater) were found to have investigated nature 
conservation scenarios. 

3.2.3.1	 Terrestrial realm

Terrestrial nature conservation actions provide a range of 
synergistic benefits for other nexus elements and NCP 
(i.e., Stolton et al., 2015). However, trade-offs, such as 
the displacement of land- or water-use activities, can 
potentially increase pressures on other nexus elements 
such as food or health (Henry et al., 2022; Leclère et al., 
2020; Staccione et al., 2023). For example, Staccione et al. 
(2023) found that under a SSP1-2.6 or SSP3-4.5 pathway 
the establishment of new European strictly managed 
protected areas would likely lead to an intensification 
of food production outside protected areas. Hence, 
establishing nature conservation in isolation and without 
consideration of other nexus elements might jeopardise 
biodiversity in other areas (Jung et al., 2021; Leclère et 

al., 2020) and sustainable development or climate goals 
(Arneth et al., 2020, 2023). A range of studies found that 
to maximize synergies and reduce trade-offs with other 
nexus elements, planning processes for conservation 
actions should integrate different perspectives, sectoral 
targets and ambitions (Jung et al., 2021; Kok et al., 2018, 
2023; Leclère et al., 2020). Integrated planning for future 
conservation actions considers not one but multiple 
objectives, for example, by specifying concrete targets for 
nature conservation as well as food production or climate 
change mitigation (Chapman et al., 2023; Fastré et al., 
2021; Jung et al., 2021; Lanzas et al., 2019). 

Integrated planning scenarios show that expansion 
priorities for nature conservation can be synergistic with 
climate change mitigation objectives (Chapman et al., 
2023; Hannah, Roehrdanz, Marquet, et al., 2020; Jung 
et al., 2021), preservation of water stocks (F. Frank et al., 
2023; Jung et al., 2021) and sustainable food production 
(Chapman et al., 2023; F. Frank et al., 2023; Law et al., 
2021). For example, in the Argentinian dry Chaco, the 
greatest synergies for biodiversity, climate change mitigation 
and food production could be generated in multi-functional 
and mixed managed landscapes (Law et al., 2021), with 
the option space of implementing such plans shrinking 
as biodiversity loss continues. Proactive conservation 
actions taken earlier rather than later may be able to reduce 
future trade-offs between nature conservation and food 
security, while supporting sustainable healthy diets and 
the bioeconomy (Leclère et al., 2020; Verniest et al., 2022; 
Williams et al., 2021). 

Several scenarios suggest that expanding nature 
conservation areas alone will be insufficient to reach 
ambitious biodiversity policy targets (Kok et al., 2018, 2023; 
Leclère et al., 2020). Expansion of strict nature conservation 
areas by 30 per cent or more could lead to trade-offs and 
negative impacts on healthy diets due to increases in food 
prices, disproportionately so in less developed countries 
(Henry et al., 2022; Kok et al., 2023; Staccione et al., 2023), 
or negatively impact the production of rainfed bioenergy 
crops for climate change mitigation (W. Wu et al., 2019). 
Ambitious transformative changes in the food system could 
mitigate such trade-offs in areas where nature conservation 
is established (Kok et al., 2018; Machovina et al., 2015; 
W. Wu et al., 2019). There is increasing evidence that only 
through an integrated perspective that combines actions 
mitigating impacts of multiple nexus elements (Kok et al., 
2023; Leclère et al., 2020), will society be able to deliver 
effective nature conservation measures. 

Integrated planning can integrate horizontally across nexus 
elements and maximize future synergies (Gerling et al., 
2022; Jung et al., 2021; Strassburg et al., 2019). However, 
different evidence exists across scales to robustly identify 
synergies and trade-offs (Chaplin-Kramer et al., 2022). In 
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particular, the over reliance of nature conservation scenarios 
on area-based, rather than efficiency-based, targets might 
jeopardize the goal of preventing further biodiversity loss 
(Arneth et al., 2023; Visconti et al., 2019). Less than one 
third of all assessed studies (~26 per cent) considered 
targets that were not exclusively area-based. Here, the 
involvement and collaboration with ILK in achieving nature 
conservation targets might help to identify those situations 
where trade-offs are usually ignored or challenging to 
quantify (Makondo & Thomas, 2018; McElwee et al., 2020). 
This could contribute to increasing equity and safeguard 
access and benefit sharing mechanisms (Atsali, 2020), and 
might determine whether nature conservation measures 
bring the expected benefits for biodiversity as well as other 
nexus elements.

3.2.3.2	 Freshwater realm

Although freshwater biodiversity is among the most 
threatened globally (I. J. Harrison et al., 2018), nature 
conservation scenarios in such ecosystems are rare 
(Abell et al., 2007; van Rees et al., 2020). Freshwater 
nature conservation is commonly established through the 
protection of ecological processes and upstream water 
sources, OECMs, such as community managed watersheds 
(Gurney et al., 2021; Wiik et al., 2020), or catchment 
scale efforts to conserve water sources (Abell et al., 2019; 
Moravek et al., 2023). Given evidence that European 
freshwaters might lose almost half of their provisioning 
and regulating ecosystem services due to changes in 
climate and water demand (Okruszko et al., 2011), the 
effective implementation of freshwater protection has been 
highlighted as a key enabler to bend the curve of freshwater 
biodiversity loss (Tickner et al., 2020).

Nature conservation in riverine freshwater systems is 
usually complicated by their inherent dynamics, and direct 
and indirect drivers affect biodiversity beyond a specific 
location, often interacting across realms and scales (Abell 
et al., 2019; Pittock et al., 2015; van Rees et al., 2020). 
Increasing water demands for agriculture have severely 
degraded freshwater protected areas in Europe (Navedo et 
al., 2022), while climatically driven declines in precipitation 
(Markovic et al., 2017; Okruszko et al., 2011), or freshwater 
associated diseases will further increase future trade-offs 
with freshwater conservation (Herrera et al., 2017; Sokolow 
et al., 2017).

There is good evidence on the interactions between 
freshwater nature conservation and climate change 
mitigation and adaptation. For example, hydropower usually 
prevents environmental flows downstream and affects key 
ecological processes in freshwater conservation areas 
(Belletti et al., 2020; van Rees et al., 2020). Evidence 
suggests substantial benefits in interlinked freshwater 
planning, with potential dam removal in the Willamette 

River watershed reconnecting 52 per cent of critical salmon 
habitat benefiting genetic diversity, while sacrificing less 
than 2 per cent of renewable energy and provisioning 
capacity (Kuby et al., 2005). Strategic barrier removal could 
provide biodiversity benefits while also reducing impacts 
on renewable capacity, water flows and economic costs 
(Hermoso et al., 2012, 2018; Intralawan et al., 2018), and in 
some examples from tropical rivers reduce the risk of over 
400 million people affected by schistosomiasis (Sokolow et 
al., 2017). 

Consideration of terrestrial drivers of freshwater biodiversity 
loss and trade-offs with terrestrial conservation actions 
would benefit freshwater conservation actions (I. J. Harrison 
et al., 2016; Pittock et al., 2015). For example, afforestation 
in the upper catchment of freshwater catchments can 
reduce river flows downstream owing to the increase in 
evapotranspiration and reduction in environmental flows 
(Pittock et al., 2015). Furthermore, unsustainable forms 
of food production in catchment areas and pollution from 
urban areas are projected to affect conservation outcomes, 
water supply and quality in rivers and lakes downstream 
(Ba et al., 2020; Lemaire et al., 2022; A. J. Wade et al., 
2022). Increases in wetland water levels have been found 
to bring co-benefits for biodiversity, climate regulation and 
water provisioning (Fisher et al., 2011). However, evidence 
on future synergies between freshwater conservation and 
food provisioning is inconclusive, despite most freshwater 
ecosystems being a major food source in areas with few 
options for farming (McIntyre et al., 2016). Overall, evidence 
suggests that to be effective, planning for freshwater 
conservation would benefit from being integrated by 
explicitly considering factors acting at catchment scale, 
across realms as well as other nexus elements (Adams et 
al., 2014; Giakoumi et al., 2019; Leal et al., 2020; Moravek 
et al., 2023; van Rees et al., 2020). 

3.2.3.3	 Marine realm

The main tools for ocean conservation are marine 
protected areas (MPAs) and OECMs (Petza et al., 2023), 
which together currently equal 8.2 per cent of the global 
ocean area (UNEP-WCMC & IUCN, 2023a, 2023b). Only 
a very small component (1 per cent) are OECMs and only 
2.9 per cent are fully or strictly protected MPAs. Given 
the smaller proportion of the area of ocean in Exclusive 
Economic Zones (EEZs) and the number of activities 
already occurring there compared to the Areas Beyond 
National Jurisdiction (ABNJ), it is unlikely that the 30 per 
cent target of target 3 of the Kunming-Montreal Global 
Biodiversity Framework will be met without establishing 
protection in the High Seas. Thus, the 2023 agreement 
under the United Nations Convention on Law of the Sea on 
the conservation and sustainable use of marine biodiversity 
beyond national jurisdiction is a welcome addition to 
potential solutions.
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To ensure effective conservation, multi-objective planning 
is necessary that maximizes protection and restoration 
of ecosystems along with sustainable use of resources, 
while mitigating drivers of biodiversity degradation, such 
as climate change and habitat loss. Prioritizing objectives 
independently when substantially increasing the current 
coverage of MPAs can lead to large trade-offs between 
biodiversity, carbon stocks and fisheries catch, while 
multi-objective planning could triple potential benefits 
by increasing biodiversity, increasing fisheries capture 
and minimizing carbon stock loss (by reducing trawling) 
globally (Sala et al., 2021) and regionally (B. Bauer et al., 
2019; Bryndum-Buchholz et al., 2023; Gomei et al., 2021). 
Increasing protection in some areas while sustainably 
managing activities elsewhere can lead to increased 
commercial fish stocks under moderate climate change 
scenarios (Gomei et al., 2021). Spatial planning in the high 
seas could help to meet conservation targets across climate 
scenarios if the cost of fishing remained low. However, the 
areas selected for conservation varied among scenarios and 
cost of fishing (Brito-Morales et al., 2022). The combination 
of different depths and climate scenarios supports the 
implementation of a climate smart network of MPAs 
that minimises exposure to climate change, conserves 
biodiversity and retains species (Brito-Morales et al., 2022). 
Unfortunately, predicted locations of Vulnerable Marine 
Ecosystems (such as deep-water corals and sponges) 
under future climate change scenarios (based on Morato 
et al., 2020), were not well represented (< 6 per cent) in a 
study that examined optimization of conservation targets, 
area-based costs, opportunity costs to bottom-fishing 
activities and potential deep-sea mining activities and 
current conservation measures (Combes et al., 2021).

Pro-active ocean planning to meet targets for multiple 
objectives under future climate scenarios compared to 
interventions based on present day conditions does not 
always incur significant trade-offs. For example, (Pinsky 
et al., 2020) assessed trade-offs using more than 11,000 
projections of future species habitat distributions (2041-
2060 and 2081-2100) for 736 species across eight climate 
models for scenarios RCP2.6 and RCP 8.5. The study 
showed that planning that integrates future redistributions of 
species met a much higher percentage of the goals by mid-
century than in the absence of such integration with little or 
no trade-off in area needed. 

However, climate change risks for marine biodiversity 
depends on species and ecosystem traits. Understanding 
these risks is crucial in designing effective nature 
conservation strategies. For example, a global climate 
risk index applied to approximately 25,000 species under 
different climate scenarios showed that 90 per cent of 
species evaluated are at high or critical risk under the 
extreme warming SSP5-8.5 scenario, particularly for 
commercial species in low-income countries that highly 

depend on fisheries (Boyce et al., 2022). A mitigation 
strategy (represented by SSP1-2.6) would reduce the risk 
for all species, enhance ecosystem stability and benefit low-
income countries the most.

Guidelines on how to prepare MPAs for climate change 
are also emerging at the regional level. For example, in 
Canada steps are being taken to design a climate-smart 
marine conservation network that contributes to both the 
protection of biodiversity and climate change mitigation 
(Bryndum-Buchholz et al., 2022). This aims to ensure that 
under the high emissions scenario that no existing MPA and 
OECM in Atlantic Canada will overlap with any identified 
climate refugia, while 75 per cent of MPAs and 39 per cent 
of OECMs will be within climate change hotspots (Bryndum-
Buchholz et al., 2023). 

3.2.4	 Scenarios focused on 
ecosystem degradation and 
restoration 

Land degradation continues to be an enormous challenge 
to human societies (Arneth et al., 2021; Costa et al., 
2020; IPBES, 2018a; Manici et al., 2014). Globally, the 
environmental degradation affecting terrestrial food 
systems could increase by 50 to 90 per cent between 
2010 and 2050. Degradation of estuaries and coastal 
seas has been occurring for centuries, with more than 
90 per cent decreases in the abundance of ecologically 
important species, more than 65 per cent loss of wetlands 
and accelerated species invasion (Lotze et al., 2006). 
Restoration efforts to reverse this degradation have proven 
to be both expensive and difficult to scale-up (Bayraktarov 
et al., 2016; Fraschetti et al., 2021). 

Ecological restoration is “the process of assisting the 
recovery of an ecosystem that has been degraded, 
damaged, or destroyed” (Gann et al., 2019). The Kunming-
Montreal Global Biodiversity Framework target 2 requires at 
least 30 per cent of the total cumulative area of degraded 
terrestrial, inland water and marine and coastal ecosystems 
to be under effective restoration by 2030. Achieving this 
target will require careful planning to minimize trade-offs with 
food production and energy provision, although there might 
be synergies with biodiversity and water objectives.

Restoration action is becoming more evident through 
initiatives such as the UN Decade on Restoration (2021 to 
2030), dedicated to promoting and recognizing international 
efforts in restoration including 10 groundbreaking ecosystem 
restoration initiatives worldwide. These flagship initiatives 
aim to restore more than 68 million hectares in 23 countries 
(UNEP, 2023) within varying timeframes. Furthermore, 
some countries have promised massive restoration efforts, 
such as Brazil which claims that 12 million hectares will be 
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restored by 2030 (Borma et al., 2022). Restoration projects 
can bring benefits to other nexus elements, such as climate 
regulation, provision of clean water, erosion control and 
flood mitigation (Borma et al., 2022). Some global scenarios 
show that restoring 15 per cent of converted land in priority 
areas could prevent 60 per cent of expected extinctions 
while potentially sequestering 300 Gt of carbon (Strassburg 
et al., 2020). Other studies also find synergies with improved 
water storage (Taffarello et al., 2017) and better conditions 
for agriculture (e.g., K. Liu et al., 2023). 

However, interlinkages between vegetation dynamics and 
water availability vary by region (Borma et al., 2022; K. Liu 
et al., 2023; Silva et al., 2023). In regions with low water 
supply yet high demand, such as the Aral Sea, scenarios of 
restoration efforts for the 2021-2050 period show trade-offs 
with food supply as there is a need to regulate and decrease 
cropland (Ma et al., 2023) to promote restoration efforts. 
This reduction in food production affects local livelihoods 
culminating in conflict. Similarly, future hydrological variability 
in response to vegetation dynamics is a critical issue for 
regional water resource and climate management (K. Liu 
et al., 2023), although evidence from restoration scenarios 
from a nexus perspective are lacking with which to design 
approaches that promote synergies with water, food, health 
and climate change.

3.2.4.1	 Terrestrial realm

Restoration is relevant across a wide range of terrestrial 
ecosystems, but more emphasis has been placed on 
scenarios of reforestation/afforestation (e.g., Costa et 
al., 2020b). However, reforestation/afforestation are 
not necessarily the same as restoration if, for example, 
monocultures are planted instead of species that respect 
local ecological integrity (Arneth et al., 2021; Jung, Lesiv, 
et al., 2023). In general, reforestation/afforestation and 
other conservation measures, or natural climate solutions, 
can provide up to 37 per cent of the cost-effective CO2 
mitigation up to 2030, with positive impacts on other nexus 
elements such as water, soil and biodiversity (Griscom et al., 
2017) with half of this mitigation due to carbon sequestration 
in restored forests by 2030. In the US, for example, natural 
climate solutions and avoided conversion potential are 
equivalent to 21 per cent of current annual emissions, with 
co-benefits such as air and water filtration, flood control, 
soil health, wildlife habitat and climate resilience (Fargione et 
al., 2018).

Scenarios that focus on the achievement of reforestation/
afforestation targets such as the Bonn Challenge or climate 
change mitigation targets have been shown to require 
transformation in the food system (such as technological 
transitions and dietary shifts) to make more land available for 
tree planting (Lee et al., 2019). Reforestation/afforestation 
scenarios also show conflicting land-use interests for 

agriculture and cattle ranching (Costa et al., 2020). 
Furthermore, reforestation/afforestation at one location 
can have indirect land-use change effects on other parts 
of the world through the displacement of food production 
(Staccione et al., 2023) or impacts on the water cycle 
(Krause et al., 2019). 

There are very few examples of large-scale scenarios of 
restoring degraded land; one study aimed to achieve the 
goals of the 2030 Agenda for Sustainable Development 
and the Kunming-Montreal Global Biodiversity Framework 
(Arneth et al., 2021), and found that meeting these 
targets would require an increase in global tree cover of 
4 million km² that would increase forest carbon stocks by 
50 Gt and protect 28 per cent of the terrestrial surface 
with high biodiversity and carbon values. However, 
increasing forest areas also led to the contraction and 
further intensification of cropland and pastureland, in some 
scenarios causing negative impacts on many carbon and 
biodiversity hotspots in the Americas, India and Indonesia 
due to land-use displacement (Arneth et al., 2021; Simkin et 
al., 2022).

Other sources have shown that biodiversity and climate 
change objectives can be achieved jointly and cost-
effectively through spatially integrated, ecosystem 
restoration (Strassburg et al., 2020). However, restoration 
aimed at delivering multiple benefits poses challenges 
and trade-offs which are constrained by limited funding 
and competition with other land-uses, particularly food 
production (Budiharta et al., 2016, 2018). Although restoring 
biodiversity may be costly with uncertain results in the long 
run, the cost of inaction (leaving degraded land unrestored) 
is much higher. For example, in Africa, it was found that 
action in 42 studied countries would provide a surplus of 
$2.83 trillion over the next 15 years through soil nutrient 
conservation from avoided erosion. Conserving intact nature 
in the first place is also more cost-effective than restoring 
it after degradation (Budiharta et al., 2018; Curran et al., 
2014; Gibson et al., 2014).

3.2.4.2	 Freshwater realm

Evidence suggests that increased restoration in wetlands 
can contribute to climate goals (Mu et al., 2022; Perosa 
et al., 2021) as well as a range of other nexus elements 
such as food and clean water (Odgaard et al., 2017). For 
example, Tomscha et al. (2021) conducted a study in 
New Zealand to identify ecosystem services enhanced by 
wetlands restoration, which demonstrated improved water 
quality and plant species diversity, but also mitigated climate 
change impacts through carbon storage and storm water 
retention. Doelman et al. (2023) also used scenarios to 
demonstrate how peatland restoration could also contribute 
to climate change mitigation by enhancing carbon stocks. 
Furthermore, restoration of riverine or coastal areas could 
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contribute to enhanced conservation efforts as well as 
climate change adaptation by reducing flood impacts 
(Grossmann & Dietrich, 2012; Menéndez et al., 2020; 
Odgaard et al., 2017; Perosa et al., 2021). 

3.2.4.3	 Marine realm

Once commonly considered too costly or prone to failure 
(Bayraktarov et al., 2016), Marine Ecological Restoration 
(MER) is now seen as a primary action to recover lost 
or degraded coastal and marine ecosystems (Duarte et 
al., 2020; Saunders et al., 2020). This is in response to 
evidence that MPAs and mitigation of stressors alone cannot 
rebuild marine life to the extent that is required to achieve 
societal goals, including supporting biodiversity, climate 
change mitigation and adaptation, and ecosystem functions 
and services. Accordingly, more interventionist approaches 
are being called for (Waltham et al., 2020). Moving forward, 
an approach which is inclusive of diverse disciplines, sectors 
and stakeholders is required for MER to be successful in its 
outcomes (Silliman et al., 2023). 

‘Blue carbon’ is a term coined to represent the relatively 
high sequestration and storage of carbon in vegetated 
coastal ecosystems such as mangroves, saltmarshes and 
seagrasses (Mcleod et al., 2011). Models using spatial data 
for the area of habitat available for blue carbon ecosystem 
restoration combined with empirical data for soil carbon 
content enable estimates of the carbon sequestration 
benefits of restoration (Hagger et al., 2022; Lovelock et 
al., 2023). At the global scale, blue carbon ecosystem 
restoration has the potential to draw down between 0.05-
0.8 GtC per year (Griscom et al., 2017; Macreadie et al., 
2021; Reynard et al., n.d.), although 0.2 GtC per year is 
thought to be the theoretical maximum (IPCC, 2022a). 
Blue carbon ecosystem restoration provides co-benefits, 
such as supporting commercial fisheries, providing flood 
control, water filtration, coastal protection, water quality 
regulation and capture of airborne and waterborne particles 
and pollutants (Mcleod et al., 2011). Provision of co-
benefits along with payments for ecosystem services from 
blue carbon restoration can benefit people through food 
provisioning, hazard protection, livelihoods, investment in 
infrastructure such as school and hospitals, and enhanced 
emotional well-being (Saunders et al., 2020).

Prioritization of sites for restoration is needed to achieve 
maximum benefits while minimizing costs by estimating the 
trade-offs that occur when considering multiple objectives 
(Adame et al., 2015; Lester et al., 2020; Silliman et al., 
2023). At a regional scale, the trade-offs and co-benefits of 
mangrove restoration have been explored using systematic 
conservation planning approaches. Prioritizing restoration 
sites for carbon also yields co-benefits, for example, for 
biodiversity, fisheries, coastal protection or nitrogen removal. 
A study of mangroves in the Mexican Caribbean found that 

selecting cost-effective areas for mangrove restoration for 
the purpose of carbon sequestration would also ensure 
that 83 per cent of coastal protection and 75 per cent of 
water depuration targets would be achieved, respectively 
(Adame et al., 2015). In catchments in the Wet Tropics 
of Queensland, Australia, a spatial prioritization approach 
based on cost-effectiveness analysis was used to examine 
whether potential carbon credits earned by coastal wetland 
restoration through tidal reintroduction could incentivize 
conversion of agricultural land uses to wetland restoration 
and explored trade-offs in achieving multiple ecosystem 
services versus climate benefit alone (Hagger et al., 2022). 
Prioritizing site selection for the co-benefits rather than for 
carbon specifically resulted in 40 per cent less profitability 
from carbon payments (Hagger et al., 2022).

Climate change impacts, including heat waves and intense 
storms are causing losses and degradation of coastal 
habitats (Babcock et al., 2019), with impacts anticipated to 
worsen in the future, leading to challenges for restoration 
programmes. Similarly, poor water quality, such as that 
produced in large flooding events which are driven by 
catchment clearing and intense rainfall event associated 
with climate change, causes losses of nearshore habitats 
including seagrasses, corals and oysters (Saunders et 
al., 2017). Restoration is a human process, so factors 
influencing health and food security will influence societal 
capacity to implement restoration programmes. Accordingly, 
climate change, population growth and political instability 
are predicted to reduce capacity to conduct effective 
ecological restoration (Frietsch et al., 2023).

3.3	 WATER-ORIENTED 
SCENARIOS AND THEIR 
NEXUS INTERACTIONS
This section synthesizes the scenario literature on water and 
its interactions with the other nexus elements of biodiversity, 
food, health and climate change. It focuses on three types 
of water scenarios: (1) water quality scenarios; (2) water 
demand scenarios, including future allocations among 
sectors and management approaches; and (3) water supply 
scenarios, such as dam building and flood mitigation. 

Several scenarios have been developed on potential future 
impacts of drivers on water, as well as future implications 
of water-related policy goals, water demand, supply and 
quality. However, out of those only 35 water-oriented 
scenarios were found that included an assessment of 
potential future interactions within the nexus. They include 
11 for water quality, nine for demand, and six for supply. 
Most of the studies were at local to regional scales, and only 
two studies with water demand entry points included ILK.
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3.3.1	 Impact of multiple drivers on 
water

Pressures on freshwater resources are intensifying because 
of population factors – growth, increased per capita 
consumption, industrialization, migration to cities and 
land-use change (Krchnak et al., 2011). Under the BAU 
scenario, water demand has been estimated to increase by 
20-30 per cent in the 2050s compared to the 2010s (Burek 
et al., 2016), which may further undermine water quality, 
ecosystem health and biodiversity habitats. 

Several assessments have summarized the effects of climate 
change on different attributes of water resources such as 
the water budget, biophysical composition, nutrient loading, 
biodiversity, hydropower generation, frequency of extreme 
weather conditions, sanitation and hygiene (e.g., Caretta et 
al., 2022; IPCC, 2021; Meredith et al., 2019). While climate is 
a driver for water (see section 3.6), it is typically not affected 
by water scenarios, although ecosystem-based scenarios 
(such as those focusing on hydropower) may provide climate 
change mitigation benefits.

3.3.2	 Scenarios focused on water 
quality 

Scenarios to improve water quality have been considered in 
many regions. These include reduction of land-based inputs 
to water bodies, especially from agriculture, and may include 
restoration activities and nature-based solutions. The 
available literature suggests that water quality improvement 
scenarios will benefit both the water and biodiversity nexus 
elements, and may support climate change mitigation, 
with mixed results for food and health. The effects of these 
scenarios will depend on future climate and other drivers.

3.3.1.1	 Terrestrial and freshwater realm

Sustainable farming practices and innovative nutrient 
management are needed to reduce future impacts of 
agriculture on water quality (Withers et al., 2014). These have 
been explored using scenarios that include improvements in 
agricultural practices, which resulted in decreases in nitrogen 
pollution and increases in water quality (Ducharne et al. 
(2007). Other scenarios have focused on pollution reduction 
through land-use change by optimizing spatial patterns and 
decreasing livestock and poultry production (Rong et al. 
(2021), which projected improvements in water quality for 
drinking water and aquatic ecosystems, but reductions in 
food production. Water scenario outcomes are also affected 
by climate change where increased temperatures and 
lower precipitation has been shown to reduce water flows 
considerably, making climate change, rather than nutrient 
usage, the greatest threat to the freshwater ecosystem and 
biodiversity (Wade et al. 2022).

Water quality scenarios that focus on pollutants such as 
discharging untreated sewage into water courses indicate 
impacts on the health of aquatic systems, human health 
and sanitation (Mishra et al., 2017; Kamal et al., 2020; 
Vermeulen et al., 2015). In some cases, even scenarios 
assuming a 70 per cent reduction in pollution discharge 
may not achieve a desirable water quality in the future due 
to inadequacy of infrastructure (Kamal et al 2020). Under a 
BAU scenario with current trends in population growth and 
urbanization, oocyst emissions are expected to increase 
by a factor 2.0 for India and 2.9 for Bangladesh between 
2010 and 2050, which will further deteriorate water quality 
(Vermeulen et al., 2015). 

Water quality scenarios incorporating multiple drivers (climate 
change, population growth and land-use change) for eight 
countries in Asia showed that without a robust adaption/
mitigation plan which considers direct and indirect drivers, 
it will be hard to achieve a desirable level of water quality by 
2030 (Kumar, 2019). However, water quality improvements 
can contribute to improvements in biodiversity, human health 
(through improved drinking water) and food production 
(through reuse of water) (Boelee et al. (2017).

3.3.1.2	 Marine realm

In the marine realm, future water quality issues are related 
to several phenomena. In terms of the linkages between 
land and sea, coastal erosion, flooding, saltwater intrusion 
into freshwater sources and rising sea levels are projected 
to increase the vulnerability of coastal communities (IPCC, 
2019). The interplay between land and sea linkages is 
expected to also affect marine ecosystems, with climate 
change and land-use change drivers (through increased 
sediment, nutrients and pollutants) impacting coastal 
habitats, mangroves, seagrass and coral reefs, resulting in 
biodiversity loss, habitat modification and loss, and altered 
ecological dynamics (B. Bauer et al., 2019; Halpern et 
al., 2008).

Although projections of climate change on marine 
ecosystems are improving with time (Tittensor et al., 2021), 
assessing the impact of future scenarios of changes in 
river runoff on marine ecosystems is challenging due to the 
high resolution needed in biogeochemical projections to 
capture accurately the dynamics of coastal environments 
and phytoplankton dynamics (Gao et al., 2023). Different 
scenarios using a land-sea model for Fiji showed how land-
use (logging and agriculture expansion) and climate change 
scenarios impact coral reef benthic habitat, including 
reducing reef fish biomass, with important effects on coral 
reef resilience and fisheries potential (Delevaux et al., 2018).

Eutrophication associated with excessive nutrient loading 
is one of the most important anthropogenic pressures 
impacting marine and coastal ecosystems that is linked 
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to land-use modifying nutrient levels and structures. 
This includes a selective magnification of nitrogen and 
phosphorus supply and a reduction of silica (Maúre et al., 
2021). These conditions can trigger shifts in phytoplankton 
composition, formation and persistence of harmful algal 
blooms (HABs) and hypoxia, with severe symptoms leading 
to dead zones. Eutrophication can also increase the 
possibility of jellyfish outbreaks and can contribute to ocean 
acidification and degradation of shallow water habitats 
(Maúre et al., 2021).

In Europe, several legislative and management measures 
have been implemented to halt nutrient overloading and 
eutrophication in marine ecosystems. Assessment of these 
nutrient reduction measures by the EU using eutrophication 
projections to 2030 under a moderate scenario of climate 
change (RCP4.5) suggests that the measures may not 
have a significant impact on the structure and function 
of European marine ecosystems (Piroddi et al., 2021). 
Among the assessed criteria, the spawning stock biomass 
of commercially important fish stocks and the biomass of 
small pelagic fishes would be the most impacted, albeit by 
less than 2.5 per cent. The impact was lower for species 
diversity and trophic level indicators. The Black Sea and 
the North-East Atlantic were the most negatively impacted 
regions, while the Baltic Sea was the only region that 
showed signs of improvement. Coastal and shelf areas were 
found to be more sensitive to environmental changes than 
large regional and sub-regional ecosystems that also include 
open seas.

In closed areas such as the Baltic Sea, eutrophication is 
severely affecting species distributions and ecosystem 
functioning in coastal areas (Bergström et al., 2013). 
Scenarios combining fisheries, climate change and nutrient 
loadings in closed seas like the Baltic highlight the need to 
address multiple stressors concurrently. For example, under 
a scenario of low greenhouse gas emissions, low nutrient 
pollution and ecologically focused fisheries management, 
outcomes can yield high biodiversity and catch value. On 
the other hand, scenarios with increasing societal inequality, 
economic growth based on fossil fuels, high greenhouse 
gas emissions and high nutrient loads result in decreased 
habitat quality and diminished biodiversity. Under the latter 
scenarios, catches are high, but they predominantly consist 
of lower-valued fish (B. Bauer et al., 2019). 

Marine water quality is impaired by harmful algal blooms 
(HABs), in which rapid and excessive growth of algae that 
produce toxins can lead to a range of detrimental effects on 
marine ecosystems, food contamination and human health. 
HABs disrupt the ecological balance of marine ecosystems 
by depleting oxygen levels in the water, leading to hypoxic or 
anoxic conditions that harm fish and other marine organisms 
(including shellfish, marine mammals and birds), causing 
mass mortalities that affect food chain dynamics and 

degrade critical habitats such as coral reefs and seagrass 
beds (Anderson et al., 2012; Glibert et al., 2014). 

Climate change is expected to influence the occurrence and 
intensity of HABs. Factors such as rising sea temperatures, 
altered rainfall patterns and changing oceanic currents 
can create more favourable conditions for the growth 
and proliferation of harmful algae. These changes can 
potentially lead to an increase in the frequency, duration 
and geographic range of HAB events. Excessive nutrient 
inputs from human activities, such as agriculture, urban 
runoff and wastewater discharge can fuel HABs by providing 
an abundant supply of nutrients such as nitrogen and 
phosphorus (Anderson et al., 2012). Future scenarios 
indicate that continued nutrient pollution can exacerbate the 
occurrence and severity of HABs in coastal waters, leading 
to significant ecological impacts (Glibert et al., 2014). 

While our understanding of future scenarios of HABs 
on marine ecosystems continues to evolve, proactive 
measures to reduce nutrient pollution, enhance monitoring 
capabilities and improve ecosystem resilience are critical 
for minimizing the impacts of HABs on both ecological 
and human systems. HABs can have significant economic 
consequences. Commercial and recreational fisheries may 
experience declines or closures due to HAB-related fish 
kills or the accumulation of toxins in seafood affecting the 
livelihoods of coastal communities (Anderson et al., 2012). 
The tourism industry in affected regions may also suffer 
from reduced beach access and water quality concerns 
associated with HABs. Consumption of contaminated 
seafood or exposure to HAB-affected waters can lead to 
various illnesses, including shellfish poisoning, respiratory 
issues and skin irritations (Hallegraeff, 2010).

Another key area of concern for water quality in 
marine ecosystems is plastic pollution (see Chapter 2, 
sections 2.4, 2.6.2.4 and Box 2.7). Future scenarios on 
the impact of plastics in the oceans and how this interacts 
with other nexus elements are in their infancy and research 
is needed to gain a comprehensive understanding of the 
long-term effects of plastic pollution. The quantity of plastic 
debris accumulating in marine environments is expected 
to increase in the future due to continued production and 
inadequate waste management practices (Jambeck et 
al., 2015). Based on current trends, it is estimated that by 
2050, there could be more plastic than fish in the ocean 
by weight (WEF et al., 2016), with far reaching impacts on 
marine organisms and food production. Various initiatives 
and strategies are being implemented to address plastic 
pollution. These include promoting the circular economy, 
reducing single-use plastics, improving waste management 
and recycling infrastructure, and developing alternative 
materials. The success of these efforts will be critical in 
shaping future scenarios of plastic pollution in the ocean 
(UNEP, 2021).
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Other drivers of change tested in marine scenarios relate 
to the effect of non-native or alien species arriving to a 
new ecosystem, in combination with other drivers such as 
resource exploitation through food provision (for example, 
by fishing) or climate change. Non-native species can have 
negative effects on habitat and thus ecosystem functioning, 
that can accelerate with climate change, or they can also 
play important roles as prey of commercial species, or even 
become commercial species themselves (Corrales et al., 
2018; Vilas et al., 2021). Climate change and the associated 
ice melting in the Arctic is expected to lead to increased 
shipping traffic, potentially expanding ranges of non-native 
species and thus their impact on local ecosystems (Pratt et 
al. 2022). Further research is needed to develop scenarios 
of invasive species to understand where and when species 
are likely to expand their distributions and arrive in new 
areas due to climate change, and the implications of 
these range expansions on other nexus elements, such as 
biodiversity and food (IPBES, 2023a).

3.3.3	 Scenarios focused on water 
demand 

Water demand scenarios often involve trade-offs since they 
reflect allocation among sectors of a limited resource. The 
primary trade-off between water and other nexus elements 
is often with food production (Rockström et al., 2014). By 
2030, the irrigated area worldwide is expected to expand 
by 45 million hectares to meet food demand, an increase 
of almost 25 per cent (Krchnak et al., 2011), with the 
agriculture sector continuing to be the largest consumer of 
water until 2050 (Rosegrant et al., 2009). Alongside this, 
increasing demand is also expected from industry, domestic 
use, energy production and other sectors. Scenarios on 
water allocation between sectors in Europe show adverse 
effects of agricultural water demand on water availability for 
the domestic sector, manufacturing, electricity and aquatic 
ecosystems under climate and land-use scenarios in 2050 
(Wimmer et al., 2015).

Water demand scenarios also indicate impacts on health. 
In the Indian Sundarbans, groundwater demand showed 
trade-offs between water demand for food and the 
sustainability of coastal aquifer-dependent rural livelihood, 
with expected severe negative impacts on human health 
and well-being due to increased poverty, migration, drinking 
water salinization and other socio-economic shifts. In the 
East Africa region, freshwater shortages are impacted by 
human activities and expected to have future negative 
impacts on agriculture and livestock, along with health 
and social impacts (Payet & Obura, 2004). In western 
Australia, increased demand for groundwater was projected 
to result in the water table declining by up to 8 meters by 
2030, leading to significant loss of biodiversity (Elmahdi 
& McFarlane, 2009). A scenario study on groundwater 

use from Canada highlighted trade-offs with hydropower 
generation and irrigation agriculture for both demand and 
supply (L. Wu et al., 2021) but synergies with wind energy, 
greenhouse gas emissions and industrial water demand 
that reduced groundwater use by 2, 5.7 and 3.8 per cent, 
respectively. An alternative study in Syria showed that 
reducing pressure on water resources through sustainable 
groundwater management could reduce the risk of conflicts 
related to water (Gleick, 2014).

A few studies describe how ILK can enhance the 
development and assessment of scenarios for water 
resources management. Makondo & Thomas (2018) showed 
examples of how Indigenous practices related to water 
shortages, water level fluctuations and rainwater harvesting 
supported both health and biodiversity and could inform 
adaptation to climate change. To embrace ILK-based 
practices in water resources management, Reinhardt et al. 
(2018) show that the most useful scenarios assessments 
are transparent and based on individual, locally adapted 
procedures such as engaging local researchers and providing 
spatially explicit local information. Hosterman et al. (2023) 
used an inclusive process to select methods, including 
Indigenous metrics, to develop aquatic habitat restoration 
scenarios in the Lake Superior basin of North America to 
support wild rice (Zizania palustris), a cultural, ecological and 
food resource valued by the region’s Indigenous Peoples.

3.3.4	 Scenarios related to water 
supply 

Dam construction is often a scenario for the future 
management of water supply. Dam construction scenarios 
often consider multiple nexus elements, with mixed impacts 
on these elements that vary spatially between upstream and 
downstream. Benefits include climate change mitigation 
and enhancing irrigation. Negative outcomes are found 
for downstream biodiversity and water uses leading to 
increasing vulnerability to drought (Cartes et al., 2011; Lloret 
et al., 2004; Yang et al., 2018). 

Other scenarios of water supply focus on flood mitigation 
and particularly nature-based solutions. Scenarios including 
grey and green infrastructure reduced flooding and 
agricultural production losses as well as the displacement 
of people due to environmental and health hazards (Pudar 
et al., 2020). Other nature-based solutions scenarios such 
as retardation basins, infiltration/diversion and storage dams 
show how flood inundation can be effectively managed and 
filtration increased (e.g., Kuntiyawichai et al., 2011; Jalilov et 
al., 2018). Scenarios that reduce flooding also reduce flood-
related risks to agriculture and health, while scenarios of 
nature-based solutions for flooding also promote biodiversity 
and ecosystem services. For example, sewage-related 
pollution and norovirus infection is expected to be higher 
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with increased future flooding, making flood mitigation a key 
intervention for reducing these water quality and health risks 
(T. J. Wade et al., 2014). Equitable management of trade-
offs between water supply and water demand will be an 
increasing challenge under climate change.

3.4	 FOOD-ORIENTED 
SCENARIOS AND THEIR 
NEXUS INTERACTIONS 
This section synthesizes the scenario literature on food and 
its interactions with the other nexus elements of biodiversity, 
water, health and climate change. It focuses on three types 
of food scenarios: (1) food demand scenarios; (2) food 
supply scenarios; and (3) integrated food system scenarios. 

Several scenarios have been developed on potential future 
impacts of drivers on food, as well as future implications of 
food demand and supply. Out of those 87 food-oriented 
scenarios were found that included an assessment of 
potential future interactions within the nexus (including 15 for 
food demand, 30 for food supply and 30 for integrated food 
systems). Most of studies relied on target-seeking (rather 
than exploratory) scenarios, and more than 60 per cent 
were of global scope with the remaining being of national 
or sub-national scope. All these scenarios were researcher-
designed scenarios (rather than participatory scenarios) with 
no inclusion of ILK.

There are many options to mitigate the future impacts of the 
food system on both the consumption side (e.g., through 
dietary shifts) and the production side (e.g., improvement in 
land management) and many of them can have a significant 
impact on the future of biodiversity and other nexus 
elements. Changes in the food system can occur at various 
levels from production, processing and transportation 
to consumption and waste. Each of these levels have 
complex relationships with other nexus elements. For 
example, agricultural production contributes to biodiversity 
loss through habitat clearing, to freshwater and marine 
pollution through nutrient loading and to nutritional health by 
providing a healthy mix of nutrients. As such, how goals are 
set to achieve outcomes at each of these levels is critical for 
the overall nexus outcomes.

3.4.1	 Impacts of multiple drivers 
on food

Multiple socio-economic drivers can influence future food 
systems, including population growth, economic growth, 
dietary preference and food-related technology development 
(Hinz et al., 2020; Humpenöder et al., 2022; Tallis et al., 

2018). Various food-related policies, such as free trade 
policies, may regulate production, food safety and other 
food system components on multiple scales (Alexander et 
al., 2019; von Braun et al., 2021). Furthermore, changes 
in environmental conditions, such as temperature, 
precipitation, rising carbon dioxide levels and nutrient and 
hydrological cycles can influence food production (Doelman 
et al., 2022; Engström et al., 2016; Hinz et al., 2020).

BAU scenarios for food systems often estimate a steady 
increase in food demand, supply and agricultural land-use 
under these socio-economic and ecological drivers. Total 
food demand under “middle of the road” scenarios (e.g., 
Shared Socioeconomic Pathway 2 (SSP2), or the FAO’s 
baseline scenario) is projected to increase by 51-98 per cent 
between 2005 and 2050 (Alexandratos et al., 2012; Valin 
et al., 2014; Van Dijk et al., 2021). The demand for animal-
based items may increase faster than for plant-based items, 
resulting in an increased share of livestock products to 
total food demand (Alexandratos et al., 2012; Valin et al., 
2014). The total amount of food loss and waste may also 
increase with BAU scenarios (Bijl et al., 2017; Lopez Barrera 
& Hertel, 2021). On the production side, the total production 
amounts for crops and livestock, agricultural land-use 
areas, and land-use intensity may increase under BAU 
assumptions, consistent with the changes in the demand 
side (Alexandratos et al., 2012; Popp et al., 2017).

3.4.2	 Scenarios focused on food 
demand 

Food demand can be characterised into two broad areas: 
(1) demand based on quantity of food, and (2) demand for 
variety or quality of food. Both have related but different 
impacts on other nexus elements and would also require 
different interventions. Food quality and variety also explicitly 
acknowledges different cultural demands for food, which 
tend to be ignored in models about total food demand. 
Demand for total quantity of food, without considering 
quality or variety of food, results in an increase in calories, 
which does not necessarily result in improved nutrition. 
Alternatively, demand for food variety can improve nutrition 
through consumption of diverse food items and balanced 
diets – rather than a focus on calorically dense foods with 
little nutrition. However, demand for variety can also increase 
demand for exotic foods motivated by sustainable healthy 
diets discourses which can lead to considerable negative 
telecoupled impacts, such as biodiversity loss in distant 
places (Lenzen et al., 2012; Wilting et al., 2017). Demand 
for food variety can also encourage demand for local 
varieties of foods, sometimes tied to cultural and sovereignty 
motivations, especially for IPLC. In some cases, IPLC have 
long maintained consumption of traditional and diverse crop 
varieties, contributing to species and genetic biodiversity 
conservation (Balemie & Singh, 2012) (see Appendix 7.1). 
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Consumption side scenarios primarily involve shifting 
dietary choices, reductions in overconsumption and 
reducing waste. The most well-studied food system nexus 
interactions in scenarios are between dietary change, 
biodiversity and climate change (Box 3.4). Many studies 
highlight the impacts of dietary shifts from meat-intensive 
and highly-processed foods to a cluster of sustainable 
healthy diets often characterised by plant-based or less 
meat options (Henry et al., 2019; Parodi et al., 2018; 
Springmann, Clark, et al., 2018; Springmann, Wiebe, et 
al., 2018; Theurl et al., 2020). These studies typically show 
that shifting diets from meat and other animal products to 
less meat, plant-based and alternative protein sources may 
be beneficial for biodiversity conservation, climate change 

mitigation and water withdrawal reduction (Doelman et al., 
2022; Henry et al., 2019; Mosnier et al., 2023b; Veerkamp 
et al., 2020). Such dietary scenarios also often result in a 
positive impact on health. For example, the EAT-Lancet 
Commission proposes a planetary health diet – a flexitarian 
diet, which is mainly plant-based but can include modest 
amounts of fish, meat and dairy foods. The broad aim of the 
planetary health diet is to provide a sustainable healthy diet 
for 10 billion people in 2050, without overstepping global 
biophysical limits. It is estimated that adoption of this diet 
globally could prevent 19-24 per cent of total deaths per 
year among adults (Willett et al., 2019), as well as reducing 
GHG emissions by 54-87 per cent (Springmann, Wiebe, et 
al., 2018). 

Box 3  4  	 Exploring pathways for sustainable land-use and food systems.

The Food, Agriculture, Biodiversity, Land-Use and Energy 
(FABLE) Consortium is a collaborative initiative created in 2017 
that brings together independent interdisciplinary teams of 
researchers across 23 countries and all continents (FABLE, 
2023). FABLE is the only bottom-up initiative for exploring food 
and land-use pathways at the global scale that takes account 
of the national context through stakeholder engagement, while 
factoring in international trade and fostering understanding of 
the collective responsibility across countries for meeting global 
targets (S. K. Jones et al., 2023). It acknowledges the broad 
heterogeneity of socio-ecological contexts and demonstrates 
the urgent need for more collaboration and coordination to 
converge local and global priorities (Mosnier et al., 2023a). 

The adaptation of the models to fit the local contexts varies 
across countries. For instance, it can encompass the 
replacement of the input data from global datasets with country 
datasets (Navarro Garcia et al., 2022; A. C. Smith et al., 2023), 
the implementation of new features, e.g., representation of 
locally important crops or emission sources (Fuad et al., 2020; 
Molla & Woldeyes, 2020), the calibration of key parameters to 
align model’s results with historical statistics (Costa et al., 2020; 
Jin et al., 2020), and the improvement of the scenarios to better 
represent domestic policies (González-Abraham et al., 2022; 
Jha et al., 2022a; G. C. Wu et al., 2022).

Results show that the achievement of the Paris Agreement, 
SDGs or the Kunming-Montreal Global Biodiversity Framework 
requires rapid and simultaneous changes across the world. 
Continuing current trends would lead to dangerous failure to 
ensure inter-generational justice, especially regarding climate 
and biodiversity (Figure 3.5) (FABLE, 2020; Mosnier et al., 
2023a). The implementation of a mix of levers was tested such 
as the adoption of sustainable healthy diets, productivity gains 
in agriculture, restrictions on future agricultural land expansion, 
reduction of food loss and waste, increased afforestation/
reforestation and/or reduced population growth that could bring 
substantial benefits for multiple dimensions of sustainability 
(Mosnier et al., 2023a); Figure 3.5). 

Two-thirds of the country teams have assumed dietary shifts 
in the Sustainable pathway compared to Current Trends 

using national dietary recommendations (A. C. Smith et al., 
2023; González-Abraham et al., 2022; G. C. Wu et al., 2023), 
estimates from experts (Lehtonen & Rämö, 2022; Rasche, 
Schneider, et al., 2022a) and/or international recommendations 
such as the EAT-Lancet Commission (Willett et al., 2019). 
Shifts towards sustainable healthy diets could cut global 
greenhouse gas (GHG) emissions from Agriculture, Forestry 
and Other Land-Use (AFOLU) by half and reduce forest loss by 
20 per cent over the period 2030-2050 compared to Current 

Trends (FABLE, 2021). In most countries, productivity gains are 
considered a means to achieve higher sustainability even if all 
productivity assumptions result in a lower global annual average 
productivity increase than the growth observed between 
1990 and 2010. In the FABLE modeling framework, crop and 
livestock productivity increases led to significant land sparing 
that could be used for nature restoration (FABLE, 2022b). 
Some countries also include targets on adoption of specific 
farming practices (Perez-Guzman et al., 2022; Rasche et al., 
2022). Basnet et al. (2023b) show that in Sweden, expansion 
of organic farming consistent with their national target would 
require dietary changes and reduced food waste to improve 
national food self-sufficiency, biodiversity conservation and 
reduce GHG emissions. While net zero climate commitments 
from countries cover nearly 90 per cent of current GHG 
emissions, achieving net zero GHG emissions from agriculture 
and land by 2050 generally involves halting deforestation 
immediately or at least before 2030, while increasing 
afforestation efforts (F. Frank et al., 2023; Costa et al., 2020; 
Jha et al., 2022b; FABLE, 2022a). 

Stronger policies and incentives will help enable all stakeholder 
groups to participate and support the transformative 
change process. These and other mechanisms for applying 
sustainability levers need to be implemented with care and 
tailored to each country’s local context to ensure that benefits 
and trade-offs are fairly and equitably distributed (S. K. Jones 
et al., 2023).
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Dietary shifts can be contentious. Discussions about 
which type of diet is suitable for which place (Davies et al., 
2023; Kimani-Murage et al., 2021; Kozicka et al., 2023), 
affordability of specific diets and sociocultural suitability are 
important considerations. Furthermore, plant-based diets are 
not always the answer for all places and sometimes reducing 
meat consumption is more climate-friendly than eliminating 

meat when replacing a large share of meat’s protein with 
dairy (B. F. Kim et al., 2020). Nonetheless, current food 
systems and associated diets need transformation within the 
broader global goals, but in ways that recognize cultures, 
geographical constraints and other contextually relevant 
phenomenon. Despite studies showing the synergistic 
interactions between dietary shifts and biodiversity, trade-offs 

Box 3  4  	

Figure 3  5 	 Modelling results for Current Trends and Sustainable pathways from the 
FABLE consortium.

a) GHG emissions; b) land where natural processes predominant (LNPP) as an indicator of biodiversity; c) average daily kilocalorie 
consumption per capita; and d) annual forest change. Notes: LNPP refers to land where there is a low human disturbance 
and/or ecologically relatively intact vegetation, providing space and habitat for biodiversity to thrive (FABLE, 2022b); average 
daily kilocalorie consumption per capita excludes food waste at the household level; MDER is average Minimum Daily Energy 
Requirement per country and region; BRA – Brazil, CAN – Canada, CHN – China, ETH – Ethiopia, IDN – Indonesia, IND – India, 
ASP – Asia and Pacific, CSA – Central and South America, SSA – Sub-Saharan Africa, RoW – Rest of the World; countries and 
regions can simultaneously have gains and losses in the forest area that are shown separately in the figure.
Source: Mosnier et al. (2023a) under CC-BY-4.0.
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are also observed in developing countries, especially with 
regards to food production and conservation priorities (Henry 
et al., 2022; Rasche, Habel, et al., 2022). 

In addition, there is the potential for negative impacts 
on biodiversity if dietary shifts lead to increases in the 
production of plant-based proteins in tropical regions 
(Henry et al., 2019). Countering this, reductions in livestock 
numbers due to reduced intake of animal-based foods 
would reduce the demand for plant proteins such as soy 
for use as animal feed as well as the land area used for 
pasture (Cassidy et al., 2013; Poore & Nemecek, 2018), but 
could increase its demand as a protein source for human 
consumption. A shift to sustainable healthy diets combined 
with sustainable harvesting, reforestation and halting 
deforestation widens the potential for net negative GHG 
emissions from agricultural sectors (Theurl et al., 2020). 

Emerging food technology, including various meat 
alternatives, may also have the potential to influence future 
diet change and subsequently, future biodiversity and climate 
change (Zurek et al., 2021). By some estimates, substituting 
20 per cent of per-capita ruminant meat consumption 
with microbial protein globally by 2050 could offset future 
increases in global pasture area, cutting annual deforestation 
and related CO2 and methane emissions (Humpenöder et al., 
2022). The long-term impacts of these alternative proteins 
are yet to be fully understood, and in some instances they 
have been shown to have similar energy use as conventional 
protein sources (Thornton et al., 2023). In addition, they 
are likely to face an uphill battle to be culturally accepted as 
legitimate sources of protein in some contexts, and would 
require dedicated efforts to facilitate their adoption.

The impact of future dietary change on water systems can 
be dependent on context and scale. Shifting to a low-meat 
diet can have synergies with water systems globally, as 
it can reduce irrigation water withdrawals and protect or 
restore hydrological environmental flows (Doelman et al., 
2022). Scenarios of lower animal product consumption 
greatly reduce agricultural expansion in regions of high 
biodiversity and the amounts of water applied to cropland 
in the tropics compared to the BAU scenario (Henry et al., 
2019). However, such dietary shifts can result in increased 
freshwater use in some countries and regions (Springmann, 
Wiebe, et al., 2018; Tuninetti et al., 2022). The adoption of 
these diets is estimated to reduce the water footprint by 
12 per cent globally but may increase water consumption 
up to 40 per cent in 54 countries (Tuninetti et al., 2022). 
These mixed outcomes for water from dietary shifts are even 
more pronounced at different geographic scales (Candy et 
al., 2019; Tuninetti et al., 2022).

Reducing food loss and waste is a cross-cutting theme 
that also applies to demand-side scenarios, and it is often 
examined for its potential impact on lowering multiple 

environmental impacts. Scenarios reducing food loss and 
waste by half, aligned to commitments under the SDGs, 
would reduce GHG emissions by 7 per cent, cropland 
use by 17 per cent, and bluewater use by 16 per cent, 
compared with the 2050 baseline scenario (Springmann, 
Clark, et al., 2018; Van Vuuren et al., 2019). 

3.4.3	 Scenarios focused on food 
supply

Food production systems are major drivers of biodiversity 
loss, both on land and in the sea, indicating an intricate 
connection between land and sea ecosystems. The land-
sea connection is often overlooked in scenarios exploring 
possible futures about the food system. These hidden 
interconnections could be exemplified by agricultural runoff 
flowing into coastal and marine ecosystems and negatively 
affecting marine system quality – or fish from marine systems 
as human food. These connections are further compounded 
by climate change impacts on the food system, and food 
system impacts on climate change, creating a feedback loop 
between food and climate systems.

3.4.3.1	 Terrestrial realm

How and where food is produced to meet current and future 
food demand affects biodiversity, climate change and water 
systems. Changes from unsustainable food production 
practices to sustainable production alternatives could help 
achieve habitat protection, reduce GHG emissions consistent 
with the Paris Agreement and reduce water stress (Tallis et 
al., 2018). Some estimates suggest that the current global 
agricultural area has the capacity to feed 3 to 20 billion people 
depending on human dietary patterns, land-use changes and 
nitrogen management (Chatzimpiros & Harchaoui, 2023). 
Under an industrial fertilization scenario, the global feeding 
capacity is estimated to be 8 to 20 billion people, whereas 
under an organic fertilization scenario the present agricultural 
area is estimated to be able to feed 3 to 14 billion people. 
This implies that the existing agricultural area could feed the 
future human population, which is predicted to be 9.7 billion 
in 2050 and 11 billion in 2100, using sustainable agricultural 
practices combined with changes in human diets that assume 
reduced animal protein and optimal crop food-feed ratios (Xia 
& Yan, 2023). Improvements in nitrogen use efficiency from the 
current level (35 to 44 per cent) to 70 to 80 per cent are key to 
improving food yield (Chatzimpiros & Harchaoui, 2023).

Other interventions include replacing cropland-based animal 
feed with the industrial production of microbial protein to 
decrease cropland area, nitrogen losses from croplands and 
agricultural GHG emissions globally (Pikaar et al., 2018). 
However, knowledge on the impacts of industrial feed 
production is still limited, and the possible trade-offs and 
synergies are therefore unknown. 
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Existing policy options have relied on agricultural 
extensification by expanding lands for food production often 
at the expense of biodiversity-important areas such as natural 
forests, woodlands and savannahs. Scenarios of land-use 
change, such as expansion of palm oil production, have 
been shown to have various impacts on the other nexus 
elements, such as high deforestation rates, large carbon 
emissions due to plantations and losses of habitat and threats 
to biodiversity (Rulli et al., 2016). Scenarios focused on 
agricultural intensification can reduce the overall pressure on 
rangeland biodiversity, but these need to be complemented 
with additional measures to address factors such as 
climate change (Alkemade et al., 2013). The outcomes of 
intensification are however not always straight forward. A 
study in India showed that enhancing productivity by 2030 
would have a positive effect on the rates of CO2 uptake but 
a negative effect on biodiversity compared to the reference 
scenario (Hinz et al., 2020). Agricultural intensification can 
also result in trade-offs among the nexus elements in some 
regions, such as negative impacts on biodiversity due to 
water pollution, water cycling alteration and eutrophication.

As demand for bioenergy increases, competition for land 
between food and energy in the future can also affect 
the relationships among nexus elements. Under current 
assumptions of future food requirements, it is not possible 
to produce significant amounts of first-generation bioenergy 
without cropland expansion (N. Bauer et al., 2020; Henry et 
al., 2018). Increasing dependence on biofuels would have 
antagonistic effects on food provision and the diversion 
of energy sources from biofuels might compete with food 
production, particularly in high quality arable land (Calvin 
et al., 2021; P. Smith et al., 2020). The production of 
biofuels uses 2 to 3 per cent of global water and land which 
otherwise could be used to provide food to about 30 per 

cent of the malnourished population (Rulli et al., 2016). As 
both food and bioenergy demands are expected to increase 
in the future, careful design of policies is critical to balancing 
production of both these sources, without compromising the 
provision of food or energy.

3.4.3.2	 Freshwater and marine realms

There are three key food aspects within freshwater 
and marine realms: fish and shellfish aquaculture, wild 
fisheries and seaweed. These components make a crucial 
contribution to global food security, nutrition and livelihoods 
from inland, freshwater and marine ecosystems (FAO, 2022; 
Hicks et al., 2019). 

The environmental effects of aquaculture (including 
mariculture, which specifically involves the farming of 
marine species, Box 3.5) are complex and interconnected 
with capture fisheries due to their dependency on wild 
fish stocks and pressure on forage species. Sustainable 
marine aquaculture is viewed as a potential alternative to 
deteriorating fish stocks and as such is expected to grow 
in the future (FAO, 2020; Gephart et al., 2021). However, 
in the coming decades, some regions will face potentially 
greater climate change challenges affecting the resilience 
and growth potential of marine aquaculture by geographic 
location (Froehlich et al., 2018; Klinger et al., 2017). 
Fisheries have a unique position in the nexus as fish and 
other aquatic plants and animals are characterized both 
as biodiversity and food. Fisheries and marine ecosystems 
can also be significantly affected by future climate change 
(Lotze et al., 2019; Tittensor et al., 2021), with projections 
of impacts on catch being more negative under pessimistic 
scenarios of climate change (RCP8.5) than under more 
optimistic ones (RCP2.6) (Box 3.5).

Box 3  5  	 The future of food from the ocean.

Food from the ocean (also often termed “blue food”) already 
contributes significantly to global food security, nutrition and 
livelihoods through fisheries as well as mariculture of fish, 
shellfish and seaweed (Hicks et al., 2019). However, projected 
interactions between climate change and biodiversity are likely 
to affect food availability through species- and region-specific 
changes in the distribution and production of target species. 
Sustainable management and marine spatial planning can help 
avoid some of the projected impacts.

By 2100, under business-as-usual scenarios, fisheries catch 
potential at global and regional levels are projected to decrease 
(Cheung et al. 2010, 2012), including when converted to 
biomass of commercial species (Coll et al., 2020) or consumer 
biomass (Lotze et al., 2019, Tittensor et al., 2021). The negative 
projections are high under pessimistic scenarios of climate 

change (RCP8.5) and moderate under more optimistic ones 
(RCP2.6) with trophic amplification. In addition, projections 
have large spatial heterogeneity revealing winners and losers 
(Cheung et al., 2010; Coll et al., 2020). Within exclusive 
economic zones (EEZs), exploited fishes and invertebrates 
are projected to decrease in biomass overall, as is maximum 
catch potential for high temperature extremes. Net negative 
impacts on fish stocks are projected to cause losses in fisheries 
revenues and livelihoods in most maritime countries, creating 
shocks to fisheries social-ecological systems particularly in 
climate-vulnerable areas. Effects of climate change and fishing 
vulnerability are exacerbated in some deep-sea fishes because 
of their life history traits, such as slow growth, late maturity and 
late onset of reproduction (Cheung et al. 2022). Some groups, 
such as cephalopods and mesopelagic fish, which have been 
associated with important ecosystem services, emerge as 
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potential winners under future scenarios of climate change and 
fishing (Coll et al., 2020).

To achieve sustainable fisheries, scenario testing shows that 
combinations of management measures are needed, including 
the reduction of fishing effort and mortality, and the placement 
of marine protected areas (MPAs) and fisheries restricted 
areas. These management measures can be implemented in 
different ways (Gomei et al., 2021) but their effectiveness is key 
to ensuring success in rebuilding resource fisheries (Vilas et 

al. 2021a). However, climate change is projected to potentially 
jeopardize the outcomes of these management measures 
(Corrales et al., 2018; Vilas et al., 2021a). Scenarios show that 
fisheries management under Harvest Control Rules can reduce 
the impact of high temperature events on fish catches relative 
to Open Access and will be most effective in regions that 
are projected to be hit hardest (mostly in developing nations) 
(Cheung et al., 2021). Countries with low adaptive capacity but 
increasing demand for food may require greater support and 
capacity building to transition towards reconciling trade-offs 
(Blanchard et al., 2017; Cinner et al. 2022). Modelling results 
suggest that the necessary actions are context-dependent 
and include effective governance, improved management and 
conservation, maximizing societal and environmental benefits 
from trade, increased equitability of distribution and innovation in 
food production, including continued development of low input 
and low impact aquaculture (Bryndum-Buchholz et al., 2019; 
Blanchard et al., 2017).

Potential tools to conserve and manage fisheries include 
area-based management tools intended to protect key 
elements of marine ecosystems to contribute to the recovery 
of habitats and species. Area-based management tools 
protect Vulnerable Marine Ecosystems (VME) from the 
impact of fishing in the deep-sea and Essential Fish Habitats 
(EFH), when integrated in an ecosystem-based approach, 
and have proven effective for managing fisheries and 
improving ecosystem health (Mcconnaughey et al., 2019). 
Frameworks to develop future scenarios that include the 
protection and restoration of VMEs and EFHs while ensuring 
sustainable fishing are starting to emerge (Hamon et al., 2021; 
FutureMares 2021), although they are still mostly lacking in the 
scientific scenario literature.

In the Arctic ocean, ecosystems are projected to undergo 
drastic changes as climate warms, ice melts and access 
by humans becomes easier. For example, changes in the 
distribution and abundance of native seaweeds, associated 
invasive species, invertebrates and fish have been projected 
(e.g., (Campana et al., 2020; Filbee-Dexter et al., 2019; 
Goldsmit et al., 2020; Vilas et al., 2021), some facilitated 
by increased ship traffic (Pratt et al., 2022). Consequently, 
associated interactions with small scale fisheries are projected 
to impact the food security and health of Indigenous Peoples. 
MPAs have been proposed (World Wildlife Fund, 2023) and in 
some cases implemented (e.g., Tuvaijuittuq MPA in Canada; 
Government of Canada, 2023); however, projected outcomes 

of protection on the interactions between biodiversity, climate 
change, health and food are not known. 

Scenario studies have also explored the growth potential 
for sustainable fish mariculture as a potential alternative to 
continuing deteriorating fish stocks. For example, Klinger et 

al. (2017) show that the growth potential for fish mariculture 
varies among species and geographic locations by 2050. 
Based on individual species growth rates, some areas will 
become or remain physically suitable after climate change for 
expanding mariculture. However, this growth will be constrained 
economically in developing nations (Klinger et al. 2017). 
Countries with less affected maricultural sectors could add 
stability through trade (Froehlich et al., 2018). For invertebrates, 
synergistic effects of climate drivers (e.g., temperature, 
precipitation, erosion, freshwater input) with mariculture drivers 
(focal cultured species) can lead to more negative outcomes 
(Filgueira et al. 2016). Increasing food production (i.e., bivalve 
biomass) can destabilize the ecosystem through multiway 
interaction with significant spatial variation in the outcome 
(Chapman et al. 2020). 

Seaweed mariculture is gaining momentum globally, with the 
largest production in China, Japan and Indonesia and smaller 
volumes in Korea, North and South America and Europe. 
Mariculture seaweed is being used for food but also processed 
into food additives and nutraceuticals, feeds, fertilizers, biofuels, 
cosmetics and medicines (Buschmann et al. 2017). Global 
seaweed production volume is expected to continue to increase, 
providing direct benefits to support several SDGs (Duarte et al. 
2022). The magnitude of opportunity for seaweed aquaculture 
can vary geographically, being higher in temperate regions for 
a scenario which optimizes environmental health and socio-
economic factors. High opportunity has also been shown in 
several tropical regions for scenarios when socio-economic or 
health factors alone were considered (Theuerkauf et al. 2019). 
Addressing biophysical and socio-economic constraints for 
34 species of seaweed, Spillias et al. (2023) estimated that 
only 1.8 per cent of the ocean surface would be suitable for 
cultivation. They estimated that less than 215 Mha of sea-use 
are needed to meet three goals by 2050: (i) seaweeds form 
10 per cent of global diet; (ii) seaweeds make up 10 per cent 
of global livestock feed for ruminants, poultry and swine by 
energy content; and (iii) seaweeds constitute 50 per cent of the 
feedstock used to produce transport fuels. The largest amount 
of suitable habitat was found in the Indonesian EEZ, which could 
replace 250 Mha of agricultural land, with concomitant savings in 
water used for irrigation (>80 km3 per year) and fertilizer (>35 Mt 
per year) (Spillias et al. 2023).

Future scenarios also consider the need for resilience and 
adaptation in the face of environmental and social challenges, 
and consider strategies to enhance resilience, such as 
diversifying species, adopting sustainable mariculture systems 
and integrating climate change considerations into management 
and planning (Merino et al., 2012; Troell et al., 2014). Future 
scenarios for integrated food systems in fisheries and 
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3.4.4	 Scenarios focused on 
integrated food systems

Integrated strategies of dietary shift, reduced food waste 
and losses, agricultural intensification and crop selections 
can provide additional benefits to biodiversity conservation, 
climate change mitigation and the reduction of other 
environmental impacts (Table 3.2). While a change in 
dietary habits may be sufficient for preservation of natural 
intact vegetation in many hotspot regions, a sustainable 
healthy diet may put more pressure on natural intact 
vegetation in other hotspot regions (Rasche, Habel, et 
al., 2022). There is increasing evidence to suggest that 
transformative change in the whole food system is needed 
to deliver healthy nutritional outcomes for a growing 
population while simultaneously ensuring environmental 
sustainability (Lee et al., 2019). Agriculture, including its role 
in deforestation, is one of the largest contributors to the 
loss of terrestrial biodiversity up to 2050, while increased 
productivity by technological improvements (e.g., increasing 
nutrient use efficiency), increased use of ecological methods 
in agriculture and forestry and consumption changes help to 
avoid biodiversity loss (Kok et al., 2018). There are estimates 
that by 2050, more than two thirds of future biodiversity 
losses could be avoided through sustainable intensification 
and trade, reduced food waste and diet shift to a lower 
share of animal calories (Leclère et al., 2020). Ultimately, 
a combination of proactive approaches and policies 
targeting how, where and what food is produced could 
potentially prevent almost all the losses in biodiversity, while 
contributing to sustainable healthy human diets (Williams et 
al., 2021).

Scenarios with agricultural intensification combined with 
diversified environmental protection policies, show reduced 
impact of land-use and land cover change on vertebrate 
species richness and conservation of natural habitats (Göpel 
et al., 2020). Similar scenario studies have shown that 
at least a 15 per cent yield improvement or a substantial 
reduction in meat consumption by the 2050s is required 

to maintain food imports at today’s levels and avoid the 
potential displacement of food production and deforestation 
(Lee et al., 2019). Country-level studies (Box 3.4) show 
that scenarios with low meat consumption, less food waste 
and high agricultural productivity can result in lower GHG 
emissions and higher values in biodiversity indicators than a 
current trends scenario (F. Frank et al., 2023; Perez-Guzman 
et al., 2023; A. C. Smith et al., 2023). However, other 
studies have shown the reverse, where for example, cattle 
grazing would help maintain semi-natural pastures that are 
rich in biodiversity (Basnet et al., 2023b). 

Changes in consumer choices in Europe, North America 
and Oceania and in the supply-chain in Africa and west 
and central Asia have the greatest potential to reduce the 
land footprint of the food system (Alexander et al., 2019). 
Furthermore, food system changes are subject to political 
and public constraints that usually allow only gradual, 
incremental changes to occur, rather than transformation. 
Stylistic scenarios have shown that marginal food system 
changes (i.e., incremental changes) to increase production 
efficiency, reduce losses or to adjust diets could collectively 
reduce the agricultural land required globally for food 
production by 21 per cent, or over a third given higher 
adoption rates, which would provide considerable scope for 
nature conservation and GHG emission reduction (Alexander 
et al., 2019).

Global level scenarios often miss the fine-grained food 
values and concerns held by IPLC (Box 3.6). For example, 
a study in Thailand (Kupkanchanakul et al., 2015) 
demonstrates how the use of local knowledge and local 
management practices can be used to develop realistic 
nutrient management scenarios. Other subnational and local 
considerations include amplifying the use of underutilized 
crops (Chivenge et al., 2015). These crops might have 
other benefits including indigenous crops in sub-Saharan 
Africa that use less water, which could be a key adaptation 
approach for adjusting to water scarcity given climate 
change impacts on food production (Chivenge et al., 2015).

mariculture highlight the complex and interconnected nature of 
fish production and stress the need for integrated approaches 
to ensure food security and environmental sustainability in the 
face of a changing climate (Merino et al., 2012). They also 
recognize the importance of social and economic factors, 
including considerations of equity, livelihoods, food security and 
the well-being of fishing and aquaculture communities (Bush et 

al., 2019; FAO, 2022). Balancing economic development with 
environmental sustainability and social inclusivity is a crucial 
aspect of shaping the future of these sectors to continue 
contributing to food security in the face of climate change.

To sustainably meet increasing global demands for food from 
the ocean, the interlinkages among goals within and across 
fisheries, and the mariculture and agriculture sectors must 
be recognized and addressed along with their changing 
nature (Blanchard et al., 2017). Some countries are likely 
to face double jeopardies in both fisheries and agriculture 
sectors under climate change (Blanchard et al., 2017; Cinner 
et al. 2022). The strategies to mitigate these risks will be 
context-dependent and will need to directly address the 
trade-offs among SDGs, such as halting biodiversity loss and 
reducing poverty.
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3

3.	 Common case study highlighting Indigenous Peoples’ and local communities’ (IPLC) food systems. See Chapters 1, 2, 4, 5.1 to 5.5 and 6 for additional IPLC 
food system case studies. Lessons learned from the common case studies are presented in Chapter 7, online Supplementary material 7.1.

Table 3  2  	 Illustrative scenarios focused on food and the outcomes for the nexus elements.

Scenario Scenario
description

Outcome for nexus elements

Food Biodiversity Climate Water Health

Business-as-
usual (BAU)

No additional 
food-related 
actions

Increasing 
food demand, 
including 
meat demand; 
increasing 
food waste; 
expansion and 
intensification 
of cropland and 
pasture

Negative 
outcomes 
on global 
biodiversity 
from habitat 
conversion and 
overexploitation

Unabated global 
warming to 
+2.8°C or more

Increasing water 
withdrawal and 
pollution

Inadequate 
nutrient supply: 
increases in 
chronic diseases 
and premature 
mortality

Food-based 
sustainable 
development 
pathway

Integrated 
strategies of 
dietary shift, 
reduced 
food waste, 
agricultural 
intensification 
and crop 
selections

Plant-based 
or sustainable 
healthy diet; 
reduced 
food waste; 
sustainable 
intensification; 
relocation of 
crops and 
production areas

Provides space 
for conservation; 
reverses global 
biodiversity 
trends to be 
positive in the 
long-term

Limited global 
warming well 
below +2°C

Limited water 
withdrawal and 
pollution

Adequate 
nutrient supply: 
reductions in 
chronic diseases 
and premature 
mortality

Multifunctional 
land uses/ 
agroecology

Maintain 
domestic food 
availability; 
increased 
agricultural 
productivity, 
diversified food 
sources

Increases in 
biodiversity

Increases 
in climate 
adaptation 
options

Increases 
in medicinal 
products

Box 3  6  	 Scenarios of climate change impacts on seafood biodiversity, harvest and 
health of First Nations in British Columbia, Canada. 3

First Nations are among the original inhabitants along the 
Pacific coast of Canada and include 203 of the 634 unique 
First Nations/Indian Bands in the country. Small-scale fisheries 
have played a fundamental social, cultural and economic role 
for these Nations who have managed them to ensure long-
term resilience over millennia. Climate change is putting at risk 
these resources and the various roles they play in First Nations 
communities, yet quantitative scenarios of projected impacts on 
small scale fisheries are not common.

Two recent studies (Marushka et al., 2019; Weatherdon et 

al., 2016) have combined quantitative models on climate 
change, generated by western science, with ILK on fished 
and consumed species to examine potential impacts on catch 
potential and nutritional requirements. (Weatherdon et al., 
2016) selected 16 First Nations on coastal British Columbia to 
represent differences in resources, geography, territorial size 
and treaty status. Ninety-eight selected species harvested 
for food, social and ceremonial purposes included marine 
and diadromous fish, shellfish and invertebrates. Using a 

combination of species distribution models and dynamic 
bioclimate envelope models, changes in the abundance of 
each species driven by change in ocean properties under 
climate scenarios RCP2.6 and RCP 8.5 were projected for 
the period 2041 to 2060 compared to 1991 to 2010. Most 
species declined in abundance under both scenarios and 
showed a poleward shift in distribution, with a consequent 
latitude-dependent decline in catch potential for several 
fisheries. Specifically, the Pacific herring and the Pacific salmon 
commercial fisheries were projected to decrease by 28 to 49 
per cent and 17 to 29 per cent by 2050, leading to a 16 to 
29 per cent estimated reduction in revenue. Some of these 
declines could conceivably be offset by equitable resource 
sharing agreements between Nations but for two challenges: 
most species in the southern territories are expected to decline, 
thus providing no alternatives to offset, and these agreements 
have been mostly local rather than regional.

Using the projected changes in species abundance, distribution 
and catch potential, (Marushka et al., (2019) & Weatherdon et 
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3.5	 HEALTH-ORIENTED 
SCENARIOS AND THEIR 
NEXUS INTERACTIONS
This section synthesizes the scenario literature on health and 
its interactions with the other nexus elements of biodiversity, 
water, food and climate change. It focuses on two types 
of health scenarios: (1) scenarios of infectious diseases, 
vector-borne diseases and zoonoses; and (2) health effects 
of urban green and blue spaces. Note that evidence from 
scenarios of dietary health are presented in section 3.4 
from the perspective of both the food and health nexus 
elements, while evidence from scenarios covering water and 
health in the freshwater realm are presented in section 3.3.

Several scenarios have been developed on potential future 
impacts of drivers on health. However, while overall targets 
linking health with other nexus elements, in addition to 
climate change, are being discussed, studies of health 
using a nexus approach are generally lacking and health 
scenarios considering nexus elements are rarely found in 
the literature. Health is mostly considered using climate 
scenarios (e.g., habitat suitability of vectors and vector-
borne diseases), land-use scenarios (e.g., spillover 
risk of zoonoses) and scenarios on air pollution (e.g., 
respiratory and cardiovascular diseases, lung cancer). 
Studies examining future disease burden related to dietary 
risks are much less common. Health outcomes, such as 
injury, diabetes and metabolic syndromes, developmental 
disorders and mental illness, are not studied at all in future 

projections under changing environmental risks (Weber et 
al., 2023). 

In this section, health-oriented scenarios from 18 studies 
were identified that included an assessment of potential 
future interactions within the nexus. Approximately 50 per 
cent of these studies covered the global scale, while the 
local to national studies covered all IPBES regions except 
for Africa. Most of the studies originated from academia 
and provided quantitative results, while the proportion of 
exploratory and target-seeking scenarios was roughly equal.

3.5.1	 Impacts of multiple drivers 
on health

The assessments of future impacts of multiple drivers 
on health in the context of the nexus primarily focus on 
health aspects such as life expectancy. For example, the 
impact of linked changes in population, gross domestic 
product, climate change, water quality, dietary change 
and land-use on trends in average life expectancy in 2030, 
2050 and 2100 was simulated by a global system model 
(Moallemi et al., 2022). Under the most optimistic Green 
Recovery scenario (SSP1-2.6), life expectancy improved for 
approximately 50 per cent of simulations at each time point, 
but these trends fell short of stated moderate targets of life 
expectancy increase (Moallemi et al., 2022). 

Considerable recent attention has been paid to the 
COVID-19 pandemic and its relationship to nexus issues, as 

al., (2016) used household dietary data from six First Nations 
communities to assess food security and traditional food 
gathering activities and the consequent impacts on nutrition 
of three scenarios of simplistic replacement of lost seafood: 
(i) an alternative land protein source (chicken); (ii) an alternative 
marine protein source (canned tuna); and (iii) an energy source 
(bread). Among the respondents, salmon and halibut were the 
most consumed species, followed by herring roe and prawns. 
Shrimp and herring were projected to experience the largest 
declines by 2050 and sockeye salmon and herring were 
projected to decline by 10 to 36 per cent and 12 to 13 per 
cent, respectively. Consequently, an overall decline of 20 to 30 
per cent in the overall contribution of seafood to the Dietary 
Reference Intake was projected for 2050, particularly nutrients 
primarily obtained from seafood, such as n-3 fatty acids and 
vitamins D and B12. Partial or inadequate replacement of these 
nutrients could be achieved by simplistic replacements from 
different sources.

Because of the cultural significance of salmon, First Nations 
living along the Fraser, Skeena and Nass Rivers are particularly 

concerned about key threats further endangering future salmon 
populations, with climate change being the second highest 
after aquaculture (Reid et al., 2022). To improve fisheries 
management for both stewardship and harvest, members of 
Haíłzaqv nation overwhelmingly supported the reintroduction 
of communally run terminal fisheries (near or at the terminus of 
the migration) and for Haíłzaqv laws to guide the management 
of salmon fisheries within the territory (Steel et al., 2021). The 
development of co-led spatial management plans based on 
ecosystem-based management has provided an opportunity for 
First Nations to engage with, and contribute to, the knowledge, 
design, implementation and governance for managing marine 
activities and resources in the region, as well as developing 
regional risk assessments for ocean climate (Diggon et al., 
2022; PNCIMA Initiative, 2017). Ultimately, despite the profound 
impacts to the rhythms of the Earth, the relationships of 
Indigenous Peoples with the land, as well as their activities, 
practices and ceremonies related to caretaking of land and 
waters persist, highlighting the importance of upholding their 
rights to self-determination and food sovereignty (Turner & 
Reid, 2022).
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most pandemics are caused by pathogens of animal origin 
(Judson & Rabinowitz, 2021). Future changes in zoonoses 
and infectious disease risks are expected due to diverse 
indirect and direct drivers of change. Specifically, increases 
in the world population are projected to lead to increases in 
human animal contacts through land-use change, agricultural 
expansion at the fringes of natural ecosystems, trade and 
consumption in animals and animal products (both domestic 
and wild), and increased populations of farmed animals. For 
SARS-CoV-2, for example, substantial evidence points to 
a likely origin where the greatest diversity of SARS-related 
coronaviruses is found (Latinne et al., 2020), where contact 
among people and bats is common (H. Li et al., 2019; H.-Y. 
Li et al., 2020), and where human populations are expanding 
and encroaching into a rapidly changing landscape (Rulli 
et al., 2021). With increased animal farming, emerging 
diseases are expected to increase due to spillover between 
wildlife and farm animals (Morse et al., 2012), e.g. SARS-
CoV-2 (Sikkema et al., 2022), and vice versa, with possible 
devastating effects (e.g. HPAI H5 (Verhagen et al., 2021).

Climate change will also shift ranges of people, wildlife, 
reservoirs and vectors, and with them the pathogens they 
harbour and temperature dependent transmissions risks. 
Scenarios of infectious diseases and zoonoses mostly 
consider climate change scenarios, which are applied to 
project the spatio-temporal distribution of different species 
in the transmission cycle (e.g., Samy et al., 2022) or direct 
occurrence of disease cases (e.g., (Messina et al., 2019; 
Tjaden et al., 2021). Human population density is mostly 
considered as a constant factor over time as spatially high-
resolution projections of population are missing (Zhiwei Xu et 
al., 2020). Climate change adaptation/mitigation measures 
in the form of water catchments, urban green spaces or 
peatland restoration can result in possible habitats for 
disease vectors of arthropod-borne diseases. Melting 
glaciers and permafrost reactivate and release pathogens 
into aquatic and terrestrial environments immured for 
millennia as shown by recent outbreaks (e.g. Siberia, 
Russian Federation) (Yarzábal et al., 2021). 

Another driver affecting health in futures-oriented studies 
is pollution from human activities. For example, for the 
marine realm, a warming climate can further influence 
the geographical distribution and availability of ocean 
pollutants though release of legacy pollutants (e.g., 
plastic waste, pharmaceuticals, toxic metals, fertilizer, 
pesticide and sewage constituents) previously trapped in 
ice and permafrost (Allen et al., 2019). Pollution-sourced 
microplastics could become problematic vectors of disease 
by transporting and sheltering marine pathogens. Also 
predicted is expansion in the geographic range of bacteria 
that thrive in warmer waters, such as the disease competent 
Vibrio species (Vezzulli et al., 2016). Human and veterinary 
pharmaceutical use continue to increase globally, because 
of population growth, rising per capita consumption and 

growing livestock. The antimicrobial resistance associated 
with the presence of antibiotics in the environment (e.g., in 
surface and sewage water) is likely to worsen (Wöhler et al., 
2020). Interlinkages between drivers such as eutrophication, 
temperature and salinization can also act directly on the 
mosquito larval habitat, or with secondary soil salinity 
of drylands, resulting in large and often underestimated 
impacts on mosquitoes (e.g., Culex pipiens s.l. (Boerlijst et 
al., 2023); Aedes camptorhynchus (Jardine et al., 2008)).

Limited quantitative estimates of health impact are available 
for BAU scenarios, particularly in terms of linking climate 
change projections and health. Under current GHG mitigation 
policies, global average temperatures reach 1.5°C in the near-
term and 2°C by the 2050s, leading to a doubling of multi-
sector risks (Byers et al., 2018). Climate change is projected 
to have net negative effects on malnutrition, heat-related 
human mortality and morbidity, food-borne, water-borne and 
vector-borne diseases, and mental health challenges (IPCC, 
2022a). Compared to BAU, scenarios designed to achieve 
ecological and health benefits are projected to substantially 
reduce mortality rates (Hamilton et al., 2021). 

The impacts on health of combined changes in biodiversity, 
water, food and climate change have not been quantified, 
but are likely to be severe, even if major social or ecological 
discontinuities can be avoided. Quantitative models of global 
health generally depend on individual risk factors and socio-
economic trends and do not yet account for interactions 
across the nexus. Conversely, models investigating impacts 
of global environmental changes on health typically do not 
account for socio-economic or health system changes 
(Weber et al., 2023).

3.5.2	 Scenarios of infectious 
diseases, vector-borne diseases 
and zoonoses 

3.5.2.1	 Terrestrial realm

Spillover of pathogens due to contact among wildlife, 
livestock and people is the starting point of zoonoses 
which account for 70 per cent of all emerging diseases 
in humans such as COVID-19, Ebola and Zika (IPBES, 
2020). The global pattern of zoonotic hazard is similar to 
the global pattern of species richness but inter-regional and 
local differences in the zoonotic hazard index suggest that 
land-use impacts should not be neglected (García-Peña et 
al., 2021). For example, (Rohr et al., 2020) simulated the 
presence of rodent taxa combined with rodent capacity of 
transmitting zoonotic pathogens in the short (2025) and 
long-term (2050) under three different global scenarios 
showing that cropland expansion into forest and pasture 
may increase zoonotic hazards in areas with high rodent 
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species diversity. All scenarios presented high heterogeneity 
in zoonotic hazard, with high-income countries having 
the lowest hazard range. Biodiversity conservation at the 
appropriate scales, protecting natural areas from human 
incursion and management of particular species or habitats 
should reduce spillover risk, thus biodiversity conservation 
and management need to be considered alongside 
other disease management options (Rohr et al., 2020). 
Conservation measures can also reduce contamination of 
freshwater sources by zoonotic enteric pathogens, and so 
may help prevent projected increases in diarrhoeal disease 
from climate change (Chen et al., 2022; Moors et al., 2013).

Interacting effects of increasing land demand for food and 
biofuels and climate change are likely to increase cross-
species transmission from wild animals to humans in the 
future (Carlson et al., 2022). Deforestation and subsistence 
hunting for food from wild animals (bushmeat) will also 
increase the probability of future spillover events and 
emergence of novel diseases (Carlson et al., 2022), while 
reforestation and urban greening, in particular, has enabled 
Ixodes ricinus to expand its distribution within Europe 
(Köhler et al., 2023). 

Overall, urbanization and wealth are associated with lower 
burdens for many diseases, a pattern that could arise from 
increased access to water and sanitation (Wood et al., 
2017). Conversely, accelerating urbanization, connectivity 
and climate change will enable the spread of chikungunya, 
dengue, Zika and Yellow Fever and other human mosquito-
borne diseases in response to future projected distributions of 
partly invasive vector mosquitoes (Baker et al., 2022; Kraemer 
et al., 2019; Mora et al., 2022). A multi-model multi-scenario 
intercomparison modelling study by (Colón-González et al., 
2021) assessing possible spatial shifts of these diseases due 
to climate change and urbanization in the future projected 
that approximately 700 million additional people in Africa, 
a similar number in South-East Asia, and 200 million in the 
Americas would be at risk of malaria and dengue by 2070 
relative to 1970-99, particularly in lowlands and urban areas, 
without accounting for urban heat island effects. Projected 
people at risk might not translate into increased morbidity if 
health systems can identify and suppress infections. 

Urban areas also provide microclimates that might enhance 
the development and survival of some mosquito species, 
such as Anopheles stephensi and Aedes mosquitoes 
(Mordecai et al., 2020). Synergies between urbanization 
and warmer temperatures could increase the risk of urban 
malaria from Anopheles stephensi or promote a shift 
from malaria to dengue transmission (Colón-González 
et al., 2021; Mordecai et al., 2020). The epidemic belt 
for both diseases, malaria and dengue, is projected to 
expand towards temperate areas (Colón-González et al., 
2021). By simulating the combined effect of scenarios 
under a warming climate on precipitation, land cover, host 

availability and ongoing reproduction, Khan et al., (2020) 
investigated future ecological niches of Aedes albopictus 
and Aedes aegypti mosquito species in North America. The 
investigation found that under RCP 4.5 and 8.5 emissions 
scenarios, the distribution of the two species (vector of more 
than 22 arborviruses) would expand to all coastal regions 
of the northwestern United States and the southern coastal 
border of Canada’s Ontario province by 2100 compared to 
2011. This is especially significant given the large numbers 
of people expected to be residing in those areas by this time 
period. Furthermore, the fact that Aedes-borne infections 
are not currently prevalent in the United States and Canada 
could mean potential inertia within the healthcare systems 
in promptly diagnosing and responding to any emerging 
vector-borne diseases (Ng et al., 2019). This trend is the 
opposite to what was reported for tsetse flies, for which the 
terrestrial habitable area in Tanzania is projected by Nnko 
et al. (2021) to decrease by 23 per cent by 2050 under the 
RCP 4.5 scenario, with consequences for surveillance and 
control of human trypanosomiases transmission.

As for future scenarios of the impacts of zoonoses on other 
nexus elements, pathways of covid-19 post-pandemic 
recovery have shown that dietary transition towards less 
meat and more fruit and vegetables could prevent many 
excess deaths, increase the area of natural land (for 
biodiversity), reduce nitrogen fertilizer use, and reduce 
irrigation water usage for food production (Maire et al., 
2022). As such, the effects of the pandemic lockdown are 
a complex mixture of positive and negative impacts on 
nature, all of which have the potential to lead to cascading 
responses which in turn impact wildlife and nature 
conservation (Bates et al., 2021). Health, food security and 
the environment benefit from more societally cooperative 
pandemic responses that result in reduced trade barriers and 
improved technological development (Maire et al., 2022).

3.5.2.2	 Marine realm 

The links between health and ecological processes in 
the marine realm are mostly indirect, and consequently 
not considered frequently in future projections in a nexus 
context. In fact, most health outcomes are treated as ‘co-
benefits’ of interventions in other nexus elements. Scenario-
based assessments of marine/coastal ecosystem targeted 
interventions on health outcomes are therefore rare. Where 
they exist, they tend to posit health as mostly affected by 
water or food quality (i.e., through pollutants or disease; see 
sections 3.4 and 3.5, respectively) and climate change 
(see section 3.6). Land-use change in coastal environments 
can also impact health, for example, the loss of mangroves 
moves the forest frontier and its constituent fauna closer 
to human settlements. As described by Magouras et al., 
(2020), such landcover shifts have the potential to increase 
human-animal interaction, thus increasing the risk of disease 
spillover and promoting emergence and spread of zoonosis. 
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3.5.3	 Scenarios of health related to 
green and blue spaces

The Intergovernmental Panel on Climate Change has 
concluded that extreme events related to climate change 
will significantly increase ill health and premature deaths 
(IPCC, 2022a). In this respect, green spaces reduce urban 
heat islands, positively affect physical and mental health and 
provide adaptation to extreme heat (Romanello et al., 2022). 

Several studies have estimated future heat exposure 
related to climate scenarios, but few account for 
interactions with other nexus elements. Urban heat island 
effects were estimated to be responsible for about 4 per 
cent of heat-related deaths in 93 European cities in 
2015 (Iungman et al., 2023). While increasing urban tree 
coverage could theoretically result in a 0.4°C decrease 
in urban temperature and prevent about 40 per cent 
of heat-related deaths, it is not clear that this strategy 
would be as successful in practice under future climate 
change conditions. Vargo et al. (2016) estimated the 
effect of increasing urban green space on heat-related 
mortality in three US cities in 2050. Compared to BAU, 
small reductions of 5-10 deaths per million population 
per year were simulated in scenarios of increased green 
space. Using an urban climate model, Verdonck et al. 
(2019) compared future exposures to heat stress in the 
2040s and 2090s in Brussels, Belgium, under two urban 
planning and two climate change scenarios (RCPs 4.5 
and 8.5). They reported that the climate scenario was the 
most important factor determining projected heat stress, 
and that urban planning had relatively little effect. Urban 
green and blue can also affect the presence of vectors and 
hosts, as well as the human-animal interface, which may 
increase infectious disease risk. Hence, decision-support 
tools that track future climate-induced disease risks 
become increasingly important (Rocklöv et al., 2023).

Hyytiainen et al. (2021) simulated two global futures of 
recreational opportunities stemming from non-material 
NCP provided by the aquatic ecosystems of the Baltic 
Sea. Their results indicate that recreational NCP increase 
significantly under RCP 4.5 scenario at the end of this 
century, whereas they decrease under the more extreme 
RCP 8.5 scenario. Loss of recreational opportunities are 
linked to proliferation of cyanobacteria due to a 96 per 
cent increase in primary production, thereby reducing 
aesthetic value and making these environments unsuitable 
for activities such as swimming. This trajectory has 
consequences for biodiversity arising from increased 
production of zooplankton, the main food source for 
pelagic fish that serve as food for cod. A further increase 
in organic matter sedimentation would increase benthic 
biomass in moderate amounts but destroy benthic fauna at 
more elevated levels via hypoxia inducement (Conley et al., 
2009; Ehrnsten et al., 2019). 

Yee et al. (2021) modelled the potential impacts of 
climate change scenarios under existing land-use on the 
ecosystem services of Pensacola Bay, Florida, United 
States and their effects on human well-being between 
2010 to 2050. The authors found that under a B1 scenario, 
which emphasizes global solutions to economic, social 
and environmental sustainability (IPCC, 2000), counties 
within the bay with the fastest projected transitions from 
urban, barren pasture or agricultural land to forests would 
experience increasing health and well-being indicators 
over the 40-yr period. However, food, fibre and fuel plus 
the strongly linked leisure time indicator scores declined as 
raw materials and energy sources were used up, although 
at a slower rate than the A2 scenario, which assumes a 
fragmented world focused on self-reliance (IPCC, 2000). 
Conversely, declining forest cover under that scenario 
diminished the ability of the bay’s ecosystems to provide 
green spaces, buffer air pollutants, retain rainwater and 
provide habitats for biodiversity.

3.6	 CLIMATE-ORIENTED 
SCENARIOS AND THEIR 
NEXUS INTERACTIONS
This section synthesizes the scenario literature on climate 
change and its interactions with the other nexus elements, 
particularly with respect to climate action needed to meet 
the long-term global goals of the Paris Agreement. It is 
structured into three sections focusing on: (i) scenarios of 
climate change impacts; (ii) scenarios of climate change 
mitigation; and (iii) scenarios of climate change adaptation.

Many scenario studies have been undertaken on climate 
change impacts, adaptation and mitigation (IPCC, 2022a); 
out of the scenarios in the structured review, an assessment 
of potential future nexus interactions was included in 
112 scenarios. Those studies predominantly relied on 
exploratory (rather than target-seeking) scenarios, about half 
were of global scope opposed to national or sub-national 
scope, and all were based on researcher-designed (rather 
than participatory) scenarios with no inclusion of ILK. 

Climate change impacts, mitigation and adaptation actions 
are tightly intertwined with many dimensions of sustainable 
development (van Soest et al., 2019) and biodiversity 
conservation (Arneth et al., 2020; IPCC, 2022a; Pörtner et 
al., 2023; P. Smith et al., 2022) and, hence, with the other 
nexus elements. It is likely that exposure to multi-sector risks 
(such as in the energy, transport and land-use sectors) will 
double under the 1.5°C and 2°C climate goals relative to 
pre-industrial levels, and double again in a 2°C to 3°C world 
(Byers et al., 2018; IPCC, 2022a), with delayed actions 
increasing long-term cost to the economy and human 
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society substantially (Bertram et al., 2018; Hoegh-Guldberg 
et al., 2018; Zhao et al., 2020).

3.6.1	 Impacts of multiple drivers 
on climate change

Changes in agriculture, forestry and other land-uses are 
a major driver of climate change (Hoegh-Guldberg et al., 
2019; IPCC, 2022a), but can also contribute to mitigation 
efforts if well managed (Roe et al., 2019). The demand 
for land as a driver of deforestation is expected to further 
amplify climatic extremes and variability (Alkama & Cescatti, 
2016), while also causing biodiversity decline. Feedbacks 
between climatic extremes and deforestation caused by 
food demand could potentially turn the Amazon rainforest 
from a carbon sink to a carbon source (Parry et al., 2022). 
Similar tipping points across the world indicate the strong 
interlinkages among drivers of climate change (Armstrong 
McKay et al., 2022).

Impacts of climate change across the nexus elements are 
projected to accelerate with both average warming and 
extreme climatic events (IPCC, 2022a). This can result in 
increasingly complex and coupled risks such as repeated 
droughts and resulting yield losses and land-use change 
(Ivanovich et al., 2023; Zaveri et al., 2020), which in turn 
affect GHG emissions (Lamb et al., 2021). In the marine 
realm, fish harvests and unsustainable fishing practices also 
contribute to climate change (Bianchi et al., 2021; Mariani 
et al., 2020; Siegel et al., 2023), with ocean fisheries having 
reduced biological carbon storage by about 10 per cent 
(Bianchi et al., 2021). 

Addressing the drivers of climate change supports the 
achievement of other policies, such as the SDGs across the 
whole nexus (Scharlemann et al., 2020). For example, out of 
the 21 targets of the Kunming-Montreal Global Biodiversity 
Framework aimed at addressing the causes of biodiversity 
loss, 14 generally have direct positive synergies with climate 
change mitigation and adaptation (Shin et al., 2022), 
highlighting the commonalities in underlying drivers (Pörtner 
et al., 2021a, 2023). Thus, addressing the causes of climate 
change through mitigation or adaptation necessarily means 
considering other nexus elements.

3.6.2	 Scenarios focused on climate 
change impacts 

3.6.2.1	 Terrestrial realm

Climate change is known to impact all nexus elements and 
their interactions across various future scenarios (IPCC, 
2022a; Pörtner et al., 2021b). Direct impacts are well known 

and documented, such as for biodiversity (Beaumont et al., 
2011; Begum et al., 2022), water (Schewe et al., 2014), 
food (S. Frank et al., 2014; Fujimori et al., 2019) and health 
(K. Smith et al., 2014). In addition, climate change can affect 
the nexus elements indirectly such as through the economy 
via impacts on food prices and trade (Hoegh-Guldberg 
et al., 2019; van Meijl et al., 2018). While the impacts on 
individual nexus elements are well understood (IPCC, 
2022b, 2022a), impacts on interactions among nexus 
elements are less so (IPCC, 2021). 

Realised impacts from climate change will differ with the 
level of transformative ambition, i.e., limiting global warming 
to 1.5°C or 2°C, as well as the amount of climate mitigation 
and adaptation efforts (IPCC, 2022b). However, some 
climate change impacts also have positive interactions 
with other nexus elements albeit with considerable 
uncertainty (P. A. Harrison et al., 2016). For example, a 
rise in concentration of GHGs such as CO2 is projected to 
facilitate plant growth and increase crop yields, with benefits 
likely depending on land-use practices and water use 
efficiency (Jägermeyr et al., 2021; Krause et al., 2019). As 
agro-climatic zones shift northwards in response to climate 
change (Ceglar et al., 2019), changes in the composition of 
crop production in the global north will likely cause further 
negative impacts on water supply, soils and natural habitats 
(Hannah, Roehrdanz, Krishna Bahadur, et al., 2020). 

3.6.2.2	 Marine realm

Projections of impacts of climate change on marine 
ecosystems have revealed long-term global declines in 
marine animal biomass, expected to be most severe under 
the worst climate scenario, and which are associated with 
trophic amplification and changes in fisheries (Boyce et 
al., 2020; Bryndum-Buchholz et al., 2020; Burgess et al., 
2023; Coll et al., 2020; Lotze et al., 2019; Tittensor et al., 
2021). However, regional shifts are more uncertain, with 
highest uncertainty in the Arctic and lowest in the south 
Pacific (Bryndum-Buchholz et al., 2020; Lotze et al., 2019; 
Tittensor et al., 2021) (Box 3.7). Additionally, climate 
change is projected to affect distributions of commercially 
important fishes. For example, (Kleisner et al., 2017) 
projected that suitable habitat for southern distributed 
fishes in the northeast continental shelf of the United 
States would be stable or increase by 2060-2080, but 
decrease for species with northern distributions. However, 
when salinity and sea surface height were included in 
the climate change projections, a significant change in 
range was projected for southern species as well, with an 
overall 53 per cent of species experiencing a decline and 
a total reduction in suitable area of 3,000 km2 (McHenry 
et al., 2019). Such changes in fish distributions are likely 
to affect the type of fish caught for consumption, although 
new opportunities may arise through changes in target 
fisheries (Kleisner et al., 2017). Increases in richness of 
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fisheries species have been projected in the poles with a 
concomitant decrease at the equator by 2040-2059 (M. 
C. Jones & Cheung, 2015). Specifically, 93-95 per cent of 
species shifted northward (at an average of 15.5-25.6 km 
per decade, depending on climate scenario) (M. C. Jones & 
Cheung, 2015).

Outcomes vary regionally and the severity of impacts is 
correlated with socio-economic factors, such as GDP and 
economic adaptive capacity (Boyce et al., 2020; Bryndum-
Buchholz et al., 2020; Coll et al., 2020; Sala et al., 2021). 
For example, climate vulnerability and risk (including to 
fisheries) increase for higher emission scenarios but can 
be geographically disproportionate in coastal tropical 
regions with higher diet shares of marine fish (Boyce et al., 
2022). Climate-driven biomass changes will widen existing 
equity gaps and disproportionally affect populations that 
contributed least to global GHG emissions (Boyce et al., 
2020). For example, in the Arctic, ice retreat will have a 
significant impact on the social structure of Indigenous 

communities by opening up to greater development of 
industrial activities, such as shipping and oil and gas 
exploration, which may increase income, but may also 
disrupt subsistence activities, such as fishing and hunting, 
and increase pollution (Cochran et al., 2013) (Box 3.7). 

3.6.3	 Scenarios focused on climate 
change mitigation

Climate change mitigation is crucial as it can reduce 
individual and compound risks for most nexus elements. 
Mitigation measures, on the production as well as on the 
consumption side, can be used to either reduce GHG 
emissions or enhance carbon sequestration.

3.6.3.1	 Terrestrial realm

Without effective land-based mitigation the long-term global 
goals of the Paris Agreement will not be met, as global food 

Box 3  7  	 Marine scenario planning under climate change in the Kitikmeot region in 
Nunavut, Canada.

Knowledge co-production is a collaborative process that 
draws from multiple knowledge systems and methodologies 
to address a specific problem. One tool for collaboration is 
participatory scenario planning, a place-based approach 
which brings together different knowledge holders to mobilize 
knowledge and address a particular topic. Such an approach 
was deployed in the Kitikmeot region in Nunavut, Canada, to 
explore future scenarios with positive outcomes (Falardeau et 

al., 2019). The region has ~6,500 inhabitants, 90 per cent of 
which are Inuit and 50 per cent are under 25 years old. 

Scenarios explored a predetermined set of different trends 
of marine development, governance and climate change by 
2050. They were cocreated in workshops with participants 
from the Inuit community, managers and scientists using a 
process that bridged local and scientific knowledge (Falardeau 
et al., 2019). The process involved five steps (Falardeau et 

al., 2019). First, elders described the important values of the 
communities and the aspects of the marine environment they 
hoped would persist in the future. Second, plausible scenarios 
were grouped around two axes of uncertainty, associated with 
seascape development and governance. Third, Arctic seeds, 
defined as initiatives or organizations that are making positive 
changes for the benefit of people and the environment, were 
used to develop scenario boundaries. Fourth, art was used to 
flesh out narratives of the different scenarios, recognizing its 
importance in bridging knowledge systems. And fifth, different 
pathways that achieve the positive visions for the future 
were discussed.

The three scenarios varied in governance control (local 
communities versus federal government) and types of 

development (tourism, fisheries and traditional activities versus 
shipping and mining) under the potential impacts of climate 
change (reduction of ice extent, delay in ice forming). The 
scenarios explored potential impacts on the environment and 
people (e.g., ocean pollution, health of the marine web, Arctic 
char, new species in the ocean, polar bears, fisheries, hunting, 
and art and storytelling) (Falardeau et al., 2019). 

Overall, although many challenges are associated with future 
development under climate change, opportunities also 
exist and the actors in local government play a critical role 
in mitigating impacts. For example, in a scenario with local 
government control and a development focus on fisheries, 
tourism and traditional activities, populations of seals, whales, 
polar bears and Arctic char are expected to decrease, and 
ocean pollution to increase. However, revenue and jobs, art 
and storytelling, community wellness and social relations, and 
spirituality are expected to increase by 2050. In a scenario 
with federal government control and a development focus on 
shipping and mining, although many aspects will worsen (e.g., 
increase in ocean pollution, decreases in Arctic char and marine 
fishes, decrease in the health of the marine food web, and loss 
of Inuit culture and identity), some other aspects will improve 
(e.g., increases in fisheries, art and storytelling and spirituality).

The findings can be used to identify concrete actions to reach 
the positive outcomes and mitigate the identified challenges. 
Examples of such actions include assuring local governance 
and developing strict regulations, ecological monitoring and 
increasing education of young Inuit in Indigenous and local 
knowledge. This includes empowering and equipping them to 
assume influential roles in shaping the future of their region.
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production alone could push the climate system beyond 
the 1.5°C target (Clark et al., 2020; Lee et al., 2019). These 
include actions for either decreasing land-related GHG 
emissions, bioenergy carbon capture and storage (BECCS) 
or enhancing land-related carbon stocks. At the same time, 
climate change mitigation action – if not well managed and 
implemented – has the potential to impact other nexus 
elements in harmful ways. Thus, when considering goals for 
averting the most severe climate change impacts, synergies 
between mitigation actions and other nexus elements 
should be sought, with integrated actions likely to provide 
the greatest benefits (Pörtner et al., 2021b).

Many climate change mitigation measures often have 
synergies and trade-offs with other nexus elements. For 
example, measures such as reforestation, protection of 
carbon rich ecosystems and restoration of wetlands provide 
co-benefits for biodiversity. For example, there are estimates 
that afforestation on abandoned cropland can mitigate up 
to 2 to 11 per cent of global CO2 emissions while bringing 
co-benefits to biodiversity (Gvein et al., 2023), despite being 
less efficient than BECCS on the same land. In contrast, 
measures, especially those enhancing competition for 
resources such as land or water (e.g., bioenergy from 
dedicated crops, afforestation), may be detrimental if applied 
at a large scale and not well-managed locally (e.g., via 
protection of biodiversity-rich ecosystems) (Merfort et al., 
2023). For instance, there are synergies between increased 
energy efficiency as a climate change mitigation measure 
and future reductions in air pollution, with substantial 
health co-benefits (Bertram et al., 2018; Hamilton et al., 
2021; Zhang et al., 2021). Other climate change mitigation 
measures that target higher carbon prices may reduce 
cropland requirements for food and thus exert pressure 
on nature (Bertram et al., 2018), although this comes with 
higher, short-term economic costs.

Relying on one mitigation measure only (such as second-
generation bioenergy production) in the land-sector 
could generate trade-offs with biodiversity and food 
(Prudhomme et al., 2020), highlighting the importance of 
future competition for land. Portfolios of mitigation measures 
such as a combination of second-generation bioenergy 
production, dietary change and reforestation of pasture are 
needed to minimize trade-offs between biodiversity and food 
(Prudhomme et al., 2020). Novel approaches to bioenergy 
such as microalgal production systems are a promising 
alternative with potentially fewer environmental impacts 
(Correa et al., 2017). Microalgal systems may generate 
fewer pressures on biodiversity per unit of fuel generated 
in the future, compared to first generation biofuels, mainly 
because of reductions in direct and indirect land-use 
change, water consumption if water is recycled and no 
application of pesticides. However, further improvements 
in technologies and production methods are still required 
(Correa et al., 2017).

Key climate change mitigation options include energy 
supply from renewable energy sources such as wind, solar 
and hydropower, given that energy demand is expected to 
increase significantly over the coming decades (IEA, 2019; 
Saah et al., 2014). Future energy demand from local to 
global scale can be secured through a diversified energy 
mix, all of which may lead to different implications for the 
interactions between nexus elements. 

Harvesting of fuelwood for bioenergy purposes may 
increase in importance in the future, with potentially large 
effects on other nexus elements, e.g., on water chemistry, 
biodiversity, soil properties and long-term productivity. In this 
respect, studies have assessed thresholds for sustainable 
harvesting volumes in the future (de Jong et al., 2017). For 
example, planting forests to supply fuelwood and biofuels 
(e.g., in the form of forest plantations) may increase the risk 
of nutrient removal and nitrogen limitation problems, with 
subsequent impacts on forest species diversity (Forsius et 
al., 2016). In some cases, clear trade-offs may be observed 
between maximizing the use of energy-wood and minimizing 
impacts on species diversity, soil carbon and nutrient stores 
and nutrient leaching (Forsius et al., 2016).

Climate change mitigation measures that target several 
nexus elements might limit exposure to multiple climate-
induced risks (Byers et al., 2018; Skoulikaris et al., 2021). 
Measures that target multiple sectors in parallel, particular 
in the context of the SDGs, have the potential for order-
of-magnitude scale reductions in multi-sector climate 
change impacts for the most vulnerable (Bertram et al., 
2018; Byers et al., 2018; Fujimori et al., 2020). Such 
cross-sectoral thinking with a portfolio of measures across 
mitigation pathways could provide synergistic effects across 
the nexus, for example, through a combination of climate 
change mitigation measures including an improvement in 
energy efficiency, nuclear phaseout and substantial lifestyle 
changes (Bertram et al., 2018). Similarly, the implementation 
of carbon dioxide removal (CDR) approaches, such as 
enhanced weathering, direct air capture or biochar among 
others, are often a critical feature within many future 
scenarios that explore how the climate goal of 1.5°C 
can be reached (IPCC, 2022b). Combining a diverse set 
of CDR approaches across terrestrial ecosystems and 
oceans, including direct air capture, can reduce impacts 
and economic costs of their employment across the nexus 
(Fuhrman et al., 2023). 

Another critical dimension is the time frame of action 
for mitigation as windows for interventions close. Earlier 
mitigation measures, while more economically costly in the 
short-term, are cost-efficient in the long-term with overall 
reduced future economic impacts and fewer trade-offs 
with other nexus elements (Bertram et al., 2018; Lee et al., 
2019). Regardless of the climate goals, delaying sufficient 
climate change mitigation actions proves costlier in the long-
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term, but also exhibits larger uncertainties with regards to 
complex dynamics and feedbacks across the nexus (Koven 
et al., 2022). For example, the combined impact of climate 
and land-use change may increase the risk of humans 
being exposed to zoonotic diseases and cross-species 
viral exchanges with wild animals (Carlson et al., 2022), 
yet only a limited reduction in risk is to be expected with 
climate change mitigation efforts as many species shift their 
geographic distribution. Within a 1.5°C or 2°C climate goal 
there is a tendency for economic damages on ecosystems 
to flatten as mitigation measures become more efficient 
(Zhao et al., 2020). Overall, this highlights the need for 
dedicated response options that consider multiple elements 
of the nexus.

Table 3.3 shows illustrative climate action pathways for 
achieving climate targets with varying levels of ambition 
and interaction with other nexus elements. BAU pathways 
without climate change mitigation strategies could lead 
to unabated global warming to +2.8°C or more with 
detrimental consequences for all nexus elements (Jägermeyr 
et al., 2021; Kelman et al., 2021; Thompson et al., 2021). 
Delayed action (DEL) pathways differ strongly in terms of 
the mitigation target (limit warming to 2°C) and focus on 
the supply side of mitigation measures. Delayed emission 
reductions in all sectors, especially the energy sector, 
increase the need for large-scale, land-based carbon 
dioxide (CO2) removal (Luderer et al., 2022; Strefler et al., 
2018). As a consequence, competition for land and water 
increases (Fuhrman et al., 2020) and much more other 
natural land as well as agricultural land (cropland and 

pasture land) is converted to forest or bioenergy cropland 
with potentially severe consequences for various nexus 
elements such as biodiversity (Hof et al., 2018), water use 
for bioenergy crops (Bonsch et al., 2016) and food security 
(Fujimori et al., 2019). Sustainable development (SDP) 
pathways, such as those assumed under SSP1, display a 
future of generally low resource and energy consumption 
(including sustainable healthy diets with low animal-calorie 
shares and low food waste), significant but sustainable 
agricultural intensification in combination with high levels 
of nature protection and early GHG mitigation efforts in 
other sectors (Soergel et al., 2021). As a result, comparably 
small amounts of land are needed for land-demanding 
mitigation activities such as bioenergy and afforestation. 
In particular, the amount of agricultural land converted to 
bioenergy cropland as well as water required for irrigation 
are lower compared to the DEL mitigation pathway. This 
has beneficial effects for ecosystem and biodiversity 
protection and regeneration, water quantity as less water 
is used for irrigation, water quality due to less intensified 
agriculture and associated pollution (with e.g., nitrogen), 
food production due to lower food prices associated with 
lower competition for land, water and other inputs as well as 
health due to more sustainable healthy diets with less under 
and overnutrition.

Table 3  3  	 Illustrative climate action pathways. 

Pathways for achieving climate targets based on diverging general strategies, highlighting underlying climate change mitigation 
strategies as well as the interaction with other nexus elements. Colour codes relate to desirability of outcomes: green being the most 
desirable, orange the least desirable with yellow in between.

Climate action 
pathway

Climate change Biodiversity Water Food Health

Business-as-usual 
(BAU)

No climate action beyond current policies, or even less climate action

Unabated global 
warming to +2.8°C 
or more, with risk of 
reinforcing effects 
from biodiversity 
degradation

Decreasing global 
biodiversity trends 
from habitat 
conversion, 
overexploitation, 
etc. and accelerated 
in the second half 
of the century by 
unabated climate 
change

Mostly negative 
impact as water is 
affected by climate 
change, increasing 
scarcity and 
pollution

Negative impacts 
from climate 
change increasing 
in the long run with 
potential short-
term benefits in 
some regions; 
food security risks 
potentially reduced 
by increased food 
production in the 
short run but also 
affected by other 
factors

Projected negative 
impacts from 
extreme climate 
events on health 
(e.g., heatwaves), 
plus indirect 
negative effects on 
nutrition, infectious 
diseases and mental 
health. Potential 
health co-benefits 
of climate change 
mitigation not 
realised
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3.6.3.2	 Marine realm

The ocean can play a key role as a mitigator of climate 
change in the future. For example, seaweed aquaculture 
could help mitigate climate change, in addition to providing 
a source of food (Duarte et al., 2022). While the role 
of seaweed in climate change mitigation and carbon 
sequestration is still considered to be uncertain (Ross et 
al., 2023), studies show that by releasing dissolved and 
particulate organic carbon which eventually becomes buried 
in marine sediments, farmed seaweed could sequester 
about 421 Tg CO2 yr−1 in coastal sediments globally by 

2050 at maximum farming growth potential (Duarte et al., 
2022). Offshore afforestation of seaweed has also been 
proposed as a strategy for marine carbon dioxide removal 
(Duarte et al., 2017; N‘Yeurt et al., 2012), although the 
impacts of large-scale offshore farming and eventual sinking 
and burying of seaweed are currently unknown (Boyd et 
al., 2022). In the nutrient-limited open ocean, afforestation 
may lead to ever diminishing supplies of nutrients and 
consequent changes in the size distribution and flux of 
organic particles (and thus the quantity and quality of food 
supply) to the deep sea (Levin et al., 2023). Changes in 
carbon cycling on and in the seabed by potential changes 

Climate action 
pathway

Climate change Biodiversity Water Food Health

Delayed Action 
(DEL)

Increased climate action ambition but starting late, not including demand / lifestyle changes measures, and not 
considering potential adverse effects on other nexus elements. Due to delayed action and limited reliance on demand 
measures and lifestyle changes, pressures on land and water resources increase (i.e., higher negative emissions are 
required and food / energy consumption remain high). Mitigation measures are not designed in an integrated fashion 
and entail missed opportunities (e.g., weak protection of ecosystems) and large risks to other nexus elements (e.g., 
large development of biofuels). Chances to reach climate mitigation well below 2°C are limited.

Limited global 
warming to +2°C

Risk of trade-offs 
from large reliance 
on biodiversity-
unfriendly climate 
action (large 
afforestation and 
biofuels) and 
negative impacts 
from residual 
climate change

Risk of trade-offs 
from large reliance 
of water-unfriendly 
climate action 
(large afforestation 
and biofuels) and 
negative impacts 
from residual 
climate change

Potentially larger 
negative impacts 
from mitigation 
impact than avoided 
climate change

Most of the above-
mentioned negative 
impacts remain, 
apart from avoided 
climate change 
impacts

Sustainable 
Development 
Pathway (SDP)

Increased climate action ambition starting rapidly, including demand / lifestyle changes measures and explicitly 
considering potential adverse / synergistic effects on other nexus elements. Due to early action and reliance on 
demand measures and lifestyle changes, pressures on land and water resources decrease (i.e., a limited amount 
of negative emissions are required and food / energy consumption decrease to more sustainable levels). Mitigation 
measures are designed in an integrated fashion and entail mobilization of synergistic options (e.g., strong protection 
of ecosystems) and avoidance of solutions detrimental to other nexus elements. A high level of coordination across 
spatial scales is achieved, allowing solutions to be tailored to local contexts. Chances to reach climate change 
mitigation well below 2°C are increased.

Limited global 
warming well below 
+2°C

Positive synergistic 
effects from 
reduced pressure 
from unsustainable 
consumption, 
climate action 
prioritizing 
ecosystem 
protection and 
restoration, limited 
negative impacts 
from residual 
climate change 

Positive synergistic 
effects from 
reduced pressure 
from unsustainable 
consumption, 
climate action 
avoiding increased 
pressure (but 
some trade-offs 
associated energy 
transition might 
remain), limited 
negative impacts 
from residual 
climate change 

Positive synergistic 
effects from 
reduced pressure 
from unsustainable 
consumption and 
sustainable healthy 
diets, avoided 
climate change 
impacts

Positive synergistic 
effects from 
reduced climate 
extremes, effective 
adaptation 
measures, improved 
food and water 
security, avoided 
infectious and 
non-communicable 
diseases. Health 
co-benefits of 
mitigation policies 
(reduced non 
communicable 
disease attributable 
to improvements 
in diet, physical 
exercise and air 
pollution)

Table 3  3  	
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in the dominant functional animal groups could disturb the 
existing carbon reservoir in the marine sediments (DeAngelo 
et al., 2023a, 2023b).

3.6.4	 Scenarios focused on climate 
change adaptation 

Although climate change mitigation remains the most cost-
efficient and just way to prevent the most extreme climate 
change impacts, the actual severity of impacts will vary 
with the amount of implemented climate change adaptation 
measures (IPCC, 2022a; Werners et al., 2021). 

3.6.4.1	 Terrestrial realm

Increasing human population and thereby food and biofuel 
demand requires agricultural expansion, dietary change and/
or production gains from current land and water resources 
(Bahar et al., 2020; Fitton et al., 2019), the balance of 
which will affect future impacts on all nexus elements. Most 
scenarios that project transformative changes in response to 
climate change, such as increases in production efficiency 
and changes in fertilizer use (Alexander et al., 2019; Folberth 
et al., 2024; Jägermeyr et al., 2021), contribute to climate 
adaptation by improving food system resilience and freeing 
up land for other nature-based solutions (NBS) such as 
conservation and restoration actions (Arneth et al., 2021; 
Seddon, 2022; Seddon et al., 2021). Similarly, scenarios 
of large-scale reforestation and ecosystem restoration can 
contribute to climate change adaptation, mitigation and 
biodiversity goals (Strassburg et al., 2020) and reduce 
climate risks of extreme events such as flooding (Menéndez 
et al., 2020). However, ecosystem restoration actions 
can also lead to trade-offs with pastoral food production, 
soil organic carbon retention or grassland-associated 
biodiversity, if trees are established on unsuitable land 
(Chausson et al., 2020; Veldman et al., 2019), or intensive 
food production is displaced into other regions or countries, 
with knock-on environmental impacts on natural habitats 
and biodiversity (Sloat et al., 2020; Staccione et al., 2023) 
and human health (Henry et al., 2022). 

There is good evidence that NBS (Pörtner et al., 2023; 
Seddon, 2022) can reduce adverse climate change 
impacts, while improving social and biodiversity outcomes 
and adapting to a changing climate (Chausson et al., 
2020). Villarreal-Rosas found that integrating NBS in 
strategic planning has the potential to capture and restore 
up to 89 per cent of carbon rich ecosystems, increase 
environmental flows, while allowing maintenance cost 
reductions for hydropower (Villarreal‐Rosas et al., 2023). 
Spatial planning that takes projected distributions of 
species and climate risks into account, could contribute to 
overall more resilient and effective protected area network 
(Jung, Alagador, et al., 2023). Momblanch et al. (2022) 

demonstrated that an ecologically oriented reservoir 
management adaptation scenario increased the likelihood 
of persistence of the rare Indus River Dolphin, but negatively 
impacted energy production and urban water supply. 
Papadimitriou et al. (2019) also found potential unintended 
consequences for selected sustainable development 
indicators from all but one adaptation strategies, including 
sustainable water management, within the biodiversity-
water-food nexus. In urban environments, adaptation 
strategies involving blue-green infrastructure have been 
found to deliver multiple benefits, including cooling via 
evapotranspiration, discharge peak attenuation, seasonal 
water storage and enhanced groundwater recharge 
(Voskamp & Van De Ven, 2015) and support biodiversity 
through improved landscape habitat connectivity (Donati et 
al., 2022; Jung, Alagador, et al., 2023).

3.6.4.2	 Marine realm

Marine adaptation strategies include the development 
of climate-resilient aquaculture systems, sustainable 
fisheries management and ecosystem-based adaptation 
measures (Arkema et al., 2017). For example, scenarios 
of marine climate change adaptation involve identifying 
and establishing resilient MPAs, including climate refugia 
(Pennino et al., 2020), implementing adaptive management 
strategies and integrating climate change into conservation 
planning and decision-making (Bryndum-Buchholz et al., 
2023). Scenarios of marine climate change adaptation 
consider the vulnerability of coastal communities, 
incorporating traditional knowledge, promoting sustainable 
livelihoods and enhancing governance mechanisms for 
effective adaptation (Hare et al., 2016; Ojea et al., 2020). 

Knowledge systems and practices of Indigenous Peoples 
are recognised as a key resource for climate change 
adaptation (IPCC, 2014, 2023; Petzold et al., 2020; 
Schlingmann et al., 2021) (Box 3.8). The types of these 
adaptations vary with Indigenous and local knowledge 
systems, such as local plants for flood protection and 
technologies to improve water use (Paul & Routray, 2010). 
For example in Australia, traditional owners in the Great 
Barrier Reef area indicated that the best approach to climate 
change adaptation is through the protection of remaining 
Indigenous culture, narratives and relationships, linking the 
goals of climate change adaptation and cultural renewal 
(Lyons et al., 2020). This approach supports decolonization 
and strengthens Indigenous customary practices and 
governance, thereby supporting strategies for cultural 
renewal and survival. In the African Sahel, local populations 
have developed and implemented adaptation strategies 
over long-time scales to reduce their vulnerability to climate 
change (e.g., early weather and climate warning systems, 
livestock management, seasonal mobility), which can add 
value when considered in formal climate change adaptation 
and mitigation strategies (Nyong et al., 2007). 
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3.7	 SYNTHESIS AND 
DISCUSSION

The overarching goal of this chapter was to assess how 
the nexus elements and their interdependencies may 
change in the future, and what pathways and scenarios 
could lead to sustainable futures in which the nexus 
elements are managed and governed synergistically with 
minimal trade-offs.

3.7.1	 Synthesis across the nexus 
elements

This section synthesizes across the scenario outcomes with 
respect to the five nexus elements, the interactions between 
them, and the key characteristics of the scenarios which 
underline how the nexus elements interact. The analysis 
was informed by the 186 assessed scenarios that cover 
interactions between at least three nexus elements (see 
section 3.1). The scenarios primarily focus on the period 
2050 and 2100. Approximately 60 per cent of the assessed 
scenarios address the role of indirect drivers. Around 88 per 
cent of the scenarios were quantitative, while 12 per cent 
were qualitative. Approximately 12 per cent of the scenarios 
were based on stakeholder engagement, with only 8 per 
cent including ILK systems, while about 88 per cent were 
designed by researchers without stakeholder input. 

The synthesised sample of 186 scenarios included a 
number of BAU scenarios, which assume current trends 

will continue in the future and which covered different 
combinations of nexus elements (sections 3.2.1, 3.3.1, 
3.4.1, 3.5.1 and 3.6.1). These show increasing risks across 
most or all nexus elements and different NCP. They also 
show that climate change becomes a growing challenge 
to all nexus elements, including to ecosystem integrity and 
functioning. BAU scenarios also project water demand, 
mostly related to agricultural irrigation, to increase by 
20-30 per cent in the 2050s compared to the 2010s. This 
increase may further undermine water quality, ecosystem 
health, and biodiversity habitats. In addition, these scenarios 
also include increasing food demand, including meat, 
and increasing food waste. In these scenarios, failures to 
meet food demand result in negative trends in all nexus 
elements, including nutritional health, due to inadequate 
nutrient supply linked to chronic diseases and premature 
mortality. Where they assume sufficient food supply, BAU 
scenarios include expansion and intensification of cropland 
and pasture. These are in turn associated with detrimental 
impacts on biodiversity caused by habitat conversion 
and overexploitation, feedbacks with global climate 
change, increasing water withdrawal and pollution. Limited 
quantitative estimates of health impact are available for BAU 
scenarios. However, climate change is projected to have 
net negative effects on malnutrition, heat-related human 
mortality and morbidity, food-borne, water-borne and 
vector-borne diseases, and mental health challenges.

The 186 assessed scenarios were clustered into six 
archetypical groups of scenarios referred to as “nexus 
scenario archetypes” (Figure 3.6A). These were derived 
from an analysis of the outcomes of interactions between the 

Box 3  8  	 Indigenous climate change adaptation strategies.

Adaptation to a changing environment has happened for 
as long as humans have been around. In relation to climate 
change, IPLC have developed and implemented a wide range 
of adaptation strategies (Hosen et al., 2020; D. E. Johnson et 

al., 2022; Nyong et al., 2007), but these are often unreported 
(Schlingmann et al., 2021). A recent review collated over 
1800 cases of IPLC adaptation approaches to climate change, 
from across the world (Petzold et al., 2020; Schlingmann et 

al., 2021). These responses were classified into cultivation 
practices, livestock-related responses, fisheries-related 
responses and a cluster of other responses. The responses 
found were a combination of science-based and ILK-based 
responses (e.g., seasonal climate forecasting and Indigenous 
farming practices) (Cochran et al., 2013).

While many responses involve changes to natural resource-
based livelihoods, responses also involve other activities (e.g., 
networking, off-farm work). Petzold et al. (2021) report that 
the strongest forms of adaptation for IPLC represented in the 
literature were practices and behavioural measures, followed 

by planning and management. Globally, local responses to 
climate change impacts are more likely to be shaped by 
people’s livelihood than by the climate zone where they live 
(Schlingmann et al., 2021). This is an important consideration 
when adaptation options are considered, as most of the 
livelihoods are tied to local environments and how groups have 
co-evolved with those environments. 

These examples illustrate that foresight and futures thinking 
arenas have not represented spaces of deliberation for ILK-
based adaptation strategies, despite the evidence of the 
strategies employed. The function of these arenas cannot be 
fulfilled without ensuring that the interests of the concerned 
groups are adequately addressed. Consequently, a critical 
component of developing these arenas involves decolonizing 
the ways we think about the future by emancipating futures 
thinking from the frameworks that cannot adequately capture 
ILK framings of the future and creating new space for ILK 
paradigms (Lyons et al., 2020; Maraud & Roturier, 2023).
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nexus elements in terms of the direction (positive or negative) 
and magnitude (seven-point scale) of each interaction 
and the ensuing impacts on each nexus element. The six 
nexus scenario archetypes are: (1) nature-oriented nexus, 
(2) balanced nexus, (3) conservation first, (4) climate first, 
(5) food first and (6) nature overexploitation (Figures 3.6, 
3.7 and 3.8, Table 3.4). Overall, the scenarios assessed 
included a mixture of broadly positive (nature-oriented 
nexus and balanced nexus) and broadly negative (nature 

overexploitation) nexus interactions, with the remaining 
archetypes showing substantial trade-offs between nexus 
elements (conservation first, climate first and food first). 

Figure 3.6B summarizes the average impact of scenarios in 
each archetype on all nexus elements. These impacts result 
from the interactions between nexus elements (Figure 3.6) 
as well as the influence of direct and indirect drivers together 
with the implementation of response options. While nature-

Biodiversity Water Food Health Climate change

A

Moderately positive

Slightly positive

Variable 

Highly positive

Moderately negative

Slightly negative

Highly negative

Impacts on each 
nexus element under 
each nexus archetypeHealthBiodiversity

Nexus archetype

N e x u s  e l e m e n t

Water Climate Food

1. Nature-oriented nexus

3. Conservation first

5. Food first

2. Balanced nexus

4. Climate first

6. Nature overexploitation

PROJECTED FUTURE IMPACTS ON THE NEXUS ELEMENTSB

Nature-oriented
nexus

Balanced nexus

Conservation
first

Climate first

Food first

Nature 
overexploitation

Color Key
and Histogram

VALUE

C
O

U
N

T

Figure 3  6 	 Nexus scenario archetypes and future impacts on the nexus elements. 

(A) Nexus scenario archetypes: six clusters of nexus interactions as represented in 186 scenarios. From top to bottom, the interactions 
go from broadly positive (for nature-oriented nexus, balanced nexus and conservation first), to broadly negative (for climate first, food first 
and nature overexploitation). Blank (white) bars indicate that there were no data for that nexus element within the scenarios analysed. 
(B) Projected future impacts on the nexus elements: average magnitude of impact of each nexus scenario archetype on each nexus 
element.
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oriented nexus and balanced nexus are characterized 
by strong and moderately strong, positively reinforcing 
interactions (e.g., sustainable healthy diets supporting both 
biodiversity protection and climate change mitigation), 
conservation first, climate first and food first show a 
combination of positive and negative interactions between 
nexus elements. The broadly negative nexus scenario 
archetype – nature overexploitation – is characterized by 
moderately to highly strong negative interactions between 
elements, e.g., water pollution and crop monocultures 
exacerbating biodiversity loss (see Table 3.4 for 
further examples).

Scenarios in the nature-oriented nexus and balanced 
nexus archetypes with positive outcomes across the 
nexus elements are characterized by flexible and well-
functioning institutions. This includes mainstreaming and 
enforcing environmental and pro-sustainability regulations 
and facilitating cooperation between countries and 
societal sectors such as governments, non-governmental 
organizations and businesses (B. Bauer et al., 2019; 
Bertram et al., 2018; Moallemi et al., 2022; Tallis et al., 
2018; Wöhler et al., 2020) (Figure 3.8). They also tend to 
include participatory and inclusive decision-making, and 
knowledge-sharing across actors (Falardeau et al., 2019; 

 Influence of one nexus element on another element

Moderate
Low

HighPositive
Negative

Direction of in�uence Magnitude of in�uence

Neutral

INTERACTIONS AMONG NEXUS ELEMENTS FOR EACH NEXUS ARCHETYPE

1. Nature-oriented nexus 3. Conservation first

5. Food first

2. Balanced nexus

4. Climate first
6. Nature overexploitation

Figure 3  7 	 Interactions among the nexus elements for each nexus scenario archetype.

For each of the six nexus scenario archetypes (1. nature-oriented nexus; 2. balanced nexus; 3. conservation first; 4. climate first; 
5. food first; 6. nature overexploitation), how nexus elements influence each other and the direction and average magnitude of these 
impacts are shown.
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Kupkanchanakul et al., 2015; Wöhler et al., 2020). In 
addition, these scenarios are characterized by sustainable 
consumption and production (e.g., motivated by policies 
promoting behavioural change) (Kok et al., 2018; Petzold 
et al., 2020; Veerkamp et al., 2020), as well as stable to 
slightly increasing trends in economic growth. Importantly, 
these scenarios emphasize inclusive economic growth and 
equity mechanisms to ensure just distribution of benefits 
across different societal groups. Moreover, sustainability 
scenarios in the nature-oriented nexus archetype include 
fast development of green technologies (Figure 3.8) as 
well as rapid shift to renewable energy sources. Scenarios 
failing to implement strong and mainstreamed environmental 
regulations while emphasizing economic growth at the 
cost of other sustainability goals result in severe trade-offs 
between the nexus elements (conservation first, climate first 
and food first) (Figure 3.8).

The six nexus scenario archetypes were assessed in 
terms of the shared response options that emerged from 

Chapter 5 (section 5.6.3; Figure 5.6.3). The response 
options that were the most represented across all scenarios 
were area-based conservation of terrestrial and marine 
ecosystems, followed by reducing pollution and restoring 
landscapes. Analysing the distribution of response options 
across different scenario periods showed that response 
options adopted earlier (e.g., until 2030) were associated 
with the nature-oriented nexus and balanced nexus 
archetypes, and result in positive outcomes across the 
nexus elements. In contrast, response options adopted late 
in the future timeline (e.g., until 2100) tend to be associated 
with the nature overexploitation archetype, indicating the 
negative consequences for nexus elements of acting too 
late. In the mid-term future scenarios (until 2050), nature 
conservation, dietary changes and pollution removal tend to 
feature most frequently, while the long-term future scenarios 
(until 2100) feature an increasing number of restoration-
oriented response options. 

Technological
(Technological

development rate)

Economic
(GDP)

Institutional
(Environmental

regulation)

Cultural
(Per capita

consumption)

I n d i r e c t  d r i v e r s

Increase

Strong increase

Strong decrease

Future trend

Stable

Decrease

Nexus archetype

1. Nature-oriented nexus

3. Conservation first

5. Food first

2. Balanced nexus

4. Climate first

6. Nature overexploitation

*

*

Figure 3  8 	 Aggregate trends in indirect drivers represented in the scenarios underlying the 
six nexus scenario archetypes. 

Arrows in the table represent expert interpretation of the magnitude of trends in indirect drivers across scenarios found in the archetypes, 
based on the general trends of the underlying SSPs (O’Neill et al., 2017) and the IPBES Global Assessment Chapter 4 (IPBES, 2019). 
See Table 3.4 for explanation of how the indirect drivers lead to changes in the nexus elements within each archetype. 

* The stable trend in per-capita consumption refers to an average value at the global scale. As consumption is expected to increase in 
some regions in the future (e.g., in regions currently suffering from malnutrition), this implies decreasing consumption in other regions.
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3.7.2	 Synthesis in relation to global 
policy targets 

This section addresses the policy relevant question 
identified for Chapter 3 “how might the nexus elements 
and interdependencies change in the future, and what 
pathways and scenarios could lead to sustainable futures 
that address the nexus elements synergistically with 
minimal trade-offs?”. Overall, scenarios with positive 
outcomes across the nexus have very different implications 
for policy compared with scenarios that focus only on a 
single nexus element This underscores the important role 
of nexus scenarios in providing the evidence to support the 

achievement of policy goals and decisions (P. A. Harrison 
et al., 2016).

Figure 3.9 shows how each nexus scenario archetype 
contributes to the 17 SDGs through the proportion of 
individual scenarios within an archetype that contribute to 
either negative, neutral or positive outcomes. This reflects a 
‘general direction of travel’ rather than the achievement of 
an SDG in 2030 given the different time periods associated 
with the scenarios. Table 3.5 shows the number of 
scenarios per archetype and SDG, highlighting that a greater 
number of scenarios map onto the SDGs that are directly 
related to the nexus elements (i.e., SDG2, SDG6, SDG13, 

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Archetype 1: 
Nature-oriented nexus

Archetype 3: 
Conservation first

Archetype 5: 
Food first

Archetype 2: 
Balanced nexus

Archetype 4: 
Climate first

Archetype 6:
Nature 
overexploitation

Negative NeutralPositive

% of scenarios in the nexus archetype

No poverty
Zero hunger
Good health and well-being
Quality education
Gender equality
Clean water and sanitation

The 17 Sustainable Development Goals
Affordable and clean energy
Decent work and economic growth
Industry, innovation and infrastructure
Reduced inequalities
Sustainable cities and communities
Responsible consumption and production

Climate action
Life below water
Life on land
Peace, justice and strong institutions
Partnerships for the goals

Figure 3  9 	 Proportion of scenarios within each archetype that have negative, neutral or 
positive outcomes for the Sustainable Development Goals. 

The number of scenarios in each proportion is given in the Table 3.5. Note that many of the scenarios are time-independent or are 
referenced to different time horizons.
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SDG14 and SDG15), compared to other SDGs. Several 
important trends emerged from this analysis. In general, 
negative values increase (and positive values decrease) 
for the SDGs from the nature-oriented to nature-negative 
archetypes, as do the number of SDGs without scenario 
data. This implies that archetypes that have more positive 
outcomes for biodiversity and have fewer trade-offs with 
the other nexus elements also contribute more positively 
across the SDGs. However, trade-offs are apparent for 
some SDGs in all archetypes. SDG1 (no poverty) and 
SDG10 (reduced inequalities) are largely negative across 
all archetypes, although the food first archetype is partly 
positive for SDG10. Hence, even the scenarios within the 
nature-oriented archetypes inadequately include actions for 
dealing with the issues of poverty and social inequalities. 
SDG9 (industry, innovation and infrastructure) is negative in 
the nature-oriented nexus and missing in balanced nexus 
archetypes, although it is positive in climate first and partly 
positive or neutral in food first. This likely arises from the 
negative impacts of industry on biodiversity, but also the 
more economic focus of climate first and food first.

SDG5 (gender equality) is absent from all scenarios and 
archetypes included in this analysis, which is a significant 
knowledge gap among the nexus scenarios. Furthermore, 
SDG16 (peace, justice and strong institutions) and SDG17 
(partnerships for the goals) are missing in the climate first, 
food first and nature overexploitation archetypes, although 
these SDGs are critical prerequisites for the response 
options considered in Chapter 5.

SDG13 (Climate Action) links directly to the Paris 
Agreement. The archetype analysis demonstrates the 
negative impacts of climate change across the nexus 
elements, which supports the need for urgent climate 
action to avoid the worst effects of climate change on 
biodiversity and the other nexus elements. However, the 
analysis also demonstrates that high levels of climate 
change mitigation through e.g., reforestation/afforestation 
and BECCS, can have negative impacts on biodiversity. 
Hence, policy that balances the goal of mitigating climate 
change while minimizing the negative impacts of mitigation 
actions would have the greatest benefits for biodiversity 
and the other nexus elements. The data also indicate that 
policy to mitigate climate change is more effective in future 
scenarios in which trade-offs across the nexus elements 
are minimized.

SDG14 (Life Below Water) and SDG15 (Life on Land) 
link directly to the Kunming-Montreal Global Biodiversity 
Framework goals. The conservation first, climate first 
and food first archetypes demonstrate the importance of 
connecting food and biodiversity policy to avoid negative 
trade-offs. Furthermore, nature-oriented nexus and 
balanced nexus have the largest benefits for SDG14/15, 
with implications for how biodiversity policy might be 
implemented both for the benefit of nature, but also the 
other nexus elements. The archetype analysis and other 
literature sources support the policy goal of 30 per cent 
protected areas if these are efficiently managed for nature 
conservation. Higher levels of protected areas (up to 50 per 

Table 3  5  	 Number of scenarios with relevance to each Sustainable Development Goal (either 
positive, neutral or negative implications).

Colour coding (light to dark grey): a) counts from 1 to 9, b) counts from 10 to 20, c) counts from 21 and above. Blank cells are missing 
values meaning that no scenarios covered this SDG and hence missing values represent a knowledge gap.

Arche-type Total number of scenarios with negative, neutral or positive implications per SDG

1 2 3 4 5 6 7 8 9 10 11 12 13 14/15 16 17

Nature-oriented 
nexus

3 21 5 2 15 5 8 2 9 1 10 18 36 3 5

Balanced nexus 2 21 5 2 12 4 5 6 2 12 12 31 1 1

Conservation 
first

4 18 7 15 4 7 1 7 15 12 28 3

Climate first 5 17 7 10 6 7 2 8 8 22

Food first 2 13 1 1 4 1 7 3 4 5 8 21

Nature 
overexploitation

2 28 8 9 9 2 6 1 6 10 47

Total 18 118 33 5 0 65 20 43 10 22 4 56 52 185 7 6
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Box 3  9  	 Potential future co-occurrence of nexus interactions.

Adaptation to a changing environment has happened for An 
explorative spatial analysis of potential future co-occurrence 
of different two-way interactions between nexus elements 
(e.g., biodiversity-climate change, water-health, water-food) 
was conducted across different geographic regions. The 
assessment showed that based on projected indicators from 
the reviewed scenarios, there is a high potential for different 
types of future co-occurrences of nexus interactions globally, 
and that this potential tends to increase with pathways that 
are more ambitious with respect to sustainable futures (e.g., 
in terms of climate mitigation). This indicates that nexus 
interactions need to be considered in the future even under 
ambitious policy pathways. Two different scenario pathways 
were used: a low ambition (e.g., SSP5-8.5) and a high ambition 
(e.g., SSP1-2.6) pathway for climate change mitigation. For 
scenario data not explicitly following an SSP or RCP pathway, 

the respective scenario data was mapped to low and high 
policy ambition respectively.

Figure 3.10 (A) shows potential future co-occurrence of nexus 
interactions rendered as an aggregate difference between 
the projected state of scenario indicators in 2050 and their 
current levels. While a high normalized score indicates potential 
co-occurrence of nexus interactions, it is important to note 
that it does not imply any specific direction (e.g., synergistic) 
or magnitude (e.g., loss or gain) of the interactions. Using the 
same approach of comparing projected 2050 levels with the 
current baseline, Figure 3.10 (B) assesses the future potential 
for nexus interactions using additional indicators for which 
projections were publicly available. Figure 3.10 (C) illustrates 
scenario data gaps compared to at least one indicator per 
nexus element, realm and policy ambition.
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cent) would have greater biodiversity benefits, but likely 
many more trade-offs across the other nexus elements. 
Marine systems are an exception to this, for which further 
protection (if implemented effectively) would have co-
benefits across all the nexus elements, including food, 

through enhanced fish stocks. Reducing inequalities is 
central to many sustainable pathways with just and inclusive 
approaches to conservation and restoration needed to 
attain sustainable pathways (Chan et al., 2020).
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3.7.3	 Implications of Indigenous 
and local knowledge for the nexus 
scenarios

Indigenous Peoples and local communities have a unique 
understanding of nexus connections (Chapter 1, section 
1.2.2) and provide alternative aspects to scenarios in terms 
of future outcomes and their importance and value. One 
of the objectives of the NFF is to support the generation 
of scenarios that engage with ILK or that are developed 
with IPLC participation, by focussing on values, particularly 
relational values (e.g., the nature as culture/one with nature 
value perspective in the NFF) (Pereira et al., 2020). Scenarios 
may also show unique outcomes for Indigenous populations. 
For example, a study of the effects of climate change on the 
Saami people of northern Europe showed that these effects 
can become more serious compared to other populations 
in the area because of unique population characteristics 
and culture (Jaakkola et al., 2018). Knowledge co-
production and sharing can direct the development of 
more inclusive future scenarios by including multiple ways 
of knowing and participatory planning (Armitage et al., 
2011; Maraud & Roturier, 2023). Future scenarios that 
recognize environmental sustainability for IPLC can support 
achievement of the biodiversity targets in a socially equitable 
way (Sarkki et al., 2023). Hence, engaging with diverse 

visions for the future can support better governance of 
nexus interactions and lead to more sustainable resource 
management approaches and more just outcomes for nature 
and people (Falardeau et al., 2019; Sarkki et al., 2023).

3.7.4	 Scenario methods for 
supporting nexus decision-making

The scenarios assessed in this chapter were developed 
using a wide range of methods. This includes the scenario 
framing itself (e.g., SSPs/RCPs, NFF), the methods used to 
construct narratives (e.g., participatory approaches, expert 
elicitation) and the qualitative methods (e.g., mental models, 
causal loop diagrams) and quantitative models (e.g., 
integrated assessment models, agent-based models) used 
to characterise narratives. This section discusses these 
alternative (often complimentary) methods within the context 
of informing nexus decision-making.

3.7.4.1	 Scenario framing

Many of the scenarios reported here were based on the 
SSP/RCP scenario framing that emerged from the climate 
change assessment community. The SSPs/RCPs have 
been used extensively to inform climate policy, notably 
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Figure 3  10 	 Future potential co-occurrence for nexus interactions.2 
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through IPCC assessments and Special Reports. While 
attempts have been made to adapt the SSPs/RCPs for 
application in biodiversity assessments, the fundamental 
climate-focus of this scenario framing limits its applicability in 
biodiversity decision-making. Consequently, more nature-
focused scenario framings have emerged such as the NFF 
(Box 3.2). In contrast to the exploratory SSPs, the NFF takes 
a normative approach based on alternative nature value 
perspectives. This is an attempt to make the approach more 
solutions-orientated with a focus on nature-oriented futures 
that can inform decision-making. How this might happen 
in practice is likely to emerge through time, as this relatively 
recent approach is used more extensively. Developments 
to advance the use of the NFF in decision-making could 
include the creation of NFF narratives based on interpretation 
of indirect drivers for the alternative value perspectives, 
and quantification of the direct drivers and biodiversity 
consequences using models (see section 3.7.4.3).

Other approaches to scenario development are more explicit 
about policy targets, including, for example, protected area 
targets of 30 per cent or 50 per cent (e.g. Henry et al., 
2022). Such approaches are highly policy relevant and are 
also able to demonstrate the trade-offs and co-benefits 
of achieving policy targets. A commonly applied and 
useful scenario framing is a BAU scenario reflecting the 
continuation of current trends. BAU scenarios are useful to 
decision-making by demonstrating the consequences of 
inaction since these scenarios inevitably continue the trend 
of declines in biodiversity.

3.7.4.2	 Qualitative methods

Methods in the construction of scenario narratives are 
often based on either expert judgement (i.e., based on 
the knowledge of the scenario developers themselves) or 
through participatory approaches with key stakeholders 
(e.g., P. A. Harrison et al., 2015). Participatory approaches 
aim to legitimise narrative development by drawing on 
knowledge from outside the academic community. Such 
approaches are generally based on stakeholder workshops 
or focus groups, and other means of knowledge elicitation, 
such as surveys. Participatory approaches also draw on 
qualitative approaches to represent causal relationships 
within socio-ecological systems, e.g., using causal loop or 
system diagrams, and/or by developing semi-quantitative 
future trends in key drivers.

Other qualitative methods used in scenario development 
include literature-based approaches. An example of this 
is the green shoots approach (Arneth et al., 2023) that 
captured the nexus interactions between biodiversity, food 
and climate change through a literature-based visualisation 
of potential scenario space. This approach has the potential 
to support decision-making in a similar way to the burning 
embers visualisations of the IPCC.

3.7.4.3	 Quantitative models
Modelling is a core part of many scenario development 
studies. Models are commonly used to translate qualitative 
narratives into quantitative system variables describing direct 
drivers (e.g., land-use change, climate change, pollution, 
nature resource extraction) and their subsequent impacts 
on biodiversity and the other nexus elements. Modelling in 
support of nexus decision-making typically applies some 
form of integrated assessment to represent the dynamics 
within socio-ecological systems (Rounsevell et al., 2021) to 
cover the range of nexus elements. Integrated assessment 
models (IAMs) are global-scale models that originate 
from climate change assessment with their focus on 
representing the energy-economy system. IAMs also include 
representation of the land system and have increasingly 
been coupled to ecological models (e.g., Leclere et al., 
2018) to explore biodiversity impacts.

Other integrated assessment approaches have focused on 
representing the land system, biodiversity and ecosystem 
processes in support of biodiversity policy. Examples include 
LandSyMM at the global scale (Rabin et al., 2020) and 
the integrated assessment platform (IAP) (P. A. Harrison et 
al., 2016) at the continental (European) scale. LandSyMM 
combines global land system, vegetation and ecosystem 
modelling to simulate land-use and management change, 
ecosystem functioning and trophic cascades for terrestrial 
environments. LandSyMM has been applied to policy-
relevant nexus topics such as protected areas, food security 
and nutritional health (Henry et al., 2022) and dietary 
impacts on biodiversity including displacement effects 
(indirect land-use change) (Henry et al., 2019). The IAP 
combines land, water, species and ecosystem functioning 
meta-models in an integrated model that has been used to 
address nexus decision-making with key stakeholders with 
a focus on climate change impacts and adaptation (P. A. 
Harrison et al., 2015). Another example at the continental 
(European) scale applied an agent-based model (ABM) with 
a network optimisation approach to explore policy targets 
for protected areas (30 per cent) and the implications of 
these for food security within the context of climate change 
(Staccione et al., 2023).

None of these models include representation of the marine 
realm. Ecological models do, however, exist for marine 
systems, and have been applied in support of decision-making, 
especially for fisheries management and the establishment 
of marine protected areas. Recent ensemble modelling has 
substantially contributed to scenario testing in the marine realm 
(e.g., Lotze et al., 2019; Tittensor et al., 2021).

Integrated scenarios and models can support complex policy 
or business decisions through the holistic assessment of 
alternative response options and their environmental, social 
and economic outcomes, taking account of synergies and 
trade-offs between different sectors or nexus elements (P. 
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A. Harrison et al., 2023; Mosnier et al., 2023a). As such 
integrated models have been used by national governments 
to directly inform nexus decision-making and related policy 
design. An example is provided in Box 3.10 for the Welsh 
Government who use an integrated modelling platform 
to explore, stress-test and iterate business-critical nexus 
policies prior to final design and implementation.

3.7.4.4	 Decision support tools

Scenarios can provide the starting point for further analysis 
in support of decision-making using decision support tools 
(Rounsevell et al., 2021). Many decision support tools exist for 
this purpose (see also Chapter 4, section 4.6). Optimization 
approaches maximize an objective function and include 
simple approaches such as cost benefit analysis or more 
sophisticated approaches such as info-gap. Multi-objective 
approaches focus on the competing values and preferences 
of decision-makers using deliberative or sometimes hybrid 

deliberative/quantitative methods. Integrated approaches 
aim to combine deliberative and quantitative tools through, 
for example, adaptive management and structured decision-
making (Rounsevell et al., 2021).

Systematic conservation planning (SCP) using decision-
support tools that provide optimization of multiple outcomes 
(e.g., meeting biodiversity targets while minimizing opportunity 
costs under different climate scenarios) based on probabilistic 
approaches has been used increasingly throughout the world 
(e.g., Marxan, Zonation, prioritizr). There are however also 
considerable gaps and uncertainties behind the identification 
of optimal nature conservation practices, with some arguing 
that true synergies and win-win situations are relatively rare 
in practice owing to confounding factors (Hegwood et al., 
2022). Here, novel technologies such as reinforcement 
learning for environmental management problems might have 
the potential to account for non-linear and complex decision-
making problems (Lapeyrolerie et al., 2022).  

Box 3  10  	 Embedding the use of integrated scenarios and models into the policy cycle of 
the Welsh Government.

Integrated scenarios and models can be used to support 
decision-making by increasing understanding of the 
complexity of nexus interactions and how response options 
can be designed to foster synergies in environmental, 
economic and social outcomes across nexus elements. 
However, despite the potential benefits of integrated 
scenarios and models for facilitating integrated, rather than 
siloed, policy-making, they have rarely been used to design 
and evaluate policy within national governments. One 
example of where this has happened is in the development 
of the ERAMMP Integrated Modelling Platform (IMP), which 
was co-created by academics in partnership with the Welsh 
Government to support the design of new “business-
critical” policies focused on agriculture, land-use and natural 
resource management. The value of the nexus approach 
for providing evidence for emerging policy needs was 
recognised by the Welsh Government due to their current 
legislation, particularly the Wellbeing of Future Generations 
(Wales) Act 2015 and Environment (Wales) Act 2016, both of 
which put an emphasis on addressing multiple outcomes in 
a holistic way.

The IMP is a linked modelling system which includes 
11 models representing different aspects of agriculture, 
forestry, land-use, several NCP (climate regulation, water 
quality and air quality – including health impacts – and 
their valuation) and biodiversity. The model is being actively 
used by the Welsh Government to explore, test and iterate 
business-critical policy ideas prior to final policy design and 
implementation. In particular, it is currently being used to 
support the design of a new Sustainable Farming Scheme 
(https://www.gov.wales/sustainable-farming-scheme-guide), 

which will be the main source of future Government support 
for farmers in Wales.

The successful integration of the IMP within the policy cycle of 
the Welsh Government relied upon:

•	 An iterative co-creation process through a long-term 
partnership between government and the modelling team 
to build trust and understanding in a complex integrated 
model and its outputs.

•	 Transparency of the model and its assumptions, including 
following government approved quality assurance 
processes for the use of models in policy decisions.

•	 Flexibility of the modelling approach so that it can be 
rapidly adapted to changing policy needs in near real-time, 
enabling timeliness of model runs that are delivered at a 
pace that is able to inform quickly evolving policy needs. 

These attributes have facilitated cultural change within the 
Welsh Government where policy development is increasingly 
more integrated, evidence-based and iterative, with the policy 
and evidence teams from across nexus elements having the 
space to challenge each other as the thinking evolves. As 
described by a key Welsh Government stakeholder, “The IMP 

has brought extremely complex and often seemingly unrelatable 

evidence directly to the policy teams in a format which is 

accessible. This has enabled a step change to take place 

where high quality evidence is central to policy design”.

Box based on (P. A. Harrison et al., 2023).

https://www.gov.wales/sustainable-farming-scheme-guide
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3.7.5	 Uncertainties

Scenarios are usually created based on plausible 
assumptions of how the future might play out across 
different pathways and value systems (Harmáčková et al., 
2022, 2023). Most quantitative and qualitative assessments 
of future interactions across the nexus are based on 
some kind of model or assumptions, including mental 
models, which need to be critically evaluated in terms of 
their uncertainties (Rounsevell et al., 2021). Four generic 
categories of uncertainty in scenarios can be distinguished: 
(i) uncertainties in the data and parameters underlying a 
model, including down propagation of errors (Rounsevell 
et al., 2021); (ii) uncertainties in the model estimation, and 
aleatory and epistemic uncertainty in scenarios (Dunford 
et al., 2015); (iii) uncertainties in interaction strength and 
direction between elements of the nexus; (iv) uncertainties 
resulting from indirect drivers or non-considered and latent 
factors affecting the scenarios (Payne et al., 2016).

Within these generic categories there are numerous 
uncertainties in quantitative and qualitative scenarios that 
need to be critically evaluated (Rounsevell et al., 2021). In the 
context of the nexus and linkages between individual sectors, 
comparably little focus has been placed on the magnitude 
of interactions (weak to strong) and their directionality (linear, 
non-linear, bidirectional). Sources of uncertainty explode 
for long-term projections beyond 2100 include differing 
feedbacks between geographic regions and lagged effects on 
the global carbon cycle (Koven et al., 2022; Lyon et al., 2022).

Furthermore, there is a need to further maximize 
consistency and processing pipelines for scenario baselines 
through harmonization of input data and parameters and 
further integration between models (P. A. Harrison et al., 
2018). Regionally transferable, consistent and scalable 
fully coupled frameworks would alleviate some of the 
uncertainties behind global scenarios in the water-energy-
land nexus (N. Johnson et al., 2019). 

Finally, tested scenarios including multiple nexus elements 
only include specific response options and rarely test 
the outcomes of combining (or bundling) multiple 
response options (e.g., combining fisheries changes in 
effort, placement of MPAs and restoration actions). Real 
implementation of response options will likely imply the 
combination of actions in a bundle or sequence (see 
Chapter 5.6, section 5.6.4), which are not fully tested in 
available scenarios yet.

3.7.6	 Knowledge gaps and 
research needs

The assessment process has highlighted many gaps in the 
current knowledge base about future scenarios of the nexus 

(including ILK), and this section discusses these gaps with 
respect to future research needs and opportunities. 

3.7.6.1	 Knowledge gaps related to 
concepts and methods

A nexus approach implies the need to take a systemic 
approach in analysing the future. This includes integrating 
the different elements of the nexus within a socio-ecological 
perspective that would support the recognition of trade-offs, 
thresholds and synergies between sectors and their effects 
and impacts. It also includes developing scenarios that 
better link processes across realms (e.g., from terrestrial to 
freshwater to marine) and represent multiple management 
activities (e.g., placing a protected area and managing 
fishing effort simultaneously). In addition, consideration of 
the nexus at the planetary scale is important, for example, 
in accounting for the globalization of supply chains, food 
security, overexploitation, climate change, pandemics and 
water cycles. 

Inclusion of visions embedded in ILK is also critical 
to implementing a nexus approach and currently the 
participation of ILK holders is often lacking in scenario 
conceptualization, development and planning. In general 
terms there is a lack of scenarios based on positive 
outcomes or visions that are plausible in terms of 
implementation, especially policy implementation scenarios 
that could assist in understanding how stylized scenarios or 
targets might be realised across different scales. 

Modelling tools play a crucial role in many scenario studies, 
but all models are ultimately approximations of reality and 
can differ in model structure, parameterization, input data, 
error propagation and the interpretation of model outputs 
for decision-making (Rounsevell et al., 2021). There is a 
clear need, therefore, to further develop modelling tools 
that better account for nexus interactions, that can simulate 
scenarios at a range of spatial scales (global, regional, 
local) and that account for inherent modelling uncertainties 
(Payne et al., 2016). This is especially the case for large 
scale modelling of pathways to sustainable outcomes within 
the nexus. Many current modelling tools are better able to 
quantify exploratory scenarios, rather than the pathways 
leading to normative, target-seeking scenarios. Although 
rarely implemented at present, models may need to be 
adapted to better represent the diversity of world-views 
implicit within different scenario storylines. In many cases, 
models are used to quantify future worlds and their nexus 
interactions that are unprecedented in the historic record, 
requiring fundamental changes to model architecture, as 
well as parameterization to better reflect these alternative 
future contexts. Models also need to improve their ability 
to deal with adaptation and adaptive learning (by individual 
people and collectively as societies) to account for 
societal feedback processes across nexus elements. In 
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particular, perspectives from IPLC and stakeholders need 
to be included, and methodologies developed to do this 
accurately and equably. The recent growth in behavioural, 
agent-based models that go beyond economic behaviour 
alone provide a novel way forward in this respect. 

As well as further developing modelling concepts, there are 
technical issues to consider in future model applications. 
Many problems of future interactions across the nexus 
require huge amounts of computational resources that 
exceed the capabilities of today’s computers. Future 
improvements of computation capacity, including low-cost 
solutions, are needed to further scenario analysis and 
modelling studies (Steenbeek et al., 2021). For example, 
a 54-qubit quantum computer can solve in minutes a 
problem that would take a classical machine 10,000 years 
(Arute et al., 2019). In the meanwhile, intelligent computing 
can improve the accuracy of quantum computing. Thus, 

quantum machine learning would greatly improve model 
simulation speed and accuracy of future interactions 
across the nexus, which could be helpful in supporting 
efficient decision-making, especially for real-time local-
scale decisions, such as through the development of digital 
twins (Yue et al., 2022, 2023). An alternative approach 
is the use of crowd computing, as has been applied in 
climate modelling. However, those resources are mostly 
not available to the Global South and developing states, 
raising concerns about equitable access to knowledge and 
scenario planning and execution.

3.7.6.2	 Knowledge gaps related to 
specific nexus elements

Knowledge gaps related to assessing future interactions 
among nexus elements using scenario approaches are 
described in Table 3.6, structured by nexus element.

Table 3  6  	 Knowledge gaps related to the nexus elements.

Nexus 
element

Theme Nexus-related knowledge gaps identified in the scenario literature

Biodiversity Biodiversity loss Lack of understanding of the consequences of biodiversity loss on other nexus elements (water, 
food, health, climate change), e.g., the effect of soil biodiversity loss on crop yields, the influences of 
changing macrophyte abundance for freshwater quality and cascading effects of biodiversity loss in 
the food web. Tackling this gap requires further advances in model coupling and scenarios that are 
able to capture such feedbacks. 

Freshwater and 
marine realms

Lack of understanding of the role of biodiversity in nexus interactions in the freshwater and marine 
realms, particularly for interactions between more than three nexus elements, as well as for 
interactions across domains, e.g., from terrestrial to freshwater to marine. For instance, missing 
knowledge on the nexus impacts of expanding from industrial fisheries to other types of fishing, 
aquaculture, marine planning including MPAs, and eutrophication, particularly in the deep sea 
(> 200 m depth).

Restoration Lack of scenarios of ecosystem restoration that account for impacts on other nexus elements, e.g., 
trade-offs with food security and co-benefits with carbon stocks and climate change mitigation. 

Nature 
conservation

Scenarios normally include one response option at a time, but it is likely that several options 
will be needed together (e.g., restore, protect, sustainably exploit). More evidence is needed on 
how specific interactions between nature conservation and other nexus elements could play out, 
especially in the context of confounding factors and complex future dynamics. A considerable 
shortcoming of many studies involving future conservation areas is that they consider nature 
conservation only as a model constraint, e.g., to estimate where certain activities are allowed and 
where they are not. This omits the possibility of nature conservation areas providing co-benefits 
across the nexus, thus increasing the uncertainty in potential synergies with other sectors in future 
scenarios. Future work could more comprehensively investigate the synergies between the benefits 
that nature conservation provides and the targets from other nexus elements.

Water Water quality Lack of scenarios of improvement in water quality in the terrestrial and freshwater realms limits 
insights into impacts on health and biodiversity. Current scenarios lack evidence on the effect of 
HABs on marine ecosystems and the impact of plastics in the oceans, including how they interact 
with other nexus elements, point and non-point sources of pollution, and freshwater conservation.

Water quantity Assessing changes in the impact of river runoff on marine ecosystems is challenging due to poor-
resolution maps (Gao et al. 2023; Tittensor et al. 2021).

Water demand Water demand studies usually include food and health impacts, but biodiversity trade-offs are rarely 
considered, despite sometimes describing habitat impacts. The equitable management of trade-
offs between water supply and water demand will be an increasing challenge under future climate 
change, which would benefit from further research. 
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Nexus 
element

Theme Nexus-related knowledge gaps identified in the scenario literature

Water Invasive species Further research is needed to develop scenarios of invasive species to understand where and 
when species are likely to expand their distributions and become established in new areas due to 
climate change, and the positive or negative implications of these range expansions on other nexus 
elements, such as biodiversity and food (IPBES, 2023a).

Nature-based 
solutions

Better scenarios of nature-based solutions, such as natural wetlands and reforestation, may 
contribute to understanding the balance between biodiversity, water, health and the impacts of 
climate change. However, knowledge gaps still exist on the effectiveness of nature-based solutions, 
especially the trade-offs and synergies concerning water management, biodiversity, health, social 
and economic issues, and on case studies in the Global South, as well as comparisons with non-
nature-based alternatives (Chausson et al., 2020). 

Sustainable 
water use

Lack of sustainable water scenarios and their role in global water security, food security and 
biodiversity. Water targets for sustainability – accomplished through water reuse (Kookana et 
al., 2020), conservation, policy mechanisms, government transformations, economic incentives, 
infrastructure improvement, innovative irrigation, wastewater, agricultural best management 
practices and land use patterns, and integrated water management – are expected to have 
synergies with food, health and biodiversity. While the literature supports water targets in terms of 
visions, these are rarely quantitative. Further research is needed on how scenarios can support the 
consideration of biodiversity and healthy ecosystems in water, energy, agriculture and other sectors 
(Chivenge et al., 2015; Rockström et al., 2014; Rong et al., 2021; Rosegrant et al., 2009).

Food Spatial scales 
and contexts

Most of the nexus scenario studies on food are conducted at the global scale level. There are limited 
regional or local scale studies in regions with globally important biodiversity (e.g., southeast Asia 
and Sub-Saharan Africa). Given the diversity of food cultures, more research is needed to reflect 
the characteristics of regional and local food systems in future scenarios. Additionally, most diets 
used in dietary shift scenarios are not representative of the diversity of food systems from around 
the world. As such studies are needed which highlight dietary shifts based on contextually relevant 
and socio-culturally accepted diets that also conform to environmental conditions in the areas of 
concern.

Holistic nexus 
approach

Previous scenario studies have focused on uncertainty for a limited stage of the whole food system 
value chain. Future scenario studies need to explore the socio-economic, political and technological 
uncertainties involved in food trade and processing since these stages could have a large impact 
on consumption and production. As integrated food system approaches involve diverse dimensions 
from production to consumption, extensive and detailed analysis of uncertainties is required to 
explore potential and plausible futures. For example, uncertainties in the assumptions for population 
growth, technological change and cropland degradation were found to be the most important for 
global cropland, while uncertainty in food consumption and climate change had less influence on the 
results (Engström et al., 2016). 

Health Missing nexus 
scenarios 
related to health

There are fewer scenarios that include health in the nexus. This could include scenarios on tick-
borne diseases related to wildlife associated with forest ecosystems, West Nile fever linked with 
water bird populations, highly pathogenic avian influenza from poultry and swine, Rift Valley fever 
from cattle, Middle East Respiratory syndrome from dromedaries (MERS), Severe Acute Respiratory 
Syndrome (SARS) from palm civets, Q-fever from goats, and other infectious diseases for which 
captive animals act as a reservoir species or stepping stone species. 

Quantitative 
studies

The impacts on health of concurrent future changes in biodiversity, water, food and climate have not 
been quantified. Quantitative models of global health generally depend on individual risk factors and 
socio-economic trends and do not yet account for interactions across the nexus. On the other hand, 
models investigating impacts of global environmental changes on health typically do not account 
for socio-economic or health system changes (Weber et al., 2023). Limited quantitative estimates of 
health impacts are available for selected pathways linking climate change and health.

Zoonoses There is a general lack of knowledge about the future interactions of risk factors of relative risks of 
zoonosis emergence under contrasting approaches to meeting livestock product demand and on 
pathogen burden of high-risk wild species variation across higher and lower yielding production 
landscapes (Bartlett et al., 2022). 

Mental health While a growing body of literature reveals the importance of conserving green and blue space in 
our living environment for human mental health, future interactions across the nexus with respect to 
mental health are lacking. 

Table 3  6  



CHAPTER 3. FUTURE INTERACTIONS ACROSS THE NEXUS

237

3.8	 CONCLUSION
Understanding future interactions between nexus elements 
through the analysis of scenarios and other diverse visions 
of the future, including the understandings of IPLC, is 
critical to support policy and management actions today 
and contribute to sustainable resource management 
and just outcomes for nature and people. Scenarios of 
continuation of current trends place biodiversity at risk and 
have negative implications for water, food, health, climate 
change and NCP. These scenarios also indicate that the 
decline in biodiversity will continue unless rapid, integrated 
and transformative change is undertaken across the nexus. 
On the other hand, scenarios exploring expansion of 
nature conservation deliver positive outcomes for all nexus 
elements when planned in an integrated and just manner 
and coupled with broader measures such as climate 
change mitigation, changes in food production, equitable 
consumption and sustainable management. Consequently, 
transformative change across the food system is central 
to unlocking co-benefits for biodiversity, water, nutritional 
health and climate change. Human-induced climate change 
is expected to impact the entire nexus, becoming worse 

over the coming decades. In this respect, scenarios indicate 
the importance of early climate change mitigation actions, 
with further delays expected to be more costly and leading 
to additional trade-offs. In general, scenarios leading to 
better outcomes for the nexus elements tend to also 
support achieving globally agreed policy goals such as the 
SDGs. However, they require flexible and well-functioning 
institutions, mainstreaming and enforcing environmental 
and pro-sustainability regulations and facilitating 
cooperation between countries and societal sectors 
such as governments, non-governmental organizations 
and businesses, as well as sustainable consumption and 
production patterns.

Nexus 
element

Theme Nexus-related knowledge gaps identified in the scenario literature

Climate change Holistic nexus 
approach

Most evidence on future climate change impacts across the nexus shows that there are multiple 
hazards resulting from climate change and that risks of impact are reduced with climate change 
mitigation. Delayed actions and reduced portfolios of fewer mitigation measures make trade-
offs across the nexus more likely. Nevertheless, despite increasing evidence and much research 
focus on investigating potential climate change mitigation options, many aspects of the nexus 
from a climate change perspective remain unknown or are only approximated. Notably much of 
the evidence base focuses on the impacts of climate change on single or multiple sectors (IPCC, 
2022a), but often miss climate change mitigation efforts. A holistic approach to the outcomes of 
climate change mitigation on a planetary scale, for example, that integrates impacts and associated 
synergies and trade-offs across realms is not developed. Furthermore, considerable gaps exist 
with regards to potential mitigation efforts towards interactions among future nexus elements, and 
particular synergies and trade-offs are often ignored (P. A. Harrison et al., 2016). In addition to 
increasing risk from multiple climate hazards, a greater level of warming has also been projected to 
increase uncertainty and complexity of impact pathways as interactions between nexus elements 
become increasingly non-linear (Koven et al., 2022; Lyon et al., 2022), which would benefit from 
further research.

Table 3  6  
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