
 

 

DISCLAIMER  

The IPBES Global Assessment on Biodiversity and Ecosystem Services is composed of 

1) a Summary for Policymakers (SPM), approved by the IPBES Plenary at its 7th 

session in May 2019 in Paris, France (IPBES-7); and 2) a set of six Chapters, accepted 

by the IPBES Plenary.  

 

This document contains the draft Chapter 4 of the IPBES Global Assessment on 

Biodiversity and Ecosystem Services. Governments and all observers at IPBES-7 

had access to these draft chapters eight weeks prior to IPBES-7. Governments 

accepted the Chapters at IPBES-7 based on the understanding that revisions made to 

the SPM during the Plenary, as a result of the dialogue between Governments and 

scientists, would be reflected in the final Chapters. 

 

IPBES typically releases its Chapters publicly only in their final form, which implies a 

delay of several months post Plenary. However, in light of the high interest for the 

Chapters, IPBES is releasing the six Chapters early (31 May 2019) in a draft form. 

Authors of the reports are currently working to reflect all the changes made to the 

Summary for Policymakers during the Plenary to the Chapters, and to perform final 

copyediting.  

 

The final version of the Chapters will be posted later in 2019. 

 

 

 

 

 

 

 

 

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 for the sole purpose of facilitating the assessment of the broad 

biogeographical areas represented therein.  
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Executive Summary 

 

Chapter 4 focuses on scenarios and models that explore the impacts of a wide range of 

plausible future changes in social, economic and institutional drivers on Nature, Nature's 

Contributions to People and Good Quality of Life. The assessment concentrates on studies 

published since 2008 that cover large regional to global spatial scales and time periods from the 

present to 2050, and up to 2100. This framing of the assessment means that this chapter is best 

suited to help setting the agendas for decision making at national to international levels by 

identifying future challenges and providing a compelling case for action. Chapter 4 provides new 

insights compared to previous assessments by including the most recent scenarios and models, 

by examining a broad range of global change drivers and their interactions, and by highlighting 

the impacts on a wide range of indicators of Nature, Nature's Contributions to People and Good 

Quality of Life. Where possible, results are also interpreted in view of their implications for 

achieving the Aichi biodiversity targets and the Sustainable Development Goals. 

 

This chapter endeavours to provide a balanced perspective on drivers of change and their 

impacts, but the strong bias in the scenarios literature towards climate change impacts on Nature 

limits the scope to which the chapter can provide a comprehensive vision of plausible futures to 

decision makers. Climate change has been studied far more extensively than other drivers (such 

as land use change, pollution, use and extraction of natural resources, and invasive alien species), 

and studies of interactions between drivers, especially more than two drivers, are relatively rare 

(well established) {4.2.1, 4.2.2, 4.2.3, 4.2.4}. Terrestrial systems are studied more extensively 

than marine systems, with a paucity of studies of freshwater systems (well established) {4.2.1.1}. 

Impacts on biodiversity and ecosystem function have been the focus of much more attention than 

Nature's contributions or good quality of life (78%, 16% and 5% of literature reviewed, 

respectively; (well established) {A1.1}. Among Nature Contributions to People, material (such 

as food production) and regulating contributions (such as carbon dioxide removal from the 

atmosphere into ecosystems) are more studied than non-material contributions in relation to 

scenarios (well established) {4.3.1}. 

 

The large majority of the studies covered in this chapter is based on scenarios developed in 

support of climate change assessments (93% of literature reviewed; {4.1.3}, the most recent of 

which are the Representative greenhouse gas Concentration Pathways (RCPs) and their 

associated Shared Socio-economic Pathways (SSPs). This has the benefit of providing strong 

coherence with climate assessments but results in biases in terms of drivers of change and socio-

economic processes included in the scenarios. For example, only few of the scenarios assessed in 

this chapter explore mechanisms leading to social or ecological regime shifts {4.5}. In addition, 

most scenarios do not explicitly take into account different worldviews and values associated 

with many non-material nature’s contributions to people (NCP) and, in general, were not 

designed to address a wide range of sustainable development goals {4.5, Chapter 5}. 

Nonetheless, this chapter recognizes that the different scenario archetypes hold inherently 

different worldviews and values that ultimately drive the scenario outcomes {4.1}. Participatory 

scenarios are one means of including a richer range of processes and values explored, but it is 
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difficult to extrapolate from the local scale of most participatory scenarios to the large regional 

and global spatial scales that are the focus of this chapter {4.4.2, 4.7}. 

 

1. Significant changes at all biodiversity levels – from genetic diversity to biomes – are 

expected to continue under future global changes. Despite projections of some local 

increases in species richness and ecosystem productivity, the overall effect of global 

changes on biodiversity is projected to be negative (well established). Interactions within 

and between biodiversity levels can significantly influence future biodiversity responses to 

global changes (established but incomplete). A substantial fraction of wild species is simulated 

to be at risk of extinction during the 21st century due to climate change, land use, natural 

resource extraction and impact of other direct drivers (well established) {4.2.1, 4.2.2, 4.2.3, 

4.2.4}. Loss in intraspecific genetic diversity is expected due to the projected decrease in species 

population sizes and spatial range shifts. Genetic loss should be recognized as a serious threat to 

future potential for adapting to global change (established but incomplete) {4.2.1.2, 4.2.1.3}. 

Expected species range shifts, local species extinctions, changes in species abundances will lead 

to disruptions of species relations including disturbance of trophic webs, plant-pollinator and 

other mutualistic relations (well established) {4.2.2, 4.2.3, 4.2.4}, that can cascade through the 

entire ecosystem. Novel (no-analogue) communities, where species will co-occur in historically 

unknown combinations, are expected to emerge (established but incomplete) {4.2.1.2, 4.2.4.1}. 

As a consequence, new approaches to conservation are warranted that are designed to adapt to 

rapid changes in species composition and ensuing conservation challenges. Intraspecific 

diversity and interactions between different biodiversity levels need to be represented in global 

models and scenarios to improve future projections of nature {4.2.1.2, 4.2.1.3}. 

 

2. In marine ecosystems, most scenarios and models point towards a global decrease in 

ocean production and biodiversity, but the level of impact can vary widely, depending on 

the drivers, scenarios, and regions considered (well established). All anthropogenic 

greenhouse gas emission scenarios result in a global increase in sea temperature, ocean 

acidification, deoxygenation and sea level rise (well established) {4.2.2.1}. By the end of the 

century, these environmental changes are projected to decrease net primary production (by ca. -

3.5% under the low greenhouse gas emissions scenario, RCP2.6 and up to -9% in the very high 

emissions scenario, RCP8.5), and secondary production up to fish (by -3% to -23% under 

RCP2.6 and RCP8.5, respectively), as well as top predator biomass (established but incomplete) 

{4.2.2.2.1}. Fish populations and catch potential are projected to move poleward due to ocean 

warming (well established) with a mean latitudinal range shift of 15.5 km to 25.6 km per decade 

to 2050 (under RCP2.6 and RCP8.5, respectively) (inconclusive), leading to high extirpation 

rates of biomass and local species extinctions in the tropics (well established) {4.2.2.2.1}. The 

rapid rate at which sea ice is projected to retreat in polar seas, and the enhanced ocean 

acidification, imply major changes to be expected in the future for biodiversity and ecosystem 

function in the Arctic and Southern oceans (well established) {4.2.2.2.4}. All components of the 

foodwebs will potentially be impacted, from phytoplankton to top predators, and from pelagic to 

benthic species (established but incomplete). 
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3. Relative to climate change impacts, published scenarios project that the choice of 

fisheries management and market regulation measures can have the strongest impacts on 

the future status of marine fish populations (well established) {4.2.2.3}. In the face of 

continuous growth of human population that is projected to reach 9.8 billion (± ca. 0.4 billion) 

people in 2050 combined with rising incomes, the demand for food fish will likely increase (well 

established). Business-as-usual fisheries exploitation is foreseen to increase the proportion of 

overexploited and collapsed species (well established), as well as species impacted by bycatch 

{4.2.2.3}. Adaptive fisheries management that responds to climate induced changes of fish 

biomass and spatial distribution could offset the detrimental impacts of climate change on fish 

biomass and catch in most RCPs (but RCP8.5) (inconclusive) {4.2.2.3}. 

 

4. For marine shelf ecosystems, additional future threats include extreme climatic events, 

sea level rise and coastal development which are foreseen to cause increased pollution and 

species overexploitation but also fragmentation and loss of habitats that directly impact the 

dynamics of marine biodiversity (well established) {4.2.2.2.2, 4.2.2.3}. These impacts could 

potentially feedback to the climate as coastal wetlands play a major role in carbon burial and 

sequestration globally (well established) {4.2.2.2.2}. In coastal waters, increasing nutrient loads 

and pollution in combination with sea warming are expected to stimulate eutrophication and 

increase the extent of oxygen minimum zones with potential detrimental effects on living 

organisms (well established) {4.2.2.3}. Coral reefs are projected to undergo more frequent 

extreme warming events, with less recovery time in between, declining by a further 70-90% at 

global warming of 1.5°C, and by more than 99% at 2°C causing massive bleaching episodes with 

high mortality rates (well established) {4.2.2.2.2}.  

 

5. Concerns about rapidly increasing plastic pollution now match or exceed those for other 

Persistent Organic Pollutants. If current production and waste management trends continue, 

about 12,000 Mt of plastic waste will accumulate in the environment by 2050, especially in the 

ocean which acts as a sink (established but incomplete). The harmful effects of plastics have 

been evidenced at all levels of marine foodwebs from plankton to top predators but are not yet 

projected into the future {4.2.2.4.1}.  

 

6. In freshwater ecosystems, all scenarios and models point towards a decrease in 

freshwater biodiversity and substantial changes in ecosystems state and functioning, 

especially in tropical regions (well established). Freshwater ecosystems cover only 0.8 % of the 

world surface area but host almost 8% of the world’s species described, making a high 

contribution to global biodiversity. Given that all scenarios are based on continued growth of 

human population density until 2050, impacts due to combined anthropogenic drivers on 

freshwater biodiversity and ecosystems are projected to increase worldwide, and to be strongest 

in tropical regions where human population growth and biodiversity are concentrated (well 

established) {4.2.3}. Increases in land area used for urbanization, mining, cropland and 

intensification of agriculture are projected to boost the risk of pollution and eutrophication of 

waters, leading to extirpation of local populations, changes in community structure and stability 

(e.g. algal blooms) (well established) {4.2.3.3}, and establishment and spread of pathogens 
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(established but incomplete) {4.2.3.3}. Under all scenarios, habitat fragmentation (e.g., damming 

of rivers) and exploitation are projected to increase the risk of species extinction with potential 

effects on food web dynamics, especially in tropical regions (well established) {4.2.3.4, 4.2.3.6}. 

These impacts on freshwater flows, biodiversity and ecosystems will likely be exacerbated by 

climate change, especially under moderate (RCP4.5) and high emissions (RCP6.0, RCP8.5): 

higher temperatures are projected to generate local population extinctions especially for cold-

water adapted species, and species extinctions in semi-arid and Mediterranean regions, since the 

area extent of these climatic regions will shrink due to projected decrease in precipitation 

(increase of estimated extinction rates by ca. 18 times in 2090 under the SRES A2 scenario, 

compared with natural extinction rates without human influence) (inconclusive) {4.2.3.2}.  

 

7. In terrestrial ecosystems, scenarios and models point towards a continued decline in 

global terrestrial biodiversity and regionally highly variable changes in ecosystem state and 

functioning (well established). Land-use change, and invasive alien species will continue to 

cause biodiversity loss across the globe in the future, with climate change rapidly emerging as an 

additional driver of loss that is increasing over the coming decades in relative importance across 

all scenarios (well established) {4.2.4}. Although large uncertainties exist regarding the exact 

magnitude of loss, it is well established that increasing global warming will accelerate species 

loss {4.2.4}. Already for relatively minor global warming, biodiversity indices are projected to 

decline (established but incomplete) {4.2.4}. Extinction risks are projected to vary between 

regions from 5% to nearly 25%, depending on whether a region harbours endemic species with 

small ranges or is projected to experience climate very different from today (inconclusive). 

Substantial climate change driven shifts of biome boundaries, in particular in boreal and sub-

arctic regions, and (semi)arid environments are projected for the next decades; warmer and drier 

climate will reduce productivity (well established) {4.2.4.1}. In contrast, rising atmospheric CO2 

concentrations can be beneficial for net primary productivity of ecosystems, and is expected to 

enhance woody vegetation cover especially in semi-arid regions (established but incomplete) 

{4.2.4.1}. The combined impacts of CO2 and climate change on biodiversity and ecosystems 

remain (unresolved) {4.2.4.1}.  

 

8. The relative impacts of climate change versus land-use change on biodiversity and 

ecosystems are context-specific and vary between scenarios, regions, and indicators of 

biodiversity and ecosystem functioning (well established) {4.2.4.2, 4.2.4.3}. Land-use change 

pressures differ between scenarios, but managed land area continues to increase, with exception 

of some scenarios exploring sustainability trajectories. Scenarios of large-scale, land-based 

climate change mitigation rely on large increases of bioenergy crop area or large reforestation or 

afforestation with potentially detrimental consequences for biodiversity and some ecosystem 

functioning (well established) {4.2.4.2, 4.2.4.3, 4.5.2}. Interactions of land-cover change and 

future climate change enhance the negative impacts on biodiversity and affect multiple 

ecosystem functions (established but incomplete) {4.2.4.2, 4.2.4.3}. Pressure on biodiversity and 

ecosystem function from other drivers such as biological invasions will likely be accentuated at 

global scale, as trade between climatically and environmentally similar regions are projected to 

increase, and habitats continue to be disturbed (established but incomplete). Overall, the small 
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number of regional to global scale scenario studies that assess pollution or invasive alien species’ 

impacts on Nature precludes a robust assessment {4.2.4.4, 4.2.4.5}. 

 

9. Many scenarios project increases in material Nature's Contributions to People, which 

are generally accompanied by decreases in regulating and non-material contributions 

(established but incomplete) {3.1, 3.2}. The simulated trade-offs between material vs. regulating 

and non-material ecosystem services are especially pronounced in scenarios with strong human 

population growth and per capita consumption (established but incomplete) {4.3.4, 4.2.2.3.1, 

4.2.4}. Assumptions about population growth and increase in per capita consumption are 

projected to lead to rising demand for material services, especially food, materials and bioenergy, 

and are projected to reduce regulating contributions such as provision of clean water, pollination, 

or ecosystem carbon storage (well established) {4.3.2, 4.3.3, 4.5.3, 4.2.2.4, 4.2.2.5, 4.2.3, 4.2.4}. 

In the long term, substantial decreases in regulating contributions may have detrimental effects 

on material contributions, for example climate change impacts on all systems will be increased if 

climate regulation by forests or oceans is weakened (well established). The future magnitude of 

these cascading effects has yet to be determined (inconclusive). This is because most scenarios 

and models do not consider fully the interactions between multiple drivers and multiple 

ecosystem impacts, and as a consequence cannot quantify important feedbacks {4.3.3, 4.3.4, 

4.5.1, 4.5.4}.  

 

10. Scenarios examining trends in nature and nature's contributions to people (NCP) show 

significant regional variation (well established). The interconnectedness of the world 

regions emphasizes the need for decision making on ocean, freshwater and land 

management to be informed by considerations of regional trade-offs among nature's 

contributions to people (well established). Future scenarios show that many regions will 

experience a general decrease of biodiversity and many regulating and non-material ecosystem 

services but others will see increases (well established) {4.2.2, 4.2.4, 4.3.3}. The degree to which 

regions differ regarding impacts of global environmental changes depends on the underlying 

socio-economic scenarios, with climate change being an additional driver (established but 

incomplete) {4.1, 4.2, 4.3}. Scenarios of a world with regional political- and trade-barriers 

(Regional Competition Scenario) tend to result in the greatest divergence across regions, 

scenarios that emphasize liberal financial markets (Economic Optimism and Reformed Market 

scenarios) in intermediate levels of disparity, while scenarios that encapsulate aspects of 

sustainable development (Regional Sustainability and Global Sustainability scenarios) result in 

more modest differences between regions (established but incomplete) {4.3.3, 4.2.4}. For 

example, an analysis of the impacts of the shared socio-economic pathway (SSP) scenarios 

indicates that terrestrial biodiversity and regulating contributions will be more heavily impacted 

in Africa and South America than in other regions of the world, especially in a regional 

competition scenario and in an economic optimism scenario compared to a global sustainability 

scenario {4.2.1, 4.2.4.2}. 

 

Irrespective of the underlying socio-economic assumptions, spatial telecoupling (socioeconomic 

and environmental interactions over distances) implies that increasing future demand for 
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ecosystem services in certain regions will affect supply of services in others. Material 

contributions, especially food and energy production, play a dominant role in these tele-

couplings (well established) {4.2.4, 4.3.3, 4.5.2}. Material contributions tend to be traded 

between regions {4.1, 4.2.4.4., 4.2.4.5, 4.5.2, 4.6}, but locally declining biodiversity cannot be 

replaced by increased biodiversity in a different location {4.2.2-4.2.4}. If tele-couplings are not 

accounted for in future scenarios, unrealistically overoptimistic responses to a regional political 

intervention (e.g., land-based climate mitigation, negative emission policies, sustainable fisheries 

management for local resources and not for imported ones) are assumed, and measures to reduce 

detrimental side-effects not taken (established but incomplete) {4.3.3}.  

 

11. Limiting mean global warming to well below 2oC will have large co-benefits for Nature 

and Nature's Contributions to People in marine, freshwater and terrestrial ecosystems. 

Land-based climate change mitigation efforts offer opportunities for co-benefits, but if 

large land areas are required, trade-offs with biodiversity conservation and food and water 

security goals will need to be addressed in terrestrial and freshwater ecosystems (well 

established). Climate warming and ocean acidification associated with increasing atmospheric 

CO2 are already causing damage to marine, freshwater and terrestrial biodiversity (well 

established) {4.2.2, 4.2.3, 4.2.4} which confirms the urgency of meeting the goals of the Paris 

Climate Agreement. The degree to which marine and land ecosystems will continue to remove 

CO2 from the atmosphere, which at present amounts to nearly 50% of anthropogenic CO2 

emissions, is highly uncertain {4.2.2.1, 4.2.4.1}. On land, reduction of deforestation combined 

with management practices in cropland, pastures and forests can contribute notably to 

greenhouse gas emissions reductions (well established). Recent cost effective estimates are 

between ca. 1.5 and 11 Gt CO2eq a-1 over the coming few decades, the undetermined range 

depending, amongst others, on which types of measures are included {4.5.3}. Along coastlines, a 

combination of reduced nutrient discharge (mitigating pollution) and space to allow inland 

wetland migration (adapting to sea level rise), is essential to preserve the capacity of coastal 

wetlands to sequester carbon (established but incomplete) {4.2.2.2.2, 4.2.2.5}. 

 

Regionally, land conversion pressure is large both in scenarios of high population growth and 

lack of sustainability considerations, and in scenarios requiring land for bioenergy or 

afforestation and reforestation to mitigate climate change (established but incomplete) { 4.1, 

4.2.4.3}. Recent projections of an annual carbon uptake in 2050 projected for bioenergy 

pathways (with carbon capture and storage about 0.9-2.2 GtC a-1) and afforestation/reforestation 

(0.1-1 GtC a-1) are equivalent to an additional one third to three quarters of today's land carbon 

sink {4.2.4.3}. It remains uncertain whether the required land area would be available for large 

bioenergy plantations or afforestation/reforestation efforts, where these areas would be located 

and whether such net carbon uptake rates can be achieved and maintained {4.2.4.3, 4.5.2}. 

Likewise, detrimental environmental and societal side effects have been projected to arise from 

strong mitigation scenarios that rely on large area expansion of managed crop and forested land 

associated with intensification of production (established but incomplete) {4.2.4.3, 4.3.2.1, 

4.5.2}.  

 



Unedited draft chapters 31 May 2019 

11 

 

12. Scenarios repeatedly show that changing food consumption patterns and reducing 

waste and losses in the food system can contribute significantly to mitigating loss of 

biodiversity and ecosystem services. Human population growth over the coming decades is 

projected to increase to nearly 9.8 billion (± 0.4 billion) by 2050 and to 11.4 billion (± 1.8 

billion) by 2100. As a consequence of the projected population growth, continued urbanisation, 

and changes in many countries’ diets towards increasing per capita animal protein share and 

processed food, most scenarios foresee increasing crop area, and in some cases pasture area as 

well. These projected changes in agricultural land area are combined with intensification of land 

management and continued increases in crop yields, that are projected to have detrimental 

environmental and biodiversity side effects associated with agricultural intensification (well 

established) {4.2.2.4.2, 4.3.2.1, 4.3.2.2, 4.5.2}. An increasing number of scenarios emphasizes 

the potential role of consumption as part of the solutions to overcome these challenges, such as 

shifting diets towards a globally equitable supply of nutritious calories or reducing wastes and 

losses along the entire chain from crop production to consumers (well established) {4.5.4}. 

Enhancing efficiencies in the food system has large potential to free up land for other uses such 

as for biodiversity conservation. Studies that explore dietary scenarios of reduced consumption 

of animal protein estimate that between ca. 10% and 30% of today’s area under agriculture may 

be freed for other purposes, with possible co-benefits in the form of a globally more equitable 

distribution of animal protein intake by humans and improved health. Reduced greenhouse gas 

emissions from the land sector, and reduced irrigation water needs are an additional benefit, 

which will also release pressure on freshwater pollution and biodiversity (established but 

incomplete). Nearly one quarter of total freshwater used today in food crop production are 

estimated to be spared if wastes and losses in the food system were minimized (inconclusive) 

{4.3.1, 4.3.2, 4.5.2, 4.5.3}. 

 

13. Societies and individuals within societies value differently the regulating, material, and 

non-material contributions from nature that underpin their quality of life (well established). 

In future scenarios governed by market forces, multiple dimensions of good quality of life are 

expected to decline. The decline is particularly pronounced for indicators related to livelihood 

and income security (established but incomplete) {4.4.1, 4.4.2}. Market-based and regionally-

fragmented scenarios, associated with growth in population and consumption, indicate 

continuous deterioration of nature to support economic growth, with some regions affected more 

than others. Without decoupling economic growth from unsustainable extraction and uses, 

scenarios show continuous decline in nature’s contributions to people. Scenarios exploring 

sustainability or reformed financial market pathways are projected to result in improved good 

quality of life (established but incomplete) {4.4.1, 4.4.2}. In general, the lack of explicit 

consideration in global scenarios of good quality of life explicitly, and its regionally and socially 

differentiated nature, impedes robust projections into the future, in particular for non-material 

aspects. Interactions of future changes in nature, its contributions to people and good quality of 

life can be better understood and, therefore, potentially better anticipated and managed, when 

they are evaluated at regional scales as well as the global scale. 
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Small-scale farming, fishing and other communities, and Indigenous Peoples around the world 

that depend directly on local environments for food production, especially in low-income 

countries, are particularly vulnerable to climate-related food insecurity, which raises important 

equity and fairness issues. Similarly, in coastal regions, decreases in precipitation and fresh water 

supplies, along with projected increases in sea level, sea surface temperatures and air 

temperatures, and ocean acidification are projected to have major negative effects on water 

security for societies. Nature-based livelihoods may become precarious with intensifying future 

trends in environmental change (established but incomplete) {4.4.1, 4.4.2}. Future threats to 

biodiversity and ecosystem services also constitute imminent challenges to the cultural identity 

of communities, particularly when faced with environmental degradation (unresolved) {4.4.2}. 

 

14. The role of people’s knowledge, values and traditions, and their potential future 

changes have been barely explored in global scenarios of future socio-economic and 

environmental change. A challenge to the assessment of nature’s contribution to people and 

good quality of life under different future scenarios is their socially differentiated nature. 

People’s values and traditions are crucial in shaping the future, yet they are rarely central to 

scenario exercises (established but incomplete) {4.4.1}. Novel methods are beginning to be 

developed to fully integrate people’s worldviews into scenario planning, however transcendental 

values held by the social groups have so far not been well incorporated. The process of 

elaborating scenarios with participatory approaches is increasingly taking into account value 

negotiations around the meaning of good quality of life (established but incomplete) {4.4.2}. 

Consequently, ethical questions emerge regarding how to build scenarios so that local 

knowledge, particularly that of Indigenous Peoples and Local Communities (IPLCs), are not 

coopted in ways that may exacerbate processes of their social marginalization. 

 

15. Different social groups experience change in ecosystem function and services differently 

so that a given change scenario usually implies winners and losers in terms of the projected 

impacts on good quality of life (established but incomplete) {4.4.1, 4.4.2, 4.4.3}. People vary in 

their access to ecosystem services, exposure to disservices, dependence on ecosystems, needs 

and aspirations. These are further mediated by societal structures and norms as individual 

characteristics and power relations {4.4.2, 4.4.3}. Many IPLCs are found in protected areas, 

where dimensions of good quality of life such as food and energy security may trade off with 

other dimensions of ecosystem functioning. Indirect drivers of change such as climate mitigation 

policy (e.g., REDD+) may disproportionately impact the possible trajectories towards achieving 

good quality of life by IPLCs (unresolved) {4.4.1}. 

 

Thus, decision-making about environmental management with implications for different bundles 

of ecosystem services is an intently political process, with often divergent stakeholder interests 

and power dynamics. Evaluating the implications for the good quality of life of IPLCs under 

different scenarios of change can benefit from deliberative and participatory approaches that 

consider a wide range of stakeholder views, and disciplinary perspectives. Such a diversity of 

perspectives needs to draw on indigenous and local knowledge, to take account of the multiple 

interacting factors and socially differentiated experiences, vulnerabilities and preferences 
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(established but incomplete) {4.4.2, 4.4.3}. A limitation with participatory approaches is the 

difficulty of imagining future scenarios of changes in the ‘demand side’ of nature’s 

contributions. So, a group may discuss how changes in a resource might be affected by climate 

change, but it is often framed in terms of current social conditions. Likewise, participatory 

approaches are likely to be more successful if the scale of scenarios (e.g., local, regional, global) 

and stakeholder group perspective can be matched. 

 

16. Most internationally agreed policy goals and targets for biodiversity are missed by most 

countries under business as usual scenarios because the current patterns and future trends 

of production and consumption are not environmentally sustainable. Indeed, trajectories of 

most biodiversity indicators under business as usual increasingly deviate from targets over 

time (well established) {sections 2 and 6}. The achievement of most biodiversity targets 

therefore requires a steer away from the current socio-economic trajectory and the worldviews 

and values that underpin it (well established). Scenarios that assume increased sustainability 

show that achieving most SDGs is possible at some point in the future, but this requires 

substantive and immediate action (established but incomplete) {4.6.1}, and the time horizon of 

the possible achievement of the SDGs is undetermined. 

 

Scenarios and models can support the formulation of future biodiversity targets in terms of 

concept, phrasing, quantitative elements, and selection of indicators to monitor progress 

(established but incomplete). Scenario and models are also amenable to exploring interactions 

among targets (well established). For example, scenarios have shown that ambitious protected 

area expansion plans would conflict with agricultural production under business-as-usual 

assumptions, and that achieving SDGs for both biodiversity and hunger would require a 50-70% 

increase in land productivity (inconclusive) {4.6.1}. 

 

Focusing future quantitative targets for biodiversity on management outcome rather than effort 

may improve policy implementation and related management decisions. For example, the 

numeric component of Aichi Target 11 relates to the global proportion of Protected Areas. But 

the aim of protected areas is to achieve the long-term conservation of nature, which suggests to 

move the focus to the amount of nature that is protected and the effectiveness of protection rather 

than proportion of area under protection. Scenarios and models have shown that the outcome of a 

protected area network is determined by its location, connectivity and management, other than its 

size. 

 

17. There is a lack of global-scale impact analyses that integrate across natures, nature’s 

contributions to people and good quality of life. Most scenarios developed for global 

environmental assessments have explored impacts of humans on ecosystems, such as 

biodiversity or productivity loss {4.1, 4.2}. The effects of alternative trajectories of 

socioeconomic development on ecosystems and ecosystem services have been assessed as one-

way outcomes, ignoring the possible interactions between natural and socioeconomic systems. A 

better understanding of feedback mechanisms is needed on many fronts, for instance: in what 

ways pollution arising from agricultural intensification does impact pollinators and/or water 
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quality, which in turn impact land use and intensification?; or how do changes in food prices 

arising from different land uses feed back to land use decision making?; or how is overfishing 

leading to depletion of large predatory fish and development of global markets for alternative 

species, often their own prey, leading to further collapse of marine resources?; or, to what extent 

climate change induced sea level rise is decreasing wetlands area and is affecting carbon 

sequestration? (established but incomplete) {4.1, 4.3.2.1, 4.5.1-4.5.3, 4.6.1, 4.7.3}. In addition, 

storylines of socio-economic development that underlie global scenarios consider mostly 

material aspects of GQL and do not consider other indicators of GQL {4.4.1-4.4.3}. There is a 

knowledge gap in scenario studies about non-material benefits to people compared to material 

benefits and regulating benefits, which limits our capacity to understand quantitatively how 

nature, its contributions to people and good quality of life interact and change in time. 

 

In particular, human decision making at multiple levels is not well integrated in global scenario 

modelling tools such as Integrated Assessment Models that focus on economic objectives (well 

established) {4.1, 4.2, 4.5.1, 4.5.2, 4.4.1-4.4.3}. A paradigm shift in scenario design could be 

achieved by considering, alongside of economic principles, provisioning of multiple ecosystem 

services and GQL as part of the storyline and human decisions (and subsequent scenario 

realisation), rather than as an outcome of socio-economic drivers {4.6.1}. For a more robust 

scientific underpinning of biodiversity and multiple sustainability targets, these non-material 

aspects need to be explicitly addressed in the scenarios (unresolved) {4.6.1}. Such scenarios 

would facilitate policy-relevant scientific evidence through exploration of trade-offs and co-

benefits between targets related to biodiversity and ecosystem services, including the 

interconnected nature of drivers across regions {4.3.4, 4.5.1}. Participatory Scenario Planning, 

with stakeholders aligned to the scale of the scenario (e.g., the CBD for global scenarios) would 

allow for a differentiated assessment of good quality of life across stakeholder groups, and 

highlighting winners and losers across environmental or policy scenarios (established but 

incomplete) {4.4.2}. 

 

18. Large uncertainties remain in future scenarios and related impact studies at the global 

scale. Careful analysis and communication of sources of uncertainty in scenarios and models are 

vital when using them in support of decision making (well established). Global modelling tools 

to explore futures of biodiversity and futures of ecosystem state and function are still mostly 

disconnected and do not consider diversity-function links {4.2, 4.7}. Projected future changes in 

species ranges, community diversity or ecosystems may be under- or overestimated by most 

studies because they do not explicitly account for impacts of multiple drivers, adaptive capacity 

of species and for feedbacks arising from species interactions {established but incomplete) 

{4.2.5, 4.5}. Effectively linking scenarios and models across spatial and temporal scales is 

methodologically difficult and in early stages of development and use but can make important 

contributions to decision-making when achieved (established but incomplete). However, linking 

must be done with considerable caution because it creates additional complexity that can make 

the behaviour of scenarios and models difficult to understand and may introduce important 

sources of uncertainty {4.5, 4.7}. Substantial efforts are needed to identify uncertainty related to 

models and scenarios and improve the treatment of uncertainty between and within models {4.2, 
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4.6, 4.7}. Strong, sustained dialog between modellers, stakeholders and policymakers are one of 

the most important keys to overcoming many of the significant challenges to dealing with 

uncertainty and scales issues when mobilizing scenarios and models for decision-making. 
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4.1 Introduction 

 

4.1.1 Context and objectives of the chapter 

Rapid biodiversity loss and its adverse consequences for Nature, Nature’s Contributions to 

People and Good Quality of Life clearly remain as key challenges for the coming decades. 

Economic inequality, societal polarization and intensifying environmental threats have been 

identified by the World Economic Forum’s Global Risks Report (GRR) 2017 (WEF, 2017) as the 

top three challenges for global developments over the next decade or more. For the first time, all 

five environmental risks in the report (extreme weather; failure of climate change mitigation and 

adaptation; major biodiversity loss; natural disasters; human-made environmental disasters) were 

ranked both high-risk and high-likelihood (WEF, 2017). These challenges emphasize the 

importance of the UN 2030 Agenda and the Sustainable Development Goals (SDGs) and the 

2050 Global Vision for Biodiversity to facilitate a sustainable future state for the planet, with a 

recognition of the connections between humans and ecosystem well-being at their core (Costanza 

et al., 2016). 

 

This chapter focuses on the assessment of scenarios and models that have been used to explore a 

wide range of plausible futures of nature, nature’s contributions to people (NCP) and good 

quality of life (GQL), focusing on the current-to-2050 time frame and on continental to global 

spatial scales. One objective is to alert decision makers to potential undesirable impacts of a 

broad range of plausible socio-economic development pathways. A second objective is to 

highlight development pathways and actions that can be taken to minimize impacts, as well as 

restore nature and enhance its contributions to people. As is clearly highlighted in Chapters 2 and 

3 of this assessment, the context is that pressures, such as resource exploitation and climate 

change, continue to increase, and most measures of the state of nature and nature's contributions 

to people continue to decline. This chapter is designed to help understand the conditions under 

which these trends might accelerate vs. stabilize or even improve over the coming decades.  

 

Scenarios are a means of exploring plausible future trajectories of direct and indirect drivers of 

environmental change (IPBES, 2016a). Models provide a means to estimate qualitatively or 

quantitatively the impacts of indirect and direct drivers on nature and nature's contributions to 

people (IPBES 2016a). Building upon an analysis of drivers of change presented in chapter 2.1, 

this chapter starts with an assessment of the key underlying assumptions about drivers in 

scenarios and a synthesis of the projected trajectories of key direct drivers, such as climate 

change and land use change, and indirect drivers, such as human population and economic 

growth, over the next several decades and places these in the context of current trends (section 

4.1; Figure 4.1.1, see Chapter 2.1). 

 

Sections 4.2 and 4.3 of this chapter focus on the assessment of a wide range of quantitative 

models that have been used to project future dynamics of nature and its contributions, and these 

sections also place these projections in the context of observed trends as well as the current 
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understanding of the mechanisms underlying these trends (see Chapter 2). Models can also be 

used to evaluate the impacts of changes in nature and its contributions on quality of life, but this 

has rarely been done (IPBES, 2016a). As such, section 4.4 focuses on the underlying 

assumptions about quality of life embedded explicitly or implicitly in models and scenarios, as 

well as making qualitative connections with modeled impacts on nature and its contributions. 

Projected synergies and tradeoffs between nature, NCP and GQL are explored in section 4.5.  

 

Finally, comparisons of scenarios and model outcomes are then made with internationally agreed 

objectives, such as the Sustainable Development Goals for 2030 and the Convention on 

Biological Diversity’s 2050 Vision, in order to better understand the types of socio-economic 

development pathways that lead to outcomes that are closest to or furthest from these objectives 

(section 4.6). This is then put in the broader context of the use of scenarios and models in 

decision making (section 4.7), with a focus on the importance of scales and uncertainty in the use 

of models and scenarios to inform decisions. 

 

Chapter 5 follows by providing a more in-depth analysis of "target-seeking" scenarios designed 

to evaluate sustainable futures, including evidence regarding sustainable transition pathways, for 

which specific policy options are discussed in Chapter 6. 
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Figure 4.1. 1: Scope of Chapter 4 "Plausible futures of nature, its contributions to people 

and their good quality of life" of the IPBES Global Assessment, content of sections and 

their relationships, and linkages with the other chapters of the Global Assessment. NCP: 

Nature Contributions to People; GQL: Good Quality of Life. 

 

4.1.2 Exploratory scenarios 

Scenarios can be defined as plausible representations of possible futures for one or more 

components of a system, or as alternative policy or management options intended to alter the 

future state of these components (IPBES, 2016a). They provide a useful means of dealing with 

many distinct possible futures (Cook et al. 2014; Pereira et al. 2010). Policy and decision-making 

processes rely on estimates of anticipated future socio-economic pathways, and knowledge of the 

potential outcomes of actions across distinct geographic regions, sectors and social groups. The 

process of scenario development itself can help to build consensus by integrating the objectives 

of different stakeholder groups (Priess & Hauck, 2014). This is particularly germane in efforts 

that seek to integrate the knowledge, perspectives and goals of local stakeholders, particularly 
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Indigenous Peoples and Local Communities (IPLCs), who are frequently marginalized from 

policy and decision-making processes (Petheram et al. 2013, IPBES 2016a). 

 

When assessing future impacts on nature, its contribution to people and related good quality of 

life, there is a need to link the trajectory of direct and indirect drivers to different future 

scenarios. Exploratory scenarios can be either qualitative, in the form of storylines, or 

quantitative, in the form of model outputs (van Vliet & Kok, 2015). The main objective of 

exploratory scenarios is informing stakeholders of the potential impacts of different driver 

combinations, e.g., a proactive set of actions that may increase the likelihood of social, economic 

or political targets versus a “business-as usual” scenario that involves no major interventions or 

paradigm shifts in the organization of functioning of a system. Exploratory scenarios may 

provide a plurality of plausible alternative and contrasting futures.  

 

Exploratory scenarios for global scale environmental studies and assessments have been 

developed for a range of UN related assessments, including scenarios developed under the IPCC 

process, such as the so-called SRES scenarios (Nakicenovic et al., 2000) in the late 1990s, the 

Representative Concentration Pathways (RCPs) and the recent Shared Socio-economic Pathways 

(SSPs), as well as scenarios considered for the UNEP Global Environmental Outlook (GEO) 

(UNEP, 2012) process, Global biodiversity Outlook (GBO) and the Millennium Ecosystem 

Assessment (MA, 2005). The Global Scenario Group has also developed a range of contrasting 

global scenarios (Raskin et al 2002). In addition, organizations such as FAO, OECD, IEA and 

UNESCO have developed several scenarios for specific purposes, such as the OECD 

environmental outlook where a trend-based scenario was developed and a large number of policy 

alternatives were evaluated (OECD, 2012). Several of these scenarios have been evaluated by 

Integrated Assessment Models (IAMs) to specify and quantify ecological and environmental 

changes, including climate change, land use change, vegetation dynamics and water (Kok et al., 

2018). 

An important advance in the last few years has been to link representative concentration 

pathways (RCPs) with shared socio-economic pathways (SSPs) (O’Neill et al. 2014) in support 

of the IPCC process, to inform deliberations under the UN Framework Convention on Climate 

Change (UNFCCC). Some of these scenarios imply significant mitigation efforts in the land use 

sector, including large-scale reforestation and afforestation, or bioenergy crops with implications 

for both biodiversity and ecosystem services (Riahi et al., 2017). 

 

Existing environmentally relevant scenarios include scenarios that are most often either 

exploratory (this chapter focus) or target-seeking (Chapter 5) (IPBES, 2016a). In many cases, 

these scenarios may be appropriate for specific temporal or spatial scales or limited in scope (e.g. 

relevant to one or a few sectors). They can also be incomplete with regard to quantitative 

information about nature, NCP and GQL, and thus less useful for the purposes of this IPBES 

assessment. This is because integrated assessment models that often underpin scenarios of future 

greenhouse gas emissions, land use change, or demand for food have a strong economic 

perspective and do not consider e.g., monetary or non-monetary values of ecosystem services. 

Issues related to conservation or biodiversity, or feedbacks from changes in ecosystem services 



Unedited draft chapters 31 May 2019 

20 

 

to socio-economic decision-making, have typically not been well considered in the wide range of 

global scenarios that are well established in the climate change scientific communities. Likewise, 

scenarios of the future of biodiversity typically do not seek to quantify the possible co-benefits 

related to ecosystem services (Kok et al., 2017; Powell & Lenton, 2013)(Pereira, Leadley, 

Proenca, et al., 2010). Important gaps remain in scenario development, such as the development 

of integrated scenarios for areas projected to experience significant impacts and possible regime 

shifts (e.g. Arctic, semi-arid regions and small islands), and socioeconomic scenarios developed 

for and in collaboration with Indigenous Peoples and Local Communities (IPLCs) and their 

associated institutions, values and worldviews (Furgal & Seguin, 2006). 

4.1.3 Archetype scenarios 

From the many scenarios developed in the last few decades, it is apparent that groups of 

scenarios have many aspects of their underlying storylines in common and may be considered as 

“archetype scenarios”. Archetypes represent synthetic overviews of a set of assumptions about 

the configuration and influence of direct and indirect drivers used in scenarios. They vary mainly 

in the degree of dominance of markets, dominance of globalization, and dominance of policies 

toward sustainability. Hunt et al. (2012) and van Vuuren et al. (2012) analysed a large number of 

local and global scenarios and came to the similar conclusion that four to six scenario archetypes 

cover the large range of possible futures (Box 4.1.1).  

 

This chapter makes frequent reference to archetype scenarios because the use of scenario 

archetypes was also adopted in the IPBES regional assessments. This approach helped to 

synthesize results across a very broad range of scenario types. Synthesis across regional 

assessments is hampered by the use of different archetype classifications for each of the regions, 

which was done in order to match archetypes to regional contexts. 

The IPBES methodological assessment on scenarios and models (IPBES, 2016a) adopted the 

"scenario families", as described in van Vuuren et al. (2012), which include the scenario 

archetypes (Box 4.1. 1) distinguished by Hunt et al. (2012). 

Box 4.1. 1 Scenario archetypes (from van Vuuren et al., 2012; Hunt et al., 2012, 

(IPBES, 2016a) see also section 5.2.2 in IPBES 2018a): description of underlying 

storylines, and links with indirect and direct drivers. 

Economic Optimism. Global developments steered by economic growth result in a 

strong dominance of international markets with a low degree of regulation. Economic 

growth is assumed to coincide with low population growth due to a strong drop in 

fertility levels. Technology development is rapid and there is a partial convergence of 

income levels across the world. Environmental problems are only dealt with when 

solutions are of economic interest. The combination of a high economic growth with low 

population growth leads to high demands of commodities and luxury goods. These 

demands will however be unequally distributed among regions and within regions. 

Consequently, energy use and consumption are high. In addition, high technological 
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development in combination with increased global market leads to high yields in 

agricultural and wood production on the most productive lands. Therefore, pollution and 

climate change will be relatively high, but land use relatively low. Direct exploitation 

will continue but also replaced by cultivation of for example fish and livestock. Global 

trade will increase the risks of invasive species. 

Reformed Markets. Similar to the Economic Optimism scenario family, but includes 

regulation and other policy assumptions to correct market failures with respect to social 

development, poverty alleviation or the environment. Thereby, relative to the economic 

optimism archetype, high demands for goods are expected to be more equally distributed 

and pollution will be lower. 

Global Sustainable Development. A globalized world with an increasingly proactive 

attitude of policy-makers and the public at large towards environmental issues and a high 

level of regulation. Important aspects on the road to sustainability are technological 

change, strong multi-level governance, behavioural change through education, and a 

relatively healthy economy. All variations of this archetype are beneficial for 

biodiversity. This scenario combines a low population growth with moderate economic 

development, and sustainable production and consumption. Low demands of especially 

luxury goods are expected, and a shift in diet towards less meat can be expected. Energy 

use will be low to moderate and fossil fuel use will be reduced, leading to low climate 

change and low land use change. Due to environmental policies and sustainable 

production, pollution will be lower and direct harvesting will partly be replaced by 

cultivation. The global focus will increase the risk of invasive species 

Regional Sustainability. A regionalized world based on an increased concern for 

environmental and social sustainability. International institutions decline in importance, 

with a shift toward local and regional decision-making, increasingly influenced by 

environmentally aware citizens, with a trend toward local self-reliance and stronger 

communities that focus on welfare, equality, and environmental protection through local 

solutions. The scenario combines a low economic growth with moderate population 

growth rates. The demands for goods are low and production focusses on sustainability 

with low levels of energy use or environmental degradation associated with higher 

importance for intrinsic and relational values of nature. Low rates of climate change are 

expected. Supply of agricultural products will be organised with regions with low levels 

of global trade. A slow technological development and a sub-optimal land use lead to 

relatively high rates of land use change. Direct exploitation of natural systems will be 

within the carrying capacity of natural systems, and risks for invasive species will be 

relatively low. 

Regional Competition. A regionalized world based on economic developments. The 

market mechanism fails, leading to a growing gap between rich and poor. In turn, this 

results in increasing problems with crime, violence and terrorism, which eventuates in 

strong trade and other barriers. The effects on the environment and biodiversity are 

mixed. Overall, there is a tendency towards increased security, which can either be 

positive (protect biodiversity) or negative (intensify agricultural production). Particularly 

in low-income countries, deforestation and loss of natural areas are a risk. In this 

scenario, due to a lack of global co-operation and trade, a high population growth is 

expected combined with low economic growth. Thereby, the demand for goods 
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including agricultural products increases, but the demand for luxury, energy intensive 

goods is relatively low, and thus relatively low climate change is expected. Agricultural 

supply will be mainly within regions, which, combined with slow technological 

development, will result in lower productivity and high rate of land use change. Direct 

exploitation will continue, low rates of replacement by cultivation are expected. The risk 

of invasive species will be lower than in the archetypes that focus on globalization. 

Business-As-Usual. Assumes that the future can be characterised by a continuation of 

historical trends, including the implementation of international agreements. Sometimes 

referred to as a reference scenario, or as a middle-of-the-road scenario. It can also be 

considered as a less extreme variant of the Economic Optimism archetype. Business-as-

usual is characterized by moderate economic growth, moderate population growth and 

moderate globalization. Demands are not high nor low, and in combination with 

moderate technological development, environmental changes will also be moderate. 

 

The different scenario archetypes describe different visions of the future (De Vries and Petersen, 

2009), reflecting different values, guiding principles of society, understanding of good quality of 

life, approaches to decision-making and distribution of power (among other aspects). These 

aspects are often included in scenarios as implicit assumptions and have a large impact on the 

outcomes of the scenarios. For example, some scenario archetypes may prioritize intrinsic values 

of nature, while others may emphasize instrumental or relational values (Pascual et al., 2017). 

These differences ultimately affect the different archetypes in various ways. Table 4.1.1. shows 

all these aspects synthesized across the six scenario archetypes. The most common global scale 

scenarios encountered in the literature can be assigned to these archetypes (Table 4.1.2), with the 

caveat that individual scenarios do not match all of the characteristics of the archetype defined in 

Table 4.1.1 and Box 4.1.1. 

 

Table 4.1.1: Different guiding principles, values, approaches to Good Quality of Life 

(GQL), distribution of power and decision-making approach across scenario archetypes. 

  
Economic 

optimism 

Reformed 

Markets 

Global 

Sustainable 

Developmen

t 

Regional 

Sustainabi

lity 

Regional 

Competition 

Business-

as-Usual 

Guiding 

Principles 

Prosperity 

based on 

economic 

growth 

Economic 

efficiency 

& 

sustainabil

ity 

Global 

Sustainabilit

y 

Equity & 

local 

sustainabili

ty 

Individualis

m and safety 

concerns 

No change 

Main 

value in 

human-

nature 

Instrumenta

l / Utility 

value 

Instrument

al / Utility 

value 

Intrinsic / 

Relational 
Relational 

Instrumental 

/ Utility 

value 

Instrumenta

l / Utility 

value 
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relationsh

ips 

Environ-

mental 

principles 

More 

"efficient" 

use of 

nature with 

new 

technologie

s, but 

protection is 

not 

prioritised 

Use of 

nature is 

regulated 

with 

reformed 

polices 

Protecting 

nature and 

environment

al 

sustainability  

Local 

sustainable 

use of 

nature 

Lack of 

concern/low 

priority for 

nature  

Over-

exploitation 

of nature 

with 

elements of 

regulation 

and 

protection 

Social 

principles 

Individualis

m 

Individual

ism with 

elements 

of 

cooperatio

n 

Global 

cooperation 

Cooperatio

n within 

the 

community 

Individualis

m in a 

fragmented 

world 

Individualis

m with 

elements of  

cooperation 

Economic 

principles 

Market 

oriented 

based on 

profit 

maximizatio

n 

Market 

regulation 

based on 

efficiency 

& 

sustainabil

ity targets 

Market 

regulation 

and non-

market 

mechanisms 

based on 

global 

environment

al 

sustainability 

and equity 

Markets 

oriented to 

local 

environme

ntal and 

quality of 

life 

priorities. 

Market 

oriented with 

trade barriers 

and growing 

economic 

asymmetries 

/polarisation. 

Market 

oriented 

with some 

barriers and 

some 

regulation 

Approach 

to good 

quality of 

life 

Material 

aspects 

Material 

aspects, 

health and 

other GQL 

componen

ts included 

in 

internation

al goals 

(e.g. SDG) 

Respect for 

nature at the 

global scale 

is important 

for GQL 

Livelyhood

s, Social 

relationship

s and 

health  

Public 

security 

Material 

aspects, and 

other 

components 

such as 

health, 

public 

security 

Power 

relations 

among 

countries  

Large 

countries 

powerful 

Power 

imbalance 

moderated 

by 

Power 

balanced by 

global 

institutions 

Decentraliz

ed among 

and within 

countries 

High 

differences 

in power 

among 

regions 

Large 

countries 

are 

powerful, 

power 
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negotiatio

n 

and 

collaboration 

partially 

balanced by 

negotiation, 

high 

differences 

in power 

among 

regions 

Decision 

making 

processes  

Top-down Top-down 
Horizontal / 

Participatory 

Bottom-up 

/ 

Participator

y 

Top-down 

with growing 

exclusion 

(marginalisat

ion) of the 

poorest 

(most 

vulnerable) 

regions & 

social groups 

Top-down 

Powerful 

stakehold

ers 

Private 

sector 

Alliance 

of 

governme

nts and 

private 

sector 

Balance of 

power among 

the various 

stakeholders, 

global 

institutions 

Communiti

es  

National 

Governments 

and private 

sector 

Private 

sector & 

government

s,  with 

participatio

n  of NGOs 

 

 

Table 4.1.2: Scenarios from earlier global assessments attributed to archetypes or families 

(from IPBES, 2016a; van Vuuren et al., 2012) 

Source Economic 

Optimism 

Reformed 

Markets 

Global 

sustainable 

development 

Regional 

Sustainability 

Regional 

Competition 

Business as 

Usual 

SRES A1F1  B1 (A1T) B2 A2 B2 

GEO3/GEO4 Market first Policy first Sustainability 

first 

 Security first  

Global 

scenario group 

Conventional 

world 

Policy 

reform 

New 

sustainability 

paradigm 

Eco-

communalism 

barbarization  

Millennium 

Ecosystem 

Assessment 

 Global 

Orchestration 

Technogarden Adapting 

mosaic 

Order from 

strength 
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OECD 

Environmental 

outlook 

     Trend 

Shared Socio-

economic 

Pathways 

SSP5  SSP1  SSP3/SSP4 SSP2 

Representative 

Concentration 

Pathways 

(RCP) 

RCP8.5  RCP 2.6  RCP 6.0 RCP 4.5 

Roads from 

Rio/ fourth 

Global 

Biodiversity 

Outlook 

 Consumption 

Change 

Global 

technology 

Decentralized 

Solutions 

 Trend 

 

Analysis of the data sourced from the systematic literature review (Appendix A1.1) carried out 

as part of the background work for this chapter indicates a skewed representation of scenarios 

between and across the three components Nature, NCP and GQL (Table 4.1.3). This skew 

reflects to some extent the length of time scenarios have been available, but also reflects a bias 

towards climate change related scenarios. The analysis shows the available literature is strongly 

dominated by studies of future trajectories of Nature, with considerably fewer studies on NCP 

and very few studies providing information on GQL. This may reflect the lack of integrated 

assessment tools available to conduct this type of work quantitatively. This inconsistency of 

coverage constrained the work in this chapter, and explains the emphasis put on Nature (section 

4.2). 

Table 4.1.3. Classification of studies according to scenario represented along a 

continuum from Nature via NCP (Nature Contributions to People) to GQL 

(Good Quality of Life) focused studies. The number of papers reported comes 

from the systematic literature review conducted for this chapter (Appendix A1.1). 

Scenario All Nature NCP GQL 

RCP8.5 237 198 39 0 

RCP6.0 9 9 0 0 

RCP4.5 50 41 9 0 

RCP2.6 150 144 6 0 

A1 6 4 1 1 

A1b 119 108 8 3 

A1B 4 0 4 0 

A1F1 76 76 0 0 

A1T 1 0 1 0 
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A2 200 191 7 2 

B1 113 106 6 1 

B2 123 117 5 1 

SSP1 1 0 1 0 

SSP2 13 1 12 0 

SSP3 2 1 1 0 

SSP5 1 1 0 0 

BAU 23 20 3 0 

Global orchestration 13 11 2 0 

Order from strength 12 9 3 0 

Technogarden 11 10 1 0 

Adapting mosaic 8 7 1 0 

Consumption change 6 6 0 0 

Global Technology 3 0 3 0 

Decentralized 

solutions 
1 1 0 0 

 

4.1.4 Projected indirect and direct drivers of change in scenarios 

The main indirect drivers of change of nature and its contributions to people, and consequently 

the quality of life include economic development, demographic trends and factors, technological 

development, governance and institutions, and various socio-cultural aspects such as worldviews 

and values. These indirect drivers have multiple impacts on direct drivers of change, which 

include climate change, land use change, pollution, direct harvesting, invasive species and 

disturbance. In each scenario archetype, assumptions on the indirect drivers lead to different 

combinations of direct drivers (Box 4.1.1). 

 

Drivers are always multiple and interactive, so that one-to-one linkage between particular drivers 

and specific changes in ecosystems rarely exists. The causal linkage between drivers is often 

mediated by other factors or a complex combination of multiple factors, thereby complicating the 

understanding of causality or attempts to establish the contributions by the various drivers to 

changes in Nature, NCP and GQL (see also Bustamante et al 2018, Elbakidze et al 2018, Nyingi 

et al 2018, Wu et al 2018). The cumulative effects of multiple stressors may not be additive but 

may be magnified by their interactions (synergies) and can lead to critical thresholds and 

transitions of ecological systems (Côté et al., 2016). Cascading impacts of co-occurring stressors 

are expected to degrade ecosystems faster and more severely (section 4.7 in Bustamante et al 

2018). 

4.1.4.1 Indirect Drivers (including consideration of diverse values) in scenarios 
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Indirect drivers (also referred to as ‘underlying causes') operate diffusely by altering and 

influencing direct drivers as well as other indirect drivers (also see chapter 1 in this report and 

IPBES, 2016a). They influence human production and consumption patterns with subsequent 

environmental implications. Economic drivers, including trade and finances, and demographic 

drivers interact with other indirect drivers such as technology, governance/institutions and social 

development including equity. Archetype environmental scenarios for this century consider 

explicit reference to relevant indirect anthropogenic drivers in different combinations, as 

indicated in Table 4.1.44. 

 

Table 4.1.4: Selected indirect drivers in archetype scenarios. Source: Based on Cheung et 

al, 2016: Table 6.3; van Vuuren et al., 2012 

 

Selected 

indirect 

drivers 

Archetype / scenario family 

Economic 

Optimism 

Reformed 

markets 

Global 

Sustainable 

Development 

Regional 

Sustainability 

Regional 

Competition 

Business 

as Usual 

Economic 

development 

Very rapid Rapid Ranging from 

slow to rapid 

Medium Slow Medium 

Trade Globalisation Globalisation Globalisation Trade barriers Trade 

barriers 

Weak 

globalisa

tion 

Technological 

development 

Rapid Rapid Ranging from 

medium to 

rapid 

Ranging from 

slow to rapid 

Slow Medium 

Population 

growth 

Low Low Low Medium High Medium 

Policies & 

institutions 

(Governance) 

Policies 

create open 

markets 

Policies 

reduce 

market 

failures 

Strong global 

governance 

Local steering Strong 

national 

governments 

Mixed 

 

Economic development has historically been the key indirect anthropogenic driver of changes 

in Nature, NCP and GQL, across all scales (global, regional, national and local). World GDP (at 

constant 2010 USD) increased by 6.9 times between 1960 to 2016 (based on (The Worldbank, 

2017)). Taking a historical perspective, past and prevailing patterns of production and 

consumption embodied in global economic trends have generated growing pressures on natural 

resources, the environment, and ecosystem functions. In all scenarios, world GDP will continue 

to grow (Table 4.1.5). However, some studies also refer to the plausibility of sustainable de-

growth, as a transformative pathway leading to a steady-state at a reduced level of economic 

output (Schneider et al., 2011). 

Table 4.1.5: Economic development (in GDP PPP) for the scenario archetypes (Source: 

Nakicenovic et al., 2000, MA, 2005, UNEP, 2008, OECD, 2012, Raskin et al., 2002, Riahi et al., 

2017). Global GDP was approximately 50 trillion $ at purchasing power parity in 2000. GDP 

PPP: Global Domestic Product based on purchasing power parity. 
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 GDP PPP in trillion 2000 US$ 

 Economic 

Optimism 

Reformed 

markets 

Global 

Sustainable 

Development 

Regional 

Sustainability 

Regional 

Competition 

Business as 

Usual 

2050 182 – 323 181-229 168-251 139-145 106 - 198 145-241 

2100 458 - 895 427 213-498 310 177-321 310-473 

 

Economic activities, international trade and financial flows are closely related, particularly in 

recent decades due to increasing economic globalization. These considerably influence changes 

in Nature, NCP and GQL through various direct and indirect pathways. In turn, these pathways 

are influenced by a number of policy channels and mechanisms, like trade policies, including 

incentives (tax exemptions, subsidies) and trade barriers, the dynamics of foreign debt and 

foreign debt service, flows of foreign direct investments, and monetary policies (dynamic of 

exchange rates, interest rates). 

Demographic trends are a major indirect anthropogenic driver of changes in Nature, NCP and 

GQL, across all scales (global, regional, national and local). World population increased by 2.5 

times, respectively between 1960 and 2016 (Based on World Bank Database 2017, (The 

Worldbank, 2017)). Population / demographic drivers consider changes in population size, 

migration flows, urbanization as well as demographic variables such as population distribution 

and age structure. Urbanisation driven by growing populations and internal migration acts as an 

indirect driver of land-use change through various ways, including through linear infrastructures 

such as transportation networks as well as synergies with other forms of infrastructure 

development (IPBES, 2016a). By 2050, all archetype scenarios project great increase in human 

population size, while towards the end of the century, downward trends are projected for the 

"Economic Optimism" (SSP5), "Global Sustainable Development" (SSP1), "Reformed Markets" 

scenarios (Table 4.1.2, Figure 4.1.2). 
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Figure 4.1.2: Projected changes in world population according to the five Shared 

Socio-economic Pathways (from Samir & Lutz, 2017). Note: For the narratives of the 

SSPs, see O'Neil et al. (2017) 

 

Per capita GDP trends combine the impacts of GDP and population growth on environment. 

Growing per capita GDP has historically implied increasing demand of key natural resources 

such as food, water and energy with adverse impacts on ecosystems and biodiversity, due to the 

persistence of unsustainable patterns of production and consumption. Humanity’s demand has 

exceeded the planet’s biocapacity for more than 40 years, and the Ecological Footprint shows 

that 1.6 Earths would be required to meet the demands humanity makes on nature each year, with 

consumption patterns in high-income countries resulting in disproportional demands on 

renewable resources, often at the expense of people and nature elsewhere in the world (WWF 

2016). 

Technology development can significantly increase the availability of some ecosystem services, 

and improve the efficiency of provision, management, and allocation of different ecosystem 

services, but it cannot serve as a substitute for all ecosystem services. Technologies associated 

with agriculture and other land uses have a large impact as drivers of biodiversity and ecosystem 

change (IPBES, 2016b). 

As part of the problem, some technologies can result in increased pressure on ecosystem services 

through increased natural resource demand as well as lead to unforeseen ecological risks, 

particularly natural resource intensive technologies, as those associated to agricultural land 

expansion (e.g. first generation of biofuels when produced unsustainably). In addition, climate 

change is directly related to the use of fossil-fuel-intensive technologies. As part of the solution, 

sustainability-oriented technological innovation may contribute to decouple economic growth 

and the consumption of natural resources through increasing efficiency, resilience and equity 

(e.g. agroecological food production systems) (IPBES, 2016b; Trace, 2016; Vos & Cruz, 2015). 

Governance and institutions play an important role in the management of biodiversity, 

ecosystem services and ecosystem functions. Weak governance, including corruption, frequently 

leads to environmental mismanagement as well as the adoption of environmentally unsustainable 

policies, and growing conflicts (Pichs-Madruga et al 2016). The lack of recognition of 

indigenous and local knowledge (ILK) and institutions may also generate adverse consequences 

for Nature, NCP and GQL as well as for Indigenous Peoples and Local Communities (IPLCs). In 

addition to governments, new actors and coalitions (e.g. NGOs, researchers, indigenous groups) 

with different – and sometimes divergent and conflicting – perceptions and values are 

performing critical roles in environmental decision-making processes. 

Social development and culture are critical ingredients of future scenarios on biodiversity, yet 

there is a lack of attention towards understanding how values, norms, and beliefs affect attitudes 

and behaviours towards the environment, and their roles in shaping the future and in driving 

transformation pathways. While there has been advances in methodologies supporting social-

ecological analyses, emphasis has been on measurable indicators with less attention to the role of 
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sociocultural values and practices in shaping other indirect drivers of change, and thus future 

pathways (Pichs-Madruga et al 2016). 

Social inequity is a key concern in many regions, sub-regions, countries and territories. In many 

cases, poverty conditions correlate with increasing pressures on Nature, but globally per capita 

consumption of natural resources is strongly correlated with affluence. World per capita private 

consumption, in dollars at constant 2010 prices, rose by 44.5% between 1990 and 2016 (The 

Worldbank 2017). The emergence of new waves of affluent consumers is projected to 

significantly increase the demand for already limited natural resources (Myers and Kent 2003). 

For this reason, the impact of consumers’ purchasing power on the demand of natural resources 

is receiving growing attention in scenarios. This discussion is very relevant in the context of the 

global debate on the Sustainable Development Goals (SDGs), multidimensional progress  in 

human development (United Nations Development Programme 2016) and their inter-linkages 

with Nature and NCP. 

4.1.4.2 Direct Drivers 

 

Climate change  

By the end of the 21st century, three of four explored Representative Concentration Pathways 

(RCP; van Vuuren et al., 2011) result in an increase in global average surface temperatures 

above 1.5oC compared to the present-day reference period 1986-2005 (Stocker et al. 2013). 

Averaged over years 2046-2065, temperature increases range from (model median) 1.4°C 

(RCP4.5) to 2.0oC (RCP8.5) above the reference period (1986-2005). Only the RCP2.6 scenario 

could possibly lead to a below 2oC world, with projected warming above the reference period 

from 0.3 to 1.7oC averaged over the last two decades of the 21st century, and from 0.4-1.6oC for 

years 2046-2065. Warming will be larger over land and by far highest in the Arctic. The 

frequency of extreme hot weather events will increase (Stocker et al. 2013). Precipitation 

patterns will change in a complex, spatially non-uniform way. 

 

Based on climate modelling done for the IPCC 5th assessment report, and recent work presented 

in the IPCC special report on 1.5 degrees (IPCC 2018), limiting warming to 1.5 oC above 

preindustrial levels will require rapid, historically unprecedented mitigation efforts (Millar et al., 

2017). Applying a different, statistical modelling approach found below 2 oC warming at the end 

of the 21st century unlikely, and requiring a much accelerated decline in carbon intensity 

compared to the past decades (Raftery et al., 2017). By 2050, in the RCP2.6 pathway, CO2 

emissions are projected to be lower than they were in 1990. Projected atmospheric 

concentrations range from ca. 440 ppm (RCP2.6) to ca. 540 ppm (RCP8.5) by 2050 to ca. 420-

935 ppm by 2100, but uncertainties are of several tens/hundreds of ppm. 

 

Land-use change  

Land-use and land-cover changes have direct and large impacts on the physical environment. 

They include expansion of crops and pastures, as well as intensification and management 

changes, mineral and biomass extraction, urbanization and infrastructure expansion (Geist & 
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Lambin, 2002). Eitelberg et al. (2015) estimated the global potential for crop area to range from 

ca. present-day expanse (1500 Mha) to nearly a tripling (5100 Mha), depending on different 

future socio-economic and governance assumptions. Synthesising projected future crop, pasture 

and forest areas, Alexander et al (2016) showed a huge spread in projected future land use 

change, and found that this spread depended on the type of scenario, as could be expected, but 

also was heavily dependent on the type of model used to quantify land use for a given scenario 

(i.e. the same scenario archetype results in very different land-use change patterns depending on 

the underlying model’s assumptions and structure). Overall, these studies suggest that there 

remains a high level of uncertainty in future land use change potential and in scenarios of land 

use change. 

 

The five main SSP storylines that have been developed in support of the IPCC can be classified 

by archetypes (Table 4.1.2), but considerable caution should be exercised when interpreting land 

use projections from the SSP storylines as being representative of a particular archetype. For 

example, the largest declines in global area of forest and other natural land occur in the reference 

scenarios (also referred to as "marker scenarios") for SSP3, SSP4 and SSP5 (Popp et al., 2017), 

i.e. scenarios that emphasise competition or free markets. However, the range of variation of the 

projected change in managed land area by 2100 is nearly as large within SSPs (i.e. variation due 

to application of different IAMs to the same SSP storyline) as it is between marker scenarios 

across SSPs (Popp et al., 2017). Given this large variation within SSPs and high uncertainty in 

land use projections identified by Alexander et al (2016), considerable caution must be exercised 

when making the connection between the underlying assumptions of scenario archetypes (Tables 

4.1.1 and 4.1.4) and an individual projection of land use by a single Integrated Assessment 

Model (e.g., Figure 4.1.3). 
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Figure 4.1.3: Projected changes in cropland area used in the Biodiversity and 

Ecosystem Services Model Intercomparison Project (BES-SIM, Kim et al., 2018, see box 

4.2.5 in section 4.2.4). Note that the depicted projections are from a single Integrated 

Assessment Model per SSP and may not be representative of the range of land use 

projections for archetypes to which the SSP is assigned (Table 4.1.2). For instance, trends in 

agricultural area used by Krause et al. (A Krause et al., 2017, 2018a) for their RCP2.6 

baseline case were opposite (increasing agricultural area) to the trends seen in the scenario 

RCP2.6/SSP1 used in BES-SIM. A map with cropland as well as pasture area changes is 

provided in Appendix 1 (Figure A1.12). 

 

In the wake of the Paris COP21 agreement, terrestrial ecosystems will make crucial contributions 

to meeting agreed climate mitigation objectives. Achieving the RCP2.6 pathway (or the most 

recent RCP1.9 pathway, see IPCC 2018) requires, in nearly all scenarios developed with IAMs, 
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negative emissions through carbon-dioxide removal. The majority of this is generally achieved 

through reforestation, afforestation and avoided deforestation, as well as bioenergy plantations 

coupled with carbon capture and storage (Anderson & Peters, 2016; Pete Smith et al., 2016). 

Depending on how fast fossil fuel emissions decline, substantial negative emissions to balance 

continued fossil emissions need to be achieved by 2050, or even earlier (Anderson & Peters, 

2016) which, if implemented, will have large consequences for terrestrial ecosystems . Recent 

results indicated that SSPs 1, 2, 4 and 5 might be consistent with low greenhouse gas emissions 

(i.e. RCP2.6; Kriegler et al., 2014; Popp et al., 2017) (see also examples in Figure 4.1.3). Despite 

the very different assumptions contained in the SSPs (and in the IAMs simulating these) there is 

consistent projected decline in food crop and pasture area at the end of the 21st century, even 

though demand for crop and livestock products tend to be larger than today. At the same time, 

area under bioenergy plantation increases by between ca. 200 Mha (SSP1/AIM) and 1500 Mha 

(SSP4/GCAM4). 

 

The intensity of land use change can be as important as the change in area. In particular, the 

productivity of croplands is assumed to increase in the future as a result of increased application 

of technology, including the use of fertilizers, high producing varieties, machinery and 

pesticides. Intensification has huge impacts on biodiversity in agricultural landscapes, where for 

example species richness reduces by more than 50% in intensively used croplands, compared to 

low input systems (e.g. Newbold et al., 2015). Intensification will continue in the coming 

decades and a recent analysis for the SSP scenarios showed trade-offs between land use change 

and intensification (Table 4.1.6) 

Table 4.1.6: Changes in global cropland area and productivity increase for three SSP 

scenarios, as analysed in a model comparison study by BES-SIM. 

 SSP1/RCP2.6 SSP3/RCP6.0 SSP5/RCP8.5 

Cropland in 2015 in km2 15885409 15885409 15885409 

Cropland in 2050 in km2 15696191 18399153 18507559 

Cropland area increase 2015-2050 % -1.2 15.8 16.55 

Crop production increase 2015-2050 

% 
31.7 40.5 58.4 

Yield increase 2015-2050 % 33 21 36 

Yield increase per year % 0.95 0.61 1.03 

 

To meet the demand of a growing and wealthier population, increased agricultural production 

results from land conversion to cropland in the SSP3/RCP6.0 and SSP5/RCP8.5 scenarios and 

from intensification in all scenarios, where in SSP3/RCP6.0 scenario a relatively low increase of 

the yield is assumed. 

 

Pollution 

Pollution here refers to solid and chemical waste of various kinds, excluding the gases referenced 

in the Kyoto and Montreal Protocols. Large increases in waste generation have occurred in the 
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past decades, with a particular challenge for persistent organic pollutants (POPs) and synthetic 

organic polymers (plastics) which are physically harmful, chemically toxic, and slow to 

metabolize (see 4.2.2.4.1). Solid waste generation rates depend strongly on urban population 

growth trends, together with changing standard of living and societal efforts towards waste 

reduction. On current trends, waste production will attain 11 Mt day-1 by 2100, and will continue 

to rise into the latter half of this century particularly in sub-Saharan Africa (Hoornweg et al., 

2013). However, socio-economic pathways could strongly affect waste production trends, with 

SSP1 stabilising global waste production by about 2070 at roughly 8.5 Mt day-1 relative to values 

of 12 Mt day-1 in SSP2 and SSP3 (Hoornweg et al., 2013).  

 

Direct harvesting of natural resources  

Scenarios relating to direct harvesting will have complex relationships with distinct socio-

economic futures. In terrestrial ecosystems, while an increase in human wealth may reduce direct 

harvesting of provisioning resources (such as bushmeat), increasing wealth may increase 

demands for some traditional (e.g. medicinal) and “luxury” (e.g. Rhino horn) resources. On the 

other hand, marine and freshwater natural resources might undergo increased fishing pressure in 

the face of rising affluence and continuous growth of human population that is projected to reach 

9.8 billion people by 2050 (UNDESA, 2017). Scenarios of governance in fisheries management, 

human consumption of seafood, improvement of fishing technology (Squires & Vestergaard, 

2013) are starting to be integrated into future global scale projections (section 4.2.2.3). 

 

Invasive Alien Species 

Invasive alien species (IAS) are those that have been moved by direct human actions beyond 

their native geographic range, and have established and actively expand geographic range after 

introduction (e.g. Blackburn et al., 2014). The main impacts of socio-economic scenarios on IAS 

are likely to be through vectors for dispersal (with international trade and long distance transport 

being the most important), and economic resources to combat IAS. Higher impacts are thus to be 

expected under future scenarios of greater global trade with weaker local governance. 

Quantification of the impacts of IAS tends to focus on adverse ecological effects (e.g. Simberloff 

et al., 2013), including adverse impacts on ecosystem services. It is thus difficult to develop a 

fully integrated understanding of positive, neutral and negative impacts, though current 

consensus strongly suggests overall adverse impacts (e.g. Pyšek & Richardson, 2010). For 

example, invasive plants can cause catastrophic regime shifts and indigenous diversity reduction 

(Gaertner et al., 2014), such as through N-fixing species increasing N concentrations in nutrient-

poor soil (Blackburn et al., 2014), and by increasing fire frequencies and intensities, or even 

introducing novel fire regimes (Pausas & Keeley 2014). Invasive animals may cause extreme 

indigenous diversity loss particularly if they are predators and invade in islands (e.g. Medina et 

al., 2011). 

 

The number of documented IAS is most probably a significant underestimate of the true number, 

partly because of inadequate research effort particularly in some developing countries with 

potentially high IAS densities (McGeoch et al., 2010). The IUCN Red List Index indicates that 
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the adverse impacts of IAS include increased rates of decline in species diversity (McGeoch et 

al., 2010).  

 

Disturbance 

Disturbance is a fundamental driver of biodiversity, and ecosystem structure and function, and 

may strongly control ecosystem services delivered. Almost all ecosystems experience episodic 

events like floods, droughts and wildfire. Where disturbance is frequent enough, natural selection 

both permits nature to adapt, and some species may even become dependent on disturbance, and 

enhance its frequency (Parr et al. 2014). A prime example is wildfire, which is of global 

significance in that it is an important factor in determining local to landscape scale ecosystem 

structure over vast areas of the subtropics and tropics. Without fire, ecosystem structure and 

function in fire-prone regions may alter their biodiversity, structure and function entirely (Bond 

et al. 2005). Many plant species are designed to accelerate fire frequency and intensity (Keeley et 

al., 2011). Disturbance is thus an important tool available in the management of biodiversity, 

ecosystem structure and function, and the ecosystem services that result (Folke et al., 2004). 

Disturbance is likely to be most strongly affected by climate (especially in case of fire) as well as 

socio-economic scenarios. Fire, droughts and flooding would be expected with higher frequency 

under low future climate change mitigation scenarios. However, for fire it has been argued that 

changes in human population density, and shifts in urban to rural lifestyles affect future burnt 

area to the same degree as climate change, through reducing fire spread (Knorr et al., 2016). 

However, as more people are projected to live in fire-prone areas, potentially detrimental impacts 

on societies may nonetheless increase (Knorr et al., 2016). 

4.1.5 Considering Indigenous Peoples and Local Communities (IPLCs) and Indigenous 

and Local Knowledge (ILK) in scenarios 

The integration of Indigenous and Local Knowledge (ILK) into scenarios developed at the 

regional and global scales, as well as the assessment of the impacts of scenarios on Indigenous 

Peoples and Local Communities (IPLCs), have been limited and remain a key challenge in 

scenario development (Wohling, 2009; Hill et al., 2012). Varying combinations of indirect 

drivers, and especially government policy, can disproportionately impact IPLCs and their 

livelihoods. This is particularly significant when considering scenarios as alternative policy or 

management options intended to alter the future state of these (system) components (IPBES, 

2016a). The following examples provide evidence for the potential benefits that could be gained 

from a better recognition of and respect for ILK and IPLCs in conservation of Nature, as well as 

adaptation to and mitigation of climate change. 

 

Government policies that (i) define agro-industrial plantations as forests, (ii) change property 

systems, including privatization and land titling over areas of customary tenure, and (iii) 

incentivize migration to historically low population density areas, undermine ILKs that promote 

biodiversity and human well-being, and traditional land use practices (Dressler et al., 2017). 

Some cases where governments have recognized IPLC land rights and pursued climate 

mitigation policies, such as through REDD+ projects (Reducing Emissions from Deforestation 
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and Forest Degradation), have led to thus-far successful collaborations and demonstrated that 

ILK could make significant contributions to future forest and biodiversity conservation (see also 

review in chapter 6). For instance, the case of GuateCarbon, which incorporates the Association 

of Forest Producers of Petén (ACOFOP, in northern Guatemala) as full partners alongside 

government entities and international NGOs, has proved a potentially important model for 

negotiation, benefit sharing, and monitoring, reporting, and verification that respects local land 

use practices and values (Hodgdon et al., 2013). Positive livelihood outcomes have accompanied 

a pattern of strong forest protection in areas with community-led management here. 

 

Studies suggest that policy scenarios such as protected area designation – including territorial 

recognition for IPLCs – could play a significant role in avoiding future deforestation, such as in 

the Amazon, despite continued pressures to downgrade, downsize, and degazette protected areas 

(PADDD) for infrastructure development and more intensive land uses (Forrest et al., 2015; 

Soares-Filho et al., 2010). For example, a recent Brazilian moratorium on mega-dams – long 

demanded by indigenous groups on ecological and spiritual grounds – could enhance ecosystem 

protection, especially if accompanied by increased support for forest groups (Branford, 2018), 

despite continuing plans for inter-modal transport projects essentially promoting agro-industry 

and colonization (Molina et al., 2015). While the Brazilian Amazon has served as an important 

testing ground for recognizing the importance of ILK in forest management and for REDD+, the 

continued discounting of ILK systems in broader land use policy throws doubt on the long-term 

viability of such participative initiatives (Cromberg et al., 2014; Vitel et al., 2013). Specific 

major drivers vary by country and by region, but global demand for basic commodities and 

national enabling environments for investment in forest-rich countries will likely continue to 

contribute to terrestrial emissions and biodiversity loss – including through incursions on IPLCs’ 

traditional lands and the attendant loss of ILK. Thus, even where REDD+ and conservation 

initiatives have tried to ensure community participation, they achieve variable success, in part 

because they often fail to address the strongest indirect drivers of losses of forests, biodiversity 

and ecosystem services (A. Angelsen et al., 2017). 

 

Notwithstanding these limits, the long period of negotiation over the program internationally and 

nationally, in addition to a pivot away from market-based approaches implementation, has 

provided IPLCs with opportunities to insert their priorities (tenure security, Free, Prior and 

Informed Consent, social services) into the debate (A. Angelsen et al., 2017; Van Dam, 2011). 

Increasing rates of recognition of IPLCs’ rights to inhabit and manage their lands alongside new 

sources of dedicated funding (such as the UNFCCC’s Green Climate Fund) could suggest 

stronger outcomes for avoided deforestation and ecosystem health. 
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4.2 Plausible futures for Nature 

 

4.2.1 Impacts of future global changes on biodiversity: feedbacks and adaptation capacity 

4.2.1.1 Projected negative changes at all levels of biodiversity 

The scientific community has focused on climate change as a major driver of concern in 

exploring possible futures for Nature (Table 4.2.1). Based on our systematic literature review 

(Appendix A1.1), 88% of the global scenario literature addressed climate change impacts on 

Nature, followed by 8% and 2% of the papers addressing land use change and natural resource 

extraction, respectively. A vast majority of the papers addressed single drivers, as few integrated 

models are able to represent combination of drivers and interactions are more complex to 

implement (IPBES, 2016a). Of all the scenarios exploring climate change impacts, only 18% 

were combined with other direct drivers of change such as land use or natural resource 

extraction. 

Table 4.2.1: Major drivers represented in global change scenarios addressing impacts on 

Nature at global scale, across terrestrial, freshwater and marine ecosystems. The number of 

scenarios published is reported, and in parentheses, the number of scientific papers from the 

Chapter 4 literature database (Appendix A1.1). Scenarios addressed single drivers (blue cells) or 

combination of drivers. 

 
Climate 

change 

Invasive 

alien 

species 

Land use 

change 

Natural 

resource 

extraction 

Pollution Others 

Climate 

change 
569(270) 4(3) 104(36) 12(6) 8(4) 11(8) 

Invasive 

alien 

species 

 10(2)     

Land use 

change 
  45(19) 7(4) 4(2) 1(1) 

Natural 

resource 

extraction 

   16(7) 1(1)  

Pollution     1(1) 1(1) 

Others      27(8) 

 

Most scenarios of biodiversity change are terrestrial or marine, while far fewer exist for 

freshwater (Figure 4.2.1; IPBES, 2016a). Therefore, most evidence provided in section 4.2.3 for 
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freshwater biomes is based on local and regional studies. Overall, relatively few metrics of 

biodiversity and ecosystem function have been explored deeply enough to draw strong 

conclusions about their interactions in a globally changing environment. 

The systematic literature review indicates that the effects of global environmental changes on 

biodiversity are mostly projected to be negative (Figure 4.2.1) and embrace all biodiversity 

levels – from genetic diversity to biomes (Bellard et al., 2012; Box 4.2.1). Marine systems are 

projected to be generally more negatively impacted by global change drivers than terrestrial 

systems (Figure 4.2.1). For example, projected changes in species biomass or abundance cover 

the spectrum of negative to positive trends in terrestrial systems (see evidence provided in 

sections 4.2.4.1 to 4.2.4.4), but negative trends stand out in marine systems (see section 4.2.2). 

There are a few metrics, such as terrestrial C pools or organisms’ growth, where positive trends 

are the most common response in the literature (see 4.2.4.1). In case of C-pools this reflects 

chiefly the impact of CO2 on photosynthesis and growth, which in some models outpace the 

impacts of warming. In boreal and temperate regions, climate change was also shown to possibly 

have positive effects on organisms’ growth, e.g., plant growth (Pretzsch et al. 2014). All other 

metrics of biodiversity and ecosystem function are dominated by projected neutral or negative 

trends in response to projected global change drivers. Negative trends are particularly dominant 

for indicators of production, reproduction success, terrestrial species richness and extinction, 

marine species biomass and abundance, and the area and quality of marine habitats. 

Figure 4.2.1: Future trends of selected indicators in marine (A), terrestrial (B) and 
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freshwater ecosystems (C), based on global scale scenarios referenced in the literature 

database (Appendix A1.1), all drivers combined. The results are extracted from scenarios with 

increasing pressures from direct drivers (all climate change scenarios and business-as-usual 

scenarios for resource exploitation, land-use change and pollution). The selected scenarios were 

at global scale. Regional/local scale scenarios were not referenced in the literature database. 

Colours code the projected trends in the indicators. N=the number of trends reported and in 

parentheses the number of papers. 

 

A substantial fraction of wild species is predicted to be at risk of extinction during the 21st 

century due to climate change, land use and impact of other direct drivers (Bellard et al., 2012; 

Pimm et al., 2014; Settele, Scholes, Betts, Bunn, Leadley, Nepstad, Overpeck, & Taboad, 2014a) 

(see sections 4.2.2-4.2.4). In a recent review of published future global extinction risk, Urban 

(2015) found that extinction risk is projected to increase from 2.8% at present to 5.2% at the 

international policy target of a 2°C post-industrial rise, to 8.5% if the Earth warms to 3°C, and to 

16% in a high greenhouse gas emissions scenario (RCP 8.5; 4.3°C rise). Extinctions might not 

occur immediately but after substantial delay called because when a population has been reduced 

to very small numbers, it has a high risk to go extinct at some point in the future (referred to as 

"extinction debt"). This means that long-term effects of global change can be much more severe 

than short term impacts (Cronk et al. 2016; Dullinger et al. 2012; Fordham et al. 2016). 

 

Notwithstanding a majority of expected negative impacts of future climate change on 

biodiversity, Figure 4.2.1 suggests the potential for some positive effects in species distributions 

areas and species richness. General poleward movement of marine and terrestrial species and 

upward movement of terrestrial mountain species may lead to increase in local species richness 

in high latitudes and in mountainous regions, while the opposite is projected in the tropics and 

flat landscapes (Gilg et al., 2012; M. C. Jones & Cheung, 2015; Settele, Scholes, Betts, Bunn, 

Leadley, Nepstad, Overpeck, & Taboad, 2014a; Thuiller et al., 2014). 

Global scale scenarios can mask the spatial heterogeneity of projected biodiversity response at 

finer scales (Mark C. Urban, 2015; Vellend et al., 2017). For example, the highest species 

extinction risk due to climate and land use changes is projected in the tropics and polar regions 

as well as in top mountain habitats because of projected "novel" climates in tropics that these 

regions have never experienced in the past (Mora, Frazier, et al., 2013), narrow physiological 

tolerances of tropical and polar species, expected disappearance of polar and top-mountain 

habitats (Deutsch et al. 2008; Gilg et al. 2012; Pörtner et al. 2014; Settele et al. 2014) and the 

highest risk of conversion of ecosystems to crops and biofuel in the tropics (Kehoe et al., 2017; 

Tim Newbold et al., 2015). Biodiversity hotspots are also projected as subject to high species 

extinction (Bellard et al., 2014) (see 4.2.2, 4.2.3, 4.2.4). 

 

To account for the spatial differenciation of global changes impacts on Nature, the following 

sections 4.2.2, 4.2.3, and 4.2.4 cover the outcomes of the literature database analysis (Appendix 

A1.1), but also include detailed examination of key studies and specific biomes (IPBES Units of 

Analyses). The major drivers of change and the primary impacts differ depending on the biome 

considered (Figure 4.2.2), and therefore need to be addressed by specific, and sometimes local, 

adaptation and mitigation policies. 
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Figure 4.2.2: Examples of future projected impacts of major drivers of change on nature 

(supporting evidence in sections 2.2 and 2.4 of the chapter, and Table A2.1 in Appendix 2). 

Examples are given for IPBES terrestrial and marine Units of Analysis (UoA). 

4.2.1.2 Future biodiversity adaptation and reorganisation 

Species can respond to environmental changes in many different ways that are not mutually 

exclusive. In response to changes in climate, species can adapt to new conditions, they can shift 

their geographical distribution following optimal environmental gradients or can go locally 

extinct. 

 

A large number of scenarios explore species distribution shifts. Terrestrial species may respond 

to climate changes by shifting their latitudinal and elevation ranges. Marine species may respond 

by shifting their latitudinal and depth ranges. Models predict latitudinal range shifts for plant and 

animal species of hundreds of km over the next century as well as significant range contraction 

and fragmentation (P Leadley et al., 2010; Markovic et al., 2014; Meller et al., 2015; Rondinini 

& Visconti, 2015a; R. Warren et al., 2013). Comparisons of projected climate velocity (the rate 

of movement of the climate across a landscape) and species displacement rates across landscapes 

showed that many terrestrial species (e.g., plants, amphibians, and some small mammals) will be 

unable to move fast enough to track suitable climates under medium and high rates of climate 

change (i.e. RCP4.5, RCP6.0, and RCP8.5 scenarios). Most species will be able to track climate 

only under the lowest rates of climate change (RCP2.6) (Settele, Scholes, Betts, Bunn, Leadley, 

Nepstad, Overpeck, & Taboad, 2014a). Natural geographical barriers (Burrows et al., 2014) and 

human-made habitat disruptions are predicted as important factors limiting movement of species 

ranges (Meier et al., 2012; Schloss et al., 2012). 

 

Species adaptation to novel conditions is likely to mitigate the predicted impacts of global 

changes (Hoffmann and Sgrò, 2011; Lavergne et al. 2010; Neaves et al. 2015; Pauls et al. 2013; 

Skelly et al. 2007). Models that ignore adaptation may overestimate extinction probabilities. For 

example, the inclusion of local adaptations due to phenotypic plasticity and microevolution in 

models of terrestrial carnivore and ungulate species decreases the expected decline in population 

abundance by 2050, from 31–34% to 18% (P Visconti et al., 2016)(see Box 4.2.1) 

 

Intraspecific diversity of behavioral, phenological, physiological and morphological traits allows 

populations and species to survive under rapid climate change through standing genetic variation 

(GD1 in Box 4.2.1), and provides material for selection in new conditions (Alfaro et al., 2014; 

HOF et al., 2011; Jump et al., 2009). On the one hand, incorporating intraspecific variation in 

species models increases the likelihood of their survival as shown for several tree species (Benito 

Garzón et al., 2011; Morin & Thuiller, 2009; Oney et al., 2013). On the other hand, projections 

that do not consider probable loss of intraspecific diversity can underestimate future negative 

effects on biodiversity. The loss of genetic diversity is projected for a number of species 

belonging to very different terrestrial and aquatic taxa and thus, should be recognized as a 

serious threat to future biodiversity rescue (Bálint et al., 2011; Jump et al., 2009; Neaves et al., 

2015; Pauls et al., 2013)  

 

Phenotypic plasticity helps to reduce the risk of species extinction (GD2 in Box 4.2.1) allowing a 

rapid (within individual’s lifetime) adjustment of populations to novel conditions whereas 
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evolutionary responses require several generations (Chevin et al., 2010). Incorporating 

phenotypic plasticity in models predicting future species’ distributions reduced the extinction 

risk in southern populations of several species (Benito Garzón et al., 2011; Morin & Thuiller, 

2009).  

 

Rapid adaptive evolution (GD3 in Box 4.2.1) occurring at similar time scale as global 

environmental change has the potential for “evolutionary rescue”, i.e. population survival in situ 

due to ongoing selection of standing genetic variations as well as relatively slower selection of 

new mutations (Gonzalez et al. 2013; Hendry et al. 2011; Hoffmann and Sgro, 2011)(Settele, 

Scholes, Betts, Bunn, Leadley, Nepstad, Overpeck, & Taboad, 2014b). However, evolutionary 

responses may be too slow for species with low capacity for adaptive evolution, especially under 

large-scale and rapid environmental changes (Gienapp et al., 2012; Jump et al., 2006). 

 

Adaptation can cascade to entire communities or ecosystems, thus maintaining community 

properties beyond the level of change in the driver. However, adaptive capacity is not unlimited 

and so even evolving systems can eventually switch to a new state if a change in a driver is too 

severe or too rapid. Return to the original system state when change pressure is removed to the 

original state can be harder than would have been the case without evolution, due to the 

depletion of the genetic variation (Figure 4.2.3).  

 

Along with the vital importance of preserving the short-term adaptive capacity of biodiversity, 

the necessity of long-term maintenance of further evolutionary processes generating biodiversity 

and potential future ecosystem services was recognized as a key goal that requires preservation 

of evolutionary heritage and phylogenetic diversity of the Tree of Life (Faith, 2015; Faith et al., 

2010; Forest et al., 2007; Mace & Purvis, 2008). 

 

 
Figure 4.2.3. Potential role of evolution (more generally, “adaptive capacity”) in mediating 

tipping points, alternative stable states, and hysteresis. 
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Reorganization of ecological communities and novel communities: Substantial changes in 

species composition and biotic interactions are expected due to shifts in species distribution (S1 

in Box 4.2.1), local species extinctions, alterations of species abundance, functioning and 

phenology (S2 in Box 4.2.1). Projected changes in species composition can lead to disruptions of 

foodwebs and mutualistic relationships, increased prevalence of pests and pathogens, 

introductions of alien species, biotic homogenization and loss of biological uniqueness of 

communities (Blois et al., 2013; Buisson et al., 2013; Thuiller et al., 2014). 

 

Novel (no-analog) communities, in which species will co-occur in historically unknown 

combinations, are expected to emerge (Ordonez et al., 2016; Radeloff et al., 2015; Williams & 

Jackson, 2007). Novel communities are expected to become increasingly homogeneous and 

shifted towards smaller size species and generalists with broader ecological niches (Blois et al., 

2013; Lurgi et al., 2012). Novel interactions can strongly affect species fitness because species 

will lack a long coevolutionary history in new conditions (Gilman et al., 2010) (See also 

Appendix 2). 

 

4.2.1.3 The importance of feedbacks between hierarchical levels of biodiversity 

Some well described feedbacks between different hierarchical levels and facets of biodiversity 

are self-reinforcing and could likely amplify negative effects of global changes on biodiversity 

(Brook et al., 2008). Integration of processes acting at different organizational biodiversity levels 

is essential for future predictions of global change impacts on Nature (Mouquet et al., 2015; 

Thuiller et al., 2013). 

 

The feedback between population size and genetic diversity (S4 in Box 4.2.1) is known as an 

extinction vortex (Frankham et al., 2014) because the reduction in population size leads to the 

loss of genetic diversity which in turn, leads to decrease in population fitness and adaptability 

and further reduction in population size. The feedback between species’ range and genetic 

diversity (S5 in Box 4.2.1) means that the contraction and fragmentation of species ranges are 

expected to cause genetic loss through decrease in effective population size and extinction of 

genetic lineages as well as extinction of local populations with unique genetic characteristics 

(Bálint et al., 2011; Pauls et al., 2013). Genetic loss, in turn, may decrease species adaptability 

and migration capacity. The feedback between species composition and genetic diversity (SD3 in 

Box 4.2.1) means that changes in species composition alter the selection pressure affecting 

genetic diversity. For example, reduction in pollinator abundance could lead to selection favoring 

self-fertilization in plant populations, leading to a decrease in genetic diversity (Neaves et al., 

2015). Introductions of alien species may result in hybridization, out-breeding depression and 

decrease in genetic diversity of native species. However, hybridization may also facilitate 

adaptation to novel environments (Hoffmann and Sgro, 2011). Changes in genetic diversity, in 

turn, contribute to further disturbance of species relationships. 

 

The feedback between species composition and single species extinctions (SD4 in Box 4.2.1) 

make  changes in species composition and single-species extinctions modify the web of 

interactions at the community level and lead to cascading and catastrophic co-extinctions called 

“chains of extinction” (Bellard et al. 2012; Brook, Sodhi, and Bradshaw 2008). The loss of key 

species as well as invasions and proliferation of pests and pathogens can have the most drastic 

effects. Failing to account for changes in biotic interactions could cause models to under- or 
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overestimate extinction risks (Gilman et al., 2010). The feedback between species composition 

and species’ capacity to track climate change (SD5 in Box 4.2.1) implies that interspecific 

interactions can modulate the outcome of species range shifts. Mutualistic interactions, such as 

plant-pollinator relations, may fail in tracking fast environmental change (Lavergne et al., 2010). 

Competition and predation can both hamper and facilitate range shifting (Holt & Barfield, 2009; 

Svenning et al., 2014). Interactions can slow climate tracking and produce more extinctions than 

predicted by models assuming no interactions (M C Urban et al., 2013). Moreover, interspecific 

interactions can modulate the direction of species range shifts, for example, species may shift 

downslope due to competitive release at the lower margin of species distribution (Lenoir et al., 

2010). Changes in species distribution, in turn, contribute to further changes of species 

composition. The feedback between landscape homogenization and species extinctions (ED2 in 

Box 4.2.1) involves that predicted biotic homogenization and loss of biological uniqueness of 

communities within a region (Blois et al., 2013; Buisson et al., 2013; Thuiller et al., 2014) can 

synchronize local biological responses to disturbance across individual communities and thus, 

compromise the potential for landscape- and regional-level disturbance buffering (Olden, 2006). 

Taxonomic homogenization of communities can reduce resistance of a landscape to future 

invasions (Olden, 2006). As a result, local extinctions of native species and invasions of alien 

species should be expected that, in turn, will contribute to further biotic homogenization (for 

details, see Appendix 2). 

 

Box 4.2.1: The main interrelations and feedbacks between hierarchical levels that are 

important for the future of biodiversity 

Direct drivers of global change affect all levels of biodiversity, either directly (coloured 

arrows) or indirectly through feedbacks (grey arrows). Even one-way interactions are 

important for biodiversity response, while self-reinforcing feedbacks can potentially 

significantly increase expected negative effects of global change drivers (for details, see 

Appendix 2). 
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Effects of changes in genetic and phenotypic diversity 

GD1 – adaptation of populations to new conditions through standing genetic and phenotypic 

variations  

GD2 – adaptation of populations due to phenotypic plasticity  

GD3 – adaptive evolution, "evolutionary rescue" of populations and species   

Effects of changes in functioning, population size and range of individual species 

S1 – changes in local species composition due to alteration of species range (shift, change in 

area, fragmentation)  

S2 – changes in local species composition due to local species extinctions and alteration of 

species abundance and functioning (including changes in phenology) 

S3 – changes in ecosystem structure and functioning due to changes in key species 

abundance and functioning 

S4 – changes in genetic diversity due to changes in population size  

S5 – changes in genetic diversity due of alteration in species range (shift, change in area, 

fragmentation) and dispersal ability 

Effects of changes in local species diversity, species composition and interspecific 

relations 

SD1 – weakening and destabilization of ecosystem functioning due to loss of local species 

diversity  

SD2 – biotic homogenization as a result of species shift, local species extinctions and 

invasions  

SD3 – changes in selection pressure because of alteration of species composition and 

interspecific relations (including effects of alien species invasions) 

SD4 – species extinctions as a result of cascading effects of alteration of species 

composition  

SD5 – impact of alteration of species composition on species capacity to track climate 

change 

Effects of changes in structure and functioning of ecosystems 

E1 – the contribution of individual ecosystems to the total landscape/seascape ecosystem 

functioning  

E2 – disappearance of the most vulnerable ecosystems in landscapes/seascapes and regions  

E3 – reduction of species population size, reduction and fragmentation of species’ ranges 

and disruption of population structure because of habitat loss and fragmentation  

Effects of changes in diversity of ecosystems, heterogeneity of landscapes and seascapes 

ED1 – weakening and destabilization of the total landscape/seascape functioning because of 

loss of ecosystem/habitat diversity 

ED2 – influence of landscape heterogeneity on local species persistence 

ED3 – influence of landscape heterogeneity on genetic diversity and evolution  

 

 

4.2.2 Marine ecosystems 

4.2.2.1 Global state and function of marine ecosystems and future drivers of change 
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The ocean is central to regulating the Earth's climate. The ocean absorbs around 25% of the 

anthropogenic emissions of CO2 (Le Quéré et al., 2016), leading to ocean acidification with a 

decrease in surface seawater pH of 0.1 units since the beginning of the industrial era (Orr et al., 

2005). The ocean absorbs 93% of the Earth's excess heat energy, resulting in warming of 0.11°C 

per decade in the upper 75m of the ocean between 1971 and 2010 (Rhein et al., 2013). Oceans 

are essential to life and provide major services to human societies. Marine phytoplankton 

produce about half of the global O2 (H.-O. Pörtner et al., 2014). The ocean supports fisheries and 

aquaculture activities and produced on average 104.3 million tons per year of fish and 

invertebrates from 2009-2014, which represented approximately 17% of the animal protein 

consumed by humans (FAO, 2016). Oceans supports rapid socioeconomic development and 

growth of human population on coastlines, with increasingly intensive, multiple uses leading to 

heavily degraded habitats (Spalding et al., 2014; Wong et al., 2014). Marine populations and 

communities have been impacted at unprecedented rates by climate change (mainly in the form 

of ocean warming, ocean acidification, deoxygenation, and sea level rise) and direct 

anthropogenic activities (mainly in the form of fishing, pollution, and habitat degradation) 

(Chapter 2; Poloczanska et al., 2016, Pörtner et al., 2014, Hoegh-Guldberg et al., 2014). 

 

Globally, none of these pressures are projected to decrease in the future. Earth System Models 

have been used to project future environmental conditions (IPCC, 2013), showing that the state 

of the future ocean will strongly depend on the amount of carbon emitted in the coming decades 

(Gattuso et al., 2015, IPCC 2018). Climate change is, among other drivers, the main driver 

considered in global scale scenarios (Table 4.2.2). 

 

Mean sea surface temperature is projected to increase by +2.7°C in 2090-2099 as compared to 

1990-1999 for the high emission scenario (RCP8.5), whereas the warming is limited to +0.71°C 

for the more stringent RCP2.6 emission scenario (Bopp et al., 2013); model-mean values from 

the Coupled Model Intercomparison Project 5). At the regional scale, stronger warming occurs in 

the tropics, in the North Pacific and in the Arctic Ocean, with the sea surface warming more than 

+4°C at the end of the 21st century under RCP8.5 (Bopp et al., 2013; Collins et al., 2013). 

 

As global temperatures rise, so does the mean sea level due primarily to the thermal expansion 

of ocean water and by melting of glaciers, ice caps and ice sheets. A sea level model calibrated 

with empirical data and forced by the IPCC high emission scenario (RCP8.5) projects a sea level 

rise (SLR) of 52-131 cm by 2100 relative to year 2000 (Kopp et al., 2016). 

 

A broadly uniform decrease of the mean sea surface pH of -0.33 pH units (model-mean) by the 

2090s relative to the 1990s is predicted under RCP8.5 (Bopp et al., 2013), which is accompanied 

by a decrease in carbonate ion concentration and in the saturation states of calcium carbonates 

(e.g., calcite, aragonite), essential components of shells or skeletons of many marine organisms. 

The volume of undersaturated waters with respect to aragonite is projected to increase between 

1990 and 2100 from 76% to 91% of the global ocean under RCP8.5 (J.-P. Gattuso et al., 2015). 
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Earth system models also project decreasing global ocean oxygen due to climate change. The 

mechanisms at play are a reduction of oxygen solubility due to ocean warming and the 

combination of increased stratification and reduced ventilation that prevents the penetration of 

oxygen into the deep ocean (Breitburg et al., 2018). Deoxygenation will continue over the 21st 

century irrespective of the future scenario, with decreases of global O2 of -1.8% and -3.45% 

(model-mean) under RCP2.6 and RCP8.5, respectively (Ciais et al., 2013), with a stronger drop 

for the North Pacific, the North Atlantic, and the Southern Ocean (Bopp et al., 2013). Despite a 

consistent global deoxygenation trend across models, there is as yet no consensus on the 

evolution of hypoxic and suboxic waters due to uncertainties in potential biogeochemical effects 

and in the evolution of tropical ocean dynamics (Cabré et al., 2015). Along coastlines, 

deoxygenation and the increase of hypoxic "dead zones" are largely driven by direct human 

activities (which combine with sea warming), with rivers draining large nitrogen and phosphorus 

loads from fertilized agricultural watersheds, and from sewage, aquaculture and atmospheric 

nitrogen deposition, causing eutrophication and subsequent aerobic microbial decomposition 

(Glibert et al. 2018, Levin et al., 2009; Rabalais et al., 2009).  

 

Future climate change will hence alter marine habitats and modify biogeochemical cycles. 

Recent modelling work has shown that climate change may continue to produce more hostile 

conditions and threaten vulnerable ecosystems and species with low adaptive capacity (J.-P. 

Gattuso et al., 2015; O Hoegh-Guldberg et al., 2014; Mora, Frazier, et al., 2013; H.-O. Pörtner et 

al., 2014; Wong et al., 2014). 

 

Adding to future climate change and potentially amplifying impacts on marine ecosystems, 

direct human-mediated pressures will likely intensify in future. An increase in fisheries and 

aquaculture production is plausible as a response to increasing demand for fish and seafood 

(Chapter 11 World Ocean Assessment, 2017) which is expected to arise as a result of population 

growth and increasing average income that allows for augmenting the proportion of fish in the 

diet (World Bank, 2013). Under assumptions of increasing technological efficiencies and 

increasing demand for fish, the FAO and OECD project that total world marine seafood 

production (fishery plus aquaculture) would exceed 120 million tons in 2025, or plus 17% 

relative to 2013-2015. Diverse forms of pollution (excessive nutrient loads, toxic contaminants, 

persistent organic pollutants, plastics, solid waste) will likely continue to pervade marine 

ecosystems in the future, constituting additional threats to living organisms (Sutton et al., 2013, 

Bergman et al. 2012, Geyer et al., 2017, Worm et al., 2017, Lamb et al., 2018). The oceans are 

sinks for landborne and airborne inputs of persistent pollutants which can both travel great 

distances in the near-surface water masses (Eriksen et al., 2014) of the open ocean, and sink into 

the deeper ocean (Chapter 20 in World Ocean Assessment, 2017). In coastal oceanic waters, 

increasing nutrient loads and pollution in combination with warming will likely stimulate 

eutrophication and increase the extent of oxygen minimum zones (Breitburg et al., 2018; 

Rabalais et al., 2009). 
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Table 4.2. 2: Major climate-related and direct human-mediated drivers of change impacting 

marine ecosystems (by IPBES subunits) as highlight in this chapter’s sections 4.2.2.2 to 4.2.2.5. 

Cells are colored when there is substantial evidence from the reviewed scenarios and models that 

drivers have a major impact on one of the marine ecosystems. Where the information exists, the 

second column of the table reports the percentage of marine global scale scenarios implementing 

changes in the drivers and quantifying impacts on Nature, based on our literature database 

(Appendix A1.1). 
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Climate-related drivers of change 

ocean warming 45

% 

        

ocean acidification 8%         

Deoxygenation 4%         

sea ice melt 2%         

sea level rise (SLR) 16

% 

        

extreme events 3%         

Direct human-mediated drivers of change 

Fishing 16

% 

        

Pollution 5%         

maritime transport         

species introduction         

land-use change 1%         

coastal development 1

% 

        

aquaculture         

oil and gas extraction, mineral mining         

Main direct impacts on Nature 

habitat degradation         

biodiversity decline         

species invasion / range shift         

shifts in foodwebs and biogeochemical 

cycles 
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eutrophication         

hypoxia         

 

The impacts of global change on marine biodiversity will vary geographically, with latitudinal 

gradients of expected in many global scale scenarios (J.-P. Gattuso et al., 2015), and depending 

on the type of ecosystems (Table 4.2.2). Major drivers of change in the open ocean pelagic 

ecosystems that are included in global scale models and scenarios are climate-related drivers (sea 

warming, acidification, deoxygenation), and fisheries exploitation. Additional future threats 

included in scenarios for shelf ecosystems are sea level rise, extreme events, nutrient pollution 

and coastal development which may cause degradation, fragmentation and loss of habitats (Table 

4.2.2). 

 

Future scenarios of climate change impacts on marine biodiversity at global scales are the most 

documented in the literature (78% of the scenarios in our literature database – Table 4.2.2). They 

will therefore form the main content of this section (section 4.2.2.2), with evidence provided by 

type of ecosystems (IPBES unit of analyses). The rest of the drivers are much less, or not at all, 

represented in scenarios projecting impacts on marine biodiversity at global scale, even though 

their historical and current impacts on biodiversity have been shown to be significant. Moreover, 

there are relatively few global scale scenarios involving multiple pressures on marine ecosystems 

and biodiversity (23% of the marine scenarios involve a combination of multiple drivers in our 

global scale literature database), so in addition to updating recent global assessments with the 

latest modelling and scenarios work, sections 4.2.2.2 to 4.2.2.5 report evidence from more local 

studies of how direct anthropogenic drivers may combine with climate change in impacting 

future marine biodiversity. 

4.2.2.2 Future climate change impacts on marine biodiversity and ecosystem functioning 

4.2.2.2.1 Climate change impacts in open ocean ecosystems 

Low trophic levels 

Net Primary Production (NPP) by marine phytoplankton is responsible for 50% of global carbon 

fixation through photosynthesis, but is also the basis of marine food webs, controlling the energy 

and food available to upper trophic levels. Earth System Models project a mean decrease of NPP 

in 2100 under all RCP greenhouse gas emissions scenarios, ranging from -3.5% to -9% under 

RCP2.6 (low emissions) and RCP8.5 (very high emissions), respectively (Bopp et al. 2013), 

though there is significant variation between individual model projections. The global decrease 

of NPP is accompanied by a change in the seasonal timing of peak NPP, with an advance by 

∼0.5–1 months by 2100 globally, particularly pronounced in the Arctic (Henson et al., 2013). 

The projections are heterogeneous over space with general agreement that NPP is expected to 

decrease in the tropics and in the North Atlantic, and increase at high latitudes (Bopp et al., 2013; 

Boyd et al., 2014; Steinacher et al., 2010). Some regional discrepancies between models exist, 

with nonlinear dynamics making some projections uncertain. In the tropics, the mechanisms at 

play are largely model-dependent, with both stratification–driven reduction in nutrient 

availability and increases in grazing and other phytoplankton loss processes (Laufkotter et al., 

2015). This results in large inter-model differences, with the decline in tropical NPP being 
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projected between -1 and -30% by 2100 under RCP8.5 (Kwiatkowski et al., 2017). Using 

satellite-based observations of ocean–colour and an emergent-constraint relationship, the 

uncertainties in the decline of tropical NPP have been reduced with an estimated decline of -

116 % in 2100 for a business-as-usual scenario (Kwiatkowski et al., 2017). 

 

In the Arctic, some models project an increase in NPP because of the loss of perennial sea-ice 

and an increase of light availability, whereas other models simulate a decrease due to increasing 

ocean stratification and decreasing nitrate availability (Van Coppenolle et al. 2013). In the 

Southern Ocean, models project a zonally-varying response of NPP to climate change, with a 

decrease in the subpolar band (50°S and 65°S), but increases in the Antarctic (south of 65°S) and 

in the transitional band (40°S-50°S) (S. Leung et al., 2015). Mechanisms at play are changing 

light availability and iron supply by sea ice melting (S. Wang et al., 2014). 

 

Under the SRES A1B scenario, the reduction in zooplankton biomass was projected to be higher 

than for primary production in 47% of the ocean surface particularly in the tropical oceans, 

implying negative amplification of ocean warming through bottom-up control of the food web 

(Chust et al. (2014)). This impact differs regionally with positive amplification of zooplankton 

biomass in response to the increase of NPP in the Arctic and Antarctic oceans, thereby increasing 

the efficiency of the biological pump in those regions. Other changes in species composition can 

be expected under future climate change, such as shifts from diatom-dominated phytoplankton 

assemblages with high POC export efficiencies to smaller, picoplankton communities 

characterized by low export efficiencies (Smith et al., 2008, Morán et al., 2015). 

 

In addition to warming and changes in ocean stratification/circulation, ocean acidification is also 

expected to influence metabolic processes in phytoplankton and zooplankton species. Laboratory 

and mesocosm experiments have shown contrasting responses for different plankton types under 

elevated CO2 concentrations, with a stimulating influence for nitrogen-fixing cyanobacteria 

(Hutchins et al., 2007; Hutchins et al., 2013) and pico-eukaryotes (Bach et al., 2017), but 

potential detrimental effects on growth and calcification rates for some of the main calcifying 

phytoplankton (J. Meyer & Riebesell, 2015). Other potential effects of ocean acidification 

include a reduction in microbial conversion of ammonium into nitrate (Beman et al., 2011), 

which could have major consequences for oceanic primary production and potentially less 

carbon export to the deep sea. A recent modeling study incorporating differing growth responses 

of phytoplankton types to increased pCO2 , has suggested that acidification effects may even 

outrank the effects of warming and of reduced nutrient supply on phytoplankton communities 

over the 21st century (Dutkiewicz et al. (2015)). 

Higher trophic levels 

Most published global scale scenarios of change in higher trophic levels in response to climate 

change rely on correlative models examining changes in species’ spatial distribution (64% of 

publications on the effect of climate change on marine biodiversity at global scale in our 

literature database, Appendix A1.1). These “Species Distribution Models” (SDMs) (also called 

ecological niche models or climate envelope models) analyze the statistical relationship between 
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species occurrences and a set of environmental variables (Thuiller et al. 2009, Araújo & New, 

2007). SDMs do not typically consider species adaptation nor the effects of species interactions. 

 

Using species distribution models for projecting future climate-induced changes, the main 

findings at the global scale are that species will shift their distribution poleward (Cheung et al., 

2009), likely resulting in an increase in species richness and species invasions in high latitude 

regions (the Arctic and Southern Ocean) and conversely a decrease of species richness in the 

tropics and the equator (García Molinos et al., 2016; Jones & Cheung, 2015; Pörtner et al., 2014) 

and in semi-enclosed seas (e.g. Mediterranean Sea, Ben Rais Lasram et al. 2010). A mean 

latitudinal range shift of 25.6 km per decade to 2050 was projected under the high emission 

scenario RCP8.5, which reduced to 15.5 km per decade under RCP2.6 (Jones & Cheung, 2015). 

 

Distributional shifts of marine species are the most clearly detectable pattern that can currently 

be assigned to climate change, or more specifically to sea surface temperature change (García 

Molinos et al., 2016). This is related to the sensitivity of marine ectotherms, which constitute the 

bulk of high trophic level species, to temperature change. But ocean warming can trigger 

additional adaptive responses such as phenological shifts and physiological changes in growth 

and reproduction. It is expected that animals inhabiting temperate latitudes, where seasonality is 

strong, will better adapt to a changing climate whereas polar stenotherm species will be more 

vulnerable to warming (Pörtner et al., 2014). Tropical species, in addition to having narrow 

thermal windows, inhabit the warmest waters and are thus near physiological temperature 

tolerance limits that lower their adaptive capacity (Storch et al., 2014) At low latitudes, open-

ocean oxygen-minimum zones (OMZ) constitute an additional threat to marine organisms, 

especially in the eastern tropical Pacific (Cabré et al., 2015) and along major eastern boundary 

upwelling systems (Gilly et al. 2013). The horizontal and vertical expansion of already large 

OMZs will potentially affect marine populations dramatically, through shifts in their spatial 

distribution and abundance, as well as altered microbial processes and predator-prey interactions 

(Gilly et al. 2013, Breitburg et al., 2018). The shoaling of the upper boundary of the OMZs can 

also trap fish in shallower waters, compressing their habitat, and thereby increasing their 

vulnerability to predation and fishing (Breitburg et al., 2018, Bertrand et al. 2011). 

 

In addition to correlative species distribution models, there are recently developed integrated 

modelling approaches (e.g., end-to-end models combining the physics of the ocean to organisms 

ranging from primary producers to top predators) considering the multiple responses of marine 

populations to climate change (based on e.g., physiological rates, trophic interactions, migration 

behavior), as well as essential food web knock-on effects and adaptive mechanisms to move 

towards more realistic projections of marine biodiversity (Payne et al., 2016; Rose et al., 2010; 

Stock et al., 2011; Derek P Tittensor et al., 2018; Travers et al., 2007). At regional and local 

scales, such models have been developed with more detailed representation of multiple taxa of 

commercial interest or of conservation concern than at the global scale, where the few existing 

end-to-end models represent ecosystems and biodiversity through large functional groups (e.g. 

fish biomass, pelagic biomass, biomass in different size classes) or are focused on single key 

species. A global scale end-to-end model run under the worst-case scenario (RCP8.5) projected 
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that the biomass of high trophic level organisms would decrease by 25% by the end of the 

century (Lefort et al. (2015)). This first estimate, which has been recently confirmed by an 

ensemble of global marine ecosystem models (Box 4.2.2), suggests that the response of high 

trophic levels amplifies the decrease of biomass projected for phytoplankton and zooplankton. 

 

Global scale models project that ocean warming may shrink the mean size of fish by the end of 

century (Cheung et al., 2013; Lefort et al., 2015) and lead to smaller-sized infaunal benthos 

globally (Jones et al., 2014). This trend is very robust to the model used in the different studies, 

as well as to the mechanisms involved: the decrease in mean size could be either due to the 

combined effects of future warming and deoxygenation on animal growth rates (Cheung et al. 

(2013)), the combined effects of warming and food limitation (Lefort et al. (2015)), or to the 

limiting flux of particulate organic matter from the upper ocean to the benthos (Jones et al. 

(2014)). 

 

Box 4.2. 2: Ensemble model projections of marine ecosystem futures under climate 

change 

Model intercomparison studies use a common set of input conditions to force a suite of 

potentially very different models to then produce an ‘ensemble’ of outputs. These outputs can 

be compared to examine differences among models, and provide a multi-model mean and 

range of uncertainty for end-users. While such studies are a common tool in the Earth system 

and climate modelling communities, their application to biodiversity and ecosystems, 

particularly in the marine realm, remains relatively new. 

 

Fish-MIP (Tittensor et al., 2018b) is the first model intercomparison project examining the 

impacts of climate change on fisheries and marine ecosystems at regional to global scales 

using a common set of climate change scenarios. There have been many different attempts to 

model the ocean ecosystem resulting in a large diversity of models with various purposes – 

from examining species distributions to ecosystem structure to fisheries catch potential 

(Tittensor et al., 2018b). Fish-MIP provides a common simulation framework and 

standardized forcing variables to provide consistent inputs to these models and prescribes a 

common set of consistent outputs for analysis. In the first round of Fish-MIP, the focus was 

on examining climate change (rather than fisheries) impacts on marine animal biomass over 

the 21st century at both regional and global scales. Here, marine animal biomass includes 

mostly fish, but in some models invertebrates and marine mammals are also considered. 

 

The results across six global marine ecosystem models (APECOSM, BOATS, DBEM, 

DPBM, EcoOcean, Macroecological) that were forced with two different Earth-system 

models (ESMs) and two emission scenarios (RCPs 2.6 and 8.5) show that ocean animal 

biomass will likely to decline over the coming century under all climate change scenarios 

(Figure 4.2.4, Tittensor et al., 2018b, Lotze et al. 2018). The ensemble model means show 

steeper declines under RCP8.5 (highest emission scenario) than RCP2.6 (high mitigation 

scenario), and steeper declines when forced with the ESM IPSL-CM5A-LR than GFDL-
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ESM2M. The trajectories from different ESMs and RCPs remain relatively similar until 

about 2030 to 2050, after which they begin to diverge markedly. Thus, by 2100, the model-

mean animal biomass is projected to decline between 3% and 23% (Figure 4.2.4). These 

declines are largely driven by a combination of increasing water temperature and declining 

primary productivity, and are likely to impact ecosystem services including fisheries 

(Blanchard et al., 2017a). 

 

 
 

Figure 4.2.4: Ensemble projections of global ocean animal biomass under different 

scenarios of climate change. Projections represent the multi-model means of six global 

marine ecosystem models forced by marine environment change projected by two different 

Earth-system models: GFDL-ESM2M (solid lines) and IPSL-CM5A-LR (dashed lines) and 

two greenhouse gas emission scenarios: RCP2.6 (low emissions; blue) and RCP8.5 (very 

high emission; red) with no fishing signal imposed (i.e., changes are due only to climate). 

Shaded areas represent one inter-model standard deviation (ecosystem models). All 

percentage changes are relative to a 1990-1999 baseline. The vertical grey line separates 

historical and future projections for climate forcing; the vertical dashed orange line represents 

the 2030 target year for the Sustainable Development Goals. Data source: Tittensor et al., 

2018b; Lotze et al. 2018. 

 

Spatial maps of ensemble projections (Figure 4.2.5, Tittensor et al., 2018b, Lotze et al. 2018) 

show broad-scale decreases in animal biomass in tropical and many temperate regions, and 

potential increases in polar regions. While ensemble projections across many models are 

more likely to capture plausible trends than any single model, there was more variation 

among models in polar and some coastal regions, suggesting that there is greater uncertainty 

about projected outcomes. 
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The results shown here for global marine ecosystem models are helpful for describing the 

global trends but may not capture the complex dynamics at local and regional scales. 

Forthcoming analyses should therefore compare regional projections based on regional scale 

models and global models and examine the variability between regional models to provide 

projections and measures of uncertainty at scales better matched to the needs of resource 

managers. Moreover, different scenarios of fishing pressure need to be incorporated to 

examine interactions between fishing and climate change impacts.  

 
 

Figure 4.2.5: Global ensemble mean spatial patterns of change in global ocean animal 

biomass under RCP2.6 (low greenhouse gas emissions; top) and RCP8.5 (very high 

emissions; bottom) forced by GFDL-ESM2M (left) and IPSL-CM5A-LR (right) Earth 

System Models. Percentage changes are relative to a 1990-1999 baseline. Data source: 

Tittensor et al., 2018b, Lotze et al. 2018. 

 

Air-breathing marine species 

Marine turtles are particularly vulnerable to climate change as, being ectotherms, their behavior, 

physiology, and life traits are strongly influenced by environmental factors (Janzen, 1994; 

Standora & Spotila, 1985). Arguably, the most detectable impacts will occur during the 

terrestrial reproductive phase: incubating eggs are vulnerable to sea-level and extreme weather 

events (Fish et al., 2005; Fuentes et al., 2010), while future changes in temperature and rainfall at 

nesting beaches will likely reduce hatching success and emergence, cause a feminization of turtle 

populations, and produce hatchlings with higher rates of abnormalities (L. R. Fisher et al., 2014; 

Mrosovsky & Yntema, 1980). Future changes in temperature are expected to impact the 

frequency and timing of nesting (Fuentes & Saba, 2016; Limpus & Nicholls, 1988; Saba et al., 
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2007), as well as marine turtle distribution (McMahon & Hays, 2006; Pikesley et al., 2015; Witt 

et al., 2010). Foraging specialists (i.e. leatherbacks) might be more susceptible to climate change 

impacts on the marine food web relative to foraging generalists (i.e. loggerheads) due to a lesser 

ability to switch prey type (Fuentes & Saba, 2016). Ultimately, impacts will depend on 

populations' resilience and ability to adapt. Some marine turtle populations are already 

responding to climate change by redistributing their nesting grounds and shifting their nesting 

phenology (Pikesley et al., 2015). However, it is still unclear whether marine turtles will be able 

to fully adapt since climatic changes are occurring more rapidly than in the past and are 

accompanied by a variety of anthropogenic threats (e.g. fisheries by-catch, pollution) that make 

them more vulnerable and decrease their resilience (Fuentes et al., 2013; Poloczanska et al., 

2009). 

 

Seabirds responses to future climate change are commonly predicted using species distribution 

models. Shifts and contractions in foraging habitat could be particularly problematic for seabirds 

by increasing energetic expenditures. For example, the summer foraging areas for king penguins 

are predicted to shift southward in response to an intermediate warming scenario (SRES A1B), 

doubling the travel distance to optimal foraging areas for breeders with likely negative 

consequences for population performance (Peron et al., 2012). Poleward shifts in foraging areas 

are also projected for seven Southern Ocean albatross and petrel species under a range of 

emission scenarios, with associated range contractions of up to 70% for wandering and grey-

headed albatross by 2050 (Krüger et al., 2018). For other species (e.g., the endangered Barau’s 

storm petrel), climate-driven shifts and contractions in wintering range are predicted but the 

overall population consequences are unclear (Legrand et al., 2016). Fewer studies have coupled 

mechanistic population models with climate projections to estimate future population 

trajectories. Cassin’s auklets are predicted to decline by 11-45% by 2100 under a mid-level 

emission scenario, due to increased sea surface temperatures and changes in upwelling dynamics 

within their foraging range (Wolf et al., 2010). Contrasting responses to future climate scenarios 

were reported in three seabirds (albatrosses and petrel), owing to differences in life histories and 

distribution area (Barbraud et al. (2011)). These studies have identified strong non-linearities in 

demographic responses, suggesting the potential for threshold effects under future climate 

extremes (Pardo et al., 2017). 

 

Marine mammals, as homeotherms, are physiologically buffered from some direct effects of 

temperature rise. Rising ocean levels from ocean warming and ice melt will likely lead to a loss 

of land or ice-based habitat available for breeding or pupping, particularly for marine mammals 

on low-lying atolls or ice-dependent breeders (Baker et al., 2006; Laidre et al., 2015). A global 

assessment of climate change effects on marine mammals used a range of climate scenarios 

(warming between 1.1°C and 6.4°C) to qualitatively rank negative population effects for all 

marine mammal species (MacLeod, 2009). It showed that species tied to land, ice, or facing 

geomorphic barriers were most likely to be affected. 

4.2.2.2.2 Climate change impacts in shelf ecosystems 

Tropical Coral Reefs 
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An unprecedented 3-year (2014-2017) marine heat wave have damaged most of coral reefs on 

Earth (75%) with still unassessed social-ecological consequences (Eakin et al. 2018). Thermal 

stress disrupts the relationship between corals and their algal symbionts, with bleached corals 

being physiologically damaged and suffering severe mortality rate. The number of years between 

recurrent severe coral-bleaching events has diminished fivefold in the past four decades, from 

once every 25 to 30 years in the early 1980s to once every 5.9 years in 2016 (Hughes et al., 

2018). A full recovery of mature coral assemblages, source of reef biodiversity and productivity, 

generally takes from 10 to 15 years for the fastest growing species (Hughes et al., 2018). Many 

reefs, including those of the iconic and well-protected Great Barrier Reef, have experienced a 

shift from dominance of branching tabular species that build 3-dimensional habitats, towards 

corals with simpler morphological characteristics (Hughes et al., 2018). A trophic model showed 

that a loss of coral complexity could cause more than a 3-fold reduction in fishery productivity 

(Rogers et al., 2014), due to the preferential settling of juvenile fishes in unbleached coral habitat 

(Scott & Dixson, 2016). 

 

In addition to thermal stress, ocean acidification represents a major threat to marine calcifier 

organisms like corals, particularly those building large but low density skeletons. A decrease of 

pH by 0.4 units (expected under RCP8.5; (O Hoegh-Guldberg et al., 2014)) would translate into 

a coral habitat complexity loss of 50%, inducing a decrease in species richness by 30% for both 

fish and invertebrates (Sunday et al., 2017). A seawater pH lowered by just 0.14 units (RCP2.6) 

would induce a loss of 34% net community calcification (Allbrigth et al. 2018). Projections 

anticipate a shift from a state of net accretion to net dissolution before the end of the century 

(Eyre et al., 2018). Anoxic events are also rapidly increasing in prevalence worldwide and cause 

underestimated mass mortality on coral reefs (Altieri et al., 2017). 

 

To better anticipate and simulate the potential futures of coral reef habitats, two complementary 

approaches have been used. First, laboratory and field experiments try to estimate the tolerance, 

acclimatization and adaptability of coral species and their symbionts to environmental changes. 

One of the most striking studies demonstrates that progressive acclimatization, even to 

temperatures up to 35°C, can achieve the same heat tolerance as expected from strong natural 

selection over many generations (Palumbi et al., 2014). This suggests that at temperatures 

beyond the thermal limits of coral species, the rate and speed of temperature change is key to 

explain coral bleaching. Experiments also allow to testing of the interactions of multiple 

stressors. For instance, a 3-year field experiment deciphered the mechanisms by which elevated 

temperatures exacerbate overfishing and nutrient pollution effects on corals by increasing coral–

algal competition and reducing coral recruitment, growth and survivorship (Zaneveld et al., 

2016). 

 

Second, models attempt to simulate the futures of tropical coral reefs under various scenarios. A 

simulation based on genomic models predicting future evolution and persistence in a high-

latitude population of corals from Cook Islands (South Pacific) showed a rapid evolution of heat 

tolerance resulting in population persistence under mild warming scenarios (RCP2.6 and 

RCP4.5) though this adaptation would not be rapid enough to prevent extinction under more 

severe scenarios (RCP6.0 and RCP8.5) (Bai et al., 2018). Other studies based on niche models, 
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that can also integrate adaptation capacity related coral cover to environmental variables 

allowing for projections at global (Logan et al., 2014) and regional (Ainsworth et al., 2016) 

scales. For instance, coral cover on the Great Barrier Reef was projected to remain lower than 

5% before the end of the century under a high emission scenario (RCP8.5) (Ainsworth et al., 

2016).  

Rocky and sandy shores 

Straddling the intersection between land and ocean, rocky and sandy shores are the dominant 

components of coastlines globally, are the most accessible of the marine biomes and supply 

services in terms of coastal protection, direct provisioning (food and materials), recreation 

(tourism, fishing), spiritual and cultural purposes, and substrate for aquaculture and 

infrastructure. 

 

These ecosystems are vulnerable to sea-level rise which adds to the height of sea-level extremes, 

such as during storm surges, and can exacerbate projected changes in wave impacts (Hemer et 

al., 2013). Sea level rise can affect the dynamics of the morphology of beach systems, as well as 

increasing coastal inundation risk, leading to erosion in many cases, as well as increasing threats 

to nesting beaches for turtles and seabirds, dune vegetation and coastal infrastructure and assets 

(e.g. de Winter & Ruessink, 2017; Jevrejeva et al., 2016; Pike et al., 2015).  

 

Evidence of species responses to warming oceans are recorded from sandy and rocky shores 

globally, showing that barnacles, molluscs, crabs and macroalgae have shifted their distributions 

in response to recent warming (e.g. Johnson et al., 2014; Pitt et al., 2010; Poloczanska et al., 

2013; Schoeman et al., 2015; Wethey et al., 2011). For example, the cold-water barnacle 

Semibalanus balanoides may disappear from south-western English shores by 2050 

(Poloczanska et al., 2008). The frequency of temperature extremes is projected to increase in the 

next few decades, particularly during summer in regions such as the Mediterranean (Kirtman et 

al., 2013), with potential high ecosystem impact as large-scale mortalities of intertidal species 

have been recorded during extreme heat events (Garrabou et al., 2009; Wernberg et al., 2013). In 

south-east Australia, the temperature-driven range extension of the sea urchin Centrostephanus 

rodgersii has led to the loss and overgrazing of kelp beds and a reduction in associated 

biodiversity (Johnson et al., 2011, Ling et al. 2015). 

 

Forests of kelp, large brown temperate-coast marine algae, are themselves directly impacted by 

climate change. Under RCP2.6 and RCP8.5 scenarios, models of kelps in the North Atlantic 

incorporating changes in temperature, salinity, and sea ice cover predict northern movement and 

range contraction by 2090 (Assis et al., 2017a; 2017b; 2016; Raybaud et al., 2013). Under 

RCP8.5, areas such as the Gulf of Maine, Southern Europe, and the northwestern coast of Africa 

would be bereft of kelps (Assis et al., 2017a), a trend which in some of these systems is already 

observed now (Filbee-Dexter et al., 2016; Krumhansl et al., 2016b). The Arctic, conversely, is 

projected to gain kelps, which is consistent with observations of kelp increases in areas that are 

decreasing in sea-ice cover and hence increasing in light availability (Bartsch et al., 2016). The 

area gained is not projected to counterbalance the area lost. Similarly, in Japan, models project 
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its southernmost species, Ecklonia cava, to colonize new northern habitats that are currently 

occupied by colder water kelps, due to a combination of shifting temperatures and increases in 

grazing by warm water fishes under all RCP scenarios by 2090. Further scenario-based modeling 

efforts are needed for Australia, New Zealand, the Southern Atlantic, and the Pacific Coasts of 

the Americas, where models of climate change’s future impacts on kelps have been less 

explored. While modeled predictions typically report declines or polar movement, the observed 

long-term trajectories of kelp forests are currently mixed (Krumhansl et al., 2016b). In some 

cases, such as South Africa, this is due to local cooling (Blamey et al., 2015; Bolton et al., 2012). 

In others, climate driven range expansions of urchin predators has also driven local increases 

(Fagerli et al., 2014), although the longevity of this trend is unclear as they can be overridden by 

physical drivers (Moy and Christie, 2012). 

Coastal wetlands 

Coastal wetlands are found along coastlines globally, and include salt marshes (mostly found 

along temperate, boreal and arctic coastlines), mangroves (mostly found in tropical and sub-

tropical areas), tidal flats, and seagrasses. They form essential marine vegetated habitats for 

carbon sequestration, and coastal protection against increased sea level rise (SLR) and natural 

hazards (Duarte et al. 2013; Alongi 2008, Fourqurean et al., 2012). They also host a great 

diversity of species, playing a major role as nursery and breeding areas for a wide variety of 

marine fauna organisms (Heck et al., 2003), including migratory ones such as coastal birds (Nuse 

et al. 2015) or coral reef fish species (Harborne et al. 2015). Climate changes in the form of 

warming, sea level rise and increased extreme events (e.g. hurricanes) may increase the 

vulnerability of these ecosystems in the future. Vegetated coastal habitats are already declining 

globally (Duarte et al. 2005), and many species are threatened with extinction (Polidoro et al. 

2010 ; Short et al., 2011). The recent IPCC report on « Global warming of 1.5°C » (IPCC 2018) 

assessed that at global warming limited to 1.8°C above the pre-industrial level, the risks to 

mangroves will remain medium (e.g., not keeping pace with SLR ; more frequent heat stress 

mortality) whereas seagrasses are projected to reach moderate to high levels of risk (e.g., mass 

mortality from extreme temperatures, storm damage) (Hoegh-Guldberg et al. 2018). 

 

Sea level rise can have large impacts on coastal ecosystems because of the flat, gentle slope of 

much coastal land. Although coastal wetlands are dynamic ecosystems that can adapt to sea level 

rise, their capacity to do so is limited, regionally differentiated and is affected by many human 

activities (Kirwan & Megonigal, 2013 ; Schuerch et al. 2018 ; see 4.2.2.5). The response of 

wetlands to sea level rise involves landward migration of vegetated areas, and submergence at 

lower elevations (Wong et al., 2014). Acceleration of sea level rise threatens future wetlands 

capacity to adapt with occurrence of horizontal retreat, and vertical drowning, when accretion of 

sediment and organic matter cannot keep pace with SLR (Spencer et al. 2016). A meta-analysis 

estimated that under RCP2.6, 60% of the saltmarshes will be gaining elevation at a rate 

insufficient to keep pace with SLR by 2100, and the loss could reach 90% under high SLR 

(RCP8.5) (Crosby et al. (2016)) . Such high SLR (1m by 2100) could put at risk 68% of coastal 

wetlands in developing countries (Blankespoor et al. 2014). By contrast, a just published 

integrated model, taking into account the capacity of wetlands to both expand horizontally by 

inland migration and build up vertically by sediment accretion, projected less pessimistic impacts 
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of SLR with the loss of global coastal wetlands area ranging between 0 and 30% by 2100, 

depending on the RCP considered (Schuerch et al. 2018). Sea level rise and storm surges cause 

salinity intrusion inland, that can impact coastal and freshwater wetlands, with various effects 

such as decreased inorganic nitrogen removal, decreased carbon storage, and increased 

generation of toxic sulphides (Herbert et al. 2015). Increased salt and sulphide concentrations 

induce physiological stress in biota and ultimately can result in large shifts in communities and 

associated ecosystem functions. Because impacts of sea level rise are so prominent in coastal 

wetlands (Jennerjahn et al., 2017), the impacts of temperature rise have been relatively less 

explored despite their importance in terms of ecosystem structure and function (Gabler et al. 

2017). 

 

Submerged plants such as seagrass are highly impacted by temperature extremes. Warming-

induced deterioration of seagrass ecosystems has been observed over recent decades in the West 

Atlantic, Mediterranean, and Australia, with summer temperature spikes often leading to 

widespread seagrass mortality (Moore & Jarvis, 2008; Short and Neckles 1999; Jordà et al., 

2012; Fraser et al. 2014). In the western Mediterranean Sea, a model relating mortality rates to 

maximum sea temperature projected that seagrass meadows may become functionally extinct by 

2050–2060, under the SRES A1B emission scenario (Jorda et al. (2012)). Climate warming is 

also affecting other components of seagrass ecosystems, notably via ‘tropicalization’—

increasing representation of tropical species—among seagrass-associated fish communities 

(Fodrie et al. 2009), with the potential to reduce seagrass biomass and habitat complexity as 

tropical herbivorous fishes increase (Heck et al., 2015). Among the most serious concerns is 

rising frequency of disease epidemics and prevalence of pathogens, which are associated with 

warming in many systems, and that could trigger widespread die-offs of seagrass (Altizer et al., 

2013; Harvell et al. 2002 ; Sullivan et al., 2013; Kaldy, 2014). 

 

Under elevated mean global temperatures, mangroves are expected to displace salt marshes in 

many areas as the limits to mangrove growth imposed by cold events decrease (Short et al. 

2016). Mangroves in the southeastern US have been projected to expand in area (Osland et al., 

2013), consistent with observed trends across five continents over the past 50 years (Cavanaugh 

et al., 2014; Saintilan et al., 2014). These projections overlook important differences among 

mangrove species, and also depend on mangroves’ ability to successfully migrate landward (e.g. 

Di Nitto et al., 2014), and to build up sediment or continue to receive allochtonous sediment 

inputs from estuarine or freshwater sources at rates apace with SLR (Lovelock et al., 2015a; 

Parkinson et al., 1994). In coastal settings experiencing erosion, an expansion of mangroves is 

highly unlikely. On the other hand, expansion is seen in areas of accelerating sediment 

deposition due to upstream land use changes (Godoy and Lacerda 2015). Species distribution 

modeling studies have projected geographically dependent shifts in community composition and 

species richness under climate change scenarios (Record et al., 2013). While species richness is 

projected to increase in SE Asia, South America, eastern Australia and parts of the African 

coasts, it will likely decline in Central America and the Caribbean, partly linked to increased 

intensity and frequency of tropical storms, as well as in northern Australia (Record et al., 2013).  

 

Under increased CO2, the productivity of wetlands vegetation (seagrass, mangrove trees, 

saltmarsh plants) is expected to increase in the future (Wong et al., 2014). Seagrasses are likely 
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to be among the species that perform better in a more acidified ocean, because their growth can 

benefit from increasing dissolved CO2 (Koch et al., 2012). This simulation result is supported by 

greater growth rates reported around natural marine CO2 seeps, where seagrass sequestered 

considerably more carbon below-ground under acidified conditions, suggesting a possible 

feedback to reduce the impacts of CO2 injection into marine waters (Russell et al., 2013). 

However, there is limited evidence that elevated CO2 will increase seagrass resistance to 

warming (Jordà et al., 2012). For mangroves, increased CO2 has been linked to variable 

responses in net primary productivity, with decreased NPP projected for Laguncularia racemosa 

and increased NPP for Rhizophora mangle (Farnsworth et al., 1996; Snedaker & Araújo, 1998). 

Such variation may be due in part to methodological differences, but may also reflect important 

variations in regional conditions (McKee, 2011).  

4.2.2.2.3 Climate change impacts in deep seas 

The Deep Sea (defined here as >200m depth) covers about 60% of global ocean area and 

represents the largest ecosystem in the world (Smith et al., 2009; Watling et al., 2013), 

accounting for more than 95% of the volume of the Earth’s oceans. Deep-sea ecological 

processes and characteristics (e.g., nutrient cycling, productivity) underlie the healthy 

functioning of ocean ecosystems and provide valuable services to mankind (Thurber et al., 

2014). 

 

Many observational studies have shown that present-day climate change is already impacting 

deep-sea environments due to increased temperature (Purkey & Johnson, 2010), deoxygenation 

(Helm et al., 2011; Keeling et al., 2010; Stramma et al., 2008; Stramma et al., 2012), lowered pH 

of intermediate deep-waters (Byrne et al., 2010), and altered particulate organic carbon (POC) 

flux to the seafloor (Ruhl and Smith, 2004; Smith & Stephenson, 2013). Elevated seafloor 

temperatures (3.7°C at the bathyal seafloor by 2100 under RCP8.5; (Mora, 2013; Sweetman et 

al., 2017) will lead to warming boundary currents which has the potential to massively release 

methane from gas hydrates buried on margins (Johnson et al., 2015; Phrampus & Hornbach, 

2012), especially in the Arctic, with simultaneous effects on water column de-oxygenation and 

ocean acidification (Biastoch et al., 2011; Boetius & Wenzhöfer, 2013). Along canyon-cut 

margins such as those that occur in the western Mediterranean, warming may additionally reduce 

density-driven processes, leading to decreased organic matter transport to the seafloor (Canals et 

al., 2006).  

 

Climate change is also likely to increase wind-driven upwelling in eastern boundary currents, 

stimulating photosynthetic production at the surface (Bakun, 1990; Bakun et al., 2015; S. Wang 

et al., 2014). This new production may, however, decay as it sinks and increase biogeochemical 

drawdown of O2. Upwelling may also bring low-O2, high-CO2 water onto the shelf and upper 

slope (Bakun, 1990; Feely et al., 2008; Bakun et al., 2010; Sydeman et al., 2014; Wang et al., 

2014). The expansion of hypoxic zones is expected to affect many aspects of deep-sea ecosystem 

structure and function (Gooday et al., 2010). 
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As O2 levels decline, many species of deep water octocorals (including gorgonians and 

pennatulaceans) which provide habitat for a diverse array of invertebrates, are expected to 

decrease in abundance (Buhl-Mortensen et al., 2010; Etnoyer & Morgan, 2005; Murray Roberts 

et al., 2009). Acidification of deep waters has been projected to negatively impact cold-water 

stony corals (Scleractinia), particularly in the North Atlantic (Tittensor et al., 2010). Single 

stressors like warming will also limit tolerance windows for other stressors such as low O2 or 

low pH (Pörtner, 2012; Portner & Knust, 2007). 

 

With the projected global reduction in the biomass of phytoplankton in the upper ocean (Bopp et 

al., 2013, 2.2.2.1), the flux of particulate organic carbon (POC) to feed open ocean seafloor 

communities is expected to decrease, causing potential alterations of the biomass, composition 

and functioning of the benthic communities. Reductions in seafloor POC flux will be most 

drastic in the oceanic gyres and equatorial upwelling zones, with the northern and southern 

Pacific Ocean and southern Indian Ocean gyres projected to experience as much as a 32–40 % 

decline in POC flux by the end of the century (CMIP5, RCP8.5, Mora et al., 2013; Sweetman et 

al., 2017). Recent studies have suggested that the NE Atlantic Ocean could also undergo similar 

reductions in POC flux (Jones et al., 2014). The abyssal ocean is highly sensitive to changes in 

the quantity and quality of POC flux that could affect the biomass of benthic microbial and 

faunal biomass, and cause dramatic reductions in the sediment mixed-layer depth, benthic 

respiration, and bioturbation intensity (Smith et al., 2008; Jones et al., 2014, Sweetman et al., 

2017). These changes have the potential to feed back on global carbon cycling and ultimately C-

sequestration (Thurber et al., 2014). 

4.2.2.2.4 Climate change impacts in polar seas 

Rising temperatures are projected to reduce sea ice extent and volume in the Arctic and 

Antarctic, some of the fastest warming places on Earth (IPCC, 2013). The rapid rate at which sea 

ice retreats in polar seas implies major changes to be expected in the future for biodiversity and 

ecosystem function (Larsen et al. 2014 ; Wassmann et al., 2011; Gutt et al. 2015). All 

components of the foodwebs will potentially be impacted, from phytoplankton to top predators, 

and from pelagic to benthic species. 

 

Multiple lines of evidence show that ice-melting is likely to increase primary productivity in 

polar seas due to increased light availability, although this could be dampened by a decrease in 

nutrient supply due to enhanced water column stratification that is expected from warming and 

freshening of surface waters (section 4.2.2.2.1; Larsen et al. 2014 ; Hoegh-Guldberg et al. 2018 ). 

It has also been shown that the increased production of floating icebergs, enriched with 

terrigenous material, might significantly elevate nutrient levels and primary production (Smith et 

al., 2007). However, while primary production may increase in polar seas in the future, warmer 

waters can cause a shift in the composition of the zooplankton community, such as the shift from 

Calanus glacialis towards dominance of the smaller, less energy-rich Calanus finmarchicus in 

Arctic waters (Kjellerup et al. 2012), with potential huge consequences up the foodchain. By 

contrast, in coastal areas, the production and transport of organic matter to the seafloor may 

decline because glacial meltwater and erosion of melting tundra (Węsławski et al. 2011) will 
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likely enhance water column turbidity, which results in decreased water column light levels 

(Grange & Smith, 2013; Sahade et al., 2015). The increased sedimentation in deep coastal areas, 

particularly in Arctic fjords, may also smother or clog the breathing and feeding apparatus of 

sessile suspension-feeders (e.g., corals and sponges), induce O2 stress, but may favour ophiuroids 

and capitellid polychaetes (Sweetman et al., 2017; Włodarska-Kowalczuk et al., 2005).  

 

Changes in primary production and resulting POC flux to the seafloor will have impacts on 

ecosystem structure and function. Elevated POC flux increases the abundance and diversity of 

benthic communities, the prevalence of habitat-forming taxa (sponges, benthic cnidarians), and 

the extension of species ranges into deeper waters (De Rijk et al., 2000). It could also trigger the 

switch from dominance by bacteria to dominance by metazoans for processing benthic organic 

matter with bottom-up consequences on the foodweb (Sweetman et al., 2014). Changing ice 

regimes may also result in physical disturbance of the deep sea, as large icebergs can scour the 

sediment down to 400m on the Antarctic shelf, enhancing seafloor heterogeneity and creating 

hard substrates for sessile megafauna (Meyer et al., 2016; Meyer et al., 2015; Schulz et al., 

2010). In the longer term, iceberg scouring and dropstone deposition will tend to elevate 

diversity on regional scales through (re)colonization processes, although the immediate effect of 

scouring will be local elimination of many species (Gutt et al., 1996; Gutt & Piepenburg, 2003; 

Thatje et al. 2005).  

 

Sea ice melting is also expected to impact species up the foodweb, and especially those marine 

mammals and seabirds depending on ice as haul-outs, but future scenarios are available for just a 

few emblematic species. Demographic models predict that changes in Antarctic sea ice will 

substantially reduce the abundance of global emperor penguin (Aptenodytes forsteri) by 2100 

under a mid-range emission scenario (Jenouvrier et al., 2014), even when complex dispersal 

processes are included (Jenouvrier et al., 2017). A high probability of extinction is foreseen for 

the polar bear (Ursus maritimus) subpopulation of southern Beaufort under SRES A1B scenario 

by the end of the century, due to the decrease in the cover, the duration and the thickness of sea 

ice (Hunter et al., 2010), but low probability of extinction has been attributed for all polar bears 

in the Arctic (Larsen et al. 2014). However, a recent study showed that the high-energy 

requirements of polar bears could endanger their survival in extended ice-free periods (Pagano et 

al. 2018). 

 

Ocean acidification is another major stressor which will be enhanced in polar regions because of 

the higher capacity of seawater to absorb CO2 at low temperatures, resulting in lower pH and 

under-saturated waters in aragonite and calcite (O Hoegh-Guldberg et al., 2014; Orr et al., 2005). 

This may impact the growth and survival of calcifying shelled organisms such as Arctic 

pteropods, foraminifera in the Southern Ocean, and the recruitment of Antarctic krill (Euphausia 

superba), all of those species being essential prey species at the basis of foodwebs (Larsen et al. 

2014 ; Kawagushi et al. 2013, Trathan and Hill, 2016). Adding to the negative impacts of 

acidification, a combination of ice retreat and changes in primary production is projected to 

decrease Antarctic krill suitable habitat and survival rate (Pinones and Fedorov 2016) with 

potential cascading effects on their many predators (Trathan and Hill, 2016). 
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4.2.2.3 Future impacts of fisheries exploitation on marine ecosystems 

In addition to exposure to climate change, marine animal populations will likely undergo 

increased fishing pressure as a result of increasing demand for fish products (World Bank, 2013) 

particularly in the developing world (Figure 4.2.6; FAO, 2016). This will largely be driven by 

growth of human population that is projected to reach 9.8 billion people by 2050 (UNDESA, 

2017) and by income growth in low- and middle-income countries (Vannuccini et al 2018). The 

rate of increase in demand for fish has been more than 2.5 per cent per year since 1950 and is 

likely to continue in the future (HLPE, 2014). The world fish production (capture and 

aquaculture) was projected to increase by 17% between the base period (2013-2015) and 2025 

(FAO (2016)). With the growing demand, commercial fishing activities are likely to expand to 

all areas of the globe. 

 

 

Figure 4.2.6: Projections of additional fish consumed in 2025 (from fisheries and 

aquaculture) per world region. Developing countries are projected to eat 93 percent of the 

additional fish available for human consumption. Source : OECD and FAO (FAO, 2016) 

 

Scenarios that include governance in fisheries management, human consumption of seafood, and 

advancement of fishing technologies (Squires & Vestergaard, 2013) are starting to be integrated 

into global scale projections. For example, a simple surplus production model applied to a set of 

4713 fisheries worldwide showed that a business-as-usual fisheries management scenario would 

increase the proportion of overexploited populations by ca. 30% in 2050 (Costello et al. (2016)). 

In contrast, in a scenario where long term economic benefits are optimized, such as through 

rights-based fisheries management, the majority of exploited fish populations (98%) would 

recover to a healthy status, with a median time of recovery of about 10 years. Similarly, under 

the high emission scenario RCP8.5 and the SSP3 scenario (characterized by low economic 

development and a large increase in human population), maximizing the long term economic 

yield of the fishery was projected to increase the biomass of the skipjack tuna population (Dueri 

et al. (2016)). Recently, it was shown that reforming fisheries by adopting an optimal harvest 

policy that maximizes long-term economic benefits and that adapts its management strategy to 

climate-induced changes in fish biomass and spatial distribution could offset the detrimental 

impacts of climate change on future fish biomass and catch under most RCP greenhouse gas 

emission scenarios, except RCP8.5 (Gaines et al. (2018) . This important finding needs to be 
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consolidated by further investigations in a context where fisheries maximum catch potential is 

projected to decrease by 2.8-5.3% and 7-12.1% by 2050 relative to 2000 under RCP2.6 and 

RCP8.5, respectively (Cheung et al. 2018). 

 

In addition to climate change (see 4.2.2.2.1), heavy fishing also impacts fish size, decreasing 

both the maximum size of species and the biomass of large-sized species because (i) high-value 

target species are generally larger, (ii) fishing gear is size-selective and often designed to remove 

larger fish, (iii) older and larger fish in a population become fewer as a result of accumulation of 

fishing mortality rate through time, and (iv) large species are more vulnerable because their life-

history traits are generally linked to lower potential rates of increase (Y. J. Shin et al., 2005). 

Under heavy fishing, a SRES A1B climate change scenario was reported to magnify the 

reduction in fish size (Blanchard et al. (2012)). This shift towards smaller fish size and higher 

growth rates could ultimately increase the variability of fish biomass (Hsieh et al., 2006). 

 

Species targeted by fisheries are not the only species impacted by different fishing scenarios. 

Long-lived and vulnerable species such as marine mammals, turtles and birds suffer from direct 

impact of fish harvest though bycatch, and so their future is tightly linked to the long-term 

fishing strategies adopted. The interaction with climate change is complex to resolve but some 

studies have started addressing the potential synergistic effects. Some models based on species 

distribution projected that climate change will alter the future distribution of both fisheries and 

seabird populations, altering the rates of future bycatch and hence seabird mortality rates (Krüger 

et al. (2018)). For some species, spatial overlap with fisheries may decline, reducing rates of 

incidental mortality associated with human activity. However, for two highly threatened seabird 

species (grey-headed and wandering albatross), severe range reductions and increased overlap 

with fisheries are projected. 

 

In addition to scenarios of fishing management, the future status of wild fish populations cannot 

be envisaged without considering alternative scenarios of aquaculture development which will 

play a major role in sustaining the supply of seafood products and the maintenance of per capita 

fish consumption (Delgado et al., 2003)(FAO et al, 2018). But the development of aquaculture is 

partly dependent upon the exploitation of low trophic level fish species which supply fishmeal 

for farmed fish. 

 

Aquaculture development could potentially reduce fishing pressure on wild fish populations, but 

not to an extent that could compensate for projections of increases in demand for seafood 

products and fishing technology, both of which result in increased fishing pressure (Quaas et al., 

2016). Taking into account projections in human population, climate change (IPCC A1B 

scenario), and technological development in aquaculture, a bio-economic model projected that if 

fishmeal prices increase, this would encourage fishers to maximize their short-term economic 

profits and exceed yearly quotas, leading to collapse of exploited fish populations (Merino et al. 

(2012)). Given the current increasing trends of fishmeal prices (Merino et al., 2010), this implies 

that compliance to strict fisheries management and market stabilization measures need to be 

seriously considered to maintain exploited populations at sustainable levels. Likewise, another 



Unedited draft chapters 31 May 2019 

66 

 

bio-economic model run under contrasted archetype scenarios suggested that relative to climate 

change impacts, fisheries regulation is the most important factor in determining the future of fish 

populations (Mullon et al. 2016). However, the interplay between drivers of change cannot be 

ignored in fisheries management strategies (see example in Box 4.2.3). A multi-model ensemble 

approach allowed to show that the risk of negative synergistic effects between changes in 

primary production and in fishing effort was higher for small forage fish species (Fu et al. 

(2018)).  
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Box 4.2. 3: Synergistic impacts of multiple drivers on tropical coral reefs 

Tropical coral reefs share a history of strong dependence on natural and human systems 

(Maire et al. 2016) that must be accounted for in attempts to maintain long-term human 

development and well-being, and marine biodiversity (Cinner et al., 2016). Indeed, 

coral reefs support the nutritional and economic needs of people in many developing 

countries. Their exceptional biodiversity translates directly into biomass production and 

thus food security (Duffy et al., 2016). However, coral reefs face multiple and 

considerable challenges from ocean warming (see 4.2.2.2.2), ocean acidification, 

pollution, overexploitation and destructive fishing practices. More than 80% of the 

world's coral reefs are severely over-fished or have degraded habitats, thus imperiling 

the livelihood and sustenance of coastal human populations (McClanahan et al., 2015). 

This negative spiral is likely to accelerate in the future due to the synergistic effects of 

climate change and direct human impacts. For example, nutrient loads from the land 

increases the vulnerability of corals to bleaching (Vega Thurber et al. 2014). Plastic 

debris were estimated to increase coral susceptibility to diseases from 4% to 89% with 

structurally complex corals being eight times more likely to be affected by plastic 

(Lamb et al., 2018) inducing a loss of fish productivity (Rogers et al., 2014). Tipping 

points exist at which coral reef ecosystems can shift to being dominated by macroalgae 

(Holbrook et al. 2016), with low resilience, reductions in biodiversity and degradation 

of the many ecosystem services they provide, such as reef-associated fisheries and 

tourism. However, there are opportunities for improving the status of coral reefs by the 

combined action of reducing both greenhouse gas emissions and overfishing of species 

which help the recovery of coral reefs by grazing their algal competitors (Figure 4.2.7, 

Kennedy et al., 2013). Robust, integrated models that can account for combinations of 

multiple impacting drivers are still lacking, but these are needed to simulate the 

dynamics of coral reef social-ecological systems on a long-term basis and better 

anticipate their futures. This challenge is even more difficult given the multispecies 

nature of fisheries, the complexity of trophic interactions, and the time scales on which 

different processes determine the trajectories of coral reef social-ecological systems and 

the boundaries beyond which they collapse. 
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Figure 4.2.7: Future carbonate budgets (proxy for net production of 

corals skeletons) of Carribean coral reefs under climate change and 

acidification scenarios (top panel: high RCP8.5 greenhouse gas emission 

scenario, bottom panel: strong mitigation RCP2.6 emission scenario), 

without or with local conservation of grazing fish (parrot fish symbol in B, 

D, F, H). Initial conditions of reefs are either degraded with 10% coral 

cover (A, B, E, F) or healthier with 20% coral (C, D, G, H). Vertical blue 

bars indicate point at which the projected budget becomes negative (erosion 

of corals skeleton exceeds production). Source: Kennedy et al., 2013 

 

4.2.2.4 Future impacts of pollution on marine ecosystems 

4.2.2.4.1 Persistent organic pollutants and plastics: another ‘Silent Spring’? 

Over the last century the human enterprise has fundamentally altered the planet by releasing 

large quantities of persistent organic pollutants (POPs) into the environment. These synthetic 

organic compounds have harmful and toxic properties and are not readily metabolized by 

bacteria or other life forms, thus prolonging their presence in the environment. Concerns about 

their effects on wildlife and people were first raised by Rachel Carson’s book ‘Silent Spring’ 

(Carson, 1962), highlighting the devastating effects of organochlorine POPs on birds and aquatic 

animals in particular. As a result, many POPs were tightly regulated or banned under the 

Stockholm Convention (UNEP, 2001), and their production has ceased or decreased for most 

listed substances. Large historical burdens of these pollutants still circulate in the environment 

however (Harrad, 2009), and novel substances get synthesized at a rapid pace, with potentially 

harmful effects. 

 

Synthetic organic polymers (plastics) form another class of pollutants that share certain 

properties with POPS in that they persist and accumulate in the environment, can be transported 
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over long distances (reaching remote polar regions for example; Science for Environment Policy 

2017), and can have harmful effects on wildlife and people. In contrast to POPs, their production 

numbers are much higher overall and still increasing, thus global concerns about plastic pollution 

now match or exceed those for other POPs, particularly with respect to the marine environment 

which forms a sink for discarded plastic waste (Jambeck et al., 2015; Worm et al., 2017). Annual 

plastic production now exceeds 330 million metric tons (Mt) (Plastics Europe 2015), with a 

cumulative burden of 8300 Mt produced since 1950 (Geyer et al., 2017), approximately 6300 Mt 

of which has been discarded (9% recycled, 12% incinerated, and 79% ended in landfills or the 

natural environment). If current production and waste management trends continue, roughly 

12,000 Mt of plastic waste will be in landfills or in the natural environment by 2050 (Figure 

4.2.8). If evenly spread around the globe, this would equal a burden of ~24 tons of plastic waste 

for each square kilometre of land and sea surface. This level of pollution in terms of volume and 

persistence has no previous analogue in human history. 

 

Figure 4.2.8. Current global trends and likely future trajectories of total plastic waste 

generation and management. After data in Geyer et al. (2017). 

Negative impacts on the planet and people are becoming more profound (Figure 4.2.9) as 

exposure to plastic pollutants intensifies. As an example, about 90% of seabirds examined today 

have plastic in their gut, with 100% expected to be exposed by 2050 (Wilcox et al., 2015). Sea 

turtles are similarly affected (Schuyler et al., 2015), as are at least 693 other marine species that 

have been recorded to be compromised by plastic pollution (CBD, 2016). Much of the plastic is 

released as or broken down into small microplastic (1 µm-1mm) or nanoplastic (<1µm) particles. 

While the harmful effects of microplastic debris are well understood, the long-term effects of the 

smallest fragments are only now emerging (Galloway & Lewis, 2016), including their tendency 

to interact with other pollutants (GESAMP, 2015), facilitate diseases (Lamb et al., 2018), and 

transmit through the food chain (Figure 4.2.9). 

 



Unedited draft chapters 31 May 2019 

70 

 

Clearly, another ‘Silent spring’ scenario seems plausible, if effects on numerous wildlife species 

continue to accelerate further. Because plastic persists and accumulates in the environment in 

similar ways POPs do, a zero-net-release policy that builds upon the successful Global 

Convention on POPs may be a promising strategy to mitigate the risk posed by current and future 

levels of plastic pollution. Yet, in contrast to traditional POPs, which are largely emitted by 

industry, plastic pollution touches every person’s life, and requires a broader societal effort 

including designers, producers, regulators, and consumers of plastic products to engage in 

comprehensive solutions (GESAMP, 2015; Worm et al., 2017). 

Women taking Shea harvests 

 

Figure 4.2. 9: Possible pathways by which plastic pollutants of different size classes enter the 

food chain and propagate to higher trophic levels, including humans. After Worm et al. (2017). 

4.2.2.4.2 Nutrient loads and eutrophication 

Numerous model projections show that coastal zones in many world regions are almost certain to 

see increases in nitrogen (N) and phosphorus (P) from increasing river loads in the coming 

decades (Sutton et al., 2013, Figure 4.2.10). In contrast, silica (Si) river export is decreasing 

globally as a result of retention in the increasing number of reservoirs in the world’s river 

systems and this trend will also continue in many parts of the world. The result of these 

simultaneous changes of N, P and Si will continue to alter nutrient stoichiometry, affecting not 

only total algal growth but also biodiversity in coastal waters, including the propensity for 

harmful algal blooms (HABs). The enhanced primary production in coastal surface waters can 

cause eutrophication, with subsequent sinking of excess degradable organic matter to bottom 

waters where aerobic microbial decomposition reduces oxygen concentration. The decline in 

oxygen concentrations due to nutrient loads in coastal waters will likely be exacerbated with 

climate change, due to decreased oxygen solubility in warmer waters and decreased oxygen 
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transport to deeper waters because of stronger stratification of the water column (Breitburg et al., 

2018). The expansion of areas of low oxygen will impact marine biodiversity at all levels from 

individuals’ physiology and behavior, to populations' demography and range shifts with 

consequences for species assemblages and foodwebs (Levin et al., 2009; Pörtner et al., 2014). 

 

Figure 4.2.10: Trends in global mineral fertilizer consumption for nitrogen and phosphorus 

and projected possible futures (source: Sutton et al., 2013). 

 

Storylines developed by the IPCC and the Millenium Ecosystem Assessment and translated into 

changes of the main anthropogenic drivers, i.e. economic development, demography and land 

use (Alcamo et al. 2007), have been applied to project conditions to 2050. Although each 

storyline has different assumptions, they show major increases in N and P river export especially 

in South and Eastern Asia, in South America and Africa where fertilizer use will likely increase 

to support the population, and where urbanization and lagging treatment of wastewater and 

sewage connection will lead to increasing nutrient discharge to surface water (e.g., Glibert et al. 

2018). In contrast, stabilized or decreasing trends in nutrient loads are projected in Europe, North 

America and Australia owing to the development of improved wastewater treatment systems, 

and improved nutrient management reducing NH3 volatilization, leaching and runoff. In these 

regions, improvements in hypoxia and frequency or magnitude of HABs may be realized. 

 

However, the trajectory of nutrient loads is additive with other global changes, such as 

temperature rise, which will alter stratification of the water column, availability of nutrients and 

their forms and ratios, and pCO2, among other factors (e.g., Boyd & Doney, 2003). Recent 

models supported evidence for increased eutrophication together with climate changes, and 

therefore the propensity for the worsening of HABs and/or hypoxia by the end of the century 

(Sinha et al., 2017). Multiple combined changes such as increases in nutrient pollution, in global 

temperature and in reservoir capacity resulting in increased retentiveness of rivers, require 

proactive management to stabilize or reduce the impacts of eutrophication, including hypoxia 

and the frequency of HABs. 

 

4.2.2.5 Future impacts of coastal development on marine ecosystems 
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Direct human-related drivers of change such as urbanization, coastal development, and land use 

change will bring challenges to coastal ecosystems in addition to climate change. Coastal 

populations are increasing disproportionately relative to the global population increase. Many of 

emerging cities are on the coast and their growth will add to the 75% of the world’s mega-cities 

which are already coastally located (World Economic Forum’s Ocean Programme, 2017). Over 

2.6 billion people live on or near the coast, many in developing countries where dependence on 

coastal resources may be high and demand for multiple benefits such as food, coastal protection 

and income, will continue to grow as human populations expand (Bell et al., 2009; Sale et al., 

2014). Some 1.36 billion live on tropical coasts, and this is projected to grow to 1.95 billion by 

2050, with associated pollution and eutrophication of coastal waters and degradation of coastal 

ecosystems (Sale et al., 2014). Urbanization and coastal development can restrict the capacity of 

coastal ecosystems to adapt to rising sea levels e.g. through the “coastal squeeze” (Wong et al., 

2014) Along urbanized coastlines, the resilience of wetlands to SLR will depend on the 

availability of accommodation space (Schuerch et al. 2018) and sediment supply (Lovelock et 

al., 2015b) which are reduced by anthropogenic infrastructure barriers (e.g., flood protection 

structures, roads, settlements). Future expansion of coastal development will also bring risks to 

iconic and threatened species. For example, the expansion of artificial lighting at night from 

coastal development interrupts the sea-finding behaviour of sea turtle hatchlings and ultimately 

survivorship (Gaston & Bennie, 2014; Kamrowski et al., 2014). 

 

Future projections show a multiplicity of human stressors acting simultaneously with direct 

climate-induced changes on social-ecological systems. Stressors from population growth and 

coastal development such as nutrient runoff, urbanization, and land-use change are expected to 

increase and combine with climate stressors such as sea level rise and warming to exacerbate 

risks for rocky and sandy shores, and seagrasses (Box 4.2.4). Models show that mangroves are 

particularly threatened by projected coastal development, with the main direct drivers including 

the expansion of aquaculture (prevalent in both Asia and Latin America) and agriculture (mostly 

rice cultivation and pasture), extraction of timber and related forest products (e.g., for charcoal 

and domestic construction), and infrastructure development and alterations of freshwater flows 

(e.g., for due to settlements, transportation networks or dams) (Roy Chowdhury et al., 2017). 

Under projected changes, coastal adaptation options will involve increasingly difficult trade-offs 

in future among multiple development and biodiversity objectives (Mills et al. 2015). 
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Box 4.2.4 Synergistic impacts of multiple pressures on seagrass meadows 

Direct human-related drivers of change such as urbanization, coastal development, and 

land use change will bring challenges to coastal ecosystems. For seagrasses, key threats 

include sediment and nutrient runoff from upstream land-use change, physical 

disturbance, algal blooms, and invasive species, as well as climate warming and disease 

(Orth et al., 2006; Waycott et al., 2009). Requirements for clear water and low nutrient 

concentrations make seagrasses vulnerable to eutrophication, as nutrient and sediment 

loading reduce light availability and favor faster-growing algae (Burkholder et al., 

2007; Duffy et al., 2013). The protected embayments in which seagrasses grow best are 

also prime real estate for coastal and harbor development. As a result seagrasses are 

declining worldwide, and roughly 30% of global seagrass cover has been lost since the 

first estimates were made in the late 19th century, with loss rates increasing in recent 

decades (Waycott et al., 2009). Ten of the 72 known seagrass species on earth are at 

elevated risk of extinction and three species are classified as Endangered (Short et al., 

2011). 

 

Perennial organisms such as seagrasses are vulnerable to human disturbance and, under 

repeated impacts, often yield dominance to faster growing, opportunistic species such 

as fleshy and filamentous algae. In the Baltic Sea, for example, dominance by eelgrass 

and rockweed has yielded over recent decades to accumulations of ephemeral algae 

(Bonsdorff et al., 1997). Long-term field monitoring suggests that exploitation of 

piscivores such as cod in offshore waters has released the smaller inshore fishes—

mesopredators—from top-down control, and their consumption of grazing invertebrates 

indirectly led to algal blooms and decline of perennial seagrasses (Eriksson et al., 

2011). Coastal vegetation, including seagrasses, protects coastal human communities 

against storm damage, and the continuing decline of these natural barriers will likely be 

aggravated by SLR. Coastal habitat loss exacerbates damage from storms and flooding 

in coastal communities (Gedan et al. 2011). Mapping the risk of such hazards along the 

coastline of the USA shows that, under several projected climate scenarios, the number 

of people, especially the poor and elderly, and the total value of residential property 

exposed to hazards could be reduced by half by preserving existing coastal habitats 

(Arkema et al., 2013). 
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4.2.3 Freshwater ecosystems 

4.2.3.1 Freshwater biodiversity and current threats 

Freshwater ecosystems provide fundamental services to humans such as food, water, nutrient 

retention, recreation, and climate regulation. Globally, freshwaters (i.e. rivers, lakes, wetlands) 

represent less than 0.02% of Earth’s water volume and cover only about 0.8% of Earth’s surface 

(A. Dawson & Dawson, 2012). However, an estimated 129,000 species live in freshwater 

ecosystems, representing ~8% of Earth’s described species (Balian et al., 2008) (Figure 4.2.11). 

The relative contribution of freshwater ecosystems to global biodiversity is thus extremely high 

(Wiens 2016, Tedesco et al 2017). Climate, productivity and area size drive freshwater diversity 

patterns globally despite profound functional differences between taxa (Moomaw et al., 2018; 

Tisseuil et al., 2013).  

 

 
Figure 4.2.11. Global diversity maps (species richness and endemicity) for freshwater 

fishes, aquatic amphibians, aquatic mammals, crayfish and aquatic birds. For comparison 



Unedited draft chapters 31 May 2019 

75 

 

purpose, the diversity descriptor values of each taxon are rescaled between 0 and 100. Study 

based on the global distributions of 13, 413 freshwater species among five taxonomic groups (i.e. 

462 crayfish, 3263 amphibians, 8870 fish, 699 birds and 119 mammals) and conducted on 819 

river drainage basins covering nearly 80% of Earth’s surface. After Tisseuil et al. (2013). 

 

Current major threats to freshwater biodiversity include climate change, habitat modification and 

pollution from land-use, habitat fragmentation and flow regime homogenization by dams, non-

native species, increased eutrophication resulting from nutrient and organic discharges, water 

abstraction, and over-exploitation (A. J. Young et al., 2016). Those threats currently affect 

freshwater biodiversity and functioning to varying degrees (Vörösmarty et al., 2010, Carpenter et 

al. 2011) and their additive and potentially synergistic effects may further threaten future 

freshwater biodiversity and resources (Collen et al., 2014; Knouft & Ficklin, 2017). 

4.2.3.2 Future climate change impacts on freshwater biodiversity and ecosystem 

functioning 

The lowest greenhouse gas emissions scenario is the only scenario not expected to threaten much 

of global freshwater biodiversity in 2050 through direct effects of climate change. Under all 

other scenarios, freshwater biodiversity is expected to decrease proportionally to the degree of 

warming and precipitation alteration. All water body types on all continents are likely to be 

affected. Warmer waters will alter community structure, food webs, body sizes, and species 

ranges — especially in regions where semi-arid and Mediterranean climates currently occur as 

well as high-mountain ecosystems. In addition to reduced biodiversity and ecosystem 

functioning, warmer and less water will lead to species extinctions because of habitat shrinkage. 

Scenarios of climate change impacts on global freshwater ecosystem biodiversity and 

functioning were reviewed by Settele et al. (2014b). Climate change alters freshwater ecosystems 

and their biodiversity by changing (1) temperatures, (2) water availability and (3) flow regimes 

through changes in precipitation (Döll & Zhang, 2010; Knouft & Ficklin, 2017) and/or 

temperature (Blöschl et al., 2017). Increased water temperatures often lead to progressive shifts 

in the structure and composition of assemblages because of changes in species metabolic rates, 

body size, migration timing, recruitment, range size and interactions (Daufresne et al., 2009; 

Myers et al., 2017; Parmesan, 2006; Pecl et al., 2017; Rosenzweig et al., 2008; Scheffers et al., 

2016). There is already evidence of regional and continental shifts in freshwater organism 

distributions following their thermal niches (Comte et al., 2013), local extirpations through range 

contractions at the warm edges of species’ ranges (Wiens, 2016), and body size reductions 

(Daufresne et al. 2009). Warmer water temperatures also enhance microorganism metabolism 

and processing of organic matter (unless dissolved oxygen is limiting), causing eutrophication 

when nutrient levels are high (Carpenter et al. 2011, Mantyka-Pringle et al., 2014) as well as 

increased omnivory. Warming also induces phenological mismatches between consumers and 

resources in highly seasonal environments, potentially destabilizing foodweb structure (Guy 

Woodward et al., 2010). 

 

The strongest temperature increases are projected for eastern North America (0.7 to 1.2 °C under 

RCP2.6 and RCP8.5, respectively, by 2050), Europe (0.8 to 1.2 °C), Asia (0.6 to 1.2°C), 

southern Africa (>2.0°C under RCP8.5) (van Vliet et al., 2016) and Australia (CSIRO and 
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Bureau of Meteorology 2015). Moderate water temperature increases (<1.0°C) by 2050 are 

predicted for South America and Central Africa (van Vliet et al., 2016; van Vliet et al., 2013). 

Changes in water temperature are projected to lead to local or regional population extinctions for 

cold-water species because of range shrinking especially under the RCP 4.5, 6.0 and 8.5 

scenarios (Comte & Olden, 2017). Most lowland-tropical freshwater species are expected to 

tolerate warmer conditions where water is sufficient (Comte & Olden, 2017). 

 

Decreased water availability and altered flow regimes reduce habitat size and heterogeneity. This 

increases population extinction rates because the probability of species extinctions increases with 

reduced habitat size (Tedesco et al., 2013). Climate change can also alter flow regime seasonality 

and variability (e.g., Blöschl et al., 2017; Döll & Zhang, 2010) and increase flow intermittency 

(Pyne & Poff, 2017). This would lead to decreased food chain lengths through loss of large-

bodied top predators (Sabo et al., 2010), altered nutrient loading and water quality (Woodward et 

al., 2010), and/or pushing taxa into novel trajectories from which they may not recover (Bogan & 

Lytle, 2011). However, whatever the RCP scenario, climate change impacts on the timing of 

seasonal streamflow are found to be generally small globally (Eisner et al., 2017). Yet, relative to 

water availability and according to the wet-wetter/dry-dryer mechanism (Gudmundsson et al., 

2017; Held & Soden, 2006; Wang et al., 2017), more severe water stress in current drylands is 

expected in the future. Although under RCP2.6 the distributions of water availability may change 

little by the end of the 21st century, RCP4.5, 6 and 8.5 scenarios are expected to induce 

substantial shrinking of water drainage where semi-arid and Mediterranean climates currently 

occur. Reduced water availability in those regions, including shifts from permanence to 

intermittency, will generate population extirpations of all types of freshwater organisms (Jaeger 

et al., 2014), leading to global net biodiversity losses because endemism is usually high in those 

regions. For example, projected fish extinction rates from drainage shrinking under the high 

emission SRES A2 scenario in river basins worldwide show that among the 10% most-altered 

basins, water availability loss is likely to increase background extinction rates by 18.2 times in 

2090 (Tedesco et al., 2013) (Figure 4.2.12). Also, in glacier-fed high-mountain ecosystems, 

significant changes to snow and glacier melt regimes, including glacier disappearance, have 

already been observed (Leadley et al., 2014) and are expected to continue (Kraaijenbrink et al., 

2017). This leads to reduced water availability and declines in biodiversity through local 

population extirpations and species extinctions in regions of high endemicity in all water body 

types. Besides biodiversity losses, losses of glacial ice in closed drainages and flows in semi-arid 

regions (Vörösmarty et al., 2010) will substantially decrease water for agriculture, power and 

public water supply, thereby increasing economic vulnerability in the affected regions (e.g. 

Moon, 2017; Pritchard, 2017).  
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Figure 4.2.12. Global patterns of proportional increase or decrease in freshwater fish 

extinction rates between current climatic conditions and future (2090) under the most 

‘pessimistic’ IPCC SRES scenario (A2). Negative values of projected change in extinction rate 

depict drainage basins where extinction rates may decrease, while positive values depict drainage 

basins where extinction rates may increase. 91 949 river drainage basins covering ∼99% of the 

terrestrial surface. After Tedesco et al. (2013). 

 

Wetlands, including peatland and permafrost regions, sequester carbon in their soils. But when 

confronted to warming, drying and conversions to agriculture, wetlands are expected to release 

CO2, CH4, and N2O. Global warming alone is projected to contribute 1.6 x 108 kilotons of carbon 

from melting permafrost to the atmosphere and CH4 emissions from freshwater wetlands are 

projected to nearly double by 2100 (Moomaw et al., 2018). Such changes are very likely to 

impact biodiversity negatively due to habitat loss and reduced water quality, which increase the 

risk of extinctions and extirpations of wetland endemic and dependent species (Segan et al., 

2016). 

4.2.3.3 Future land-use change impacts on freshwater biodiversity and ecosystem 

functioning 

Land-use will likely increase the risk of eutrophication, leading to local population extinctions, 

changes in community structure and consequent modification of the food-web, ecosystem 

temporal instability, and establishment and spread of pathogens and toxic cyanobacteria blooms 

globally. Land-use will become especially problematic in the emerging tropical economies 

because of increased human population density and weak pollution controls. Increasing pollution 

and eutrophication will degrade water quality, impair biological resource availability, reduce 

nutrition in developing countries, and reduce recreational opportunities and tourism income. 

Globally increased toxic cyanobacteria blooms and pathogens will increase health risks for 

people and livestock. These risks will most affect closed water bodies and estuaries, but rivers 

will also be threatened. The additional impact of future increasing use of pesticides in agriculture 

is hard to quantify due to a lack of scenario studies. 
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Land use, especially croplands, mining and urbanization, will affect freshwater ecosystems and 

associated biodiversity through two main pathways. First, further increased water and 

groundwater withdrawals are expected to decrease habitat (water) availability for freshwater 

organisms leading to increased population extinction rates in rivers and lakes or direct 

extinctions from wetland conversions (Tilman, 2001, Gardner et al. 2015). The problem is 

exacerbated in semi-arid regions where water withdrawals lead to some rivers and lakes drying 

routinely, with ensuing species extinctions (Foley et al., 2005). Second, water quality is usually 

degraded by land use, and this trend is likely to continue. Intensive agriculture increases 

sediment, nutrient and pesticide loads to ground and surface waters (Lodz et al. 2006, 

Vasconcelos et al., 2017). The continuing, rapid urbanization also will substantially degrade 

water quality in many regions mostly through organic or phosphorous loadings, especially where 

wastewater treatment is absent. Mining leads to increased loadings of toxic metals, salts and 

acids (Daniel et al. 2014, Hughes et al., 2016). Such pollutants induce direct local mortality, 

impaired individual development and health, and altered community structure (Muturi et al., 

2017), particularly for predators through bioaccumulation (Carpenter et al. 2011). Since nutrient 

loadings progressively lead to increased eutrophication, oxygen depletion, animal mortality, 

extirpation of submerged macrophytes and the production of algal blooms (including toxic 

varieties of cyanobacteria) (Foley et al., 2005, Paerl & Paul 2012) efforts to wastewater 

treatment related to all anthropogenic activies will need to increase. Pollutants affect in particular 

the biodiversity and functioning of closed systems and estuaries (Lodz et al. 2006). For example, 

urban point sources have been the leading cause of hypoxia across European lakes since 1850 

(Jenny et al., 2016). Furthermore, continued deforestation, a key component of land-use change, 

will further disrupt organic matter processing and food webs, exacerbating the establishment and 

spread of pests and pathogens, especially in tropical regions (Morris et al., 2016). 

 

Future scenarios of changes in cropland area, pasture, forest and other natural land diverge 

widely depending on the underlying socio-economic assumptions (see section 4.1, and 4.2.4) 

(Alexander et al., 2017; Popp et al., 2017; van Vuuren et al., 2011). For the RCP4.5 scenario, a 

decrease of cropland and pasture was projected in one study (van Vuuren et al., 2011), which is 

expected to minimize future freshwater biodiversity disturbances. However, the global scenarios 

mask regional dissimilarities. For example, projections of future primary vegetation show major 

decreases in western and middle Asia (RCPs 2.6, 6.0 and 8.5), Australia (only RCP2.6) and 

North America (only RCP 8.5) (Settele, 2014b). 

 

Water pollution has been considerably reduced in Australia, North America and Western Europe 

(Vörösmarty et al., 2010), except for pharmaceuticals, biocides and plastics because of 

ineffective treatment (Ebele et al., 2017). Reduced water pollution will benefit freshwater 

biodiversity. However, Sinha et al. (2017) projected increased eutrophication induced by 

increased precipitation from climate change in some regions, and Olivier et al. (2017) projected 

no decrease in nitrogen and phosphorus concentrations for most USA lakes despite attempts to 

reduce diffuse pollution. If there is little technology transfer to developing countries, then water 

pollution may increasingly threaten freshwater ecosystems, particularly in tropical regions 

because of increased human density notably in Asia and Africa, that are expected to account for 
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over half of global population growth between 2015 and 2050 (United Nations 2015). Under 

RCP2.6, if much agricultural, mineral and bioenergy production relocates from high-income to 

low-income regions, pollution, freshwater biodiversity and aquatic ecosystem functioning will 

further worsen in those regions. 

4.2.3.4 Future impacts of habitat fragmentation on freshwater biodiversity and ecosystem 

functioning 

Hydropower is expected to increase worldwide whatever the RCP scenario unless other 

renewable energy sources are installed. Regions where significant losses in streamflow and 

decreased capacity production are projected, or where human population is expected to continue 

to increase (such as in many countries of Africa), should be most affected. Fragmentation of 

rivers by dams increases species extinction risks by blocking spawning/rearing migrations and/or 

reducing population sizes and gene flow.  

 

Hydropower infrastructures alter rivers, floodplain lakes, wetlands and estuaries. Dams 

transform river basins by creating artificial lakes locally, fragmenting river networks, and greatly 

distorting natural patterns of sediment transport and seasonal variations in water temperatures 

and flows (Latrubesse et al., 2017). Altered flow seasonality in rivers has led to less diverse fish 

assemblages, decreased inland fisheries production, less stable bird populations and lower 

riparian forest production (Jardine et al., 2015; Kingsford et al., 2017; Sabo et al., 2017). 

Sediment retention by dams leads to delta recession (Luo et al. 2017), decreased coastal fisheries 

catches, and degraded tropical mangrove forests that are major carbon sinks (Atwood et al., 

2017). 

 

Dams also prevent upstream-downstream movement of freshwater animals, facilitate settlement 

of non-native species, cause local species extirpations and replacements and increase risk of 

water-borne diseases in reservoirs and highly altered environments by modifying productivity 

(Fenwick, 2006; Poff & Schmidt, 2016). Dams have also caused a significant displacement of 

IPLC around the world and projected expansion of dams, as shown in Figure 4.2.13, suggest 

significant overlap with areas held and/or managed by IPLC (Garnett et al 2018). The 

fragmentation of river corridors also reduces population sizes and gene flows of aquatic species, 

increasing species extinction risks (Cohen et al., 2016; Dias et al., 2017). Dams are mainly 

concentrated in highly industrialized regions, but future hydropower development will be 

concentrated in developing countries and emerging economies (Grill et al., 2015, Zarfel et al. 

2015). Hydropower is expected to expand worldwide whatever the RCP scenario (Figure 4.2.13). 

Most hydropower plants are currently situated in regions where considerable declines in 

streamflow are projected, resulting in mean reductions in usable hydropower capacity (Turner et 

al., 2017; van Vliet et al., 2016). Those regions may increase dam building to compensate for the 

losses unless other energy options are implemented (Zarfel et al. 2015). Also, growing 

population density is expected to also increase demands for hydropower globally, especially in 

tropical regions (Winemiller et al., 2016) where freshwater biodiversity is concentrated (Tisseuil 

et al., 2013a) (United Nations, 2016).  
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Figure 4.2.13. Distribution of future hydropower dams, either under construction (blue 

dots 17 %) or planned (red dots 83 %). Zarfl et al. (2015). 

 

4.2.3.5 Future impacts of non-native species on freshwater biodiversity and functioning  

Future threats to freshwater ecosystems from non-native species will be greater in emerging 

economies because of accelerated economic growth, whatever the scenario.  

 

Non-native species often compete with and prey upon native species, generating occasional local 

population extirpations (Carpenter et al. 2011), altering ecosystem structure and function (e.g. 

Blanchet et al., 2010; Toussaint et al., 2018), spreading infectious diseases (Gagne et al. 2017) 

and sometimes degrading ecosystem services and economies (Leung et al., 2002). They are a key 

contributor to biotic homogenization of aquatic ecosystems globally (Rahel, 2007; Villeger et al., 

2011). Anthropogenic disturbances coupled with introductions of non-native fish (particularly 

piscivores) are associated with native species extirpations and range reductions, especially in 

lakes and reservoirs (Whittier & Kincaid, 1999), as well as rivers (Hughes & Herlihy, 2012). In 

addition, reduced ecosystem services, particularly water quality, are likely to deteriorate as a 

result. Although policies have been implemented to prevent new introductions globally 

(McGeoch et al., 2010; Chapter 6), the increase in the numbers of non-native species shows no 

sign of saturation over time. Also, many non-native species are predicted to spread worldwide in 

the next decades, mainly because of climate change, accelerated economic exchanges among 

countries, construction of new transportation corridors and increased aquaculture (Seebens et al., 

2017). These projections seem to occur in all RCP scenarios but especially so under the RCP 4.5, 

6.0 and 8.5. 

4.2.3.6 Future impacts of harvest on freshwater biodiversity and functioning 

Irrespective of the exact type of scenario, given that human population density is continuously 

growing, increased harvesting is expected. Tropical ecosystems are of greatest concern. Intensive 
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harvesting will deplete large-bodied fishes with consequent shifts toward harvests of smaller 

species and younger individuals with potential top-down effects on food web dynamics.  

Current estimates of inland fisheries harvest are greatly underestimated (Deines et al., 2017), but 

inland fisheries provide food for billions and livelihood for millions of people worldwide (FAO, 

2016), and will continue to do so especially in developing countries. Low-income food-deficient 

countries account for ~80% of the total reported harvest from inland capture fisheries (Lynch et 

al., 2016). Most global harvesting is concentrated in 16 countries, which have annual inland 

catches >200,000 tons and together represent 80% of the world total (FAO, 2016). Asian 

countries represent 63% of global total catches and African nations >13%. Harvests in African 

and Asian water bodies are already declining, probably because of environmental degradation 

and overexploitation (FAO, 2016). Given expected human population increases in Africa and 

Asia, increased harvesting is expected in both continents, whatever the RCP scenario. Because 

harvesting decreases population densities and large-bodied species, increased fishing pressure 

will lead to local extirpations of these species and will alter community structure and food web 

dynamics (Allan et al., 2005; McIntyre et al., 2016). These effects will be magnified by 

interactions with the other anthropogenic stressors listed above, including climate change. 

Because contributions of inland fisheries to economic security are inversely proportional to 

development level, rural economies in developing countries will be most affected.  

4.2.3.7 Future impacts on peatlands 

Peatlands are important flor global carbon cycling projections because they account for about 

one-third of the total carbon stored in soil organic matter (Page et al. 2011) and also because 

many peatlands are an important source of methane (CH4) (Kirschke et al. 2013, Saunois et al. 

2016). Peatlands are threatened by future agriculture, forestry, peat extraction and dam 

construction activities (Minayeva et al . 2017), which already over recent decades have begun 

transforming peatlands from greenhouse gas sinks to sources (Strack 2008, Frolking et al. 2011). 

For example, 15% of global peatlands have been drained worldwide and these drained peatlands 

are currently responsible for ∼5% of all global anthropogenic CO2 emissions (Strack 2008).  

 

While some regions appear to be improving peatland protection, others are increasing peatland 

destruction (Hooijer et al. 2010, Koh et al. 2011, Giam et al. 2012, Jauhiainen et al. 2012). 

Climate change is projected to possibly amplify shifts of peatlands from GHG sinks to sources, 

especially in regions where water tables are highly sensitive to local precipitation and where 

permafrost is melting (Turetsky et al. 2015, Dargie et al. 2017). A model intercomparison 

experiment showed that both peatland area and CH4 emissions were less sensitive to potential 

future changes in precipitation than to increases in either atmospheric CO2 or temperature 

(Melton et al. 2013), but models disagree widely in both the magnitude and sign of potential 

climate effects on peatlands. 

 

Where demands for water, food and energy put increasing pressure on the land resources, it is 

likely that peatland area will continue to decline (http://luh.umd.edu). Consequently, CO2 

emissions from peat decomposition and oxidation will expestec to persist well beyond the 21st 

century. Tropical regions are projected to be most affected under scenarios where much 
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agriculture and bioenergy production relocate from high-income to low-income regions 

(Lawrence et al. 2016). Considering the overproportional warming projected for subarctic and 

arctic ecosystems and the large amount of carbon stored in peatlands on permafrost soils, large 

climate warming feedbacks have been projected (Koven et al., 2011, Page & Baird, 2016). 

While plant and animal taxonomic diversity in peatland ecosystems is apparently low, highly 

specialized species predominate, with 5–25% of peatland plant species being endemic (Minayeva 

et al. 2017). Many animal species occupy peatlands only at certain life stages or during particular 

seasons (but see Giam et al. 2012 for some narrowly adapted fish species). Because of their 

unique flora, projected lost peatland area has implications for global biodiversity. In all 

scenarios, and without peatland conservation practices, climate change and other anthropogenic 

drivers are expected to disrupt peatland biodiversity to varying degrees, ranging from decreased 

population sizes to altered species composition and regional or global extinctions  (Giam et al. 

2012, Fraixedas et al. 2017, Hedwall et al. 2017). For example, in Southeast Asia, if current rates 

of peatland conversions to agriculture continue through 2050, several fish species will become 

globally extinct (Giam et al. 2012). 
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4.2.4 Terrestrial ecosystems 

4.2.4.1 Future climate change and atmospheric CO2 impacts on habitats, biodiversity, and 

ecosystem state and functioning 

4.2.4.1.1 Climate change impacts on vegetation cover 

Global vegetation and Earth system models all project substantial climate change driven shifts of 

natural vegetation cover over the next century (Davies-Barnard et al., 2015; Ostberg et al., 2013; 

Pereira et al., 2010; Reu et al., 2014; Sitch et al., 2008; Wårlind et al., 2014; Warszawski et al., 

2013; Gonzalez et al., 2010). Area losses of natural vegetation are estimated to be 2-47% of 

terrestrial ecosystems for even relatively small temperature increases (<2oC above pre-industrial; 

(Warren et al., 2011, and references therein). Other analyses confirm the risk of changes in 

vegetation cover (e.g., forest to non-forest or vice versa) for relatively small global temperature 

increases, especially in tundra, tropical forest and savanna regions but with changes within a 

given biome likely to occur in all regions (Ostberg et al. 2013; Warszawski et al. 2013; Gonzalez 

et al., 2010; IPCC 2018: see also chapter 3.4.3). Biome shifts and associated impacts on 

ecosystem functioning increase notably in higher-warming scenarios (Ostberg et al. 2013; 

Warszawski et al. 2013; Warren et al., 2011). Enhanced tree mortality from wildfires and 

increased drought and heatwaves can amplify vegetation responses to climate in models (Allen et 

al., 2010; Lasslop et al., 2016; Tietjen et al., 2017).  

4.2.4.1.2 Climate change impacts on species diversity 

In principle, climatic changes could be favourable to some species in cases when a new climate 

can provide more resources for species growth, reproduction and distribution (Bellard et al., 

2012). However, even by the middle of the 21st century, or for relatively minor temperature 

changes, indices for animal and plant species richness have been projected to decline, and indices 

of species losses, enhanced (Pereira et al., 2010; Warren et al., 2011; Bellard et al. 2012; 

Alkemade, Oorschot, et al., 2009; Settele, 2014a; Gonzalez et al., 2010; IPCC 2018: chapter 

3.4.3). Climate change has also been identified as a major driver of terrestrial species loss across 

all IPBES regional assessments (see e.g., Nyingi et al 2018, Visconti et al 2018, Bustamante et al 

2018, Wu et al 2018). A recent meta-analysis of studies reported that a global mean temperature 

increase of 2oC would threaten one in 20 species (for 5.2% of species, the distributional range 

falls below a minimum threshold), increasing to one in 12 and one in 6 species for 3oC and 

4.3oC, respectively (Urban, 2015). Model projections across a range of scenarios show regionally 

highly variable extinction risks for terrestrial species on average between ca. 5-7% (Europe, 

Northern America) to ca. 25% (South America), ca. 9% in the tropics, and ca. 5% in temperate, 

polar and boreal environments, by 2100 (Maclean & Wilson, 2011, Urban, 2015). The projected 

extinction risk increases strongly with degree of global warming (Urban, 2015). Large 

uncertainties exist: for instance, extinction risks estimates when based on extrapolation of past 

observed trends have been found to be higher than the estimates based on model projections 

(Maclean & Wilson, 2011). 

 

Climate change will impact biodiversity hotspots. Two contrasting future scenarios at the end of 

the 21st century have been estimated to negatively influence 25% of endemic species on average 
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per hotspot, with largest effects in low latitudes, island locations and in Mediterranean type 

climates (Bellard et al., 2014). Nearly all of the 143 investigated terrestrial regions in the Global 

200 list of ecoregions that have been identified to support maintaining a broad diversity of 

Earth’s ecosystems, will likely experience by the end of the 21st century moderate-to-pronounced 

climate change impacts,  across a range of climate change scenarios (Li et al., 2013). 

 

Since the magnitude but also the velocity of climate change are chief determinants of whether 

(and which) terrestrial animal or plant species will be able to follow shifting habitats (Foden et 

al., 2013; Gonzalez et al., 2010; Keenan, 2015; Loarie et al., 2009; Pereira et al., 2010, Pecl et 

al., 2017), the combination of abiotic and biotic characteristics that have not been observed in the 

past might be increasingly common in the future (Murcia et al., 2014; Ordonez et al., 2016; 

Radeloff et al., 2015). Projected future changes in species ranges, species extinctions and 

community diversity therefore may be under– or overestimated by models that do not explicitly 

account for species interactions such that loss (or gain) of one species would trigger loss (or 

gain) for others (Bellard et al., 2012; Schleuning et al., 2016). As a consequence, new 

approaches to conservation are warranted that are designed to adapt to rapid changes in species 

composition and ensuing conservation challenges. 

  

4.2.4.1.3 The combined impact of atmospheric CO2 concentration and climate change on 

projected vegetation cover 

Increasing atmospheric CO2, the chief driver of climate change, also enhances relative 

competitiveness of plants of the C3 photosynthetic pathway by fostering carboxylation reactions 

in the leaf and allowing plants to operate at reduced stomatal conductance (Higgins & Scheiter, 

2012; Pugh et al., 2016; Walker et al., 2015). Whether or not enhanced photosynthesis or 

enhanced water use efficiency translates also into enhanced plant growth is not yet unequivocally 

established (Higgins & Scheiter, 2012; Pugh et al., 2016; Walker et al., 2015). Globally, 

increased forest cover over the 21st century has been projected across a range of scenarios 

(Davies-Barnard et al., 2015; Reu et al., 2014; Sitch et al., 2008; Wårlind et al., 2014). Typically, 

forest cover increases in northern latitudes (Davies-Barnard et al., 2015; Reu et al., 2014; Sitch et 

al., 2008; Wårlind et al., 2014). A shift from grass- to increasingly woody-dominated vegetation 

(see Nyingi et al 2018) is simulated in semi-arid regions (Moncrieff et al., 2016; Moncrieff et al., 

2014; Scheiter et al., 2015, Lehmann et al., 2014; Lehsten et al., 2009, Knorr et al., 2016). 

Impacts of enhanced CO2 on canopy structure and combustible biomass alter fire regimes, with 

complex ecosystem feedbacks (Harris et al., 2016; Y. Jiang et al., 2017; Knorr et al., 2016; Turco 

et al., 2014; Wu et al., 2015; Kim et al., 2017; Loudermilk et al., 2013). Large-scale forest “die-

back” emerges only in relatively few simulation experiments that examined future climate 

change and CO2 impacts in tropical forest regions, especially the Amazon (Aragão et al., 2014; 

Malhi et al., 2008; Gumpenberger et al., 2010; Rammig et al., 2010; Nobre et al. 2016; Poulter et 

al., 2010; Duran & Gianoli, 2013; Schnitzer & Bongers, 2011). These model outcomes are 

supported by analyses that attributed the observed greening trends in many regions and (C3) 

shrub encroachment in C4-dominated grasslands chiefly to CO2 fertilisation effects (Donohue et 

al., 2013; Schimel et al., 2015; Stevens et al., 2016; Zhu et al., 2016). Increases in woody 
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vegetation in grass-dominated regions are expected to negatively impact grassland-related 

biodiversity (da Silva et al., 2016) but intermediate levels of woody cover might in some cases 

be beneficial for ecosystem functioning such as carbon storage, reduction of soil erosion and 

overall plant and animal species diversity (Eldridge and Soliveres 2014; Soliveres et al. 2014). 

4.2.4.1.4 Projected changes in ecosystem state and function 

The uptake of CO2 in land ecosystems is large, with 20-25% of anthropogenic emissions being 

removed from the atmosphere each year (Le Quere et al., 2018 - see also section 2.2.5.2.2 in 

Chapter 2.2). The future persistence of this land carbon “sink” is one of the largest uncertainties 

in climate research. It is important to address because of the potentially large warming feedback 

associated with a loss of the land sink (Arneth et al., 2010; Ciais et al., 2013). The direction (but 

not the magnitude) of the change in global terrestrial carbon uptake and pool sizes in response to 

climate change alone vs. increased CO2 concentration alone is modelled relatively robustly (Ciais 

et al., 2013; Nishina et al., 2015; Sitch et al., 2008; Zaehle, 2013; Hajima et al., 2014; Walker et 

al., 2015). However, when effects of climate change and CO2 concentration are considered 

jointly, the rate and even the sign of change in simulated trajectories of future ecosystem C pools 

and related fluxes are highly inconsistent between ecosystem carbon cycle models (Ciais et al., 

2013; Eglin et al., 2010; Friend et al., 2014; Nishina et al., 2015; Piao et al., 2013; Sitch et al., 

2008). The latest IPCC report places low confidence on how stocks and fluxes will evolve over 

the coming decades (Ciais et al., 2013). 

 

Evapotranspiration (ET) from ecosystems is greatly altered by changes in leaf area, functional 

vegetation type, precipitation and atmospheric dryness, and the response of stomatal conductance 

to CO2. Whether or not global or regional runoff (which affects availability of water for 

irrigation but also floods) will increase in the future due to enhanced water cycles in a warmer 

climate, or possibly reduced ET in a higher CO2 world is unresolved. Similar to projections of 

ecosystem productivity and carbon balance, uncertainty arises from both variability in climate 

change projections and from process descriptions in impact models (Döll & Schmied, 2012; Piao 

et al. 2007; Zhang et al. 2014). 

 

Overall, climate change, and change in atmospheric CO2 levels will strongly impact productivity 

and other important ecosystem processes, vegetation cover, and habitat structure over the next 

decades, with the relative importance of these drivers differing between biomes/regions (see 

Figure 4.2.2 and Table A2.1). 

 

4.2.4.2 Future land-use and land-cover change impacts on habitats, biodiversity, and 

ecosystem state and functioning 

Nearly 40% of the land surface today is used as croplands or pastures, and humans have 

transformed the vegetation structure and species composition in an area far greater still (Ellis, 

2013; Ellis et al., 2012) (see also Chapters 2.1 and 2.2). Local within-sample richness, 

rarefaction-based species richness, and total abundance have all been shown to be generally 

lower in areas under different types and intensity of land-use, compared with natural vegetation 
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(Wilting et al., 2017; Tim Newbold et al., 2015; Alkemade, Oorschot, et al., 2009; and chapter 

2.2). In some cases, species richness, at least for plants, can also increase under land-use, such as 

documented in local management systems for agriculture and agroforestry, forests, meadows and 

grasslands found around the world (Ellis et al., 2012; Gerstner et al., 2014; see also Chapter 2.2). 

Both, changes in land-cover and land use, are known to impact biodiversity and ecosystem 

functioning globally (Foley et al., 2011; Kleijn et al., 2009; Pywell et al., 2012). But across large 

scales, studies typically assess impacts of land cover changes, rather than intensification of 

management at a given area of land which limits our ability to understand the combined effect of 

land-use and land-cover change (de Chazal & Rounsevell, 2009; Titeux et al., 2017).  

 

Humid or mesic savannas and woodlands seem particularly vulnerable to future conversion of 

natural vegetation into cropland or pasture, because of their climate suitability for agriculture. 

Land-use changes have been very pronounced in recent decade; for example, in the Cerrado or 

Chaco regions of South America, but also in African savannas (Aleman et al., 2016, 2017; 

Searchinger et al., 2015 see also chapter 2.1; Nyingi et al 2018; Cavender-Bares et al 2018).  

 

Land conversion pressure is large both in scenarios that explore high population growth and lack 

of consideration for sustainable development (e.g., lack of conservation efforts, little 

consumption change), as well as in strong mitigation scenarios that require land for bioenergy or 

afforestation (Popp et al., 2017, see also 4.2.4.3.). Due to large land area requirements, 

maintaining or enhancing biodiversity and ecosystem functionality (such as productivity and 

changes in carbon pools or changes in water cycling) would be challenging under such socio-

economic projections (Popp et al., 2017; Searchinger et al., 2015; Ryan et al., 2016; Krause et 

al., 2017, 2018a).  

 

Projections of future biodiversity at the global level have until recently been biased towards 

climate change related questions (Titeux et al., 2016; Titeux et al., 2017). Anthropogenic land-

cover change have been relatively well studied at the regional and local levels, particularly but 

not only in tropical forests regions, but are only slowly beginning to be considered in global 

scenario projections. Declining forest cover and/or reduced average local species richness, for 

2050 and until the end of the 21st century have been found under “economic optimism” 

scenarios, such as the SSP5/RCP8.5 which projects large greenhouse gas emissions and climate 

change effects along with substantial expansion of cropland or pastures (Tim Newbold et al., 

2015; Davies-Barnard et al., 2015), or under scenarios that assume the absence of a REDD 

scheme (Strassburg et al., 2012). Interactions of future climate change with land-cover change 

were shown to enhance risk of biodiversity loss by up to 43% for birds and 24% for mammals, 

compared to land-cover change impacts only (Mantyka-Pringle et al., 2015). By 2050 in a 

business-as-usual scenario, climate and land-cover change were shown to lead to a decline in 

mean terrestrial carnivore and ungulate population abundance by 18-35%, and to an increase in 

extinction risk for 8-23% of species (Visconti et al., 2015). Negative impacts are also projected 

to arise from land-cover and land-use changes on a range of threatened carnivores in an OECD 

Environment Outlook scenario (Di Minin et al., 2016). Taken together these studies demonstrate 

that across a range of scenarios, expansion of managed land is projected to pose additional 
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pressure on biodiversity. The relative impacts of climate change versus land-use change on 

biodiversity, however, are context-specific and vary between scenarios and regions, and depend 

on the biodiversity indicator or facet of biodiversity under scrutiny, as emphasised by the four 

regional IPBES assessments (e.g., Elbakidze et al 2018; Nyingi et al 2018; Klatt et al 2018; Wu 

et al 2018) and also by very recent results emerging from the BES-SIM study (Kim et al., 2018, 

see also section 4.1)(Error! Reference source not found.). 

 

Future anthropogenic land-cover change will also impact protected areas and the assoiated 

protected species range (see section 4.6). Even when implemented efficiently, the percentage 

area protected would have to increase to capture a similar rage of terrestrial vertebrate species 

range in simulations that include projections of land cover change over the next two decades, 

compared with land-cover change remaining at present-day levels (Pouzols et al, 2014).  

 

Likewise, future land-cover change scenarios and different spatial patterns that have been 

projected for each of the four RCPs will affect buffer zones that surround existing protected 

areas (Beaumont & Duursma, 2012). In most biomes modelled in this study (Beaumont & 

Duursma, 2012), previously unused land in buffer areas is projected to decline considerably by 

2050 and more so by 2100. The projected decline in local species richness might be similar for 

low and high emissions scenarios, if the low emissions scenario necessitates large conversion of 

primary vegetation, for instance for bioenergy crops (RCP 2.6, (Tim Newbold et al., 2015). In 

contrast, a scenario focusing on globally sustainable resource use, consumption change, and 

associated habitat restoration indicated that both extinction risks and species losses would 

strongly be reduced over the next decades (Visconti, et al., 2015). Likewise, scenarios of 

increasing carbon prices as incentives to increase return from maintaining forested areas under a 

REDD mechanism drastically reduced local extinctions, especially in regions with high species 

richness (Strassburg et al., 2012). 

 

Estimates of impacts of land-use change on ecosystems and biodiversity need to consider urban 

areas and landscapes. Over the coming decades, some ecoregions and biodiversity hotspots will 

lose remaining undeveloped area through urban development, with localised large pressures on 

rare species and protected areas (Gueneralp & Seto, 2013; Mcdonald et al., 2008; Seto et al., 

2012). Nonetheless, a number of indicators of bird biodiversity differed little between urbanised 

and non-urbanised environments (Pautasso et al., 2011). In Australia, some cities support a 

relatively larger number of threatened plant and animal species compared to non-urban 

landscapes (Ives et al., 2016). With ongoing and future projected urbanisation of human 

societies, impacts of cities, larger urban areas and land transportation networks clearly must be 

included in scenarios of future biodiversity at different spatial scales. 

 

Projected anthropogenic land-cover change and intensification of agriculture and pastures will 

enhance emissions of greenhouse gases. Future emissions of N2O from terrestrial ecosystems in 

response to deposition and fertiliser use and climate change are projected to be enhanced by ca. 

20% to threefold by the middle of the 21st century across a range of RCP (2.6, 8.5) and SRES 

scenarios (A1, B1, A2, B2) (Kanter et al., 2016; Stocker et al., 2014; Bodirsky et al., 2012). 
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Other gaseous forms of N losses (NOx and NH3) and their atmospheric reactions affect secondary 

organic aerosols, the lifetime of methane, or formation of tropospheric ozone (Bodirsky et al., 

2012; Butterbach-Bahl et al., 2011; Kanter et al., 2016; Lassaletta et al., 2016; Soenke Zaehle et 

al., 2015), and pollute waterways (section 4.2.3). On the other hand, land management practices 

in cropland, pastures and managed forests have been estimated to potentially contribute to 

emissions reductions by 1.5-4.8 Gt CO2eq a-1 (Smith et al., 2014; Griscom et al., 2017) 

achievable over few decades at carbon prices up to 100 $ US, without detrimental side-effects on 

productivity, water use or biodiversity. This greenhouse emissions reduction potential might be 

tripled if food demand-side measures are also taken. 
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Box 4.2.5 Biodiversity and nature's contributions to people in the Shared Socio-

economic Pathway scenarios: a model inter-comparison 

 

Background. In 2016, IPBES created a task force to support the scientific community in 

developing scenarios and models to provide IPBES and other stakeholders with greatly 

improved capacity to assess the future impacts of global environmental change on 

biodiversity and nature's contributions to people (Rosa et al., 2017, IPBES 2016a). This 

work focuses on two complementary tasks. The first task is to work closely with the 

climate change community to analyze and extend the 'Shared Socio-economic Pathways 

(SSP)' scenarios and associated climate change projections that have been developed in 

support of the IPCC (Rosa et al., 2017a). The results presented below are the first outcomes 

from this task referred to as BES-SIM (Kim et al., 2018). The second task is to develop a 

set of multi-scale, participatory based scenarios that explicitly account for nature 

conservation objectives. This task is on-going and the outcomes will only become available 

for future assessments. 

 

The results presented below are from the first-ever comparison of multiple models of 

terrestrial biodiversity, ecosystem functioning and ecosystem services at the global scale 

using a common set of inputs for climate and land-use change drivers (Kim et al., 2018), 

addressing shortcomings in previous comparative attempts that have been hampered by the 

lack of a common methodology (Bellard et al., 2012; Pereira et al., 2010; Settele, 2014b; 

Urban, 2015; Warren et al., 2011). Using a total of 14 participating models, ten different 

indicators of biodiversity were simulated and six models contributed simulations of 

ecosystem function and ecosystem services (Kim et al., 2018).  

 

All models of biodiversity, ecosystem function and ecosystem services used harmonized 

land use inputs from three SSP scenarios in combination with three scenarios of greenhouse 

gas emissions (RCP) and corresponding projected climate change (Kim et al., 2018): 

• SSP1 x RCP2.6 – is a 'global sustainability' scenario archetype (SSP1) combined with 

low GHG emissions (RCP2.6),  

• SSP3 x RCP6.0 – is a 'regional competition' scenario archetype (SSP3) combined 

with high GHG emissions (RCP6.0), and  

• SSP5 x RCP8.5 – is an 'economic optimism' scenario (SSP5) combined with very 

high GHG emissions (RCP8.5). 

 

Climate and land-use change projections from these three sets of scenarios (see section 

4.1.4, and Appendix A2.3) were evaluated for their consequences for biodiversity, 

ecosystem functions and ecosystem services. In addition, some of the participating models 

evaluated the impacts of climate change and land-use change individually, as well as in 

combination. Outputs from ecosystem functioning and ecosystem services models have 

been grouped into catagories of nature's contributions to people as defined in Diaz et al. 

(2018). 

 

Biodiversity and regulating nature's contributions to people are projected to decline while 

material contributions to people increase by 2050. The global average of projected impacts 
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on biodiversity and on nature's contributions to people are shown in Figure 4.2.14. The 

combined impacts of climate and land use change on biodiversity include large declines in 

local species richness, increases in regional to global scale species extinction and declines 

in biodiversity intactness. Several important regulating ecosystem services, such as coastal 

protection, soil erosion protection and crop pollination, are projected to decline in the 

'regional competition (SSP3xRCP6.0)' and 'economic optimism (SSP5xRCP8.5)' scenarios.  

 

In contrast, food, feed, timber and bioenergy production services are projected to 

substantially increase in these scenarios. This pattern of tradeoffs between declining 

biodiversity and regulating contributions on one hand vs. increasing material contributions 

on the other hand are coherent with recent patterns (Carpenter et a. 2009; see Chapters 2 

and 3) and with a wide range of studies of biodiversity and ecosystem services evaluated in 

this chapter (sections 4.3 and 4.5). 
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Figure 4.2.14. Global means of projected percent changes in biodiversity (A) and 

nature's contributions to people (B) between 2015 and 2050. Biodiversity metrics 

include changes in local species richness (= number of species in a small area), regional 

species richness (number of species at regional or global scales, the opposite of which is 

regional or global extinction), and biodiversity intactness (i.e., abundance of plant and 
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animal communities in disturbed compared to undisturbed natural ecosystems). Values are 

averages across models, which number is indicated by N. Standard errors across models are 

indicated by whiskers when more than one model projection was available. The three 

SSPxRCP scenarios are defined in the box text. 

 

Not all of the metrics follow this general pattern. One important example is ecosystem 

carbon storage at the global scale, which is an indicator of the capacity of ecosystems to 

contribute to climate change mitigation. Global scale ecosystem carbon storage is projected 

to be stable or increase in nearly all scenarios and in all ecosystem models by 2050 (see 

Table A2.2 in Appendix A2.3). This occurs in part because rising atmospheric CO2 

concentrations and rising temperatures (up to certain point) stimulate modeled plant 

productivity and ecosystem carbon storage, as well as the result of land use change in the 

scenarios.  

 

There are large regional differences in the patterns of biodiversity loss and changes in 

nature's contributions to people with the largest projected impacts in the global south 

(Figure 4.2.15). The projected effects of land use and climate change on three metrics of 

biodiversity, material nature's contributions to people and regulating nature's contributions 

to people for the IPBES sub-regions are shown in Figure A2.1 in Appendix A2.3. The 

general patterns at the global level – i.e., declines in biodiversity and regulation 

contributions vs. increases in material contributions – are evident in nearly all sub-regions. 

Biodiversity in South America, Africa and Asia (with the exception of northeast Asia) is 

much more heavily impacted than in other regions, especially in the regional competition 

and economic optimism scenarios. Ecosystem carbon storage shows particularly contrasted 

regional responses, with very large declines projected for Africa. These regional 

differences occur in part because scenarios foresee the largest land use conversions to crops 

or bioenergy in these regions (see section 4.1.5 and Appendix A1.2). Other regions such as 

North America and Europe are foreseen to have low conversion to crops and continued 

trends of afforestation which minimizes declines in biodiversity, or even increases in some 

regional biodiversity metrics. Regional differences in climate change impacts also play a 

major, and sometimes dominant role in regional contrasts. 

 

The magnitude of impacts and the differences between regions are much greater in 

scenarios of regional competition and economic optimism than in a scenario of global 

sustainability. Biodiversity loss at the global scale is much lower in the global 

sustainability scenario (SSP1xRCP2.6) than in the regional competition and economic 

optimism scenarios and even improves for the biodiversity intactness metric. Several 

regulating services, such as crop pollination and soil protection, increase at the global scale 

in the global sustainability scenario instead of declining as in the other two scenarios, and 

in general, the impacts of land use and climate change are much greater in the regional 

competition and economic optimism scenarios (Figure 4.2.14). In contrast, the global 

sustainability scenario results in substantially lower projected food, feed and timber 

production, but it is important to note that this arises primarily from lower demand rather 

than insufficient supply of food and timber to people. The regional competition and 

economic optimism scenarios also are projected to generate much greater regional contrasts 

in biodiversity and nature's contributions than the global sustainability scenario (Figure 



Unedited draft chapters 31 May 2019 

93 

 

4.2.15). But caution should be exercised when generalizing from these three scenarios 

because there is substantial variation in land use and other drivers within each of the main 

Shared Socio-economic Pathway classes (Popp et al., 2017). 

Figure 4.2.15. Projected changes in biodiversity and nature's contributions to people 

for the IPBES sub-regions for a 'global sustainability' scenario (SSP1), a 'regional 

SSP1

SSP3

SSP5

Change between 
2015 and 2050

(normalized 
means ± s.e.)
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competition' scenario (SSP3) and an 'economic optimism' scenario (SSP5) between 

2015 and 2050. To allow for direct comparison across scenarios and subregions, absolute 

mean values of change have been standardized by dividing the individual value of a metric 

by the standard deviation of all the values of that metric for all subregions in all scenarios 

(see Appendix A2.3 for details). 

 

The projected impacts of climate change on biodiversity are much greater than land use 

change in this study, but there is large uncertainty in this result. There is considerable 

debate concerning the relative sensitivity of species response to land use vs. climate change 

(Bellard et al., 2012; Pereira et al., 2010), IPBES 2018a, b, c, d). This multi-model study 

suggests that climate change will dominate biodiversity responses as early as 2050 for all 

biodiversity metrics, but this outcome needs to be treated with considerable caution for 

several reasons including i) very high uncertainty in models of climate change impacts on 

biodiversity (see error bars in Figures 4.2.14, and Settele, 2014b for a discussion of 

uncertainties), ii) there are small differences in projected land use change across the three 

scenarios compared to the range in a wider set of plausible futures (Alexander et al., 2016; 

Pereira et al., 2010); but see Popp et al., 2017 showing that the three scenarios used here 

cover nearly the full spectrum of land use change in the SSP scenarios set), iii) issues 

related to defining land use classes and using a very small set of land use classes and iv) 

optimistic assumptions about food production increases that contribute to relatively small 

land use changes while neglecting impacts of agricultural intensification (see drivers 

section 4.1.4). 

 

There are high levels of uncertainty associated with these projected impacts, as is the case 

in other studies. There are a number of general and specific limitations to the BES-SIM 

results. Generally, the models used to foresee future land-use change, as well as the models 

of climate change impacts on biodiversity and most ecosystem services have not been well 

evaluated with data (Ferrier et al., 2016; Settele et al., 2014b)(van Vliet et al., 

2016)(Alexander et al., 2017). In addition, all models have intrinsic limitations due to 

underlying hypotheses and simplifications (Ferrier et al., 2016). For example, none of the 

models of species response to climate change used in the BES-SIM study explicitly 

accounts for the capacity of organisms to adapt to climate change, or for species-

interactions (Kim et al., 2018). Model outputs have been grouped into categories of 

metrics, but these groupings mask important differences in interpretation of metrics from 

the various models (Kim et al., 2018). For example, interpretation of ecosystem service 

indicators is challenging because they are expressed in very different units. Nevertheless, 

besides constituting the first comparison of a broad range of models using a common set of 

climate and land use scenarios, one of the benefits of the BES-SIM study was to help to 

quantify some of the components of uncertainty, and while the difference between models 

was large for all metrics (Figure 4.2.14), the overall qualitative trends were similar. 

 

 

4.2.4.3 Future global ecosystem functioning and biodiversity in strong climate change 

mitigation scenarios 
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Land use is becoming increasingly central in future scenarios that target strong climate change 

mitigation (Popp et al., 2017). Avoided deforestation (in conjunction with afforestation and 

reforestation, AR) is seen as one possible option (Angelsen, 2010; Smith & Torn, 2013; 

Strassburg et al., 2012; Cunningham et al., 2015; Chazdon et al., 2016), which is also low-cost 

(Griscom et al., 2017; Humpenoder et al., 2014). Co-benefits of avoided deforestation for 

biodiversity (see Figure 4.2.2, Table A2.1 in Appendix 2) and local communities can be large, 

whereas the environmental impacts of large-scale afforestation and reforestation depend to a 

large degree on prior vegetation cover and the tree species planted for reforestation. Under the 

Paris COP21 climate agreement, forest-based climate mitigation targets feature prominantly in 

several countries’ Nationally Determined Contributions (Grassi et al., 2017). Likewise, 

bioenergy in combination with carbon capture and storage (BECCS) has been put forward as a 

major land-based climate change mitigation approach in many scenarios that achieve a target of 

2oC warming or below (Popp et al., 2014; Smith et al., 2016b; Fuss et al., 2016; see IPCC 2018: 

chapter 4.3.7). In Integrated Assessment Models (IAMs), the global cumulative C-uptake 

potential has been estimated to be ca. 55-190 GtC for avoided deforestation and AR at the end of 

the 21st century, and between ca. 125-250 GtC for BECCS (Humpenoder et al., 2014; Tavoni & 

Socolow, 2013). Annual carbon uptake in 2050 for BECCS (1-2.2 GtC a-1) and AR (0.1-1 GtC a-

1) is equivalent to up to one third to three quarters of today`s land carbon sink (IPCC 2018: 

chapter 4.3.7, le Quere et al., 2018). In absence of carbon capture and storage, IAM projections 

may indicate even higher use of bioenergy (although it remains unclear how the required land 

area could be made available in an overall environmentally sustainable manner), unless the IAM 

scenarios are based on reduced energy consumptions and/or availability of cheap renewable 

energy, which reduces the need for land-related climate change mitigation (IPCC 2018: chapter 

2.3). Analyses of ecosystem carbon uptake with dynamic global vegetation models (Fisher et al., 

2010) have arrived at consistently lower numbers than land-use models in IAMs when 

confronted with similar land-use change projections (Krause et al., 2018). The reasons for the 

discrepancies in carbon uptake potential calculated with IAMs and DGVMs are not yet fully 

resolved. Indirect land-use changes complicate projections further. For instance, Popp et al. 

(2014) argued that stringent forest conservation policies could well lead to a spill-over effect 

such that land transformation for agriculture is shifted to other carbon-rich and biodiversity-rich 

ecosystems such as savannahs or temperate grasslands. Stringent climate change mitigation 

affects ecosystem productivity through bounded temperatures (and precipitation), but also via 

lower CO2 in the atmosphere. Stabilizing or reducing the atmospheric concentration of CO2 is 

expected to stabilize or reduce the fertilization effect of photosynthesis and is likely to also 

stabilize or reduce productivity compared to present-day levels (Pugh et al., 2016; Jones et al., 

2016).  

 

Growth of bioenergy in simulation studies is in some cases restricted to marginal lands to avoid 

competing with food production, with the implicit assumption that these marginal lands would 

also be diversity-poor, which is not necessarily the case (Plieninger & Gaertner, 2011). The 

published studies mostly lack a clear definition and do not quantify the criteria used for 

classifying marginal or degraded land (de Jong et al., 2011). Schueler et al. (2016) mapped the 

sustainability criteria, which include biodiversity protection, of the European Renewable Energy 
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Directive to the global land area and found, for present-day environmental conditions, a potential 

for an additional bioenergy generation of around 80-90 EJ a-1 on ca. 430 Mha land. A large 

proportion of this land area is classified as low-yielding (low productivity). Regions of high-

yield potential that are currently under natural vegetation would be at risk for development 

unless protective sustainability measures are applied. In a stylised scenario experiment based on 

data for Miscanthus as a bioenergy crop species, half the potential for global bioenergy 

production was found to lie within the top 30% of land area classified of highest priority for 

biodiversity protection (Santangeli et al., 2016). In a recent simulation of future land-use impacts 

on extinction risk of endemic species, and applying land-use change projections adopted from 

(Popp et al., 2014), the RCP2.6-SSP1 scenario was identified as causing the least loss of natural 

vegetation cover by 2050 and the least extinctions of endemic mammals, birds and amphibians, 

compared with the – in this study – “worst case” RCP3.4-SSP4 (Chaudhary & Mooers, 2017). 

Climate change was not considered as an additional factor, which likely would have enhanced 

the projected biodiversity risk in the stronger climate change cases. The published literature 

overall suggests that only protective mechanisms that account for carbon storage potential and 

biodiversity at the same time could yield the intended carbon-mitigation objectives while 

avoiding degradation of diversity. 

 

Uncertainties regarding impacts on biodiversity and ecosystems arising from different land-use 

change projections cannot be assessed yet. It was shown that structural differences (for instance, 

the type of economic model) that exist between different land-use change models can have a 

similarly large impact on future land-use change projections than the underlying socio-economic 

scenario (Alexander et al., 2017; Prestele et al., 2016). However, only one Integrated Assessment 

Model provides the so-called marker scenario per RCP/SSP combination (Popp et al., 2014) (see 

Error! Reference source not found.). Without a larger set of harmonised historical to future 

land-use change projections for each of the RCP/SSP, from a wide range of different land-use 

change models, the degree to which impacts on biodiversity and ecosystem state and function are 

related to scenario archetypes remains unresolved. 

 

4.2.4.4 Invasive alien species 

Invasive alien species are a major driver of biodiversity loss today (see section 2.2.5.2 in chapter 

2.2; see Elbakidze et al 2018; Nyingi et al 2018; Bustamante et al 2018; Wu et al 2018). 

Projections of invasive alien species all foresee continued substantial changes in biological 

invasion state and pressure with significant consequences for both biodiversity and human well-

being. These projections have until recently been biased towards climate change related 

questions, but increasingly also consider how land use and trade patterns might affect future 

distribution of invasive alien species. Future changes of invasive alien species distributions are 

still uncertain, but several generalizations can be made from modelling work. 

 

The pressure on biodiversity, and ecosystem function from biological invasions is expected to 

continue to grow in the coming decades in most parts of the world (Bellard et al., 2013; Gallardo 

et al., 2017; Hulme, 2009), as well as the economic damage caused by invasive alien species to 

society (Bradshaw et al., 2016). Extrapolations of cumulative introduction events over Europe 

suggest that the number of invasive species will continue to increase (CBD, 2014; Elbakidze et al 
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2018). This trend is likely to be accentuated at a global scale, as trade between climatically and 

environmentally similar regions are predicted to increase and habitats continue to be disturbed 

(Chytry et al., 2012; Seebens et al., 2015). For example, future hotspots of naturalized plants are 

predicted to occur mostly in North America, Australia, and South America, followed by Europe, 

South Africa and China (Seebens et al., 2015). An analysis conducted on the IUCN “100 of the 

world's most invasive alien species” suggests future expansion of these species especially in cool 

temperate areas. The biomes with the highest expected expansion are temperate mixed forest, 

temperate deciduous forests and coniferous cool forests but also southern Australia, Argentina, 

as well as Pacific and Caribbean islands due to climate and land use changes (Bellard et al., 

2013). Tropical forest and tropical woodland are projected to be less favorable for those “top 

invasive” species by 2080. Moreover, some regions will offer more suitable environmental 

conditions for survival and spread of invasive species compared to current conditions in the 

eastern part of the United States, northern Europe, Argentina, southern China and India (Bellard 

et al., 2013). Indeed, poleward migrations of species are expected for many invasive alien 

species, leading to shifts at higher latitudes of species (Bellard et al., 2013), especially in Europe 

where shifts are anticipating to reach unprecedented rates of 14-55km/decade (Gallardo et al., 

2017). Climate change might also affect establishment of new invasive species indirectly, for 

instance through changing patterns of human transport or by rendering existing management 

strategies to defend against invasive species less efficient (Hellmann et al., 2008).  

 

The potential consequences for biodiversity of these future invasions are various. One of the 

most dramatic consequence is local extirpation of native populations but also species extinctions 

on islands (Clavero et al., 2009). Invasive mammal species have been a primary cause of 

extinctions on islands and future impact of those species on insular threatened vertebrates are 

predicted to increase, if no management measures are undertaken (McCreless et al., 2016). A 

recent study focusing on Europe showed that protected areas within Europe may offer effective 

protection to native species against future invasions (Gallardo et al., 2017). Another substantial 

consequence of biological invasions is the homogenization of fauna and floras which is likely to 

continue in the future. For instance, continental islands are projected to homogenize greatly 

beyond current levels of mammal assemblages, while oceanic islands are simulated to experience 

little additional homogenization of their mammal assemblages (Longman et al., 2018). How 

many of future introduced species will become invasive is difficult to assess because there is 

generally a time lag of several decades between introduction, establishment and impact. This 

time lag also offers a time window for opportunities and actions to mitigate invasions.  

 

4.2.4.5 Pollution impacts on terrestrial ecosystems: Ozone (O3) and Nitrogen 

In response to tropospheric ozone exposure, net photosynthesis declines, either due to the energy 

needed to produce defence compounds, or the direct damage to the photosynthetic apparatus 

(Feng et al., 2008; Wittig et al., 2009). Simulations studies result in damage of the order of 

approximately 10% in annual gross primary production (Franz et al., 2017; Lombardozzi et al., 

2012; S. Sitch et al., 2007; Li et al., 2017) with feedbacks to climate by reduced terrestrial carbon 

sink strength (Ciais et al., 2013; Sitch et al., 2007). Changes in future species community 
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composition arising from differences in species’ vulnerability to ozone is not possible to project 

with current modelling tools, although some evidence exists that ozone indeed can affect species 

composition and richness (see Fuhrer et al., 2016) and references therein). Large regional 

differences regarding ozone’s future impact on plant communities, carbon or water cycling, or 

crop yields are to be expected (Fuhrer et al., 2016; Franz et al., 2017; Li et al., 2017).  

 

Eutrophication of terrestrial ecosystems has been found to affect a wide range of ecosystem 

functioning and community composition across ecoregions (Clark et al., 2017). Nitrogen 

addition in experimental grassland plots reduced species richness (DeMalach et al., 2017), 

whereas aboveground plant productivity increases across ecosystems (Greaver et al., 2016). 

While the key processes operating in the interplay of climate change, N deposition and plant and 

soil physiology are rather well known, today’s modelling tools are inadequate to provide 

process-based future projections (Greaver et al., 2016). Global projections of the future C sink 

strength of the terrestrial biota have demonstrated large differences in models that account for C-

N interactions, compared to models that ignore these (Arneth et al., 2010; Zaehle, 2013; Soenke 

Zaehle et al., 2015; Wårlind et al., 2014).  

 

4.2.5 Challenges in linking biodiversity and ecosystem functioning at the global level 

Linking biodiversity quantitiatively to ecosystem function, globally and across large regions, is 

still a challenge. Species diversity was found to correlate with productivity in (semi)natural 

systems and in land managed for food or timber (Duffy et al., 2017; Isbell et al., 2011; Liang et 

al., 2016; Visconti et al 2018). Likewise in tropical and temperate rivers fish biodiversity 

correlated positively with fish yields (Brooks et al., 2016). In Amazon forests, carbon storage 

and turnover were shown to be impacted significantly by tree-mammal interactions (Sobral et al., 

2017). In boreal forests, diversity and tree productivity were also correlated (Paquette & Messier, 

2011). But global modelling tools to explore in marine, terrestrial and freshwater systems the 

futures of biodiversity or the futures of ecosystem function are still mostly disconnected (Cabral 

et al., 2017; Snell et al., 2014; Visconti et al., 2016; Mokany et al., 2015, 2016). This gap reflects 

the need for connecting model development efforts across scientific disciplines. In the marine 

field, for example, global scale models of ecosystem function have been mostly developed by 

physicists, in the form of coupled physics-biogeochemical models representing carbon and 

nitrogen fluxes between low trophic level functional groups (e.g., phytoplankton, zooplankton), 

while at the other end of the foodweb, fish and higher trophic level models have been developed 

by biologists with far more focus on life history and biodiversity, but embodying simplified 

forcing of climate, and less global scale perspective (Rose et al., 2010; Shin et al. 2010; Travers 

et al., 2007). 

 

Global-scale biodiversity modelling has been concerned with a sub-set of challenges, focusing 

on how future warming will affect the distribution or extinction of species. Interspecific 

interactions and multi-driver interactions are typically ignored, which can result both in over- 

and underestimation of risks in diversity losses (Alkemade et al., 2009; Bellard et al., 2012; 

Pereira et al., 2010; Visconti et al., 2015; Pacifici et al., 2015; Snell et al. 2014; Mokany et al. 
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2016; Bellard et al., 2013; Carpenter, 2011). Little attention has been paid to global scale 

projections of functional, phylogenetic or genetic diversity, even though fast adaptation to 

environmental changes are possible through microevolution or phenotypic plasticity (section 

4.2.1.2) (Bellard et al., 2012; Pelletier and Coltman, 2018). Likewise, DGVMS simulate 

ecosystem state and function, expressed as the stocks and flows of carbon, water and nitrogen 

(Le Quere et al., 2018), but with little consideration for interactions between and within groups 

of plants, or across multiple trophic levels. Potential ways forward to overcome barriers in 

bridging between models of ecosystem state and functioning, and models that simulate changes 

in diversity are being proposed in the terrestrial domain (Mokany et al., 2015, 2016; Snell et al., 

2014). In the marine domain, integrated end-to-end models start to emerge, resulting from the 

coupling of disciplinary models of ocean physics, ocean biogeochemistry and fish biodiversity 

(Fulton 2010; Rose et al., 2010; Travers et al., 2007). It is expected that approaches towards 

integrating models of biodiversity and ecosystem function will flourish in the future, despite the 

multiple technical and conceptual challenges they entail. 

 

Large uncertainties exist both in how impact models respond to climate change and associated 

environmental drivers (e.g., CO2 fertilisation, N limitations/fertilization (Ahlstrom et al. 2012; 

Ciais et al. 2013; Friend et al. 2014; Heubes et al. 2011; Huntingford et al. 2009; Rammig et al. 

2010; Warszawski et al. 2013; Gonzalez et al., 2010), see also section 4.7). Regarding land-use 

change projections, impacts on biodiversity and ecosystems received so far much less attention 

compared to climate change (see 4.2.4.2, 4.2.4.3). Futures of other drivers still need to be 

explored despite of their known large impacts on biodiversity and ecosystems in the past, and 

today (pollution, invasive species). Moreover, model experiments as well as observational 

studies tend to concentrate on single-driver responses, despite indications that combined effects 

cannot be predicted from the sum of single-factor responses (Langley & Hungate, 2014; Visconti 

et al., 2015; Alkemade, Oorschot, et al., 2009; C. Fu et al., 2018). 

 

Clearly, improvements of scenarios and modelling tools are still needed to be able to represent 

the future environmental conditions (i.e. the range of conditions that will impact on biodiversity) 

in a way that is comparable across direct drivers and that enable us to make a fair comparison of 

their expected impact in the future. For that reason, the overall issue of the relative and combined 

expected impacts of different drivers in the future remains unresolved. 
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4.3 Plausible Futures for Nature’s Contributions to People 

 

4.3.1 Nature's contributions to people across scenario archetypes 

Scenarios and models are important tools for understanding how the multiple contributions of 

nature to people (NCP) might unfold in the future. Scenarios that are adverse for biodiversity and 

ecosystem function are likely to be adverse for NCP because of known links between 

biodiversity, ecosystem function and the material, regulating and non-material benefits to 

humans (Mace et al., 2012). Nonetheless, there is still a lack of robust knowledge and quantitave 

estimates of these relationships, and thus how they might impact future changes in NCP. 

 

Scenario archetypes were used to examine the relationship between different socio-economic 

development pathways and their impacts on the three broad categories of nature's contributions 

to people (regulating, material and non-material contributions), as interpreted mostly from the 

ecosystem services literature. Results from the systematic literature review of global and 

continental-scale scenarios (see Appendix A1.1) were classified as falling under “Economic 

Optimism” (75 = number of results), “Global Sustainability” (35), “Regional Competition” (59), 

“Business as Usual” (34), “Regional Sustainability” (14), and “Reformed markets” (31) (Figure 

4.3.1; see also section 4.1.3 for archetype descriptions). Overall, global and continental-scale 

scenarios addressing NCP are scarce and biased towards a few categories. Some NCP are 

relatively frequently analyzed such as food and feed, regulation of freshwater and climate; while 

non-material NCP or some regulating NCP such as regulation of the impacts of hazards and 

extreme events and regulation of ocean acidification are covered by a very low number of studies 

at continental or global scales. 

 

It should be noted that the reviewed literature usually uses the terminology of "ecosystem 

services" or reports on aspects of ecosystem services without making explicit reference to the 

ecosystem services framework. Chapter 1 presents a detailed discussion about the relationship 

between ecosystem services and NCP categories. The literature has been interpreted accordingly, 

and ecosystem services have been reclassified into IPBES NCP categories. In this section, the 

term "ecosystem service" is, however, used instead of NCP when it is helpful for clarity and 

understanding.  
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Figure 4.3.1. Results of the systematic literature review (Appendix A1.1) showing the three 

broad groups of nature's contributions to people (material, non-material, and regulatory 

NCP) for each of the six scenario archetypes. The y-axis indicates the proportion of negative 

and positive trends reported in the literature review. Numbers (N) indicate the number of results, 

followed by the number of articles that report those results in parentheses.  

 

4.3.2 Changes in nature’s contributions to people  

Regulating NCP show decreasing trends in the future in most scenario archetypes (Figure 4.3.1), 

with only "Regional Sustainability" and “Economic Optimism” scenarios showing mixed trends 

for regulating NCP. “Reformed markets” and “Business as Usual” scenarios present the highest 

proportion of declining trends for regulating NCP. Material NCP show mixed trends along 
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scenario archetypes. “Economic Optimism” is the scenario that shows the lowest number of 

negative trends for material NCP followed by “Business As Usual” and “Global Sustainability”. 

In all cases, published studies focused on the supply of NCP (which is not deconvoluted with the 

demand of NCP) and did not take into account flows, uses, beneficiaries or values.  

 

Figure 4.3.2 shows the trends for three NCP with the most entries in the systematic literature 

review database. Food and feed show a mixed picture, while regulation of climate shows a more 

positive picture and regulation of freshwater a very negative one. This is especially worrisome, 

because water is the basis for the generation of all other NCP and the direct well-being of 

humans. 

 
Figure 4.3.2. Results of the literature review showing the trends for three NCP categories 

that are the most frequently represented in studies. There were insufficient entries to 

differentiate between archetype scenarios so this figure shows the general patterns over all 

scenario types.  

 

4.3.2.1 Regulating nature’s contribution to people 

Habitat creation and maintenance 

Habitat creation and maintenance has crucial importance for facilitating all NCP. Considering 

the projected increasing loss of natural vegetation cover in nearly all future land use change 

scenarios and the climate change induced shift in natural vegetation distribution (see section 
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4.2.4), it is to be expected that species with specific habitat requirements will be under increasing 

pressure. Homogenization of communities and habitats is expected to have negative 

consequences on the ability of ecosystems to maintain multiple ecosystem functions. In addition 

to habitat specialists, species that can be classified as being intermediate between specialists and 

generalists will be under increasing pressure, since these species tend to rely on intact 

metapopulations and are vulnerable to increasing degradation of landscapes. Their loss would 

have a particularly large impact on genetic diversity since generalist species tend to have more 

genetic variability compared to specialists (Habel & Schmitt, 2018).  

 

Projections of future interactions between changes in terrestrial habitats and biodiversity focus 

either on climate change impacts, or on the transformation of natural ecosystems into agricultural 

systems as main drivers (section 4.2.4; Pereira et al., 2010; Warren et al., 2011; Bellard et al. 

2012; Alkemade et al., 2009; Mantyka-Pringle et al., 2015; Jantz et al., 2015; Visconti et al., 

2016). At the global scale, little attention has been paid to restoration scenarios. Likewise, most 

biodiversity and ecosystem models do not have the capacity to represent habitat degradation and 

fragmentation (Bonan & Doney, 2018). Beyond the use of species distribution models, actual 

movement of species, either as individuals or as groups is often not taken into account in models 

used to project interactions between changing environments and populations (Holloway & 

Miller, 2017), which implies large uncertainty regarding the future vulnerability and/or resilience 

of habitats and their interactions with the populations these habitats sustain. 

Pollination and propagule dispersal 

Animal pollination and propagule dispersal play a vital role as a regulating NCP, including for 

food production and many other ecosystem services. Projected loss of diversity of pollinators and 

alteration of their communities generate risks for food security, human health and ecosystem 

function. Pollinators and the provision of pollination will be negatively impacted by land use 

change (habitat destruction, fragmentation and degradation), intensive agricultural management 

and pesticide use, environmental pollution, invasive alien species, pathogens and climate change 

(Chagnon et al., 2015; Vanbergen et al., 2018a;  IPBES, 2016b). For instance, the spread of 

invasive ants that can deter pollinators and seed dispersers  is anticipated to continue (see also 

section 4.2.4) and and projected to substantially impact future pollination services (Vanbergen et 

al., 2018). Impacts of climate change on pollinators are the most commonly reported scenario 

results. Under all climate change scenarios, pollinator community composition is expected to 

change. The projected velocity of climate change, especially under mid- and high-end emission 

of greenhouse gas scenarios, exceeds the maximum speed at which several groups of pollinators 

(e.g., many bumble bees or butterflies) can disperse or migrate (IPBES, 2016b). Differential 

phenological shifts can cause mismatches between plant and pollinator populations and lead to 

the extinctions of plant or pollinator species, with expected consequences on the structure of 

plant pollinator networks (Hegland et al., 2009; Lavergne et al., 2010; Memmott et al., 2007). 

However, the inherent plasticity of plant–pollinator interactions suggests that many species may 

be able to persist, even though their mutualistic partners may change (Burkle & Alarcón, 2011).  

Many management responses are available that can reduce the risks of pollination deficit in the 

short term, including land management to conserve pollinator resources, decreasing pollinator 



Unedited draft chapters 31 May 2019 

104 

 

exposure to pesticides, and improving managed pollinator techniques (IPBES, 2016b). The 

disruption of propagule dispersion due to biodiversity loss is also expected to disturb ecological 

communities and threaten important ecosystem functions and NCP. For example, frugivore 

defaunation in tropical forests can lead to local extinction of trees depending on them to 

reproduce and the induced changes in tree species composition will likely result in the loss of 

carbon storage capacity of tropical forests (Bello et al., 2015). 

Regulation of air quality 

Terrestrial ecosystems are large emitters of substances that are relevant for air quality, in 

particular biogenic volatile organic compounds (BVOC) and emissions from wildfires. Several 

studies using coupled vegetation and BVOC models show that climate change alone enhances 

emissions due to their temperature-dependent response (Niinemets et al., 2010; Arneth et al., 

2011). However, land use change is simulated to counteract these effects, in particular for 

compound groups isoprene and monoterpenes, since woody vegetation tends to emit more 

BVOC than crops. The effects of rising atmospheric CO2 are difficult to quantify, because CO2 

enhances productivity which increases emissions, but on the other hand high CO2 concentrations 

have been shown to reduce leaf-level emissions – at least for isoprene (Szogs et al., 2017; 

Hantson et al., 2017; Heald et al., 2008; Squire et al., 2014; Tai et al., 2013). Wildfire emissions, 

similar to BVOC, are expected to increase in a warmer climate as fire-prone conditions are 

enhanced (Hantson et al., 2016). In case of fire, atmospheric CO2 enhances plant productivity, 

and hence combustible litter, but also leads to a shift towards more woody vegetation, which 

slows fire spread compared to grasslands (Rabin et al., 2017; Knorr et al., 2016; Hantson et al., 

2016; Rabin et al., 2017; Knorr et al., 2016). How BVOC and wildfire emissions will affect 

future air quality and climate regulation will depend not only on how climate change will affect 

biogenic emissions, but also on how anthropogenic air pollutants will alter biogenic emissions 

and chemical reactions in a future atmosphere (Shindell and Faluvegi 2009; Young et al. 2009; 

Tsigaridis  et al., 2014). Anthropogenic emission controls are much more important than 

biogenic emissions for air quality. However, assessments of impacts of bioenergy, reforestation 

and afforestation efforts on air quality and climate regulation must consider side-effects of 

biogenic emissions on human health and on climate-related substances, as well as (in case of 

wildfire) the risk of forest loss (Ashworth et al., 2013; Simpson et al., 2014; Rosenkranz et al., 

2015). 

Regulation of climate 

Oceans and terrestrial ecosystems currently take up around 50% of anthropogenic CO2 emissions 

each year (sections 4.2.2, 4.2.4; Le Quéré et al., 2016). In the future, these carbon sinks may 

weaken, resulting in amplifying feedbacks to climate change (Arneth et al., 2010; Ciais et al., 

2013; section 4.2.4). In oceans, warmer temperature, increased stratification of the water column, 

deoxygenation, and acidification, as well as sea level rise in coastal wetlands, might lead to a 

reduction of the sink (see 4.2.2.2.1, 4.2.2.2.2), while in terrestrial ecosystems, the interplay 

between CO2-fertilisation of photosynthesis, heterotrophic respiration stimulated by warmer 

temperatures, and episodic events such as fire, insect outbreaks, or heat waves are controversially 

debated with respect to their impacts on future carbon uptake and climate regulation (Ciais et al., 
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2013; Kautz et al., 2017). Reducing greenhouse gas emissions from land cover change and land 

use, mostly related to human conversion of forests to crops and pastures, fertilizer use, rice 

production and animal husbandry could contribute notably to mitigate climate warming 

(Bustamante et al., 2014; Tubiello et al., 2015; Smith et al., 2014; Smith et al., 2013). Changes in 

vegetation cover would impact also regional temperature and precipitation. In tropical regions, 

deforestation is simulated to lead to local warming, as croplands tend to have considerably lower 

evapotranspiration. By contrast, in boreal regions changes in surface reflectance is the 

predominating factor and deforestation results in local cooling (Alkama & Cescatti, 2016). 

Therefore, in tropical regions, avoiding deforestation will contribute to reduce CO2 emissions, as 

well as contribute to moderate the impact of regional warming – supporting also the maintenance 

of biodiversity  (Alkama & Cescatti, 2016; Perugini et al., 2017; Quesada et al., 2017). 

Regulation of ocean acidification 

Increasing atmospheric CO2 concentrations will increase the partial pressure of CO2 (pCO2) and 

its dissolution in the surface ocean (section 4.2.2; Le Quéré et al., 2016). It is expected that pCO2 

might double its pre-industrial value within the next 50 years (Eyre et al., 2018; Ove Hoegh-

Guldberg et al., 2017). Decreased calcification in calcified organisms due to increased 

acidification of the ocean is likely to impact marine food webs and, combined with other climatic 

changes in temperature, salinity, and nutrients, could substantially alter the biodiversity and 

productivity of the ocean (Meyer & Riebesell, 2015; Dutkiewicz et al., 2015; Larsen et al. 2014; 

Kawagushi et al. 2013). How species will respond to these changes depends on their capacity for 

adaptive responses. Many studies project the degradation of a large percentage of the world’s 

tropical coral reefs (Sunday et al., 2017; Allbright et al. 2018; Eyre et al., 2018; section 4.2.2.2.2) 

and calcifying marine species like bivalves, might as well be significantly endangered due to 

ocean acidification (Hendriks et al., 2010; Kroeker et al., 2010). This is projected to impact many 

regulating ecosystem services and entire sectors of human activities and millions of livelihoods, 

both in developed and especially in developing countries that depend on fish and other marine 

products for their daily sustenance (Hilmi et al., 2015; Mora, Frazier, et al., 2013). Moreover, 

recreational activities, as well as tourism which are among the world’s most profitable industries 

(Rees et al., 2010) are projected to decline by up to 80% in some areas due to climate change 

(USGCRP 2008; Moreno & Amelung, 2009). Although local and regional-scale management 

strategies may build resilience in the short term, longer term resilience will further require a 

successful shift to a low greenhouse gas emissions scenario, e.g., RCP2.6 or RCP4.5 (Anthony, 

2016). 

Regulation of freshwater quantity, location and timing 

Today, two-thirds of the global population live under conditions of severe water scarcity at least 

one month of the year and half a billion people face severe water scarcity all year round 

(Mekonnen & Hoekstra, 2016). World water demand is estimated to increase significantly, up to 

50% by 2030 (United Nations Development Programme, 2016), mostly due to population growth 

and lifestyle choices, such as shifting diets towards highly water-intensive foods (see section 

4.5.3). Scenarios of water use foresee overexploitation, pollution or degradation of aquatic 

ecosystems (see 4.2.3) and the ecosystem services they provide or produce together with other 



Unedited draft chapters 31 May 2019 

106 

 

ecosystems (Molle & Wester, 2009). Societal problems and new inequalities will also emerge as 

a result (Bruns et al. 2016). The projected increases in human population and per capita 

consumption will likely lead to a sharpening of already existing water shortages if the demand of 

freshwater cannot be satisfied (Alcamo et al., 2007; Murray et al., 2012; Pfister et al., 2011). 

Some estimates put demand surpassing supply significantly already in 2030 (Mekonnen & 

Hoekstra, 2016). Changing climate is progressively modifying all elements of the water cycle, 

including precipitation, evaporation, soil moisture, groundwater recharge, and runoff. But it is 

also expected to change the timing and intensity of precipitation, snowmelt and runoff (Murray 

et al. 2012). Indirect effects of land use change, such as deforestation, is also expected to 

increasingly affect water quality, water quantity and seasonal flows, especially in the tropics 

(Piao et al., 2007). Many of the world’s most water-stressed areas will likely get less water, and 

water flows will become less predictable and more subject to extreme events (Mekonnen & 

Hoekstra, 2016; Mayers et al., 2009). The additional challenges for water security posed by poor 

management are expected to first become apparent in mega-cities. Increasing demands for water 

by agricultural, industrial and urban users, and water for the environment will intensify 

competition (Mayers et al., 2009; Murray et al., 2012; Pfister et al., 2011). In order to address 

these challenges, water needs to be used more efficiently in agriculture (Fraiture & Wichelns, 

2010) and caps to water consumption by river basin have been proposed (Mekonnen & Hoekstra, 

2016). 

Formation, protection and decontamination of soils and sediments 

The Sustainable Development Goals related to food, health, water supply, biodiversity and 

climate all rely on healthy soils (Arcurs, 2017). Human activity has increased the erosion rates 

well above natural levels, degrading soils structurally and nutritionally and generating a surplus 

of sediment transport to rivers, which damages infrastructure, aquatic habitats and deteriorates 

water quality (Doetterl et al., 2016; Li & Fang, 2016; Bouchoms et al., 2017). Whether or not the 

eroded material decomposes rapidly or even acts as a carbon sink is still being debated (see 

Doetterl et al., 2016, and references therein). Climate change is expected to globally exacerbate 

erosion rates in the future although exact rates and magnitude are poorly understood and large 

regional variability is to be expected (Li & Fang, 2016). Water-erosion caused by overall 

enhanced precipitation in some regions or by extreme precipitation can be expected to increase 

(Bathurst, 2011; Bussi et al., 2016; Hu et al., 2013; Shrestha et al., 2013). In a recent compilation 

of erosion model studies, most at catchment scale, Li and Fang (2016) found enhanced future 

erosion in response to climate change in 136 of 205 listed studies. Soil erosion can be effectively 

reduced by land management practices (reduced tillage, vegetation cover) (Doetterl et al., 2016; 

Poesen, 2018). However, models that combine soil organic carbon cycling with modelling of 

degradation processes at regional to global scales do not yet exist. Therefore, scenarios of 

possible futures are virtually absent, and global or sub-global studies could not be found on 

future soil degradation, nor on soil restoration (IPBES 2018e). 

4.3.2.2 Changes in material nature's contributions to people 

Energy 
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Ecosystems provide relatively inexpensive and accessible sources of traditional biomass energy, 

and therefore have a vital role to play in supporting poor populations. Bioenergy draws on a wide 

range of potential feedstock materials: forestry and agricultural residues and wastes of many 

sorts, as well as crops or short-rotation forests grown specifically for energy purposes (Smith et 

al., 2016). The raw materials can be converted to heat for use in buildings and industry, to 

electricity, or into gaseous or liquid fuels, which can be used in transport. Today’s global supply 

of bioenergy is around 10% of the total demand (Smith et al., 2016). The global demand for 

primary energy is projected to grow across future scenarios, unless the world’s energy system 

were to transformatively changed within the coming two or three decades (UN-Habitat 2016, 

IPCC 2018: chapter 2.3). Bioenergy is estimated to provide ca. 100-300 EJ a-1, accounting for 

15-25% of global future energy demand in 2050, but concerns about the sustainability have been 

raised even for amounts of 100 EJ a-1 or well below (Beringer et al., 2011; Smith et al., 2016b), 

IPCC 2018: chapter 2.3). Deriving about 20-60% of total energy from energy crops would 

require up to a doubling of land and water resources (Beringer et al., 2011).  

 

Recent scenarios in Integrated Assessment Models that explore options to achieve global 

warming of 2oC or less include large-scale bioenergy for climate change mitigation (see 4.2.4.3) 

(Smith et al., 2014; Smith et al., 2016a; Bonsch et al., 2016). Combining bioenergy with carbon 

capture and storage (BECCS) may offer the prospect of energy supply with large-scale net 

negative emissions, which plays an important role in many low-emission scenarios (Bruckner, et 

al., 2014; Tavoni & Socolow, 2013; IPCC 2018: chapter 2). However, there are challenges and 

risks entailed, as shown by an increasing number of studies, especially around potential conflicts 

with biodiversity and other NCP (Fuss et al., 2016; Humpenoder et al., 2014; Smith et al., 2016a; 

Santangeli et al., 2016). The use of different sources for bioenergy production will have large 

impacts on the capacity of energy crop production, climate change mitigation and thus on the 

trade-offs with other NCP (Gelfand et al., 2013). The trade-offs most often cited are with food 

production, biodiversity and terrestrial carbon storage (Beringer et al., 2011). Food production 

will be impacted not only by conflicts in land use as such, but also because of rivalling water use 

through irrigation of bioenergy crop production (Beringer et al., 2011). Also, the future benefit of 

CO2 savings of bioenergy crops is not completely clear, as many studies do not include the 

emissions of N2O in crop production that could offset CO2 savings (Don et al., 2012), or the 

long-term CO2 emitted by land conversion or deforestation of natural vegetation to bioenergy 

crop areas (Don et al., 2012) (Krause et al., 2017, 2018). 

Food and feed materials 

The largest anthropogenic use of land and water is related to the production of food. Also, food 

production is the largest component of human domination of the global nitrogen and phosphorus 

cycles (Bouwman et al., 2013). The drivers are both the food demand (type of diets, wealth and 

population size) and the food production system (productivity of the agricultural, aquaculture 

and livestock systems, exploitation of wild species, transport, waste). Rapid changes in dietary 

patterns since the end of 20th century (mainly in transitioning countries: Latin America, East 

Asia, others) have become a major factor in global land-use change pressures, mainly related to 

the increase of animal products consumption (Kastner et al., 2012; Kastner & Nonhebel, 2010). 
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In the coming decades, the increase in consumption of animal products is expected to play the 

strongest role in the demand of land, water, nutrients (N, P, K) and energy (and related CO2 

emissions) for food production (Alexander et al., 2016b; Peters et al., 2016; Ranganathan et al., 

2016; Wirsenius et al., 2010a), due to the poor resource efficiency in the production of animal, 

especially ruminant protein. Therefore, land degradation and its impacts on food security are 

likely to increase, especially in developing regions with high and increasing demographic 

pressure, pressures from export-oriented commodity production expansion, scarce land and water 

resources and weak governance structures. Importantly, effects of land degradation on food 

security are not considered in any global scenario study (IPBES 2018e). For sufficient land and 

water resources being available to satisfy global food demands during the next 50 years, water 

will have to be managed much more effectively in agriculture (Fraiture & Wichelns, 2010). 

Supplying sufficient calories and an overall healthy diet to feed the global population with 

sustainable production systems is a recognized challenge and will require solutions from local to 

global levels, addressing both food production, distribution and trade, and consumption (Foley et 

al., 2011; Godfray et al., 2010; Tilman & Clark, 2015a). Closing yield gaps in many regions of 

the world may play a major role if done using sustainability principles for land management. 

This poses a large challenge as climate change has been projected to reduce crop yields in 

tropical and semi-arid regions; regions in which already today large yield gaps exist (C 

Rosenzweig et al., 2013; Pugh et al., 2016) and which include countries with projected fast 

changes in diets and population growth. There is large uncertainty in how extreme weather 

events, pest and diseases and atmospheric CO2 levels will interact with yields (Deryng et al., 

2014; Gornall et al., 2010; Rosenzweig et al., 2013). Thus, it is necessary to increase 

productivity sustainably and at the same time reduce the vulnerability of agricultural production 

systems to climate change impacts. 

 

Medicinal, biochemical and genetic resources  

Because genetic diversity of crops and their wild relatives is a product of both the natural process 

of evolution and the biocultural process of evolution under domestication, genetic diversity is a 

source of, and a proxy for options for the future, and hence maintains options for the supply of 

ecosystem services (Bellon et al., 2018; Faith, Magallón, Hendry, & Donoghue, 2017). However, 

if yields continue to be increased by means of intensive agriculture, then the environmental 

consequences would be substantial (Tilman, 2001) and to the detriment of other NCP (section 

4.5). The current diet worldwide is based on only 150 of the more than 7,000 plant species that 

humans have utilized historically for food (Gepts, 2006) and food supplies have become 

increasingly similar in composition across the globe (Khoury et al., 2014).  

 

The conservation of genetic resources from local varieties and crop wild relatives plays an 

important role in increasing productivity sustainably, maintaining local food security and quality, 

as well as in providing adaptive optionsfor agricultural systems to grow diverse and nutritious 

food with fewer resources in harsh environments. For instance, cultivars based on local varieties 

can be grown in marginal conditions where commercial varieties do not perform well 

(Ceccarelli, 2009), and crop wild relatives harbor genetic adaptations to drought, pest and 
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diseases resistance (Maxted et al., 2013). Therefore, genetic diversity represents a source of 

options to face the increasingly uncertain and variable patterns of biotic and abiotic changes 

(Bellon et al., 2017). Similarly, deploying sufficient genetic diversity decreases the risk of 

pathogens reaching epidemic levels and causing large-scale crop failure (Heal et al., 2004).  

 

Indigenous Peoples and Local Communities play an essential role in this regard both in 

managing key agrobiodiversity areas around the world and holding the knowledge that gives 

meaning to the value of such diversity. Maintaining in-situ crop genetic diversity is at present 

done mostly by smallholders and indigenous communities, cultivating local varieties individually 

in small-scale mosaic production systems, but these constitute in many regions large effective 

systems in providing food to large regional populations within a wide range of environmental 

conditions and cultural preferences (Bellon et al., 2018; Enjalbert et al., 2011). If trends towards 

replacing local varieties with genetically homogeneous materials of the private sector continue 

(Heal et al., 2004; Howard, 2009), evidence suggests that while crop production yield may 

increase (particularly for crops destined to industrial uses and fodder), food security may be 

compromised not only in terms of lower crop production of food crops, but also in the form of 

higher risk and vulnerability of farmers and the food system to future challenges. 

4.3.2.3 Changes in non-material nature contributions to people  

The results of the systematic literature review highlight the scarcity of global or continental scale 

scenarios addressing non-material contributions to people: these have received far less attention 

than material and regulating NCP. Even on the local scale, the number of scenario studies 

dealing with the category of cultural ecosystem services is limited. The sections below describe 

how different non-material NCP might unfold in the future based on scenario studies at different 

scales, including some local studies. In order to arrive at a better understanding on how changes 

in nature and changes in people's demands interact for all NCP, future studies that target non-

material NCP are needed. 

Learning, artistic, scientific and technological inspiration 

The published literature on the future evolution of this category of NCP is scarce with most 

studies focusing on the current state of nature-inspiration for learning, the arts, science and 

technology. Nature inspiration for the arts, including music, painting and literature comes 

ultimately from the fact that we are part of nature, and that when we are amazed by certain 

aspects of nature, this inspires individuals to express their creativity (Komorowski, 2016). 

Whether the on-going disconnection of humans from nature (Soga & Gaston, 2016) will affect 

how art is inspired by nature in the future is unresolved. Nature-inspiration has advanced 

technology in multiple ways, the Lotus effect or the shark skin effect being some of the most 

common examples (Bhusban 2016). Nature-inspiration has plaid a significant role in 

computation and communication and it is likely that it will continue doing so (Vinh & Vassev, 

2016). The self-organized architecture of nature can play a major role in nature-inspired 

algorithms and computing (Yang, 2010; Yang, 2014). Bioinspiration and biomimetics in 

engineering and architecture has a long history of application, but its future development is 

uncertain (Ripley and Bhushan, 2016). 
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Physical and experiential interactions with nature 

Connections to Nature have been classified as being material, experiential, cognitive, emotional, 

and philosophical (Ives et al., 2018). Partially as a result of rapid urbanization (see section 4.3.3 

and (Jiang & O’Neill, 2017) some argue that urbanites are undergoing an “extinction of 

experience” resulting from decreasing contact with nature in everyday live (Soga & Gaston, 

2016). Although varying significantly across and within regions, interactions with nature have 

been changing from direct subsistence interactions (i.e. through agriculture, farming, fishing, 

hunting, herding, foraging) to sporadic subsistence, leisure, education, or as health-

recommendation. This trend is expected to continue in the future although other forms of 

interaction with nature are also emerging, such as increasing attention to urban parks, river and 

lake restoration projects, urban gardens, and increasing green infrastructure in cities (Thompson 

et al., 2008; Shanahan et al., 2015; Grimme & Schindler 2018). Indicators to assess interactions 

with nature are scarce. Visits to protected areas have been estimated at 8 billion per year 

(Balmford et al., 2015) with a generally increasing trend (except for some developed countries, 

Balmford et al., 2009), but it is unclear how this figure will evolve under different scenarios. 

Apart from protected areas, direct interactions with nature occur in many non-protected 

landscapes, from urban parks, to rural areas and remote landscapes. These interactions are more 

widespread than visits to protected areas and happen continuously.  

 

The main drivers expected to affect future physical and experiential interactions with nature 

through nature tourism are demographics, urbanization, climate change, technology, 

psychological drivers, health care trends and development (Frost et al., 2014). A warmer future 

may increase the visits to protected areas, especially to mountain protected areas where 

temperatures are cooler (Fiscichelli et al., 2015; Steiger et al., 2016). In some areas, a business as 

usual scenario might reduce our interactions with nature due to the loss of natural ecosystems 

through deforestation. Local scenarios in the Eastern Arc Mountains in Tanzania show that non-

sustainability pathways would also reduce ecotourism (Bayliss et al., n.d.). Participatory scenario 

planning approaches in which stakeholders co-develop different scenarios have been used in 

several local studies and assessed future trends of diverse non-material NCP such as interactions 

with nature (Oteros-Rozas et al., 2015). Future trends for ecotourism, for example, were 

analyzed through the integration of ILK and scientific knowledge for a case study in Papua New 

Guinea (E. L. Bohensky et al., 2011). 

Symbolic meaning, involving spiritual, religious, identity connections, social cohesion and 

cultural continuity 

Among the very few existing scenario-based studies that specifically focus on this nature’s 

contribution to supporting identities (Díaz et al., 2018), some focus on sense of place, which is 

highly relevant for ecosystem service stewardship and for human well-being, particularly of 

IPLCs (Masterson et al., 2017). Some analyses suggest that climate change might negatively 

affect sense of place (Ellis & Albrecht, 2017), an issue of concern to an increasing number of 

people living in coastal areas and under increasing risks such as floods and sea level rise will 

increase (Neumann et al., 2015). Sense and forms of attachment to place are also negatively 
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affected by changes caused by infrastructural responses, such as the need to construct flood 

defenses (Clarke et al., 2018).  

 

Identities that are linked to nature, such as those related to cultural keystone species, will 

probably decline under certain scenarios (Garibaldi & Turner, 2004). In business as usual 

scenarios indigenous identities are expected to decrease, as these are often linked to nature, and 

Indigenous People´s spiritual beliefs (Dudgeon et al., 2010). Hunting practices that have deep 

cultural meanings for some local communities and help to bound some societies might be 

affected as well (Luz et al., 2017). In cities, declining green space might produce feelings of 

loneliness and shortage of social support (Maas et al., 2009). Connecting theories and tools 

related to sense of place within broader socio-ecological systems research is expected to enhance 

our understanding as to how and why people engage in solving challenges related to sustainable 

use of ecosystems (Masterson et al., 2017) 

 

Preservation of biodiversity and ecosystems, as options for the future 

One of the challenges posed by the expected continuous degradation of ecosystems and loss of 

biodiversity in most scenario archetypes is to assess the implications of these trends in terms of  

options for the future (Pereira et al., 2010; Schindler et al., 2015; and see section 4.2). Local 

level examples (see Box 4.3.1) highlighting the interdependence between nature, indigenous and 

local knowledge, and local lifelihoods provide powerful stories about economic-environmental 

trade-offs and the importance of maintaining options, including in terms of complementary 

knowledge systems, in times of accelerated environmental and social changes. 

Box 4.3.1- An example of the role of Indigenous Local Knowledge in sustaining 

ecosystem services  

 

The shea tree is highly valued by rural households in Western and Central Africa. The shea fruit 

is a non-timber forest product that is indigenous to ecosystems in semi-arid regions of Africa 

(Jasaw et al., 2015). Shea is exported as raw kernels or as shea butter to serve the high-value 

cosmetic and personal care industry and the wide range of food products in USA, Europe, and 

Japan. It currently grows throughout semi-arid northern Ghana (CRIG, 2007; Naughton et al., 

2015), with almost every rural household in the region engaging in shea fruit picking, and 

processing into shea kernels (shea nuts) and/or shea butter. For years, local populations have 

followed local knowledge, norms and practices including not using shea for fuelwood and 

integrating it into farmlands to preserve and manage it (Jasaw et al., 2015). In recent years 

however, high disregard for indigenous knowledge practices, degradation and subsequent 

scarcity of traditional fuelwood tree species, and fluctuating world market prices for shea 

products, have pushed locals being faced with the dilemma of still preserving the tree to enable 

them earn income or cut the trees for fuelwood (Boafo et al. 2016; Jasaw et al., 2017). If current 

trends continue, the co-production of the shea butter will continue eroding indigenous and local 

knowledge (ILK), the management of common resources, as well as regulating and non-material 

contributions from nature to people. Both technological improvements (such as improved 

stoves) and the strengthening of community-based woodland management (such as harvesting 
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tree branches instead of whole trees) need to be put in place to revert this trend (Boffa, 2015; 

Jasaw et al., 2015, 2017). 

 
Figure 4.3.3 Women taking Shea harvests home to process (source: Peter Lovett). In Boffa 

(2015).   

  

Figure 4.3.4 Women sorting shea kernel for sale in Northern Ghana (left); Shea kernel 

being dried after picking from the wild in Northern Ghana (right) (Photo credit: Godfred 

Jasaw 2015) 

Future scenarios of climate change predict in this case an increased climate suitability for the 

Shea tree (Platts et al., 2010). This could open certain opportunities to adapt to climate change 

and at the same time reinforce the value of ILK in landscape management. Since the traditional 

form of Shea butter production also requires large amounts of energy (Jasaw et al., 2015), six 

scenarios of future development of technologies were developed for Burkina Faso (Noumi et 

al., 2013). The improvement of the energy systems would result in better incomes for women 

and reduced vulnerabilities of rural families whilst minimizing land degradation and enhancing 

carbon sequestration potential of savannah landscapes. 
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Figure 4.3.5 Present situation and future scenarios of the climatic suitability for the 

distribution of the Shea tree. In both scenarios, niche-based models predict an enhanced 

climatic suitability for the Shea during the 21st century (Platts et al., 2010).  Top panels are 

projections based on a restrained geographical range for model calibration and lower panels 

are based on a broader geographical range. The suitable habitat for the Shea tree in central 

Africa is projected to increase in two explored IPCC scenarios (A2 and B2) in 2020, 2050 and 

2080. According to these scenarios, the maximum suitability is predicted for 2080.    

 

4.3.3 How changes in nature's contributions to people will manifest in different regions, 

including teleconnections across regions 

Ecosystems and biomes (or IPBES units of analysis) are interconnected, influence each other and 

thus many NCP are also interconnected in space (Álvarez-romero et al., 2017; Liu et al., 2015). 

These interactions can occur in the natural system (e.g., via the atmosphere, or through river 

flows), often called teleconnections. In socio-economic and socio-ecological systems the 

telecoupling concept considers interactions, feedbacks and spillover between different and 

typically distant system components (e.g., by trade or migration (Liu et al., 2015; Liu et al., 

2013a; Melillo et al., 2009; Güneralp et al., 2013). Through those mechanisms, resource use and 

ecosystem management in some regions affects NCP from other regions (Pascual et al., 2017) 

(see section 4.5 and Chapter 5). For example, the displacement of timber extraction from Finland 

to Russia has created environmental impacts in Russia that in turn affected migratory birds in 

Finland (Mayer et al., 2005). 
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Knowledge about the interaction, feedback and spill-overs among regions, and implementation 

in future global scenarios is needed for better projections and management of NCP including 

flow-based aspects of governance beyond the classical territorial approaches (Sikor et al., 2013; 

Liu et al., 2013a). Without such knowledge, decisions on the management of NCP in one region 

will lead to incomplete and skewed conclusions that affect sustainability at the global level 

(Schröter et al., 2018). For example, telecoupling is linked to remote, large-scale investment in 

land purchase or lease and freshwater demand, which is happening in all continents except 

Antarctica (Rulli et al., 2013). Also in context of urban-rural relations this consideration can help 

to better understand interactions with systems beyond their boundaries (Seto et al., 2012). 

Urbanization is one of the global development trends that has large impacts on local and distant 

socio-ecological systems. The global urban population represents now 55% of the total 

population and is projected to reach 6.6 billion by 2050 (68% of the total population) 

(https://population.un.org/wup/).  

 

In the vicinity of cities, urban growth leads to the loss of agricultural land and hence agricultural 

production, and associated land-use displacement to other regions as compensation. Overall it is 

estimated that, due to urban build up, 1.8–2.4% of the global croplands will be lost by 2030 

(Bren d’Amour et al., 2017). On local and regional level urban areas modify climate through the 

urban heat island effect, impacting also human health. In combination with altering of 

precipitation patterns, the heat island effect will possibly also have significant impacts on net 

primary production, functions of ecosystems, and biodiversity in larger urban regions (Seto et al., 

2013). Urbanization also frequently correlates with lifestyle and dietary changes towards more 

meat and fish (Satterthwaite et al., 2010). As a result, long-distance connections intensify as 

demand for resources increases to support these urban lifestyles and activities. Often such change 

in demand is not only met by intensification but also by cropland expansion into semi-natural or 

natural vegetation (Defries et al., 2010), which in turn may lead to the displacement of local 

farmers due to loss of land and increases migration to urban areas.  

 

There are very few global scenario studies of telecouplings, and the related interactions between 

Nature and NCP. For instance, most forward-looking studies on impacts of urbanization on 

ecosystems focus on impacts on biodiversity and habitats (Güneralp et al., 2013). There are no 

quantitative studies and scenarios that assess interactions of urban areas with ecosystem services 

at global and large spatial scales and there are only a few, mostly scenario-based, regional 

studies from developed countries (Deal & Pallathucheril, 2009; Eigenbrod et al., 2011; Norman 

et al., 2010; Pickard et al., 2017). Virtual water import/export has been explored under future 

scenarios under climate change, stressing local water losses due to trade links (Konar et al., 

2013, see also Chapter 5). For instance, continued increased consumption of meat or milk in 

China would have negative consequences on the virtual water imported by the country (Zhuo et 

al., 2016), as well as higher greenhouse gas emissions and land use in milk exporting regions 

(Bai et al., 2018). Results from the systematic literature review regarding future trends of various 

NCP in different world regions and the interlinkages between them do not show clear trends for 

many NCP because of the limited number of studies (Figure 4.3.6). Mixed trends prevail for 

regulating NCP in most parts of the world, with slightly more increasing trends in North 

America, Europe, and Australia. Material NCP are expected to mainly decrease in Central 

America, in South East Asia and Australia, stabilize in South America, South Asia and East 

https://population.un.org/wup/
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Asia; a higher proportion of increasing material NCP are expected in Europe and North America. 

Not much data on non-material NCP is available but positive trends in Africa and Asia could 

emerge, while in South America the expected trends were mostly negative. 
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Figure 4.3.6. Future trends of NCP in the different world regions. The height of the bars 

indicates the number of studies. The color of the bars shows the sign of future trend of NCP in 
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the different world regions (IPBES regions shown in grey scale). Results are based on the 

systematic literature review of future scenarios (Appendix A1.1) at the continental scale. Only 

the studies with an explicit distinction of NCP trends between countries or regions were selected. 

 

In addition to the systematic literature review, we reviewed the IPBES regional assessments 

(IPBES 2018a, b, c, d) for relevant information of future trends of telecoupled interactions.  

The IPBES regional assessment for Europe and Central Asia (IPBES 2018a) highlights a 

variable but generally decreasing supply of regulating NCP in Europe (Harrison et al. 2018). 

Hazard regulation, climate regulation, water quality and quantity regulation show stable or 

increasing trends, whereas regulation of freshwater quantity, location and timing decreases, 

especially in Southern Europe. Pollination and pest regulation indicate mixed trends. Regarding 

material NCP, the results vary across subregions. An increase of food and feed is expected in 

western Europe due to increasing imports from other world regions (Dunford et al., 2015). 

Eastern Europe and Russia show increasing trends in food production, due to the increase in 

suitability for food production following climate change (Zabel et al., 2014). Information on non-

material NCP is scarce (Harrison et al. 2018).  

 

The demand of material NCP in Europe, especially food and feed, materials and energy could 

increase up to 1.5-2 times, which not only means an increase in material NCP but will have 

considerable trade-offs with biodiversity and regulating NCP (Harrison et al. 2018). According 

to the BAU scenario, food production will be the economic sector with the largest impact on 

biodiversity, possibly contributing to 60-70% of terrestrial biodiversity loss and 50% in 

freshwater systems (van Vuuren et al., 2015a; Kok et al., 2014). Other scenarios, such as the 

Global Technology, Decentralized Solutions and Consumption Change would result in 

preventing more than half of the loss of the biodiversity that is projected for 2050. Other models 

show that domestic greenhouse emissions can be reduced affordably by 40% in 2030, but would 

require strong policies and binding targets, and possibly the use of biofuels, which have 

associated negative effects on biodiversity (Harrison et al. 2018).  

 

In Africa a lack of studies that assess the future of NCP is apparent and the few existing ones 

focus on Southern and East Africa (Biggs et al. 2018). The systematic literature review shows 

that in different regions of Africa, the demand for food and feed will lead to an increase of this 

NCP, despite the pressure arising in many regions from climate variability and change (Palazzo 

et al., 2017). Scenarios show that increased water stress will have most adverse effects on food 

production, as areas suitable for agriculture along the margins of semi-arid and arid areas are 

expected to decrease (Biggs et al. 2018). An estimated 600,000 km2 of arable land could be lost 

with 800 million people facing physical water scarcity. Rising sea levels will pose threats to 

Gambia around to the Gulf of Guinea and a predicted band of dessication will wrap around the 

Congo Basin from the Gambia to Angola (Biggs et al. 2018). Given the general trade-off 

between material and regulating NCP, a decrease in the supply of regulating NCP is expected. In 

Sub-Saharan Africa, bans on food imports would negatively impact poverty (d´Amour, 2016).  

Existing scenarios with information for NCP in the Americas focus on the strong competition 

among land uses, primarily agricultural lands and natural land cover (Klatt et al. 2018). The 
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demand for food and feed will increase in the future with strong trade-offs for regulating NCP 

(e.g. water quality, increased greenhouse gas emissions, disruptions of natural pest control, 

pollination, and fertility and nutrient cycling)(Diaz & Rosenberg, 2008); Matson et al., 1997). 

Co-benefits may occur, like e.g., incorporating biodiversity in agricultural production systems 

(Baulcombe et al., 2009; Chappell & LaValle, 2011; Clay et al., 2011; de Schutter, 2011; 

Perfecto & Vandermeer, 2010). The supply of regulating NCP provided by natural ecosystem 

decreases under all scenarios (even under conservation scenarios), especially through tropical 

deforestation in Latin America, which is projected to continue. A similar pattern can be observed 

also for other ecosystems, like tundra, mangroves or wetlands. The decrease in supply of 

regulating NCP means that the tundra may convert from a carbon sink into a carbon source under 

the temperature increase that thaws the permafrost, leading to a feedback to accelerated climate 

change and sea level rises. The same applies for the prevention of soil erosion, coastal protection 

and fisheries support of mangroves. Also, the regulating services of wetlands may get traded by 

agricultural productions under the strong increase of population and other market forces. An 

example is the Amazon forest, where especially cattle ranching together with agriculture leads to 

deforestation, leading to a synergistic drying up of large parts of the watershed due to climate 

change (Klatt et al. 2018).  

 

In the Asia-Pacific region, expansion of urban industrial environments, consumption patterns and 

transformation of agriculture in favor of high yielding varieties and cash crops are the main 

drivers for changes in NCP, considering the current rate of human population growth 

(Gundimeda et al. 2018). The demand for material NCP is projected to increase, especially for 

food and feed in Southeast Asia and South Asia, leading to deforestation for monocrop 

plantations of oil palm, rubber or timber trees. This may lead to a decrease in the supply of some 

regulating NCP, and natural habitats in the Asia Pacific Regions are likely to be adversely 

affected in the coming decades (Gundimeda et al. 2018). Telecouplings are very pronounced, 

especially within Southeast Asia (e.g. Vietnam- Laos) and between mainland Southeast Asia and 

North Asia, as between Southeast Asia and Latin America and Africa. Regarding other 

regulating NCP the results are mixed with increases and decreases in all sub-regions (IPBES 

2018d).  
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4.4 Plausible futures for good quality of life 

4.4.1 Linking Good Quality of Life to Nature and Nature’s Contributions to People 

Global scenarios of biodiversity and ecosystem services have paid scarce attention to plausible 

futures for people’s good quality of life (GQL), relative to those for nature and nature's 

contributions to people (but see Butler & Oluoch-Kosura, 2005). This gap is further pronounced 

for the analysis of future trends for the quality of life of Indigenous Peoples and Local 

Communities (IPLCs), who have been addressed typically at local and subnational scales rather 

than at the regional to global scales. However, a recent assessment of scenarios and models of 

ecosystem services and biodiversity brought to light some of the plausible futures of GQL 

(IPBES 2016a), while earlier assessments highlighted the dependency of human beings on 

ecosystems for wellbeing and socio-economic development (MA, 2005, UK National 

Assessment 2011). 

 

To complement these efforts, in this section we seek to show how good quality of life has been 

integrated in the assessment of plausible futures of nature and nature's contributions to people. 

To this end, we address how eleven key material and non-material dimensions of GQL (see also 

Chapter 1) are expected to evolve under the different archetype scenarios, and highlight the role 

of access, social values and other factors mediating the relationship between nature’s 

contributions to people and good quality of life.  

 

4.4.1.1 Key Dimensions of Good Quality of Life and their links to Nature and Nature's 

Contributions to People  

4.4.1.1.1 Material Dimension of Good Quality of Life 

In future scenarios governed by market forces (e.g., Economic Optimism, Business as Usual; see 

section 4.1), multiple dimensions of good guality of life (GQL), both material and non-material, 

can be expected to decline (Figure 4.4.1). These projections are based on narratives associated 

with specific archetype scenarios, with numeric scores above zero indicating an anticipated 

positive (increased) GQL for the selected indicator, and negative indicating a decline. Projected 

declines are particularly pronounced for material indicators relative to livelihood and income 

security. The Regional Competition scenario, in particular, is assumed to be associated with the 

lowest expected GQL outcomes. On the other hand, the Regional Sustainability and Reformed 

Economic Markets scenarios are expected to result in improved GQL outcomes across a large 

cross-section of material and non-material indicators. Overall, the Global Sustainable 

Development and Regional Sustainability scenarios are associated with the most desirable GQL 

outcomes. Scenarios of direct and indirect drivers of change are expected to have regionally 

differentiated impacts on GQL, including where Indigenous Peoples and Local Communities 

(IPLCs) are located (see examples below). Many IPLCs are found in protected areas and 

indigenous areas where dimensions of a GQL such as food and energy security play out in 



Unedited draft chapters 31 May 2019 

120 

 

context-specific ways. Indirect drivers of change such as climate mitigation policy (e.g., 

REDD+) disproportionately impact the possible trajectories towards achieving GQL by IPLCs 

(sections 4.1.4, 4.1.5).  

 
Figure 4.4.1: Dimensions of GQL under archetype scenarios based on the narratives of 

these scenarios, taking also into account Table 6.3 of the IPBES methodological assessment of 

scenarios and models of biodiversity and ecosystem services (Cheung et al 2016). The numerical 

scale (-2.5 to 2.5) refers to the progress from "very negative" status = -2.5 to "very positive" 

status = 2.5 in the corresponding GQL indicator. More detailed information is found in the 

Appendix, Table A4.1.  

 

Food and nutritional security 

The 2018 annual report on the State of Food Security (http://www.fao.org/state-of-food-security-

nutrition/en/), assessed that world hunger is on the rise again with the number of undernourished 

people having increased to an estimated 821 million (2017), compared with 804 million in 2016 

and 784 million in 2015, although still below the 900 million reported in 2000. Future 

projections raise important concerns about global food security and indicate widespread disparity 

in its outcomes, estimating that between 5 million and 170 million people will be at risk of 

hunger by 2080 (Schmidhuber & Tubiello, 2007). With continuing urbanization of the global 

population (see section 4.3.3), much of this burden can be anticipated to be borne by the urban 

poor, especially in the developing south. Food security is related to cultural rights and human 

rights, and to processes of community change such as out-migration and livelihood shifts (e.g., 

changing migration patterns may leave fewer young people to hunt and fish, and elders often too 

old to engage in these activities). Access to resources (including financial resources) are also 

needed to participate in traditional activities securing access to food. Future food security 

scenarios refer to at least one of the four key dimensions of food security: availability, access, 

utilization and stability (FAO et al., 1998). All four dimensions are expected to be affected by 

climate change, although only food availability is commonly considered by simulation studies 

with a wide projected range of impacts across regions and time depending on the socio-economic 

context (Brown & Funk, 2008; Schmidhuber & Tubiello, 2007). The systematic literature review 

conducted in this chapter (Appendix A1.1) portends strong negative trends for food security in 
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future scenarios (Figure 4.4.3). The IPCC special report on Emission Scenarios depicted cereal 

production, cereal prices and food security under three conditions: no climate change, climate 

change with CO2 fertilization effects, and climate change without CO2 fertilization effects (Parry 

et al., 2004). Under the assumption of no climate change and increasing yields due to 

technological change, it was estimated that cereal prices would increase due to an increase in 

global income. With climate change, food shortages were expected to drive up food prices. The 

MA scenarios projected an increase in total and per capita food production but variation in food 

prices, calorie availability and child malnutrition were also to be expected (Carpenter et al. 

2006). More recent work agrees that the impact of climate change on food security varies across 

time, space and subpopulations. For instance, food insecurity is expected to be more severe in the 

Amazon floodplains (Oviedo et al., 2016; Vogt et al., 2016), polar regions such as the Arctic Bay 

(Pearce et al., 2015) and the Pacific Islands (McMillen et al., 2014a). Small-scale farming, 

fishing and other communities that depend directly on local environments for food production 

(McDowell & Hess, 2012) especially in developing countries, indigenous communities 

(Huntington et al. 2016), or First Nations (Golden et al., 2015) are particularly vulnerable to 

climate-related food insecurity. A synthesis across a number of international assessments 

integrated and grouped factors impacting food security (Figure 4.4.2) and identified that in these 

assessments the individual factors underpinning food security were mostly not linked to other 

relevant factors, i.e. indicating substantial gaps in our understanding of the food system, in 

particular how natural and socioeconomic system components interact.  

 

 
Figure 4.4.2: Food Security impacts pathways in different global environmental assessment 

studies. Arrows indicate links in the analyses from environmental conditions (left) to food 

security outcomes (right) (source Wood et al., 2010). 

 

Water security 



Unedited draft chapters 31 May 2019 

122 

 

Regular access to clean water is a growing concern across multiple regions of the world, 

affecting two-thirds of the population (see 4.3.2.1). Water scarcity is strongly driven by 

behaviour driving overconsumption, infrastructure, and climate change. Climate projections 

indicate that a global temperature increase of 3-4°C could cause altered run-off patterns and 

glacial melt that will force an additional 1.8 billion people to live in a water scarce environment 

by 2080 (UNDP, 2007). Other drivers such as rising populations in flood-prone lands, climate 

change, deforestation, loss of wetlands and rising sea levels are expected to increase the number 

of people vulnerable to floods to 2 billion in 2050 (World Water Assessment Programme, 2012). 

Drylands are particularly vulnerable to changes in rainfall (Carpenter et al., 2006), and with 

climate change, drought impacts are anticipated to intensify across increasing extents of the 

world’s drylands (IPCC, 2013). The world’s megacities are already facing increasingly frequent 

and acute water shortages, which can be expected to worsen in the future (Li et al 2015a). 

Similarly, in coastal regions, decreases in precipitation and fresh water supplies, along with 

projected increases in sea level, sea surface and air temperatures, and ocean acidification are 

projected to have major negative effects on water security for societies (McMillen et al., 2014b). 

The ‘fresh water planetary boundary’ is approaching rapidly (Dearing et al., 2014; Rockström et 

al., 2009), and sustainability of water use will likely be difficult to achieve in the near future 

(Gosling and Arnell 2016). According to the results of the systematic literature review, water 

security indicators show negative trends in global and continental scale scenarios (Figure 4.4.3). 

 

Energy security 

Ensuring the global population’s access to modern and sustainable energy services in 

consideration of environmental integrity remains a major challenge for policy-makers and 

practitioners worldwide. According to the systematic literature review, energy security derived 

from Nature appears to be the only indicator with no identified negative trends in global scale 

scenarios (Figure 4.4.3). However, scenarios such as decarbonisation ones, appear to also 

provide other benefits in addition such as lower energy market risks (Jewell et al., 2014). 

However, energy security faces several other challenges. Energy security has both producer and 

consumer aspects (UNDP, 2004). Access to sustainable energy, which can include bioenergy 

sources, is critical in enabling people to meet essential needs linked with good quality of life as 

energy security encompasses availability, affordability, efficiency and environmental 

acceptability. The development of energy models in the 1970s in response to the energy crisis 

has provided relevant insights into the consumption and management patterns towards a 

sustainable energy for all future. On the other hand, current uneven global consumption coupled 

with the dearth of studies and quantitative data on energy use, especially from developing 

economies, presents a challenge for developing effective forecasting models. Scenarios based on 

non-linear energy consumption consider limiting overconsumption can keep 2040 energy 

consumption at 2010 levels, while increasing energy-for-life efficiency can keep 2040 energy 

use at 2010 levels (Pasten & Santamarina, 2012)..   

Livelihood and income security 

While global scenarios lack sufficient attention to livelihood impacts, the results of the 

systematic literature review indicate regionally differentiated negative trends projected for 

livelihood and income security in the future (Fig. 4.4.3). Employment and incomes derived from 

nature are indicative for value derived in cash or direct use that impact good quality of life. 
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Nature-based income, as part of environmental income, includes that derived from resources 

such as fish, timber, and non-timber forest products such as fuel wood, game, medicinals, fruits 

and other foods, and materials for handicrafts or art. It also includes income from nature-based 

tourism, as well as payments that rural landowners might receive for environmental services such 

as carbon storage or preservation of watershed functions. Also included is income from 

aquaculture as well as from small-scale agriculture, including commodity crops, home gardens, 

and large and small livestock. Nature-based livelihoods may become precarious with intensifying 

future trends in environmental change and its drivers (Hopping et al., 2016). Climate change-

induced depletion of household assets may have especially negative impacts on the future 

welfare of populations already fighting poverty. For example, farmers in Sub-Saharian Africa 

will spend an increasingly high share of their income on securing basic needs such as food, while 

housing and related needs also intensify (Enfors & Gordon, 2008).  

 

Health  

The future of biodiversity and ecosystem services is inextricably linked to that of human health 

and wellbeing, for instance, through supporting healthy diets to mitigating the health impacts of 

climate impacts or pollution. Many health benefits are related to the conservation or use of 

specific elements of biodiversity such as species or genetic resources. Indigenous communities 

increasingly anticipate, and are impacted by, changes to traditional practices and pathways of 

food, toxicity impacts from distant (e.g., pesticides) and local (e.g. mining) sources, hunting and 

gathering of medicinal plants, and experience their consequences for local diets and resistance to 

diseases, as exemplified in Queensland Australia (Mcintyre-Tamwoy et al., 2010), by Arctic Bay 

Inuits (Ford et al., 2006), and across North American and Russian indigenous populations. As 

environmental hazards and extreme weather events increase in frequency, intensity or duration, 

they are expected to have increasingly visible consequences for health (Bai et al. 2015).  

 

Projected increases in the production of biofuel crops, in particular in case of woody bioenergy 

species (Eucalypt, poplar) which emit more isoprene than traditional crops, suggest important 

impacts on ground-level ozone concentrations, and consequently on human health and mortality 

(Ashworth et al., 2013). On the other hand, projected reductions of anthropogenic air pollutants 

point towards a widespread decline of small aerosol particles; projected future wildfires may not 

alter this general trend except for some parts of the wildfire season (Knorr et al., 2017). Projected 

environmental changes are also expected to impact the prevalence of vector borne diseases such 

as malaria. Of the four MA scenarios, health under the “Techno Garden” scenario was expected 

to ameliorate due to technological advancements (Butler & Oluoch-Kosura, 2006; Carpenter et 

al., 2006). Likewise, climate change under the five shared socio-economic pathways affects 

health outcomes (Ebi, 2014). Some health indicators can be expected to decline according to the 

systematic literature review (Figure 4.4.3), however, more comprehensive global scenarios need 

to address various dimensions of health impacts. 
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Figure 4.4.3: Trends in selected indicators of GQL in terrestrial ecosystems. Colors 

indicate the value trend of the indicator. “N” indicates the number of results reported per 

facet, with the number of papers indicated in parentheses. 

 

4.4.1.1.2 Non-Material Dimensions of Good Quality of Life 

Along with material needs, human well-being depends profoundly on non-material and 

experiential factors (Butler & Oluoch-Kosura, 2006). However, narratives around good quality 

of life in global scenarios typically ignore such non-material dimensions which include but are 

not limited to: social relations, equity, cultural identity, values, security, recreation, knowledge 

and education, spirituality and religion, and freedom of choice and action. 

Good social relations 

Social relations refer to the degree of influence, respect, co-operation, and conflict that exists 

between individuals and groups (MA, 2005). Good social relations underlie the development of 

strong institutions and collective action, providing routes for sustainable use and management of 

nature and nature’s contribution to people. The natural environment has important influences not 

only on individual wellbeing, but social relations as well (Hartig et al. 2014). Good social 

relations also include mutual respect, social cohesion, and good gender and family relations. The 

linkages between good quality of life, nature and nature’s contribution to people were explicitly 

identified in the Millennium Ecosystem Assessment, with an emphasis on cultural and spiritual 

values (MA, 2005). Even though the world is more connected than ever before, social 

differentiation remains a major constraint to social relations at multiple scales and in many cases 
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is closely associated with inequality in access to nature and natural resources. Thus, it is crucial 

to address disparities among stakeholders in and across socio-ecological systems and the role of 

social relations in negotiating such disparities, in order to more fairly and equitably address how 

nature and NCP can be leveraged to promote a good quality of life. The degradation of 

ecosystems, highly valued for their aesthetic, recreational, or spiritual benefits, can also damage 

social relations, by introducing or exarcerbating disparities among social groups and reducing the 

bonding value of shared experience, including resentment towards and resistance against groups 

that disproportionately profit from their damage. . While global scenarios of future trends in 

social relations are elusive, climate and land use changes in the future are highly likely to 

accentuate social inequity in use of and access to resources, in the absence of changes in 

governance arrangements to address current disparities. 

 

Equity 

Equity broadly concerns an even distribution of nature’s contributions to people, and access to 

natural resources and rights (see also section 4.4.3). Typically three dimensions of equity are 

considered: (1) distribution, (2) procedure, and (3) context, access and power (McDermott et al., 

2013). Equity concerns evidence of parity in processes and outcomes across gender, age, race 

and ethnicity, income and other social indicators or axes of difference. It is fundamental to 

human rights, including the rights of IPLCs (see also Box 4.4.1), and implicitly influence nature, 

its contributions to people and good quality of life (Breslow et al., 2016). Equity addresses 

fairness or justice in the way people are treated. In principle, equity concerns pertain to at least 

three domains –international, intra-country, and inter-generational. Social justice (equity) 

constitutes one of the three pillars of sustainable development, along with economic prosperity 

(development) and ecological integrity (sustainability) (Banuri et al., 2001). Equity may increase 

in scenarios where the consumption of material goods is reduced relative to that of services and 

intangibles, such as the New Welfare scenario (Sessa & Ricci, 2014). Equity is also expected to 

increase in Global Sustainable Development scenarios such as SSP1, B1 (A1T), B2, 

Sustainability First, Global Orchestration and TechnoGarden, and some Economic optimism 

scenarios such as SSP5. In Regional Competition scenarios such as SSP3/4, A2, Security First 

and Order from Strength, equity is expected to be low (see section 4.1). 

Cultural identity 

Cultural identity includes concerns related to the terms, language, activities and practices that 

embody the relationships of people and nature. The cultural identity of IPLCs is particularly 

linked to long-term material and non-material relationships to nature and place, with direct and 

sustained physical and experiential interactions (e.g., see section 4.3.2.3 above). As in dicated 

earlier, among the direct and indirect drivers of changes to such interactions, and to fundamental 

aspects of IPLCs cultural identity, are urbanization, climate change, demographic changes, 

technology, psycho-social or cultural factors, and health and development. Future threats to 

biodiversity and ecosystem services also constitute imminent challenges to the cultural identity 

of communities, particularly when faced with environmental degradation. For example, “blue-

ice,” as a term inherent to First Nation languages and as the material formation on lakes and 

rivers, links transportation to access to food and energy. It is thus central to First Nations‘ 

cultural identity and traditional activities, and their future well-being (Golden et al. 2015). Such 
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relations are at once materal and symbolic. As section 4.3.2.3 also highlights, symbolic meaning 

is intimately tied to spiritual, religious and cultural identity, and strongle shapes social cohesion, 

and future trends in these relations are central to IPLC futures. 

Personal and physical security 

Future climate change poses physical risks with implications for human safety and security. Such 

risks emanate from multiple dimensions, including those linked to increased exposure to episodic 

stress (e.g., extreme climate events) as well as chronic pressures (e.g. related to warming 

temperatures and sea level change). For instance, climate change scenarios in the Great Barrier 

Reef indicate marked declines in security that accompany declines in ecosystem services, along 

with indicators of equity, education, health and shelter (Bohensky et al., 2011). In other 

examples, projections of future population dynamics have indicated that more people may live in 

areas that are prone to both floods and wildfires in the future (Knorr et al., 2016). In northern 

regions, among other risks, for some populations, traveling on thinning ice in winter is becoming 

more dangerous, restricting movement of people and goods (Ford et al., 2006). 

Recreation and leisure 

There is considerable research from environmental psychology on the human health and 

wellbeing benefits from recreation in nature (Barton & Pretty, 2010; Marselle et al., 2014). The 

Millennium Assessment Technogarden scenario (see section 4.1) argues for the 

multifunctionality of land-use including recreational opportunities, seen as an affordable luxury 

in e.g., the Order from Strength scenario (MA, 2005, see also Appendix 4). Similarly, the SRES 

B1 (A1T) mentions the preservation of recreational spaces (Nakicenovic et al., 2000; see also 

Appendix 4). Loss of coral reefs under the RCP2.6 and RCP8.5 scenarios (section 4.2.2.2.2) 

could cost between U.S. $1.9 billion and U.S. $12 billion in lost tourism revenues per year, 

respectively (Gattuso et al. 2015). The loss of recreational areas such as camping sites is signaled 

as a regional concern by indigenous participants in case studies in Australia (Mcintyre-Tamwoy 

et al., 2010). 

Knowledge and Education 

Knowledge and education related to biodiversity and ecosystem services are essential for 

ensuring good quality of life. The taxonomic records of world fauna and flora indicate 8.7 

million known species (Mora  et al., 2011), which represent only a fraction of the species that 

may exist (WRI-IUCN_UNEP 1992), indicating a large knowledge gap on fundamental aspects 

of biodiversity. It has been estimated that 86% of existing species on Earth and 91% of species in 

the ocean still await description (Mora et al., 2011). Much of the knowledge used in scenarios of 

biodiversity and ecosystem services is derived from biology, ecology and related disciplines.  

 

Yet, a variety of conceptualizations of biodiversity are embedded in local knowledge and cultural 

memories directly relevant to regional and global resource and food production systems 

(Nazarea, 2006), but poorly represented in future scenarios. Additional perspectives could be 

derived from work on human cognition, decision making, and behavior. For example, 

ethnobiology of agricultural diversity, cultural ecology of plant genetic resources, participatory 

conservation, politics of genetic resources, and legal dimensions of biodiversity conservation are 

very poorly represented in scenario development. The role of education has been to some extent 
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explored in global scenarios. Specifically, the narratives of scenarios SSP1 and SSP5 assume that 

the human capital component of education is highest compared to SSP2, SSP3 and SSP4 (Samir 

& Lutz, 2017). Schools play an important role in educating pupils and students to be active and 

responsible towards the environment, and the challenge of biodiversity conservation (Torkar, 

2016; Ulbrich et al., 2010). 

Spirituality, religion 

A number of studies highlight the ways in which spirituality is related to good quality of life. 

Spirituality has been considered in a variety of ways, ranging from the traditional understandings 

of spirituality as an expression of religiosity in search of the sacred, to humanistic views of 

spirituality not specifically anchored in religion, or at least, ecclesiastical religion. Fisher (2011) 

noted that the spiritual health of individuals has four important domains: personal, communal, 

environmental and transcendental. Many religions emphasize a deep connection or oneness with 

nature, including Hinduism, Buddhism, Jainism, Christianity and Islam. For example, in India, 

patches of forest frequently constitute sacred groves of varying sizes, which are communally 

protected with significant spiritual connotations. The rapid retreat of the Gangotri Glacier, the 

sacred source of the Ganges, is alarming for Hindu religious practitioners (Verschuuren et al., 

2010). The landscape that surrounds sacred groves has a vital influence on biodiversity within 

them (Bhagwat et al., 2005). Similarly, sacred sites in Italy often display ecological features that 

highlight their important conservation role (Frascaroli, 2013). These sacred places are, 

symbolically, repositories of knowledge of our planet as ‘home.’ Our relationship with nature 

and GQL, where the spirit of nature and culture meet, and are additionally memorialized and 

maintained by rituals and festivities performed there. However, most of the current archetype 

scenarios of biodiversity and ecosystem services fail to incorporate the spiritual and cultural 

significance of nature.  

Freedom of choice and action 

Freedom emphasizes a person’s social, political, economic, and personal rights, and whether one 

is actually able to exercise these rights. Freedom of choice and action is a vital pre-requisite to 

GQL. In practical terms, freedom can promote or inhibit access to nature and its multiple 

benefits needed to sustain life. Human and natural constraints prevent different groups of people 

around the world from having or exercising freedom of choice and action to access nature and its 

benefits needed for good quality of life. Thus, even though nature and its contributions to good 

quality of life may be abundant in certain areas, lack of freedom may impede access. Projected 

changes to climate, biodiversity and ecosystem services can be expected to directly impact social 

access to nature and its benefits. In addition, future changes can strongly impact the institutions 

shaping freedom and choice. For instance, experience has shown that sociopolitical institutions 

and environmental regulatory regimes tend to favour certain groups over others. In the Doñana 

protected area from Southern Spain, freedom of action and choice is completely reduced in a 

future scenario of market liberalization (Palomo et al., 2011). Similar tradeoffs with GQL are 

evident in the varying degrees of environmental protections at the global scale. For instance, 

different IUCN categories in protected areas, from the most stringent preservationist approaches 

excluding human use, to the more integrated protection categories incorporating some 

(sustainable) use, have vastly different implications for GQL in different communities living in 

those regions. 
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4.4.1.2 Good quality of life across worldviews and knowledge systems 

GQL conceptualizations across worldviews and knowledge systems vary considerably due in 

part to values, beliefs and worldviews, as well as social and political contexts. What GQL entails 

is highly dependent on place, time and culture, with different societies espousing different views 

of their relationships with nature and placing varying emphasis on collective versus individual 

rights, or the material versus the spiritual domain. Understanding and appreciating plausible 

GQL scenarios require an integrative assessment of subjective and objective approaches and 

indicators for quality of life, including quantitative or qualitative social and economic measures 

(Cummins et al., 2003; Diener et al., 1999; Easterlin, 2003; Haas, 1999). Over the past half 

century, increasing research and policy attention has been directed to socio-ecological concerns 

relevant to Indigenous People and Local Communities (IPLCs) (e.g., Box 4.4.1), with 

recognition of long histories and ongoing processes of exclusion and marginalization of IPLCs in 

ecosystem and biodiversity conservation and management across socio-ecological regions. The 

IPBES framework acknowledges the varying perspectives of GQL across knowledge systems, 

cultures and societies (Díaz et al., 2015).  

 

While indigenous worldviews differ from one community to another, indigenous understandings 

of well-being are also frequently intertwined with understandings of nature; the relationship 

between people and their environment happens not only at a cognitive level. In many societies, 

“prestige and satisfaction are gained through relationships and generosity rather than in 

accumulation of personal wealth. A good life is one spent in service to one’s community, in 

living in balance with the other lifeforms of one’s homeplace. Responsibilities extend not just to 

the present, but to many generations into the future” (Turner & Clifton, 2009). Different 

understandings also exist around the notion of ‘time’. In Iñupiaq and Siberian Yupik culture, for 

instance, it is important for hunters to avoid speculating about the future, reflecting the belief that 

one should be humble about one’s abilities to predict it, and not expect any one particular 

outcome over another (Voorhees et al., 2014). Addressing quality of life under different plausible 

futures will benefit from bridging indigenous and local epistemologies with scientific knowledge 

systems (Tengö et al., 2017), such as initiatives addressing mitigation and adaptation from a 

local perspective (UNU-IAS and IGES 2015). 

 

4.4.2 Linking Good Quality of Life to Nature and Nature's Contributions to People across 

future scenarios 

4.4.2.1 Mediating factors of future GQL and NCP  

Future quality of life and its relation to nature and its contributions to People (NCP) is expected 

to be mediated by a bundle of overlapping factors across socio-ecological systems at local and 

global levels, from the individual or the household to the system (Figure 4.4 4). These mediating 

factors are fundamental to shaping the productive base of a society, including substitutable 

capital assets, i.e. natural, produced, and human capital (Duraiappah et al., 2014). They are akin 

to indirect drivers of changes to nature, NCPs and GQL, and include tenure security (e.g., use 

and access rights), equity concerns, power relations, formal and informal institutions and human 

rights, technology access, financial assets, and social capital and social resilience (Horcea-Milcu, 

2015; Shapiro & Báldi, 2014; Spangenberg et al., 2014). However, inequities, political 
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challenges and distributional issues are seldom discussed by scenarios considering implications 

for GQL. 

 

 
Figure 4.4.4: Conceptual model of mediated relationships between nature’s contributions 

to people and good quality of life (GQL).  

 

Social groups have distinct ways to derive well-being from NCPs, as a result of a range of 

interlinked mediating factors (Horcea-Milcu, 2015). For example, policies such as the European 

Common Agriculture Policy rural development program of agri-environment schemes may 

increase Nature’s Contributions to People, but because it does not holistically engage with 

mediating factors it will not equitably increase access to benefits (Horcea-Milcu, 2015). 

Although people’s values and attitudes are crucial in shaping the future, they are rarely central to 

scenario exercises. Novel methods, such as the three horizons approach (Sharpe et al., 2016) 

have been developed to fully integrate people’s worldviews into scenario planning, however 

transcendental values held by the social groups are only beginning to be considered (Kass et al., 

2011). For example, the ethnographic futures framework focuses on how changes in the natural 

environment take place through human agency and how society will act as recipient in the future 

(Kass et al., 2011). Importantly, the process of elaborating scenarios is increasingly taking into 

account participatory approaches and corresponding value negotiations around the meaning of 

good quality of life. Consequently, ethical questions emerge regarding how to build scenarios so 

that local knowledge and IPLCs are not coopted in ways that may exacerbate processes of their 

social marginalization (but see also Box 4.4.1).  
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How mediating factors may be expected to change in magnitude and direction across different 

archetype scenarios remains to be explored. Scenarios of regional sustainability seem more 

suited for mitigating the negative influence of mediating factors (Hanspach et al., 2014). 

Mismatches among mediating factors, Nature and NCPs may pose challenges. For instance, 

Duraiappa et al. (2014) identified mis-matches of individuals’ values (e.g., of ecosystem services 

within different social contexts), mis-matches in ecosystem services and ecosystem scales (at 

which levels of biodiversity, ecosystem processes and functions operate to produce the bundle of 

provisioning, regulating, and cultural services), and mis-matches of institutions (those that 

account for spatial, temporal, and functional fit in managing ecosystem services). 

 

The way NCP components will be filtered and transformed to GQL components and reach 

beneficiaries such as individual, social groups or societies will be highly influenced by mediating 

factors such as: access arrangements, assets, institutions, values and norms. One avenue to 

incorporate this variability is integrating more participatory, deliberative or transdisciplinary 

processes into scenario building endeavors towards improved considerations of GQL in its 

variety of components, whether material or non-material, of local or global concerns. Storylines 

of socio-economic development used in global scenarios include few indicators of GQL, 

typically predicated on its material aspects. Given these limitations, lessons learnt from the 

current assessment is that indicators of GQL in global scenarios generally improve in the future 

in the "Global Sustainability", "Regional Sustainability", and "Economic optimism" scenario 

archetypes. However, continued degradation of Nature and non-provisioning NCPs in the 

"Economic optimism" scenarios suggests that the decoupling of GQL from Nature and non-

provisioning NCPs that is often currently observed could potentially continue into the future. 

Indicators of GQL have the poorest future trajectories in the "Regional Competition" scenarios  

and do only slightly better in "Business-as-usual" scenarios at the global scale.  

4.4.2.2 Future scenarios of GQL and NCP  

Key characteristics of GQL indicators are assumed to substantially improve in the future with a 

reduction in global poverty in the "Global Sustainability" archetype and to a lesser extent in the 

"Regional Sustainability," but with recognizable regional differentiation (section 4.1). These 

improvements in GQL in sustainability scenarios go hand-in-hand with the most favorable 

projections of future dynamics of Nature and NCP. However, continued degradation of Nature, 

especially in developing economies of the tropics, and the consequences on NCPs in the 

"Economic optimism" scenarios suggest that the decoupling of economic growth on the one hand 

and Nature, NCPs and GQL on the other hand (see Chapters 2 & 3, and sections 4.2.2-4.2.4) 

could potentially continue into the future. 

 

Indicators of GQL (Table A4.1, Appendix) have the poorest future trajectories in the "Regional 

Competition" scenarios and do only slightly better in "Business-as-usual" and “Economic 

optimism” scenarios at the global scale with substantial geographical differentiation. One of the 

underlying components of these storylines (particularly in the regional competition archetypes) is 

fragmentation, and large geographical variation in indicators of GQL. These scenarios also lead 

to the least optimistic future projections of Nature and NCPs (sections 4.2 & 4.3). These 

scenarios suggest that many of the current trends in socio-economic development (see Chapters 2 
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& 3) are projected to lead to lose-lose-lose responses of Nature, NCPs and GQL in the future 

(section 4.5) with inhabitants of developing economies expected to be severely impacted. 

 

The literature review also finds that plausible scenarios are more likely to recognize the 

importance of Nature for fulfilling material dimensions rather than the non-material ones. 

Similarly, there is a gap in the literature on the extent to which GQL dimensions depend on 

nature’s contributions, and how they fit together. The literature clearly documents a strong 

correlation between nature’s contributions and good quality of life (Figure 4.5.2b in section 4.5). 

Notably, positive trends in NCP are correlated with corresponding positive trends on GQL (top 

right of Figure 4.5.2b). Negative trends in NCP and GQL are similarly correlated (bottom left of 

Figure 4.5.2b) and comprise the bulk of the correlations reported as scenarios’ outcomes. 

Nevertheless, analyses of such NCP-GQL relations could be further specified for scenarios 

exploring how those relations are mediated by contextual factors. For instance, future scenarios 

voiced by Amazonian communities reveal concerns with regard to livelihoods, equity aspects 

and the long-term impacts for communities and nature (Evans & Cole, 2014). 

 

A challenge to the assessment of NCP and GQL under different future scenarios is their socially 

differentiated nature. This means that different groups may experience changes in NCPs 

differently and with distinct impacts on GQL, so that a given change scenario usually implies 

winners and losers. People vary in their access to ecosystem services, exposure to disservices, 

dependence on ecosystems, and needs and aspirations for NCP. These are influenced by societal 

structures and norms as individual characteristics (Daw et al., 2011) and power relations 

(Berbés-Blázquez et al., 2017; Horcea-Milcu, 2015). Access shapes the transformation of 

ecosystem services to human well-being. For example, the perception of, dependence on and 

access to ecosystem services are strongly gendered. Men and women participate in different 

ecosystem-based livelihoods due to gendered roles and responsibilities gendered access to 

physical space, and gendered knowledge systems about ecosystems and NCPs. 

 

Thus, decision-making about environmental management with implications for different bundles 

of ecosystem services is an intently political process, with different stakeholders favouring 

different outcomes and holding different levels of power within those processes (Schoon et al., 

2015). Value systems and societal preferences for example evolve through globalisation of 

culture, or from burgeoning environmental consciousness in society (Everard et al., 2016). Thus, 

changes in NCP and GQL are affected by social, economic, institutional change as well as 

biophysical change. Also how GQL of particular groups of people will respond to changes in 

biophysical conditions will be influenced by a wide range of factors (Daw et al., 2016; see also 

section 4.4.2).  

 

Evaluating GQL under different scenarios of change can benefit from deliberative and 

participatory approaches that consider a wide range of stakeholder views, and disciplinary 

perspectives (e.g. Brand et al. 2013). Such a diversity of perspectives is necessary to take 

account of the multiple interacting factors and socially differentiated experiences, vulnerabilities 

and preferences for NCP (Barnaud et al., 2018) as well as complexity and uncertainties in how 

NCPs evolve (Lele & Srinivasan, 2013). 
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Narrowly informed assessments of change may overlook socially differentiated outcomes. For 

example, aggregate analysis of a small-scale fishery in Kenya showed a win-win opportunity to 

improve profitability and conservation outcomes by reducing fishing effort and the use of small 

meshed beach seine nets. However, an inclusive participatory modelling approach showed that 

the livelihoods of certain groups, such as women traders would be negatively impacted by such a 

change due to the gendered nature of the value chain (Daw et al., 2015). Likewise, in southern 

India, a disaggregated economic analysis shows how different stakeholder groups would 

experience different benefits and costs from the implementation of a forest conservation area 

(Lele & Srinivasan, 2013). For example, non-indigenous groups would suffer from curtailment 

of firewood and grazing benefits while indigenous groups would also lose out on these services 

but benefit to a greater extent from increased opportunities and sale of non-timber forest 

products. Importantly, from the perspective of developing scenarios, these wins and losses are 

shown to be highly contingent on complex institutional, technical and ecological dynamics in 

terms of access arrangements, irrigation methods and invasive species, respectively (Lele & 

Srinivasan, 2013). 

 

Trade-offs between the good qualities of life of particular societal groups might easily be 

overlooked due to the complexity of ecological and social relationships, because the ‘losers’ of 

such tradeoffs are marginalised or lack a voice in assessment processes and because of the 

psychological and political biases towards ‘win-win’ narratives that overlook uncomfortable or 

inconvenient trade offs (Daw et al., 2015). A limitation with participatory approaches is the 

difficulty of imagining future scenarios of changes in the ‘demand side’ of NCP. So, a group 

may discuss how changes in a resource might be affected by climate change, but it is often 

framed in terms of current social conditions. Social, economic and political changes can have 

major impacts on NCP and subsequent effects on GQL. 

 

Box 4.4.1: Climate Futures and Rural Livelihood Adaptation in Nusa Tenggara 

Barat, Indonesia 

 

What different futures are plausible for Indigenous People and Local Communities 

(IPLCs)? 

 

Nusa Tenggara Barat (NTB) Province in the island archipelago of Eastern Indonesia is one 

of the country’s poorest regions, and highly vulnerable to climate change due to 

dependence on rural, ecosystem-based livelihoods (Kirono et al., 2016). It is therefore 

representative of other island regions in the tropical Asia-Pacific, which share the 

challenges associated with rapid change and entrenched poverty intertwined with complex 

traditional culture (Butler et al. 2014, Butler et al. 2016a).  

 

To assist communities to navigate future changes, from 2010-14, the Australian 

Government funded a series of scenario planning workshops with multiple stakeholders to 

investigate alternative development pathways and potential impacts on ecosystem services 

(Butler et al., 2015). The project’s Theory of Change assumed three evolutionary stages of 
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adaptive co-management that would be triggered: 1) capacity building, 2) policy and 

program development and 3) implementation, adoption and scaling out. A participatory 

evaluation was carried out to test these assumptions and measure outcomes (Butler et al. 

2016b). 

 

A key principle of the scenario planning process is that multiple stakeholders must be 

engaged through collaborative learning and knowledge co-production (Butler et al. 2016b). 

Scientific and local knowledge was integrated in an interactive and iterative process 

throughout the workshops with the goal of co-producing knowledge via a ‘learning spiral’ 

(Figure 4.4.5.). Stage 1 scenario workshops were carried out with provincial level 

stakeholders, and then repeated in Stage 2 for five sub-districts and their community level 

stakeholders; Stage 3 then integrated the outputs of Stages 1 and 2 (Figure 4.4.5). Stages 1 

and 2 were structured around four questions: 1) What are the drivers of change for 

livelihoods? 2) What is the desired future for livelihoods? 3) What are the possible futures 

for livelihoods? and 4) What are the priority ‘no regrets’ adaptation strategies required to 

achieve the desired future in spite of future uncertainty?  

 

 
 

Figure 4.4.5. Stage 1 and 2 scenario planning workshop steps and primary outputs 

(bullets) based on Brown’s (2008) learning spiral. Also shown are the links to the 

subsequent Stage 3 sub-district integration workshops. From Butler et al. 2016c 
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Figure 4.4.6. The ‘roadmap’ used in the Stage 1 and 2 scenario planning workshops to 

explain the sequential learning steps. The step numbers and questions correspond to the 

learning spiral in Figure 4.4.5. From Butler et al. 2016c. 

 

Participants in Stage 1 identified two key drivers from a list of 50 current drivers of 

change: development of human resources and climate change. They described a desired 

future vision for NTB rural livelihoods in 2090 based on adequate income, health, food 

security, social cohesion and freedom of choice for a good life. A matrix of four possible 

future scenarios was created from better or worse extremes of human resources 

development and climate change. Participants created narratives and illustrations for each 

scenario (Figure 4.4.7).  

 

An ecosystem goods and services typology and model was used to project future ecosystem 

goods and services and impacts on human well-being in 2030 for the Business as Usual 

scenario (Figure 4.4.6). The most affected ecosystem types were rice and bandeng (fish) 

ponds, diverse cropping and coastal activity, diverse agriculture and forest use, and rice and 

tobacco (Skewes et al. 2016). However, communities dependent on these ecosystem types 

for their livelihoods have varying levels of adaptive capacity. Hence, an adaptive capacity 

index was developed to rank vulnerability of NTB livelihoods, which identified the diverse 

cropping and coastal activity livelihood as most vulnerable. This assessment helped the 

participants to select sub-districts for community case studies in the next phase. Based on 

ecosystem goods and services and human well-being impacts and adaptive capacity for 

each typology, participants designed adaptation strategies for livelihoods to steer them 

away from ‘Business as Usual’ towards the NTB vision and the ‘Best Case’ Well-being 

Village scenario. 
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The same process was undertaken for each case study sub-district in the Stage 2 

workshops, with more focus on local issues, knowledge and ecosystem goods and services. 

Through the process, surveys identified distinct ‘knowledge cultures’ amongst stakeholder 

types in this region (e.g. government, communities and NGOs), with differing perceptions 

of future time horizons, climate change and development priorities (Butler et al., 2015; 

Bohensky et al. 2016). This finding justified the project design, which intentionally carried 

out the process at multiple scales in Stages 1 and 2, and then finally integrated the results 

by bringing stakeholders representing different scales together in Stage 3 (Figure 4.4.5). As 

a consequence, learning and innovation was one of the primary outcomes of the process 

(Butler et al. 2016b). 

 
 

Figure 4.4.7. Driver themes, sub-themes and exploratory scenarios for 2090 from the 

Stage 1 provincial workshop From Butler et al. 2016c. 

 

How Indigenous and Local Knowledge (ILK) can be integrated with scientific knowledge in 

scenario-based projects towards Sustainable Development Goals (SDGs) 

 

Participatory scenario planning has become a popular tool for navigating changes faced by 

many Indigenous Peoples and Local Communities. Integrating knowledge and multiple 

perspectives on change drivers, how the future might look and how stakeholders might 

respond, can potentially catalyse single-, double- and triple-loop learning that enable 

adaptation (Butler et al. 2016b, Totin et al. 2018). 

 

The power of scenario planning to effect real change may be limited, however. While such 

scenarios present local visions for alternative futures in ways that conventional models, 

projections and forecasts cannot (Wollenberg et al. 2000, Peterson et al., 2003), their 

widespread adoption has not been matched by adequate resources. A review of place-based 
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participatory scenarios found that very few projects complete a rigorous evaluation of 

outcomes (Oteros-Rozas et al., 2015). Even in well-funded, multi-year projects such as the 

project in NTB, scenarios have only catalysed partial learning and change (Butler et al. 

2016a). In particular, the adoption of incremental rather than transformative adaptation 

strategies suggest that root causes of community vulnerability were not fully 

acknowledged, although numerous systemic drivers were identified. Scenario planning 

should be considered as only one tool in a process of capacity-building. This is particularly 

important in developing country contexts where capacity of stakeholders is low 

(Chaudhury et al. 2013, Vervoort et al. 2014). One-off scenario planning can generate 

enhanced learning and social networks but is unlikely to create transformational change 

needed to address systemic issues such as politics and institutions (Totin et al. 2018). 

Ideally, the principles of futures analysis and learning should also be integrated within 

existing decision-making or development planning processes (Butler et al. 2016b). If 

sustained, such grassroots platforms may catalyse and implement transformation, and 

ultimately enable vulnerable communities to leap-frog the SDGs (Butler et al. 2016c). 

 

Perspectives on GQL are also disputed and dynamic amongst modern and urban populations in 

wealthy countries. Increasing interest in wellbeing by Western governments (e.g., the OECD 

better life index http://www.oecdbetterlifeindex.org/) is critical for future scenarios because 

development trajectories, informed by the pursuit of economic growth are a major driver of 

ecosystem change. The possibility of a broader conceptualisation of wellbeing informing 

economic and development policy could have a major impact on the drivers behind 

environmental change. 

 

Different conceptualisations or subjective experiences of GQL extend into relationships with 

ecosystems. While dominant economic framings in modern societies have emphasised 

instrumental values of nature, spiritual and aesthetic-cultural values, whether of indigenous or 

modern societies, are hard to capture by instrumental thinking that underlies economic 

ecosystem service approaches. Instead, they are grounded in conceptions of nature that differ 

from the ecosystem services conceptual framework (Cooper et al., 2016). 

4.5 Trade-offs, co-benefits and feedbacks between Nature, Nature's 

Contributions to People and Good Quality of Life 

4.5.1 Analysis of interactions from the Systematic Literature Review.  

Very few models and scenarios have been developed that simulate the complex interactions 

between Nature, Nature’s Contributions to People and Good Quality of Life at continental or 

global scales, although such interactions are qualitatively well described and documented in the 

literature. As a result, scenario outcomes developed so far do not cover the full range of plausible 

futures. In the systematic literature review conducted for this chapter (Appendix A1.1), only 14 

papers (out of a total of 572 papers), reporting a total of 41 different scenarios outcomes, 

addressed interactions between nature and NCP and GQL (Figure 4.5.1). Advancing scientific 

knowledge about such interactions is crucial because of their relevance for identifying feedback 

http://www.oecdbetterlifeindex.org/
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effects, understanding trade-offs or win-win solutions and the risk of breaching thresholds and 

so–called “tipping points”. 

 
 

Figure 4.5.1: Number of results in the systematic literature review (for details, see Appendix 

A1.1) which report projections of at least one indicator of Nature, Nature's Contributions to 

People (NCP), or Good Quality of Life (GQL). Overlaps of the circles indicate that a result 

contained trends for more than one group of indicators. 

 

Analyses of the systematic literature review (Figure 4.5.2) suggest further that while 

relationships between Nature, NCP and GQL are both positive and negative, the reported results 

indicate that the majority of indicators’ trends are correlated either positive-positive or negative-

negative. For instance, if a trend in a Nature indicator is positive, there is more chance that a 

trend in an associated NCP is also positive (Figure 4.5.2a), and conversely for negative/negative 

relationships. 62% of the simulated interactions between nature and NCP indicators’ trends are 

correlated that way (excluding cases where both indicators of Nature and NCP have null trends). 

Likewise, the majority of relationships between NCP and GQL are positive-positive or negative-

negative (80%; Figure 4.5.2b). The high proportion of such correlations suggests the existence of 

opportunities and potential co-benefits of measures aimed at preserving a specific nature’s 

component, or a specific ecosystem service (section 4.5.3). However, the literature analysis does 

not allow to decipher whether there are causal relationships behind the positive correlations, and 

whether there are differences across regions or changes in trend over time (near vs. longer-term 

future). In addition, the level of correlation is neither quantified, nor linked to any potential 

feedback effects that can dampen or amplify the drivers impacts on Nature, NCP and GQL 

(section 4.5.1). There are a few numbers of negative correlations between Nature, NCP and GQL 

indicator trends, which, although found in a lower proportion, can represent difficult tradeoffs 

between different policy targets, e.g. between conservation and food provisioning targets (section 

4.5.2). 
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(a) (b) 

  
Figure 4.5.2: Heatmap showing the relationship between negative, neutral and positive 

trends reported for indicators of nature and nature's contributions to people (NCP, left 

panel, a), and NCP and Good Quality of Life (GQL, right panel, b) in output of the models and 

global scale scenarios from the systematic literature review (Appendix A.1). n: number of results 

reported (i.e. multiple results per paper possible) 

4.5.2 Feedbacks  

Feedbacks are processes that either reinforce or degrade the resilience of a stable state (Briske et 

al., 2006), with both damping (also known as negative or balancing) and amplifying (also known 

as positive or reinforcing) feedbacks acting together or separately in a complex system to hold it 

in a particular state. A compilation of studies illustrative for feedbacks can be found in the 

Appendix (Table A5.2). 

 

Feedbacks are well documented in the climate system (Ciais et al., 2013). For example, increases 

in atmospheric concentration of CO2, warmer temperatures and/or altered precipitation impact 

uptake and release of CO2 in vegetation and soils, which in turn amplifies or dampens the 

original forcing via feedbacks on atmospheric CO2. Along coastlines, global sea level rise, 

temperature extremes and storm surges are projected to damage marine vegetated habitats and 

decrease wetlands area (Crosby et al. 2016; Hoegh-Guldberg et al. 2018), with potential negative 

feedbacks on climate change as these areas play key role in carbon burial and sequestration 

(Duarte et al. 2013; section 4.2.2.2.2). In terrestrial systems, shifts in vegetation cover associated 

with climate change and atmospheric CO2 (such as changes in woody type and cover, reduction 

of permafrost and peatlands, or shifts in fire regimes) play additional important roles in these 

dynamics (see section 4.2.4.1; Achard et al., 2014; Arneth et al., 2010; Davidson et al., 2012; 

Lenton et al., 2008; Lenton & Williams, 2013; Pearson et al., 2017; Stocker et al., 2013). In 

addition, reduced evapotranspiration due to climate change (or deforestation) feeds back on 

surface humidity, formation of regional cloud or rainfall which could also enhance forest 

vulnerability to fire and drought (Avissar & Werth, 2005, Ray et al. 2006, Lenton & Williams, 
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2013, Devaraju et al., 2015; Quesada et al., 2017). However, there remain large uncertainties in 

the magnitude and direction of feedbacks (Friedlingstein et al., 2014; Raes et al., 2010; Roy et 

al., 2011; Stocker et al., 2013; Arneth et al., 2010).  

Feedbacks also exist in coupled socio-ecological systems (and hence between Nature, NCP and 

GQL) (Hersperger et al., 2011; Robinson et al., 2017; Hull et al., 2015). For instance, 

infrastructure used for extraction and use of natural resources generates wealth, which amplifies 

technological development and further extraction of resources. As the demand of a natural 

resource intensifies, its economic value increases. To seek monetary profits, exploitation 

increases as well and as long as the demand is high, economic value and exploitation continue to 

increase (Cinner et al., 2011; Leadley et al., 2010; Leadley et al., 2014; Walker et al., 2009). A 

social driver like market demand increases the value of natural resources with increasing scarcity 

of the resource. This negative feedback starts to be accounted for in fishing scenarios, with for 

example, high short-term economic incentives to exceed sustainable exploitation targets of 

marine resources, potentially leading to increases in fishing capacity and rapid depletion of fish 

stocks (Merino et al., 2012). This often happens with large predatory fishes that are of high 

monetary value (Tsikliras and Polymeros 2014). Overfishing leads to their depletion, new global 

markets develop for alternative species in turn (Quaas et al., 2016), often their own prey, which 

leads to further depletion of marine resources (Steneck et al., 2011). In addition, economic 

market feedbacks in response to a conservation intervention can hinder conservation efforts (Lim 

et al., 2017). In this case the price increase of e.g., timber following future logging bans or other 

protective measures such as protected areas might be counterbalanced by illegal trade and 

enhanced logging elsewhere (“leakage”) and these unintended feedbacks on timber supply via 

market responses could be amplified even further if interventions shift the competitive ratio of 

efficient to non-efficient producers. Leakage effect from protected areas could also take place, 

when protected areas reduce threats within their boundaries by displacing a part of these threats 

into adjacent areas (Renwick et al., 2015). 

 

One of the key interactions between climate change and socio-economic changes is human 

population distribution and mobility. Climate change-induced migration, also referred to as 

“environmental migration” (Black et al., 2011), can exert additional pressure on the environment 

in regions of migratory influx of people, which in turn exacerbates degradation of resources. 

Likely, migrants would choose urban or developed areas as their destinations (Tacoli, 2009). 

Enhanced pressure on resources around cities (see 4.3.3) following the influx of large number of 

people might lead to further environmental degradation, and pressure of people to move 

elsewhere. There are inherent difficulties in explicitly monitoring and predicting the effects of 

environmental migration caused by migration due to lack of comprehensive data (Kniveton et al., 

2008). However, evidence from the past (including non-environmental migration) can already 

illustrate the potential impacts (Reuveny, 2007) 

 

Changes in value systems and lifestyle, sense of nature and loss of indigenous or local 

knowledge can be side effects of globalization and commercialization that ultimately impacts the 

GQL which in turn leads to more exploitation of natural resources (Hubacek et al., 2009; 

Mbaiwa, 2011; Reyes-García et al., 2013; Uniyal et al., 2003; Van der Hoeven et al., 2013). 
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Robust identification and quantification of feedbacks is a challenge for future scenario 

projections, in part because of teleconnections and telecoupling that need to be considered (Liu 

et al., 2013b). Both are interactions over distances; teleconnections refer often to interactions in 

the natural environment such as through atmospheric transport or ocean currents, while 

telecoupling explicitly acknowledges that in today’s world interactions occur in coupled human-

environment systems (Liu et al., 2013b; Robinson et al., 2017). Global scale scenarios and 

models that would allow to assess the complex interactions between Nature, NCP and GQL, and 

to identify the role of amplifying or damping feedbacks not only locally but also between regions 

do not yet exist. 

4.5.3 Trade-offs 

The use of a given ecosystem service by human societies affects in most cases the availability of 

other ecosystem services. In many cases trade-offs arise, especially between material NCP vs. 

regulating NCP and biodiversity (see section 4.3.2, 4.3.3; Bennett et al., 2009; Carpenter et al. 

2017; Clark et al., 2017; Di Minin et al., 2017; Krause et al., 2017; Lafortezza & Chen, 2016; 

Vogdrup-Schmidt et al., 2017; Seppelt et al., 2013; Bonsch et al., 2016; Powell & Lenton, 2013; 

Tscharntke et al., 2012). Similar results have been found across all the IPBES regional 

assessments (IPBES 2018a, b, c, d: summaries for policymakers) and UNEP’s Global 

Environmental Outlooks (e.g. UNEP, 2012). In most future scenarios, the demand for material 

NCP increases because of population growth and consumption pattern changes (Popp et al., 

2017), which can be considered principal drivers for the declines in regulating NCP and 

biodiversity. In absence of targeted policy, future global demand for food, energy, climate and 

biodiversity may be very difficult to achieve simultaneously (e.g., Henry et al., 2018; 

Obersteiner et al., 2016; Jakob et al., 2016). Trade-offs (but also co-benefits) in ecosystem 

service supply can be considered important components of feedback loops (see 4.5.2), since in 

the long term a substantial decrease in regulating services will also negatively affect provision 

of material services that depend on the regulating ones (Cavender-Bares et al., 2015). For 

instance, the destruction of pollinator habitat as part of agricultural expansion or intensification, 

can lead to declines in food production (IPBES 2016b), resulting in the need for further 

agricultural expansion (and associated further loss of pollinator habitat). The implications of 

future trade-offs will be influenced by regionally specific biophysical settings in combination 

with cultural preferences and thus should be considered in decision-making (Cavender-Bares et 

al., 2015) (see chapter 6). However, since scenarios and models for many NCP are non-existent 

or incipient, many trade-offs and synergies remain unknown (Mach et al., 2015). In particular 

cultural services are usually not considered in scenarios development or in models (see section 

4.3), therefore future trade-offs with material and non-material aspects are poorly understood. 

 

Food, bioenergy and water 

Increasing consumption of food, and associated terrestrial and marine food production sectors, 

are seen as a main driver of biodiversity loss. Overexploitation of wild marine resources is 

expected to increase in the future under current management schemes (Costello et al., 2016; 

section 4.2.2.3.1) but could be alleviated by the growth of the aquaculture sector (Merino et al., 
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2012; Quaas et al., 2016). However, aquaculture development is challenged by a number of 

tradeoffs related to fishmeal provisioning (Blanchard et al., 2017b) from wild marine resources 

(and potential further decline of marine populations, especially those serving as prey for already 

overexploited marine predators) or from cereal and soya production affecting land-based food 

production. Terrestrial ecosystems are impacted through cropland expansion as well as 

intensification on existing agricultural land and associated inputs of water and fertilizer (Foley et 

al., 2011; Tilman et al., 2011; Tilman & Clark, 2015b). The pressure on agricultural systems will 

be increasing not only due to the continued population growth but also due to projected changes 

in dietary preferences towards meat-based protein intake in many countries. Under continuation 

of current trends, global food, water or timber demands are estimated to increase by 30% 

(timber), 65% (food and feed) and 75% (water) by 2050 (van Vuuren et al., 2015). 

 

Land-based climate change mitigation requires additional land area (e.g. for bioenergy or 

reforestation), which is projected to be lowest in sustainability scenarios that assume changes in 

consumption patterns (e.g., 250-530 Mha, SSP1/RCP2.6), and highest in scenarios that describe 

a world with large regional competition (e.g., 250-1500 Mha, SSP4/RCP2.6) (Popp et al., 2017). 

In view of food and water demands of a growing human population, the question remains 

whether (and where) the required land area would be available for large bioenergy plantations or 

afforestation/reforestation efforts. Likewise, large direct or indirect side-effects have been shown 

to arise for the global terrestrial ecosystem carbon balance, and hence climate regulation, other 

ecosystem functionality and biodiversity (Krause et al., 2017; Melillo et al., 2009; Plevin et al., 

2010; Bird et al., 2013; Kraxner et al., 2013; Santangeli et al., 2016; Jantz et al., 2015). It is well 

documented that the use of ecosystem services regionally will impact ecosystem functioning and 

services in other regions (Seppelt et al., 2013; Jantz et al., 2015; Krause et al., 2017; and see 

section 4.3.3). For tradeable goods, and in absence of changing demand, land use change in a 

given region (for instance, converting land to bioenergy rather than food production) will result 

in compensatory land use changes elsewhere (for instance, conversion of natural habitat to food 

production) (Melillo et al. 2009; Plevin et al. 2010; Bird et al., 2013; Kraxner et al., 2013). 

 

Future land-use change scenarios with Integrated Assessment Models (Popp et al., 2017) assume 

that land for bioenergy growth or afforestation and reforestation can be freed up through 

continued strong increases of crop yields (Humpenoder et al. 2015; Bonsch et al. 2016; Bijl et 

al., 2017; see also table 4.1.6, section 4.1), but the environmental and societal issues associated 

with the intensification of agricultural production are insufficiently considered in these scenarios. 

For an end-of-century 300 EJ bioenergy target to be produced from plants, Bonsch et al. (2016) 

found a doubling of global agricultural water withdrawal and a bioenergy production area of 490 

Mha, or a land requirement of 690 Mha if no irrigation of bioenergy plants is considered. The 

latter increased to approximately 1000 Mha land for bioenergy if technology effects on increased 

yields would be only half of those in bioenergy than in food crops (Bonsch et al., 2016). Krause 

et al (2017) found both increases and decreases in different ecosystem functioning in response to 

scenarios under a RCP2.6 umbrella that included large scale land-related climate change 

mitigation efforts, with large variability across regions and land-use scenarios. Large nitrogen 

losses were simulated in response to fertiliser needs to support yield increases, indicative of air 
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and water pollution. Competition for land in climate change mitigation scenarios based heavily 

on bioenergy production has also been shown to increase food prices (Kreidenweis et al., 2016). 

Detrimental societal impacts will arise if these price increases cannot be met by economic 

growth. It has now been consistently demonstrated that regional surface temperature can be 

strongly affected by land cover change, arising from altered energy and momentum transfer 

between ecosystems and atmosphere, with either an increase or decrease in temperature 

depending on the geographic context (Alkama & Cescatti, 2016; Li et al., 2015b; Perugini et al., 

2017; Quesada et al., 2017). Thus, changes in surface climate arising from large-scale land cover 

change in mitigation efforts can regionally amplify or reduce climate change. Large scale land-

based climate change mitigation efforts need to take account of unintended consequences on 

ecosystems that could undermine climate regulation or provisioning of a range of important 

ecosystem services.  

 

An important element of the SSP1/RCP2.6 scenarios which limit global warming to about 2°C is 

that much of agriculture and bioenergy production relocates from high-income temperate regions 

to low-income tropical ones (van Vuuren et al., 2011) where most of freshwater diversity is 

concentrated (Tisseuil et al., 2013b). Deforestation, extraction of high amounts of water 

withdrawal for irrigation, and use of pesticides and fertilizers to increase productivity in 

expanding bioenergy croplands are known to adversely affect natural aquatic systems and their 

biodiversity, notably fishes through local extinctions and alteration of their community structure 

(sections 4.2.3.2; 4.2.3.3). Inland fisheries are particularly important in tropical developing 

countries and currently provide the major dietary protein source for well over half a billion 

people (FAO, 2016; Lynch et al., 2016). An increase in bioenergy production in these low-

income food-deficit countries is thus expected to strongly impact fisheries and compromise 

further their food security. 

4.5.4 Co-benefits 

In order to sustain and enhance the future supply of NCP, in particular between regulating and 

non-material contributions (Ament et al., 2017; Hanspach et al., 2017; Vogdrup-Schmidt et al., 

2017; Potts et al., 2016), changes in consumption patterns, globally, alongside changes in supply 

has emerged as crucial in scenarios of ecosystem change, NCP and GQL. In this context, 

reduction of food waste and shifts in diets are most illustrative.  

 

Enhancing efficiencies in the food system, including the reduction of food losses and waste that 

occurs at several stages in the food production system, has large potential to enhance food 

security in a world where still every third person is malnourished, and 815 million people are 

hungry (FAO et al., 2018). It may also free up land for other uses such as for biodiversity 

conservation, and entail additional co-benefits such as reduced greenhouse gas emissions from 

the land sector, and reduced irrigation water needs which will also release pressure on freshwater 

pollution and biodiversity (Alexander et al., 2017; Kummu et al., 2012; Smith et al., 2013; 

Pfister et al., 2011; Godfray et al., 2010). Nearly one quarter of total freshwater used today in 

food crop production could be spared if wastes and losses in the food system were minimized 
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(Kummu et al. 2012). Nearly 10% of the agricultural land area could be spared globally through 

halving consumer waste arising from over-consumption in some sectors of society (Alexander et 

al., 2017). For the period 1961-2011, waste and losses in the food system were estimated to sum 

to approximately 68 GtCO2 equivalents (Porter et al., 2016).  

 

A number of studies address the potential of reducing future expansion of croplands and/or 

reducing environmental impacts from agriculture and pastures (especially climate regulation 

related to reduced greenhouse gas emissions) through changes in diets. Studies that explore 

dietary scenarios of either reduced consumption of animal protein (combined with a globally 

more equitable distribution of animal protein) or no consumption of animal protein estimate that 

between about 10% and 30% of today’s area under agriculture could be freed for other purposes 

(Wirsenius et al., 2010b; Roos et al., 2017; Bijl et al., 2017; Ridoutt et al., 2017, and references 

therein; Tilman & Clark, 2014; Alexander et al., 2016a). A further positive side-effect of these 

dietary shifts are health benefits in overweight population categories (Tilman & Clark, 2014) 

(Roos et al., 2017). The evidence base on impacts of diets on biodiversity, arising from reduced 

agricultural expansion is limited and context specific; however, a consumption-change scenario 

that included, among other changes in lifestyle, a shift towards a more vegetarian diet found 

positive effect on biodiversity of terrestrial mammals, in particular those with large ranges 

(Visconti et al., 2015).  

 

Additional cost-efficient measures to address environmental challenges have been demonstrated 

in studies that investigated optimizing crop distribution or the combination of several climate 

change mitigation options, while respecting food and fiber demand and conservation needs 

(Davis et al., 2017; Griscom et al., 2017). Through the globally optimal distribution of major 

crops, agricultural water use could be reduced by 12-14%, in a process-based crop-water-model 

combined with spatial information on yields, with large co-benefits for calorie and nutrient 

supply (Davis et al., 2017). In particular, a move from some of the main cereal and sugar crops to 

e.g. roots, tubers and nuts underpinned these positive impacts. While cultural barriers, such as 

dietary preferences, will prevent to reach these potential gains of reduced water loss and 

enhanced food security, the analysis nonetheless puts forward a cost-efficient strategy towards 

sustainable intensification that could maintain small-holder farm systems and avoid large 

investments in technology-driven agriculture. From the perspective of contributing towards the 

achievement of the 2oC warming goal, economically-constrained greenhouse-gas reduction 

measures in the agriculture and livestock sector were estimated to contribute 1.5-4.3 Gt CO2-eq. 

a-1 emission reductions (Bustamante et al. 2014; Smith et al. 2013), which can be substantially 

enhanced further if consumer demand measures were also included. Recently, a combination of 

20 different management measures in forests, agricultural land and wetlands achieved a 

maximum reduction of ca. 11 Pg Ceq a
-1 when constrained by food security, conservation 

considerations and cost-efficiency (Griscom et al., 2017). In addition, the future of land use and 

its impacts on biodiversity and ecosystem services depends on opportunities for building climate-

resilience across sectors, including fisheries and aquaculture production systems (Blanchard et 

al., 2017b). As fish production has been the fastest growing food industry for the last 40 years, 

outpacing growth in all other livestock sectors (Bene et al. 2015), adaptive sustainable fisheries 
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management (Gaines et al. 2018, Costello et al., 2016) combined with the development of 

sustainable low input and low impact aquaculture could generate co-benefits for food security, 

conservation of biodiversity, and climate regulation. 

4.5.5 Regime Shifts, Tipping Points and Planetary Boundaries 

There is a growing body of evidence that socio-ecological systems can be pushed past certain 

limits, beyond which they are profoundly altered in their structure and functioning. These are 

variously referred to as "regimes shifts", "tipping points" and “moving beyond planetary 

boundaries” and can be caused by a number of mechanisms (see Table A5.3 in Appendix). In 

some cases, these shifts occur rapidly and are difficult to reverse (Hughes et al., 2013). The term 

"regime shifts" encompasses most of the concepts found in the definitions of tipping points and 

planetary boundaries, and so it will be used throughout this section except in cases where the 

distinction between concepts is important (Hughes et al., 2013; Leadley et al., 2014). 

 

In some cases, regime shifts arise from relatively well understood physical and biological 

processes or feedbacks (Table A5.2) and have been included in models. In many cases, however, 

regime shifts arise from the complex interplay and feedbacks between people and nature (Table 

A5.3), and in general have not been well accounted for in scenarios and models. In addition to 

the underlying mechanisms, the spatial and temporal scales of regime shifts are extremely 

important when assessing the importance of their impacts and the evidence base for their past, 

current and possible future occurrence (Hughes et al., 2013; Steffen et al. 2018, IPCC 2018).  

Regime shifts that occur over the span of several years to several decades are well documented at 

local to small regional scales and occur frequently in response to increasing human pressure. In 

some cases, these can be reasonably well foreseen with scenarios and models. These regime 

shifts have large impacts on nature, nature's contributions to people and good quality of life at 

local scales, but may also have important impacts at much larger scales when they occur in many 

places at the same time (Leadley et al., 2014). The collapse of local and regional fisheries is a 

salient example in marine ecosystems. The accumulation of these collapses at local to regional 

scales has reached a point where a substantial fraction of the world’s fisheries is either collapsed 

or near the limits at which they could collapse (section 4.2.2.3.1). Land degradation is a good 

example in terrestrial socio-ecological systems. Land degradation is often the result of complex 

human-nature interactions and therefore the causes of land degradation are not the same 

everywhere in the world (Table A5.3). Land degradation is, however, sufficiently widespread 

that it is “negatively impacting the well-being of at least 3.2 billion people” (IPBES 2018e). The 

increasing widespread phenomena of eutrophication of ponds and lakes by excess nutrient input 

is an excellent example in freshwater ecosystems (section 4.2.3.3). The common characteristics 

of these examples are that i) there is a rapidly increasing number of areas affected by these 

regime shifts, to the point that they now have global scale implications for nature and people, ii) 

scenarios and models of business-as-usual trajectories indicate that the pressures driving these 

regime shifts will increase over the coming decades in many regions and iii) scenarios and 

models suggest there are plausible alternative pathways that avoid aggravation of these regime 
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shifts and, in many cases, lead to partial restoration of these systems (e.g., see land restoration 

scenarios in IPBES 2018e, Leadley et al., 2010).  

There are several regime shifts at large regional scales underway that have been initiated by 

human disturbance and are projected to have direct impacts on biomes over the next several 

decades (Leadley et al., 2010; Steffen et al. 2018). There is strong evidence that large-scale 

regime shifts have begun for tropical coral reefs (section 4.2.2.2.2, Box 4.2.3), large scale 

changes in marine communities and ecosystem function due to the loss of summer sea ice in the 

Arctic Ocean (sections 4.2.2.2.1 and 4.2.2.2.4); and degradation of permafrost and increasing 

woody vegetation in arctic tundra systems (Settele et al., 2014; section 4.2.4.1.1). Models foresee 

rapid aggravation of these regime shifts over the coming century (Leadley et al., 2010; IPCC 

2018, sections cited above). Further rapid, global-scale degradation of tropical coral reefs — 

which are driven by the combined impacts of climate change, ocean acidification, sea level rise, 

pollution and overexploitation — is of particular and immediate concern because of the severe 

impacts on biodiversity and because large human populations depend on coral reef ecosystems 

for food, income and shoreline protection (IPCC 2018; see Box 4.2.3, section 4.3.2.1). Several 

other postulated regime shifts at large regional scales are more uncertain. For example, the large-

scale collapse of the Amazonian rainforest has been postulated due to the combined effects of 

deforestation and climate change and regional scale feedbacks, but observational and 

experimental evidence, as well as modeling studies are equivocal about the likelihood of a large-

scale regime shift (Settele et al., 2014)(section 4.2.4). There are also early signals of tree dieback 

in boreal forests due to climate change, and some models project large-scale boreal forest 

degradation over the coming century, but the spatial scale and magnitude of this regime shift 

remains speculative (Settele et al., 2014). A key feature of these regime shifts is that they are 

driven in large part by climate change and/or rising atmospheric CO2 concentrations and 

therefore require strong international actions to reduce greenhouse gas emissions (IPCC, 2018). 

However, adaptation to and attenuation of climate change impacts also require additional local 

and national scale efforts to reduce other pressures under biophysical and economic limits (e.g., 

Smith et al., 2016a). 

 

The likelihood of the occurrence of regime shifts, tipping points, or boundaries being exceeded 

for biodiversity and ecosystem services at global scales are speculative. The planetary 

boundaries literature posits that there are a few indicators that can be used to identify boundaries 

beyond which the planet will leave the relatively stable “safe operating space” that it has 

operated in over the last 10 millennia (Hughes et al., 2013). There is growing evidence that some 

indicators, especially for climate change, are useful for identifying potential global scale regime 

shifts (Steffen et al. 2018), but there is little evidence yet for a global scale indicator for 

biodiversity loss or degradation of ecosystem integrity (Mace et al. 2014). It has also been 

postulated that the Earth is approaching a global scale regime shift that would lead to a massive 

loss of biodiversity and incalculable impacts on people (Barnosky et al., 2012; Brook et al., 

2013; Steffen et al. 2018). The mechanisms for these Earth scale tipping points are not well 

defined and not included in any models (Hughes et al., 2013), but the combined effects of several 

large-scale regime shifts including the irreversible melting of the Greenland ice sheet, the loss of 

the West Antarctic ice sheet and several other regime shifts could plausibly combine to create a 
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shift to a very hot global climate regime once moderate levels of global warming have been 

exceeded (Steffen et al. 2018). There are also plausible mechanisms leading to telecoupling 

between regions such as atmospheric transport, movements of organisms, or human migrations 

that can greatly increase the spatial extent or impact of regime shifts (Leadley et al., 2014). 

While these global scale regime shifts and planetary boundaries are speculative, the potential 

magnitude and scale of the impacts are so large that further work to understand and model the 

underlying mechanisms is essential. 
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4.6 Links to Sustainable Development Goals, Aichi Targets and other 

international objectives for Nature and Nature's Contributions to People 

4.6.1 How good will we be at reaching international biodiversity and sustainability targets 

beyond 2020? 

Scope: How are scenarios and models addressing international biodiversity targets and 

sustainability goals and what insights do they provide? This section builds on Chapter 3 

(Progress towards Aichi Targets) by looking at projections beyond 2020. 

The Aichi Targets agreed to in the Strategic Plan for Biodiversity 2011–2020, targets in other 

multilateral environmental agreements, and the Sustainable Development Goals (SDGs) have 

been adopted to motivate actions to sustain nature and its contributions to the promotion of 

human well-being and sustainable development (Chapter 3). Although many of the SDGs do not 

explicitly focus on nature, with the notable exception of goals related to life below water and life 

on land (SDGs 14 and 15), the supply of multiple ecosystem services is critical to achieving 

many SDGs. And despite the fact that relatively few SDG targets (as currently expressed) map 

directly onto nature or its contribution to people, most Aichi Targets are clearly related to SDGs. 

Analysis of the data sourced from the systematic literature review (Appendix A1.1) shows that 

despite the importance of SDGs and Aichi Targets for sustainability and human wellbeing, few 

scenario analyses have a specific focus on achieving them, at least at global scale. Scenarios of 

biodiversity and ecosystem services can contribute significantly to policy support in all the major 

phases of a policy cycle, including agenda setting and policy design (Ferrier et al., 2016; IPBES 

2016a: Fig. SPM3). Several scenario and modeling analyses provide useful indications related to 

policy targets, albeit indirectly (Figure 4.6.1), but the vast majority of these relate to species 

declines and extinctions, therefore informing only on Aichi Target 12 (conservation of 

threatened species) and a small subset of targets related to SDG 15 (life on land). The reason for 

this imbalance probably lies in the different level of development of methods in the research 

community. Models for projecting species distributions under climate scenarios (which relate to 

Target 12 and SDG 15) are well established and widely used in the literature, while the 

exploration of other targets and goals is hampered by the scarcity of appropriate models at global 

scale. Global scale scenarios specifically addressing Aichi Targets are scant (Figure 4.6.1A), and 

most of them relate to Target 12 (conservation of threatened species) and 6 (sustainable 

fisheries). Scenarios addressing SDGs focus mostly on SDG 15 (life on land), 2 (zero hunger) 

and 14 (life below water), but this also reflects the fact that the focus of the systematic literature 

review for this chapter was restricted to biodiversity and ecosystem services, rather than 

encompassing other societal goals. Therefore, the SDGs other than 14 and 15 represented in 

Figure 4.6.1B were addressed in conjunction with SDG 14, 15 or both. 
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Figure 4.6.1 Number of scenario studies addressing Aichi Targets (A) and SDG thematic 

policy areas (B) based on the systematic literature review carried out for this chapter 

(Appendix A1.1).  

For Sustainable Development Goals, scenario analyses are usually sector-specific (Obersteiner et 

al., 2016), and a review of 22 modelling case studies has shown that it would be unlikely that any 

scenario modelling exercise could cover all (Allen et al., 2017). Most studies focus on 

environment-economy interactions, such as greenhouse gases (GHG) reduction and impacts of 

this on growth and employment, and consideration of broader social issues is limited (Allen et 

al., 2017). Various models have been used to assess SDGs including top-down system dynamics, 

macro-economic and hybrid models as well as bottom-up sectoral models across multiple sectors 

such as energy, agriculture, transport, land use, etc. (Allen et al., 2016, 2017). 

Biodiversity targets have been missed in the past for 2010 (Butchart et al., 2010), and the mid-

term progress towards Aichi Targets for 2020 was insufficient (Tittensor et al., 2014). The world 

is still far or very far from achieving most of the Aichi Targets by 2020 (Chapter 3). Evidence 

from the limited number of scenario analyses from the systematic literature review (Appendix 

A1.1) shows that these targets are unlikely to be achieved even at some point in the future in 

most scenarios (2050 and beyond). However, for most targets, delayed achievement in the future 

is possible under some scenarios (Figure 4.6.2). Recent scenario research has explored the 

likelihood that global biodiversity targets can be achieved by steering from business as usual to 

more sustainable socio-economic development trajectories. For example, Visconti et al. (2016) 

have projected policy-relevant indicators (Living Planet Index, LPI, and indicator of species 

abundance, and Red List Index, RLI, an indicator of extinction risk) for large mammals to 2050, 

comparing a reference scenario to sustainability scenarios (van Vuuren et al., 2015). They 

showed that after a mid-term increase until 2030, biodiversity indicators would decline again 

afterwards as the projected effects of climate change outpace mitigation actions. This analysis 

showcases how scenario modelling links long-term results to short- and medium-term action. It 

has been proposed that for achieving future targets, bold goals like the CBD 2050 Vision be 

adopted, and that integrative policies for sustainable production and consumption (e.g., a shift 

towards a more balanced diet, Chapter 5) be adopted (Mace et al. 2018). 

The global results on achievement of biodiversity targets do not scale down to the IPBES regions 

where the same topic has been addressed. The IPBES regional assessment for Africa (IPBES 

2018b) found low likelihood to ever achieve most Aichi Targets, except Target 1 (awareness of 

biodiversity) and 14 (ecosystem services), for which the regional trend is positive. Under the 

“fortress world” archetype scenario (similar in characteristics to the "regional competition" 

archetype defined in this chapter, section 4.1), the trend in Africa is negative for all Targets. For 

Europe and Central Asia, sustainability scenarios are expected to achieve most Aichi Targets, but 

still fail a few (in particular Targets 1, awareness of biodiversity, and 17, national biodiversity 

strategies) (IPBES 2018a). The information is not available for other IPBES regions. 
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Figure 4.6.2. Achievement of Aichi Targets in the future (2050 or beyond) across different 

global scale scenarios, based on our systematic literature review (Appendix A1.1). N: number 

of indicators, with number of studies in parenthesis, each study usually projecting several different 

indicators. Many scenarios dealing with Aichi Targets did not report results in a way that could be 

interpreted as level of target achievement, therefore the numbers here are smaller than in Figure 

4.6.1.  
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Figure 4.6.3. Achievement of SDGs across different global scale scenarios, based on our 

systematic literature review (Appendix A1.1). N: number of indicators, with number of studies 

in parenthesis, each study usually projecting several different scenarios. Many scenarios dealing 

with SDGs did not report results in a way that could be interpreted as level of target achievement, 

therefore the numbers here are smaller than in Figure 4.6.1. The systematic literature review 

focused on Nature and NCPs, therefore SDGs other than 14 and 15 were captured only if they 

were assessed in conjunction with them.  

 

If the global socio-economic development continues according to a business-as-usual scenario, it 

is likely that we will fail to achieve several biodiversity-related SDGs (SDG 14, Life below water, 

and 15, Life on land). Three-quarters of the scenario and models that address SDG 15 project that 

we will be far or very far from achieving it. A similar outcome is projected for SDG 14 (Figure 

4.6.3). In Europe and Central Asia scenarios of sustainable production and consumption are 

expected to achieve most SDGs (IPBES 2018a). In this region, the economic optimism archetype 

scenarios are expected to achieve most SDGs, but notably fail SDG 14 and 15. A recent study 

stressed that under the current trajectory of socio-economic development, progress in SDGs related 

to poverty and social inclusion happens at the expense of the environment, and this will lead to 

missing environmental SDGs in most of the world countries (Figure 4.6.4, Spaiser et al., 2017). 

This is attributed to the focus on economic growth and consumption as means for development. 



Unedited draft chapters 31 May 2019 

152 

 

 

 

Figure 4.6.4. World maps with countries being coloured based on an SDG index scores for 

2011. The SDG index is based on the rate of change in three variables (child mortality, 

education, and CO2 emissions) represeting the three SDG pillars (ending poverty, social 

inclusion and environment). White colour indicates that an index could not be calculated, due to 

missing data in one or several of the predictors in the modelling approach used by Spaiser et al. 

(2017). The modelling approach used country and year specific data and combined confirmatory 

and exploratory factor analysis with dynamic systems modelling. Panel (a) reveals which factors 

are associated with development and negative values indicate a reduction of child mortality and 

an increase in education, as well as increased CO2 emissions. Countries such as Russia, China 

and India present negative values of this indicator, showing that they perform well at reducing 

poverty and increasing socio-economic inclusion, but with associated environmental trade-offs in 

terms of CO2 emissions. Developed countries like Australia, USA and UK, which have high 

levels of socio-economic development, show little room for improvement of their SDG index. 

Other countries like Brazil, Thailand and South Africa seem to present slower socio-economic 

development trends. Panel (b) uses a similar modelling approach but combined with a Bayesian 

model. The SDG index shows similar results for rich countries. However, contrarily to results of 

panel (b), in panel (a) Russia presents a slow socio-economic development and several African 
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countries such as Angola and Kenya make some progress in terms of socio-economic 

development. The trade-off between environment and the other two SDG pillars means that 

based on this analysis, under the current socio-economic model not all SDGs can be achieved 

together. 

Several emerging issues have been identified as influential to the achievement of the SDGs. 

These include new scientific knowledge, new technological development, new scales or 

accelerated rates of impact, a heightened level of awareness and new ways to respond to a known 

issue (UN, 2016). Despite the uncertainty associated with these emerging issues, various aspects 

have been identified as necessary to achieve the SDGs. First, measuring progress at all scales, 

and integrating global targets with local policies is fundamental towards achieving the SDGs 

(Biermann et al., 2017). Goal 17 on revitalizing the “global partnership”, for example, will 

require increased funding and clear leadership (Biermann et al., 2017). Increased funding is also 

one of the fundamental needs to achieve the SDGs in some regions within the African Continent 

(Kedir, 2017). Controlling consumption and demand remains an important issue. A recent work 

combing literature review and a comparison exercise of integrated energy-economy-climate 

models, AMPERE, found out that in order to achieve a 2ºC scenario, lowering the global growth 

of energy demand is key according to energy-economy-climate models (von Stechow et al., 

2016). Several local scenario studies provide useful insights towards achieving SDGs. In South 

Asia, industrial transformation, sustainable agriculture and innovations have been identified as 

key aspects to achieve SDGs (Kumar et al., 2016). Participatory scenarios to achieve visions 

coherent to SDGs and to adequately adapt to future climate change impacts have also been 

applied with local communities in Indonesia (Butler et al., 2015). 

Scenarios have proven useful to identify and analyze synergies and trade-offs among biodiversity 

targets and SDGs. Glover and Hernández (2016) applied foresight techniques with experts in 

international development studies and found out that SDGs are not necessarily harmonious and 

mutually reinforcing but that trade-offs exist. According to this study, without strategic planning, 

advances towards one SDG might lead to negative consequences to others. Sustainable 

Consumption and Production policies (SDG 12), assessed through the GLOBIOM model, shows 

the need of inclusive policies among global development and conservation agendas to minimize 

trade-offs and foster synergies (Obersteiner et al., 2016). In another recent study using the 

IMAGE integrated assessment model, van Vuuren et al. (2015b) have shown that achieving 2050 

goals for both biodiversity and hunger would require a substantial increase in agricultural 

productivity per hectare, to accommodate a 50-70% increase in demand for food while halting 

the conversion of natural habitats. Another study found that implementing ambitious protected 

area expansion plans, under business-as-usual socio-economic trends, may result in a shortfall in 

productive land, as well as displacement of agricultural areas with consequential socio-economic 

impacts (Visconti et al., 2015). Eradicating extreme poverty however, does not necessarily mean 

jeopardizing climate targets, even in the absence of specific climate policies and technological 

innovations (Hubacek et al., 2017). Di Marco et al. (2016a) explored the interactions between 
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Aichi Targets 5 (reducing the loss of natural habitat), 11 (expanding the global coverage of 

protected areas) and 12 (conserving threatened species). They showed that the expansion of the 

global protected areas to 17% of land area resulted in different priorities of sites depending on 

whether the goal was to reduce habitat loss or conserve species. In addition, expanding protected 

area coverage to 17% to conserve threatened species would result in safeguarding 30% more 

carbon stock than targeting areas under high deforestation rates. The reason is that areas under 

rapid deforestation are not necessarily those with the highest capacity to stock carbon. While the 

figures relate to the Aichi Targets for 2020, the same trade-offs are likely to apply to post-2020 

biodiversity targets. Table 4.6.1 highlights some of the most significant synergies and trade-offs 

between different objectives associated with the Sustainable Development Goals. 

Table 4.6.1. Synergies and trade-offs between different sustainability objectives. Colours 

indicate synergies (green) and trade-offs (red) in various intensities. Source: van Vuuren et al., 

2015b. 

 
 



Unedited draft chapters 31 May 2019 

155 

 

Further modelling on policy targets that explicitly embodies nature into scenarios is of outmost 

importance. Scenarios developed for global environmental assessments have explored impacts of 

direct and indirect drivers on nature but have not embedded nature in the scenario itself. The 

effects of alternative pathways of socioeconomic development on nature have thus been assessed 

as one-way outcomes, ignoring the possible feedbacks of nature on the system (Rosa et al., 

2017b). Existing scenarios ignore policy objectives related to nature protection. As targets for 

human development become increasingly connected with targets for nature, such as in the SDGs, 

the next generation of scenarios should explore alternative pathways to reach these intertwined 

targets and address feedbacks between nature, nature’s contributions to people, and human well-

being. Several desirable properties of this new generation of scenarios have been identified, 

including the use of participatory approaches, the integration of stakeholders from multiple 

sectors (for example, fisheries, agriculture, forestry) (Rosa et al., 2017b), and addressing 

decision-makers from the local to the global scale (Biermann et al., 2017). 

4.6.2 How can the evidence from scenarios contribute to the development of future 

biodiversity targets and the 2050 vision? 

Scope: How can scenarios and models help to reformulate the new set of targets? To address this 

issue, this section uses the Aichi Targets for 2020 as templates for setting the next generation of 

targets. Only a subset of the targets is discussed, with the purpose to demonstrate the type of 

considerations that should underpin the new targets. Existing scenarios and models for biodiversity 

and ecosystem services are used to explore: i) how targets can be formulated in ways that can more 

easily be understood and evaluated by both policymakers and practitioners; ii) which kinds of 

indicators, that come from observations and scenarios, can be used to evaluate progress towards 

the objectives of this target; and iii) what scenarios and models tell us about ambitious vs. 

aspirational targets, i.e. whether they can be achieved under plausible conditions represented by a 

variety of exploratory scenarios of societal and economic development. 

4.6.2.1 Habitat loss and degradation (Target 5) 

“By 2020, the rate of loss of all natural habitats, including forests, is at least halved and where 

feasible brought close to zero, and degradation and fragmentation is significantly reduced.” 

Analyses based on satellite remote sensing identified over the period 2000-2012 a net global loss 

of ca. 1.5 million km2 of forest (Hansen et al., 2013), including substantial loss of structurally 

intact pan-tropical forests (Tyukavina et al., 2016). At current trends, even the target specified in 

the New York Declaration of Forests (to halve the rate of natural forest loss by 2020) is highly 

unlikely to be achieved (Zarin et al., 2016). Under most future scenarios, the future net loss of 

natural habitats is partly counterbalanced by secondary regrowth. This is true for both forest and 

non-forest natural habitats (Hurtt et al., 2011). Secondary habitat types typically host a fraction 

of the biodiversity present in primary habitats of the same type (Alkemade et al., 2009; Newbold 

et al., 2013), and this fraction depends on the integrity and age of the secondary vegetation. 

Therefore, numeric targets for the rate of loss of natural habitat are insufficient to capture the 
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complex dynamics of habitat change, and the proportion of biodiversity that they retain 

compared to pristine habitats should also be considered. 

 

From a scenario and modelling perspective, assessing the current and future state of forest 

globally is challenging for a number of reasons: 1) very different classifications as to what is a 

forest and which forest is considered intact, which one degraded (Alexander et al., 2017) 

(Thompson et al., 2013); 2) Most land-use change scenarios do not yet tend to consider 

environmental policies such as the Aichi targets, the SDGs or REDD+ (Eitelberg et al., 2015, 

2016; Alexander et al., 2017; Popp et al., 2017); 3) Integrated Assessment models that are often 

used to produce scenarios typically do not have the forest sector explicitly included at their core 

(Schmitz et al., 2014); 4) Models that seek to assess future ecosystems from state of, e.g., carbon 

cycle and climate regulation perspective do not yet account well for forest (or other habitat) 

management (Arneth et al., 2017). 

 

In principle, activities to achieve Target 5 could have large co-benefits with achieving Targets 11 

and 17, if protected area expansion could be dedicated to cover habitats of both high species 

density (in particular threatened or rare species) and regions of high carbon density (Di Marco et 

al., 2016b). Under otherwise unchanged conditions, scenarios in which multiple demands for 

land resources are aimed to be met resulted in intensification of croplands (adding to the “land 

sharing/land sparing” debate) and enhanced areas with tree cover (Eitelberg et al., 2016). 

However, accounting for demand for protected area had no effect on reducing the projected loss 

of grassland, compared to business as usual (Eitelberg et al., 2016). Maximizing forest habitat 

conservation as well as forest species conservation was estimated to be possible in 73% of the 

area identified to be also most appropriate for expanding the current protected area to meet 

Target 11 (Di Marco et al., 2016b). 

 

Recent and projected trends in population growth and lifestyle (e.g., dietary changes), jointly 

with enhanced requirements for bioenergy crops are expected to maintain large pressures on 

further cropland expansion (Alexander et al., 2017; Eitelberg et al., 2015). Agriculture is one of 

the largest drivers of biodiversity loss, and a large source of greenhouse gases and pollutants 

(McLaughlin & Kinzelbach, 2015; Newbold et al., 2015). Therefore, achieving conservation 

goals alongside meeting demand for food and fibre, water, bioenergy and climate mitigation will 

require a dedicated effort that considers both changes in supply and demand, as well as equitable 

trade (Alexander et al., 2017; McLaughlin & Kinzelbach, 2015). 

4.6.2.2 Sustainable fisheries (Target 6) 

“By 2020, all fish and invertebrate stocks and aquatic plants are managed and harvested 

sustainably, legally and applying ecosystem based approaches [...].” 

 

Whilst the objectives of Target 6 are relatively clear, some terms remain imprecise. The primary 

facets of the Target which remain loosely defined are the concepts of ‘safe ecological limits’ and 
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‘no significant adverse impacts’ (also the issue of ‘vulnerable’ ecosystems; see Target 10). ‘Safe 

ecological limits’ as a term lacks indication of whether these limits are structural (e.g. 

maintenance of facets such as ecosystem trophic structure or species composition) or functional 

(e.g. continued provision of goods and services). Without clarification, it is then difficult to know 

what aspects of ecosystems should be maintained, nor the level of degradation that is to be 

tolerated. Furthermore, the margins of safety are not clearly specified –how are these limits to be 

measured, quantified, and monitored? How close to the ‘safe ecological limit’ is acceptable? 

Finally, the term "safe limits" has been used with many contexts including the planetary 

boundary framework (Steffen et al., 2015) and, therefore, might benefit from clarification. It is 

important not to confound 'safe ecological limits' and 'safe limits for humanity' since these refer 

to very different reference baselines, as well as very contrasted spatial and temporal scales.   

Regarding ‘no significant adverse impacts’, the lack of specificity here is to do with the meaning 

of the word ‘significant’ (note that Target 5 also includes this terminology). Scientifically, 

‘significant’ generally has a statistical meaning, indicating evidence at some level of likelihood 

that an effect is not attributable to chance. It seems unlikely that this is the intended meaning 

here, but significant can be so broadly interpreted as to make consistency of application across 

national and regional scales extremely challenging. 

 

Quantification of progress towards this target through appropriate indicators has shown that at 

least some indicators exist for monitoring resource state (e.g., the proportion of fish stocks within 

safe biological limits), the pressures on it (e.g., global effort in bottom trawling), and fisheries 

responses to pressures on fish stocks (e.g. Marine Stewardship Council certified fisheries). 

However, indicators of whole ecosystem (as opposed to stock) status and recovery plans remain 

limited or absent, and the scope and alignment of existing indicators varies. Recent focus has 

been put on ecosystem-based indicators for assessing the state of exploited species and the 

ecosystems they are embedded in (e.g., Coll et al. 2016; Shin et al. 2012), some of which have 

been retained in the list of IPBES “Highlighted indicators” but still lack global scale coverage for 

nations to be able to report routinely (Proportion of predators, mean fish size). 

 

Projecting plausible futures for marine and aquatic biological resources is aided by the fact that 

there has been a long history of model development for these systems, with a particular profusion 

of models emerging over the past decade or so (Fulton, 2010). Models range from single species 

stock assessment models to whole ecosystem approaches, and in some cases such models 

incorporate large parts of the socio-economic and management components as well as the 

biological ones (Nielsen et al., 2018). The heterogeneity of models is also beginning to be 

addressed by applying standardised ensemble modelling approaches across specified scenarios  

(Tittensor et al., 2018), akin to model intercomparison studies in the climate and earth science 

communities. Perhaps more challenging is the specification of socio-economic storylines that can 

then be translated into projections that can be used to force ecosystem models. While storylines 

have recently been in development at both regional (CERES, 2016) and global (Maury et al., 
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2017) scales, specifying how the developments in economics, management, and governance that 

are outlined in scenarios can then be used to force models, especially spatially explicit models, is 

difficult. Furthermore, management and stewardship of marine resources remain varied among 

nations in terms of capacity, approach, and effectiveness (Bundy et al. 2016). Management 

regimes can also change radically and rapidly in response to changes in national policy 

environments (e.g., the enactment and amendments of the U. S. Magnuson-Stevens Fishery 

Conservation and Management Act), and resource management plays an integral role in terms of 

the status of both target species and ecosystems (FAO, 2016), and furthermore adaptation to a 

changing climate. Nonetheless, the continued development of scenarios, together with the broad 

and growing range of marine ecosystem models at multiple scales, suggests that Target 6 can be 

usefully and increasingly informed by their application. 

 

Broadly speaking, the development of future policy targets needs to further incorporate the role 

of climate change on the sustainability and use of aquatic resources. Furthermore, objectives may 

need to be reframed or at least clarified in order to address the challenges of measuring 

‘significant adverse impacts’ and ‘safe ecological limits’ whilst still allowing for national level 

variation in how objectives are attained and recognizing differences in capacity for stewardship 

of aquatic resources. When specifying targets, it also needs to be made clear whether the goal is 

maintaining ecosystem structure, the provision of goods and services (including contributions to 

food security), or both. Currently, there is also potential overlap between Targets 6 and 7, in that 

Target 6 includes the management and harvest of fish and invertebrate stocks and aquatic plants, 

which will be increasingly linked to the development of aquaculture in the future that is 

addressed in Target 7 (section 4.2.2.3.1). Given the continued growth in the importance of 

aquaculture, its impacts on broader ecosystem health, including indirect effects such as fishing 

wild stocks to provide fishmeal for aquaculture (not explicitly mentioned in Target 7, but 

implicitly included in Target 6) needs to be further integrated into future targets. Similarly, at 

present there is overlap with Target 10, since anthropogenic impacts on coral reefs (and other 

vulnerable aquatic ecosystems) include those integrated into Target 6. 

 

6.2.3. Sustainable agriculture (Target 7) 

"By 2020, areas under agriculture, aquaculture and forestry are managed sustainably, ensuring 

conservation of biodiversity." 

 

The scientific community has been engaged in a controversial debate about whether biodiversity 

conservation can better be achieved by improving habitat availability and quality on farmland 

(i.e. through wildlife-friendly farming – “land sharing”), or whether it is dependent on natural 

habitat and thus requires high-yielding agriculture to reduce land requirements (i.e. sparing land 

for nature – “land sparing”) (Fischer et al., 2014; Phalan et al., 2011). But recently consensus has 

started to develop that convey that different strategies are needed in different contexts and for 

different conservation goals (Ramankutty & Rhemtulla, 2012) and that sustainable agricultural 

management includes both measures to increase on-farm habitat quality, as well as increasing 
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productivity while minimizing harm to biodiversity (Clough et al., 2011; Kremen, 2015; Seppelt 

et al., 2016). 

 

Currently, however, it appears unlikely that we will achieve either wildlife-friendly farming or 

stop the conversion of natural habitats by 2050 if current trends continue. Crop production is 

projected to increase by 50-100% by 2050 to meet future demand under current population and 

diet trends (Tilman et al., 2011; Alexandratos & Bruinsma, 2012; Tallis et al., 2018). According 

to a comparison of the best state-of-the-art land use models, the combined effect of projected 

climate change, as well as middle of the road population and economic development projections, 

would result in an expansion of global cropland by about 20% by 2050 (Schmitz et al., 2014). 

Business-as-usual trends would also result in the further conversion of >50% of natural habitats 

to croplands in important ecoregions like Mediterranean forests and temperate grasslands (Tallis 

et al., 2018). In addition to this conversion of natural habitats, fertilizer use, which has large 

negative impacts on biodiversity and ecosystem services especially in freshwater systems, is 

projected to increase by 58% by 2050 (Alexandratos & Bruinsma, 2012). Wildlife-friendly 

farming methods are still restricted to comparatively small areas: only about 1% of global 

agricultural land is, for example, managed organically (Willer & Lernoud, 2017), and 

approximately 7.5% of it is managed with agroforestry with more than 50% tree cover (Zomer et 

al., 2009). 

 

Numerous analyses show, however, that achieving sustainable agriculture that produces enough 

food for everyone while ensuring conservation of biodiversity is possible, if far-reaching food 

system changes are implemented. Recent scenario analyses have shown that globally enough 

food could be produced for everyone in 2050 on existing agricultural land, while halting 

deforestation and protecting 17% of the world’s terrestrial habitats if we shifted towards more 

sustainable diets, reduced food waste and closed yield gaps (Foley et al., 2011; West et al., 2014; 

Erb et al., 2016; Muller et al., 2017; Tallis et al., 2018). A recent study, for example, estimated 

that by closing yield gaps and optimizing where crops are grown, >50% of each of the world’s 

biomes could be set aside, while still producing enough food for all people in 2050 (Tallis et al., 

2018). Similarly, organic agriculture could be used as a wildlife-friendly agricultural 

management strategy, if combined with other food system strategies, e.g. reductions in food 

waste and changes in livestock feed composition, to provide enough food for people in 2050 on 

current agricultural land while also reducing pesticide use and nitrogen pollution (Muller et al., 

2017). These various scenarios show that both land-sharing and land-sparing strategies would be 

possible to help conserve biodiversity while feeding humanity if broad food system changes 

were implemented. 

4.6.2.3 Vulnerable ecosystems (Coral Reefs) (Target 10) 

"By 2015, the multiple anthropogenic pressures on coral reefs, and other vulnerable ecosystems 

impacted by climate change or ocean acidification are minimized, so as to maintain their 

integrity and functioning" 
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The Global Biodiversity Outlook 4 (GBO-4), which evaluated progress towards the Aichi 

Targets in 2014, focused on the aspects related to climate change impacts on tropical coral reefs 

and the importance of reducing multiple pressures to minimize these impacts – and concluded 

that this target had been missed. Observations, experiments and models provide sound arguments 

for maintaining a strong priority on tropical coral reefs due to their exceptional vulnerability to 

climate change (IPCC, 2018). Warm-water coral reefs are one of the most biodiverse marine 

ecosystems in the world and provide a wide range of ecosystem services, especially to people 

living in tropical regions (SCBD 2014). They are also one of the most rapidly degrading 

ecosystems globally due to a combination of many pressures including pollution, 

overexploitation and ocean warming (see sections 4.2.2.2.2, box 4.2.3. in 4.2.2.3.1, Butchart et 

al., 2010, SCBD 2014, IPCC 2018). Models and observations indicate that tropical coral reefs 

are exceptionally vulnerable to future ocean acidification and warming due to their very high 

sensitivity to these factors compared to most other systems (Bay et al., 2017; Gattuso et al., 

2015; IPCC 2018). Models project that there will be significant negative impacts even if the most 

ambitious targets of the Paris agreement of limiting global warming to 1.5°C are achieved (IPCC 

2018). For higher CO2 emissions and warming scenarios, models project severe degradation of 

nearly all tropical coral reefs and the limits of natural adaptation and ecosystem management to 

preserve the integrity of these ecosystems will be exceeded (Bay et al., 2017; Gattuso et al., 

2015). 

 

Observations and models also indicate that all ecosystems are vulnerable to climate change or 

acidification to some extent (IPCC, 2014). Some ecosystems are projected to be particularly 

vulnerable because exposure to climate change is high – these include Arctic tundra and ocean 

ecosystems where warming is projected to be higher than elsewhere on the globe (Settele et al., 

2014). Other ecosystems are projected to be especially vulnerable due to their high sensitivity to 

climate change or acidification, and little space for adaptation – in addition to coral reefs, these 

include mountain terrestrial and freshwater ecosystems, tropical ecosystems, and deep oceans 

(section 4.2.2.2.3; Settele et al., 2014). All ecosystems of the world are projected to experience 

changes in species composition and abundance due to species ranges shifts and modifications of 

ecosystem function caused by rising CO2 and climate change (IPCC, 2014). A consensus ranking 

of ecosystem vulnerability to climate change is not available due to unsettled scientific debates 

and uncertainty in modelled impacts (e.g., Settele et al., 2014). 

 

Because there is a lack of consensus on the vulnerability of ecosystems to climate change outside 

of coral reefs, this target currently suffers from a lack of clarity. This target has been dubbed 

"Vulnerable Ecosystems" for shorthand (Aichi Passport, UNEP-WCMC) and covers "other 

vulnerable ecosystems", which poses problems of definition because all ecosystems are 

vulnerable to climate change or acidification to a greater or lesser extent (IPCC, 2014). As such, 

this target has been associated with a loosely related set of indicators, some very narrow and 

others overly broad, that are used to assess progress towards this target; for example, the 



Unedited draft chapters 31 May 2019 

161 

 

Biodiversity Indicators Partnership lists the Ocean Health Index (extremely broad), Climatic 

impacts on European and North American birds (taxonomically and spatially restricted), Red 

List Index for reef-building corals (not well targeted for climate change impacts), and 

Cumulative Human Impacts on Marine Ecosystems (exceptionally broad) as indicators for this 

target.  

 

There is strong evidence that reducing other stresses on ecosystems will generally improve the 

capacity of ecosystems to adapt to climate change. For tropical coral reefs, reducing nutrient 

loading and maintaining or reinforcing herbivorous fish populations helps reduce the competition 

by algae and these and other measures are projected to substantially improve the capacity of 

coral reefs to maintain their integrity in the face of climate change (Box 4.2.3 in 2.2.3.1; Gattuso 

et al., 2015; Kennedy et al., 2013). Other examples include the importance of halting terrestrial 

habitat fragmentation and increasing connectivity between natural habitats to allow species to 

move so that they can track favourable climates (Imbach et al., 2013). 

 

Public policy and ecosystem management strategies for adaptation to climate change are being 

developed and deployed for some ecosystems. Forest managers, for example, have been very 

active in developing climate adaptation strategies based on projected impacts of climate change 

on trees, some of which depend on maintaining or reinforcing genetic and species diversity of 

trees and protecting ecosystem integrity (Keenan, 2017). However, not all climate change 

adaptation strategies for ecosystems are biodiversity friendly; for example, some forest 

adaptation strategies put an emphasis on the introduction of fast-growing alien tree species 

(Keenan, 2017). Evidence-based action plans for tropical coral reefs are in place for some reef 

systems, and most put an emphasis on maintaining ecosystem integrity as a key to enhancing 

resilience and resistance to climate change and acidification (e.g., Great Barrier Reef Climate 

Change Adaptation Strategy and Action Plan, see also Gattuso et al., 2015; Kennedy et al., 

2013). Scientists are also actively exploring other strategies requiring much more active 

intervention such as protective sun screens, cultivation of warming adapted corals and climate 

geoengineering (Kwiatkowski et al., 2015; van Oppen et al., 2015). 

 

These considerations suggest that future policy targets could highlight the relationships between 

climate change adaptation and biodiversity protection. They could include relatively broad 

objectives that are common to all climate adaptation strategies for ecosystems, as well as a 

particular emphasis on tropical coral reefs, focusing on: the vital importance of meeting the 2°C 

goal, and if possible the 1.5°C goal of the Paris Agreement in order for adaptation to be effective 

in highly vulnerable ecosystems (new emphasis); the need to reduce multiple pressures on all 

vulnerable ecosystems, so as to improve their resistance and resilience in the face of climate 

change and acidification (maintained emphasis); the key role of developing and implementing 

climate change adaptation measures for all ecosystems with a wide range of stakeholders that 

take into account the protection of biodiversity and emphasize the importance of nature-based 
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adaptation strategies (new emphasis); the need to develop strategies of societal response to 

projected inevitable changes in highly vulnerable systems (new emphasis); and the special and 

urgent need to develop protection and adaptation measures for tropical coral reefs (maintained 

emphasis). 

 

Models and other considerations also suggest that a more focused set of indicators would be 

helpful for monitoring progress towards such a target. For example, trends and projections of sea 

surface temperatures, ocean acidity, coral reef bleaching events, proxies of marine nutrient 

loading in coral reef areas, etc. are readily available from observations and models and may be 

much better adapted to monitoring progress towards a component focusing on tropical coral reefs 

than very broad indicators of ocean health or human impacts on marine ecosystems. 

4.6.2.4 Protected Areas and other Effective Area-based Measures (Target 11) 

“By 2020, at least 17 per cent of terrestrial and inland water, and 10 per cent of coastal and 

marine areas, especially areas of particular importance for biodiversity and ecosystem services, 

are conserved [...]” 

 

While the world may be on track to meet or exceed the numeric target of protecting globally 

17% of the land and 10% of the oceans by 2020 (Chapter 3), other aspects of the target, 

including the global connectivity and representativity of protected areas, and their coverage of 

areas important for biodiversity (including Key Biodiversity Areas), have made little or no 

progress (Butchart et al., 2015; Santini, 2015). These aspects may be more important that 

numeric targets per se, as demonstrated by the evidence that if new protected areas between 2004 

and 2014 had targeted unrepresented threatened vertebrates, it would have been possible to 

protect >30 times more threatened species for the same area or cost as the actual expansion that 

occurred (Venter et al., 2014). 

 

In theory, it would be possible to hit much larger numeric targets for protected areas in the 

future. Depending on scenarios, between 30-40% of the land would remain primary (forest or 

non-forest) habitat in 2050, and artificial land use types (urban, cropland and pasture) would 

occupy 30-40% of the land (Hurtt et al., 2011). In practice, much land is already degraded by 

processes that can spread globally including climate change and invasive species, thus 

restoration will be required in addition to protection (IPBES 2018e). 

 

The uneven distribution of biodiversity (Butchart et al., 2015), projected expansion of human 

population, and regional differences in projected land use change (Hurtt et al., 2011) suggest that 

global percentage targets do not necessarily achieve effective biodiversity conservation. Indeed, 

an analysis looking at Target 11 for 2020 (Visconti et al., 2015) showed that expanding protected 

areas to protect 17% of the land while minimizing the opportunity cost for people (i.e. by 

prioritizing protection of unpopulated areas) would reduce habitat available to threatened 

mammals. The reason is that threatened mammals occupy areas densely populated by humans, 
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and protecting unpopulated areas displaces further land conversion in highly populated areas. In 

addition, climate change may change dramatically the suitability of protected areas for their 

native biodiversity in the future (Hole et al., 2009; Loarie et al., 2009). Therefore, dynamic 

scheduling (Wilson et al., 2007) based on scenarios of climate and land use change and allowing 

species to move across landscapes to track suitable habitat and climatic space should be used to 

translate numeric targets into allocation of protected areas in space and time (Pressey et al., 

2007). 

4.6.2.5 Preventing Extinctions and Improving Species Conservation Status (Target 12) 

“By 2020 the extinction of known threatened species has been prevented and their conservation 

status, particularly of those most in decline, has been improved and sustained.” 

 

Forecasts of species decline are blurred by several sources of uncertainty. While scenarios exist 

for climate change and land-use change (which can be used to derive habitat loss), for other 

direct drivers of species loss, including invasive species, overexploitation, disease spread, 

scenarios are lacking. These drivers and their impacts start being projected into the future though 

rarely at global scale and with wide coverage of species biodiversity, but they will interact with 

or add up to land use and climate change, intensifying species declines. Interactions among 

drivers have only partly been explored (e.g. climate and land-use change, Mantyka-Pringle et al., 

2015). Even projections based on the same driver can differ widely. For example, the proportion 

of species that is projected to go extinct based on climate change varies with model assumptions 

(amount of extinction debt, species’ ability to disperse) and modelling technique (species-area 

curves: 22% extinctions; mechanistic or correlative models: 6-8% extinctions) (Urban, 2015). 

Uncertainty on the species’ response to global change (adaptation / plasticity, dispersal, or local 

extinction) is also reflected in uncertainty in the scenario outcome (Rondinini & Visconti, 

2015b). Finally, extinctions are fundamentally stochastic events caused by extinction vortexes 

(Soulé, 1986), which are difficult to predict and prevent. 

 

Despite wide uncertainty in the projections, business-as-usual scenarios produce substantially 

different outcomes compared to scenarios having a strong focus on sustainability typically 

(Alkemade et al., 2009; Newbold et al., 2015; Visconti et al., 2016). Assuming that species can 

cope with climate change, sustainability scenarios can almost halt their decline due to land use 

change (Rondinini & Visconti, 2015b). This, in addition to the evidence that conservation action 

alone is insufficient (Butchart et al., 2010; Hoffmann et al., 2011; Tittensor et al., 2014) suggests 

that halting biodiversity loss for some indicators such as population size or average conservation 

status is within the boundaries of scenarios, provided that a mixed strategy of stepped up 

conservation action and societal changes is adopted. However, the stochasticity of extinctions 

means that even in the best-case scenario, considering the current depauperate state of 

biodiversity, some extinctions may still occur. 

4.6.2.6 Ecosystem Restoration and Resilience (Target 15) 
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"By 2020, ecosystem resilience and the contribution of biodiversity to carbon stocks has been 

enhanced, through [,,,] restoration of at least 15 per cent of degraded ecosystems [...]" 

 

The main issue with quantifying degradation and restoration is the lack of a clear baseline 

(IPBES 2018e). Several possible baselines can be chosen as a reference for restoring degraded 

land, including pre-modern (<10,000 years BCE), historical (typically between 300 and 50 years 

ago), counterfactual (how an ecosystem would look like in the absence of human pressures). For 

this reason, the scientific community has not been able to provide a detailed global assessment of 

land degradation, and different models estimate the proportion of degraded land between 7-40% 

(Gibbs & Salmon, 2015; Van der Esch et al., 2016). 

 

Given the uncertainty in the quantification of current land degradation, scenario analysis cannot 

provide strong quantitative predictions around restoration, but boundaries for restoration 

opportunities can be identified. According to the World Resource Institute, over 20 million km2 

of degraded tropical and temperate forests would be suitable for restoration (Laestadius et al., 

2011). Extending afforestation further, to non-forest biomes, would have significant negative 

effects on ecosystem services (Veldman et al., 2015) as well as inevitably on the biodiversity 

adapted to these biomes. A trade-off between restoration of natural ecosystems and bioenergy 

production exists, since under a business as usual scenario, limiting warming to 2° C will require 

an expansion of bioenergy production to abandoned and degraded land (Dauber et al., 2012; 

Nijsen et al.,2012) to achieve negative emissions from biofuels (van Vuuren et al., 2011). 
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4.7 Dealing with uncertainty, spatial scale and temporal scale issues when 

mobilizing scenarios and models for decision-making 

4.7.1 Scenarios and models help prepare decision makers for uncertainty and long-term 

thinking 

 

In the IPBES methodological assessment of scenarios and models, Ferrier et al. (2016) provide 

several examples of the use of scenarios and models in support of decision-making and policy. 

The methodological assessment highlights, in particular, the importance of matching the spatial 

and temporal scales of scenarios and models to the needs of the specific policy and decision 

context, and of identifying sources of uncertainty, communicating uncertainty in a transparent 

way to decision makers and providing tools to deal with uncertainty.  

 

When these issues are dealt with appropriately, scenarios and models can help people prepare for 

future uncertainty, promote long-term thinking and broaden perspectives. For example, Johnson 

et al. (2016) found that reading scenarios of future land use changes increased the willingness of 

a wide range of stakeholders to participate in land use planning. Scenarios and models have also 

proven to be effective tools for engaging indigenous and local knowledge holders in planning 

management of socio-ecological systems (Ferrier et al., 2016; Hartman et al., 2016; Oteros-

Rozas et al., 2015b). Ground truthing through monitoring, especially with engagement of 

stakeholders, is a valuable approach for reducing uncertainties (Robinson et al., 2017). Box 4.7.1 

provides examples of the use of scenarios and models in support of decision-making, with a 

focus on the role of uncertainty and scale. 

 

Box 4.7.1 Case studies of uncertainty and scale in decision-making using models 

and scenarios 

 

Example 1: Forest management and climate change – Forest managers are very 

actively using scenarios and models to develop management strategies for dealing with 

climate change because tree growth is very sensitive to climate and because trees 

generally live a long time, often more than a century, before they are harvested 

(Keenan, 2015). Forest managers often desire very fine spatial resolution climate 

projections (ca. 1 km2) in order to make site-based management decisions, and the 

climate modeling community has made tremendous efforts to downscale global scale 

climate projections in order to meet this type of demand from a wide range of 

stakeholders (Giorgi et al., 2009). However, downscaling introduces new sources of 

uncertainty that can degrade the quality of climate projections (Stefanon et al., 2015) 

and often contribute little to improving management strategies (Keenan, 2015). Forest 

managers are also often presented with projections of climate impacts on trees and 

forests based on a single type of impact model. However, several model inter-

comparisons show that different types of models – for example, correlative and 

mechanistic models – often give very contrasting projections of tree growth and 

distributions in response to future climate change (Cheaib et al., 2012). High 

uncertainty in future global climate projections, high uncertainty in modeling impacts 
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on trees and uncertainties introduced when downscaling climate projections have left 

many forest managers in a quandary about how to plan for climate change. Current 

recommendations focus on managing for uncertainty by employing forest management 

schemes that are robust under a broad range of climate and impact projections, for 

example by increasing resilience, by managing for higher genetic and species diversity, 

or by promoting natural regeneration (Cheaib et al., 2012; Keenan, 2015). More 

importantly, there is a growing recognition that adaptive strategies for dealing with an 

uncertain future must be developed much more inclusively by creating partnerships 

between researchers from multiple disciplines, forest managers and local actors 

including indigenous communities in many cases (Keenan, 2015). 

 

Example 2: Climate change and biodiversity at national and regional scales – The 

PARCC West Africa Project (Belle et al., 2016) conducted a biodiversity risk and 

adaptation assessment using a combination of IPCC AR5 global scale climate 

projections, together with finer scaled assessments driven by higher resolution climate 

downscaling for five focal countries. While uncertainty in temperature projections was 

reduced through confirming consensus between local and global model projections, 

uncertainty in rainfall projections remained high in many areas, even though only one 

general circulation model was applied. A representative range of scenarios was used to 

assess risks to biodiversity especially in the context of protected area networks, and 

from this to design adaptation strategies and build regional capacity to enhance 

implementation. Multi-country efforts were integrated from local to regional scales to 

develop policy recommendations for climate change adaptation and management at 

national and regional levels. 

 

Example 3: Participatory scenarios at local scales – Oteros-Rozas et al. (2015b) 

reviewed 23 case studies of place-based participatory scenarios to assess the 

characteristics, strengths and weaknesses of participatory modeling. All but one study 

involved local communities, most included members of local governments and sixteen 

involved indigenous communities. Qualitative storylines in the form of drawings, or 

illustrations were the most common output (Figure 1), but most participatory processes 

also produced reports and scientific publications. Local communities were the most 

common primary audience, and fifteen studies had the explicit objective of informing 

policy or decision making. Uncertainty was examined in sixteen of the studies, most 

focusing on uncertainty in drivers. Only six studies explicitly accounted for drivers or 

impacts at spatial scales above the local scale under consideration. The authors 

concluded that well-designed participatory processes enriched both local environmental 

management and scientific research by generating shared understanding and fostered 

thinking about future planning of social-ecological systems. Unfortunately, in most 

cases there was insufficient follow-up to determine the contribution to long-term policy 

or management outcomes. Numerous additional examples can also be found at the 

consortium of 'companion modeling' (www.commod.org). 

http://www.commod.org/
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Figure 1: Examples of outreach material used for communicating scenarios results: (A) 

leaflet of the Ciénaga Grande of Santa Maria case in Columbia; (B) postcard of the 

Southern Transylvania case in Romania; (C) poster of the drawing of the four scenarios 

of the Papua New Guinea case; and (D) poster of the socio-ecological system of 

Doñana Protected Area case in Spain (from Oteros-Rozas et al., 2015b) 

 

4.7.2 Dealing with uncertainty when using scenarios and models to support decision-

making  

 

Uncertainty in scenarios and models arises from many sources including insufficient data for 

development and testing, inadequate representation of complex socio-ecological systems and 

intrinsically low predictability of the system being analyzed (Ferrier et al., 2016). The 

importance of these sources of uncertainty differs greatly between scenarios of direct and 

indirect drivers and models of impacts on nature and NCP (Brotons et al., 2016; Ferrier et al., 

2016). As noted in the introduction of this chapter, the exploratory scenarios assessed in this 

chapter can help address the high level of uncertainty in many components of direct and indirect 

drivers by exploring a wide range of plausible futures (Pichs-Madruga et al., 2016). Evaluation 

of uncertainty in models of nature and NCP are typically addressed using comparisons of model 

outputs with data, intercomparisons of multiple types of models, sensitivity analyses and 

measures of error propagation in coupled models (Brotons et al., 2016). 
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Uncertainty in scenarios and model projections is not necessarily a major obstacle to acceptance 

by stakeholders, especially if it does not directly conflict with their recent experiences (Kuhn & 

Sniezek, 1996). Indeed, despite the common perception that communication of uncertainty can 

lead to confusion for decision makers, recent studies show that most audiences value the 

communication of uncertainty in scientific evidence as opposed to oversimplification (Fischhoff 

& Davis, 2014; Rudiak-Gould, 2014). This highlights the importance of transparency as well as 

sustained, effective communication between scientists and decision-makers throughout the 

processes of using models for decision support (Ferrier et al. 1996a, Wintel et al. 1996). There 

are also a wide range of qualitative and quantitative decision support mechanisms that can help 

decision-makers deal with uncertainty, even though these tools are underexploited in many 

decision-making contexts (Wintle et al. 2016). 

 

The literature survey carried out for this chapter (Appendix A1.1) highlights the challenges 

facing the scientific community in dealing with uncertainty. The majority of studies did not 

include an analysis of uncertainty (Figure 4.7.2a). Of those that did include an analysis, most 

focused on uncertainty associated with different scenarios of direct and indirect drivers and less 

than half provided quantitative analyses of uncertainty. Relatively few studies examined multiple 

sources of uncertainty. This analysis shows that significant progress needs to be made in 

understanding, quantifying and communicating uncertainty in order for scenarios and models to 

be more widely used in decision making.  

 

In the small number of studies that have assessed uncertainty across a wide range of sources, the 

relative contribution of sources of uncertainty varies substantially over time, space and different 

measures of nature or NCP (e.g., Figure 4.7.2b, Payne et al., 2016). These analyses also indicate 

that currently the largest sources of uncertainty arise from differences in model structure or 

application rather than data, scenarios or models of direct drivers (e.g., Figure 4.7.2b, Payne et 

al., 2016). It is important to note as well that the range of scenarios typically used in many 

analyses may not cover plausible extremes and potential regime shifts (Leadley et al., 2010; 

Pereira et al., 2010; Prestele et al., 2016). 

 

 
Figure 4.7.2 – Treatment and importance of different sources of uncertainty in models and 

scenarios of nature and NCP. a) Outcome of the analysis of the systematic literature review 
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(Appendix A1.1) showing the percentage of studies that include estimates of different sources of 

uncertainty. b) An example of systematic analysis of sources of uncertainty in models of fish 

community responses to climate change (from Buisson et al. 2010). 

 

Comparisons of models and observations provide a powerful means of evaluating uncertainty in 

models of impacts on nature and NCPs, and for communicating with decision makers. 

Considerable work has been done to evaluate models of ecosystem functions and some 

categories of NCPs (e.g., ecosystem carbon stocks and fluxes, (Zaehle, 2013), that indicated 

large variation between models, and helped improving the understanding of the capacities and 

limits of these models. On the other hand, models of global change impacts on species diversity, 

species range, habitat change and many NCPs suffer from a chronic deficit of comparison with 

independent datasets (i.e., datasets that are entirely independent from the data used to develop 

and calibrate the model, (Araújo & Guisan, 2006; Settele et al., 2014). Those studies that have 

made robust comparisons between models and data indicate that agreement between models and 

data varies greatly between species, habitats and NCPs (Araujo & Rahbek, 2006; Sitch et al., 

2008). It is widely acknowledged that significant progress needs to be made in comparing 

models and data in order for scenarios and models to be more widely used in decision making 

(Araújo & Guisan, 2006; Dawson et al., 2011). 

 

There is a growing consensus that triangulation of multiple approaches, e.g., ecosystem and 

species models, projections based on trend extrapolation, in situ observations and 

experimentation, should be used to increase confidence in models (Dawson et al., 2011). There 

are a number of efforts underway to improve international collaboration to including efforts 

being supported by IPBES (Rosa et al., 2017b; Tittensor et al., 2018). 

4.7.3 The challenge of spatial and temporal scales in using scenarios and models to 

support decision-making 

 

The IPBES Conceptual Framework emphasizes the importance of considering multiple temporal 

and spatial scales (e.g. local, national, regional and global scales) in understanding, assessing and 

managing nature and nature's contributions to people (Diaz et al 2015a, b) note that "although the 

biodiversity crisis is global, biodiversity distribution and its conservation status is heterogeneous 

across the planet; therefore, the solutions will have to be scalable to a much finer level". As such, 

scenarios and models used for assessments and decision support need to be developed at a wide 

range of spatial and temporal scales and relationships between scales need to be explicitly 

accounted for (Ferrier et al., 2016; Rosa et al., 2017b).  

 

The IPBES methodological assessment of scenarios and models highlighted the strong 

relationships between spatial and temporal scales, types of scenarios employed and decision-

making contexts (Ferrier et al., 2016; Figure 4.7.3). Participation of stakeholders in developing 

scenarios is more common and better formalized at the local scale than at regional or global 

ones. Local scale scenarios and models also often focus on projections over much shorter time 

horizons, several years to a few decades, whereas supra-national scenarios and models are often 
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multi-decadal (Ferrier et al., 2016). Local policy and decision-making more often mobilize 

intervention scenarios to examine policy design and implementation with the objective of 

providing input to decision support. At the other end of the spectrum of spatial scales, global 

policy and decision-making tend to rely on exploratory scenarios for agenda setting or policy 

review (Figure 4.7.3). These relationships between spatial and temporal scale with their use 

within different parts of the policy cycle are important to keep in mind as a context for 

interpreting the analyses presented earlier in this chapter. 

 

 
Figure 4.7.3: Examples of the use of scenarios and models in agenda-setting, policy design and 

policy implementation relating to the achievement of biodiversity targets across a range of 

spatial scales. The diagram indicates the typical relationships between spatial scale (top arrows), 

type of science-policy interface (upper set of arrows at bottom), phase of the policy cycle 

(middle set of arrows at bottom) and type of scenarios used (lower set of arrows at bottom). 

Source: IPBES (2016a)  

 

Explicitly accounting for linkages across spatial and temporal scales can, in some decision 

contexts, enhance the ability of existing scenarios and models to address the multi-scale nature of 

environmental policy and decision-making (Cheung et al., 2016; Rosa et al., 2017a). For 

example, studies undertaken at larger scales lose the site specificity that policymakers and 

managers often desire. On the other hand, local case studies provide a refined understanding of 

local issues based on long term investigation at specific locations, but the possibility of 

generalizing findings is limited by the geographic coverage of the studies and the locality-

specific conditions (Castella et al., 2007). These are common and well-known tradeoffs among 

precision, realism and generality one faces when constructing and analyzing models (Levins, 

1966). 
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Existing scenarios and modeling tools and approaches typically do not capture, or poorly capture 

the linkages across scales, including interactions and feedbacks between them (Carpenter et al., 

2009; Cheung et al., 2016). This is in large part due to methodological limitations that are 

difficult to overcome, although ambitious efforts are now addressing solutions (e.g. Purves et al., 

2013). The IPBES methodological assessment report on scenarios and models of biodiversity 

and ecosystem services explored how to address societal and ecological processes that act at 

multiple spatial scales, and the challenges they present for decision-making (Cheung et al., 

2016). Multi-scale processes can be forecasted by linking (coupling) across scales, scenarios and 

models developed at particular scales. This process often requires some harmonization of 

scenarios across spatial scales. 

 

Harmonization across spatial scales involves upscaling (summarizing fine-scale information at 

coarser scale) and/or downscaling (inferring fine-scale information from coarser scale). Existing 

applications have greater emphasis on downscaling than upscaling. Downscaling provides 

information for local-scale policy making using the large scale information and projections as 

boundary conditions, and using the most refined local information to represent local processes 

more reliably. However, while the objective is to decrease process uncertainty at the local scale, 

the change of scale can introduce new sources of uncertainty, because downscaling is usually 

done through modelling or heuristic rules that introduce errors. Models and scenario comparison 

across multiple sites is another means to upscale scenarios and infer generalities, and there is a 

growing number of applications of this approach (Fish-Mip – Tittensor et al., 2018; IndiSeas – 

Fu et al. 2018, Shin et al., 2018; Madingley Model – Bartlett et al., 2016; Harfoot et al., 2014). 

Technical progress is being made in downscaling and upscaling, in particular by integrating data 

from a wide variety of sources and using powerful mathematical tools that combine spatial 

interpolation, upscaling, downscaling, data fusion, and data assimilation (Hoskins et al., 2016; 

Yue et al., 2016).  

 

Despite these methodological challenges, there are substantial potential benefits of using multi-

scale scenarios and models for improving understanding of system dynamics and for providing 

better support for decision-making. Ferrier et al. (2016) recommend that the scientific 

community works "on methods for linking […] scenarios and models across spatial and temporal 

scales" and in particular that IPBES works with the scientific community to "develop a flexible 

and adaptable suite of multi-scaled scenarios" (see also Rosa et al., 2017b). Approaches for 

developing multi-scale scenarios include using global-scale scenarios as boundary conditions for 

regional-scale scenarios, translating global-scale storylines into regional storylines, using 

standardized scenario families to independently develop scenarios across scales, and the direct 

use of global scenarios for regional policy contexts. These methods of upscaling can minimize 

inconsistencies between local scale contexts with larger scale assumptions, while also 

representing a diversity of local scale contexts (see Biggs et al., 2007 for an example). However, 

substantial resources and effort are needed to coordinate the development and aggregation of 

multiple local scale scenarios, so it is rarely done. Of particular importance, is the post-hoc 

approach to scaling used in Chapter 5 of this assessment and the IPBES regional assessments 
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that have used common (or "archetype") scenarios in order to make qualitative linkages across 

spatial and temporal scales (see also Biggs et al., 2007; Kok et al. 2009). 

 

However, multi-scale scenarios and models are not appropriate in every decision context, 

particularly when error propagation increases uncertainty to an unacceptable level. When system 

processes interact across scales resulting in nonlinear dynamics, harmonizing of models and their 

outputs across these scales is more prone to scaling error, therefore the uncertainty resulting from 

model linkages should be quantified (Cheung et al., 2016), but the literature survey suggests this 

is rarely done (see section 4.7.2).  

 

4.7.4 Improving communication and building capacity to enhance the use of scenarios 

and models in decision making 

The IPBES methodological assessment of scenarios and models highlighted cases in which 

scenarios and models have been successfully mobilized for policy and decision-making (Ferrier 

et al., 2016). It also, however, identified several key factors that have limited the mobilization of 

scenarios and models for policy and decision-making (Wintle et al. 2016). Many of these factors 

are related to insufficient communication between scientists and decision makers and the 

willingness and capacity of scientists and decision makers to engage in long-term interactions 

but may also run into more fundamental problems such as complex political agendas that are not 

compatible with the transparency associated with good scientific practice (Wintle et al. 2016). 

 

The IPBES methodological assessment of scenarios and models made several recommendations 

for improving the use of scenarios and models in decision-making to address these deficiencies 

(Ferrier et al., 2016). One of the most important keys is to establish and maintain interactions 

between policymakers, stakeholders and scientists (see also Fiske & Dupree, 2014; Scheufele, 

2014). In most successful applications, this typically involves many cycles of feedback between 

these groups during the development and use of scenarios and models. Sustained interactions 

between these groups help ensure that a relationship of trust is built between modelers and 

decision-makers, that scenarios and models are adapted to the decision-making context, and that 

all parties understand the capacities and limits of scenarios and models.  

 

Human and technical capacity for scenario development and modeling needs to be enhanced in 

order to address these shortcomings (Lundquist et al., 2016). Recommendations for capacity 

building include promoting of open and transparent access to scenario and modelling tools, to 

data required for the development and testing, and to training programs on scenarios and models 

for scientists and stakeholders (Biggs et al. 2016; Lundquist et al., 2016). 

 

 

  



Unedited draft chapters 31 May 2019 

173 

 

References 

Achard, F., Beuchle, R., Mayaux, P., Stibig, H. J., Bodart, C., Brink, A., Carboni, S., Descl??e, 

B., Donnay, F., Eva, H. D., Lupi, A., Raši, R., Seliger, R., & Simonetti, D. (2014). 

Determination of tropical deforestation rates and related carbon losses from 1990 to 2010. 

Global Change Biology, 20(8), 2540–2554. https://doi.org/10.1111/gcb.12605 

Ahlstrom, A., Schurgers, G., Arneth, A., & Smith, B. (2012). Robustness and uncertainty in 

terrestrial ecosystem carbon response to CMIP5 climate change projections. Environmental 

Research Letters, 7(4). https://doi.org/04400810.1088/1748-9326/7/4/044008 

Ainsworth, T. D., Heron, S. F., Ortiz, J. C., Mumby, P. J., Grech, A., Ogawa, D., Eakin, C. M., 

& Leggat, W. (2016). Climate change disables coral bleaching protection on the Great 

Barrier Reef. Science, 352(6283), 338–342. https://doi.org/10.1126/science.aac7125 

ALCAMO, J., FLÖRKE, M., & MÄRKER, M. (2007). Future long-term changes in global water 

resources driven by socio-economic and climatic changes. Hydrological Sciences Journal, 

52(2), 247–275. https://doi.org/10.1623/hysj.52.2.247 

ALCAMO, J., FLÖRKE, M., & MÄRKER, M. (2007). Future long-term changes in global water 

resources driven by socio-economic and climatic changes. Hydrological Sciences Journal, 

52(2), 247–275. https://doi.org/10.1623/hysj.52.2.247 

Aleman, J. C., Blarquez, O., Gourlet-Fleury, S., Bremond, L., & Favier, C. (2017). Tree cover in 

Central Africa: determinants and sensitivity under contrasted scenarios of global change. 

Scientific Reports, 7(August 2016), 41393. https://doi.org/41393 10.1038/srep41393 

Aleman, J. C., Blarquez, O., Staver, C. A., & Carla Staver, A. (2016). Land-use change 

outweighs projected effects of changing rainfall on tree cover in sub-Saharan Africa. Global 

Change Biology, 22(9), 3013–3025. https://doi.org/10.1111/gcb.13299 

Alexander, P., Brown, C., Arneth, A., Dias, C., Finnigan, J., Moran, D., & Rounsevell, M. D. A. 

(2017). Could consumption of insects, cultured meat or imitation meat reduce global 

agricultural land use? Food Security. 

https://doi.org/http://dx.doi.org/10.1016/j.gfs.2017.04.001 

Alexander, P., Brown, C., Arneth, A., Finnigan, J., Moran, D., & Rounsevell, M. (2017). Losses, 

inefficiencies and waste in the global food syste. Agricultural Systems, 153, 190–200. 

Alexander, P., Brown, C., Rounsevell, M., Finnigan, J., & Arneth, A. (2016). Human 

appropriation of land for food: the role of diet. Global Environmental Change, In review, 

88–98. https://doi.org/10.1016/j.gloenvcha.2016.09.005 

Alexander, P., Prestele, R., Verburg, P. H., Arneth, A., Baranzelli, C., Batista E Silva, F., Brown, 

C., Butler, A., Calvin, K., Dendoncker, N., Doelman, J. C., Dunford, R., Engström, K., 

Eitelberg, D., Fujimori, S., Harrison, P. A., Hasegawa, T., Havlik, P., Holzhauer, S., 

Humpenöder, F., Jacobs-Crisioni, C., Jain, A. K., Krisztin, T. T., Kyle, P., Lavalle, C., 

Lenton, T., Liu, J., Meiyappan, P., Popp, A., Powell, T., Sands, R. D., Schaldach, R. R., 

Stehfest, E., Steinbuks, J., Tabeau, A., van Meijl, H., Wise, M. A., Rounsevell, M. D. A., 

Engstrom, K., Eitelberg, D., Fujimori, S., Harrison, P. A., Hasegawa, T., Havlik, P., 

Holzhauer, S., Humpenoeder, F., Jacobs-Crisioni, C., Jain, A. K., Krisztin, T. T., Kyle, P., 

Lavalle, C., Lenton, T., Liu, J., Meiyappan, P., Popp, A., Powell, T., Sands, R. D., 

Schaldach, R. R., Stehfest, E., Steinbuks, J., Tabeau, A., van Meijl, H., Wise, M. A., 

Rounsevell, M. D. A., Engström, K., Eitelberg, D., Fujimori, S., Harrison, P. A., Hasegawa, 

T., Havlik, P., Holzhauer, S., Humpenöder, F., Jacobs-Crisioni, C., Jain, A. K., Krisztin, T. 

T., Kyle, P., Lavalle, C., Lenton, T., Liu, J., Meiyappan, P., Popp, A., Powell, T., Sands, R. 

D., Schaldach, R. R., Stehfest, E., Steinbuks, J., Tabeau, A., van Meijl, H., Wise, M. A., & 



Unedited draft chapters 31 May 2019 

174 

 

Rounsevell, M. D. A. (2016). Assessing uncertainties in land cover projections. Global 

Change Biology, 23(2), 767–781. https://doi.org/10.1111/gcb.13447 

Alexander, P., Prestele, R., Verburg, P. H., Arneth, A., Baranzelli, C., Batista e Silva, F., Brown, 

C., Butler, A., Calvin, K., Dendoncker, N., Doelman, J. C., Dunford, R., Engstrom, K., 

Eitelberg, D., Fujimori, S., Harrison, P. A., Hasegawa, T., Havlik, P., Holzhauer, S., 

Humpenoeder, F., Jacobs-Crisioni, C., Jain, A. K., Krisztin, T., Kyle, P., Lavalle, C., 

Lenton, T., Liu, J., Meiyappan, P., Popp, A., Powell, T., Sands, R. D., Schaldach, R., 

Stehfest, E., Steinbuks, J., Tabeau, A., van Meijl, H., Wise, M. A., & Rounsevell, M. D. A. 

(2017). Assessing uncertainties in land cover projections. Global Change Biology, 23(2), 

767–781. https://doi.org/10.1111/gcb.13447 

Alexandratos, N. and J. Bruinsma. 2012. World agriculture towards 2030/2050: the 2012 

revision. ESA Working paper No. 12-03. Rome, FAO 

Alfaro, R. I., Fady, B., Vendramin, G. G., Dawson, I. K., Fleming, R. A., Saenz-Romero, C., 

Lindig-Cisneros, R. A., Murdock, T., Vinceti, B., Navarro, C. M., Skroppa, T., Baldinelli, 

G., El-Kassaby, Y. A., & Loo, J. (2014). The role of forest genetic resources in responding 

to biotic and abiotic factors in the context of anthropogenic climate change. Forest Ecology 

and Management, 333, 76–87. https://doi.org/10.1016/j.foreco.2014.04.006 

Alkama, R., & Cescatti, A. (2016). Biophysical climate impacts of recent changes in global 

forest cover. Science, 351(6273), 600–604. https://doi.org/10.1126/science.aac8083 

Alkama, R., & Cescatti, A. (2016). Biophysical climate impacts of recent changes in global 

forest cover. Science, 351(6273), 600–604. 

Alkemade, R., Oorschot, M. van, Miles, L., Nellemann, C., Bakkenes, M., Brink, B. ten, van 

Oorschot, M., Miles, L., Nellemann, C., Bakkenes, M., & ten Brink, B. (2009). GLOBIO3: 

A Framework to Investigate Options for Reducing Global Terrestrial Biodiversity Loss. 

ECOSYSTEMS, 12(3), 374–390. https://doi.org/10.1007/s10021-009-9229-5 

Alkemade, R., Reid, R. S., van den Berg, M., de Leeuw, J., & Jeuken, M. (2013). Assessing the 

impacts of livestock production on biodiversity in rangeland ecosystems. Proceedings of the 

National Academy of Sciences of the United States of America, 110(52), 20900–20905. 

https://doi.org/10.1073/pnas.1011013108 

Alkemade, R., van Oorschot, M., Miles, L., Nellemann, C., Bakkenes, M., ten Brink, B., Van 

Oorschot, M., Miles, L., Nellemann, C., Bakkenes, M., & ten Brink, B. (2009). GLOBIO3: 

A Framework to Investigate Options for Reducing Global Terrestrial Biodiversity Loss. 

Ecosystems, 12(3), 374–390. https://doi.org/10.1007/s10021-009-9229-5 

ALLAN, J. D., ABELL, R., HOGAN, Z. E. B., REVENGA, C., TAYLOR, B. W., 

WELCOMME, R. L., & WINEMILLER, K. (2005). Overfishing of Inland Waters. 

BioScience, 55(12), 1041. https://doi.org/10.1641/0006-

3568(2005)055[1041:OOIW]2.0.CO;2 

Allbright R, Takeshita Y, Koweek DA, Ninokawa A, Wolfe K, Rivlin T, Nebuchina Y, Young J, 

Caldeira K, 2018. Carbon dioxide addition to coral reef waters suppresses net community 

calcification. Nature 555: 516-519 

Allen, C. D., Macalady, A. K., Chenchouni, H., Bachelet, D., McDowell, N., Vennetier, M., 

Kitzberger, T., Rigling, A., Breshears, D. D., Hogg, E. H. (Ted), Gonzalez, P., Fensham, R., 

Zhang, Z., Castro, J., Demidova, N., Lim, J.-H., Allard, G., Running, S. W., Semerci, A., & 

Cobb, N. (2010). A global overview of drought and heat-induced tree mortality reveals 

emerging climate change risks for forests. Forest Ecology and Management, 259(4), 660–

684. https://doi.org/10.1016/j.foreco.2009.09.001 



Unedited draft chapters 31 May 2019 

175 

 

Allen, C., Metternicht, G., & Wiedmann, T. (2016). National pathways to the Sustainable 

Development Goals (SDGs): A comparative review of scenario modelling tools. 

Environmental Science and Policy, 66, 199–207. 

https://doi.org/10.1016/j.envsci.2016.09.008 

Allen, C., Metternicht, G., & Wiedmann, T. (2017). An Iterative Framework for National 

Scenario Modelling for the Sustainable Development Goals (SDGs). Sustainable 

Development, 25(5), 372–385. https://doi.org/10.1002/sd.1662 

Alongi, D. M., 2008: Mangrove forests: resilience, protection from tsunamis, and response to 

global climate change. Estuarine, Coastal and Shelf Science, 76(1), 1-13. 

Altieri, A. H., Harrison, S. B., Seemann, J., Collin, R., Diaz, R. J., & Knowlton, N. (2017). 

Tropical dead zones and mass mortalities on coral reefs. Proceedings of the National 

Academy of Sciences, 114(14), 3660–3665. https://doi.org/10.1073/pnas.1621517114 

Altizer, S., Ostfeld, R. S., Johnson, P. T. J., Kutz, S., & Harvell, C. D. (2013). Climate Change 

and Infectious Diseases: From Evidence to a Predictive Framework. Science, 341(6145), 

514–519. https://doi.org/10.1126/science.1239401 

Álvarez-romero, J. G., Munguía-vega, A., Beger, M., Mancha-cisneros, M. M., Suárez-castillo, 

A. N., Gurney, G., Pressey, R. L., Gerber, L. R., Morzaria-luna, H. N., Reyes-bonilla, H., & 

Adams, V. M. (2017). Designing connected marine reserves in the face of global warming, 

(September). https://doi.org/10.1111/gcb.13989 

Ament, J. M., Moore, C. A., Herbst, M., & Cumming, G. S. (2017). Cultural Ecosystem Services 

in Protected Areas: Understanding Bundles, Trade-Offs, and Synergies. Conservation 

Letters, 10(4), 440–450. https://doi.org/10.1111/conl.12283 

Amon, D. J., Ziegler, A. F., Dahlgren, T. G., Glover, A. G., Goineau, A., Gooday, A. J., 

Wiklund, H., & Smith, C. R. (2016). Insights into the abundance and diversity of abyssal 

megafauna in a polymetallic-nodule region in the eastern Clarion-Clipperton Zone. 

Scientific Reports, 6(1), 30492. https://doi.org/10.1038/srep30492 

Anderson, K., & Peters, G. P. (2016). The trouble with negative emissions. Science, 354(6309), 

182–183. https://doi.org/10.1126/science.aah4567 

Angelsen, A. (2010). Policies for reduced deforestation and their impact on agricultural 

production. Proceedings of the National Academy of Sciences of the United States of 

America, 107(46), 19639–19644. https://doi.org/10.1073/pnas.0912014107 

Angelsen, A., Brockhaus, M., Duchelle, A. E., Larson, A. M., Martius, C., Sunderlin, W. D., 

Verchot, L. V., Wong, G., & Wunder, S. (2017). Learning from REDD+: a response to 

Fletcher et al. Conservation Biology, 31(3). https://doi.org/10.1111/cobi.12933 

Anthony, K. R. N. (2016). Coral Reefs Under Climate Change and Ocean Acidification: 

Challenges and Opportunities for Management and Policy. Annual Review of Environment 

and Resources, 41(1), 59–81. https://doi.org/10.1146/annurev-environ-110615-085610 

Aragão, L. E. O. C., Poulter, B., Barlow, J. B., Anderson, L. O., Malhi, Y., Saatchi, S., Phillips, 

O. L., & Gloor, E. (2014). Environmental change and the carbon balance of Amazonian 

forests. Biological Reviews, 89(4), 913–931. https://doi.org/10.1111/brv.12088 

Araújo, M. B., & Guisan, A. (2006). Five (or so) challenges for species distribution modelling. 

Journal of Biogeography, 33(10), 1677–1688. https://doi.org/10.1111/j.1365-

2699.2006.01584.x 

Araújo, M. B., & New, M. (2007). Ensemble forecasting of species distributions. Trends in 

Ecology and Evolution, 22(1), 42–47. https://doi.org/10.1016/j.tree.2006.09.010 

Araujo, M. B., & Rahbek, C. (2006). How Does Climate Change Affect Biodiversity? Science, 



Unedited draft chapters 31 May 2019 

176 

 

313(5792), 1396–1397. https://doi.org/10.1126/science.1131758 

Arcurs, C. (2017). Safeguarding our soils. Nature Communications, 8. 

https://doi.org/198910.1038/s41467-017-02070-6 

Arkema, K. K., Guannel, G., Verutes, G., Wood, S. A., Guerry, A., Ruckelshaus, M., Kareiva, 

P., Lacayo, M., & Silver, J. M. (2013). Coastal habitats shield people and property from 

sea-level rise and storms. Nature Climate Change, 3(10), 913–918. 

https://doi.org/10.1038/nclimate1944 

Arneth, A., Harrison, S. P., Zaehle, S., Tsigaridis, K., Menon, S., Bartlein, P. J., Feichter, J., 

Korhola, A., Kulmala, M., O’Donnell, D., Schurgers, G., Sorvari, S., & Vesala, T. (2010). 

Terrestrial biogeochemical feedbacks in the climate system. Nature Geoscience, 3(8), 525–

532. https://doi.org/10.1038/ngeo905 

Arneth, A., Schurgers, G., Lathiere, J., Duhl, T., Beerling, D. J., Hewitt, C. N., Martin, M., & 

Guenther, A. (2011). Global terrestrial isoprene emission models: sensitivity to variability 

in climate and vegetation. Atmospheric Chemistry and Physics, 11(15), 8037–8052. 

https://doi.org/10.5194/acp-11-8037-2011 

Arneth, A., Sitch, S., Pongratz, J., Stocker, B. D., Ciais, P., Poulter, B., Bayer, A. D., Bondeau, 

A., Calle, L., Chini, L. P., Gasser, T., Fader, M., Friedlingstein, P., Kato, E., Li, W., 

Lindeskog, M., Nabel, J. E. M. S. M. S., Pugh, T. A. M. M., Robertson, E., Viovy, N., Yue, 

C., & Zaehle, S. (2017). Historical carbon dioxide emissions caused by land-use changes 

are possibly larger than assumed. Nature Geoscience, 10(2), 79–+. 

https://doi.org/10.1038/ngeo2882 

Ashworth, K., Wild, O., & Hewitt, C. N. (2013). Impacts of biofuel cultivation on mortality and 

crop yields. Nature Climate Change, 3(5), 492–496. https://doi.org/10.1038/nclimate1788 

Atwood, T. B., Connolly, R. M., Almahasheer, H., Carnell, P. E., Duarte, C. M., Lewis, C. J. E., 

Irigoien, X., Kelleway, J. J., Lavery, P. S., Macreadie, P. I., Serrano, O., Sanders, C. J., 

Santos, I., Steven, A. D. L., & Lovelock, C. E. (2017). Global patterns in mangrove soil 

carbon stocks and losses. Nature Climate Change. https://doi.org/10.1038/nclimate3326 

Avissar, R., & Werth, D. (2005). Global Hydroclimatological Teleconnections Resulting from 

Tropical Deforestation. Journal of Hydrometeorology, 6(2), 134–145. 

https://doi.org/10.1175/JHM406.1 

Bach, L. T., Alvarez-Fernandez, S., Hornick, T., Stuhr, A., & Riebesell, U. (2017). Simulated 

ocean acidification reveals winners and losers in coastal phytoplankton. PLOS ONE, 

12(11), e0188198. https://doi.org/10.1371/journal.pone.0188198 

Bai, Z., Hui, Y., Jiang, D., Lv, Z., Wong, W. K., & Zheng, S. (2018). A new test of multivariate 

nonlinear causality. PLoS ONE, 13(1), 1–14. https://doi.org/10.1371/journal.pone.0185155 

Baker, J. D., Littnan, C. L., & Johnston, D. W. (2006). Potential effects of sea level rise on the 

terrestrial habitats of endangered and endemic megafauna in the Northwestern Hawaiian 

Islands. Endangered Species Research, 2, 21–30. https://doi.org/10.3354/esr002021 

Bakun, A. (1990). Coastal Ocean Upwelling. Science, 247(4939), 198–201. 

https://doi.org/10.1126/science.247.4939.198 

Bakun, A., Black, B. A., Bograd, S. J., García-Reyes, M., Miller, A. J., Rykaczewski, R. R., & 

Sydeman, W. J. (2015). Anticipated Effects of Climate Change on Coastal Upwelling 

Ecosystems. Current Climate Change Reports, 1(2), 85–93. https://doi.org/10.1007/s40641-

015-0008-4 

Balian, E. V, Segers, H., Lévèque, C., & Martens, K. (2008). Freshwater Animal Diversity 

Assessment. Hydrobiologia, 595(January), 627–637. https://doi.org/10.1007/978-1-4020-

https://doi.org/10.1126/science.1131758


Unedited draft chapters 31 May 2019 

177 

 

8259-7 

Bálint, M., Domisch, S., Engelhardt, C. H. M., Haase, P., Lehrian, S., Sauer, J., Theissinger, K., 

Pauls, S. U., & Nowak, C. (2011). Cryptic biodiversity loss linked to global climate change. 

Nature Climate Change, 1(6), 313–318. https://doi.org/10.1038/nclimate1191 

Balmford, A., Beresford, J., Green J, Naidoo R, Walpole M, Green, J., Naidoo, R., Walpole, M., 

& Manica, A. (2009). A Global Perspective on Trends in Nature-Based Tourism. PLoS 

Biology, 7(6), e1000144. https://doi.org/10.1371/journal.pbio.1000144 

Balmford, A., Green, J. M. H., Anderson, M., Beresford, J., Huang, C., Naidoo, R., Walpole, M., 

& Manica, A. (2015). Walk on the Wild Side: Estimating the Global Magnitude of Visits to 

Protected Areas. PLoS Biology, 13(2), 1–7. https://doi.org/10.1371/journal.pbio.1002074 

Banuri T, Weyant J, Akumu G, Najam A, Pinguelli Rosa L, Rayner S, Sachs W, Sharma R, 

Yohe G. Chapter 1: Setting the Stage: Climate Change and Sustainable Development. In: 

IPCC (2001) Climate change 2001. Mitigation. Contribution of Working Group III to the 

Third Assessment Report of the Intergovernmental Panel on Climate Change. 

Barbosa da Silva, F. H., Arieira, J., Parolin, P., Nunes da Cunha, C., & Junk, W. J. (2016). Shrub 

encroachment influences herbaceous communities in flooded grasslands of a neotropical 

savanna wetland. Applied Vegetation Science, 19(3), 391–400. 

https://doi.org/10.1111/avsc.12230 

Barbraud, C., Rivalan, P., Inchausti, P., Nevoux, M., Rolland, V., & Weimerskirch, H. (2011). 

Contrasted demographic responses facing future climate change in Southern Ocean 

seabirds. Journal of Animal Ecology, 80(1), 89–100. https://doi.org/10.1111/j.1365-

2656.2010.01752.x 

Barnaud, C., Corbera, E., Muradian, R., Salliou, N., Sirami, C., Vialatte, A., Choisis, J.-P., 

Dendoncker, N., Mathevet, R., Moreau, C., Reyes-García, V., Boada, M., Deconchat, M., 

Cibien, C., Garnier, S., Maneja, R., & Antona, M. (2018). Ecosystem services, social 

interdependencies, and collective action: a conceptual framework. Ecology and Society, 

23(1), art15. https://doi.org/10.5751/ES-09848-230115 

Barnosky, A. D., Hadly, E. A., Bascompte, J., Berlow, E. L., Brown, J. H., Fortelius, M., Getz, 

W. M., Harte, J., Hastings, A., Marquet, P. A., Martinez, N. D., Mooers, A., Roopnarine, P., 

Vermeij, G., Williams, J. W., Gillespie, R., Kitzes, J., Marshall, C., Matzke, N., Mindell, D. 

P., Revilla, E., & Smith, A. B. (2012). Approaching a state shift in Earth’s biosphere. 

Nature, 486(7401), 52–58. https://doi.org/10.1038/nature11018 

Bartlett, L. J., Newbold, T., Purves, D. W., Tittensor, D. P., & Harfoot, M. B. J. (2016). 

Synergistic impacts of habitat loss and fragmentation on model ecosystems. Proceedings of 

the Royal Society B: Biological Sciences, 283(1839), 20161027. 

https://doi.org/10.1098/rspb.2016.1027 

Barton, J., & Pretty, J. (2010). What is the Best Dose of Nature and Green Exercise for 

Improving Mental Health? A Multi-Study Analysis. Environmental Science & Technology, 

44(10), 3947–3955. https://doi.org/10.1021/es903183r 

Baulcombe, D.Crute, IDavies, B. Dunwell, JGale, M. (2009). Reaping the benefits science and 

the sustainable intensification of global agriculture. The Royal Society. Retrieved from 

http://centaur.reading.ac.uk/26470/ 

Bay, R. A., Rose, N. H., Logan, C. A., & Palumbi, S. R. (2017). Genomic models predict 

successful coral adaptation if future ocean warming rates are reduced. Science Advances, 

3(11). https://doi.org/e170141310.1126/sciadv.1701413 

Bayliss, J., Schaafsma, M., Balmford, A., Burgess, N. D., Green, J. M. H., Madoffe, S. S., 



Unedited draft chapters 31 May 2019 

178 

 

Okayasu, S., Peh, K. S. H., Platts, P. J., & Yu, D. W. (n.d.). The current and future value of 

nature-based tourism in the Eastern Arc Mountains of Tanzania. ECOSYSTEM 

SERVICES. Retrieved from 

http://roble.unizar.es:9090/login?url=http://search.ebscohost.com/login.aspx?direct=true&d

b=edswsc&AN=000363661300008&lang=es&site=eds-live 

Beaumont, L. J., & Duursma, D. (2012). Global Projections of 21st Century Land-Use Changes 

in Regions Adjacent to Protected Areas. PLoS ONE, 7(8), 1–8. 

https://doi.org/10.1371/journal.pone.0043714 

Bell, J. D., Kronen, M., Vunisea, A., Nash, W. J., Keeble, G., Demmke, A., Pontifex, S., & 

Andréfouët, S. (2009). Planning the use of fish for food security in the Pacific. Marine 

Policy, 33(1), 64–76. https://doi.org/10.1016/j.marpol.2008.04.002 

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., & Courchamp, F. (2012). Impacts of 

climate change on the future of biodiversity. Ecology Letters, 15(4), 365–377. 

https://doi.org/10.1111/j.1461-0248.2011.01736.x 

Bellard, C., Leclerc, C., Leroy, B., Bakkenes, M., Veloz, S., Thuiller, W., & Courchamp, F. 

(2014). Vulnerability of biodiversity hotspots to global change. Global Ecology and 

Biogeography, 23(12), 1376–1386. https://doi.org/10.1111/geb.12228 

Bellard, C., Thuiller, W., Leroy, B., Genovesi, P., Bakkenes, M., & Courchamp, F. (2013). Will 

climate change promote future invasions? Global Change Biology, 19(12), 3740–3748. 

https://doi.org/10.1111/gcb.12344 

Belle, E., Burgess, N., M, M., Arnell, A., B, M., Somda, J., Hartley, A., R, J., T, J., C, M., C, M., 

Buontempo, C., S, B., Willis, S., Baker, D., J, C., Hughes, A., Foden, W., Smith, R., & 

Kingston, N. (2016). Climate Change Impacts on Biodiversity and Protected Areas in West 

Africa, Summary of the main outputs of the PARCC project, Protected Areas Resilient to 

Climate Change in West Africa. 

Bello, C., Galetti, M., Pizo, M. A., Magnago, L. F. S., Rocha, M. F., Lima, R. A. F., Peres, C. A., 

Ovaskainen, O., & Jordano, P. (2015). Defaunation affects carbon storage in tropical 

forests. Science Advances, 1(11), e1501105–e1501105. 

https://doi.org/10.1126/sciadv.1501105 

Béné, C., Barange, M., Subasinghe, R., Pinstrup-Andersen, P., Merino, G., Hemre, G., & 

Williams, M. (2015). Feeding 9 billion by 2050 – Putting fish back on the menu. Food 

Security, 27(11), 1308–1314. https://doi.org/10.1007/s12571-015-0427-z 

Benito Garzón, M., Alía, R., Robson, T. M., & Zavala, M. A. (2011). Intra-specific variability 

and plasticity influence potential tree species distributions under climate change. Global 

Ecology and Biogeography, 20(5), 766–778. https://doi.org/10.1111/j.1466-

8238.2010.00646.x 

Bennett, E. M., Peterson, G. D., & Gordon, L. J. (2009). Understanding relationships among 

multiple ecosystem services. Ecology Letters, 12(12), 1394–1404. 

https://doi.org/10.1111/j.1461-0248.2009.01387.x 

Berbés-Blázquez, M., Bunch, M. J., Mulvihill, P. R., Peterson, G. D., & van Wendel de Joode, 

B. (2017). Understanding how access shapes the transformation of ecosystem services to 

human well-being with an example from Costa Rica. Ecosystem Services, 28, 320–327. 

https://doi.org/10.1016/J.ECOSER.2017.09.010 

Bergman, Å., Heindel, J., Jobling, S., Kidd, K., & Zoeller, R. T. (2012). State-of-the-science of 

endocrine disrupting chemicals, 2012. Toxicology Letters, 211, S3. 

https://doi.org/10.1016/j.toxlet.2012.03.020 



Unedited draft chapters 31 May 2019 

179 

 

BERINGER, T., LUCHT, W., & SCHAPHOFF, S. (2011). Bioenergy production potential of 

global biomass plantations under environmental and agricultural constraints. GCB 

Bioenergy, 3(4), 299–312. https://doi.org/10.1111/j.1757-1707.2010.01088.x 

Bhagwat, S. A., Kushalappa, C. G., Williams, P. H., & Brown, N. D. (2005). The role of 

informal protected areas in maintaining biodiversity in the Western Ghats of India. Ecology 

and Society, 10(1). https://doi.org/10.1111/j.1523-1739.2005.00248.x 

Bhushan, B. (2016). Biomimetics: Bioinspired Hierarchical-Structured Surfaces for Green 

Science and Technology (2nd Editio). Springer International Publishing. 

https://doi.org/10.1007/978-3-319-28284-8 

Biastoch, A., Treude, T., Rüpke, L. H., Riebesell, U., Roth, C., Burwicz, E. B., Park, W., Latif, 

M., Böning, C. W., Madec, G., & Wallmann, K. (2011). Rising Arctic Ocean temperatures 

cause gas hydrate destabilization and ocean acidification. Geophysical Research Letters, 

38(8), n/a-n/a. https://doi.org/10.1029/2011gl047222 

Biermann, F., Kanie, N., & Kim, R. E. (2017). Global governance by goal-setting: the novel 

approach of the UN Sustainable Development Goals. Current Opinion in Environmental 

Sustainability, 26–27, 26–31. https://doi.org/10.1016/j.cosust.2017.01.010 

Biggs, R., Kizito, F., Adjonou, K., Ahmed, M. T., Blanchard, R., Coetzer, K., Handa, C. O., 

Dickens, C., Hamann, M., O’Farrell, P., Kellner, K., Reyers, B., Matose, F., Omar, K., 

Sonkoue, J-F., Terer, T, Vanhove, M., Sitas, N., Abrahams, B., Lazarova, T., and Pereira, L. 

Chapter 5: Current and future interactions between nature and society. In IPBES (2018): 

The IPBES regional assessment report on biodiversity and ecosystem services for Africa. 

Archer, E. Dziba, L., Mulongoy, K. J., Maoela, M. A., and Walters, M. (eds.). Secretariat of 

the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, 

Bonn, Germany, pp. 297–352. 

Biggs, R., Raudsepp-Hearne, C., Atkinson-Palombo, C., Bohensky, E., Boyd, E., Cundill, G., 

Fox, H., Ingram, S., Kok, K., Spehar, S., Tengö, M., Timmer, D., & Zurek, M. (2007). 

Linking Futures across Scales: a Dialog on Multiscale Scenarios. Ecology and Society, 

12(1), art17. https://doi.org/10.5751/ES-02051-120117 

Bijl, D. L., Bogaart, P. W., Dekker, S. C., Stehfest, E., de Vries, B. J. M., & van Vuuren, D. P. 

(2017). A physically-based model of long-term food demand. Global Environmental 

Change-Human and Policy Dimensions, 45, 47–62. 

https://doi.org/10.1016/j.gloenvcha.2017.04.003 

Bird, D. N., Zanchi, G., & Pena, N. (2013). A method for estimating the indirect land use change 

from bioenergy activities based on the supply and demand of agricultural-based energy. 

Biomass and Bioenergy, 59, 3–15. https://doi.org/10.1016/j.biombioe.2013.03.006 

Black, R., Adger, W. N., Arnell, N. W., Dercon, S., Geddes, A., & Thomas, D. (2011). The 

effect of environmental change on human migration. Global Environmental Change, 

21(SUPPL. 1), S3–S11. https://doi.org/10.1016/j.gloenvcha.2011.10.001 

Blackburn, T. M., Essl, F., Evans, T., Hulme, P. E., Jeschke, J. M., Kühn, I., Kumschick, S., 

Marková, Z., Mrugała, A., Nentwig, W., Pergl, J., Pyšek, P., Rabitsch, W., Ricciardi, A., 

Richardson, D. M., Sendek, A., Vilà, M., Wilson, J. R. U., Winter, M., Genovesi, P., & 

Bacher, S. (2014). A Unified Classification of Alien Species Based on the Magnitude of 

their Environmental Impacts. PLoS Biology, 12(5), e1001850. 

https://doi.org/10.1371/journal.pbio.1001850 

Blanchard, J. L., Jennings, S., Holmes, R., Harle, J., Merino, G., Allen, J. I., Holt, J., Dulvy, N. 

K., & Barange, M. (2012). Potential consequences of climate change for primary production 



Unedited draft chapters 31 May 2019 

180 

 

and fish production in large marine ecosystems. Philosophical Transactions of the Royal 

Society of London. Series B, Biological Sciences, 367(1605), 2979–2989. 

https://doi.org/10.1098/rstb.2012.0231 

Blanchard, J. L., Watson, R. A., Fulton, E. A., Cottrell, R. S., Nash, K. L., Bryndum-Buchholz, 

A., Büchner, M., Carozza, D. A., Cheung, W. W. L., Elliott, J., Davidson, L. N. K., Dulvy, 

N. K., Dunne, J. P., Eddy, T. D., Galbraith, E., Lotze, H. K., Maury, O., Müller, C., 

Tittensor, D. P., & Jennings, S. (2017a). Linked sustainability challenges and trade-offs 

among fisheries, aquaculture and agriculture. Nature Ecology & Evolution 2017 1:9, 1(9), 

1240. https://doi.org/10.1038/s41559-017-0258-8 

Blanchard, J. L., Watson, R. A., Fulton, E. A., Cottrell, R. S., Nash, K. L., Bryndum-Buchholz, 

A., Büchner, M., Carozza, D. A., Cheung, W. W. L., Elliott, J., Davidson, L. N. K., Dulvy, 

N. K., Dunne, J. P., Eddy, T. D., Galbraith, E., Lotze, H. K., Maury, O., Müller, C., 

Tittensor, D. P., & Jennings, S. (2017b). Linked sustainability challenges and trade-offs 

among fisheries, aquaculture and agriculture. Nature Ecology & Evolution 2017 1:9, 1(9), 

1240. https://doi.org/10.1038/s41559-017-0258-8 

Blanchet, S., Grenouillet, G., Beauchard, O., Tedesco, P. A., Leprieur, F., Dürr, H. H., Busson, 

F., Oberdorff, T., & Brosse, S. (2010). Non-native species disrupt the worldwide patterns of 

freshwater fish body size: Implications for Bergmann’s rule. Ecology Letters. 

https://doi.org/10.1111/j.1461-0248.2009.01432.x 

Blankespoor, B., Dasgupta, S. & Laplante, B. Sea-level rise and coastal wetlands. Ambio 43, 

996–1005 (2014) 

Blois, J. L., Zarnetske, P. L., Fitzpatrick, M. C., & Finnegan, S. (2013). Climate change and the 

past, present, and future of biotic interactions. Science. 

https://doi.org/10.1126/science.1237184 

Blöschl, G., Hall, J., Parajka, J., Perdigão, R. A. P., Merz, B., Arheimer, B., Aronica, G. T., 

Bilibashi, A., Bonacci, O., Borga, M., Čanjevac, I., Castellarin, A., Chirico, G. B., 

Macdonald, N., Mavrova-Guirguinova, M., Mediero, L., Merz, R., Molnar, P., Montanari, 

A., Murphy, C., Radevski, I., Rogger, M., & Salinas, J. L. (2017). Changing climate shifts 

timing of European floods. Science, 357(6351), 588–590. 

https://doi.org/10.1126/science.aan2506 

Bodirsky, B. L., Popp, A., Weindl, I., Dietrich, J. P., Rolinski, S., Scheiffele, L., Schmitz, C., & 

Lotze-Campen, H. (2012). N2O emissions from the global agricultural nitrogen cycle - 

current state and future scenarios. Biogeosciences, 9(10), 4169–4197. 

https://doi.org/10.5194/bg-9-4169-2012 

Boetius, A., & Wenzhöfer, F. (2013). Seafloor oxygen consumption fuelled by methane from 

cold seeps. Nature Geoscience, 6(9), 725–734. https://doi.org/10.1038/ngeo1926 

Boffa, J. (2015). Opportunities and challenges in the improvement of the shea (Vitellaria 

paradoxa) resource and its management. Occasional Paper 24. 

Bogan, M. T., & Lytle, D. A. (2011). Severe drought drives novel community trajectories in 

desert stream pools. Freshwater Biology. https://doi.org/10.1111/j.1365-2427.2011.02638.x 

Bohensky, E. L., Butler, J. R. A., & Mitchell, D. (2011). Scenarios for Knowledge Integration: 

Exploring Ecotourism Futures in Milne Bay, Papua New Guinea. Journal of Marine 

Biology, 2011, 1–11. https://doi.org/10.1155/2011/504651 

Bohensky, E., Butler, J. R. A., Costanza, R., Bohnet, I., Lie Delisle, A., Fabricius, K., Gooch, 

M., Kubiszewski, I., Lukacs, G., Pert, P., & Wolanski, E. (2011). Future makers or future 

takers? A scenario analysis of climate change and the Great Barrier Reef. Global 



Unedited draft chapters 31 May 2019 

181 

 

Environmental Change, 21, 876–893. https://doi.org/10.1016/j.gloenvcha.2011.03.009 

Bohensky, E.L., Kirono, D.G.C., Butler, J.R.A., Rochester, W., Habibi, P., Handayani, T., 

Yanuartati, Y., 2016. Climate knowledge cultures: stakeholder perspectives on change and 

adaptation in Nusa Tenggara Barat, Indonesia. Clim. Risk Manage. 12, 17–31 

Bonan, G. B., & Doney, S. C. (2018). Climate, ecosystems, and planetary futures: The challenge 

to predict life in Earth system models. Science, 359(6375), 533–+. 

https://doi.org/eaam832810.1126/science.aam8328 

Bond, W. J., Woodward, F. I., & Midgley, G. F. (2005). The global distribution of ecosystems in 

a world without fire. New Phytologist, 165(2), 525–538. https://doi.org/10.1111/j.1469-

8137.2004.01252.x 

Bonsch, M., Humpenöder, F., Popp, A., Bodirsky, B., Dietrich, J. P., Rolinski, S., Biewald, A., 

Lotze-Campen, H., Weindl, I., Gerten, D., & Stevanovic, M. (2016). Trade-offs between 

land and water requirements for large-scale bioenergy production. GCB Bioenergy, 8(1), 

11–24. https://doi.org/10.1111/gcbb.12226 

Bonsdorff, E., Blomqvist, E. M., Mattila, J., & Norkko, A. (1997). Coastal eutrophication: 

Causes, consequences and perspectives in the Archipelago areas of the northern Baltic Sea. 

Estuarine, Coastal and Shelf Science, 44, 63–72. https://doi.org/10.1016/s0272-

7714(97)80008-x 

Bopp, L., Resplandy, L., Orr, J. C., Doney, S. C., Dunne, J. P., Gehlen, M., Halloran, P., Heinze, 

C., Ilyina, T., Séférian, R., Tjiputra, J., & Vichi, M. (2013). Multiple stressors of ocean 

ecosystems in the 21st century:$\$rprojections with CMIP5 models. Biogeosciences, 10(2), 

6225–6245. https://doi.org/10.5194/bg-10-6225-2013 

Bouchoms, S., Wang, Z., Vanacker, V., Doetterl, S., & Van Oost, K. (2017). Modelling long-

term soil organic carbon dynamics under the impact of land cover change and soil 

redistribution. Catena, 151, 63–73. 

https://doi.org/https://doi.org/10.1016/j.catena.2016.12.008 

Bouwman, L., Goldewijk, K. K., Van Der Hoek, K. W., Beusen, A. H. W., Van Vuuren, D. P., 

Willems, J., Rufino, M. C., & Stehfest, E. (2013). Exploring global changes in nitrogen and 

phosphorus cycles in agriculture induced by livestock production over the 1900–2050 

period. Proceedings of the National Academy of Sciences, 110(52), 20882 LP-20887. 

https://doi.org/10.1073/pnas.1012878108 

Boyd, P. W., & Doney, S. C. (2003). The Impact of Climate Change and Feedback Processes on 

the Ocean Carbon Cycle. In F. MJR (Ed.), Ocean Biogeochemistry (pp. 157–193). Berlin, 

Germany: Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-55844-3_8 

Boyd, P. W., Lennartz, S. T., Glover, D. M., & Doney, S. C. (2014). Biological ramifications of 

climate-change-mediated oceanic multi-stressors. Nature Climate Change, 5(1), 71–79. 

https://doi.org/10.1038/nclimate2441 

Bradshaw, C. J. A., Leroy, B., Bellard, C., Roiz, D., Albert, C., Fournier, A., Barbet-Massin, M., 

Salles, J.-M., Simard, F., & Courchamp, F. (2016). Massive yet grossly underestimated 

global costs of invasive insects. Nature Communications, 7. 

https://doi.org/1298610.1038/ncomms12986 

Brand, F. S., Seidl, R., Le, Q. B., Brändle, J. M., & Scholz, R. W. (2013). Constructing 

Consistent Multiscale Scenarios by Transdisciplinary Processes: the Case of Mountain 

Regions Facing Global Change. Ecology and Society, 18(2), art43. 

https://doi.org/10.5751/ES-04972-180243 

Branford, S. (2018, January). Brazil announces end to Amazon mega-dam building policy. 



Unedited draft chapters 31 May 2019 

182 

 

Mongabay. 

Breitburg, D., Levin, L. A., Oschlies, A., Grégoire, M., Chavez, F. P., Conley, D. J., Garçon, V., 

Gilbert, D., Gutiérrez, D., Isensee, K., Jacinto, G. S., Limburg, K. E., Montes, I., Naqvi, S. 

W. A., Pitcher, G. C., Rabalais, N. N., Roman, M. R., Rose, K. A., Seibel, B. A., 

Telszewski, M., Yasuhara, M., & Zhang, J. (2018). Declining oxygen in the global ocean 

and coastal waters. Science, 359(January), eaam7240. 

https://doi.org/10.1126/science.aam7240 

Bren d’Amour, C., Reitsma, F., Baiocchi, G., Barthel, S., Güneralp, B., Erb, K.-H., Haberl, H., 

Creutzig, F., Seto, K. C., D’Amour, C. B., Reitsma, F., Baiocchi, G., Barthel, S., Guneralp, 

B., Erb, K.-H., Haberl, H., Creutzig, F., & Seto, K. C. (2017). Future urban land expansion 

and implications for global croplands. Proceedings of the National Academy of Sciences of 

the United States of America, 114(34), 8939–8944. 

https://doi.org/10.1073/pnas.1606036114 

Breslow, S. J., Sojka, B., Barnea, R., Basurto, X., Carothers, C., Charnley, S., Coulthard, S., 

Dolšak, N., Donatuto, J., García-Quijano, C., Hicks, C. C., Levine, A., Mascia, M. B., 

Norman, K., Poe, M., Satterfield, T., Martin, K. S., & Levin, P. S. (2016). Conceptualizing 

and operationalizing human wellbeing for ecosystem assessment and management. 

Environmental Science and Policy, 66, 250–259. 

https://doi.org/10.1016/j.envsci.2016.06.023 

Briske, D. D., Fuhlendorf, S. D., & Smeins, F. E. (2006). A unified framework for assessment 

and application of ecological thresholds. Rangeland Ecology and Management, 59(3), 225–

236. https://doi.org/10.2111/05-115R.1 

Brook, B. W., Ellis, E. C., Perring, M. P., Mackay, A. W., & Blomqvist, L. (2013). Does the 

terrestrial biosphere have planetary tipping points? Trends in Ecology and Evolution, 28(7), 

396–401. https://doi.org/10.1016/j.tree.2013.01.016 

Brook, B. W., Sodhi, N. S., & Bradshaw, C. J. A. (2008). Synergies among extinction drivers 

under global change. Trends in Ecology and Evolution. 

https://doi.org/10.1016/j.tree.2008.03.011 

Brooks, T. M., Akçakaya, H. R., Burgess, N. D., Butchart, S. H. M., Hilton-Taylor, C., 

Hoffmann, M., Juffe-Bignoli, D., Kingston, N., MacSharry, B., Parr, M., & Others. (2016). 

Analysing biodiversity and conservation knowledge products to support regional 

environmental assessments. Scientific Data, 3. 

Brotons, L., Christensen, V., Ravindranath, N. H., Cao, M., Chun, J. H., Maury, O., Peri, P. L., 

Proenca, V., & Salihoglu, B. (2016). Modelling impacts of drivers on biodiversity and 

ecosystems. In S. Ferrier, K. N. Ninan, P. Leadley, R. Alkemade, L. A. Acosta, H. R. 

Akcakaya, L. Brotons, W. W. L. Cheung, V. Christensen, K. A. Harhash, J. K.- Mariara, C. 

Lundquist, M. Obersteiner, H. M. Pereira, G. Peterson, R. Pichs-Madruga, N. Ravindranath, 

C. Rondinini, & B. A. Wintle (Eds.), IPBES (2016): The methodological assessment report 

on scenarios and models of biodiversity and ecosystem services. Bonn, Germany: 

Secretariat of the Intergovernmental Science-Policy Platform for Biodiversity and 

Ecosystem Services. 

Brown, M., & Funk, C. (2008). Food Security Under Climate Change. NASA Publications. 

Retrieved from http://digitalcommons.unl.edu/nasapub/131 

Bruckner T., I.A. Bashmakov, Y. Mulugetta, H. Chum, A. de la Vega Navarro, J. Edmonds, A. 

Faaij, B. Fungtammasan, A. Garg, E. Hertwich, D. Honnery, D. Infield, M. Kainuma, S. 

Khennas, S. Kim, H.B. Nimir, K. Riahi, N. Strachan, R. Wiser, and X. Zhang, 2014: Energy 



Unedited draft chapters 31 May 2019 

183 

 

Systems. In: Climate Change 2014: Mitigation of Climate Change. Contribution of Working 

Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 

Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, 

A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. 

von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, 

United Kingdom and New York, NY, USA 

Buhl-Mortensen, L., Vanreusel, A., Gooday, A. J., Levin, L. A., Priede, I. G., Buhl-Mortensen, 

P., Gheerardyn, H., King, N. J., & Raes, M. (2010). Biological structures as a source of 

habitat heterogeneity and biodiversity on the deep ocean margins. Marine Ecology, 31(1), 

21–50. https://doi.org/10.1111/j.1439-0485.2010.00359.x 

Buisson, L., Grenouillet, G., Villéger, S., Canal, J., & Laffaille, P. (2013). Toward a loss of 

functional diversity in stream fish assemblages under climate change. Global Change 

Biology, 19(2), 387–400. https://doi.org/10.1111/gcb.12056 

BUISSON, L., THUILLER, W., CASAJUS, N., LEK, S., & GRENOUILLET, G. (2010). 

Uncertainty in ensemble forecasting of species distribution. Global Change Biology, 16(4), 

1145–1157. https://doi.org/10.1111/j.1365-2486.2009.02000.x 

Bundy, A., Chuenpagdee, R., Boldt, J. L., de Fatima Borges, M., Camara, M. L., Coll, M., … 

Shin, Y. J. (2016). Strong fisheries management and governance positively impact 

ecosystem status. Fish and Fisheries, (September). https://doi.org/10.1111/faf.12184 

Burkholder, J. M., Tomasko, D. A., & Touchette, B. W. (2007). Seagrasses and eutrophication. 

Journal of Experimental Marine Biology and Ecology, 350(1–2), 46–72. 

https://doi.org/10.1016/j.jembe.2007.06.024 

Burkle, L. A., & Alarcón, R. (2011). The future of plant–pollinator diversity: Understanding 

interaction networks across time, space, and global change. American Journal of Botany, 

98(3), 528–538. https://doi.org/10.3732/ajb.1000391 

Burrows, M. T., Schoeman, D. S., Richardson, A. J., Molinos, J. G., Hoffmann, A., Buckley, L. 

B., Moore, P. J., Brown, C. J., Bruno, J. F., Duarte, C. M., Halpern, B. S., Hoegh-Guldberg, 

O., Kappel, C. V., Kiessling, W., O’Connor, M. I., Pandolfi, J. M., Parmesan, C., Sydeman, 

W. J., Ferrier, S., Williams, K. J., & Poloczanska, E. S. (2014). Geographical limits to 

species-range shifts are suggested by climate velocity. Nature, 507(7493), 492–495. 

https://doi.org/10.1038/nature12976 

Bussi, G., Dadson, S. J., Prudhomme, C., & Whitehead, P. G. (2016). Modelling the future 

impacts of climate and land-use change on suspended sediment transport in the River 

Thames (UK). Journal of Hydrology, 542, 357–372. 

https://doi.org/10.1016/j.jhydrol.2016.09.010 

Bustamante, M., Robledo-Abad, C., Harper, R., Mbow, C., Ravindranat, N. H., Sperling, F., 

Haberl, H., Pinto, A. de S., & Smith, P. (2014). Co-benefits, trade-offs, barriers and policies 

for greenhouse gas mitigation in the agriculture, forestry and other land use (AFOLU) 

sector. Global Change Biology, 20(10), 3270–3290. https://doi.org/10.1111/gcb.12591 

Bustamante, M., Helmer, E. H., Schill, S., Belnap, J., Brown, L. K., Brugnoli, E., Compton, J. E., 

Coupe, R. H., HernándezBlanco, M., Isbell, F., Lockwood, J., Lozoya Ascárate, J. P., 

McGuire, D., Pauchard, A., Pichs-Madruga, R., Rodrigues, R. R., Sanchez- Azofeifa, G. A., 

Soutullo, A., Suarez, A., Troutt, E., and Thompson, L. Chapter 4: Direct and indirect drivers 

of change in biodiversity and nature’s contributions to people. In IPBES (2018): The IPBES 

regional assessment report on biodiversity and ecosystem services for the Americas. Rice, 

J., Seixas, C. S., Zaccagnini, M. E., Bedoya-Gaitán, M., and Valderrama, N. (eds.). 

https://doi.org/10.1111/faf.12184
https://doi.org/10.1111/gcb.12591


Unedited draft chapters 31 May 2019 

184 

 

Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services, Bonn, Germany, pp. 295-435 

Butchart, N., Cionni, I., Eyring, V., Shepherd, T. G., Waugh, D. W., Akiyoshi, H., Austin, J., 

Brühl, C., Chipperfield, M. P., Cordero, E., Dameris, M., Deckert, R., Dhomse, S., Frith, S. 

M., Garcia, R. R., Gettelman, A., Giorgetta, M. A., Kinnison, D. E., Li, F., Mancini, E., 

McLandress, C., Pawson, S., Pitari, G., Plummer, D. A., Rozanov, E., Sassi, F., Scinocca, J. 

F., Shibata, K., Steil, B., & Tian, W. (2010). Chemistry–Climate Model Simulations of 

Twenty-First Century Stratospheric Climate and Circulation Changes. Journal of Climate, 

23(20), 5349–5374. https://doi.org/10.1175/2010JCLI3404.1 

Butchart, S. H., Clarke, M., Smith, R. J., Sykes, R. E., Scharlemann, J. P., Harfoot, M., 

Buchanan, G. M., Angulo, A., Balmford, A., Bertzky, B., Brooks, T. M., Carpenter, K. E., 

Comeros-Raynal, M. T., Cornell, J., Ficetola, G. F., Fishpool, L. D., Fuller, R. A., 

Geldmann, J., Harwell, H., Hilton-Taylor, C., Hoffmann, M., Joolia, A., Joppa, L., 

Kingston, N., May, I., Milam, A., Polidoro, B., Ralph, G., Richman, N., Rondinini, C., 

Segan, D. B., Skolnik, B., Spalding, M. D., Stuart, S. N., Symes, A., Taylor, J., Visconti, P., 

Watson, J. E., Wood, L., & Burgess, N. D. (2015). Shortfalls and solutions for meeting 

national and global conservation area targets. Retrieved from 

http://www.scopus.com/inward/record.url?eid=2-s2.0-

84923534718&partnerID=40&md5=4305eb45baf868a0b8e4728ca65fa69f 

Butler et al (2016a) MISSING 

Butler, C. D., & Oluoch-Kosura, W. (n.d.). Linking Future Ecosystem Services and Future 

Human Well-being. Retrieved from http://www.ecologyandsociety.org/vol11/iss1/art30/ 

Butler, J. R. A., Bohensky, E. L., Suadnya, W., Yanuartati, Y., Handayani, T., Habibi, P., 

Puspadi, K., Skewes, T. D., Wise, R. M., Suharto, I., Park, S. E., & Sutaryono, Y. (2016c). 

Scenario planning to leap-frog the Sustainable Development Goals: An adaptation pathways 

approach. Climate Risk Management, 12, 83–99. 

https://doi.org/10.1016/J.CRM.2015.11.003 

Butler, J. R. A., Suadnya, W., Puspadi, K., Sutaryono, Y., Wise, R. M., Skewes, T. D., Kirono, 

D., Bohensky, E. L., Handayani, T., Habibi, P., Kisman, M., Suharto, I., Hanartani, 

Supartarningsih, S., Ripaldi, A., Fachry, A., Yanuartati, Y., Abbas, G., Duggan, K., & Ash, 

A. (2014). Framing the application of adaptation pathways for rural livelihoods and global 

change in eastern Indonesian islands. Global Environmental Change, v. 28, 368-382–2014 

v.28. https://doi.org/10.1016/j.gloenvcha.2013.12.004 

Butler, J. R. A., Suadnya, W., Yanuartati, Y., Meharg, S., Wise, R. M., Sutaryono, Y., & 

Duggan, K. (2016b). Priming adaptation pathways through adaptive co-management: 

Design and evaluation for developing countries. Climate Risk Management, 12, 1–16. 

https://doi.org/https://doi.org/10.1016/j.crm.2016.01.001 

Butler, J. R. A., Wise, R. M., Skewes, T. D., Bohensky, E. L., Peterson, N., Suadnya, W., 

Yanuartati, Y., Handayani, T., Habibi, P., Puspadi, K., Bou, N., Vaghelo, D., & Rochester, 

W. (2015). Integrating Top-Down and Bottom-Up Adaptation Planning to Build Adaptive 

Capacity: A Structured Learning Approach. Coastal Management, 43(4), 346–364. 

https://doi.org/10.1080/08920753.2015.1046802 

Butterbach-Bahl, K., Nemitz, E., Zaehle, S., Billen, G., Oenema, O., & Vries, W. (2011). 

Nitrogen as a threat to the European greenhouse balance - Chapter 19. 

https://doi.org/10.1017/cbo9780511976988.022 

Byrne, R. H., Mecking, S., Feely, R. A., & Liu, X. (2010). Direct observations of basin-wide 



Unedited draft chapters 31 May 2019 

185 

 

acidification of the North Pacific Ocean. Geophysical Research Letters, 37(2), n/a-n/a. 

https://doi.org/10.1029/2009gl040999 

Cabral, J. S., Valente, L., & Hartig, F. (2017). Mechanistic simulation models in macroecology 

and biogeography: state-of-art and prospects. Ecography, 40(2). 

https://doi.org/10.1111/ecog.02480 

Cabré, A., Marinov, I., Bernardello, R., & Bianchi, D. (2015). Oxygen minimum zones in the 

tropical Pacific across CMIP5 models: Mean state differences and climate change trends. 

Biogeosciences, 12(18), 5429–5454. https://doi.org/10.5194/bg-12-5429-2015 

Canals, M., Puig, P., de Madron, X. D., Heussner, S., Palanques, A., & Fabres, J. (2006). 

Flushing submarine canyons. Nature, 444(7117), 354–357. 

https://doi.org/10.1038/nature05271 

Carpenter SR, S. E. & V. Z. M. (2011). States of the World’s freshwater ecosystems, Physical, 

chemical and biological changes. Annual Review of Environment and Resources, 36, 75–

99. 

Carpenter, S. R., Bennett, E. M., & Peterson, G. D. (2006). Scenarios for Ecosystem Services:  

An Overview. Ecology and Society, 11(1). https://doi.org/10.5751/es-01610-110129 

Carpenter, S. R., Brock, W. A., Hansen, G. J. A., Hansen, J. F., Hennessy, J. M., Isermann, D. 

A., Pedersen, E. J., Perales, K. M., Rypel, A. L., Sass, G. G., Tunney, T. D., & Vander 

Zanden, M. J. (2017). Defining a Safe Operating Space for inland recreational fisheries. 

Fish and Fisheries, 18(6), 1150–1160. https://doi.org/10.1111/faf.12230 

Carpenter, S. R., Mooney, H. A., Agard, J., Capistrano, D., DeFries, R. S., Diaz, S., Dietz, T., 

Duraiappah, A. K., Oteng-Yeboah, A., Pereira, H. M., Perrings, C., Reid, W. V, Sarukhan, 

J., Scholes, R. J., & Whyte, A. (2009). Science for managing ecosystem services: Beyond 

the Millennium Ecosystem Assessment. Proceedings of the National Academy of Sciences 

of the United States of America, 106(5), 1305–1312. 

https://doi.org/10.1073/pnas.0808772106 

Carson, R. (1962). Silent Spring. Science. Houghton Mifflin Harcourt. 

https://doi.org/10.2307/1441323 

Castella, J.-C., Pheng Kam, S., Dinh Quang, D., Verburg, P. H., & Thai Hoanh, C. (2007). 

Combining top-down and bottom-up modelling approaches of land use/cover change to 

support public policies: Application to sustainable management of natural resources in 

northern Vietnam. Land Use Policy, 24(3), 531–545. 

https://doi.org/10.1016/j.landusepol.2005.09.009 

Cavanaugh, K. C., Kellner, J. R., Forde, A. J., Gruner, D. S., Parker, J. D., Rodriguez, W., & 

Feller, I. C. (2014). Poleward expansion of mangroves is a threshold response to decreased 

frequency of extreme cold events. Proceedings of the National Academy of Sciences of the 

United States of America, 111(2), 723–727. https://doi.org/10.1073/pnas.1315800111 

Cavender-Bares, J., Polasky, S., King, E., & Balvanera, P. (2015). A sustainability framework 

for assessing trade-offs in ecosystem services. ECOLOGY AND SOCIETY, 20(1). 

https://doi.org/10.5751/ES-06917-200117 

Cavender-Bares, J., Arroyo, M.T.K., Abell, R., Ackerly, D., Ackerman, D., Arim, M., Belnap, J.,  

Castañeda Moya, F., Dee, L., Estrada-Carmona, N., Gobin, J., Isbell, F., Jaffe, R., Köhler, 

G., Koops, M., Kraft, N., Mcfarlane, N., Martínez-Garza, C., Metzger, J. P., Mora, A., 

Oatham, M., Paglia, A., Pedrana, J., Peri, P. L., Piñeiro, G., Randall, R., Robbins, W. W., 

Weis, J., and Ziller, S. R. Chapter 3: Status, trends and future dynamics of biodiversity and 

ecosystems underpinning nature’s contributions to people. In IPBES (2018): The IPBES 

https://doi.org/10.5751/ES-06917-200117


Unedited draft chapters 31 May 2019 

186 

 

regional assessment report on biodiversity and ecosystem services for the Americas. Rice, 

J., Seixas, C. S., Zaccagnini, M. E., Bedoya-Gaitán, M., and Valderrama, N. (eds.). 

Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services, Bonn, Germany, pp. 171-293. 

CBD. (2016). Marine debris: Understanding, preventing and mitigating the significant adverse 

impacts on marine and coastal biodiversity. CBD Technical Series. The Secretariat of 

Convention on Biological Diversity. https://doi.org/10.1080/14888386.2007.9712830 

CERES. (2016). Exploratory socio-political scenarios for the fishery and aquaculture sectors in 

Europe., 8. Retrieved from https://ceresproject.eu/wp-content/uploads/2016/10/CERES-

glossy-card-on-future-scenarios.pdf 

Chagnon, M., Kreutzweiser, D., Mitchell, E. A. D., Morrissey, C. A., Noome, D. A., & Van Der 

Sluijs, J. P. (2015). Risks of large-scale use of systemic insecticides to ecosystem 

functioning and services. Environmental Science and Pollution Research, 22(1), 119–134. 

https://doi.org/10.1007/s11356-014-3277-x 

Chappell, M. J., & LaValle, L. A. (2011). Food security and biodiversity: Can we have both? An 

agroecological analysis. Agriculture and Human Values, 28(1), 3–26. 

https://doi.org/10.1007/s10460-009-9251-4 

Chaudhary, A., & Mooers, A. (2017). Biodiversity loss under future global socio-economic and 

climate scenarios. BioRxiv Preprint, posted online Dec. 18, 2017. 

https://doi.org/http://dx.doi.org/10.1101/235705 

Chaudhury, M., Vervoort, J., Kristjanson, P., Ericksen, P., & Ainslie, A. (2013). Participatory 

scenarios as a tool to link science and policy on food security under climate change in East 

Africa. Regional Environmental Change, 13(2), 389–398. https://doi.org/10.1007/s10113-

012-0350-1 

Chazdon, R. L., Broadbent, E. N., Rozendaal, D. M. A., Bongers, F., Zambrano, A. M. A., Aide, 

T. M., Balvanera, P., Becknell, J. M., Boukili, V., Brancalion, P. H. S., Craven, D., 

Almeida-Cortez, J. S., Cabral, G. A. L., de Jong, B., Denslow, J. S., Dent, D. H., DeWalt, S. 

J., Dupuy, J. M., Duran, S. M., Espirito-Santo, M. M., Fandino, M. C., Cesar, R. G., Hall, J. 

S., Hernandez-Stefanoni, J. L., Jakovac, C. C., Junqueira, A. B., Kennard, D., Letcher, S. 

G., Lohbeck, M., Martinez-Ramos, M., Massoca, P., Meave, J. A., Mesquita, R., Mora, F., 

Munoz, R., Muscarella, R., Nunes, Y. R. F., Ochoa-Gaona, S., Orihuela-Belmonte, E., 

Pena-Claros, M., Perez-Garcia, E. A., Piotto, D., Powers, J. S., Rodriguez-Velazquez, J., 

Romero-Perez, I. E., Ruiz, J., Saldarriaga, J. G., Sanchez-Azofeifa, A., Schwartz, N. B., 

Steininger, M. K., Swenson, N. G., Uriarte, M., van Breugel, M., van der Wal, H., Veloso, 

M. D. M., Vester, H., Vieira, I. C. G., Bentos, T. V, Williamson, G. B., & Poorter, L. 

(2016). Carbon sequestration potential of second-growth forest regeneration in the Latin 

American tropics. Science Advances, 2(5). 

https://doi.org/e150163910.1126/sciadv.1501639 

Cheaib, A., Badeau, V., Boe, J., Chuine, I., Delire, C., Dufrene, E., Francois, C., Gritti, E. S., 

Legay, M., Page, C., Thuiller, W., Viovy, N., & Leadley, P. (2012). Climate change impacts 

on tree ranges: model intercomparison facilitates understanding and quantification of 

uncertainty. Ecology Letters, 15(6), 533–544. https://doi.org/10.1111/j.1461-

0248.2012.01764.x 

Cheung WWL, Bruggeman J, Butenschön M, 2018. Chapter 4: Projected changes in global and 

national potential marine fisheries catch under climate change scenarios in the twenty-first 

century. In: Impacts of climate change on fisheries and aquaculture. Barange M, Bahri T, 



Unedited draft chapters 31 May 2019 

187 

 

Beveridge MCM, Cochrane KL, Funge-Smith S, Poulain F (Eds). FAO Fisheries and 

Aquaculture Technical paper 627. 

Cheung, W. W. L. L. L., Lam, V. W. Y. Y. Y., Sarmiento, J. L., Kearney, K., Watson, R., & 

Pauly, D. (2009). Projecting global marine biodiversity impacts under climate change 

scenarios. FISH AND FISHERIES, 10(3), 235–251. https://doi.org/10.1111/j.1467-

2979.2008.00315.x 

Cheung, W. W. L., Rondinini, C., Avtar, R., van den Belt, M., Hickler, T., Metzger, J. P., 

Scharlemann, J. P. W., Velez-Liendo, X., & Yue, T. X. (2016). Linking and harmonizing 

scenarios and models across scales and domains. In S. Ferrier, K. N. Ninan, P. Leadley, R. 

Alkemade, L. A. Acosta, H. R. Akcakaya, L. Brotons, W. W. L. Cheung, V. Christensen, K. 

A. Harhash, J. Kabubo-Mariara, C. Lundquist, M. Obersteiner, H. M. Pereira, G. Peterson, 

R. Pichs-Madruga, N. Ravindranath, C. Rondinini, & B. A. Wintle (Eds.), IPBES (2016): 

The methodological assessment report on scenarios and models of biodiversity and 

ecosystem services. Bonn, Germany: Secretariat of the Intergovernmental Science-Policy 

Platform for Biodiversity and Ecosystem Services. 

Cheung, W. W. L., Sarmiento, J. L., Dunne, J., Frölicher, T. L., Lam, V. W. Y., Palomares, M. 

L. D., Watson, R., & Pauly, D. (2013). Shrinking of fishes exacerbates impacts of global 

ocean changes on marine ecosystems. Nature Climate Change, 3(3), 254–258. 

https://doi.org/10.1038/nclimate1691 

Chevin, L. M., Lande, R., & Mace, G. M. (2010). Adaptation, plasticity, and extinction in a 

changing environment: Towards a predictive theory. PLoS Biology, 8(4). 

https://doi.org/10.1371/journal.pbio.1000357 

Chust, G., Allen, J. I., Bopp, L., Schrum, C., Holt, J., Tsiaras, K., Zavatarelli, M., Chifflet, M., 

Cannaby, H., Dadou, I., Daewel, U., Wakelin, S. L., Machu, E., Pushpadas, D., Butenschon, 

M., Artioli, Y., Petihakis, G., Smith, C., Garçon, V., Goubanova, K., Le Vu, B., Fach, B. A., 

Salihoglu, B., Clementi, E., & Irigoien, X. (2014). Biomass changes and trophic 

amplification of plankton in a warmer ocean. Global Change Biology, 20(7), 2124–2139. 

https://doi.org/10.1111/gcb.12562 

Chytry, M., Wild, J., Pysek, P., Jarosik, V., Dendoncker, N., Reginster, I., Pino, J., Maskell, L. 

C., Vila, M., Pergl, J., Kuehn, I., Spangenberg, J. H., & Settele, J. (2012). Projecting trends 

in plant invasions in Europe under different scenarios of future land-use change. Global 

Ecology and Biogeography, 21(1), 75–87. https://doi.org/10.1111/j.1466-

8238.2010.00573.x 

Ciais, P., Sabine, C., Bala, G., Bopp, L., Brovkin, V., Canadell, J., Chhabra, A., DeFries, R., 

Galloway, J., Heimann, M., Jones, C., Quéré, C. Le, Myneni, R. B. B., Piao, S., Thornton, 

P., Le Quéré, C., Myneni, R. B. B., & Thornton, P. (2013). Carbon and Other 

Biogeochemical Cycles. In T. F. Stocker, D. Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J. 

Boschung, A. Nauels, Y. Xia, V. Bex, & P. M. Midgley (Eds.), Climate Change 2013: The 

Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of 

the Intergovernmental Panel on Climate Change. (pp. 465–570). Cambridge, United 

Kingdom: Cambridge University Press. https://doi.org/10.1017/CBO9781107415324.015 

Cinner, J. E., Folke, C., Daw, T., & Hicks, C. C. (2011). Responding to change: Using scenarios 

to understand how socioeconomic factors may influence amplifying or dampening 

exploitation feedbacks among Tanzanian fishers. Global Environmental Change, 21(1), 7–

12. https://doi.org/10.1016/j.gloenvcha.2010.09.001 

Cinner, J. E., Huchery, C., MacNeil, M. A., Graham, N. A. J., McClanahan, T. R., Maina, J., 



Unedited draft chapters 31 May 2019 

188 

 

Maire, E., Kittinger, J. N., Hicks, C. C., Mora, C., Allison, E. H., D’Agata, S., Hoey, A., 

Feary, D. A., Crowder, L., Williams, I. D., Kulbicki, M., Vigliola, L., Wantiez, L., Edgar, 

G., Stuart-Smith, R. D., Sandin, S. A., Green, A. L., Hardt, M. J., Beger, M., Friedlander, 

A., Campbell, S. J., Holmes, K. E., Wilson, S. K., Brokovich, E., Brooks, A. J., Cruz-Motta, 

J. J., Booth, D. J., Chabanet, P., Gough, C., Tupper, M., Ferse, S. C. A., Sumaila, U. R., & 

Mouillot, D. (2016). Bright spots among the world’s coral reefs. Nature, 535(7612), 416–

419. https://doi.org/10.1038/nature18607 

Clark, C. M., Bell, M. D., Boyd, J. W., Compton, J. E., Davidson, E. A., Davis, C., Fenn, M. E., 

Geiser, L., Jones, L., & Blett, T. F. (2017). Nitrogen-induced terrestrial eutrophication: 

Cascading effects and impacts on ecosystem services. Ecosphere, 8(7). 

https://doi.org/10.1002/ecs2.1877 

Clarke, D., Murphy, C., & Lorenzoni, I. (2018). Place attachment, disruption and transformative 

adaptation. Journal of Environmental Psychology, 55, 81–89. 

https://doi.org/10.1016/j.jenvp.2017.12.006 

Clavero, M., Brotons, L., Pons, P., & Sol, D. (2009). Prominent role of invasive species in avian 

biodiversity loss. Biological Conservation, 142(10), 2043–2049. 

https://doi.org/10.1016/j.biocon.2009.03.034 

Clay, D. E., Shanahan, J. F., & Shanahan, J. F. (2011). GIS Applications in Agriculture, Volume 

Two. (J. Shanahan, Ed.) (Vol. 20115074). CRC Press. https://doi.org/10.1201/b10600 

Clough, Y., Barkmann, J., Juhrbandt, J., Kessler, M., Wanger, T. C., Anshary, A., Buchori, D., 

Cicuzza, D., Darras, K., Putra, D. D., Erasmi, S., Pitopang, R., Schmidt, C., Schulze, C. H., 

Seidel, D., Steffan-Dewenter, I., Stenchly, K., Vidal, S., Weist, M., Wielgoss, A. C., & 

Tscharntke, T. (2011). Combining high biodiversity with high yields in tropical agroforests. 

Proceedings of the National Academy of Sciences, 108(20), 8311–8316. 

https://doi.org/10.1073/pnas.1016799108 

Cocoa Research Institute of Ghana (CRIG), 2007. Research and development of the Shea tree 

and its products http://www.solutions-site.org/cat11_sol119.htm, accessed 14.2.2016. 

Cohen, M. J., Creed, I. F., Alexander, L., Basu, N. B., Calhoun, A. J. K., Craft, C., D’Amico, E., 

DeKeyser, E., Fowler, L., Golden, H. E., Jawitz, J. W., Kalla, P., Kirkman, L. K., Lane, C. 

R., Lang, M., Leibowitz, S. G., Lewis, D. B., Marton, J., McLaughlin, D. L., Mushet, D. M., 

Raanan-Kiperwas, H., Rains, M. C., Smith, L., & Walls, S. C. (2016). Do geographically 

isolated wetlands influence landscape functions? Proceedings of the National Academy of 

Sciences. https://doi.org/10.1073/pnas.1512650113 

Coll, M., Shannon, L. J., Kleisner, K. M., Juan-Jorda, M. J., Bundy, A., Akoglu, A. G., … Shin, 

Y. J. (2016). Ecological indicators to capture the effects of fishing on biodiversity and 

conservation status of marine ecosystems. Ecological Indicators, 60, 947–962. 

https://doi.org/10.1016/j.ecolind.2015.08.048 

Collen, B., Whitton, F., Dyer, E. E., Baillie, J. E. M., Cumberlidge, N., Darwall, W. R. T., 

Pollock, C., Richman, N. I., Soulsby, A. M., & Böhm, M. (2014). Global patterns of 

freshwater species diversity, threat and endemism. Global Ecology and Biogeography. 

https://doi.org/10.1111/geb.12096 

Collins, M., Knutti, R., Arblaster, J., Dufresne, J.-L., Fichefet, T., Friedlingstein, P., Gao, X., 

Gutowski, W. J., Johns, T., Krinner, G., Shongwe, M., Tebaldi, C., Weaver, A. J., & 

Wehner, M. (2013). Long-term Climate Change: Projections, Commitments and 

Irreversibility. Climate Change 2013: The Physical Science Basis. Contribution of Working 

Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, 

https://doi.org/10.1016/j.ecolind.2015.08.048


Unedited draft chapters 31 May 2019 

189 

 

1029–1136. https://doi.org/10.1017/CBO9781107415324.024 

Comte, L., & Olden, J. D. (2017). Climatic vulnerability of the world’s freshwater and marine 

fishes. Nature Climate Change. https://doi.org/10.1038/nclimate3382 

Comte, L., Buisson, L., Daufresne, M., & Grenouillet, G. (2013). Climate-induced changes in the 

distribution of freshwater fish: Observed and predicted trends. Freshwater Biology. 

https://doi.org/10.1111/fwb.12081 

COOK, C. N., WINTLE, B. C., ALDRICH, S. C., & WINTLE, B. A. (2014). Using Strategic 

Foresight to Assess Conservation Opportunity. Conservation Biology, 28(6), 1474–1483. 

https://doi.org/10.1111/cobi.12404 

Cooper, N., Brady, E., Steen, H., & Bryce, R. (2016). Aesthetic and spiritual values of 

ecosystems: Recognising the ontological and axiological plurality of cultural ecosystem 

‘services’’.’ Ecosystem Services, 21, 218–229. 

https://doi.org/10.1016/J.ECOSER.2016.07.014 

Cordes, E. E., Jones, D. O. B., Schlacher, T. A., Amon, D. J., Bernardino, A. F., Brooke, S., 

Carney, R., DeLeo, D. M., Dunlop, K. M., Escobar-Briones, E. G., Gates, A. R., Génio, L., 

Gobin, J., Henry, L.-A., Herrera, S., Hoyt, S., Joye, M., Kark, S., Mestre, N. C., Metaxas, 

A., Pfeifer, S., Sink, K., Sweetman, A. K., & Witte, U. (2016). Environmental Impacts of 

the Deep-Water Oil and Gas Industry: A Review to Guide Management Strategies. 

Frontiers in Environmental Science, 4. https://doi.org/10.3389/fenvs.2016.00058 

Costanza, R., Daly, L., Fioramonti, L., Giovannini, E., Kubiszewski, I., Mortensen, L. F., 

Pickett, K. E., Ragnarsdottir, K. V., De Vogli, R., & Wilkinson, R. (2016). Modelling and 

measuring sustainable wellbeing in connection with the UN Sustainable Development 

Goals. Ecological Economics, 130, 350–355. 

https://doi.org/https://doi.org/10.1016/j.ecolecon.2016.07.009 

Costello, C., Ovando, D., Clavelle, T., Strauss, C. K., Hilborn, R., Melnychuk, M. C., Branch, T. 

A., Gaines, S. D., Szuwalski, C. S., Cabral, R. B., Rader, D. N., & Leland, A. (2016a). 

Global fishery prospects under contrasting management regimes. Proceedings of the 

National Academy of Sciences, 113(18), 5125–5129. 

https://doi.org/10.1073/pnas.1520420113 

Costello, C., Ovando, D., Clavelle, T., Strauss, C. K., Hilborn, R., Melnychuk, M. C., Branch, T. 

A., Gaines, S. D., Szuwalski, C. S., Cabral, R. B., Rader, D. N., & Leland, A. (2016b). 

Global fishery prospects under contrasting management regimes. Proceedings of the 

National Academy of Sciences, 113(18), 5125–5129. 

https://doi.org/10.1073/pnas.1520420113 

Côté, I. M., Darling, E. S., & Brown, C. J. (2016). Interactions among ecosystem stressors and 

their importance in conservation. Proceedings of the Royal Society B: Biological Sciences, 

283(1824). https://doi.org/10.1098/rspb.2015.2592 

Cromberg, M., Duchelle, A., & Rocha, I. (2014). Local Participation in REDD+: Lessons from 

the Eastern Brazilian Amazon. Forests, 5(4), 579–598. https://doi.org/10.3390/f5040579 

Cronk, Q., Royal Botanic Gardens, K., Jenkins, M., Reid, W. V., He, F., Hubbell, S., Diamond, 

J. M., Janzen, D. H., Hylander, K., Ehrlén, J., Downey, P. O., Richardson, D. M., Cronk, Q. 

B. C., Vellend, M., Gibson, L., Tilman, D., Wearn, O. R., Hanski, I., & Groombridge, J. J. 

(2016). ECOLOGY. Plant extinctions take time. Science (New York, N.Y.), 353(6298), 

446–447. https://doi.org/10.1126/science.aag1794 

Crosby, S. C. et al. Salt marsh persistence is threatened by predicted sea-level rise. Estuar. Coast. 

Shelf Sci. 181, 93–99 (2016) 



Unedited draft chapters 31 May 2019 

190 

 

CSIRO and Bureau of Meteorology 2015. Climate Change in Australia. Information for 

Australia’s Natural Resource Management Regions: Technical Report, CSIRO and Bureau 

of Meteorology, Australia: 216pp. 

Cummins, R. A., Eckersley, R., Pallant, J., Van Vugt, J., & Misajon, R. (2003). Developing a 

national index of subjective wellbeing: The Australian Unity Wellbeing Index. Social 

Indicators Research, 64(2), 159–190. https://doi.org/10.1023/A:1024704320683 

Cunningham, S. C., Mac Nally, R., Baker, P. J., Cavagnaro, T. R., Beringer, J., Thomson, J. R., 

& Thompson, R. M. (2015). Balancing the environmental benefits of reforestation in 

agricultural regions. Perspectives in Plant Ecology, Evolution and Systematics, 17(4), 301–

317. https://doi.org/10.1016/j.ppees.2015.06.001 

D’Amour, C. B., Wenz, L., Kalkuhl, M., Christoph Steckel, J., & Creutzig, F. (2016). 

Teleconnected food supply shocks. Environmental Research Letters, 11(3), 35007. 

https://doi.org/10.1088/1748-9326/11/3/035007 

Daniel, W. M., Infante, D. M., Hughes, R. M., Tsang, Y.-P., Esselman, P. C., Wieferich, D., 

Herreman, K., Cooper, A. R., Wang, L., & Taylor, W. W. (2015). Characterizing coal and 

mineral mines as a regional source of stress to stream fish assemblages. Ecological 

Indicators, 50, 50–61. https://doi.org/https://doi.org/10.1016/j.ecolind.2014.10.018 

Dauber, J., Brown, C., Fernando, A. L., Finnan, J., Krasuska, E., Ponitka, J., Styles, D., Thrän, 

D., Van Groenigen, K. J., Weih, M., & Zah, R. (2012). Bioenergy from “surplus” land: 

environmental and socio-economic implications. BioRisk, 7, 5–50. 

https://doi.org/10.3897/biorisk.7.3036 

Daufresne, M., Lengfellner, K., & Sommer, U. (2009). Global warming benefits the small in 

aquatic ecosystems. Proceedings of the National Academy of Sciences, 106(31), 12788–

12793. https://doi.org/10.1073/pnas.0902080106 

Davidson, E. a., de Araújo, A. C., Artaxo, P., Balch, J. K., Brown, I. F., C. Bustamante, M. M., 

Coe, M. T., DeFries, R. S., Keller, M., Longo, M., Munger, J. W., Schroeder, W., Soares-

Filho, B. S., Souza, C. M., & Wofsy, S. C. (2012). The Amazon basin in transition. Nature, 

481(7381), 321–328. https://doi.org/10.1038/nature10717 

Davies-Barnard, T., Valdes, P. J., Singarayer, J. S., Wiltshire, A. J., & Jones, C. D. (2015). 

Quantifying the relative importance of land cover change from climate and land-use in the 

representative concentration pathway. Global Biogeochemical Cycles, 842–853. 

https://doi.org/10.1002/2014GB004949.Received 

Davis, K. F., Rulli, M. C., Seveso, A., & D’Odorico, P. (2017). Increased food production and 

reduced water use through optimized crop distribution. Nature Geoscience. 

https://doi.org/10.1038/s41561-017-0004-5 

DAW, T. I. M., BROWN, K., ROSENDO, S., & POMEROY, R. (2011). Applying the 

ecosystem services concept to poverty alleviation: the need to disaggregate human well-

being. Environmental Conservation, 38(04), 370–379. 

https://doi.org/10.1017/S0376892911000506 

Daw, T. M., Coulthard, S., Cheung, W. W. L., Brown, K., Abunge, C., Galafassi, D., Peterson, 

G. D., McClanahan, T. R., Omukoto, J. O., & Munyi, L. (2015). Evaluating taboo trade-offs 

in ecosystems services and human well-being. Proceedings of the National Academy of 

Sciences of the United States of America, 112(22), 6949–6954. 

https://doi.org/10.1073/pnas.1414900112 

Daw, T. M., Hicks, C. C., Brown, K., Chaigneau, T., Januchowski-Hartley, F. A., Cheung, W. 

W. L., Rosendo, S., Crona, B., Coulthard, S., Sandbrook, C., Perry, C., Bandeira, S., 

https://doi.org/10.3897/biorisk.7.3036


Unedited draft chapters 31 May 2019 

191 

 

Muthiga, N. A., Schulte-Herbrüggen, B., Bosire, J., & McClanahan, T. R. (2016). Elasticity 

in ecosystem services: exploring the variable relationship between ecosystems and human 

well-being. Ecology and Society, 21(2), art11. https://doi.org/10.5751/ES-08173-210211 

Dawson, A., & Dawson, M. N. (2012). UC Merced Frontiers of Biogeography Title research 

letter: Species richness, habitable volume, and species densities in freshwater, the sea, and 

on land Species richness, habitable volume, and species densities in freshwater, the sea, and 

on land. 

Dawson, T. P., Jackson, S. T., House, J. I., Prentice, I. C., & Mace, G. M. (2011). Beyond 

Predictions: Biodiversity Conservation in a Changing Climate. Science, 332(6025), 53–58. 

https://doi.org/10.1126/science.1200303 

de Chazal, J., & Rounsevell, M. D. A. (2009). Land-use and climate change within assessments 

of biodiversity change: A review. Global Environmental Change, 19(2), 306–315. 

https://doi.org/10.1016/j.gloenvcha.2008.09.007 

de Jong, R., de Bruin, S., Schaepman, M., & Dent, D. (2011). Quantitative mapping of global 

land degradation using Earth observations. International Journal of Remote Sensing, 32(21), 

6823–6853. https://doi.org/10.1080/01431161.2010.512946 

De Rijk, S., Jorissen, F. J., Rohling, E. J., & Troelstra, S. R. (2000). Organic flux control on 

bathymetric zonation of Mediterranean benthic foraminifera. Marine Micropaleontology, 

40(3), 151–166. https://doi.org/10.1016/s0377-8398(00)00037-2 

de Schutter, O. (2011). How not to think of land-grabbing: Three critiques of large-scale 

investments in farmland. Journal of Peasant Studies, 38(2), 249–279. 

https://doi.org/10.1080/03066150.2011.559008 

De Vries, B. J., & Petersen, A. C. (2009). Conceptualizing sustainable development: An 

assessment methodology connecting values, knowledge, worldviews and scenarios. 

Ecological Economics, 68(4), 1006-1019. 

de Winter, R. C., & Ruessink, B. G. (2017). Sensitivity analysis of climate change impacts on 

dune erosion: case study for the Dutch Holland coast. Climatic Change, 141(4), 685–701. 

https://doi.org/10.1007/s10584-017-1922-3 

Deal, B., & Pallathucheril, V. (2009). Sustainability and Urban Dynamics: Assessing Future 

Impacts on Ecosystem Services, 346–362. https://doi.org/10.3390/su10 

Dearing, J. A., Wang, R., Zhang, K., Dyke, J. G., Haberl, H., Hossain, M. S., Langdon, P. G., 

Lenton, T. M., Raworth, K., Brown, S., Carstensen, J., Cole, M. J., Cornell, S. E., Dawson, 

T. P., Doncaster, C. P., Eigenbrod, F., Flörke, M., Jeffers, E., Mackay, A. W., Nykvist, B., 

& Poppy, G. M. (2014). Safe and just operating spaces for regional social-ecological 

systems. Global Environmental Change, 28(1), 227–238. 

https://doi.org/10.1016/j.gloenvcha.2014.06.012 

Defries, R. S., Rudel, T., Uriarte, M., & Hansen, M. (2010). Deforestation driven by urban 

population growth and agricultural trade in the twenty-first century. Nature Geoscience, 

3(3), 178–181. https://doi.org/10.1038/ngeo756 

Deines, A. M., Bunnell, D. B., Rogers, M. W., Bennion, D., Woelmer, W., Sayers, M. J., Grimm, 

A. G., Shuchman, R. A., Raymer, Z. B., Brooks, C. N., Mychek-Londer, J. G., Taylor, W., 

& Beard, T. D. (2017). The contribution of lakes to global inland fisheries harvest. Frontiers 

in Ecology and the Environment. https://doi.org/10.1002/fee.1503 

Delgado, C. L., Wada, N., Rosegrant, M. W., Meijer, S., & Ahmed, M. (2003). Fish to 2020: 

supply and demand in changing global markets. Working Papers. Retrieved from 

http://pubs.iclarm.net/resource_centre/WF_356.pdf 



Unedited draft chapters 31 May 2019 

192 

 

DeMalach, N., Zaady, E., & Kadmon, R. (2017). Contrasting effects of water and nutrient 

additions on grassland communities: A global meta-analysis. Global Ecology and 

Biogeography, 26(8), 983–992. https://doi.org/10.1111/geb.12603 

Deryng, D., Conway, D., Ramankutty, N., Price, J., & Warren, R. (2014). Global crop yield 

response to extreme heat stress under multiple climate change futures. Environmental 

Research Letters, 9(3). https://doi.org/10.1088/1748-9326/9/3/034011 

Deutsch, C. A., Tewksbury, J. J., Huey, R. B., Sheldon, K. S., Ghalambor, C. K., Haak, D. C., & 

Martin, P. R. (2008). Impacts of climate warming on terrestrial ectotherms across latitude. 

Proceedings of the National Academy of Sciences, 105(18), 6668–6672. 

https://doi.org/10.1073/pnas.0709472105 

Devaraju, N., Bala, G., & Modak, A. (2015). Effects of large-scale deforestation on precipitation 

in the monsoon regions: Remote versus local effects. Proceedings of the National Academy 

of Sciences, 112(11), 3257–3262. 

Di Marco, M., Butchart, S. H. M. M., Visconti, P., Buchanan, G. M., Ficetola, G. F., & 

Rondinini, C. (2016a). Synergies and trade-offs in achieving global biodiversity targets. 

Conservation Biology, 30(1), 189–195. https://doi.org/10.1111/cobi.12559 

Di Marco, M., Butchart, S. H. M., Visconti, P., Buchanan, G. M., Ficetola, G. F., & Rondinini, 

C. (2016b). Synergies and trade-offs in achieving global biodiversity targets. Conservation 

Biology, 30(1), 189–195. https://doi.org/10.1111/cobi.12559 

Di Minin, E., Slotow, R., Hunter, L. T. B., Montesino Pouzols, F., Toivonen, T., Verburg, P. H., 

Leader-Williams, N., Petracca, L., & Moilanen, A. (2016). Global priorities for national 

carnivore conservation under land use change. Scientific Reports, 6(April), 23814. 

https://doi.org/10.1038/srep23814 

Di Minin, E., Soutullo, A., Bartesaghi, L., Rios, M., Nube, M., & Moilanen, A. (2017). 

Integrating biodiversity , ecosystem services and socio-economic data to identify priority 

areas and landowners for conservation actions at the national scale. Biological 

Conservation, 206, 56–64. https://doi.org/10.1016/j.biocon.2016.11.037 

Di Nitto, D., Neukermans, G., Koedam, N., Defever, H., Pattyn, F., Kairo, J. G., & Dahdouh-

Guebas, F. (2014). Mangroves facing climate change: landward migration potential in 

response to projected scenarios of sea level rise. Biogeosciences, 11(3), 857–871. 

https://doi.org/10.5194/bg-11-857-2014 

Dias, M. S., Tedesco, P. A., Hugueny, B., Jézéquel, C., Beauchard, O., Brosse, S., & Oberdorff, 

T. (2017). Anthropogenic stressors and riverine fish extinctions. Ecological Indicators. 

https://doi.org/10.1016/j.ecolind.2017.03.053 

Diaz, R. J., & Rosenberg, R. (2008). Spreading dead zones and consequences for marine 

ecosystems. Science, 321(5891), 926–929. https://doi.org/10.1126/science.1156401 

Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., Larigauderie, A., Adhikari, 

J. R., Arico, S., Báldi, A., Bartuska, A., Baste, I. A., Bilgin, A., Brondizio, E., Chan, K. M. 

A. A., Figueroa, V. E., Duraiappah, A., Fischer, M., Hill, R., Koetz, T., Leadley, P., Lyver, 

P., Mace, G. M., Martin-Lopez, B., Okumura, M., Pacheco, D., Pascual, U., Pérez, E. S., 

Reyers, B., Roth, E., Saito, O., Scholes, R. J., Sharma, N., Tallis, H., Thaman, R., Watson, 

R., Yahara, T., Hamid, Z. A., Akosim, C., Al-Hafedh, Y., Allahverdiyev, R., Amankwah, 

E., Asah, T. S., Asfaw, Z., Bartus, G., Brooks, A. L., Caillaux, J., Dalle, G., Darnaedi, D., 

Driver, A., Erpul, G., Escobar-Eyzaguirre, P., Failler, P., Fouda, A. M. M., Fu, B., 

Gundimeda, H., Hashimoto, S., Homer, F., Lavorel, S., Lichtenstein, G., Mala, W. A., 

Mandivenyi, W., Matczak, P., Mbizvo, C., Mehrdadi, M., Metzger, J. P., Mikissa, J. B., 



Unedited draft chapters 31 May 2019 

193 

 

Moller, H., Mooney, H. A., Mumby, P., Nagendra, H., Nesshover, C., Oteng-Yeboah, A. 

A., Pataki, G., Roué, M., Rubis, J., Schultz, M., Smith, P., Sumaila, R., Takeuchi, K., 

Thomas, S., Verma, M., Yeo-Chang, Y., Zlatanova, D., Diaz, S., Demissew, S., Carabias, J., 

Joly, C., Lonsdale, M., Ash, N., Larigauderie, A., Adhikari, J. R., Arico, S., Baldi, A., 

Bartuska, A., Baste, I. A., Bilgin, A., Brondizio, E., Chan, K. M. A. A., Figueroa, V. E., 

Duraiappah, A., Fischer, M., Hill, R., Koetz, T., Leadley, P., Lyver, P., Mace, G. M., 

Martin-Lopez, B., Okumura, M., Pacheco, D., Pascual, U., Perez, E. S., Reyers, B., Roth, 

E., Saito, O., Scholes, R. J., Sharma, N., Tallis, H., Thaman, R., Watson, R., Yahara, T., 

Hamid, Z. A., Akosim, C., Al-Hafedh, Y., Allahverdiyev, R., Amankwah, E., Asah, S. T., 

Asfaw, Z., Bartus, G., Brooks, L. A., Caillaux, J., Dalle, G., Darnaedi, D., Driver, A., Erpul, 

G., Escobar-Eyzaguirre, P., Failler, P., Fouda, A. M. M., Fu, B., Gundimeda, H., 

Hashimoto, S., Homer, F., Lavorel, S., Lichtenstein, G., Mala, W. A., Mandivenyi, W., 

Matczak, P., Mbizvo, C., Mehrdadi, M., Metzger, J. P., Mikissa, J. B., Moller, H., Mooney, 

H. A., Mumby, P., Nagendra, H., Nesshover, C., Oteng-Yeboah, A. A., Pataki, G., Roue, 

M., Rubis, J., Schultz, M., Smith, P., Sumaila, R., Takeuchi, K., Thomas, S., Verma, M., 

Yeo-Chang, Y., & Zlatanova, D. (2015). The IPBES Conceptual Framework - connecting 

nature and people. Current Opinion in Environmental Sustainability, 14, 1–16. 

https://doi.org/10.1016/j.cosust.2014.11.002 

Díaz, S., Demissew, S., Joly, C., Lonsdale, W. M., & Larigauderie, A. (2015). A Rosetta Stone 

for Nature’s Benefits to People. PLOS Biology, 13(1), e1002040. 

https://doi.org/10.1371/journal.pbio.1002040 

Díaz, S., Pascual, U., Stenseke, M., Martín-López, B., Watson, R. T., Molnár, Z., Hill, R., Chan, 

K. M. A., Baste, I. A., Brauman, K. A., Polasky, S., Church, A., Lonsdale, M., 

Larigauderie, A., Leadley, P. W., van Oudenhoven, A. P. E., van der Plaat, F., Schröter, M., 

Lavorel, S., Aumeeruddy-Thomas, Y., Bukvareva, E., Davies, K., Demissew, S., Erpul, G., 

Failler, P., Guerra, C. A., Hewitt, C. L., Keune, H., Lindley, S., & Shirayama, Y. (2018). 

Assessing nature’s contributions to people. Science, 359(6373), 270–272. 

https://doi.org/10.1126/science.aap8826 

Díaz, S., Pascual, U., Stenseke, M., Martín-López, B., Watson, R. T., Molnár, Z., Hill, R., Chan, 

K. M. A., Baste, I. A., Brauman, K. A., Polasky, S., Church, A., Lonsdale, M., 

Larigauderie, A., Leadley, P. W., van Oudenhoven, A. P. E., van der Plaat, F., Schröter, M., 

Lavorel, S., Aumeeruddy-Thomas, Y., Bukvareva, E., Davies, K., Demissew, S., Erpul, G., 

Failler, P., Guerra, C. A., Hewitt, C. L., Keune, H., Lindley, S., & Shirayama, Y. (2018). 

Assessing nature’s contributions to people. Science, 359(6373), 270–272. 

https://doi.org/10.1126/science.aap8826 

Diener, E., Suh, E. M., Lucas, R. E., & Smith, H. L. (1999). Subjective well-being: Three 

decades of progress. Psychological Bulletin, 125(2), 276–302. https://doi.org/10.1037/0033-

2909.125.2.276 

Doetterl, S., Berhe, A. A., Nadeu, E., Wang, Z., Sommer, M., & Fiener, P. (2016). Erosion, 

deposition and soil carbon: A review of process-level controls, experimental tools and 

models to address C cycling in dynamic landscapes. Earth-Science Reviews, 154(July), 

102–122. https://doi.org/10.1016/j.earscirev.2015.12.005 

Döll, P., & Schmied, H. M. (2012). How Is the Impact of Climate Change on River Flow 

Regimes Related to the Impact on Mean Annual Runoff? A Global-Scale Analysis. 

Environmental Research Letters, 7. https://doi.org/doi:10.1088/1748-9326/7/1/014037 

Döll, P., & Zhang, J. (2010). Impact of climate change on freshwater ecosystems: a global-scale 



Unedited draft chapters 31 May 2019 

194 

 

analysis of ecologically relevant river flow alterations. Hydrology and Earth System 

Sciences, 14(5), 783–799. https://doi.org/10.5194/hess-14-783-2010 

Döll, P., Fiedler, K., & Zhang, J. (2009). Global-scale analysis of river flow alterations due to 

water withdrawals and reservoirs. Hydrol. Earth Syst. Sci., 13(12), 2413–2432. 

Don, A., Osborne, B., Hastings, A., Skiba, U., Carter, M. S., Drewer, J., Flessa, H., Freibauer, 

A., Hyvönen, N., Jones, M. B., Lanigan, G. J., Mander, Ü., Monti, A., Djomo, S. N., 

Valentine, J., Walter, K., Zegada-Lizarazu, W., & Zenone, T. (2012). Land-use change to 

bioenergy production in Europe: Implications for the greenhouse gas balance and soil 

carbon. GCB Bioenergy, 4(4), 372–391. https://doi.org/10.1111/j.1757-1707.2011.01116.x 

Doney, S. C. (2010). The Growing Human Footprint on Coastal and Open-Ocean 

Biogeochemistry. Science, 328(5985), 1512–1516. https://doi.org/10.1126/science.1185198 

Donohue, R. J., Roderick, M. L., McVicar, T. R., & Farquhar, G. D. (2013). Impact of CO2 

fertilization on maximum foliage cover across the globe’s warm, arid environments. 

Geophysical Research Letters, 40(12), 3031–3035. https://doi.org/10.1002/grl.50563 

Dressler, W. H., Wilson, D., Clendenning, J., Cramb, R., Keenan, R., Mahanty, S., Bruun, T. B., 

Mertz, O., & Lasco, R. D. (2017). The impact of swidden decline on livelihoods and 

ecosystem services in Southeast Asia: A review of the evidence from 1990 to 2015. Ambio, 

46(3), 291–310. https://doi.org/10.1007/s13280-016-0836-z 

Duarte, C. M., Losada, I. J., Hendriks, I. E., Mazarrasa, I., & Marbà, N. (2013). The role of 

coastal plant communities for climate change mitigation and adaptation. Nature Climate 

Change, 3, 961. Retrieved from https://doi.org/10.1038/nclimate1970 

Duarte, C. M., Middelburg, J. J., & Caraco, N. (2005). Major role of marine vegetation on the 

oceanic carbon cycle. Biogeosciences, 2(1), 1–8. https://doi.org/10.5194/bg-2-1-2005 

Dudgeon, P., Wright, M., Paradies, Y., Garvey, D., & Walker, I. (2010). The social, cultural and 

historical context of Aboriginal and Torres Strait Islander Australians. Working together: 

Aboriginal and Torres Strait Islander mental health and wellbeing principles and practice, 

25-42. 

Dueri, S., Guillotreau, P., Jiménez-Toribio, R., Oliveros Ramos, R., Bopp, L., Maury, O., 

Oliveros-Ramos, R., Bopp, L., & Maury, O. (2016). Food security, biomass conservation or 

economic profitability? Projecting the effects of climate and socio-economic changes on the 

global skipjack tuna fisheries under various management strategies. Global Environmental 

Change, 41, 1–12. 

Duffy, J. E., Godwin, C. M., & Cardinale, B. J. (2017). Biodiversity effects in the wild are 

common and as strong as key drivers of productivity. Nature, 549(7671), 261–264. 

https://doi.org/10.1038/nature23886http://www.nature.com/nature/journal/v549/n7671/abs/

nature23886.html#supplementary-information 

Duffy, J. E., Lefcheck, J. S., Stuart-Smith, R. D., Navarrete, S. A., & Edgar, G. J. (2016). 

Biodiversity enhances reef fish biomass and resistance to climate change. Proceedings of 

the National Academy of Sciences, 113(22), 6230–6235. 

https://doi.org/10.1073/pnas.1524465113 

Duffy, J. E., Moksnes, P.-O., & Hughes, A. R. (2013). Ecology of seagrass communities. Marine 

Community Ecology and Conservation, 271–297. 

Dullinger, S., Gattringer, A., Thuiller, W., Moser, D., Zimmermann, N. E., Guisan, A., Willner, 

W., Plutzar, C., Leitner, M., Mang, T., Caccianiga, M., Dirnböck, T., Ertl, S., Fischer, A., 

Lenoir, J., Svenning, J. C., Psomas, A., Schmatz, D. R., Silc, U., Vittoz, P., & Hülber, K. 

(2012). Extinction debt of high-mountain plants under twenty-first-century climate change. 



Unedited draft chapters 31 May 2019 

195 

 

Nature Climate Change, 2(8), 619–622. https://doi.org/10.1038/nclimate1514 

Dunford, R. W., Smith, A. C., Harrison, P. A., & Hanganu, D. (2015). Ecosystem service 

provision in a changing Europe: adapting to the impacts of combined climate and socio-

economic change. Landscape Ecology, 30(3), 443–461. https://doi.org/10.1007/s10980-014-

0148-2 

Dunn, D. C., Maxwell, S. M., Boustany, A. M., & Halpin, P. N. (2016). Dynamic ocean 

management increases the efficiency and efficacy of fisheries management. Proceedings of 

the National Academy of Sciences, 113(3), 668–673. 

https://doi.org/10.1073/pnas.1513626113 

Duraiappah, A. K., Asah, S. T., Brondizio, E. S., Kosoy, N., O’Farrell, P. J., Prieur-Richard, A. 

H., Subramanian, S. M., & Takeuchi, K. (2014). Managing the mismatches to provide 

ecosystem services for human well-being: A conceptual framework for understanding the 

new commons. Current Opinion in Environmental Sustainability, 7, 94–100. 

https://doi.org/10.1016/j.cosust.2013.11.031 

Duran, S. M., & Gianoli, E. (2013). Carbon stocks in tropical forests decrease with liana density. 

Biology Letters, 9(4). https://doi.org/2013030110.1098/rsbl.2013.0301 

Dutkiewicz, S., Morris, J. J., Follows, M. J., Scott, J., Levitan, O., Dyhrman, S. T., & Berman-

Frank, I. (2015). Impact of ocean acidification on the structure of future phytoplankton 

communities. Nature Climate Change, 5(11), 1002–1006. 

https://doi.org/10.1038/nclimate2722 

Eakin, C. M., G. Liu, A. M. Gomez, J. L. De la Couri, S. F. Heron, W. J. Skirving, E. F. Geiger, 

B. L. Marsh, K. V. Tirak, and A. E. Strong. 2018. Unprecedented three years of global coral 

bleaching 2014–17. Bulletin of the American Meteorological Society 99:S74–S75. 

Easterlin, R. A. (2003). Explaining happiness. Proceedings of the National Academy of Sciences, 

100(19), 11176–11183. https://doi.org/10.1073/pnas.1633144100 

Ebele, A. J., Abou-Elwafa Abdallah, M., & Harrad, S. (2017). Pharmaceuticals and personal care 

products (PPCPs) in the freshwater aquatic environment. Emerging Contaminants, 3(1), 1–

16. https://doi.org/https://doi.org/10.1016/j.emcon.2016.12.004 

Ebi, K. L. (2014). Health in the New Scenarios for Climate Change Research. Int. J. Environ. 

Res. Public Health International Journal of Environmental Research and Public Health, 11, 

30–46. https://doi.org/10.3390/ijerph110100030 

Eglin, T., Ciais, P., Piao, S. L., Barre, P., Bellassen, V., Cadule, P., Chenu, C., Gasser, T., 

Koven, C., Reichstein, M., & Smith, P. (2010). Historical and future perspectives of global 

soil carbon response to climate and land-use changes. Tellus, Series B: Chemical and 

Physical Meteorology, 62(5), 700–718. https://doi.org/10.1111/j.1600-0889.2010.00499.x 

Eigenbrod, F., Bell, V. A., Davies, H. N., Heinemeyer, A., Armsworth, P. R., & Gaston, K. J. 

(2011). The impact of projected increases in urbanization on ecosystem services. 

Proceedings of the Royal Society B: Biological Sciences, 278(1722), 3201–3208. 

https://doi.org/10.1098/rspb.2010.2754 

Eisner, S., Flörke, M., Chamorro, A., Daggupati, P., Donnelly, C., Huang, J., Hundecha, Y., 

Koch, H., Kalugin, A., Krylenko, I., Mishra, V., Piniewski, M., Samaniego, L., Seidou, O., 

Wallner, M., & Krysanova, V. (2017). An ensemble analysis of climate change impacts on 

streamflow seasonality across 11 large river basins. Climatic Change. 

https://doi.org/10.1007/s10584-016-1844-5 

Eitelberg, D. A., van Vliet, J., & Verburg, P. H. (2015). A review of global potentially available 

cropland estimates and their consequences for model-based assessments. Global Change 



Unedited draft chapters 31 May 2019 

196 

 

Biology, 21, 1236–1248. https://doi.org/10.1111/gcb.12733 

Eitelberg, D. A., van Vliet, J., Doelrnan, J. C., Stehfest, E., & Verburg, P. H. (2016). Demand for 

biodiversity protection and carbon storage as drivers of global land change scenarios. 

Global Environmental Change-Human and Policy Dimensions, 40, 101–111. 

https://doi.org/10.1016/j.gloenvcha.2016.06.014 

Elbakidze, M., Hahn, T., E., Z. N., Cudlín, P., Friberg, N., Genovesi, P., Guarino, R., Helm, A., 

Jonsson, B., Lengyel, S., Leroy, B., Luzzati, T., Milbau, A., Pérez-Ruzafa, A., Roche, P., 

Roy, H., Sabyrbekov, R., Vanbergen, A., & Vandvik, V. (2018). Chapter 4: Direct and 

indirect drivers of change in biodiversity and nature’s contributions to people. In M. 

Rounsevell, M. Fischer, & A. Torre-Marin Rando (Eds.), The IPBES regional assessment 

report on biodiversity and ecosystem services for Europe and Central Asia (pp. 385–568). 

Bonn, Germany: Secretariat of the Intergovernmental Science-Policy Platform for 

Biodiversity and Ecosystem Services. 

Eldridge, D. J., & Soliveres, S. (2014). Are shrubs really a sign of declining ecosystem function? 

Disentangling the myths and truths of woody encroachment in Australia. Australian Journal 

of Botany, 62(7), 594–608. https://doi.org/10.1071/bt14137 

Ellis, E. C. (2013). Sustaining biodiversity and people in the world’s anthropogenic biomes. 

Current Opinion in Environmental Sustainability, 5(3–4), 368–372. 

https://doi.org/10.1016/j.cosust.2013.07.002 

Ellis, E. C., Antill, E. C., & Kreft, H. (2012). All Is Not Loss: Plant Biodiversity in the 

Anthropocene. Plos One, 7(1). https://doi.org/e3053510.1371/journal.pone.0030535 

Ellis, N. R., & Albrecht, G. A. (2017). Climate change threats to family farmers’ sense of place 

and mental wellbeing: A case study from the Western Australian Wheatbelt. Social Science 

and Medicine, 175, 161–168. https://doi.org/10.1016/j.socscimed.2017.01.009 

Enfors, E. I., & Gordon, L. J. (2008). Dealing with drought: The challenge of using water system 

technologies to break dryland poverty traps. Global Environmental Change, 18(4), 607–616. 

https://doi.org/10.1016/j.gloenvcha.2008.07.006 

Erb, K.-H. H., Lauk, C., Kastner, T., Mayer, A., Theurl, M. C., & Haberl, H. (2016). Exploring 

the biophysical option space for feeding the world without deforestation. Nature 

Communications, 7, 11382. https://doi.org/10.1038/ncomms11382 

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C., Galgani, 

F., Ryan, P. G., & Reisser, J. (2014). Plastic Pollution in the World’s Oceans: More than 5 

Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS ONE, 9(12), 1–15. 

https://doi.org/10.1371/journal.pone.0111913 

Eriksson, B. K., Sieben, K., Eklöf, J., Ljunggren, L., Olsson, J., Casini, M., & Bergström, U. 

(2011). Effects of Altered Offshore Food Webs on Coastal Ecosystems Emphasize the Need 

for Cross-Ecosystem Management. AMBIO, 40(7), 786–797. 

https://doi.org/10.1007/s13280-011-0158-0 

Etnoyer, P., & Morgan, L. E. (2005). Habitat-forming deep-sea corals in the Northeast Pacific 

Ocean. In J. Freiwald, A, Roberts (Ed.), Cold-water corals and ecosystems (pp. 331–343). 

Berlin, Germany: Springer-Verlag. https://doi.org/10.1007/3-540-27673-4_16 

Evans, T. P., & Cole, D. H. (2014). Contextualizing the influence of social norms, collective 

action on social-ecological systems. Journal of Natural Resources Policy Research. 

https://doi.org/10.1080/19390459.2014.956422 

Everard, M., Reed, M. S., & Kenter, J. O. (2016). The ripple effect: Institutionalising pro-

environmental values to shift societal norms and behaviours. Ecosystem Services, 21, 230–

https://doi.org/10.1016/j.gloenvcha.2016.06.014


Unedited draft chapters 31 May 2019 

197 

 

240. https://doi.org/10.1016/J.ECOSER.2016.08.001 

Eyre, B. D., Cyronak, T., Drupp, P., De Carlo, E. H., Sachs, J. P., & Andersson, A. J. (2018). 

Coral reefs will transition to net dissolving before end of century. Science, 359(6378), 908–

911. https://doi.org/10.1126/science.aao1118 

Faith, D. P. (2015). Phylogenetic diversity, functional trait diversity and extinction: Avoiding 

tipping points and worst-case losses. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 370(1662), 1–10. https://doi.org/10.1098/rstb.2014.0011 

Faith, D. P., Magallón, S., Hendry, A. P., Conti, E., Yahara, T., & Donoghue, M. J. (2010). 

Evosystem services: An evolutionary perspective on the links between biodiversity and 

human well-being. Current Opinion in Environmental Sustainability. 

https://doi.org/10.1016/j.cosust.2010.04.002 

FAO. (2016). The State of World Fisheries and Aquaculture 2016. Rome. Retrieved from 

http://www.fao.org/3/a-i5555e.pdf 

FAO-IFAD-UNICEF-WFP-WHO. (2018). The State of Food Security and Nutrition in the 

World 2018. Building climate resilience for food security and nutrition. Rome: FAO. 

Farnsworth, E. J., Ellison, A. M., & Gong, W. K. (1996). Elevated CO2 alters anatomy, 

physiology, growth, and reproduction of red mangrove (Rhizophora mangle L.). Oecologia, 

108(4), 599–609. https://doi.org/10.1007/BF00329032 

Feng, Z., Kobayashi, K., & Ainsworth, E. A. (2008). Impact of elevated ozone concentration on 

growth, physiology, and yield of wheat (Triticum aestivum L.): a meta-analysis. Global 

Change Biology, 14, 2696–2708. 

Fenwick, A. (2006). Waterborne infectious diseases could they be consigned to history? Science, 

(313), 1077–1081. 

Ferrier, S., Ninan, K. N., Leadley, P., Alkemade, R., Kolomytsev, G., Moraes, M., Mohammed, 

E. Y., & Trisurat, Y., Ferrier, S., Ninan, K. N., Leadley, P., Alkemade, R., Kolomytsev, G., 

M. Moraes, R., Mohammed, E. Y., & Trisurat, Y. (2016). Overview and vision. In S. 

Ferrier, K. N. Ninan, P. Leadley, R. Alkemade, L. A. Acosta, H. R. Akcakaya, L. Brotons, 

W. W. L. Cheung, V. Christensen, K. A. Harhash, J. Kabubo-Mariara, C. Lundquist, M. 

Obersteiner, H. M. Pereira, G. Peterson, R. Pichs-Madruga, N. Ravindranath, C. Rondinini, 

& B. A. Wintle (Eds.), IPBES (2016): The methodological assessment report on scenarios 

and models of biodiversity and ecosystem services. Bonn, Germany: Secretariat of the 

Intergovernmental Science-Policy Platform for Biodiversity and Ecosystem Services. 

Fischer, J., Abson, D. J., Butsic, V., Chappell, M. J., Ekroos, J., Hanspach, J., Kuemmerle, T., 

Smith, H. G., & von Wehrden, H. (2014). Land sparing versus land sharing: Moving 

forward. Conservation Letters, 7(3), 149–157. https://doi.org/10.1111/conl.12084 

Fischhoff, B., & Davis, A. L. (2014). Communicating scientific uncertainty. Proceedings of the 

National Academy of Sciences, 111(Supplement_4), 13664–13671. 

https://doi.org/10.1073/pnas.1317504111 

Fish, M. R., Cote, I. M., Gill, J. A., Jones, A. P., Renshoff, S., & Watkinson, A. R. (2005). 

Predicting the Impact of Sea-Level Rise on Caribbean Sea Turtle Nesting Habitat. 

Conservation Biology, 19(2), 482–491. https://doi.org/10.1111/j.1523-1739.2005.00146.x 

Fisher, J. (2011). The Four Domains Model: Connecting Spirituality, Health and Well-Being. 

Religions, 2(4), 17–28. https://doi.org/10.3390/rel2010017 

Fisher, L. R., Godfrey, M. H., & Owens, D. W. (2014). Incubation Temperature Effects on 

Hatchling Performance in the Loggerhead Sea Turtle (Caretta caretta). PLoS ONE, 9(12), 

e114880. https://doi.org/10.1371/journal.pone.0114880 



Unedited draft chapters 31 May 2019 

198 

 

Fisher, R., McDowell, N., Purves, D., Moorcroft, P., Sitch, S., Cox, P., Huntingford, C., Meir, P., 

& Woodward, F. I. (2010). Assessing uncertainties in a second-generation dynamic 

vegetation model caused by ecological scale limitations. New Phytologist, 187(3), 666–681. 

https://doi.org/10.1111/j.1469-8137.2010.03340.x 

Fisichelli, N. A., Schuurman, G. W., Monahan, W. B., & Ziesler, P. S. (2015). Protected Area 

Tourism in a Changing Climate: Will Visitation at US National Parks Warm Up or 

Overheat? PLOS ONE, 10(6), e0128226. Retrieved from 

https://doi.org/10.1371/journal.pone.0128226 

Fiske, S. T., & Dupree, C. (2014). Gaining trust as well as respect in communicating to 

motivated audiences about science topics. Proceedings of the National Academy of 

Sciences, 111(Supplement_4), 13593–13597. https://doi.org/10.1073/pnas.1317505111 

Foden, W. b, Butchart, S. H. M., Stuart, S. N., Vié, J.-C., Akçakaya, H. R., Angulo, A., 

DeVantier, L. M., Gutsche, A., Turak, E., Cao, L., Donner, S. D., Katariya, V., Bernard, R., 

Holland, R. A., Hughes, A. F., O’Hanlon, S. E., Garnett, S. T., Şekercioğlu, Ç. H., & Mace, 

G. M. (2013). Identifying the World’s Most Climate Change Vulnerable Species: A 

Systematic Trait-Based Assessment of all Birds, Amphibians and Corals. PLoS ONE, 8(6), 

e65427. https://doi.org/10.1371/journal.pone.0065427 

Foley, J. A., Defries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., Chapin, F. S., 

Coe, M. T., Daily, G. C., Gibbs, H. K., Helkowski, J. H., Holloway, T., Howard, E. a, 

Kucharik, C. J., Monfreda, C., Patz, J. a, Prentice, I. C., Ramankutty, N., & Snyder, P. K. 

(2005). Global consequences of land use. Science. https://doi.org/10.1126/science.1111772 

Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., Gerber, J. S., Johnston, M., 

Mueller, N. D., O’Connell, C., Ray, D. K., West, P. C., Balzer, C., Bennett, E. M., 

Carpenter, S. R., Hill, J., Monfreda, C., Polasky, S., Rockström, J., Sheehan, J., Siebert, S., 

Tilman, D., & Zaks, D. P. M. (2011). Solutions for a cultivated planet. Nature, 478(7369), 

337–342. https://doi.org/10.1038/nature10452 

Folke, C., Carpenter, S., Walker, B., Scheffer, M., Elmqvist, T., Gunderson, L., & Holling, C. S. 

(2004). Regime Shifts, Resilience, and Biodiversity in Ecosystem Management. Annual 

Review of Ecology, Evolution, and Systematics, 35(1), 557–581. 

https://doi.org/10.1146/annurev.ecolsys.35.021103.105711 

Ford, J. D., Smit, B., & Wandel, J. (2006). Vulnerability to climate change in the Arctic: A case 

study from Arctic Bay, Canada. Global Environmental Change, 16(2), 145–160. 

https://doi.org/10.1016/j.gloenvcha.2005.11.007 

Fordham, D. A., Brook, B. W., Hoskin, C. J., Pressey, R. L., VanDerWal, J., & Williams, S. E. 

(2016). Extinction debt from climate change for frogs in the wet tropics. Biology Letters, 

12(10), 20160236. https://doi.org/10.1098/rsbl.2016.0236 

Forest, F., Grenyer, R., Rouget, M., Davies, T. J., Cowling, R. M., Faith, D. P., Balmford, A., 

Manning, J. C., Procheş, Ş., Van Der Bank, M., Reeves, G., Hedderson, T. A. J., & 

Savolainen, V. (2007). Preserving the evolutionary potential of floras in biodiversity 

hotspots. Nature, 445(7129), 757–760. https://doi.org/10.1038/nature05587 

Forrest, J. L., Mascia, M. B., Pailler, S., Abidin, S. Z., Araujo, M. D., Krithivasan, R., & Riveros, 

J. C. (2015). Tropical Deforestation and Carbon Emissions from Protected Area 

Downgrading, Downsizing, and Degazettement (PADDD). Conservation Letters, 8(3), 153–

161. https://doi.org/10.1111/conl.12144 

Fosså, J. H., Mortensen, P. B., & Furevik, D. M. (2002). The deep-water coral Lophelia pertusa 

in Norwegian waters: distribution and fishery impacts. Hydrobiologia, 471(1/3), 1–12. 



Unedited draft chapters 31 May 2019 

199 

 

https://doi.org/10.1023/a:1016504430684 

Fourqurean, J. W., Duarte, C. M., Kennedy, H., Marbà, N., Holmer, M., Mateo, M. A., 

Apostolaki, E. T., Kendrick, G. A., Krause-Jensen, D., McGlathery, K. J., & Serrano, O. 

(2012). Seagrass ecosystems as a globally significant carbon stock. Nature Geoscience, 

5(7), 505–509. https://doi.org/10.1038/ngeo1477 

Fraiture, C. De, & Wichelns, D. (2010). Satisfying future water demands for agriculture, 97, 

502–511. https://doi.org/10.1016/j.agwat.2009.08.008 

Frankham, R., Bradshaw, C. J. A., & Brook, B. W. (2014). Genetics in conservation 

management: Revised recommendations for the 50/500 rules, Red List criteria and 

population viability analyses. Biological Conservation. 

https://doi.org/10.1016/j.biocon.2013.12.036 

Franz, M., Simpson, D., Arneth, A., & Zaehle, S. (2017). Development and evaluation of an 

ozone deposition scheme for coupling to a terrestrial biosphere model. Biogeosciences, 

14(1), 45–71. https://doi.org/10.5194/bg-14-45-2017 

Frascaroli, F. (2013). Catholicism and Conservation: The Potential of Sacred Natural Sites for 

Biodiversity Management in Central Italy. Human Ecology, 41(4), 587–601. 

https://doi.org/10.1007/s10745-013-9598-4 

Fraser, M.W., et al. "Extreme climate events lower resilience of foundation seagrass at edge of 

biogeographical range." Journal of Ecology 102.6 (2014): 1528-1536. 

Friedlingstein, P., Meinshausen, M., Arora, V. K., Jones, C. D., Anav, A., Liddicoat, S. K., & 

Knutti, R. (2014). Uncertainties in CMIP5 Climate Projections due to Carbon Cycle 

Feedbacks. Journal of Climate, 27(2), 511–526. https://doi.org/10.1175/jcli-d-12-00579.1 

Friend, A. D., Lucht, W., Rademacher, T. T., Keribin, R., Betts, R., Cadule, P., Ciais, P., Clark, 

D. B., Dankers, R., Falloon, P. D., Ito, A., Kahana, R., Kleidon, A., Lomas, M. R., Nishina, 

K., Ostberg, S., Pavlick, R., Peylin, P., Schaphoff, S., Vuichard, N., Warszawski, L., 

Wiltshire, A., & Woodward, F. I. (2014). Carbon residence time dominates uncertainty in 

terrestrial vegetation responses to future climate and atmospheric CO2. Proceedings of the 

National Academy of Sciences of the United States of America, 111(9), 3280–3285. 

https://doi.org/10.1073/pnas.1222477110 

Frost, W., Laing, J., & Beeton, S. (2014). The Future of Nature-Based Tourism in the Asia-

Pacific Region. Journal of Travel Research, 53(6), 721–732. 

https://doi.org/10.1177/0047287513517421 

Fu, C., Travers-Trolet, M., Velez, L., Grüss, A., Bundy, A., Shannon, L. J., Fulton, E. A., 

Akoglu, E., Houle, J. E., Coll, M., Verley, P., Heymans, J. J., John, E., & Shin, Y.-J. (2018). 

Risky business: The combined effects of fishing and changes in primary productivity on 

fish communities. Ecological Modelling, 368, 265–276. 

https://doi.org/10.1016/j.ecolmodel.2017.12.003 

Fu, M., Wang, Z., Pu, X., Xu, Z., & Zhu, M. (2012). Changes of nutrient concentrations and 

N:P:Si ratios and their possible impacts on the Huanghai Sea ecosystem. Acta Oceanologica 

Sinica, 31(4), 101–112. https://doi.org/10.1007/s13131-012-0224-x 

Fuentes, M. M. P. B., Limpus, C. J., & Hamann, M. (2010). Vulnerability of sea turtle nesting 

grounds to climate change. Global Change Biology, 17(1), 140–153. 

https://doi.org/10.1111/j.1365-2486.2010.02192.x 

Fuentes, M. M. P. B., Pike, D. A., Dimatteo, A., & Wallace, B. P. (2013). Resilience of marine 

turtle regional management units to climate change. Global Change Biology, 19(5), 1399–

1406. https://doi.org/10.1111/gcb.12138 



Unedited draft chapters 31 May 2019 

200 

 

Fuentes, M., & Saba, V. S. (2016). Impacts and effects of ocean warming on marine turtles. In D. 

Laffoley & J. . Baxter (Eds.), Explaining Ocean Warming: Causes, scale, effects and 

consequences (pp. 289–302). Gland, Switzerland: IUCN, International Union for 

Conservation of Nature. 

Fuhrer, J., Martin, M. V, Mills, G., Heald, C. L., Harmens, H., Hayes, F., Sharps, K., Bender, J., 

& Ashmore, M. R. (2016). Current and future ozone risks to global terrestrial biodiversity 

and ecosystem processes. Ecology and Evolution, 6(24), 8785–8799. 

https://doi.org/10.1002/ece3.2568 

Fulton, E. A., & Link, J. S. (n.d.). Modeling approaches for marine ecosystem-based 

management. The Sea, 16, 121–170. 

Furgal, C., & Seguin, J. (2006). Climate change, health, and vulnerability in Canadian northern 

Aboriginal communities. Environmental Health Perspectives, 114(12), 1964–1970. 

https://doi.org/10.1289/ehp.8433 

Fuss, S., Jones, C. D., Kraxner, F., Peters, G. P., Smith, P., Tavoni, M., van Vuuren, D. P., 

Canadell, J. G., Jackson, R. B., Milne, J., Moreira, J. R., Nakicenovic, N., Sharifi, A., & 

Yamagata, Y. (2016). Research priorities for negative emissions. Environmental Research 

Letters, 11(11). https://doi.org/11500710.1088/1748-9326/11/11/115007 

Gabler CA, Osland MJ, Grace JB, Stagg CL, Day RH, Hartley SB, Enwright NM, From AS, 

McCoy ML, McLeod JL, 2017. Macroclimatic change expected to transform coastal 

wetland ecosystems this century. Nature Climate Change 7: 142-147. 

Gaertner, M., Biggs, R., Te Beest, M., Hui, C., Molofsky, J., & Richardson, D. M. (2014). 

Invasive plants as drivers of regime shifts: identifying high-priority invaders that alter 

feedback relationships. Diversity and Distributions, 20(7), 733–744. 

https://doi.org/10.1111/ddi.12182 

Gaines, S. D., Costello, C., Owashi, B., Mangin, T., Bone, J., Molinos, J. G., … Ovando, D. 

(2018). Improved fisheries management could offset many negative effects of climate 

change. Science Advances, 4(8), 1–9. https://doi.org/10.1126/sciadv.aao1378 

Gallardo, B., Aldridge, D. C., Gonzalez-Moreno, P., Pergl, J., Pizarro, M., Pysek, P., Thuiller, 

W., Yesson, C., & Vila, M. (2017). Protected areas offer refuge from invasive species 

spreading under climate change. Global Change Biology, 23(12), 5331–5343. 

https://doi.org/10.1111/gcb.13798 

Galloway, T. S., & Lewis, C. N. (2016). Marine microplastics spell big problems for future 

generations. Proceedings of the National Academy of Sciences, 113(9), 2331–2333. 

https://doi.org/10.1073/pnas.1600715113 

García Molinos, J., Halpern, B. S., Schoeman, D. S., Brown, C. J., Kiessling, W., Moore, P. J., 

Pandolfi, J. M., Poloczanska, E. S., Richardson, A. J., & Burrows, M. T. (2016). Climate 

velocity and the future global redistribution of marine biodiversity. Nature Climate Change, 

6(1), 83–88. https://doi.org/10.1038/nclimate2769 

Gardner, R. C., Barchiesi, S., Beltrame, C., Finlayson, C., Galewski, T., Harrison, I., Paganini, 

M., Perennou, C., Pritchard, D., Rosenqvist, A., & Walpole, M. (2015). State of the World’s 

Wetlands and Their Services to People: A Compilation of Recent Analyses. Ramsar 

Briefing Note no. 7. Gland, Switzerland: Ramsar Convention Secretariat. 

https://doi.org/10.2139/ssrn.2589447 

Garibaldi, A., & Turner, N. (2004). Cultural Keystone Species : Implications for Ecological 

Conservation and Restoration, 9(3). 

Garrabou, J., Coma, R., Bensoussan, N., Bally, M., Chevaldonné, P., Cigliano, M., Diaz, D., 

https://doi.org/10.1126/sciadv.aao1378


Unedited draft chapters 31 May 2019 

201 

 

Harmelin, J. G., Gambi, M. C., Kersting, D. K., Ledoux, J. B., Lejeusne, C., Linares, C., 

Marschal, C., Pérez, T., Ribes, M., Romano, J. C., Serrano, E., Teixido, N., Torrents, O., 

Zabala, M., Zuberer, F., & Cerrano, C. (2009). Mass mortality in Northwestern 

Mediterranean rocky benthic communities: effects of the 2003 heat wave. Global Change 

Biology, 15(5), 1090–1103. https://doi.org/10.1111/j.1365-2486.2008.01823.x 

Gaston, K. J., & Bennie, J. (2014). Demographic effects of artificial nighttime lighting on animal 

populations. Environmental Reviews, 22(4), 323–330. https://doi.org/10.1139/er-2014-0005 

Gattuso, J. P., Magnan, A., Billé, R., Cheung, W. W. L., Howes, E. L., Joos, F., Allemand, D., 

Bopp, L., Cooley, S. R., Eakin, C. M., Hoegh-Guldberg, O., Kelly, R. P., Pörtner, H. O., 

Rogers, A. D., Baxter, J. M., Laffoley, D., Osborn, D., Rankovic, A., Rochette, J., Sumaila, 

U. R., Treyer, S., & Turley, C. (2015). Contrasting futures for ocean and society from 

different anthropogenic CO2 emissions scenarios. Science, 349(6243). 

https://doi.org/10.1126/science.aac4722 

Gattuso, J.-P., Magnan, A., Billé, R., Cheung, W. W. L., Howes, E. L., Joos, F., Allemand, D., 

Bopp, L., Cooley, S. R., Eakin, C. M., & others. (2015). Contrasting futures for ocean and 

society from different anthropogenic CO2 emissions scenarios. Science, 349(6243), 

aac4722. 

Geist, H. J., & Lambin, E. F. (2002). Proximate Causes and Underlying Driving Forces of 

Tropical DeforestationTropical forests are disappearing as the result of many pressures, 

both local and regional, acting in various combinations in different geographical locations. 

BioScience, 52(2), 143–150. Retrieved from http://dx.doi.org/10.1641/0006-

3568(2002)052[0143:PCAUDF]2.0.CO;2 

Gelfand, I., Sahajpal, R., Zhang, X., Izaurralde, R. C., Gross, K. L., & Robertson, G. P. (2013). 

Sustainable bioenergy production from marginal lands in the US Midwest. Nature, 

493(7433), 514–517. https://doi.org/10.1038/nature11811 

Gepts, P. (2006). Plant Genetic Resources Conservation and Utilization. Crop Science, 46(5), 

2278–2292. doi:10.2135/cropsci2006.03.0169gas 

Gerstner, K., Dormann, C. F., Stein, A., Manceur, A. M., & Seppelt, R. (2014). Effects of land 

use on plant diversity - A global meta-analysis. Journal of Applied Ecology, 51(6), 1690–

1700. https://doi.org/10.1111/1365-2664.12329 

GESAMP Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection. 

(2015). Sources, fate and effects of microplastics in the marine environment: a global 

assessment”. Reports and Studies GESAMP, 90(APRIL), 96. 

https://doi.org/10.13140/RG.2.1.3803.7925 

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, uses, and fate of all plastics ever 

made. Science Advances, 3(7), 5. 

Gibbs, H. K., & Salmon, J. M. (2015). Mapping the world’s degraded lands. Applied Geography, 

57, 12–21. https://doi.org/10.1016/j.apgeog.2014.11.024 

Gienapp, P., Lof, M., Reed, T. E., McNamara, J., Verhulst, S., & Visser, M. E. (2012). 

Predicting demographically sustainable rates of adaptation: can great tit breeding time keep 

pace with climate change? Philosophical Transactions of the Royal Society B: Biological 

Sciences, 368(1610), 20120289–20120289. https://doi.org/10.1098/rstb.2012.0289 

Gilg, O., Kovacs, K. M., Aars, J., Fort, J., Gauthier, G., Grémillet, D., Ims, R. A., Meltofte, H., 

Moreau, J., Post, E., Schmidt, N. M., Yannic, G., & Bollache, L. (2012). Climate change 

and the ecology and evolution of Arctic vertebrates. Annals of the New York Academy of 

Sciences, 1249(1), 166–190. https://doi.org/10.1111/j.1749-6632.2011.06412.x 



Unedited draft chapters 31 May 2019 

202 

 

Gilly, W. F., Beman, J. M., Litvin, S. Y., & Robison, B. H. (2013). Oceanographic and 

Biological Effects of Shoaling of the Oxygen Minimum Zone. Annual Review of Marine 

Science, 5(1), 393–420. https://doi.org/10.1146/annurev-marine-120710-100849 

Gilman, S. E., Urban, M. C., Tewksbury, J., Gilchrist, G. W., & Holt, R. D. (2010). A framework 

for community interactions under climate change. Trends in Ecology & Evolution, 25(6), 

325–331. https://doi.org/Doi 10.1016/J.Tree.2010.03.002 

Giorgi, F., Jones, C., & Asrar, G. R. (2009). Addressing climate information needs at the 

regional level: the CORDEX framework. WMO Bulletin, 58(3). Retrieved from 

https://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-

public/article_bulletin/related_docs/58_3_giorgi_en.pdf?M.c387HjSQqA6WbMn8ddsIgrpJ

xnJqAF 

Glover, D., & Hernandez, K. (2016). Integrating Sustainable Development: A Foresight Analysis 

of Interactions Among Competing Development Challenges. 

Godfray, H. C. J., Beddington, J. R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F., Pretty, J. 

N., Robinson, S., Thomas, S. M., Toulmin, C., Tilman, D., Schmidhuber, J., Tubiello, F. N., 

Piesse, J., Thirtle, C., Balmford, A., Green, R. E., Scharlemann, J. P. W., Fargione, J., Hill, 

J., Polasky, S., Hawthorne, P., Cassman, K. G., Evenson, R. E., Gollin, D., Ball, A. S., 

Lang, T., Morison, J. I. L., Hazell, P., Wood, S., Deininger, K., Feder, G., Collier, P., 

Gilbert, R. A., Shine, J. M., Miller, J. D., Rice, R. W., Rainbolt, C. R., Lemaux, P. G., Lea, 

D., Smith, M. D., Tacon, A. G. J., Metian, M., Hobbs, P. R., Sayre, K., Gupta, R., Day, W., 

Audsley, E., Frost, A. R., Reij, C. P., & Smaling, E. M. A. (2010). Food security: The 

challenge of feeding 9 billion people. Science, 327(5967), 812–818. 

https://doi.org/10.1126/science.1185383 

Godfray, H. C. J., Beddington, J. R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F., Pretty, 

J., Robinson, S., Thomas, S. M., & Toulmin, C. (2010). Food Security: The Challenge of 

Feeding 9 Billion People. Science, 327(5967), 812–818. 

https://doi.org/10.1126/science.1185383 

Godoy, M. D. P., & Lacerda, L. D. de. (2015). Mangroves Response to Climate Change: A 

Review of Recent Findings on Mangrove Extension and Distribution. Anais Da Academia 

Brasileira de CiÃ\textordfemeninencias, 87, 651–667. Retrieved from 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0001-

37652015000200651&nrm=iso 

Golden, D. M., Audet, C., & Smith, M. A. (Peggy. (2015). “Blue-ice”: framing climate change 

and reframing climate change adaptation from the indigenous peoples’ perspective in the 

northern boreal forest of Ontario, Canada. Climate and Development. 

https://doi.org/10.1080/17565529.2014.966048 

Golden, D. M., Audet, C., & Smith, M. A. (Peggy. (2015). “Blue-ice”: framing climate change 

and reframing climate change adaptation from the indigenous peoples’ perspective in the 

northern boreal forest of Ontario, Canada. Climate and Development. 

https://doi.org/10.1080/17565529.2014.966048 

Gonzalez, A., Ronce, O., Ferriere, R., & Hochberg, M. E. (2013). Evolutionary rescue: An 

emerging focus at the intersection between ecology and evolution. Philosophical 

Transactions of the Royal Society B: Biological Sciences, 368(1610). 

https://doi.org/10.1098/rstb.2012.0404 

Gonzalez, P., Neilson, R. P., Lenihan, J. M., & Drapek, R. J. (2010). Global patterns in the 

vulnerability of ecosystems to vegetation shifts due to climate change. Global Ecology and 

https://doi.org/10.1146/annurev-marine-120710-100849


Unedited draft chapters 31 May 2019 

203 

 

Biogeography, 19(6), 755–768. https://doi.org/10.1111/j.1466-8238.2010.00558.x 

Gooday, A. J., Malzone, M. G., Bett, B. J., & Lamont, P. A. (2010). Decadal-scale changes in 

shallow-infaunal foraminiferal assemblages at the Porcupine Abyssal Plain, NE Atlantic. 

Deep Sea Research Part II: Topical Studies in Oceanography, 57(15), 1362–1382. 

https://doi.org/10.1016/j.dsr2.2010.01.012 

Gornall, J., Betts, R., Burke, E., Clark, R., Camp, J., Willett, K., & Wiltshire, A. (2010). 

Implications of climate change for agricultural productivity in the early twenty-first century. 

Philos Trans R Soc Lond B Biol Sci, 365(1554), 2973–2989. 

https://doi.org/10.1098/rstb.2010.0158 

Gosling, S. N., & Arnell, N. W. (2016). A global assessment of the impact of climate change on 

water scarcity. Climatic Change, 134(3), 371–385. https://doi.org/10.1007/s10584-013-

0853-x 

Grange, L. J., & Smith, C. R. (2013). Megafaunal Communities in Rapidly Warming Fjords 

along the West Antarctic Peninsula: Hotspots of Abundance and Beta Diversity. PLoS 

ONE, 8(12), e77917. https://doi.org/10.1371/journal.pone.0077917 

Grassi, G., House, J., Dentener, F., Federici, S., den Elzen, M., & Penman, J. (2017). The key 

role of forests in meeting climate targets requires science for credible mitigation. Nature 

Climate Change, 7(3), 220–+. https://doi.org/10.1038/nclimate3227 

Greaver, T. L., Clark, C. M., Compton, J. E., Vallano, D., Talhelm, A. F., Weaver, C. P., Band, 

L. E., Baron, J. S., Davidson, E. A., Tague, C. L., Felker-Quinn, E., Lynch, J. A., Herrick, J. 

D., Liu, L., Goodale, C. L., Novak, K. J., & Haeuber, R. A. (2016). Key ecological 

responses to nitrogen are altered by climate change. Nature Climate Change, 6(9), 836–843. 

https://doi.org/10.1038/nclimate3088 

Grill, G., Lehner, B., Lumsdon, A. E., MacDonald, G. K., Zarfl, C., & Reidy Liermann, C. 

(2015). An index-based framework for assessing patterns and trends in river fragmentation 

and flow regulation by global dams at multiple scales. Environmental Research Letters, 

10(1), 015001. https://doi.org/10.1088/1748-9326/10/1/015001 

Grimm, N. B. and S. Schindler. 2018. Nature of Cities and Nature in Cities: Prospects for 

Conservation and Design of Urban Nature in Human Habitat. In  Lele, S., E. S. Brondizio, 

J. Byrne, G. M. Mace, and J. Martinez-Alier (eds.). 2018. Rethinking Environmentalism: 

Linking Justice, Sustainability, and Diversity. Strüngmann Forum Reports, vol. 23, J. Lupp, 

series editor. Cambridge, MA: MIT Press. Pp. 289. 

Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., 

Schlesinger, W. H., Shoch, D., Siikamaki, J. V, Smith, P., Woodbury, P., Zganjar, C., 

Blackman, A., Campari, J., Conant, R. T., Delgado, C., Elias, P., Gopalakrishna, T., 

Hamsik, M. R., Herrero, M., Kiesecker, J., Landis, E., Laestadius, L., Leavitt, S. M., 

Minnemeyer, S., Polasky, S., Potapov, P., Putz, F. E., Sanderman, J., Silvius, M., 

Wollenberg, E., & Fargione, J. (2017). Natural climate solutions. Proceedings of the 

National Academy of Sciences of the United States of America, 114(44), 11645–11650. 

https://doi.org/10.1073/pnas.1710465114 

Gudmundsson, L., Seneviratne, S. I., & Zhang, X. (2017). Anthropogenic climate change 

detected in European renewable freshwater resources. Nature Climate Change. 

https://doi.org/10.1038/nclimate3416 

Gueneralp, B., & Seto, K. C. (2013). Futures of global urban expansion: uncertainties and 

implications for biodiversity conservation. Environmental Research Letters, 8(1). 

https://doi.org/01402510.1088/1748-9326/8/1/014025 



Unedited draft chapters 31 May 2019 

204 

 

Gumpenberger, M., Vohland, K., Heyder, U., Poulter, B., MacEy, K., Rammig, A., Popp, A., & 

Cramer, W. (2010). Predicting pan-tropical climate change induced forest stock gains and 

losses - Implications for REDD. Environmental Research Letters, 5(1). 

https://doi.org/10.1088/1748-9326/5/1/014013 

Gundimeda, H. (2018). Is economic growth linked with comprehensive wealth? Link to state-

level analysis in India. In Inclusive Wealth Report 2018 (pp. 162-176). Routledge 

Güneralp, B., Seto, K. C., & Ramachandran, M. (2013). Evidence of urban land teleconnections 

and impacts on hinterlands. Current Opinion in Environmental Sustainability. 

https://doi.org/10.1016/j.cosust.2013.08.003 

Gutt J, Bertler N, Bracegirdle TJ, Buschmann A, Comiso J, Hosie G, Isla E, Schloss IR, Smith 

CR,Tournadre J, Xavier JC, 2015. The Southern Ocean ecosystem under multiple climate 

change stresses - an integrated circumpolar assessment. Global Change Biology 21: 1434-

1453. 

Gutt, J., & Piepenburg, D. (2003). Scale-dependent impact on diversity of Antarctic benthos 

caused by grounding of icebergs. Marine Ecology Progress Series, 253, 77–83. 

https://doi.org/10.3354/meps253077 

Gutt, J., Starmans, A., & Dieckmann, G. (1996). Impact of iceberg scouring on polar benthic 

habitats. Marine Ecology Progress Series, 137, 311–316. 

https://doi.org/10.3354/meps137311 

Haas, B. K. (1999). A multidisciplinary concept analysis of quality of life. Western Journal of 

Nursing Research, 21(6), 728–742. https://doi.org/10.1177/01939459922044153 

Habel, J. C., & Schmitt, T. (2018). Vanishing of the common species: Empty habitats and the 

role of genetic diversity. Biological Conservation, 218, 211–216. 

https://doi.org/10.1016/j.biocon.2017.12.018 

Hajima, T., Tachiiri, K., Ito, A., & Kawamiya, M. (2014). Uncertainty of concentration-

terrestrial carbon feedback in earth system models. Journal of Climate, 27(9), 3425–3445. 

https://doi.org/10.1175/JCLI-D-13-00177.1 

Hansen, M. C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S. A., Tyukavina, A., 

Thau, D., Stehman, S. V., Goetz, S. J., Loveland, T. R., Kommareddy, A., Egorov, A., 

Chini, L., Justice, C. O., & Townshend, J. R. G. (2013). High-Resolution Global Maps of 

21st-Century Forest Cover Change. Science, 342(6160), 850–853. 

https://doi.org/10.1126/science.1244693 

Hanspach, J., Abson, D. J., Collier, N. F., Dorresteijn, I., Schultner, J., & Fischer, J. (2017). 

From trade-offs to synergies in food security and biodiversity conservation. Frontiers in 

Ecology and the Environment, 15(9), 489–494. 

Hanspach, J., Hartel, T., Milcu, A. I., Mikulcak, F., Dorresteijn, I., Loos, J., Von Wehrden, H., 

Kuemmerle, T., Abson, D., Kovács-Hostyánszki, A., Báldi, A., & Fischer, J. (2014). A 

holistic approach to studying social-ecological systems and its application to Southern 

Transylvania. Ecology and Society. https://doi.org/10.5751/ES-06915-190432 

Hantson, S., Arneth, A., Harrison, S. P., Kelley, D. I., Prentice, I. C., Rabin, S. S., Archibald, S., 

Mouillot, F., Arnold, S. R., Artaxo, P., Bachelet, D., Ciais, P., Forrest, M., Friedlingstein, 

P., Hickler, T., Kaplan, J. O., Kloster, S., Knorr, W., Lasslop, G., Li, F., Mangeon, S., 

Melton, J. R., Meyn, A., Sitch, S., Spessa, A., van der Werf, G. R., Voulgarakis, A., & Yue, 

C. (2016). The status and challenge of global fire modelling. Biogeosciences, 13(11), 3359–

3375. https://doi.org/10.5194/bg-13-3359-2016 

Hantson, S., Knorr, W., Pugh, T. A. M., Schurgers, G., & Arneth, A. (2017). Effects of land-



Unedited draft chapters 31 May 2019 

205 

 

cover change on future BVOC emissions. Atmospheric Environment, in press. 

Harborne AR, Nagelkerken I, Wolff NH, Bozec YM, Dorenbosch M, Grol MGG, Mumby PJ 

2015. Direct and indirect effects of nursery habitats on coral‐reef fish assemblages, grazing 

pressure and benthic dynamics. Oikos 125(7) : 957-967. https://doi.org/10.1111/oik.02602 

Harfoot, M., Tittensor, D. P., Newbold, T., McInerny, G., Smith, M. J., & Scharlemann, J. P. W. 

(2014). Integrated assessment models for ecologists: the present and the future. Global 

Ecology and Biogeography, 23(2), 124–143. https://doi.org/10.1111/geb.12100 

Harrad, S. (2009). Persistent Organic Pollutants. John Wiley & Sons, Ltd. 

https://doi.org/10.1002/9780470684122 

Harris, R. M. B., Remenyi, T. A., Williamson, G. J., Bindoff, N. L., & Bowman, D. (2016). 

Climate-vegetation-fire interactions and feedbacks: trivial detail or major barrier to 

projecting the future of the Earth system? Wiley Interdisciplinary Reviews-Climate Change, 

7(6), 910–931. https://doi.org/10.1002/wcc.428 

Harrison P. A., Hauck J., Austrheim G., Brotons L., Cantele M., Claudet J., Fürst C., Guisan A., 

Harmáčková Z.V., Lavorel S. et al. dans Rounsevell M., Fischer M., Torre-Marin Rando A., 

Mader A. (eds.) IPBES (2018): The IPBES regional assessment report on biodiversity and 

ecosystem services for Europe and Central Asia, Secretariat of the Intergovernmental 

Science-Policy Platform on Biodiversity and Ecosystem services. 

Hartig, T., Mitchell, R., de Vries, S., & Frumkin, H. (2014). Nature and Health. Annual Review 

of Public Health, 35(1), 207–228. https://doi.org/10.1146/annurev-publhealth-032013-

182443 

Hartman, B. D., Cleveland, D. A., & Chadwick, O. A. (2016). Linking changes in knowledge 

and attitudes with successful land restoration in indigenous communities. Restoration 

Ecology, 24(6), 749–760. https://doi.org/10.1111/rec.12347 

Heald, C. L., Henze, D. K., Horowitz, L. W., Feddema, J., Lamarque, J. F., Guenther, A., Hess, 

P. G., Vitt, F., Seinfeld, J. H., Goldstein, A. H., & Fung, I. (2008). Predicted change in 

global secondary organic aerosol concentrations in response to future climate, emissions, 

and land use change. Journal of Geophysical Research-Atmospheres, 113(D5). 

https://doi.org/D0521110.1029/2007jd009092 

Heck Hay, K. L., Hays, G., & Orth, R. J. (2003). Critical evaluation of the nursery role 

hypothesis for seagrass meadows. Marine Ecology Progress Series, 253, 123–136. 

https://doi.org/10.3354/meps253123 

Heck, K. L., Fodrie, F. J., Madsen, S., Baillie, C. J., & Byron, D. A. (2015). Seagrass 

consumption by native and a tropically associated fish species: potential impacts of the 

tropicalization of the northern Gulf of Mexico. Marine Ecology Progress Series, 520, 165–

173. https://doi.org/10.3354/meps11104 

Hegland, S. J., Nielsen, A., Lázaro, A., Bjerknes, A. L., & Totland, Ø. (2009). How does climate 

warming affect plant-pollinator interactions? Ecology Letters. 

https://doi.org/10.1111/j.1461-0248.2008.01269.x 

Heinimann, A., Mertz, O., Frolking, S., Egelund Christensen, A., Hurni, K., Sedano, F., Parsons 

Chini, L., Sahajpal, R., Hansen, M., & Hurtt, G. (2017). A global view of shifting 

cultivation: Recent, current, and future extent. PLOS ONE, 12(9), e0184479. 

https://doi.org/10.1371/journal.pone.0184479 

Held, I. M., & Soden, B. J. (2006). Robust Responses of the Hydrological Cycle to Global 

Warming. Journal of Climate, 19(21), 5686–5699. Retrieved from 

https://doi.org/10.1175/2010JCLI4045.1 

https://doi.org/10.1111/oik.02602


Unedited draft chapters 31 May 2019 

206 

 

Hellmann, J., Byers, J., Bierwagen, B., & Dukes, J. (2008). Five Potential Consequences of 

Climate Change for Invasive Species (Vol. 22). https://doi.org/10.1111/j.1523-

1739.2008.00951.x 

Helm, K. P., Bindoff, N. L., & Church, J. A. (2011). Observed decreases in oxygen content of 

the global ocean. Geophysical Research Letters, 38(23), n/a-n/a. 

https://doi.org/10.1029/2011gl049513 

Hemer, M. A., Fan, Y., Mori, N., Semedo, A., & Wang, X. L. (2013). Projected changes in wave 

climate from a multi-model ensemble. Nature Climate Change, 3(5), 471–476. 

https://doi.org/10.1038/nclimate1791 

Hendriks, I. E., Duarte, C. M., & Álvarez, M. (2010). Vulnerability of marine biodiversity to 

ocean acidification: A meta-analysis. Estuarine, Coastal and Shelf Science, 86(2), 157–164. 

https://doi.org/10.1016/j.ecss.2009.11.022 

Hendry, A. P., Kinnison, M. T., Heino, M., Day, T., Smith, T. B., Fitt, G., Bergstrom, C. T., 

Oakeshott, J., Jørgensen, P. S., Zalucki, M. P., Gilchrist, G., Southerton, S., Sih, A., Strauss, 

S., Denison, R. F., & Carroll, S. P. (2011). Evolutionary principles and their practical 

application. Evolutionary Applications, 4(2), 159–183. https://doi.org/10.1111/j.1752-

4571.2010.00165.x 

Henry, R. C., Engstrom, K., Olin, S., Alexander, P., Arneth, A., & Rounsevell, M. D. A. (2018). 

Food supply and bioenergy production within the global cropland planetary boundary. Plos 

One, 13(3), e0194695–e0194695. https://doi.org/10.1371/journal.pone.0194695 

Henson, S., Cole, H., Beaulieu, C., & Yool, A. (2013). The impact of global warming on 

seasonality of ocean primary production. Biogeosciences, 10(6), 4357–4369. 

https://doi.org/10.5194/bg-10-4357-2013 

Herbert ER, Boon P, Burgin AJ, Neubauer SC, Franklin RB, Ardon M, Hopfensperger KN, 

Lamers LPM, Gell P, 2015. Ecosphere 6(10): 1-43. doi.org/10.1890/ES14-00534.1 

Hersperger, A. M., Gennaio, M.-P., Verburg, P. H., & Bürgi, M. (2011). Feedback Loops in 

Conceptual Models of Land Change: Lost in Complexity? Ecology and Society, 16(2). 

Retrieved from http://www.ecologyandsociety.org/vol16/iss2/resp1/ 

Heubes, J., Kühn, I., König, K., Wittig, R., Zizka, G., & Hahn, K. (2011). Modelling biome 

shifts and tree cover change for 2050 in West Africa. Journal of Biogeography, 38(12), 

2248–2258. https://doi.org/10.1111/j.1365-2699.2011.02560.x 

Higgins, S. I., & Scheiter, S. (2012). Atmospheric CO2 forces abrupt vegetation shifts locally, 

but not globally. Nature, advance on, 10.1038/nature11238. 

https://doi.org/http://www.nature.com/nature/journal/vaop/ncurrent/abs/nature11238.html#s

upplementary-information 

Hill, R., C. Grant, M. George, C. Robinson, S. Jackson, and N. Abel. 2012. A typology of 

indigenous engagement in Australian environmental management: implications for 

knowledge integration and social-ecological system sustainability. Ecology and Society 

17(1): 23. 

Hilmi, N., Allemand, D., Kavanagh, C., Laffoley, D., Metian, M., Osborn, D., & Reynaud, S. 

(2015). Bridging the Gap Between Ocean Acidification Impacts and Economic Valuation : 

Regional Impacts of Ocean Acidification on Fisheries and Aquaculture. Iucn. 

https://doi.org/10.2305/IUCN.CH.2015.03.en 

HLPE. (2014). Sustainable fisheries and aquaculture for food security and nutrition. Roma: FAO. 

Hodgdon, B. D., Hayword, J., & Samayoa, O. (2013). Putting the plus first: community forest 

enterprise as the platform for REDD+ in the Maya Biosphere Reserve, Guatemala. Tropical 



Unedited draft chapters 31 May 2019 

207 

 

Conservation Science, 6(3), 365–383. 

Hoegh-Guldberg, O., Cai, R., Poloczanska, E. S., Brewer, P. G., Sundby, S., Himi, K., Fabry, V. 

J., & Jung, S. (2014). The Ocean. In Climate Change 2014: Impacts, Adaptation, and 

Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change (pp. 1655–1731). 

Cambridge, United Kingdom and New York, NY, USA: Cambridge University Press. 

Hoegh-Guldberg, O., D. Jacob, M. Taylor, M. Bindi, S. Brown, I. Camilloni, A. Diedhiou, R. 

Djalante, K.L. Ebi, F. Engelbrecht, J.Guiot, Y. Hijioka, S. Mehrotra, A. Payne, S.I. 

Seneviratne, A. Thomas, R. Warren, and G. Zhou, 2018: Impacts of 1.5ºC Global Warming 

on Natural and Human Systems. In: Global Warming of 1.5°C. An IPCC Special Report on 

the impacts of global warming of 1.5°C above pre-industrial levels and related global 

greenhouse gas emission pathways, in the context of strengthening the global response to 

the threat of climate change, sustainable development, and efforts to eradicate poverty 

[Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, 

W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, 

M.I.Gomis, E. Lonnoy, T.Maycock, M.Tignor, and T. Waterfield (eds.)]. In Press. 

Hoegh-Guldberg, O., Poloczanska, E. S., Skirving, W., & Dove, S. (2017). Coral reef 

ecosystems under climate change and ocean acidification. Frontiers in Marine Science, 4, 

158. 

HOF, C., LEVINSKY, I., ARAÚJO, M. B., & RAHBEK, C. (2011). Rethinking species’ ability 

to cope with rapid climate change. Global Change Biology, 17(9), 2987–2990. 

https://doi.org/10.1111/j.1365-2486.2011.02418.x 

Hoffmann, A. A., Sgrò, C., & M. (2011). Climate change and evolutionary adaptation. Nature, 

470(7335), 479–485. https://doi.org/10.1038/nature09670 

Hoffmann, M., Hilton-Taylor, C., Angulo, A., Böhm, M., Brooks, T. M., Butchart, S. H. M., 

Carpenter, K. E., Chanson, J., Collen, B., Cox, N. a, Darwall, W. R. T., Dulvy, N. K., 

Harrison, L. R., Katariya, V., Pollock, C. M., Quader, S., Richman, N. I., Rodrigues, A. S. 

L., Tognelli, M. F., Vié, J.-C., Aguiar, J. M., Allen, D. J., Allen, G. R., Amori, G., 

Ananjeva, N. B., Andreone, F., Andrew, P., Aquino Ortiz, A. L., Baillie, J. E. M., Baldi, R., 

Bell, B. D., Biju, S. D., Bird, J. P., Black-Decima, P., Blanc, J. J., Bolaños, F., Bolivar-G, 

W., Burfield, I. J., Burton, J. a, Capper, D. R., Castro, F., Catullo, G., Cavanagh, R. D., 

Channing, A., Chao, N. L., Chenery, A. M., Chiozza, F., Clausnitzer, V., Collar, N. J., 

Collett, L. C., Collette, B. B., Cortez Fernandez, C. F., Craig, M. T., Crosby, M. J., 

Cumberlidge, N., Cuttelod, A., Derocher, A. E., Diesmos, A. C., Donaldson, J. S., 

Duckworth, J. W., Dutson, G., Dutta, S. K., Emslie, R. H., Farjon, A., Fowler, S., Freyhof, 

J., Garshelis, D. L., Gerlach, J., Gower, D. J., Grant, T. D., Hammerson, G. a, Harris, R. B., 

Heaney, L. R., Hedges, S. B., Hero, J.-M., Hughes, B., Hussain, S. A., Icochea M, J., Inger, 

R. F., Ishii, N., Iskandar, D. T., Jenkins, R. K. B., Kaneko, Y., Kottelat, M., Kovacs, K. M., 

Kuzmin, S. L., La Marca, E., Lamoreux, J. F., Lau, M. W. N., Lavilla, E. O., Leus, K., 

Lewison, R. L., Lichtenstein, G., Livingstone, S. R., Lukoschek, V., Mallon, D. P., 

McGowan, P. J. K., McIvor, A., Moehlman, P. D., Molur, S., Muñoz Alonso, A., Musick, J. 

a, Nowell, K., Nussbaum, R. a, Olech, W., Orlov, N. L., Papenfuss, T. J., Parra-Olea, G., 

Perrin, W. F., Polidoro, B. a, Pourkazemi, M., Racey, P. a, Ragle, J. S., Ram, M., Rathbun, 

G., Reynolds, R. P., Rhodin, A. G. J., Richards, S. J., Rodríguez, L. O., Ron, S. R., 

Rondinini, C., Rylands, A. B., Sadovy de Mitcheson, Y., Sanciangco, J. C., Sanders, K. L., 

Santos-Barrera, G., Schipper, J., Self-Sullivan, C., Shi, Y., Shoemaker, A., Short, F. T., 



Unedited draft chapters 31 May 2019 

208 

 

Sillero-Zubiri, C., Silvano, D. L., Smith, K. G., Smith, A. T., Snoeks, J., Stattersfield, A. J., 

Symes, A. J., Taber, A. B., Talukdar, B. K., Temple, H. J., Timmins, R., Tobias, J. a, 

Tsytsulina, K., Tweddle, D., Ubeda, C., Valenti, S. V, van Dijk, P. P., Veiga, L. M., Veloso, 

A., Wege, D. C., Wilkinson, M., Williamson, E. a, Xie, F., Young, B. E., Akçakaya, H. R., 

Bennun, L., Blackburn, T. M., Boitani, L., Dublin, H. T., da Fonseca, G. a B., Gascon, C., 

Lacher, T. E., Mace, G. M., Mainka, S. a, McNeely, J. a, Mittermeier, R. a, Reid, G. M., 

Rodriguez, J. P., Rosenberg, A. a, Samways, M. J., Smart, J., Stein, B. a, & Stuart, S. N. 

(2010). The impact of conservation on the status of the world’s vertebrates. Science, 

330(6010), 1503–1509. https://doi.org/10.1126/science.1194442 

Holbrook SJ, Schmitt RJ, Adam TC, Brooks AJ, 2016. Coral Reef Resilience, Tipping Points 

and the Strength of Herbivory. Scientific Reports 6, 35817. 

Hole, D. G., Willis, S. G., Pain, D. J., Fishpool, L. D., Butchart, S. H. M., Collingham, Y. C., 

Rahbek, C., & Huntley, B. (2009). Projected impacts of climate change on a continent-wide 

protected area network. Ecology Letters, 12(5), 420–431. https://doi.org/10.1111/j.1461-

0248.2009.01297.x 

Holloway, P., & Miller, J. A. (2017). A quantitative synthesis of the movement concepts used 

within species distribution modelling. Ecological Modelling, 356, 91–103. 

https://doi.org/10.1016/j.ecolmodel.2017,04.005 

Holt, R. D., & Barfield, M. (2009). Trophic interactions and range limits: The diverse roles of 

predation. Proceedings of the Royal Society B: Biological Sciences, 276(1661), 1435–1442. 

https://doi.org/10.1098/rspb.2008.1536 

Hoornweg, D., Bhada-Tata, P., & Kennedy, C. (2013). Environment: Waste production must 

peak this century. Nature, 502(7473), 615–617. https://doi.org/10.1038/502615a 

Hopping, K. A., Yangzong, C., & Klein, J. A. (2016). Local knowledge production, 

transmission, and the importance of village leaders in a network of Tibetan pastoralists 

coping with environmental change. Ecology and Society, 21(1). https://doi.org/10.5751/ES-

08009-210125 

Horcea-Milcu, A. I. (2015). The Relationship Between People and Nature in Traditional Rural 

Landscapes: A Case Study from Southern Transylvania. Leuphana Universität Lüneburg. 

Retrieved from 

https://scholar.google.com/scholar?cluster=3776769989960015241&hl=en&as_sdt=5,47&s

ciodt=0,47&scioq=horcea-milcu,+2015 

Hoskins, A. J., Bush, A., Gilmore, J., Harwood, T., Hudson, L. N., Ware, C., Williams, K. J., & 

Ferrier, S. (2016). Downscaling land-use data to provide global 30 ’ ’ estimates of five land-

use classes. Ecology and Evolution, 6(9), 3040–3055. https://doi.org/10.1002/ece3.2104 

Hsieh, C., Reiss, C. S., Hunter, J. R., Beddington, J. R., May, R. M., & Sugihara, G. (2006). 

Fishing elevates variability in the abundance of exploited species. Nature, 443(7113), 859–

862. https://doi.org/10.1038/nature05232 

Hu, Y., Maskey, S., & Uhlenbrook, S. (2013). Downscaling daily precipitation over the Yellow 

River source region in China: A comparison of three statistical downscaling methods. 

Theoretical and Applied Climatology, 112(3–4), 447–460. https://doi.org/10.1007/s00704-

012-0745-4 

Hubacek, K., Baiocchi, G., Feng, K., & Patwardhan, A. (2017). Poverty eradication in a carbon 

constrained world. Nature Communications, 8(1), 1–8. https://doi.org/10.1038/s41467-017-

00919-4 

Hubacek, K., Guan, D., Barrett, J., & Wiedmann, T. (2009). Environmental implications of 



Unedited draft chapters 31 May 2019 

209 

 

urbanization and lifestyle change in China: Ecological and Water Footprints. Journal of 

Cleaner Production, 17(14), 1241–1248. https://doi.org/10.1016/j.jclepro.2009.03.011 

Hughes RM, & Herlihy AT. (2012). Patterns in catch oer unit effort of native prey fish and alien 

piscivorous fish in 7 Pacific Northwest USA rivers. Fisheries, (37), 201–211. 

Hughes RM, Amezcua F, Chambers DM, Daniel WM, Franks JS, Franzin W, MacDonald D, 

Merriam E, Neall G, Pompeu PS, Reynolds L, & Woody CA. (2016). AFS position paper 

and policy on mining and fossil fuel extraction. Fisheries, (41), 12–15. 

Hughes, T. P., Anderson, K. D., Connolly, S. R., Heron, S. F., Kerry, J. T., Lough, J. M., Baird, 

A. H., Baum, J. K., Berumen, M. L., Bridge, T. C., Claar, D. C., Eakin, C. M., Gilmour, J. 

P., Graham, N. A. J., Harrison, H., Hobbs, J.-P. A., Hoey, A. S., Hoogenboom, M., Lowe, 

R. J., McCulloch, M. T., Pandolfi, J. M., Pratchett, M., Schoepf, V., Torda, G., & Wilson, S. 

K. (2018). Spatial and temporal patterns of mass bleaching of corals in the Anthropocene. 

Science, 359(6371), 80 LP-83. https://doi.org/10.1126/science.aan8048 

Hughes, T. P., Carpenter, S., Rockström, J., Scheffer, M., & Walker, B. (2013). Multiscale 

regime shifts and planetary boundaries. Trends in Ecology and Evolution, 28(7), 389–395. 

https://doi.org/10.1016/j.tree.2013.05.019 

Hull, V., Tuanniu, M.-N., & Liu, J. (2015). Synthesis of human-nature feedbacks. Ecology and 

Society, 20(3). https://doi.org/1710.5751/es-07404-200317 

Hulme, P. E. (2009). Trade, transport and trouble: managing invasive species pathways in an era 

of globalization. Journal of Applied Ecology, 46(1), 10–18. https://doi.org/10.1111/j.1365-

2664.2008.01600.x 

Humpenoder, F., Popp, A., Dietrich, J. P., Klein, D., Lotze-Campen, H., Bonsch, M., Bodirsky, 

B. L., Weindl, I., Stevanovic, M., & Muller, C. (2014). Investigating afforestation and 

bioenergy CCS as climate change mitigation strategies. Environmental Research Letters, 

9(6). https://doi.org/06402910.1088/1748-9326/9/6/064029 

Humpenoder, F., Popp, A., Stevanovic, M., Muller, C., Bodirsky, B. L., Bonsch, M., Dietrich, J. 

P., Lotze-Campen, H., Weindl, I., Biewald, A., & Rolinski, S. (2015). Land-Use and 

Carbon Cycle Responses to Moderate Climate Change: Implications for Land-Based 

Mitigation? Environmental Science & Technology, 49(11), 6731–6739. 

https://doi.org/10.1021/es506201r 

Hunt, D. V. L., Lombardi, D. R., Atkinson, S., Barber, A. R. G., Barnes, M., Boyko, C. T., 

Brown, J., Bryson, J., Butler, D., Caputo, S., Caserio, M., Coles, R., Cooper, R. F. D., 

Farmani, R., Gaterell, M., Hale, J., Hales, C., Hewitt, C. N., Jankovic, L., Jefferson, I., 

Leach, J., MacKenzie, A. R., Memon, F. A., Sadler, J. P., Weingaertner, C., Whyatt, J. D., 

& Rogers, C. D. F. (2012). Scenario Archetypes: Converging Rather than Diverging 

Themes. Sustainability, 4(12), 740–772. https://doi.org/10.3390/su4040740 

Hunter CM, Caswell H, Runge MC, Regehr EV, Amstrup SC, Stirling I, 2010. Climate change 

threatens polar bear populations: a stochastic demographic analysis. Ecology. 2010 

91(10):2883-97. 

Huntingford, C., Lowe, J. A., Booth, B. B. B., Jones, C. D., Harris, G. R., Gohar, L. K., & Meir, 

P. (2009). Contributions of carbon cycle uncertainty to future climate projection spread. 

Tellus Series B-Chemical and Physical Meteorology, 61(2), 355–360. 

https://doi.org/10.1111/j.1600-0889.2009.00414.x 

Hurtt, G. C., Chini, L. P., Frolking, S., Betts, R. A., Feddema, J., Fischer, G., Fisk, J. P., 

Hibbard, K., Houghton, R. A., Janetos, A., Jones, C. D., Kindermann, G., Kinoshita, T., 

Klein Goldewijk, K., Riahi, K., Shevliakova, E., Smith, S., Stehfest, E., Thomson, A., 



Unedited draft chapters 31 May 2019 

210 

 

Thornton, P., van Vuuren, D. P., & Wang, Y. P. (2011). Harmonization of land-use 

scenarios for the period 1500-2100: 600 years of global gridded annual land-use transitions, 

wood harvest, and resulting secondary lands. Climatic Change, 109(1), 117–161. 

https://doi.org/10.1007/s10584-011-0153-2 

Hutchins, D. A., Fu, F.-X., Webb, E. A., Walworth, N., & Tagliabue, A. (2013). Taxon-specific 

response of marine nitrogen fixers to elevated carbon dioxide concentrations. Nature 

Geoscience, 6(9), 790–795. https://doi.org/10.1038/ngeo1858 

Hutchins, D. A., Fu, F.-X., Zhang, Y., Warner, M. E., Feng, Y., Portune, K., Bernhardt, P. W., & 

Mulholland, M. R. (2007). CO2 control of Trichodesmium N2 fixation, photosynthesis, 

growth rates, and elemental ratios: Implications for past, present, and future ocean 

biogeochemistry. Limnology and Oceanography, 52(4), 1293–1304. 

https://doi.org/10.4319/lo.2007.52.4.1293 

Hylander, K., & Ehrlén, J. (2013). The mechanisms causing extinction debts. Trends in Ecology 

and Evolution. https://doi.org/10.1016/j.tree.2013.01.010 

Imbach, P. A., Locatelli, B., Molina, L. G., Ciais, P., & Leadley, P. W. (2013). Climate change 

and plant dispersal along corridors in fragmented landscapes of Mesoamerica. Ecology and 

Evolution, 3(9), 2917–2932. https://doi.org/10.1002/ece3.672 

IPBES (2016a). The methodological assessment report on scenarios and models of biodiversity 

and ecosystem services. (S. Ferrier, K. N. Ninan, P. Leadley, R. Alkemade, L. A. Acosta, H. 

R. Akçakaya, L. Brotons, W. Cheung, V. Christensen, K. A. Harhash, J. Kabubo-Mariara, 

C. Lundquist, M. Obersteiner, H. M. Pereira, G. Peterson, R. Pichs-Madruga, N. H. 

Ravindranath, C. Rondinini, & B. A. Wintle, Eds.). Bonn: Secretariat of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. 

IPBES. (2016b). The assessment report of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services on pollinators, pollination and food production. (S. G. 

Potts, V. L. Imperatriz-Fonseca, & H. T. Ngo, Eds.). Bonn, Germany: Secretariat of the 

Intergovernmental Platform for Biodiversity and Ecosystem Services. 

IPBES. (2018a). The IPBES regional assessment report on biodiversity and ecosystem services 

for Europe and Central Asia. (M. Rounsevell, M. Fischer, A. Torre-Marin Rando, & A. 

Mader, Eds.). Bonn, Germany: Secretariat of the Intergovernmental Science-Policy 

Platform on Biodiversity and Ecosystem Services. 

IPBES. (2018b). The IPBES regional assessment report on biodiversity and ecosystem services 

for Africa. (E. Archer, L. Dziba, K. J. Mulongoy, M. A. Maoela, & M. Walters, Eds.). 

Bonn, Germany: Secretariat of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services. 

IPBES (2018c): The IPBES regional assessment report on biodiversity and ecosystem services 

for the Americas. Rice, J., Seixas, C. S., Zaccagnini, M. E., Bedoya-Gaitán, M., and 

Valderrama N. (eds.). Secretariat of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services, Bonn, Germany. 656 pages. 

IPBES (2018d): The IPBES regional assessment report on biodiversity and ecosystem services 

for Asia and the Pacific. Karki, M., Senaratna Sellamuttu, S., Okayasu, S., and Suzuki, W. 

(eds). Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services, Bonn, Germany. 612 pages. 

IPBES (2018e): The IPBES assessment report on land degradation and restoration. Montanarella, 

L., Scholes, R., and Brainich, A. (eds.). Secretariat of the Intergovernmental Science-Policy 

Platform on Biodiversity and Ecosystem Services, Bonn, Germany. 744 pages. 



Unedited draft chapters 31 May 2019 

211 

 

IPCC. (2013). Summary for Policymakers. In D. Stocker, D. Qin, G. Plattner, M. Tignor, S. 

Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex, & P. Midgley (Eds.), Climate Change 2013: 

The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change. Cambridge, United Kingdom 

and New York, NY, USA: Cambridge University Press. 

https://doi.org/10.1017/CBO9781107415324.004 

IPCC, 2014: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 

Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. 

Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, 

B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L.White (eds.)]. 

Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1132 

pp. 

IPCC (2018). Global Warming of 1.5°C. An IPCC Special Report on the impacts of global 

warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission 

pathways, in the context of strengthening the global response to the threat of climate 

change, sustainable  development, and efforts to eradicate poverty [Masson-Delmotte, V., P. 

Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. 

Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, 

T. Maycock, M. Tignor, and T. Waterfield (eds.)] 

Isbell, F., Calcagno, V., Hector, A., Connolly, J., Harpole, W. S., Reich, P. B., Scherer-

Lorenzen, M., Schmid, B., Tilman, D., Van Ruijven, J., Weigelt, A., Wilsey, B. J., Zavaleta, 

E. S., & Loreau, M. (2011). High plant diversity is needed to maintain ecosystem services. 

Nature, 477(7363), 199–202. https://doi.org/10.1038/nature10282 

Ives, C. D., Abson, D. J., von Wehrden, H., Dorninger, C., Klaniecki, K., & Fischer, J. (2018). 

Reconnecting with nature for sustainability. Sustainability Science, pp. 1–9. 

https://doi.org/10.1007/s11625-018-0542-9 

Ives, C. D., Lentini, P. E., Threlfall, C. G., Ikin, K., Shanahan, D. F., Garrard, G. E., Bekessy, S. 

A., Fuller, R. A., Mumaw, L., Rayner, L., Rowe, R., Valentine, L. E., & Kendal, D. (2016). 

Cities are hotspots for threatened species. Global Ecology and Biogeography, 25(1), 117–

126. https://doi.org/10.1111/geb.12404 

Jaeger, K. L., Olden, J. D., & Pelland, N. A. (2014). Climate change poised to threaten 

hydrologic connectivity and endemic fishes in dryland streams. Proceedings of the National 

Academy of Sciences. https://doi.org/10.1073/pnas.1320890111 

Jakob, M., Steckel, J. C., Rogelj, J., Reisinger, A., Mccollum, D. L., Minx, J. C., Lamb, W. F., 

Callaghan, M. W., Humpenöder, F., Popp, A., Philip, J., Fricko, O., Parkinson, S. C., 

Johnson, N., Klein, D., Humpenöder, F., Bauer, N., Stechow, C. Von, Minx, J. C., Riahi, 

K., Jewell, J., & Mccollum, D. L. (2016). 2 °C and SDGs: united they stand, divided they 

fall? Environmental Research Letters, 11(3), 34022. https://doi.org/10.1088/1748-

9326/11/3/034022 

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., Narayan, R., & 

Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science, 347(6223), 768–

771. https://doi.org/10.1126/science.1260352 

Jantz, S. M., Barker, B., Brooks, T. M., Chini, L. P., Huang, Q. Y., Moore, R. M., Noel, J., & 

Hurtt, G. C. (2015). Future habitat loss and extinctions driven by land-use change in 

biodiversity hotspots under four scenarios of climate-change mitigation. Conservation 

https://doi.org/10.1017/CBO9781107415324.004


Unedited draft chapters 31 May 2019 

212 

 

Biology, 29(4), 1122–1131. https://doi.org/10.1111/cobi.12549 

Jantz, S. M., Barker, B., Brooks, T. M., Chini, L. P., Huang, Q., Moore, R. M., Noel, J., & Hurtt, 

G. C. (2015). Future habitat loss and extinctions driven by land-use change in biodiversity 

hotspots under four scenarios of climate-change mitigation. Conservation Biology, 29(4), 

1122–1131. https://doi.org/10.1111/cobi.12549 

Janzen, F. J. (1994). Climate change and temperature-dependent sex determination in reptiles. 

Proceedings of the National Academy of Sciences of the United States of America, 91(16), 

7487–7490. https://doi.org/10.1073/PNAS.91.16.7487 

Jardine, T. D., Bond, N. R., Burford, M. A., Kennard, M. J., Ward, D. P., Bayliss, P., Davies, P. 

M., Douglas, M. M., Hamilton, S. K., Melack, J. M., Naiman, R. J., Pettit, N. E., Pusey, B. 

J., Warfe, D. M., & Bunn, S. E. (2015). Does flood rhythm drive ecosystem responses in 

tropical riverscapes? Ecology. https://doi.org/10.1890/14-0991.1.sm 

Jasaw, G. S., Saito, O., & Takeuchi, K. (2015). Shea (Vitellaria paradoxa) butter production and 

resource use by urban and rural processors in northern Ghana. Sustainability (Switzerland), 

7(4), 3592–3614. https://doi.org/10.3390/su7043592 

Jasaw, G. S., Saito, O., Gasparatos, A., Shoyama, K., Boafo, Y. A., & Takeuchi, K. (2017). 

Ecosystem services trade-offs from high fuelwood use for traditional shea butter processing 

in semi-arid Ghana. Ecosystem Services, 27, 127–138. 

https://doi.org/10.1016/j.ecoser.2017.09.003 

Jennerjahn, T. C., Gilman, E., Krauss, K. W., Lacerda, L. D., Nordhaus, I., & Wolanski, E. 

(2017). Mangrove Ecosystems under Climate Change. Mangrove Ecosystems: A Global 

Biogeographic Perspective. Springer International Publishing. https://doi.org/10.1007/978-

3-319-62206-4_7 

Jenny, J.-P., Normandeau, A., Francus, P., Taranu, Z. E., Gregory-Eaves, I., Lapointe, F., Jautzy, 

J., Ojala, A. E. K., Dorioz, J.-M., Schimmelmann, A., & Zolitschka, B. (2016). Urban point 

sources of nutrients were the leading cause for the historical spread of hypoxia across 

European lakes. Proceedings of the National Academy of Sciences. 

https://doi.org/10.1073/pnas.1605480113 

Jenouvrier, S., Garnier, J., Patout, F., & Desvillettes, L. (2017). Influence of dispersal processes 

on the global dynamics of Emperor penguin, a species threatened by climate change. 

Biological Conservation, 212, 63–73. https://doi.org/10.1016/j.biocon.2017.05.017 

Jenouvrier, S., Holland, M., Stroeve, J., Serreze, M., Barbraud, C., Weimerskirch, H., & Caswell, 

H. (2014). Projected continent-wide declines of the emperor penguin under climate change. 

Nature Climate Change, 4(8), 715–718. https://doi.org/10.1038/nclimate2280 

Jessica Jewell, Aleh Cherp, K. R. (2014). Energy security under de-carbonization scenarios: An 

assessment framework and evaluation under different technology and policy choices. 

Energy Policy, 743–760. 

Jevrejeva, S., Jackson, L. P., Riva, R. E. M., Grinsted, A., & Moore, J. C. (2016). Coastal sea 

level rise with warming above 2 °C. Proceedings of the National Academy of Sciences, 

113(47), 13342–13347. https://doi.org/10.1073/pnas.1605312113 

Jiang, L., & O’Neill, B. C. (2017). Global urbanization projections for the Shared 

Socioeconomic Pathways. Global Environmental Change-Human and Policy Dimensions, 

42, 193–199. https://doi.org/10.1016/j.gloenvcha.2015.03.008 

Jiang, Y., Rastetter, E. B., Shaver, G. R., Rocha, A. V, Zhuang, Q., & Kwiatkowski, B. L. 

(2017). Modeling long-term changes in tundra carbon balance following wildfire, climate 

change, and potential nutrient addition. Ecological Applications, 27(1), 105–117. 



Unedited draft chapters 31 May 2019 

213 

 

https://doi.org/10.1002/eap.1413 

Johnson, C. R., Banks, S. C., Barrett, N. S., Cazassus, F., Dunstan, P. K., Edgar, G. J., Frusher, 

S. D., Gardner, C., Haddon, M., Helidoniotis, F., Hill, K. L., Holbrook, N. J., Hosie, G. W., 

Last, P. R., Ling, S. D., Melbourne-Thomas, J., Miller, K., Pecl, G. T., Richardson, A. J., 

Ridgway, K. R., Rintoul, S. R., Ritz, D. A., Ross, D. J., Sanderson, J. C., Shepherd, S. A., 

Slotwinski, A., Swadling, K. M., & Taw, N. (2011). Climate change cascades: Shifts in 

oceanography, species’ ranges and subtidal marine community dynamics in eastern 

Tasmania. Journal of Experimental Marine Biology and Ecology, 400(1–2), 17–32. 

https://doi.org/10.1016/j.jembe.2011.02.032 

Johnson, H. P., Miller, U. K., Salmi, M. S., & Solomon, E. A. (2015). Analysis of bubble plume 

distributions to evaluate methane hydrate decomposition on the continental slope. 

Geochemistry, Geophysics, Geosystems, 16(11), 3825–3839. 

https://doi.org/10.1002/2015gc005955 

Johnson, J. A., Runge, C. F., Senauer, B., Foley, J., & Polasky, S. (2014). Global agriculture and 

carbon trade-offs. Proceedings of the National Academy of Sciences of the United States of 

America, 111(34), 12342–12347. https://doi.org/10.1073/pnas.1412835111 

Johnson, M. L., Bell, K. P., & Teisl, M. F. (2016). Does reading scenarios of future land use 

changes affect willingness to participate in land use planning? Land Use Policy, 57, 44–52. 

https://doi.org/10.1016/j.landusepol.2016.05.007 

Jones, C. D., Ciais, P., Davis, S. J., Friedlingstein, P., Gasser, T., Peters, G. P., Rogelj, J., van 

Vuuren, D. P., Canadell, J. G., Cowie, A., Jackson, R. B., Jonas, M., Kriegler, E., Littleton, 

E., Lowe, J. A., Milne, J., Shrestha, G., Smith, P., Torvanger, A., & Wiltshire, A. (2016). 

Simulating the Earth system response to negative emissions. Environmental Research 

Letters, 11(9). https://doi.org/09501210.1088/1748-9326/11/9/095012 

Jones, D. O. B., Yool, A., Wei, C.-L., Henson, S. A., Ruhl, H. A., Watson, R. A., & Gehlen, M. 

(2014). Global reductions in seafloor biomass in response to climate change. Global Change 

Biology, 20(6), 1861–1872. https://doi.org/10.1111/gcb.12480 

Jones, M. C. . b, & Cheung, W. W. L. . (2015). Multi-model ensemble projections of climate 

change effects on global marine biodiversity. ICES Journal of Marine Science, 72(3), 741–

752. https://doi.org/10.1093/icesjms/fsu172 

Jones, M. C., & Cheung, W. W. L. (2015). Multi-model ensemble projections of climate change 

effects on global marine biodiversity. ICES Journal of Marine Science, 72(3), 741–752. 

https://doi.org/10.1093/icesjms/fsu172 

Jordà, G., Marbà, N., & Duarte, C. M. (2012). Mediterranean seagrass vulnerable to regional 

climate warming. Nature Climate Change, 2(11), 821–824. 

https://doi.org/10.1038/nclimate1533 

Jump, A. S., Hunt, J. M., Martínez-Izquierdo, J. A., & Peñuelas, J. (2006). Natural selection and 

climate change: Temperature-linked spatial and temporal trends in gene frequency in Fagus 

sylvatica. Molecular Ecology, 15(11), 3469–3480. https://doi.org/10.1111/j.1365-

294X.2006.03027.x 

Jump, A. S., Marchant, R., & Peñuelas, J. (2009). Environmental change and the option value of 

genetic diversity. Trends in Plant Science. https://doi.org/10.1016/j.tplants.2008.10.002 

Kaldy, J. E. (2014). Effect of temperature and nutrient manipulations on eelgrass Zostera marina 

L. from the Pacific Northwest, USA. Journal of Experimental Marine Biology and Ecology, 

453, 108–115. https://doi.org/10.1016/j.jembe.2013.12.020 

Kamrowski, R. L., Limpus, C., Pendoley, K., & Hamann, M. (2014). Influence of industrial light 



Unedited draft chapters 31 May 2019 

214 

 

pollution on the sea-finding behaviour of flatback turtle hatchlings. Wildlife Research, 

41(5), 421. https://doi.org/10.1071/wr14155 

Kanter, D. R., Zhang, X., Mauzerall, D. L., Malyshev, S., & Shevliakova, E. (2016). The 

importance of climate change and nitrogen use efficiency for future nitrous oxide emissions 

from agriculture. Environmental Research Letters, 11(9). 

https://doi.org/09400310.1088/1748-9326/11/9/094003 

Kass, G. S., Shaw, R. F., Tew, T., & Macdonald, D. W. (2011). Securing the future of the natural 

environment: using scenarios to anticipate challenges to biodiversity, landscapes and public 

engagement with nature. Journal of Applied Ecology, 48(6), 1518–1526. 

https://doi.org/10.1111/j.1365-2664.2011.02055.x 

Kastner, T., & Nonhebel, S. (2010). Changes in land requirements for food in the Philippines: A 

historical analysis. Land Use Policy, 27(3), 853–863. 

https://doi.org/10.1016/j.landusepol.2009.11.004 

Kastner, T., Rivas, M. J. I., Koch, W., & Nonhebel, S. (2012). Global changes in diets and the 

consequences for land requirements for food. Proceedings of the National Academy of 

Sciences, 109(18), 6868–6872. https://doi.org/10.1073/pnas.1117054109 

Kautz, M., Meddens, A. J. H. H., Hall, R. J., & Arneth, A. (2017). Biotic disturbances in 

Northern Hemisphere forests – a synthesis of recent data, uncertainties and implications for 

forest monitoring and modelling. Global Ecology and Biogeography, 26, 533–552. 

https://doi.org/10.1111/geb.12558 

Kawaguchi S, Ishida A, King R, Raymond B, Waller N, Constable A, Nicol S, Wakita M, 

Ishimatsu A, 2013. Risk maps for Antarctic krill under projected Southern Ocean 

acidification. Nature Climate Change 3: 843-847 

KC, S., & Lutz, W. (2017). The human core of the shared socioeconomic pathways: Population 

scenarios by age, sex and level of education for all countries to 2100. Global Environmental 

Change. https://doi.org/10.1016/j.gloenvcha.2014.06.004 

Kedir, A. M. (2017, October). Drivers of Economic Growth in Africa: Opportunities, Financing 

and Capacity Issues. African Capacity Building Foundation (ACBF). Retrieved from 

https://www.africaportal.org/publications/drivers-economic-growth-africa-opportunities-

financing-and-capacity-issues/ 

Keeley, J. E., Pausas, J. G., Rundel, P. W., Bond, W. J., & Bradstock, R. A. (2011). Fire as an 

evolutionary pressure shaping plant traits. Trends in Plant Science, 16(8), 406–411. 

https://doi.org/10.1016/J.TPLANTS.2011.04.002 

Keeling, R. F., Körtzinger, A., & Gruber, N. (2010). Ocean Deoxygenation in a Warming World. 

Annual Review of Marine Science, 2(1), 199–229. 

https://doi.org/10.1146/annurev.marine.010908.163855 

Keenan, R. J. (2015). Climate Change Impacts and Adaptation in Forest Management: A 

Review. Annals of Forest Science, 72, 145–167. https://doi.org/10.1007/s13595-014-0446-5 

Keenan, R. J. (2017). Climate change and Australian production forests: impacts and adaptation. 

Australian Forestry, 80(4), 197–207. https://doi.org/10.1080/00049158.2017.1360170 

Kehoe, L., Romero-Muñoz, A., Polaina, E., Estes, L., Kreft, H., & Kuemmerle, T. (2017). 

Biodiversity at risk under future cropland expansion and intensification. Nature Ecology & 

Evolution, 1(8), 1129–1135. https://doi.org/10.1038/s41559-017-0234-3 

Kennedy, E. V, Perry, C. T., Halloran, P. R., Iglesias-Prieto, R., Schönberg, C. H. L., Wisshak, 

M., Form, A. U., Carricart-Ganivet, J. P., Fine, M., Eakin, C. M., & Mumby, P. J. (2013b). 

Avoiding coral reef functional collapse requires local and global action. Current Biology, 



Unedited draft chapters 31 May 2019 

215 

 

23(10), 912–918. https://doi.org/10.1016/j.cub.2013.04.020 

Kennedy, E. V., Perry, C. T., Halloran, P. R., Iglesias-Prieto, R., Schönberg, C. H. L., Wisshak, 

M., Form, A. U., Carricart-Ganivet, J. P., Fine, M., Eakin, C. M., & Mumby, P. J. (2013a). 

Avoiding coral reef functional collapse requires local and global action. Current Biology, 

23(10), 912–918. https://doi.org/10.1016/j.cub.2013.04.020 

Kim, H., Rosa, I. M. D., Alkemade, R., Leadley, P., Hurtt, G., Popp, A., van Vuuren, D., 

Anthoni, P., Arneth, A., Baisero, D., Caton, E., Chaplin-Kramer, R., Chini, L., De Palma, 

A., Di Fulvio, F., Di Marco, M., Espinoza, F., Ferrier, S., Fujimori, S., Gonzalez, R. E., 

Guerra, C., Hartfoot, M., Harwood, T. D., Hasegawa, T., Haverd, V., Havlik, P., Hellweg, 

S., Hill, S. L. L., Hirata, A., Hoskins, A. J., Janse, J. H., Jetz, W., Johnson, J. A., Krause, A., 

Leclere, D., Martins, I. S., Matsui, T., Merow, C., Obersteiner, M., Ohashi, H., Poulter, B., 

Purvis, A., Quesada, B., Rondinini, C., Schipper, A., Sharp, R., Takahashi, K., Thuiller, W., 

Titeux, N., Visconti, P., Ware, C., Wolf, F., & Pereira, H. M. (2018). A protocol for an 

intercomparison of biodiversity and ecosystem services models using harmonized land-use 

and climate scenarios. BioRxiv. Retrieved from 

http://biorxiv.org/content/early/2018/04/16/300632.abstract 

Kim, J. B., Monier, E., Sohngen, B., Pitts, G. S., Drapek, R., McFarland, J., Ohrel, S., & Cole, J. 

(2017). Assessing climate change impacts, benefits of mitigation, and uncertainties on 

major global forest regions under multiple socioeconomic and emissions scenarios. 

Environmental Research Letters, 12(4). https://doi.org/04500110.1088/1748-9326/aa63fc 

Kingsford, R. T., Bino, G., & Porter, J. L. (2017). Continental impacts of water development on 

waterbirds, contrasting two Australian river basins: Global implications for sustainable 

water use. Global Change Biology. https://doi.org/10.1111/gcb.13743 

Kirono, D. G. C., Butler, J. R. A., McGregor, J. L., Ripaldi, A., Katzfey, J., & Nguyen, K. 

(2016). Historical and future seasonal rainfall variability in Nusa Tenggara Barat Province, 

Indonesia: Implications for the agriculture and water sectors. Climate Risk Management, 

12, 45–58. https://doi.org/https://doi.org/10.1016/j.crm.2015.12.002 

Kirtman, B., Power, S. B., Adedoyin, J. A., Boer, G. J., Bojariu, R., Camilloni, I., Doblas-Reyes, 

F. J., Fiore, A. M., Kimoto, M., Meehl, G. A., Prather, M., Sarr, A., Schär, C., Sutton, R., 

Oldenborgh, G. J. van, Vecchi, G., & Wang, H. J. (2013). Chapter 11: Near-term Climate 

Change: Projections and Predictability. Climate Change 2013: The Physical Science Basis. 

Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change, (June), 953–1028. 

https://doi.org/10.1017/CBO9781107415324.023 

Kirwan, M. L., & Megonigal, J. P. (2013). Tidal wetland stability in the face of human impacts 

and sea-level rise. Nature, 504(7478), 53–60. https://doi.org/10.1038/nature12856 

Kjellerup S, Dünweber M, Swalethorp R, Nielsen TG, Moller EF, Markager S, Hansen BW, 

2012. Effects of a future warmer ocean on the coexisting copepods Calanus finmarchicus 

and C. glacialis in Disko Bay, western Greenland. MEPS 447: 87-108. 

Klatt, B. J., García Márquez., J. R., Ometto, J. P., Valle, M., Mastrangelo, M. E., Gadda, T., 

Pengue, W. A., Ramírez Hernández., W., Baptiste Espinosa., M. P., Acebey Quiroga., S.V., 

Blanco, M. V., Agard, J., and Guezala Villavicencio., M. C. Chapter 5: Current and future 

interactions between nature and society. In IPBES (2018): The IPBES regional assessment 

report on biodiversity and ecosystem services for the Americas. Rice, J., Seixas, C. S., 

Zaccagnini, M. E., Bedoya-Gaitán, M., and Valderrama, N. (eds.). Secretariat of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, Bonn, 



Unedited draft chapters 31 May 2019 

216 

 

Germany, pp. 437-521 

Kleijn, D., Kohler, F., Báldi, A., Batáry, P., Concepción, E. D., Clough, Y., Díaz, M., Gabriel, 

D., Holzschuh, A., Knop, E., Kovács, A., Marshall, E. J. P., Tscharntke, T., & Verhulst, J. 

(2009). On the relationship between farmland biodiversity and land-use intensity in Europe. 

Proceedings of the Royal Society B: Biological Sciences, 276(1658), 903–909. 

https://doi.org/10.1098/rspb.2008.1509 

Kniveton, D., Schmidt-Verkerk, K., Smith, C., & Black, R. (2008). Climate Change and 

Migration: Improving Methodologies to Estimate Flows. International Organization for 

Migration Geneva, 33(33), 468–504. Retrieved from http://sro.sussex.ac.uk/12069/ 

Knorr, W., Arneth, A., & Jiang, L. (2016). Demographic controls of future fire risks. Nature 

Climate Change. https://doi.org/doi:10.1038/nclimate2999 

Knouft, J., & Ficklin, D. (2017). The potential impacts of climate change on biodiversity in 

flowing freshwater systems. Annual Review of Ecology, Evolution and Systemtic , (48). 

https://doi.org/10.1146/annurev-ecolsys-110316-022803 

Koch, M., Bowes, G., Ross, C., & Zhang, X.-H. (2012). Climate change and ocean acidification 

effects on seagrasses and marine macroalgae. Global Change Biology, 19(1), 103–132. 

https://doi.org/10.1111/j.1365-2486.2012.02791.x 

Kok, M. T. J., Alkemade, R., Bakkenes, M., van Eerdt, M., Janse, J., Mandryk, M., Kram, T., 

Lazarova, T., Meijer, J., van Oorschot, M., Westhoek, H., van der Zagt, R., van der Berg, 

M., van der Esch, S., Prins, A. G., & van Vuuren, D. P. (2018). Pathways for agriculture 

and forestry to contribute to terrestrial biodiversity conservation: A global scenario-study. 

Biological Conservation, 221, 137–150. https://doi.org/10.1016/j.biocon.2018.03.003 

Kok, M. T. J., Kok, K., Peterson, G. D., Hill, R., Agard, J., & Carpenter, S. R. (2017). 

Biodiversity and ecosystem services require IPBES to take novel approach to scenarios. 

Sustainability Science, 12(1), 177–181. https://doi.org/10.1007/s11625-016-0354-8 

Kok, M., Alkemade, R., Bakkenes, M., Boelee, E., Christensen, V., Van Eerdt, M., ... & 

Lazarova, T. (2014). How sectors can contribute to sustainable use and conservation of 

biodiversity (No. 79). PBL. 

Komorowski, K. (2016). Interconnectedness: The Roots of Inspiration. Summit to Salish Sea: 

Inquiries and Essays, 1(1), 19-29. 

Konar, M., Hussein, Z., Hanasaki, N., Mauzerall, D. L., & Rodriguez-Iturbe, I. (2013). Virtual 

water trade flows and savings under climate change. Hydrology and Earth System Sciences, 

17(8), 3219–3234. https://doi.org/10.5194/hess-17-3219-2013 

Kopp, R. E., Kemp, A. C., Bittermann, K., Horton, B. P., Donnelly, J. P., Gehrels, W. R., Hay, 

C. C., Mitrovica, J. X., Morrow, E. D., & Rahmstorf, S. (2016). Temperature-driven global 

sea-level variability in the Common Era. Proceedings of the National Academy of Sciences, 

113(11), E1434–E1441. https://doi.org/10.1073/pnas.1517056113 

Koslow, J. (2000). Continental slope and deep-sea fisheries: implications for a fragile ecosystem. 

ICES Journal of Marine Science, 57(3), 548–557. https://doi.org/10.1006/jmsc.2000.0722 

Koven, C. D., Ringeval, B., Friedlingstein, P., Ciais, P., Cadule, P., Khvorostyanov, D., Krinner, 

G., & Tarnocai, C. (2011). Permafrost carbon-climate feedbacks accelerate global warming. 

Proceedings of the National Academy of Sciences of the United States of America, 108(36), 

14769–14774. https://doi.org/10.1073/pnas.1103910108 

Kraaijenbrink, P. D. A., Bierkens, M. F. P., Lutz, A. F., & Immerzeel, W. W. (2017). Impact of a 

global temperature rise of 1.5 degrees Celsius on Asia’s glaciers. Nature. 

https://doi.org/10.1038/nature23878 



Unedited draft chapters 31 May 2019 

217 

 

Krause, A., Bayer, A. D., Pugh, T. A. M., Doelman, J. C., Humpenöder, F., Anthoni, P., Olin, S., 

Bodirsky, B. L., Popp, A., Stehfest, E., & Arneth, A. (2017). Global consequences of 

afforestation and bioenergy cultivation on ecosystem service indicators. Biogeosciences, 

2017, 4829–4850. https://doi.org/10.5194/bg-2017-160 

Krause, A., Pugh, T. A. M., Bayer, A. D., Li, W., Leung, F., Bondeau, A., Doelman, J. C., 

Humpenöder, F., Anthoni, P., Bodirsky, B., Ciais, P., Mueller, C., Murray-Tortarolo, G., 

Olin, S., Popp, A., Stehfest, E., & Arneth, A. (2018a). Adaptation of global land use and 

management intensity to changes in climate and atmospheric carbon dioxide. Global 

Change Biology, in press. https://doi.org/10.1111/gcb.14110 

Krause, A., Pugh, T. A. M., Bayer, A. D., Li, W., Leung, F., Bondeau, A., Doelman, J. C., 

Humpenöder, F., Anthoni, P., Bodirsky, B., Ciais, P., Mueller, C., Murray-Tortarolo, G., 

Olin, S., Popp, A., Stehfest, E., & Arneth, A. (2018b). Large uncertainty in carbon uptake 

potential of land-based climate-change mitigation efforts. Global Change Biology. 

https://doi.org/10.1111/gcb.14144 

Krause, A., Pugh, T. A. M., Bayer, A. D., Li, W., Leung, F., Bondeau, A., Doelman, J. C., 

Humpenoder, F., Anthoni, P., Bodirsky, B. L., Ciais, P., Muller, C., Murray-Tortarolo, G., 

Olin, S., Popp, A., Sitch, S., Stehfest, E., & Arneth, A. (2018). Large uncertainty in carbon 

uptake potential of land-based climate-change mitigation efforts. Global Change Biology. 

https://doi.org/10.1111/gcb.14144 

Kraxner, F., Nordström, E.-M., Havlík, P., Gusti, M., Mosnier, A., Frank, S., Valin, H., Fritz, S., 

Fuss, S., Kindermann, G., McCallum, I., Khabarov, N., Böttcher, H., See, L., Aoki, K., 

Schmid, E., Máthé, L., & Obersteiner, M. (2013). Global bioenergy scenarios – Future 

forest development, land-use implications, and trade-offs. Biomass and Bioenergy, 57, 86–

96. https://doi.org/10.1016/j.biombioe.2013.02.003 

Kreidenweis, U., Humpenöder, F., Popp, A., Dietrich, P., Humpenöder, F., Stevanovi, M., 

Bodirsky, B. L., Stevanovic, M., Bodirsky, B. L., Kriegler, E., Lotze-Campen, H., & Popp, 

A. (2016). Afforestation to Mitigate Climate Change: Impacts on Food Prices under 

Consideration of Albedo Effects. Environmental Research Letters, 11(085001). 

https://doi.org/10.1088/1748-9326/11/8/085001 

Kremen, C. (2015). Reframing the land-sparing/land-sharing debate for biodiversity 

conservation. Annals of the New York Academy of Sciences, 1355(1), 52–76. 

https://doi.org/10.1111/nyas.12845 

Kroeker, K. J., Kordas, R. L., Crim, R. N., & Singh, G. G. (2010). Meta-analysis reveals 

negative yet variable effects of ocean acidification on marine organisms. Ecology Letters, 

13(11), 1419–1434. https://doi.org/10.1111/j.1461-0248.2010.01518.x 

Krüger, L., Ramos, J. A., Xavier, J. C., Grémillet, D., González-Solís, J., Petry, M. V, Phillips, 

R. A., Wanless, R. M., & Paiva, V. H. (2018). Projected distributions of Southern Ocean 

albatrosses, petrels and fisheries as a consequence of climatic change. Ecography, 41(1), 

195–208. https://doi.org/10.1111/ecog.02590 

Kuhn, K. M., & Sniezek, J. A. (1996). Confidence and uncertainty in judgmental forecasting: 

Differential effects of scenario presentation. Journal of Behavioral Decision Making, 9(4), 

231–247. https://doi.org/10.1002/(sici)1099-0771(199612)9:4<231::aid-bdm240>3.0.co;2-l 

Kumar, S., Kumar, N., & Vivekadhish, S. (2016). Millennium Development Goals (MDGs) to 

Sustainable Development Goals (SDGs): Addressing Unfinished Agenda and Strengthening 

Sustainable Development and Partnership. Indian Journal of Community Medicine : Official 

Publication of Indian Association of Preventive & Social Medicine, 41(1), 1–4. 



Unedited draft chapters 31 May 2019 

218 

 

https://doi.org/10.4103/0970-0218.170955 

Kummu, M., de Moel, H., Porkka, M., Siebert, S., Varis, O., & Ward, P. J. (2012). Lost food, 

wasted resources: Global food supply chain losses and their impacts on freshwater, 

cropland, and fertiliser use. Science of the Total Environment, 438, 477–489. 

https://doi.org/10.1016/j.scitotenv.2012.08.092 

Kwiatkowski, L., Bopp, L., Aumont, O., Ciais, P., Cox, P. M., Laufkötter, C., Li, Y., & Séférian, 

R. (2017). Emergent constraints on projections of declining primary production in the 

tropical oceans. Nature Climate Change, 7(5), 355–358. 

https://doi.org/10.1038/nclimate3265 

Kwiatkowski, L., Cox, P., Halloran, P. R., Mumby, P. J., & Wiltshire, A. J. (2015). Coral 

bleaching under unconventional scenarios of climate warming and ocean acidification. 

Nature Climate Change, 5(8), 777–781. Retrieved from 

http://dx.doi.org/10.1038/nclimate2655 

Laestadius, L., Maginnis, S., Minnemeyer, S., Potapov, P., Saint-Laurent, C., & Sizer, N. (2011). 

opportunities for forest landscape restoration. Unasylva, 62(2), 238. 

Lafortezza, R., & Chen, J. (2016). The provision of ecosystem services in response to global 

change: Evidences and applications. Environmental Research, 147, 576–579. 

https://doi.org/10.1016/j.envres.2016.02.018 

Laidre, K. L., Stern, H., Kovacs, K. M., Lowry, L., Moore, S. E., Regehr, E. V, Ferguson, S. H., 

Wiig, Ø., Boveng, P., Angliss, R. P., Born, E. W., Litovka, D., Quakenbush, L., Lydersen, 

C., Vongraven, D., & Ugarte, F. (2015). Arctic marine mammal population status, sea ice 

habitat loss, and conservation recommendations for the 21st century. Conservation Biology, 

29(3), 724–737. https://doi.org/10.1111/cobi.12474 

Lamb, J. B., Willis, B. L., Fiorenza, E. A., Couch, C. S., Howard, R., Rader, D. N., True, J. D., 

Kelly, L. A., Ahmad, A., Jompa, J., & Harvell, C. D. (2018). Plastic waste associated with 

disease on coral reefs. Science, 359(6374), 460–462. 

https://doi.org/10.1126/science.aar3320 

Langley, J. A., & Hungate, B. A. (2014). Plant community feedbacks and long-term ecosystem 

responses to multi-factored global change. Aob Plants, 6. 

https://doi.org/plu03510.1093/aobpla/plu035 

Larsen, J., Anisimov, O., Constable, A., Hollowed, A., Maynard, N., Prestrud, P., … Stone, J. 

(2014). Polar Regions. In IPCC Fifth Assessment Report (pp. 755–791). 

Lassaletta, L., Billen, G., Garnier, J., Bouwman, L., Velazquez, E., Mueller, N. D., & Gerber, J. 

S. (2016). Nitrogen use in the global food system: past trends and future trajectories of 

agronomic performance, pollution, trade, and dietary demand. Environmental Research 

Letters, 11(9). https://doi.org/09500710.1088/1748-9326/11/9/095007 

Lasslop, G., Brovkin, V., Reick, C. H., Bathiany, S., & Kloster, S. (2016). Multiple stable states 

of tree cover in a global land surface model due to a fire-vegetation feedback. Geophysical 

Research Letters, 43(12), 6324–6331. https://doi.org/10.1002/2016gl069365 

Latrubesse, E. M., Arima, E. Y., Dunne, T., Park, E., Baker, V. R., d’Horta, F. M., Wight, C., 

Wittmann, F., Zuanon, J., Baker, P. A., Ribas, C. C., Norgaard, R. B., Filizola, N., Ansar, 

A., Flyvbjerg, B., Stevaux, J. C., D’Horta, F. M., Wight, C., Wittmann, F., Zuanon, J., 

Baker, P. A., Ribas, C. C., Norgaard, R. B., Filizola, N., Ansar, A., Flyvbjerg, B., & 

Stevaux, J. C. Damming the rivers of the Amazon basin, 546 Nature § (2017). Nature 

Publishing Group. https://doi.org/10.1038/nature22333 

Laufkotter P, C. ., Vogt, M. ., Gruber, N. ., Aita-Noguchi, M. ., Aumont, O. ., Bopp, L. ., 



Unedited draft chapters 31 May 2019 

219 

 

Buitenhuis, E. ., Doney, S. C. . C., Dunne, J. ., Hashioka, T. ., Hauck, J. ., Hirata, T. ., John, 

J. ., Le Quere, C. ., Lima, I. D. . D., Nakano, H. ., Seferian, R. ., Totterdell, I. ., l Vichi, M. ., 

Volker, C. ., Laufkötter, C., Vogt, M. ., Gruber, N. ., Aita-Noguchi, M. ., Aumont, O. ., 

Bopp, L. ., Buitenhuis, E. ., Doney, S. C. . C., Dunne, J. ., Hashioka, T. ., Hauck, J. ., Hirata, 

T. ., John, J. ., Le Quéré, C., Lima, I. D. . D., Nakano, H. ., Seferian, R. ., Totterdell, I. ., 

Vichi, M., & Völker, C. (2015). Drivers and uncertainties of future global marine primary 

production in marine ecosystem models. Biogeosciences, 12(23), 6955–6984. 

https://doi.org/10.5194/bg-12-6955-2015 

Lavergne, S., Mouquet, N., Thuiller, W., & Ronce, O. (2010). Biodiversity and Climate Change: 

Integrating Evolutionary and Ecological Responses of Species and Communities. Annual 

Review of Ecology, Evolution, and Systematics, 41(1), 321–350. 

https://doi.org/10.1146/annurev-ecolsys-102209-144628 

Lawler, J. J., Shafer, S. L., White, D., Kareiva, P., Maurer, E. P., Blaustein, A. R., & Bartlein, P. 

J. (2009). Projected climate-induced faunal change in the Western Hemisphere. Ecology, 

90(3), 588–597. https://doi.org/10.1890/08-0823.1 

Le Quéré, C., Andrew, R. M., Canadell, J. G., Sitch, S., Ivar Korsbakken, J., Peters, G. P., 

Manning, A. C., Boden, T. A., Tans, P. P., Houghton, R. A., Keeling, R. F., Alin, S., 

Andrews, O. D., Anthoni, P., Barbero, L., Bopp, L., Chevallier, F., Chini, L. P., Ciais, P., 

Currie, K., Delire, C., Doney, S. C., Friedlingstein, P., Gkritzalis, T., Harris, I., Hauck, J., 

Haverd, V., Hoppema, M., Klein Goldewijk, K., Jain, A. K., Kato, E., Körtzinger, A., 

Landschützer, P., Lefèvre, N., Lenton, A., Lienert, S., Lombardozzi, D., Melton, J. R., 

Metzl, N., Millero, F., Monteiro, P. M. S., Munro, D. R., Nabel, J. E. M. S., Nakaoka, S. I., 

O’Brien, K., Olsen, A., Omar, A. M., Ono, T., Pierrot, D., Poulter, B., Rödenbeck, C., 

Salisbury, J., Schuster, U., Schwinger, J., Séférian, R., Skjelvan, I., Stocker, B. D., Sutton, 

A. J., Takahashi, T., Tian, H., Tilbrook, B., Van Der Laan-Luijkx, I. T., van der Werf, G. 

R., Viovy, N., Walker, A. P., Wiltshire, A. J., Zaehle, S., Korsbakken, J. I., Peters, G. P., 

Manning, A. C., Boden, T. A., Tans, P. P., Houghton, R. A., Keeling, R. F., Alin, S., 

Andrews, O. D., Anthoni, P., Barbero, L., Bopp, L., Chevallier, F., Chini, L. P., Ciais, P., 

Currie, K., Delire, C., Doney, S. C., Friedlingstein, P., Gkritzalis, T., Harris, I., Hauck, J., 

Haverd, V., Hoppema, M., Klein Goldewijk, K., Jain, A. K., Kato, E., Körtzinger, A., 

Landschützer, P., Lefèvre, N., Lenton, A., Lienert, S., Lombardozzi, D., Melton, J. R., 

Metzl, N., Millero, F., Monteiro, P. M. S., Munro, D. R., Nabel, J. E. M. S., Nakaoka, S. I., 

O’Brien, K., Olsen, A., Omar, A. M., Ono, T., Pierrot, D., Poulter, B., Rödenbeck, C., 

Salisbury, J., Schuster, U., Schwinger, J., Séférian, R., Skjelvan, I., Stocker, B. D., Sutton, 

A. J., Takahashi, T., Tian, H., Tilbrook, B., Van Der Laan-Luijkx, I. T., van der Werf, G. 

R., Viovy, N., Walker, A. P., Wiltshire, A. J., Zaehle, S., Ivar Korsbakken, J., Peters, G. P., 

Manning, A. C., Boden, T. A., Tans, P. P., Houghton, R. A., Keeling, R. F., Alin, S., 

Andrews, O. D., Anthoni, P., Barbero, L., Bopp, L., Chevallier, F., Chini, L. P., Ciais, P., 

Currie, K., Delire, C., Doney, S. C., Friedlingstein, P., Gkritzalis, T., Harris, I., Hauck, J., 

Haverd, V., Hoppema, M., Klein Goldewijk, K., Jain, A. K., Kato, E., Körtzinger, A., 

Landschützer, P., Lefèvre, N., Lenton, A., Lienert, S., Lombardozzi, D., Melton, J. R., 

Metzl, N., Millero, F., Monteiro, P. M. S., Munro, D. R., Nabel, J. E. M. S., Nakaoka, S. I., 

O’Brien, K., Olsen, A., Omar, A. M., Ono, T., Pierrot, D., Poulter, B., Rödenbeck, C., 

Salisbury, J., Schuster, U., Schwinger, J., Séférian, R., Skjelvan, I., Stocker, B. D., Sutton, 

A. J., Takahashi, T., Tian, H., Tilbrook, B., Van Der Laan-Luijkx, I. T., van der Werf, G. 

R., Viovy, N., Walker, A. P., Wiltshire, A. J., & Zaehle, S. (2016). Global Carbon Budget 



Unedited draft chapters 31 May 2019 

220 

 

2016. Earth Syst. Sci. Data, 8(2), 605–649. https://doi.org/10.5194/essd-8-605-2016 

Le Quere, C., Andrew, R. M., Friedlingstein, P., Sitch, S., Pongratz, J., Manning, A. C., 

Korsbakken, J. I., Peters, G. P., Canadell, J. G., Jackson, R. B., Boden, T. A., Tans, P. P., 

Andrews, O. D., Arora, V. K., Bakker, D. C. E., Barbero, L., Becker, M., Betts, R. A., 

Bopp, L., Chevallier, F., Chini, L. P., Ciais, P., Cosca, C. E., Cross, J., Currie, K., Gasser, 

T., Harris, I., Hauck, J., Haverd, V., Houghton, R. A., Hunt, C. W., Hurtt, G., Ilyina, T., 

Jain, A. K., Kato, E., Kautz, M., Keeling, R. F., Goldewijk, K. K., Kortzinger, A., 

Landschutzer, P., Lefevre, N., Lenton, A., Lienert, S., Lima, I., Lombardozzi, D., Metzl, N., 

Millero, F., Monteiro, P. M. S., Munro, D. R., Nabel, J., Nakaoka, S., Nojiri, Y., Padin, X. 

A., Peregon, A., Pfeil, B., Pierrot, D., Poulter, B., Rehder, G., Reimer, J., Rodenbeck, C., 

Schwinger, J., Seferian, R., Skjelvan, I., Stocker, B. D., Tian, H. Q., Tilbrook, B., Tubiello, 

F. N., van der Laan-Luijkx, I. T., van der Werf, G. R., van Heuven, S., Viovy, N., Vuichard, 

N., Walker, A. P., Watson, A. J., Wiltshire, A. J., Zaehle, S., & Zhu, D. (2018). Global 

Carbon Budget 2017. Earth System Science Data, 10(1), 405–448. 

https://doi.org/10.5194/essd-10-405-2018 

Leadley, P., Pereira, H., Alkemade, R., Fernandez-Manjarrès, J., Proença, V., Scharlemann, J., & 

Walpole, M. (2010). Biodiversity scenarios: projections of 21st century change in 

biodiversity adn associated ecosystem services. Technical Series. https://doi.org/Technical 

Series no. 50 

Leadley, P., Proença, V., Fernández-Manjarrés, J., Pereira, H. M., Alkemade, R., Biggs, R., 

Bruley, E., Cheung, W., Cooper, D., Figueiredo, J., Gilman, E., Guénette, S., Hurtt, G., 

Mbow, C., Oberdorff, T., Revenga, C., Scharlemann, J. P. W. W., Scholes, R., Smith, M. S., 

Sumaila, U. R., & Walpole, M. (2014). Interacting regional-scale regime shifts for 

biodiversity and ecosystem services. BioScience, 64(8), 665–679. 

https://doi.org/10.1093/biosci/biu093 

Leadley, P., Proença, V., Fernández-Manjarrés, J., Pereira, H. M., Alkemade, R., Biggs, R., 

Bruley, E., Cheung, W., Cooper, D., Figueiredo, J., Gilman, E., Guénette, S., Hurtt, G., 

Mbow, C., Oberdorff, T., Revenga, C., Scharlemann, J. P. W. W., Scholes, R., Smith, M. S., 

Sumaila, U. R., Walpole, M., Proenca, V., Fernandez-Manjarres, J., Pereira, H. M., 

Alkemade, R., Biggs, R., Bruley, E., Cheung, W., Cooper, D., Figueiredo, J., Gilman, E., 

Guenette, S., Hurtt, G., Mbow, C., Oberdorff, T., Revenga, C., Scharlemann, J. P. W. W., 

Scholes, R., Smith, M. S., Sumaila, U. R., Walpole, M., Proença, V., Fernández-Manjarrés, 

J., Pereira, H. M., Alkemade, R., Biggs, R., Bruley, E., Cheung, W., Cooper, D., Figueiredo, 

J., Gilman, E., Guénette, S., Hurtt, G., Mbow, C., Oberdorff, T., Revenga, C., Scharlemann, 

J. P. W. W., Scholes, R., Smith, M. S., Sumaila, U. R., & Walpole, M. (2014). Interacting 

regional-scale regime shifts for biodiversity and ecosystem services. BioScience, 64(8), 

665–679. https://doi.org/10.1093/biosci/biu093 

Lefort, S., Aumont, O., Bopp, L., Arsouze, T., Gehlen, M., & Maury, O. (2015). Spatial and 

body-size dependent response of marine pelagic communities to projected global climate 

change. Global Change Biology, 21(1), 154–164. https://doi.org/10.1111/gcb.12679 

Legrand, B., Benneveau, A., Jaeger, A., Pinet, P., Potin, G., Jaquemet, S., & Le Corre, M. 

(2016). Current wintering habitat of an endemic seabird of Réunion Island, Barau’s petrel 

Pterodroma baraui, and predicted changes induced by global warming. Marine Ecology 

Progress Series, 550, 235–248. https://doi.org/10.3354/meps11710 

Lehmann, C. E. R., Anderson, T. M., Sankaran, M., Higgins, S. I., Archibald, S., Hoffmann, W. 

A., Hanan, N. P., Williams, R. J., Fensham, R. J., Felfili, J., Hutley, L. B., Ratnam, J., San 



Unedited draft chapters 31 May 2019 

221 

 

Jose, J., Montes, R., Franklin, D., Russell-Smith, J., Ryan, C. M., Durigan, G., Hiernaux, P., 

Haidar, R., Bowman, D., & Bond, W. J. (2014). Savanna Vegetation-Fire-Climate 

Relationships Differ Among Continents. Science, 343(6170), 548–552. 

https://doi.org/10.1126/science.1247355 

Lehsten, V., Tansey, K., Balzter, H., Thonicke, K., Spessa, A., Weber, U., Smith, B., & Arneth, 

A. (2009). Estimating carbon emissions from African wildfires. Biogeosciences, 6(3), 349–

360. https://doi.org/10.5194/bg-6-349-2009 

Lele, S., & Srinivasan, V. (2013). Disaggregated economic impact analysis incorporating 

ecological and social trade-offs and techno-institutional context: A case from the Western 

Ghats of India. Ecological Economics, 91, 98–112. 

https://doi.org/10.1016/J.ECOLECON.2013.03.023 

Lenoir, J., Gégout, J. C., Guisan, A., Vittoz, P., Wohlgemuth, T., Zimmermann, N. E., Dullinger, 

S., Pauli, H., Willner, W., & Svenning, J. C. (2010). Going against the flow: Potential 

mechanisms for unexpected downslope range shifts in a warming climate. Ecography, 

33(2), 295–303. https://doi.org/10.1111/j.1600-0587.2010.06279.x 

Lenton, T. M., & Williams, H. T. P. (2013). On the origin of planetary-scale tipping points. 

Trends in Ecology & Evolution, 28(7), 380–382. 

https://doi.org/10.1016/J.TREE.2013.06.001 

Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S., & Schellnhuber, H. 

J. (2008). Tipping elements in the Earth’s climate system. Proceedings of the National 

Academy of Sciences, 105(6), 1786–1793. 

LeRoy Poff, N., & Schmidt, J. C. (2016). How dams can go with the flow. Science, (353), 1099–

2000. 

Leung, B., Lodge, D. M., Finnoff, D., Shogren, J. F., Lewis, M. A., & Lamberti, G. (2002). An 

ounce of prevention or a pound of cure: bioeconomic risk analysis of invasive species. 

Proceedings of the Royal Society B: Biological Sciences. 

https://doi.org/10.1098/rspb.2002.2179 

Leung, S., Cabre, A., & Marinov, I. (2015). A latitudinally banded phytoplankton response to 

21st century climate change in the Southern Ocean across the CMIP5 model suite. 

Biogeosciences, 12(19), 5715–5734. https://doi.org/10.5194/bg-12-5715-2015 

Levin, L. A., Ekau, W., Gooday, A. J., Jorissen, F., Middelburg, J. J., Naqvi, S. W. A., Neira, C., 

& Rabalais, N. N. (2009). Effects of natural and human-induced hypoxia on coastal 

benthos, 2063–2098. 

Levin, L. A., Mengerink, K., Gjerde, K. M., Rowden, A. A., Van Dover, C. L., Clark, M. R., 

Ramirez-Llodra, E., Currie, B., Smith, C. R., Sato, K. N., Gallo, N., Sweetman, A. K., Lily, 

H., Armstrong, C. W., & Brider, J. (2016). Defining “serious harm” to the marine 

environment in the context of deep-seabed mining. Marine Policy, 74, 245–259. 

https://doi.org/10.1016/j.marpol.2016.09.032 

Levins, R. (1966). The Strategy of Model Building in Population Biology. American Scientist, 

54, 421–431. 

Li, E., Endter-Wada, J., & Li, S. (2015a). Characterizing and Contextualizing the Water 

Challenges of Megacities. JAWRA Journal of the American Water Resources Association, 

51(3), 589–613. https://doi.org/10.1111/1752-1688.12310 

Li, J., Lin, X., Chen, A., Peterson, T., Ma, K., Bertzky, M., Ciais, P., Kapos, V., Peng, C., & 

Poulter, B. (2013). Global Priority Conservation Areas in the Face of 21stCentury Climate 

Change. PLoS ONE, 8(1). https://doi.org/10.1371/journal.pone.0054839 



Unedited draft chapters 31 May 2019 

222 

 

Li, P., Feng, Z., Catalayud, V., Yuan, X., Xu, Y., & Paoletti, E. (2017). A meta-analysis on 

growth, physiological, and biochemical responses of woody species to ground-level ozone 

highlights the role of plant functional types. Plant Cell and Environment, 40(10), 2369–

2380. https://doi.org/10.1111/pce.13043 

Li, Y., Zhao, M., Motesharrei, S., Mu, Q., Kalnay, E., & Li, S. (2015b). Local cooling and 

warming effects of forests based on satellite observations. Nat Commun, 6. 

https://doi.org/10.1038/ncomms7603 

Li, Z. Y., & Fang, H. Y. (2016). Impacts of climate change on water erosion: A review. Earth-

Science Reviews, 163, 94–117. https://doi.org/10.1016/j.earscirev.2016.10.004 

Liang, J. J., Crowther, T. W., Picard, N., Wiser, S., Zhou, M., Alberti, G., Schulze, E. D., 

McGuire, A. D., Bozzato, F., Pretzsch, H., de-Miguel, S., Paquette, A., Herault, B., Scherer-

Lorenzen, M., Barrett, C. B., Glick, H. B., Hengeveld, G. M., Nabuurs, G. J., Pfautsch, S., 

Viana, H., Vibrans, A. C., Ammer, C., Schall, P., Verbyla, D., Tchebakova, N., Fischer, M., 

Watson, J. V, Chen, H. Y. H., Lei, X. D., Schelhaas, M. J., Lu, H. C., Gianelle, D., 

Parfenova, E. I., Salas, C., Lee, E., Lee, B., Kim, H. S., Bruelheide, H., Coomes, D. A., 

Piotto, D., Sunderland, T., Schmid, B., Gourlet-Fleury, S., Sonke, B., Tavani, R., Zhu, J., 

Brandl, S., Vayreda, J., Kitahara, F., Searle, E. B., Neldner, V. J., Ngugi, M. R., Baraloto, 

C., Frizzera, L., Balazy, R., Oleksyn, J., Zawila-Niedzwiecki, T., Bouriaud, O., Bussotti, F., 

Finer, L., Jaroszewicz, B., Jucker, T., Valladares, F., Jagodzinski, A. M., Peri, P. L., 

Gonmadje, C., Marthy, W., O’Brien, T., Martin, E. H., Marshall, A. R., Rovero, F., 

Bitariho, R., Niklaus, P. A., Alvarez-Loayza, P., Chamuya, N., Valencia, R., Mortier, F., 

Wortel, V., Engone-Obiang, N. L., Ferreira, L. V, Odeke, D. E., Vasquez, R. M., Lewis, S. 

L., & Reich, P. B. (2016). Positive biodiversity-productivity relationship predominant in 

global forests. Science, 354(6309). https://doi.org/aaf895710.1126/science.aaf8957 

Lim, F. K. S., Carrasco, L. R., McHardy, J., & Edwards, D. P. (2017). Perverse Market 

Outcomes from Biodiversity Conservation Interventions. Conservation Letters. 

https://doi.org/10.1111/conl.12332 

Limpus, C. J., & Nicholls, N. (1988). The Southern Oscillation Regulates the Annual Numbers 

of Green Turtles (Chelonia-Mydas) Breeding Around Northern Australia. Wildlife 

Research, 15(2), 157. https://doi.org/10.1071/wr9880157 

Ling SD, Scheibling RE, Rassweiler A, Johnson CR, Shears N, Connell SD, Salomon AK, 

Norderhaug KM, Pérez-Matus A, Hernández JC, Clemente S, Blamey LK, Hereu B, 

Ballesteros E, Sala E, Garrabou J, Cebrian E, Zabala M, Fujita D & Johnson LE (2015). 

Global regime shift dynamics of catastrophic sea urchin overgrazing. Philosophical 

Transactions of the Royal Society B: Biological Sciences 370:20131369, 

doi:10.1098/rstb.2013.0269 

Liu, J., Hull, V., Batistella, M., DeFries, R., Dietz, T., Fu, F., Hertel, T. W., Izaurralde, R. W., 

Lambin, E. F., Li, S., Martinelli, L. A., McConnell, W. J., Moran, E. F., Naylor, R., 

Ouyang, Z., Polenske, K. R., Reenberg, A., de Miranda Rocha, G., Simmons, C. S., 

Verburg, P. H., & Zhu, C. (2013a). Framing Sustainability in a Telecoupled World. Ecology 

and Society, 2(26). https://doi.org/http://dx.doi.org/10.5751/ES-05873-180226 

Liu, J., Hull, V., Batistella, M., DeFries, R., Dietz, T., Fu, F., Hertel, T. W., Izaurralde, R. W., 

Lambin, E. F., Li, S., Martinelli, L. A., McConnell, W. J., Moran, E. F., Naylor, R., 

Ouyang, Z., Polenske, K. R., Reenberg, A., de Miranda Rocha, G., Simmons, C. S., 

Verburg, P. H., & Zhu, C. (2013b). Framing Sustainability in a Telecoupled World. 

Ecology and Society, 2(26). https://doi.org/http://dx.doi.org/10.5751/ES-05873-180226 



Unedited draft chapters 31 May 2019 

223 

 

Liu, J., Mooney, H., Hull, V., Davis, S., Gaskell, J., Hertel, T., Lubchenco, J., Seto, K., Gleick, 

P., Kremen, C., & Li, S. (2015). Systems integration for global sustainability. Science, 

347(November), 963. Retrieved from 

http://science.sciencemag.org/content/347/6225/1258832.short 

Loarie, S. R., Duffy, P. B., Hamilton, H., Asner, G. P., Field, C. B., & Ackerly, D. D. (2009). 

The velocity of climate change. Nature, 462(7276), 1052. 

Logan, C. A., Dunne, J. P., Eakin, C. M. . M., & Donner, S. D. (2014). Incorporating adaptive 

responses into future projections of coral bleaching. Global Change Biology, 20(1), 125–

139. https://doi.org/10.1111/gcb.12390 

Lombardozzi, D., Levis, S., Bonan, G., & Sparks, J. P. (2012). Predicting photosynthesis and 

transpiration responses to ozone: decoupling modeled photosynthesis and stomatal 

conductance. Biogeosciences, 9(8), 3113–3130. https://doi.org/10.5194/bg-9-3113-2012 

Longman, E. K., Rosenblad, K., & Sax, D. F. (2018). Extreme homogenization: The past, present 

and future of mammal assemblages on islands. Global Ecology and Biogeography, 27(1), 

77–95. https://doi.org/10.1111/geb.12677 

Lotze, H. K., Lenihan, H. S., Bourque, B. J., Bradbury, R. H., Cooke, R. G., Kay, M. C., 

Kidwell, S. M., Kirby, M. X., Peterson, C. H., & Jackson, J. B. C. (2006). Depletion, 

Degradation, and Recovery Potential of Estuaries and Coastal Seas. Science, 312(5781), 

1806–1809. 

Lotze, H., Tittensor, D., Bryndum-Buchholz, A., Eddy, T., Cheung, W., Galbraith, E., Barange, 

M., Barrier, N., Bianchi, D., Blanchard, J., Bopp, L., Bucher, M., Bulman, C., Carozza, D., 

Christensen, V., Coll, M., Dunne, J., Fulton, E., Jennings, S., Jones, M., Mackinson, S., 

Maury, O., Niiranen, S., Oliveros-Ramos, R., Roy, T., Fernandes, J., Schewe, J., Shin, Y., 

Silva, T., Steenbeck, J., Stock, C., Verley, P., Volkholz, J., & WalterND. (2018). Ensemble 

projections of global ocean animal biomass with climate change. In Review. 

Loudermilk, E. L., Scheller, R. M., Weisberg, P. J., Yang, J., Dilts, T. E., Karam, S. L., & 

Skinner, C. (2013). Carbon dynamics in the future forest: the importance of long-term 

successional legacy and climate–fire interactions. Global Change Biology, 19(11), 3502–

3515. https://doi.org/10.1111/gcb.12310 

Lovelock, C. E., Adame, M. F., Bennion, V., Hayes, M., Reef, R., Santini, N., & Cahoon, D. R. 

(2015). Sea level and turbidity controls on mangrove soil surface elevation change. 

Estuarine, Coastal and Shelf Science, 153, 1–9. https://doi.org/10.1016/J.ECSS.2014.11.026 

Lundquist, C., Harhash, K. A., Armenteras, D., Chettri, N., Mwamodenyi, J. M., Prydatko, V., 

Quiroga, S. A., & Rasolohery, A. (2016). Building capacity for developing, interpreting and 

using scenarios and models. In S. Ferrier, K. N. Ninan, P. Leadley, R. Alkemade, L. A. 

Acosta, H. R. Akcakaya, L. Brotons, W. W. L. Cheung, V. Christensen, K. A. Harhash, J. 

K.- Mariara, C. Lundquist, M. Obersteiner, H. M. Pereira, G. Peterson, R. Pichs-Madruga, 

N. Ravindranath, C. Rondinini, & B. A. Wintle (Eds.), IPBES (2016): The methodological 

assessment report on scenarios and models of biodiversity and ecosystem services. Bonn, 

Germany: Secretariat of the Intergovernmental Science-Policy Platform for Biodiversity 

and Ecosystem Services. 

Lurgi, M., López, B. C., & Montoya, J. M. . (2012). Novel communities from climate change. 

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 

367(1605), 2913–2922. https://doi.org/10.1098/rstb.2012.0238 

Luz, A. C., Paneque-Gálvez, J., Guèze, M., Pino, J., Macía, M. J., Orta-Martínez, M., & Reyes-

García, V. (2017). Continuity and change in hunting behaviour among contemporary 



Unedited draft chapters 31 May 2019 

224 

 

indigenous peoples. Biological Conservation, 209, 17–26. 

https://doi.org/10.1016/j.biocon.2017.02.002 

Lynch, A. J., Cooke, S. J., Deines, A. M., Bower, S. D., Bunnell, D. B., Cowx, I. G., Nguyen, V. 

M., Nohner, J., Phouthavong, K., Riley, B., Rogers, M. W., Taylor, W. W., Woelmer, W., 

Youn, S.-J., & Beard, T. D. (2016). The social, economic, and environmental importance of 

inland fish and fisheries. Environmental Reviews. https://doi.org/10.1139/er-2015-0064 

M.Mekonnen, M., & Hoekstra, Y. A. (2016). Four Billion People Experience Water Scarcity. 

Science Advances, 2(February), 1–7. https://doi.org/10.1126/sciadv.1500323 

MA. (2005). Millennium Ecosystem assessment. Ecosystems and Human Well-being: Scenarios, 

Volume 2. (Vol. 2). Washington, DC: Island Press. 

Maas, J., van Dillen, S. M. E., Verheij, R. A., & Groenewegen, P. P. (2009). Social contacts as a 

possible mechanism behind the relation between green space and health. Health and Place, 

15(2), 586–595. https://doi.org/10.1016/j.healthplace.2008.09.006 

Mace, G. M., & Purvis, A. (2008). Evolutionary biology and practical conservation: Bridging a 

widening gap. Molecular Ecology. https://doi.org/10.1111/j.1365-294X.2007.03455.x 

Mace, G. M., Barrett, M., Burgess, N. D., Cornell, S. E., Freeman, R., Grooten, M., & Purvis, A. 

(2018). Aiming higher to bend the curve of biodiversity loss. Nature Sustainability, 1(9), 

448–451. https://doi.org/10.1038/s41893-018-0130-0 

Mace, G. M., Norris, K., & Fitter, A. H. (2012). Biodiversity and ecosystem services: A 

multilayered relationship. Trends in Ecology and Evolution, 27(1), 19–25. 

https://doi.org/10.1016/j.tree.2011.08.006 

Mace, G. M., Reyers, B., Alkemade, R., Biggs, R., Chapin, F. S., Cornell, S. E., Díaz, S., 

Jennings, S., Leadley, P., Mumby, P. J., Purvis, A., Scholes, R. J., Seddon, A. W. R., Solan, 

M., Steffen, W., & Woodward, G. (2014). Approaches to defining a planetary boundary for 

biodiversity. Global Environmental Change, 28(1). 

https://doi.org/10.1016/j.gloenvcha.2014.07.009 

Maclean, I. M. D., & Wilson, R. J. (2011). Recent ecological responses to climate change 

support predictions of high extinction risk. Proceedings of the National Academy of 

Sciences of the United States of America, 108(30), 12337–12342. 

https://doi.org/10.1073/pnas.1017352108 

MacLeod, C. D. (2009). Global climate change, range changes and potential implications for the 

conservation of marine cetaceans: a review and synthesis. Endangered Species Research, 7, 

125–136. https://doi.org/10.3354/esr00197 

Malhi, Y., Aragao, L. E. O. C., Galbraith, D., Huntingford, C., Fisher, R., Zelazowski, P., Sitch, 

S., McSweeney, C., & Meir, P. (2009). Exploring the likelihood and mechanism of a 

climate-change-induced dieback of the Amazon rainforest. Proceedings of the National 

Academy of Sciences, 106(49), 20610–20615. https://doi.org/10.1073/pnas.0804619106 

Malhi, Y., Roberts, J. T., Betts, R. A., Killeen, T. J., Li, W., & Nobre, C. A. (2008). Climate 

change, deforestation, and the fate of the Amazon. Science. 

https://doi.org/10.1126/science.1146961 

Mantyka-Pringle, C. S., Martin, T. G., Moffatt, D. B., Linke, S., & Rhodes, J. R. (2014). 

Understanding and predicting the combined effects of climate change and land-use change 

on freshwater macroinvertebrates and fish. Journal of Applied Ecology. 

https://doi.org/10.1111/1365-2664.12236 

Mantyka-Pringle, C. S., Visconti, P., Di Marco, M., Martin, T. G., Rondinini, C., & Rhodes, J. R. 

(2015). Climate change modifies risk of global biodiversity loss due to land-cover change. 



Unedited draft chapters 31 May 2019 

225 

 

Biological Conservation, 187, 103–111. https://doi.org/10.1016/j.biocon.2015.04.016 

Markovic, D., Carrizo, S., Freyhof, J., Cid, N., Lengyel, S., Scholz, M., Kasperdius, H., & 

Darwall, W. (2014). Europe’s freshwater biodiversity under climate change: Distribution 

shifts and conservation needs. Diversity and Distributions, 20(9), 1097–1107. 

https://doi.org/10.1111/ddi.12232 

Marselle, M. R., Irvine, K. N., & Warber, S. L. (2014). Examining Group Walks in Nature and 

Multiple Aspects of Well-Being: A Large-Scale Study. Ecopsychology, 6(3). 

Masterson, V. A. ., Stedman, R. C. ., Enqvist, J., Tengö, M., Giusti, M., Wahl 3, D., Svedin, U., 

Tengo, M., Giusti, M., Wahl, D., & Svedin, U. (2017). The contribution of sense of place to 

social-ecological systems research: a review and research agenda. Ecology and Society, 

22(1), 639–652. https://doi.org/4910.5751/es-08872-220149 

Masterson, V. A., Stedman, R. C., Enqvist, J., Tengo, M., Giusti, M., Wahl, D., & Svedin, U. 

(2017). The contribution of sense of place to social-ecological systems research: a review 

and research agenda. Ecology and Society, 22(1). https://doi.org/4910.5751/es-08872-

220149 

Matson, P. A. a, Parton, W. J. J., Power, A. G. G., & Swift, M. J. J. (1997). Agricultural 

intensification and ecosystem properties. Science (New York, N.Y.), 277(5325), 504–509. 

https://doi.org/10.1126/science.277.5325.504 

Maury, O., Campling, L., Arrizabalaga, H., Aumont, O., Bopp, L., Merino, G., Squires, D., 

Cheung, W., Goujon, M., Guivarch, C., Lefort, S., Marsac, F., Monteagudo, P., 

Murtugudde, R., Österblom, H., Pulvenis, J. F., Ye, Y., & van Ruijven, B. J. (2017). From 

shared socio-economic pathways (SSPs) to oceanic system pathways (OSPs): Building 

policy-relevant scenarios for global oceanic ecosystems and fisheries. Global 

Environmental Change, 45(June), 203–216. 

https://doi.org/10.1016/j.gloenvcha.2017.06.007 

Maxted, N., Kell, S., Brehm, J. M., Jackson, M., Ford-Lloyd, B., Parry, M., & others. (2013). 

Crop wild relatives and climate change. In Plant Genetic Resources and Climate Change (p. 

291). CABI Wallingford, UK 

Mayer, A. L., Kauppi, P. E., Angelstam, P. K., Zhang, Y., & Tikka, P. M. (2005). Importing 

timber, exporting ecological impact. Science. https://doi.org/10.1126/science.1109476 

Mayers, J., Batchelor, C., Bond, I., & Hope, R. (2009). Water ecosystem services and poverty 

under climate change Key issues and research priorities Water ecosystem services and 

poverty under climate change Key issues and research priorities. Iied. Retrieved from 

http://pubs.iied.org/13549IIED.html 

Mbaiwa, J. E. (2011). Changes on traditional livelihood activities and lifestyles caused by 

tourism development in the Okavango Delta, Botswana. Tourism Management, 32(5), 

1050–1060. 

McClanahan, T. R., Graham, N. A. J., Macneil, M. A., & Cinner, J. E. (2015). Biomass-based 

targets and the management of multispecies coral reef fisheries. Conservation Biology, 

29(2), 409–417. https://doi.org/10.1111/cobi.12430 

McCreless, E. E., Huff, D. D., Croll, D. A., Tershy, B. R., Spatz, D. R., Holmes, N. D., Butchart, 

S. H. M., & Wilcox, C. (2016). Past and estimated future impact of invasive alien mammals 

on insular threatened vertebrate populations. Nature Communications, 7. 

https://doi.org/1248810.1038/ncomms12488 

McDermott, M., Mahanty, S., & Schreckenberg, K. (2013). Examining equity: A 

multidimensional framework for assessing equity in payments for ecosystem services. 



Unedited draft chapters 31 May 2019 

226 

 

Environmental Science & Policy, 33, 416–427. https://doi.org/10.1016/j.envsci.2012.10.006 

Mcdonald, R. I., Kareiva, P., & Forman, R. T. T. (2008). The implications of current and future 

urbanization for global protected areas and biodiversity conservation. Biological 

Conservation, 141(6), 1695–1703. https://doi.org/10.1016/j.biocon.2008.04.025 

McDowell, J. Z., & Hess, J. J. (2012). Accessing adaptation: Multiple stressors on livelihoods in 

the Bolivian highlands under a changing climate. Global Environmental Change. 

https://doi.org/10.1016/j.gloenvcha.2011.11.002 

McGeoch, M. A., Butchart, S. H. M., Spear, D., Marais, E., Kleynhans, E. J., Symes, A., 

Chanson, J., & Hoffmann, M. (2010). Global indicators of biological invasion: species 

numbers, biodiversity impact and policy responses. Diversity and Distributions, 16(1), 95–

108. https://doi.org/10.1111/j.1472-4642.2009.00633.x 

McIntyre, P. B., Reidy Liermann, C. A., & Revenga, C. (2016). Linking freshwater fishery 

management to global food security and biodiversity conservation. Proceedings of the 

National Academy of Sciences. https://doi.org/10.1073/pnas.1521540113 

Mcintyre-Tamwoy, S., Fuary, M., & Buhrich, A. (n.d.). Understanding climate, adapting to 

change: indigenous cultural values and climate change impacts in North Queensland. 

https://doi.org/10.1080/13549839.2012.716415 

McKee, K. L. (2011). Biophysical controls on accretion and elevation change in Caribbean 

mangrove ecosystems. Estuarine, Coastal and Shelf Science, 91(4), 475–483. 

https://doi.org/10.1016/J.ECSS.2010.05.001 

McLaughlin, D., & Kinzelbach, W. (2015). Food security and sustainable resource management. 

Water Resources Research, 51(7), 4966–4985. https://doi.org/10.1002/2015wr017053 

McLeod, K., & Leslie, H. (2009). State of Practice. Ecosystem-based management for the 

oceans. Washington DC: Island Press. 

McMAHON, C. R., & HAYS, G. C. (2006). Thermal niche, large-scale movements and 

implications of climate change for a critically endangered marine vertebrate. Global Change 

Biology, 12(7), 1330–1338. https://doi.org/10.1111/j.1365-2486.2006.01174.x 

McMillen, H. L., Ticktin, T., Friedlander, A., Jupiter, S. D., Thaman, R., Campbell, J., 

Veitayaki, J., Giambelluca, T., Nihmei, S., Rupeni, E., Apis-Overhoff, L., Aalbersberg, W., 

& Orcherton, D. F. (2014a). Small islands, valuable insights: Systems of customary 

resource use and resilience to climate change in the Pacific. Ecology and Society. 

https://doi.org/10.5751/ES-06937-190444 

McMillen, H. L., Ticktin, T., Friedlander, A., Jupiter, S. D., Thaman, R., Campbell, J., 

Veitayaki, J., Giambelluca, T., Nihmei, S., Rupeni, E., Apis-Overhoff, L., Aalbersberg, W., 

& Orcherton, D. F. (2014b). Small islands, valuable insights: Systems of customary 

resource use and resilience to climate change in the Pacific. Ecology and Society, 19(4). 

https://doi.org/10.5751/ES-06937-190444 

Medina, F. M., Bonnaud, E., Vidal, E., Tershy, B. R., Zavaleta, E. S., Josh Donlan, C., Keitt, B. 

S., Corre, M., Horwath, S. V, & Nogales, M. (2011). A global review of the impacts of 

invasive cats on island endangered vertebrates. Global Change Biology, 17(11), 3503–3510. 

https://doi.org/10.1111/j.1365-2486.2011.02464.x 

Meier, E. S., Lischke, H., Schmatz, D. R., & Zimmermann, N. E. (2012). Climate, competition 

and connectivity affect future migration and ranges of European trees. Global Ecology and 

Biogeography, 21(2), 164–178. https://doi.org/10.1111/j.1466-8238.2011.00669.x 

Melillo, J. M., Reilly, J. M., Kicklighter, D. W., Gurgel, A. C., Cronin, T. W., Paltsev, S., Felzer, 

B. S., Wang, X., Sokolov, A. P., & Schlosser, C. A. (2009). Indirect emissions from 



Unedited draft chapters 31 May 2019 

227 

 

biofuels: how important? Science (New York, N.Y.), 326(5958), 1397–1399. 

https://doi.org/10.1126/science.1180251 

Meller, L., Thuiller, W., Pironon, S., Barbet-Massin, M., Hof, A., & Cabeza, M. (2015). Balance 

between climate change mitigation benefits and land use impacts of bioenergy: 

Conservation implications for European birds. GCB Bioenergy, 7(4), 741–751. 

https://doi.org/10.1111/gcbb.12178 

Memmott, J., Craze, P. G., Waser, N. M., & Price, M. V. (2007). Global warming and the 

disruption of plant-pollinator interactions. Ecology Letters, 10(8), 710–717. 

https://doi.org/10.1111/j.1461-0248.2007.01061.x 

Mengerink, K. J., Van Dover, C. L., Ardron, J., Baker, M., Escobar-Briones, E., Gjerde, K., 

Koslow, J. A., Ramirez-Llodra, E., Lara-Lopez, A., Squires, D., Sutton, T., Sweetman, A. 

K., & Levin, L. A. (2014). A Call for Deep-Ocean Stewardship. Science, 344(6185), 696–

698. https://doi.org/10.1126/science.1251458 

Merino, G., Barange, M., Blanchard, J. L., Harle, J., Holmes, R., Allen, I., Allison, E. H., 

Badjeck, M. C., Dulvy, N. K., Holt, J., Jennings, S., Mullon, C., & Rodwell, L. D. (2012). 

Can marine fisheries and aquaculture meet fish demand from a growing human population 

in a changing climate? Global Environmental Change, 22(4), 795–806. 

https://doi.org/10.1016/j.gloenvcha.2012.03.003 

Merino, G., Barange, M., Mullon, C., & Rodwell, L. (2010). Impacts of global environmental 

change and aquaculture expansion on marine ecosystems. GLOBAL ENVIRONMENTAL 

CHANGE-HUMAN AND POLICY DIMENSIONS, 20(4, SI), 586–596. 

https://doi.org/10.1016/j.gloenvcha.2010.07.008 

Meyer, J., & Riebesell, U. (2015). Reviews and Syntheses: Responses of coccolithophores to 

ocean acidification: a meta-analysis. Biogeosciences, 12(6), 1671–1682. 

https://doi.org/10.5194/bg-12-1671-2015 

Meyer, K. S., Sweetman, A. K., Young, C. M., & Renaud, P. E. (2015). Environmental factors 

structuring Arctic megabenthos: a case study from a shelf and two fjords. Frontiers in 

Marine Science, 2. https://doi.org/10.3389/fmars.2015.00022 

Meyer, K. S., Young, C. M., Sweetman, A. K., Taylor, J., Soltwedel, T., & Bergmann, M. 

(2016). Rocky islands in a sea of mud: biotic and abiotic factors structuring deep-sea 

dropstone communities. Marine Ecology Progress Series, 556, 45–57. 

https://doi.org/10.3354/meps11822 

Millar, R. J., Fugelstvedt, J., Friedlingstein, P., Rogelj, J., Grubb, M. J., Matthews, H. D., Skeie, 

R. B., Forster, P. M., Frame, D. J., & Allen, M. R. (2017). Emission budgets and pathways 

consistent with limiting warming to 1.5  C. Nature Geoscience. https://doi.org/DOI: 

10.1038/NGEO3031 

Mills, M., Leon, J. X., Saunders, M. I., Bell, J., Liu, Y., O’Mara, J., Lovelock, C. E., Mumby, P. 

J., Phinn, S., Possingham, H. P., Tulloch, V. J. D., Mutafoglu, K., Morrison, T., Callaghan, 

D. P., Baldock, T., Klein, C. J., & Hoegh-Guldberg, O. (2015). Reconciling Development 

and Conservation under Coastal Squeeze from Rising Sea Level. Conservation Letters, 9(5), 

361–368. https://doi.org/10.1111/conl.12213 

Mokany, K., Ferrier, S., Connolly, S. R., Dunstan, P. K., Fulton, E. A., Harfoot, M. B., Harwood, 

T. D., Richardson, A. J., Roxburgh, S. H., Scharlemann, J. P. W., Tittensor, D. P., Westcott, 

D. A., & Wintle, B. A. (2016). Integrating modelling of biodiversity composition and 

ecosystem function. Oikos, 125(1), 10–19. https://doi.org/10.1111/oik.02792 

Mokany, K., Thomson, J. J., Lynch, A. J. J., Jordan, G. J., & Ferrier, S. (2015). Linking changes 



Unedited draft chapters 31 May 2019 

228 

 

in community composition and function under climate change. Ecological Applications, 

25(8), 2132–2141. https://doi.org/10.1890/14-2384.1.sm 

Molina, S., Vega, G. C., Hildalgo Jarrín, S., Torres, V., & Cabrera, F. R. (2015). De IIRSA a 

COSIPLAN Cambios y continuidades. Retrieved from 

http://www.ambienteysociedad.org.co/wp-

content/uploads/2016/01/de_iirsa_a_cosiplan_cambios_y_continuidades_0.pdf 

Molle, F., & Wester, P. (2009). River basin trajectories: Societies, environments and 

development. River Basin Trajectories: Societies, Environments and Development. 

https://doi.org/10.1079/9781845935382.0000 

Moncrieff, G. R., Scheiter, S., Bond, W. J., & Higgins, S. I. (2014). Increasing atmospheric CO2 

overrides the historical legacy of multiple stable biome states in Africa. New Phytologist, 

201(3), 908–915. https://doi.org/10.1111/nph.12551 

Moncrieff, G. R., Scheiter, S., Langan, L., Trabucco, A., & Higgins, S. I. (2016). The future 

distribution of the savannah biome: model-based and biogeographic contingency. 

Philosophical Transactions of the Royal Society B-Biological Sciences, 371(1703). 

https://doi.org/2015031110.1098/rstb.2015.0311 

Moomaw WR, Chmura GL, Davies GT, Finlayson CM, Middleton BA, Perry JE, Roulet N, & 

Sutton-Grier AE. (2018). The relationship between wetlands and a changing climate. 

Wetlands, (38), 183–205. https://doi.org/doi.org/10.1007/s13157-018-1023-8 

Moon, T. (2017). Saying goodbye to glaciers: Glaciers volume is shrinking worldwide, with 

wide ranging implications for society. Science, (356), 580–581. 

Moore, K. A., & Jarvis, J. C. (2008). Environmental Factors Affecting Recent Summertime 

Eelgrass Diebacks in the Lower Chesapeake Bay: Implications for Long-term Persistence. 

Journal of Coastal Research, 10055, 135–147. https://doi.org/10.2112/si55-014 

Mora, C., Aburto-Oropeza, O., Ayala-Bocos, A., Ayotte, P. M., Banks, S., Bauman, A. G., 

Beger, M., Bessudo, S., Booth, D. J., Brokovich, E., Brooks, A., Chabanet, P., Cinner, J. E., 

Cortés, J., Cruz-Motta, J. J., Cupul-Magaña, A., DeMartini, E. E., Edgar, G. J., Feary, D. 

A., Ferse, S. C. A., Friedlander, A. M., Gaston, K. J., Gough, C., Graham, N. A. J., Green, 

A., Guzman, H., Hardt, M., Kulbicki, M., Letourneur, Y., Ĺpez-Pérez, A., Loreau, M., 

Loya, Y., Martinez, C., Mascareñas-Osorio, I., Morove, T., Nadon, M. O., Nakamura, Y., 

Paredes, G., Polunin, N. V. C., Pratchett, M. S., Reyes Bonilla, H., Rivera, F., Sala, E., 

Sandin, S. A., Soler, G., Stuart-Smith, R., Tessier, E., Tittensor, D. P., Tupper, M., 

Usseglio, P., Vigliola, L., Wantiez, L., Williams, I., Wilson, S. K., & Zapata, F. A. (2011). 

Global human footprint on the linkage between biodiversity and ecosystem functioning in 

reef fishes. PLoS Biology, 9(4). https://doi.org/10.1371/journal.pbio.1000606 

Mora, C., Frazier, A. G., Longman, R. J., Dacks, R. S., Walton, M. M., Tong, E. J., Sanchez, J. 

J., Kaiser, L. R., Stender, Y. O., Anderson, J. M., Ambrosino, C. M., Fernandez-Silva, I., 

Giuseffi, L. M., & Giambelluca, T. W. (2013). The projected timing of climate departure 

from recent variability. Nature, 502(7470), 183–187. https://doi.org/10.1038/nature12540 

Mora, C., Tittensor, D. P., Adl, S., Simpson, A. G. B., & Worm, B. (2011). How Many Species 

Are There on Earth and in the Ocean? PLoS Biology, 9(8), e1001127. 

https://doi.org/10.1371/journal.pbio.1001127 

Mora, C., Wei, C.-L. L., Rollo, A., Amaro, T., Baco, A. R., Billett, D., Bopp, L., Chen, Q., 

Collier, M., Danovaro, R., Gooday, A. J., Grupe, B. M., Halloran, P. R., Ingels, J., Jones, D. 

O. B., Levin, L. A., Nakano, H., Norling, K., Ramirez-Llodra, E., Rex, M., Ruhl, H. A., 

Smith, C. R., Sweetman, A. K., Thurber, A. R., Tjiputra, J. F., Usseglio, P., Watling, L., 



Unedited draft chapters 31 May 2019 

229 

 

Wu, T., & Yasuhara, M. (2013). Biotic and Human Vulnerability to Projected Changes in 

Ocean Biogeochemistry over the 21st Century. PLoS Biology, 11(10), e1001682. 

https://doi.org/10.1371/journal.pbio.1001682 

Moreno, A., & Amelung, B. (2009). Climate Change and Coastal & Marine Tourism: Review 

and Analysis. Journal of Coastal Research, 2009(56), 1140–1144. 

https://doi.org/10.2307/25737965 

Morin, X., & Thuiller, W. (2009). Comparing niche- and process-based models to reduce 

prediction uncertainty in species range shifts under climate change. Ecology, 90(5), 1301–

1313. https://doi.org/10.1890/08-0134.1 

Morris, A. L., Guegan, J.-F., Andreou, D., Marsollier, L., Carolan, K., Le Croller, M., Sanhueza, 

D., & Gozlan, R. E. (2016). Deforestation-driven food-web collapse linked to emerging 

tropical infectious disease, Mycobacterium ulcerans. Science Advances. 

https://doi.org/10.1126/sciadv.1600387 

Mouquet, N., Lagadeuc, Y., Devictor, V., Doyen, L., Duputié, A., Eveillard, D., Faure, D., 

Garnier, E., Gimenez, O., Huneman, P., Jabot, F., Jarne, P., Joly, D., Julliard, R., Kéfi, S., 

Kergoat, G. J., Lavorel, S., Le Gall, L., Meslin, L., Morand, S., Morin, X., Morlon, H., 

Pinay, G., Pradel, R., Schurr, F. M., Thuiller, W., & Loreau, M. (2015). Predictive ecology 

in a changing world. Journal of Applied Ecology. https://doi.org/10.1111/1365-2664.12482 

Mrosovsky, N., & Yntema, C. L. (1980). Temperature dependence of sexual differentiation in 

sea turtles: implications for conservation practices. Biological Conservation, 18(4), 271–

280. https://doi.org/10.1016/0006-3207(80)90003-8 

Muller, A., Schader, C., El-Hage Scialabba, N., Brüggemann, J., Isensee, A., Erb, K.-H., Smith, 

P., Klocke, P., Leiber, F., Stolze, M., & Niggli, U. (2017). Strategies for feeding the world 

more sustainably with organic agriculture. Nature Communications, 8(1), 1290. 

https://doi.org/10.1038/s41467-017-01410-w 

Mullon, C., Steinmetz, F., Merino, G., Fernandes, J. A., Cheung, W. W. L., Butenschön, M., & 

Barange, M. (2016). Quantitative pathways for Northeast Atlantic fisheries based on 

climate, ecological–economic and governance modelling scenarios. Ecological Modelling, 

320, 273–291. https://doi.org/10.1016/j.ecolmodel.2015.09.027 

Murcia, C., Aronson, J., Kattan, G. H., Moreno-Mateos, D., Dixon, K., & Simberloff, D. (2014). 

A critique of the “novel ecosystem” concept. Trends in Ecology & Evolution, 29(10), 548–

553. https://doi.org/10.1016/j.tree.2014.07.006 

Murray Roberts, J., Wheeler, A. J., Freiwald, A., & Cairns, S. D. (2009). Cold-water corals: The 

biology and geology of deep-sea coral habitats. Cold-Water Corals: The Biology and 

Geology of Deep-Sea Coral Habitats. https://doi.org/10.1017/CBO9780511581588 

Murray, S. J., Foster, P. N., & Prentice, I. C. (2012). Future global water resources with respect 

to climate change and water withdrawals as estimated by a dynamic global vegetation 

model. Journal of Hydrology, 448–449, 14–29. 

https://doi.org/10.1016/j.jhydrol.2012.02.044 

Muturi, E. J., Donthu, R. K., Fields, C. J., Moise, I. K., & Kim, C. H. (2017). Effect of pesticides 

on microbial communities in container aquatic habitats. Scientific Reports. 

https://doi.org/10.1038/srep44565 

Myers, B. J. E., Lynch, A. J., Bunnell, D. B., Chu, C., Falke, J. A., Kovach, R. P., Krabbenhoft, 

T. J., Kwak, T. J., & Paukert, C. P. (2017). Global synthesis of the documented and 

projected effects of climate change on inland fishes. Reviews in Fish Biology and Fisheries. 

https://doi.org/10.1007/s11160-017-9476-z 



Unedited draft chapters 31 May 2019 

230 

 

Myers, N., & Kent, J. (2003). New consumers: The influence of affluence on the environment. 

Proceedings of the National Academy of Sciences of the United States of America, 100(8), 

4963–4968. https://doi.org/10.1073/pnas.0438061100 

Nakicenovic, N., Alcamo, J., Grubler, A., Riahi, K., Roehrl, R. A., Rogner, H. H., & Victor, N. 

(2000). Special report on emissions scenarios (SRES), a special report of Working Group 

III of the intergovernmental panel on climate change. Cambridge University Press. 

Retrieved from http://pure.iiasa.ac.at/id/eprint/6101/2/sres-en.pdf 

Naughton, C. C., Lovett, P. N., & Mihelcic, J. R. (2015). Land suitability modeling of shea 

(Vitellaria paradoxa) distribution across sub-Saharan Africa. Applied Geography, 58, 217–

227. https://doi.org/10.1016/J.APGEOG.2015.02.007 

Nazarea, V. D. (2006). Local Knowledge and Memory in Biodiversity Conservation. Annual 

Review of Anthropology, 35(1), 317–335. 

https://doi.org/10.1146/annurev.anthro.35.081705.123252 

Neaves, L. E., Whitlock, R., Piertney, S. B., Burke, T., Butlin, R. K., & Hollingsworth, P. M. 

(2015). Implications of climate change for genetic diversity and evolvability in the UK. 

Biodiversity Climate Change report card technical paper 15. Retrieved from 

http://www.nerc.ac.uk/research/partnerships/ride/lwec/report-cards/biodiversity-source15/ 

Neumann Vafeidis, A. T., Zimmermann, J. and Nicholls, R. J., B. (2015). Future coastal 

population growth and exposure to sea-level rise and coastal flooding--a global assessment. 

Future Coastal Population Growth and Exposure to Sea-Level Rise and Coastal Flooding--a 

Global Assessment. https://doi.org/10.1371/journal.pone.0118571 PMCID: PMC4367969 

Newbold, T., Hudson, L. N., Arnell, A. P., Contu, S., De Palma, A., Ferrier, S., Hill, S. L. L., 

Hoskins, A. J., Lysenko, I., Phillips, H. R. P., Burton, V. J., Chng, C. W. T., Emerson, S., 

Gao, D., Pask-Hale, G., Hutton, J., Jung, M., Sanchez-Ortiz, K., Simmons, B. I., Whitmee, 

S., Zhang, H. B., Scharlemann, J. P. W., & Purvis, A. (2016). Has land use pushed 

terrestrial biodiversity beyond the planetary boundary? A global assessment. Science, 

353(6296), 288–291. https://doi.org/10.1126/science.aaf2201 

Newbold, T., Hudson, L. N., Hill, S. L. L., Contu, S., Lysenko, I., Senior, R. A., Borger, L., 

Bennett, D. J., Choimes, A., Collen, B., Day, J., De Palma, A., Diaz, S., Echeverria-

Londono, S., Edgar, M. J., Feldman, A., Garon, M., Harrison, M. L. K., Alhusseini, T., 

Ingram, D. J., Itescu, Y., Kattge, J., Kemp, V., Kirkpatrick, L., Kleyer, M., Correia, D. L. 

P., Martin, C. D., Meiri, S., Novosolov, M., Pan, Y., Phillips, H. R. P., Purves, D. W., 

Robinson, A., Simpson, J., Tuck, S. L., Weiher, E., White, H. J., Ewers, R. M., Mace, G. 

M., Scharlemann, J. P. W., & Purvis, A. (2015). Global effects of land use on local 

terrestrial biodiversity. Nature, 520(7545), 45–50. https://doi.org/10.1038/nature14324 

http://www.nature.com/nature/journal/v520/n7545/abs/nature14324.html#supplementary-

information 

Newbold, T., Scharlemann, J. P. W., Butchart, S. H. M., Sekercioglu, Ç. H., Alkemade, R., 

Booth, H., & Purves, D. W. (2013). Ecological traits affect the response of tropical forest 

bird species to land-use intensity Ecological traits affect the response of tropical forest bird 

species to land-use intensity. Proceedings of the Royal Society B: Biological Sciences, 

280(1750), dx.doi.org/10.1098/rspb.2012.2131. https://doi.org/10.1098/rspb.2012.2131 

Nielsen, J. R., Thunberg, E., Holland, D. S., Schmidt, J. O., Fulton, E. A., Bastardie, F., Punt, A. 

E., Allen, I., Bartelings, H., Bertignac, M., Bethke, E., Bossier, S., Buckworth, R., 

Carpenter, G., Christensen, A., Christensen, V., Da-Rocha, J. M., Deng, R., Dichmont, C., 

Doering, R., Esteban, A., Fernandes, J. A., Frost, H., Garcia, D., Gasche, L., Gascuel, D., 



Unedited draft chapters 31 May 2019 

231 

 

Gourguet, S., Groeneveld, R. A., Guillén, J., Guyader, O., Hamon, K. G., Hoff, A., 

Horbowy, J., Hutton, T., Lehuta, S., Little, L. R., Lleonart, J., Macher, C., Mackinson, S., 

Mahevas, S., Marchal, P., Mato-Amboage, R., Mapstone, B., Maynou, F., Merzéréaud, M., 

Palacz, A., Pascoe, S., Paulrud, A., Plaganyi, E., Prellezo, R., van Putten, E. I., Quaas, M., 

Ravn-Jonsen, L., Sanchez, S., Simons, S., Thébaud, O., Tomczak, M. T., Ulrich, C., van 

Dijk, D., Vermard, Y., Voss, R., & Waldo, S. (2018). Integrated ecological–economic 

fisheries models—Evaluation, review and challenges for implementation. Fish and 

Fisheries, 19(1), 1–29. https://doi.org/10.1111/faf.12232 

Niinemets, U., Monson, R. K., Arneth, A., Ciccioli, P., Kesselmeier, J., Kuhn, U., Noe, S. M., 

Penuelas, J., & Staudt, M. (2010). The leaf-level emission factor of volatile isoprenoids: 

caveats, model algorithms, response shapes and scaling. Biogeosciences, 7(6), 1809–1832. 

https://doi.org/10.5194/bg-7-1809-2010 

Nijsen, M., Smeets, E., Stehfest, E., & Vuuren, D. P. (2012). An evaluation of the global 

potential of bioenergy production on degraded lands. GCB Bioenergy, 4(2), 130–147. 

https://doi.org/10.1111/j.1757-1707.2011.01121.x 

Nishina, K., Ito, A., Falloon, P., Friend, A. D., Beerling, D. J., Ciais, P., Clark, D. B., Kahana, 

R., Kato, E., Lucht, W., Lomas, M., Pavlick, R., Schaphoff, S., Warszawaski, L., & 

Yokohata, T. (2015). Decomposing uncertainties in the future terrestrial carbon budget 

associated with emission scenarios, climate projections, and ecosystem simulations using 

the ISI-MIP results. Earth System Dynamics, 6(2), 435–445. https://doi.org/10.5194/esd-6-

435-2015 

Nobre, C. A., Sampaio, G., Borma, L. S., Castilla-Rubio, J. C., Silva, J. S., & Cardoso, M. 

(2016). Land-use and climate change risks in the Amazon and the need of a novel 

sustainable development paradigm. Proceedings of the National Academy of Sciences of the 

United States of America, 113(39), 10759–10768. https://doi.org/10.1073/pnas.1605516113 

Norman, L., Tallent-Halsell, N., Labiosa, W., Weber, M., McCoy, A., Hirschboeck, K., 

Callegary, J., van Riper, C., & Gray, F. (2010). Developing an ecosystem services online 

decision support tool to assess the impacts of climate change and urban growth in the santa 

cruz watershed; where we live, work, and play. Sustainability, 2(7), 2044–2069. 

https://doi.org/10.3390/su2072044 

Noumi, E. S., Dabat, M. H., & Blin, J. (2013). Energy efficiency and waste reuse: A solution for 

sustainability in poor West African countries? Case study of the shea butter supply chain in 

Burkina Faso. Journal of Renewable and Sustainable Energy, 5(5). 

https://doi.org/10.1063/1.4824432 

Nuse BL, Cooper RJ, Hunter EA, 2015. Prospects for predicting changes to coastal wetland bird 

populations due to accelerated sea level rise. Ecosphere 6(12): 1-23. 

https://doi.org/10.1890/ES15-00385.1 

Nyingi, W., Oguge, N., Dziba, L., Chandipo, R., Didier, T. A., Gandiwa, E., Kasiki, S., Kisanga, 

D., Kgosikoma, O., Osano, O., Tassin, J., Sanogo, S., von Maltitz, G., Ghazi, H., Archibald, 

S., Gambiza, J., Ivey, P., Logo, P. B., Maoela, M. A., Ndarana, T., Ogada, M., Olago, D., 

Rahlao, S., and van Wilgen, B. Chapter 4: Direct and indirect drivers of change in 

biodiversity and nature’s contributions to people. In IPBES (2018): The IPBES regional 

assessment report on biodiversity and ecosystem services for Africa. Archer, E., Dziba, L., 

Mulongoy, K. J., Maoela, M. A., and Walters, M. (eds.). Secretariat of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, Bonn, 

Germany, pp. 207–296. 

https://doi.org/10.1111/j.1757-1707.2011.01121.x
https://doi.org/10.1890/ES15-00385.1


Unedited draft chapters 31 May 2019 

232 

 

O’Neill, B. C., Kriegler, E., Ebi, K. L., Kemp-Benedict, E., Riahi, K., Rothman, D. S., van 

Ruijven, B. J., van Vuuren, D. P., Birkmann, J., Kok, K., Levy, M., & Solecki, W. (2017). 

The roads ahead: Narratives for shared socioeconomic pathways describing world futures in 

the 21st century. Global Environmental Change, 42, 169–180. 

https://doi.org/10.1016/J.GLOENVCHA.2015.01.004 

O’Neill, B. C., Kriegler, E., Riahi, K., Ebi, K. L., Hallegatte, S., Carter, T. R., Mathur, R., van 

Vuuren, D. P., O’Neill, B. C., Kriegler, E., Riahi, K., Ebi, K. L., Hallegatte, S., Carter, T. 

R., Mathur, R., & van Vuuren, D. P. (2014). A new scenario framework for climate change 

research: the concept of shared socioeconomic pathways. Climatic Change, 122(3), 387–

400. https://doi.org/10.1007/s10584-013-0905-2 

Obersteiner, M., Walsh, B., Frank, S., Havlík, P., Cantele, M., Liu, J., Palazzo, A., Herrero, M., 

Lu, Y., Mosnier, A., Valin, H., Riahi, K., Kraxner, F., Fritz, S., & Vuuren, D. Van. (2016). 

Assessing the land resource – food price nexus of the Sustainable Development Goals. 

Science, 2(September), 1–11. https://doi.org/10.1126/sciadv.1501499 

OECD. (2012). OECD Environmental Outlook to 2050: The Consequences of Inaction. Outlook. 

Paris: OECD Publishing. https://doi.org/10.1787/9789264122246-en 

Olden, J. D. (2006). Biotic homogenization: A new research agenda for conservation 

biogeography. Journal of Biogeography, 33(12), 2027–2039. https://doi.org/10.1111/j.1365-

2699.2006.01572.x 

Oliver, S. K., Collins, S. M., Soranno, P. A., Wagner, T., Stanley, E. H., Jones, J. R., Stow, C. 

A., & Lottig, N. R. (2017). Unexpected stasis in a changing world: Lake nutrient and 

chlorophyll trends since 1990. Global Change Biology. https://doi.org/10.1111/gcb.13810 

Oney, B., Reineking, B., O’Neill, G., & Kreyling, J. (2013). Intraspecific variation buffers 

projected climate change impacts on Pinus contorta. Ecology and Evolution, 3(2), 437–449. 

https://doi.org/10.1002/ece3.426 

Ordonez, A., Williams, J. W., & Svenning, J. C. (2016). Mapping climatic mechanisms likely to 

favour the emergence of novel communities. Nature Climate Change, 6(12), 1104--+. 

https://doi.org/10.1038/nclimate3127 

Orr, J. C., Fabry, V. J., Aumont, O., Bopp, L., Doney, S. C., Feely, R. A., Gnanadesikan, A., 

Gruber, N., Ishida, A., Joos, F., Key, R. M., Lindsay, K., Maier-Reimer, E., Matear, R., 

Monfray, P., Mouchet, A., Najjar, R. G., Plattner, G.-K., Rodgers, K. B., Sabine, C. L., 

Sarmiento, J. L., Schlitzer, R., Slater, R. D., Totterdell, I. J., Weirig, M.-F., Yamanaka, Y., 

& Yool, A. (2005). Anthropogenic ocean acidification over the twenty-first century and its 

impact on calcifying organisms. Nature, 437(7059), 681–686. 

https://doi.org/10.1038/nature04095 

Orth, R. J., Carruthers, T. I. M. J. B., Dennison, W. C., Duarte, C. M., Fourqurean, J. W., Heck, 

K. L., Hughes, A. R., Kendrick, G. A., Kenworthy, W. J., Olyarnik, S., Short, F. T., 

Waycott, M., & Williams, S. L. (2006). A Global Crisis for Seagrass Ecosystems. 

BioScience, 56(12), 987. https://doi.org/10.1641/0006-3568(2006)56[987:agcfse]2.0.co;2 

Osland, M. J., Enwright, N., Day, R. H., & Doyle, T. W. (2013). Winter climate change and 

coastal wetland foundation species: salt marshes vs. mangrove forests in the southeastern 

United States. GLOBAL CHANGE BIOLOGY, 19(5), 1482–1494. 

https://doi.org/10.1111/gcb.12126 

Ostberg, S., Lucht, W., Schaphoff, S., & Gerten, D. (2013). Critical impacts of global warming 

on land ecosystems. Earth System Dynamics, 4(2), 347–357. https://doi.org/10.5194/esd-4-

347-2013 



Unedited draft chapters 31 May 2019 

233 

 

Oteros-Rozas, E., Martín-López, B., Daw, T. M., Bohensky, E. L., Butler, J. R. A., Hill, R., 

Martin-Ortega, J., Quinlan, A., Ravera, F., Ruiz-Mallén, I., Thyresson, M., Mistry, J., 

Palomo, I., Peterson, G. D., Plieninger, T., Waylen, K. A., Beach, D. M., Bohnet, I. C., 

Hamann, M., Hanspach, J., Hubacek, K., Lavorel, S., & Vilardy, S. P. (2015). Participatory 

scenario planning in place-based social-ecological research: insights and experiences from 

23 case studies. Ecology and Society, 20(4), art32. https://doi.org/10.5751/ES-07985-

200432 

Oviedo, A. F. P., Mitraud, S., McGrath, D. G., & Bursztyn, M. (2016). Implementing climate 

variability at the community level in the Amazon floodplain. Environmental Science and 

Policy. https://doi.org/10.1016/j.envsci.2016.05.017 

Pacifici, M., Foden, W. B., Visconti, P., Watson, J. F. M., Butchart, S. H. M., Kovacs, K. M., 

Scheffers, B. R., Hole, D. G., Martin, T. G., Akcakaya, H. R., Corlett, R. T., Huntley, B., 

Bickford, D., Carr, J. A., Hoffmann, A. A., Midgley, G. F., Pearce-Kelly, P., Pearson, R. G., 

Williams, S. E., Willis, S. G., Young, B., & Rondinini, C. (2015). Assessing species 

vulnerability to climate change. Nature Climate Change, 5(3), 215–225. 

https://doi.org/10.1038/nclimate2448 

Paerl, H. W., & Paul, V. J. (2012). Climate change: Links to global expansion of harmful 

cyanobacteria. Water Research. https://doi.org/10.1016/j.watres.2011.08.002 

Pagano AM, Durner GM, Rode KD, Atwood TC, Atkinson SN, Peacock E, Costa DP, Owen 

MA, Williams TM, 2018. High-energy, high-fat lifestyle challenges an Arctic apex 

predator, the polar bear. Science 359 (6375): 568-572. DOI: 10.1126/science.aan8677 

Page, S. E., & Baird, A. J. (2016). Peatlands and Global Change: Response and Resilience. In A. 

Gadgil & T. P. Gadgil (Eds.), Annual Review of Environment and Resources, Vol 41 (Vol. 

41, pp. 35–57). https://doi.org/10.1146/annurev-environ-110615-085520 

Palazzo, A., Vervoort, J. M., Mason-D’Croz, D., Rutting, L., Havlík, P., Islam, S., Bayala, J., 

Valin, H., Kadi Kadi, H. A., Thornton, P., & Zougmore, R. (2017). Linking regional 

stakeholder scenarios and shared socioeconomic pathways: Quantified West African food 

and climate futures in a global context. Global Environmental Change, 45, 227–242. 

https://doi.org/10.1016/j.gloenvcha.2016.12.002 

Palomo, I., Martín-López, B., López-Santiago, C., & Montes, C. (n.d.). Participatory Scenario 

Planning for Protected Areas Management under the Ecosystem Services Framework: the 

Doñana Social-Ecological System in Southwestern Spain. Retrieved from 

http://www.ecologyandsociety.org/ 

Palumbi, S. R., Barshis, D. J., Traylor-Knowles, N., & Bay, R. A. (2014). Mechanisms of reef 

coral resistance to future climate change. Science, 344(6186), 895–898. 

https://doi.org/10.1126/science.1251336 

Paquette, A., & Messier, C. (2011). The effect of biodiversity on tree productivity: from 

temperate to boreal forests. Global Ecology and Biogeography, 20(1), 170–180. 

https://doi.org/10.1111/j.1466-8238.2010.00592.x 

Pardo, D., Jenouvrier, S., Weimerskirch, H., & Barbraud, C. (2017). Effect of extreme sea 

surface temperature events on the demography of an age-structured albatross population. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 372(1723), 

20160143. https://doi.org/10.1098/rstb.2016.0143 

Parkinson, R. W., DeLaune, R. D., & White, J. R. (1994). Holocene Sea-Level Rise and the Fate 

of Mangrove Forests within the Wider Caribbean Region. Journal of Coastal Research. 

Coastal Education & Research Foundation, Inc. https://doi.org/10.2307/4298297 



Unedited draft chapters 31 May 2019 

234 

 

Parmesan, C. (2006). Ecological and Evolutionary Responses to Recent Climate Change. Annual 

Review of Ecology, Evolution, and Systematics, 37(1), 637–669. 

https://doi.org/10.1146/annurev.ecolsys.37.091305.110100 

Parr, C. L., Lehmann, C. E. R., Bond, W. J., Hoffmann, W. A., & Andersen, A. N. (2014). 

Tropical grassy biomes: misunderstood, neglected, and under threat. Trends in Ecology & 

Evolution, 29(4), 205–213. https://doi.org/https://doi.org/10.1016/j.tree.2014.02.004 

Parry, M. L., Rosenzweig, C., Iglesias, A., Livermore, M., & Fischer, G. (2004). Effects of 

climate change on global food production under SRES emissions and socio-economic 

scenarios. Global Environmental Change, 14(1), 53–67. 

https://doi.org/10.1016/j.gloenvcha.2003.10.008 

Pascual, U., Palomo, I., Adams, W. M., Chan, K. M. A., Daw, T. M., Garmendia, E., Gómez-

Baggethun, E., De Groot, R. S., Mace, G. M., Martín-López, B., & Phelps, J. (2017). Off-

stage ecosystem service burdens: A blind spot for global sustainability. Environmental 

Research Letters, 12(7). https://doi.org/10.1088/1748-9326/aa7392 

Pasten, C., & Santamarina, J. C. (2012). Energy and quality of life. ENERGY POLICY, 49, 468–

476. https://doi.org/10.1016/j.enpol.2012.06.051 

Pauls, S. U., Nowak, C., Bálint, M., & Pfenninger, M. (2013). The impact of global climate 

change on genetic diversity within populations and species. Molecular Ecology. 

https://doi.org/10.1111/mec.12152 

Pausas, J. G., & Keeley, J. E. (2014). Abrupt Climate-Independent Fire Regime Changes. 

Ecosystems, 17(6), 1109–1120. https://doi.org/10.1007/s10021-014-9773-5 

Pautasso, M., Boehning-Gaese, K., Clergeau, P., Cueto, V. R., Dinetti, M., Fernandez-Juricic, E., 

Kaisanlahti-Jokimaki, M.-L., Jokimaki, J., McKinney, M. L., Sodhi, N. S., Storch, D., 

Tomialojc, L., Weisberg, P. J., Woinarski, J., Fuller, R. A., & Cantarello, E. (2011). Global 

macroecology of bird assemblages in urbanized and semi-natural ecosystems. Global 

Ecology and Biogeography, 20(3), 426–436. https://doi.org/10.1111/j.1466-

8238.2010.00616.x 

Payne, M. R., Barange, M., Cheung, W. W. L., Mackenzie, B. R., Batchelder, H. P., Cormon, X., 

Eddy, T. D., Fernandes, J. A., Hollowed, A. B., Jones, M. C., Link, J. S., Neubauer, P., 

Ortiz, I., Queiro, A. M., & Paula, J. R. (2016). Uncertainties in projecting climate-change 

impacts in marine ecosystems. ICES Journal of Marine Science, 73(5), 1272–1282. 

Pearce, T., Ford, J., Willox, A. C., & Smit, B. (2015). Inuit Traditional Ecological Knowledge 

(TEK) Subsistence Hunting and Adaptation to Climate Change in the Canadian Arctic. 

ARCTIC, 68(2), 233. https://doi.org/10.14430/arctic4475 

Pearson, T. R. H., Brown, S., Murray, L., & Sidman, G. (2017). Greenhouse gas emissions from 

tropical forest degradation: An underestimated source. Carbon Balance and Management, 

12(1). https://doi.org/10.1186/s13021-017-0072-2 

Pecl, G. T., Araújo, M. B., Bell, J. D., Blanchard, J., & ... (2017). Biodiversity redistribution 

under climate change: impacts on ecosystems and human well-being. Science, 355, 

eaai9214. https://doi.org/10.1126/science.aai9214 

Pecl, G. T., Araújo, M. B., Bell, J. D., Blanchard, J., Bonebrake, T. C., Chen, I.-C., Clark, T. D., 

Colwell, R. K., Danielsen, F., Evengård, B., Falconi, L., Ferrier, S., Frusher, S., Garcia, R. 

A., Griffis, R. B., Hobday, A. J., Janion-Scheepers, C., Jarzyna, M. A., Jennings, S., Lenoir, 

J., Linnetved, H. I., Martin, V. Y., McCormack, P. C., McDonald, J., Mitchell, N. J., 

Mustonen, T., Pandolfi, J. M., Pettorelli, N., Popova, E., Robinson, S. A., Scheffers, B. R., 

Shaw, J. D., Sorte, C. J. B., Strugnell, J. M., Sunday, J. M., Tuanmu, M.-N., Vergés, A., 



Unedited draft chapters 31 May 2019 

235 

 

Villanueva, C., Wernberg, T., Wapstra, E., & Williams, S. E. (2017). Biodiversity 

redistribution under climate change: Impacts on ecosystems and human well-being. Science, 

355(6332). https://doi.org/10.1126/science.aai9214 

Pelletier F, Coltman DW, 2018.Will human influences on evolutionary dynamics in the wild 

pervade the Anthropocene? BMC Biol. 16(1): 7. doi: 10.1186/s12915-017-0476-1. 

Pereira, H. M., Leadley, P. W., Proenca, V., Alkemade, R., Scharlemann, J. P. W., Fernandez-

Manjarres, J. F., Araujo, M. B., Balvanera, P., Biggs, R., Cheung, W. W. L., Chini, L., 

Cooper, H. D., Gilman, E. L., Guenette, S., Hurtt, G. C., Huntington, H. P., Mace, G. M., 

Oberdorff, T., Revenga, C., Rodrigues, P., Scholes, R. J., Sumaila, U. R., & Walpole, M. 

(2010). Scenarios for Global Biodiversity in the 21st Century. Science, 330(6010), 1496–

1501. https://doi.org/10.1126/science.1196624 

Pereira, H. M., Leadley, P. W., Proença, V., Alkemade, R., Scharlemann, J. P. W., Fernandez-

Manjarrés, J. F., Araújo, M. B., Balvanera, P., Biggs, R., Cheung, W. W. L., Chini, L., 

Cooper, H. D., Gilman, E. L., Guénette, S., Hurtt, G. C., Huntington, H. P., Mace, G. M., 

Oberdorff, T., Revenga, C., Rodrigues, P., Scholes, R. J., Sumaila, U. R., & Walpole, M. 

(2010). Scenarios for global biodiversity in the 21st century. Science, 330(6010), 1496–

1501. https://doi.org/10.1126/science.1196624 

Perfecto, I., & Vandermeer, J. (2010). The agroecological matrix as alternative to the land-

sparing/agriculture intensification model. Proceedings of the National Academy of Sciences 

of the United States of America, 107(13), 5786–5791. 

https://doi.org/10.1073/pnas.0905455107 

Peron, C., Weimerskirch, H., & Bost, C.-A. (2012). Projected poleward shift of king penguins’ 

(Aptenodytes patagonicus) foraging range at the Crozet Islands, southern Indian Ocean. 

Proceedings of the Royal Society B: Biological Sciences, 279(1738), 2515–2523. 

https://doi.org/10.1098/rspb.2011.2705 

Perugini, L., Caporaso, L., Marconi, S., Cescatti, A., Quesada, B., de Noblet-Ducoudre, N., 

House, J., & Arneth, A. (2017). Biophysical effects on temperature and precipitation due to 

land cover change. Environmental Research Letters, 12. https://doi.org/10.1088/1748-

9326/aa6b3f 

Peters, C. J., Picardy, J., Darrouzet-Nardi, A. F., Wilkins, J. L., Griffin, T. S., & Fick, G. W. 

(2016). Carrying capacity of U.S. agricultural land: Ten diet scenarios. Elementa: Science 

of the Anthropocene, 4, 000116. https://doi.org/10.12952/journal.elementa.000116 

Peterson, G. D., Cumming, G. S., & Carpenter, S. R. (2003). Scenario planning: A tool for 

conservation in an uncertain world. Conservation Biology, 17(2), 358–366. 

https://doi.org/10.1046/j.1523-1739.2003.01491.x 

Petheram, L, Fleming, A, Stacey, N & Perry, A 2013, Indigenous women’s preferences for 

climate change adaptation and aquaculture development to build capacity in the Northern 

Territory, National Climate Change Adaptation Research Facility, Gold Coast, 70 pp. 

Pfister, S., Bayer, P., Koehler, A., & Hellweg, S. (2011). Projected water consumption in future 

global agriculture: Scenarios and related impacts. Science of The Total Environment, 

409(20), 4206–4216. https://doi.org/10.1016/j.scitotenv.2011.07.019 

Phalan, B., Onial, M., Balmford, A., & Green, R. E. (2011). Reconciling Food Production and 

biodiversity conservation: land sparing and land sharing compared. Science, 

333(September), 1289–1291. https://doi.org/10.1126/science.1208742 

Phrampus, B. J., & Hornbach, M. J. (2012). Recent changes to the Gulf Stream causing 

widespread gas hydrate destabilization. Nature, 490(7421), 527–530. 



Unedited draft chapters 31 May 2019 

236 

 

https://doi.org/10.1038/nature11528 

Piao, S. L., Friedlingstein, P., Ciais, P., de Noblet-Ducoudre, N., Labat, D., & Zaehle, S. (2007). 

Changes in climate and land use have a larger direct impact than rising CO2 on global river 

runoff trends. Proceedings of the National Academy of Sciences of the United States of 

America, 104(39), 15242–15247. https://doi.org/10.1073/pnas.0707213104 

Piao, S., Sitch, S., Ciais, P., Friedlingstein, P., Peylin, P., Wang, X., Ahlström, A., Anav, A., 

Canadell, J. G., Cong, N., Huntingford, C., Jung, M., Levis, S., Levy, P. E., Li, J., Lin, X., 

Lomas, M. R., Lu, M., Luo, Y., Ma, Y., Myneni, R. B., Poulter, B., Sun, Z., Wang, T., 

Viovy, N., Zaehle, S., & Zeng, N. (2013). Evaluation of terrestrial carbon cycle models for 

their response to climate variability and to CO2 trends. Global Change Biology, 19(7), 

2117–2132. https://doi.org/10.1111/gcb.12187 

Pichs-Madruga, R., Obersteiner, M., Cantele, M., Ahmed, M. T., Cui, X., Cury, P., Fall, S., 

Kellner, K., & Verburg, P. (2016). Building scenarios and models of drivers of biodiversity 

and ecosystem change. In S. Ferrier, K. N. Ninan, P. Leadley, R. Alkemade, L. A. Acosta, 

H. R. Akcakaya, L. Brotons, W. W. L. Cheung, V. Christensen, K. A. Harhash, J. Kabubo-

Mariara, C. Lundquist, M. Obersteiner, H. M. Pereira, G. Peterson, R. Pichs-Madruga, N. 

Ravindranath, C. Rondinini, & B. A. Wintle (Eds.), IPBES (2016): The methodological 

assessment report on scenarios and models of biodiversity and ecosystem services. Bonn, 

Germany: Secretariat of the Intergovernmental Science-Policy Platform for Biodiversity 

and Ecosystem Services. 

Pickard, B. R., Van Berkel, D., Petrasova, A., & Meentemeyer, R. K. (2017). Forecasts of 

urbanization scenarios reveal trade-offs between landscape change and ecosystem services. 

Landscape Ecology, 32(3), 617–634. https://doi.org/10.1007/s10980-016-0465-8 

Pike, D. A., Roznik, E. A., & Bell, I. (2015). Nest inundation from sea-level rise threatens sea 

turtle population viability. Royal Society Open Science, 2(7), 150127. 

https://doi.org/10.1098/rsos.150127 

Pikesley, S. K., Broderick, A. C., Cejudo, D., Coyne, M. S., Godfrey, M. H., Godley, B. J., 

Lopez, P., López-Jurado, L. F., Elsy Merino, S., Varo-Cruz, N., Witt, M. J., & Hawkes, L. 

A. (2015). Modelling the niche for a marine vertebrate: a case study incorporating 

behavioural plasticity, proximate threats and climate change. Ecography, 38(8), 803–812. 

https://doi.org/doi:10.1111/ecog.01245 

Pimm, S. L., Jenkins, C. N., Abell, R., Brooks, T. M., Gittleman, J. L., Joppa, L. N., Raven, P. 

H., Roberts, C. M., & Sexton, J. O. (2014). The biodiversity of species and their rates of 

extinction, distribution, and protection. Science. https://doi.org/10.1126/science.1246752 

Piñones, A. and A. Fedorov, 2016: Projected changes of Antarctic krill habitat by the end of the 

21st century. Geophysical Research Letters, 43(16), 8580-8589, 

doi:10.1002/2016GL069656 

Pitt, N. R., Poloczanska, E. S., & Hobday, A. J. (2010). Climate-driven range changes in 

Tasmanian intertidal fauna. Marine and Freshwater Research, 61(9), 963. 

https://doi.org/10.1071/mf09225 

PlasticsEurope. (2015). Plastics-The Facts 2013: An analysis of European latest plastics 

production, demand and waste data. In http:// www.plasticseurope.org/Document/plastics-

the-facts-2013.aspx (pp. 1–40). Brussels, Belgium: Plastics Europe. 

https://doi.org/10.1016/j.marpolbul.2013.01.015 

Platts, P. J., Poudyal, M., & McClean, C. J. (2010). Modelling Shea under Climate Scenarios 

(Vol. 2). 



Unedited draft chapters 31 May 2019 

237 

 

Plevin, R. J., O’Hare, M., Jones, A. D., Torn, M. S., & Gibbs, H. K. (2010). Greenhouse Gas 

Emissions from Biofuels’ Indirect Land Use Change Are Uncertain but May Be Much 

Greater than Previously Estimated. Environmental Science & Technology, 44(21), 8015–

8021. https://doi.org/10.1021/es101946t 

Plieninger, T., & Gaertner, M. (2011). Harnessing degraded lands for biodiversity conservation. 

Journal for Nature Conservation, 19(1), 18–23. https://doi.org/10.1016/j.jnc.2010.04.001 

Poesen, J. (2018). Soil erosion in the Anthropocene: Research needs. Earth Surface Processes 

and Landforms, 43(1), 64–84. https://doi.org/10.1002/esp.4250 

Polidoro BA, Carpenter KE, Collins L, Duke NC, Ellison AM, et al. (2010) The Loss of Species: 

Mangrove Extinction Risk and Geographic Areas of Global Concern. PLoS ONE 5(4): 

e10095. doi:10.1371/journal.pone.0010095 

Poloczanska, E. S. E. S., Hawkins, S. J. S. J., Southward, A. J. A. J. A. J., & Burrows, M. T. M. 

T. (2008). MODELING THE RESPONSE OF POPULATIONS OF COMPETING 

SPECIES TO CLIMATE CHANGE. ECOLOGY, 89(11), 3138–3149. 

https://doi.org/10.1890/07-1169.1 

Poloczanska, E. S., Brown, C. J., Sydeman, W. J., Kiessling, W., Schoeman, D. S., Moore, P. J., 

Brander, K., Bruno, J. F., Buckley, L. B., Burrows, M. T., Duarte, C. M., Halpern, B. S., 

Holding, J., Kappel, C. V, O/’Connor, M. I., Pandolfi, J. M., Parmesan, C., Schwing, F., 

Thompson, S. A., & Richardson, A. J. (2013). Global imprint of climate change on marine 

life. Nature Clim. Change, 3(10), 919–925. https://doi.org/10.1038/nclimate1958 

http://www.nature.com/nclimate/journal/v3/n10/abs/nclimate1958.html#supplementary-

information 

Poloczanska, E. S., Burrows, M. T., Brown, C. J., Garc\’\ia Molinos, J., Halpern, B. S., Hoegh-

Guldberg, O., Kappel, C. V, Moore, P. J., Richardson, A. J., Schoeman, D. S., Sydeman, W. 

J., García Molinos, J., Halpern, B. S., Hoegh-Guldberg, O., Kappel, C. V, Moore, P. J., 

Richardson, A. J., Schoeman, D. S., & Sydeman, W. J. (2016). Responses of Marine 

Organisms to Climate Change across Oceans. Frontiers in Marine Science, 3(28), 515. 

https://doi.org/10.3389/fmars.2016.00062 

Poloczanska, E. S., Limpus, C. J., & Hays, G. C. (2009). Chapter 2 Vulnerability of Marine 

Turtles to Climate Change. Advances in Marine Biology. Elsevier. 

https://doi.org/10.1016/s0065-2881(09)56002-6 

Popp, A., Calvin, K., Fujimori, S., Havlik, P., Humpenöder, F., Stehfest, E., Bodirsky, B. L., 

Dietrich, J. P., Doelmann, J. C., Gusti, M., Hasegawa, T., Kyle, P., Obersteiner, M., Tabeau, 

A., Takahashi, K., Valin, H., Waldhoff, S., Weindl, I., Wise, M., Kriegler, E., Lotze-

Campen, H., Fricko, O., Riahi, K., & van Vuuren, D. P. (2017). Land-use futures in the 

shared socio-economic pathways. Global Environmental Change, 42, 331–345. 

https://doi.org/10.1016/J.GLOENVCHA.2016.10.002 

Popp, A., Humpenöder, F., Weindl, I., Bodirsky, B. L., Boonsch, M., Lotze-Campen, H., Müller, 

C., Biewald, A., Rolinski, S., Stevanovic, M., & Dietrich, J. P. (2014). Land-use protection 

for climate change mitigation. Nature Climate Change. 

https://doi.org/10.1038/nclimate2444, 

Porter, S. D., Reay, D. S., Higgins, P., & Bomberg, E. (2016). A half-century of production-

phase greenhouse gas emissions from food loss &amp; waste in the global food supply 

chain. Science of The Total Environment, 571, 721–729. 

https://doi.org/10.1016/J.SCITOTENV.2016.07.041 

Pörtner, H. O. (2012). Integrating climate-related stressor effects on marine organisms: unifying 



Unedited draft chapters 31 May 2019 

238 

 

principles linking molecule to ecosystem-level changes. Marine Ecology Progress Series, 

470, 273–290. https://doi.org/10.3354/meps10123 

Portner, H. O., & Knust, R. (2007). Climate Change Affects Marine Fishes Through the Oxygen 

Limitation of Thermal Tolerance. Science, 315(5808), 95–97. 

https://doi.org/10.1126/science.1135471 

Pörtner, H. O., Karl, D. M., Boyd, P. W., Cheung, W. W. L., Lluch-Cota, S. E., Nojiri, Y., 

Schmidt, D. N., & Zavialo, P. O. (2014). Ocean systems. In C. B. Field, V. R. Barros, D. J. 

Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. 

Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. 

Mastrandrea, & L. L. White (Eds.) (pp. 411–484). Cambridge, United Kingdom and New 

York, NY, USA: Cambridge University Press. https://doi.org/10.2134/jeq2008.0015br 

Pörtner, H.-O., Karl, D. M., Boyd, P. W., Cheung, W. W. ., Lluch-Cota, S. E., Nojiri, Y., 

Schmidt, D. N., & Zavialov, P. O. (2014). Ocean systems. In C. B. Field, V. R. Barros, D. J. 

Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. 

Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. 

Mastrandrea, & L. L. White (Eds.), Climate Change 2014: Impacts, Adaptation, and 

Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to 

the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp. 411–

484). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

Potts, S. G., Imperatriz-Fonseca, V., Ngo, H. T., Aizen, M. A., Biesmeijer, J. C., Breeze, T. D., 

Dicks, L. V, Garibaldi, L. A., Hill, R., Settele, J., & Vanbergen, A. J. (2016). Safeguarding 

pollinators and their values to human well-being. Nature, 540(7632), 220–229. 

https://doi.org/10.1038/nature20588 

Poulter, B., Aragão, L., Heyder, U., Gumpenberger, M., Heinke, J., Langerwisch, F., Rammig, 

A., Thonicke, K., & Cramer, W. (2010). Net biome production of the Amazon Basin in the 

21st century. Global Change Biology, 16(7), 2062–2075. https://doi.org/10.1111/j.1365-

2486.2009.02064.x 

Pouzols, F.M., et al., Global protected area expansion is compromised by projected land-use and 

parochialism. Nature, 516(7531), 383-+,doi: 10.1038/nature14032, 2014. 

Powell, T. W. R., & Lenton, T. M. (2013). Scenarios for future biodiversity loss due to multiple 

drivers reveal conflict between mitigating climate change and preserving biodiversity. 

Environmental Research Letters, 8(2), 025024. https://doi.org/10.1088/1748-

9326/8/2/025024 

Pressey, R. L., Cabeza, M., Watts, M. E., Cowling, R. M., & Wilson, K. A. (2007). Conservation 

planning in a changing world. Trends in Ecology and Evolution, 22(11), 583–592. 

https://doi.org/10.1016/j.tree.2007.10.001 

Prestele, R., Alexander, P., Rounsevell, M. D. A., Arneth, A., Calvin, K., Doelman, J., Eitelberg, 

D. A., Engstrom, K., Fujimori, S., Hasegawa, T., Havlik, P., Humpenoeder, F., Jain, A. K., 

Krisztin, T., Kyle, P., Meiyappan, P., Popp, A., Sands, R. D., Schaldach, R., Schuengel, J., 

Stehfest, E., Tabeau, A., Van Meijl, H., Van Vliet, J., & Verburg, P. H. (2016). Hotspots of 

uncertainty in land-use and land-cover change projections: a global-scale model 

comparison. Global Change Biology, 22(12), 3967–3983. https://doi.org/10.1111/gcb.13337 

Pretzsch, H., Biber, P., Schütze, G., Uhl, E. & Rötzer, T. Forest stand growth dynamics in 

Central Europe have accelerated since 1870. Nat. Commun. 5, 4967 (2014). 

Priess, J. A., & Hauck, J. (2014). Integrative Scenario Development. Ecology and Society, 19(1). 

https://doi.org/10.5751/es-06168-190112 



Unedited draft chapters 31 May 2019 

239 

 

Pritchard, H. D. (2017). Asia’s glaciers are a regionally important buffer against drought. Nature. 

https://doi.org/10.1038/nature22062 

Pugh, T. A. M. A. M., Müller, C., Elliott, J., Deryng, D., Folberth, C., Olin, S., Schmid, E., & 

Arneth, A. (2016). Climate analogues suggest limited potential for intensification of 

production on current croplands under climate change. Nature Communications, 7, 1–8. 

https://doi.org/10.1038/ncomms12608 

Pugh, T. A. M., Müller, C., Arneth, A., Haverd, V., & Smith, B. (2016). Key knowledge and data 

gaps in modelling the influence of CO2 concentration on the terrestrial carbon sink. Journal 

of Plant Physiology, 203, 1–13. https://doi.org/10.1016/j.jplph.2016.05.001 

Purkey, S. G., & Johnson, G. C. (2010). Warming of Global Abyssal and Deep Southern Ocean 

Waters between the 1990s and 2000s: Contributions to Global Heat and Sea Level Rise 

Budgets*. Journal of Climate, 23(23), 6336–6351. https://doi.org/10.1175/2010jcli3682.1 

Purves, D., Scharlemann, J. P. W., Harfoot, M., Newbold, T., Tittensor, D. P., Hutton, J., & 

Emmott, S. (2013). Time to model all life on Earth. Nature, 493, 295. Retrieved from 

http://dx.doi.org/10.1038/493295a 

Pyne, M. I., & Poff, N. L. R. (2017). Vulnerability of stream community composition and 

function to projected thermal warming and hydrologic change across ecoregions in the 

western United States. Global Change Biology. https://doi.org/10.1111/gcb.13437 

Pyšek, P., & Richardson, D. M. (2010). Invasive Species, Environmental Change and 

Management, and Health. Annual Review of Environment and Resources, 35(1), 25–55. 

https://doi.org/10.1146/annurev-environ-033009-095548 

Pywell, R. F., Heard, M. S., Bradbury, R. B., Hinsley, S., Nowakowski, M., Walker, K. J., & 

Bullock, J. M. (2012). Wildlife-friendly farming benefits rare birds, bees and plants. 

Biology Letters, 8(5), 772–775. https://doi.org/10.1098/rsbl.2012.0367 

Quaas, M. F. . b, Reusch, T. B. H. ., Schmidt, J. O. ., Tahvonen, O. ., & Voss, R. . (2016). It is 

the economy, stupid! Projecting the fate of fish populations using ecological-economic 

modeling. Global Change Biology, 22(1), 264–270. https://doi.org/10.1111/gcb.13060 

Quesada, B., Arneth, A., & de Noblet-Ducoudre, N. (2017). Atmospheric, radiative, and 

hydrologic effects of future land use and land cover changes: A global and multimodel 

climate picture. Journal of Geophysical Research-Atmospheres, 122(10), 5113–5131. 

https://doi.org/10.1002/2016jd025448 

Quesada, B., Devaraju, N., de Noblet-Ducoudre, N., & Arneth, A. (2017). Reduction of monsoon 

rainfall in response to past and future land use and land cover changes. Geophysical 

Research Letters, 44(2), 1041–1050. https://doi.org/10.1002/2016gl070663 

Rabalais, N. N., Turner, R. E., Díaz, R. J., & Justić, D. (2009). Global change and eutrophication 

of coastal waters. ICES Journal of Marine Science, 66(7), 1528–1537. 

https://doi.org/10.1093/icesjms/fsp047 

Rabin, S. S., Melton, J. R., Lasslop, G., Bachelet, D., Forrest, M., Hantson, S., Kaplan, J. O., Li, 

F., Mangeon, S., Ward, D. S., Yue, C., Arora, V. K., Hickler, T., Kloster, S., Knorr, W., 

Nieradzik, L., Spessa, A., Folberth, G. A., Sheehan, T., Voulgarakis, A., Kelley, D. I., Colin 

Prentice, I., Sitch, S., Harrison, S., & Arneth, A. (2017). The Fire Modeling 

Intercomparison Project (FireMIP), phase 1: Experimental and analytical protocols with 

detailed model descriptions. Geoscientific Model Development, 10(3), 1175–1197. 

https://doi.org/10.5194/gmd-10-1175-2017 

Radeloff, V. C., Williams, J. W., Bateman, B. L., Burke, K. D., Carter, S. K., Childress, E. S., 

Cromwell, K. J., Gratton, C., Hasley, A. O., Kraemer, B. M., Latzka, A. W., Marin-Spiotta, 



Unedited draft chapters 31 May 2019 

240 

 

E., Meine, C. D., Munoz, S. E., Neeson, T. M., Pidgeon, A. M., Rissman, A. R., Rivera, R. 

J., Szymanski, L. M., & Usinowicz, J. (2015). The rise of novelty in ecosystems. Ecological 

Applications, 25(8), 2051–2068. 

Raes, F., Liao, H., Chen, W.-T., & Seinfeld, J. H. (2010). Atmospheric chemistry-climate 

feedbacks. J. Geophys. Res., 115(D12), D12121. https://doi.org/10.1029/2009jd013300 

Raftery, A. E., Zimmer, A., Frierson, D. M. W., Startz, R., & Liu, P. (2017). Less than 2 °C 

warming by 2100 unlikely. Nature Climate Change, 7, 637. 

https://doi.org/10.1038/nclimate3352https://www.nature.com/articles/nclimate3352#supple

mentary-information 

Rahel, F. J. (2007). Biogeographic barriers, connectivity and homogenization of freshwater 

faunas: It’s a small world after all. Freshwater Biology. https://doi.org/10.1111/j.1365-

2427.2006.01708.x 

Ramankutty, N., & Rhemtulla, J. (2012). Can intensive farming save nature? Frontiers in 

Ecology and the Environment, 10(9), 455. https://doi.org/10.1890/1540-9295-10.9.455 

Rammig, A., Jupp, T., Thonicke, K., Tietjen, B., Heinke, J., Ostberg, S., Lucht, W., Cramer, W., 

& Cox, P. (2010). Estimating the risk of Amazonian forest dieback. New Phytologist, 

187(3), 694–706. https://doi.org/10.1111/j.1469-8137.2010.03318.x 

Ranganathan, J., Vennard, D., Waite, R., Dumas, P., Lipinski, B., & Searchinger, T. (2016). 

Shifting diets for a sustainable future. Installment 11 of “Creating a Sustainable Food 

Future”. Working paper, (April), 90. https://doi.org/10.2499/9780896295827_08 

Raskin, P., Banuri, T., Gallopin, G., Gutman, P., Hammond, A., Kates, R. W., & Swart, R. 

(2002). Great Transition. The Promise and Lure of the Times Ahead. Stockholm 

Environment Institute; Global Scenario Group. Stockholm Environment Institute. 

https://doi.org/10.1016/j.jacr.2010.10.010 

Ray, D. K., Welch, R. M., Lawton, R. O., & Nair, U. S. (2006). Dry season clouds and rainfall in 

northern Central America: Implications for the Mesoamerican Biological Corridor. Global 

and Planetary Change, 54(1), 150–162. 

https://doi.org/https://doi.org/10.1016/j.gloplacha.2005.09.004 

Record, S., Charney, N. D., Zakaria, R. M., & Ellison, A. M. (2013). Projecting global mangrove 

species and community distributions under climate change. ECOSPHERE, 4(3). 

https://doi.org/10.1890/ES12-00296.1 

Rees, S. E., Rodwell, L. D., Attrill, M. J., Austen, M. C., & Mangi, S. C. (2010). The value of 

marine biodiversity to the leisure and recreation industry and its application to marine 

spatial planning. Marine Policy, 34(5), 868–875. 

https://doi.org/10.1016/j.marpol.2010.01.009 

Renwick, A. R., Bode, M., & Venter, O. (2015). Reserves in context: Planning for leakage from 

protected areas. PLoS ONE. https://doi.org/10.1371/journal.pone.0129441 

Reu, B., Zaehle, S., Bohn, K., Pavlick, R., Schmidtlein, S., Williams, J. W., & Kleidon, A. 

(2014). Future no-analogue vegetation produced by no-analogue combinations of 

temperature and insolation. Global Ecology and Biogeography, 23(2), 156–167. 

https://doi.org/10.1111/geb.12110 

Reuveny, R. (2007). Climate change-induced migration and violent conflict. Political 

Geography, 26(6), 656–673. https://doi.org/10.1016/j.polgeo.2007.05.001 

Reyes-García, V., Guèze, M., Luz, A. C., Paneque-Gálvez, J., Macía, M. J., Orta-Martínez, M., 

Pino, J., & Rubio-Campillo, X. (2013). Evidence of traditional knowledge loss among a 

contemporary indigenous society. Evolution and Human Behavior, 34(4), 249–257. 



Unedited draft chapters 31 May 2019 

241 

 

https://doi.org/10.1016/j.evolhumbehav.2013.03.002 

Rhein, M., Rintoul, S., Aoki, S., Campos, E., Chambers, D., Feely, R., Gulev, S., Johnson, G., 

Josey, S., Kostianoy, A., Mauritzen, C., Roemmich, D., Talley, L., & Wang, F. (2013). 

Observations: Ocean. In T. Stocker, D. Qin, G. Plattner, M. Tignor, S. Allen, J. Boschung, 

A. Nauels, Y. Xia, V. Bex, & P. Midgley (Eds.), Climate Change 2013 - The Physical 

Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change. Cambridge, United Kingdom and New York, 

NY, USA: Cambridge University Press. https://doi.org/10.1017/CBO9781107415324.010 

Riahi, K., Vuuren, D. P. van, Kriegler, E., Bauer, N., Fricko, O., Lutz, W., Kc, S., Leimbach, M., 

Jiang, L., Rao, S., Emmerling, J., Ebi, K., Hasegawa, T., Havlik, P., Humpenöder, F., Silv, 

L. A. Da, Smith, S., Bosetti, V., Eom, J., Masui, T., Krey, V., Harmsen, M., Takahashi, K., 

Kainuma, M., Klimont, Z., Lotze-Campen, H., Obersteiner, M., Tabeau, A., & Tavoni, M. 

(2017). The Shared Socioeconomic Pathways and their energy, land use, and greenhouse 

gas emissions implications: An overview. Global Environmental Change, 42, 153–168. 

Ridoutt, B. G., Hendrie, G. A., & Noakes, M. (2017). Dietary Strategies to Reduce 

Environmental Impact: A Critical Review of the Evidence Base. Advances in Nutrition, 

8(6), 933–946. https://doi.org/10.3945/an.117.016691 

Ripley, R., & Bhushan, B. (2016). Bioarchitecture: bioinspired art and architecture—a 

perspective. Philosophical Transactions of the Royal Society A: Mathematical, Physical and 

Engineering Sciences, 374(2073), 20160192. https://doi.org/10.1098/rsta.2016.0192 

Robinson, D. A., di Vittorio, A., Alexander, P., Arneth, A., Barton, C. V. M., Brown, D. G., 

Kettner, A., Lemmen, C., O’Neill, B. C., Janssen, M., Pugh, T. A. M., Rabin, S., 

Rounsevell, M., Syvitski, J., Ullah, I., & Verburg, P. H. (2017). Modelling feedbacks 

between human and natural processes in the land system. Earth System Dynamics 

Discussion. https://doi.org/https://doi.org/10.5194/esd-2017-68 

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E., Lenton, T. M., 

Scheffer, M., Folke, C., Schellnhuber, H. J., Nykvist, B., de Wit, C. a., Hughes, T., van der 

Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P. K., Costanza, R., Svedin, U., Falkenmark, M., 

Karlberg, L., Corell, R. W., Fabry, V. J., Hansen, J., Walker, B., Liverman, D., Richardson, 

K., Crutzen, P., & Foley, J. (2009). Planetary boundaries: Exploring the safe operating 

space for humanity. Ecology and Society, 14(2), 472–475. https://doi.org/10.1038/461472a 

Rogers, A., Blanchard, J. L., & Mumby, P. J. (2014). Vulnerability of coral reef fisheries to a 

loss of structural complexity. Current Biology, 24(9), 1000–1005. 

https://doi.org/10.1016/j.cub.2014.03.026 

Rondinini, C., & Visconti, P. (2015a). Scenarios of large mammal loss in Europe for the 21st 

century. Conservation Biology, 29(4), 1028–1036. 

Rondinini, C., & Visconti, P. (2015b). Scenarios of large mammal loss in Europe for the 21st 

century. Conservation Biology, 29(4), 1028–1036. https://doi.org/10.1111/cobi.12532 

Roos, E., Bajzelj, B., Smith, P., Patel, M., Little, D., & Garnett, T. (2017). Greedy or needy? 

Land use and climate impacts of food in 2050 under different livestock futures. Global 

Environmental Change-Human and Policy Dimensions, 47, 1–12. 

https://doi.org/10.1016/j.gloenvcha.2017.09.001 

Rosa, I. M. D. I. M. D. I. M. D., Pereira, H. M. H. M. H. M., Ferrier, S., Alkemade, R., Acosta, 

L. A. L. A. L. A., Akcakaya, H. R. R., den Belder, E., Fazel, A. M. A. M., Fujimori, S., 

Harfoot, M., Harhash, K. A., Harrison, P. A. P. A., Hauck, J., Hendriks, R. J. J. R. J. J., 

Hernández, G., Jetz, W., Karlsson-Vinkhuyzen, S. I. S. I., Kim, H., King, N., Kok, M. T. J. 



Unedited draft chapters 31 May 2019 

242 

 

M. T. J. M. T. J., Kolomytsev, G. O. G. O. G. O., Lazarova, T., Leadley, P., Lundquist, C. J. 

C. J., García Márquez, J., Meyer, C., Navarro, L. M. L. M., Nesshöver, C., Ngo, H. T. H. T., 

Ninan, K. N. K. N. K. N., Palomo, M. G. M. G. M. G., Pereira, L. M. L. M. L. M., Peterson, 

G. D. G. D., Pichs, R., Popp, A., Purvis, A., Ravera, F., Rondinini, C., Sathyapalan, J., 

Schipper, A. M. A. M., Seppelt, R., Settele, J., Sitas, N., & Van Vuuren, D. (2017a). 

Multiscale scenarios for nature futures. Nature Ecology and Evolution, 1(10), 1416–1419. 

https://doi.org/10.1038/s41559-017-0273-9 

Rosa, I. M. D. I. M. D. I. M. D., Pereira, H. M. H. M. H. M., Ferrier, S., Alkemade, R., Acosta, 

L. A. L. A. L. A., Akcakaya, H. R. R., den Belder, E., Fazel, A. M. A. M., Fujimori, S., 

Harfoot, M., Harhash, K. A., Harrison, P. A. P. A., Hauck, J., Hendriks, R. J. J. R. J. J., 

Hernández, G., Jetz, W., Karlsson-Vinkhuyzen, S. I. S. I., Kim, H., King, N., Kok, M. T. J. 

M. T. J. M. T. J., Kolomytsev, G. O. G. O. G. O., Lazarova, T., Leadley, P., Lundquist, C. J. 

C. J., García Márquez, J., Meyer, C., Navarro, L. M. L. M., Nesshöver, C., Ngo, H. T. H. T., 

Ninan, K. N. K. N. K. N., Palomo, M. G. M. G. M. G., Pereira, L. M. L. M. L. M., Peterson, 

G. D. G. D., Pichs, R., Popp, A., Purvis, A., Ravera, F., Rondinini, C., Sathyapalan, J., 

Schipper, A. M. A. M., Seppelt, R., Settele, J., Sitas, N., & Van Vuuren, D. (2017b). 

Multiscale scenarios for nature futures. Nature Ecology and Evolution, 1(10), 1416–1419. 

https://doi.org/10.1038/s41559-017-0273-9 

Rose, K., Allen, J., Artioli, Y., Blackford, J., Carlotti, F., Cropp, R., Daewel, U., Edwards, K., 

Flynn, K., Hill, S., HilleRisLambers, R., Huse, G., Mackinson, S., Megrey, B., Moll, A., 

Rivkin, R., Salihoglu, B., Schrum, C., Shannon, L., Shin, Y., Smith, S., Smith, C., Solidoro, 

C., St John, M., & Zhou, M. (2010). End-End Models for the Analysis of Marine 

Ecosystems: Challenges, Issues and Next Steps. Marine and Coastal Fisheries: Dynamics, 

Management, and Ecosystem Science, 2(1), 115–130. https://doi.org/10.1577/C09-059.1 

Rosenkranz, M., Pugh, T. A. M., Schnitzler, J.-P., & Arneth, A. (2015). Effect of land-use 

change and management on biogenic volatile organic compound emissions--selecting 

climate-smart cultivars. Plant, Cell & Environment, 38(9), 1896–1912. 

https://doi.org/10.1111/pce.12453 

Rosenzweig, C., Jones, J. W., Hatfield, J. L., Ruane, A. C., Boote, K. J., Thorburn, P., Antle, J. 

M., Nelson, G. C., Porter, C., Janssen, S., Asseng, S., Basso, B., Ewert, F., Wallach, D., 

Baigorria, G., & Winter, J. M. (2013). The Agricultural Model Intercomparison and 

Improvement Project (AgMIP): Protocols and pilot studies. Agricultural and Forest 

Meteorology, 170, 166–182. https://doi.org/10.1016/j.agrformet.2012.09.011 

Rosenzweig, C., Karoly, D., Vicarelli, M., Neofotis, P., Wu, Q., Casassa, G., Menzel, A., Root, 

T. L., Estrella, N., Seguin, B., Tryjanowski, P., Liu, C., Rawlins, S., & Imeson, A. (2008). 

Attributing physical and biological impacts to anthropogenic climate change. Nature. 

https://doi.org/10.1038/nature06937 

Roy Chowdhury, R., Uchida, E., Chen, L., Osorio, V., & Yoder, L. (2017). Anthropogenic 

Drivers of Mangrove Loss: Geographic Patterns and Implications for Livelihoods. 

Mangrove Ecosystems: A Global Biogeographic Perspective. Springer International 

Publishing. https://doi.org/10.1007/978-3-319-62206-4_9 

Roy, T., Bopp, L., Gehlen, M., Schneider, B., Cadule, P., Frolicher, T. L., Segschneider, J., 

Tjiputra, J., Heinze, C., & Joos, F. (2011). Regional Impacts of Climate Change and 

Atmospheric CO2 on Future Ocean Carbon Uptake: A Multimodel Linear Feedback 

Analysis. Journal of Climate, 24(9), 2300–2318. https://doi.org/10.1175/2010jcli3787.1 

Rudiak-Gould, P. (2014). The Influence of Science Communication on Indigenous Climate 



Unedited draft chapters 31 May 2019 

243 

 

Change Perception: Theoretical and Practical Implications. Human Ecology, 42(1), 75–86. 

https://doi.org/10.1007/s10745-013-9605-9 

Rulli, M. C., Saviori, A., & D’Odorico, P. (2013). Global land and water grabbing. Proceedings 

of the National Academy of Sciences, 110(3), 892–897. 

https://doi.org/10.1073/pnas.1213163110 

Russell, B. D., Connell, S. D., Uthicke, S., Muehllehner, N., Fabricius, K. E., & Hall-Spencer, J. 

M. (2013). Future seagrass beds: Can increased productivity lead to increased carbon 

storage? Marine Pollution Bulletin, 73(2), 463–469. 

https://doi.org/10.1016/j.marpolbul.2013.01.031 

Ryan, C. M., Pritchard, R., McNicol, L., Owen, M., Fisher, J. A., & Lehmann, C. (2016). 

Ecosystem services from southern African woodlands and their future under global change. 

Philosophical Transactions of the Royal Society B-Biological Sciences, 371(1703). 

https://doi.org/2015031210.1098/rstb.2015.0312 

Saba, V. S., Santidrián-Tomillo, P., Reina, R. D., Spotila, J. R., Musick, J. A., Evans, D. A., & 

Paladino, F. V. (2007). The effect of the El Niño Southern Oscillation on the reproductive 

frequency of eastern Pacific leatherback turtles. Journal of Applied Ecology, 44(2), 395–

404. https://doi.org/10.1111/j.1365-2664.2007.01276.x 

Sabo, J. L., Ruhi, A., Holtgrieve, G. W., Elliott, V., Arias, M. E., Ngor, P. B., Räsänen, T. A., & 

Nam, S. (2017). Designing river flows to improve food security futures in the Lower 

Mekong Basin. Science. https://doi.org/10.1126/science.aao1053 

Sabo, J., Finlay, J., Kennedy, T., & Post, D. (2010). The role of discharge variation in scaling of 

drainage area and food chain length in rivers. Science, (330), 965–967. 

Sahade, R., Lagger, C., Torre, L., Momo, F., Monien, P., Schloss, I., Barnes, D. K. A., Servetto, 

N., Tarantelli, S., Tatian, M., Zamboni, N., & Abele, D. (2015). Climate change and glacier 

retreat drive shifts in an Antarctic benthic ecosystem. Science Advances, 1(10), e1500050–

e1500050. https://doi.org/10.1126/sciadv.1500050 

Saintilan, N., Wilson, N. C., Rogers, K., Rajkaran, A., & Krauss, K. W. (2014). Mangrove 

expansion and salt marsh decline at mangrove poleward limits. Global Change Biology, 

20(1), 147–157. https://doi.org/10.1111/gcb.12341 

Sale, P. F., Agardy, T., Ainsworth, C. H., Feist, B. E., Bell, J. D., Christie, P., Hoegh-Guldberg, 

O., Mumby, P. J., Feary, D. A., Saunders, M. I., Daw, T. M., Foale, S. J., Levin, P. S., 

Lindeman, K. C., Lorenzen, K., Pomeroy, R. S., Allison, E. H., Bradbury, R. H., Corrin, J., 

Edwards, A. J., Obura, D. O., Sadovy de Mitcheson, Y. J., Samoilys, M. A., & Sheppard, C. 

R. C. (2014). Transforming management of tropical coastal seas to cope with challenges of 

the 21st century. Marine Pollution Bulletin, 85(1), 8–23. 

https://doi.org/10.1016/j.marpolbul.2014.06.005 

Santangeli, A., Toivonen, T., Pouzols, F. M., Pogson, M., Hastings, A., Smith, P., & Moilanen, 

A. (2016). Global change synergies and trade-offs between renewable energy and 

biodiversity. Global Change Biology Bioenergy, 8(941–951). 

https://doi.org/10.1111/gcbb.12299 

Santini, C. L. S. S. R. (2015). Connectivity of the global network of protected areas. Diversity 

and Distributions. https://doi.org/10.1111/ddi.12390 

Satterthwaite, D., McGranahan, G., & Tacoli, C. (2010). Urbanization and its implications for 

food and farming. Philosophical Transactions of the Royal Society B: Biological Sciences, 

365(1554), 2809–2820. https://doi.org/10.1098/rstb.2010.0136 

SCBD (Secretariat of the Convention on Biological Diversity) 2014. Global Biodiversity 



Unedited draft chapters 31 May 2019 

244 

 

Outlook 4. Montréal, 155 pages 

Scheffers, B. R., De Meester, L., Bridge, T. C. L., Hoffmann, A. A., Pandolfi, J. M., Corlett, R. 

T., Butchart, S. H. M., Pearce-Kelly, P., Kovacs, K. M., Dudgeon, D., Pacifici, M., 

Rondinini, C., Foden, W. B., Martin, T. G., Mora, C., Bickford, D., & Watson, J. E. M. 

(2016). The broad footprint of climate change from genes to biomes to people. Science. 

https://doi.org/10.1126/science.aaf7671 

Scheiter, S., Higgins, S. I., Beringer, J., & Hutley, L. B. (2015). Climate change and long-term 

fire management impacts on Australian savannas. New Phytologist, 205(3), 1211–1226. 

https://doi.org/10.1111/nph.13130 

Scheufele, D. A. (2014). Science communication as political communication. Proceedings of the 

National Academy of Sciences, 111(Supplement_4), 13585–13592. 

https://doi.org/10.1073/pnas.1317516111 

Schimel, D., Stephens, B. B., & Fisher, J. B. (2015). Effect of increasing CO2 on the terrestrial 

carbon cycle. Proceedings of the National Academy of Sciences of the United States of 

America, 112(2), 436–441. https://doi.org/10.1073/pnas.1407302112/-/DCSupplemental 

Schindler, D. E., Armstrong, J. B., & Reed, T. E. (2015). The portfolio concept in ecology and 

evolution. Frontiers in Ecology and the Environment. https://doi.org/10.1890/140275 

Schleuning, M., Fründ, J., Schweiger, O., Welk, E., Albrecht, J., Albrecht, M., Beil, M., Benadi, 

G., Blüthgen, N., Bruelheide, H., Böhning-Gaese, K., Dehling, D. M., Dormann, C. F., 

Exeler, N., Farwig, N., Harpke, A., Hickler, T., Kratochwil, A., Kuhlmann, M., Kühn, I., 

Michez, D., Mudri-Stojnić, S., Plein, M., Rasmont, P., Schwabe, A., Settele, J., Vujić, A., 

Weiner, C. N., Wiemers, M., & Hof, C. (2016). Ecological networks are more sensitive to 

plant than to animal extinction under climate change. Nature Communications, 7(May), 

13965. https://doi.org/10.1038/ncomms13965 

Schloss, C. A., Nunez, T. A., & Lawler, J. J. (2012). Dispersal will limit ability of mammals to 

track climate change in the Western Hemisphere. Proceedings of the National Academy of 

Sciences, 109(22), 8606–8611. https://doi.org/10.1073/pnas.1116791109 

Schmidhuber, J., & Tubiello, F. N. (2007). Global food security under climate change. 

Proceedings of the National …. Retrieved from 

http://www.pnas.org/content/104/50/19703.short 

Schmitz, C., van Meijl, H., Kyle, P., Nelson, G. C., Fujimori, S., Gurgel, A., Havlik, P., Heyhoe, 

E., D’Croz, D. M., Popp, A., Sands, R., Tabeau, A., van der Mensbrugghe, D., von Lampe, 

M., Wise, M., Blanc, E., Hasegawa, T., Kavallari, A., & Valin, H. (2014). Land- use change 

trajectories up to 2050: insights from a global agro- economic model comparison. 

Agricultural Economics, 45(1), 69–84. https://doi.org/10.1111/agec.12090 

Schneider, U. A., Havlík, P., Schmid, E., Valin, H., Mosnier, A., Obersteiner, M., Böttcher, H., 

Skalský, R., Balkovič, J., Sauer, T., & Fritz, S. (2011). Impacts of population growth, 

economic development, and technical change on global food production and consumption. 

Agricultural Systems, 104(2), 204–215. https://doi.org/10.1016/j.agsy.2010.11.003 

Schnitzer, S. A., & Bongers, F. (2011). Increasing liana abundance and biomass in tropical 

forests: Emerging patterns and putative mechanisms. Ecology Letters, 14(4), 397–406. 

https://doi.org/10.1111/j.1461-0248.2011.01590.x 

Schoeman, D. S., Schlacher, T. A., Jones, A. R., Murray, A., Huijbers, C. M., Olds, A. D., & 

Connolly, R. M. (2015). Edging along a Warming Coast: A Range Extension for a Common 

Sandy Beach Crab. PLOS ONE, 10(11), e0141976. 

https://doi.org/10.1371/journal.pone.0141976 



Unedited draft chapters 31 May 2019 

245 

 

Scholze, M., Knorr, W., Arnell, N., & Prentice, I. C. (2006). A climate change risk analysis for 

world ecosystems. Proceedings of the National Academy of Sciences of the United States of 

America, 103(35), 13116--13120, doi:10.1073/pnas.0601816103. 

Schoon, M., Robards, M., Brown, K., Engle, N., & Meek, C. (2015). Politics and the resilience 

of ecosystem services. https://doi.org/10.1017/CBO9781316014240.003 

Schröter, M., Koellner, T., Alkemade, R., Arnhold, S., Bagstad, K. J., Erb, K. H., Frank, K., 

Kastner, T., Kissinger, M., Liu, J., López-Hoffman, L., Maes, J., Marques, A., Martín-

López, B., Meyer, C., Schulp, C. J. E., Thober, J., Wolff, S., & Bonn, A. (2018). 

Interregional flows of ecosystem services: Concepts, typology and four cases. Ecosystem 

Services. https://doi.org/10.1016/j.ecoser.2018.02.003 

Schueler, V., Fuss, S., Steckel, J. C., Weddige, U., & Beringer, T. (2016). Productivity ranges of 

sustainable biomass potentials from non-agricultural land. Environmental Research Letters, 

11(7). https://doi.org/07402610.1088/1748-9326/11/7/074026 

Schuerch M, Spencer T, Temmerman S, Kirwan ML, Wolff C, Lincke D, McOwen CJ, 

Pickering MD, Reef R, Vafeidis AT, Hinkel J, Nicholls RJ, Brown S, 2018. Future response 

of global coastal wetlands to sea-level rise. Nature 561: 231-234. 

https://doi.org/10.1038/s41586-018-0476-5 

Schulz, M., Bergmann, M., von Juterzenka, K., & Soltwedel, T. (2010). Colonisation of hard 

substrata along a channel system in the deep Greenland Sea. Polar Biology, 33(10), 1359–

1369. https://doi.org/10.1007/s00300-010-0825-9 

Schuyler, Q. A., Wilcox, C., Townsend, K. A., Wedemeyer-Strombel, K. R., Balazs, G., van 

Sebille, E., & Hardesty, B. D. (2015). Risk analysis reveals global hotspots for marine 

debris ingestion by sea turtles. Global Change Biology, 22(2), 567–576. 

https://doi.org/10.1111/gcb.13078 

Science for Environment Policy (2017) Persistent organic pollutants: towards a POPs-free future; 

Future Brief 19. Brief produced for the European Commission DG Environment. Bristol: 

Science Communication Unit, UWE. Available at: http://ec.europa.eu/science-environment-

policy 

Scott, A., & Dixson, D. L. (2016). Reef fishes can recognize bleached habitat during settlement: 

sea anemone bleaching alters anemonefish host selection. Proceedings of the Royal Society 

B: Biological Sciences, 283(1831), 20152694. https://doi.org/10.1098/rspb.2015.2694 

Searchinger, T. D., Estes, L., Thornton, P. K., Beringer, T., Notenbaert, A., Rubenstein, D., 

Heimlich, R., Licker, R., & Herrero, M. (2015). High carbon and biodiversity costs from 

converting Africa’s wet savannahs to cropland. Nature Climate Change, 5(5), 481–486. 

https://doi.org/10.1038/nclimate2584 

Secretariat of the Convention on Biological, D. (2014). Global Biodiversity Outlook. 

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., Jeschke, J. M., Pagad, S., 

Pyšek, P., Winter, M., Arianoutsou, M., Bacher, S., Blasius, B., Brundu, G., Capinha, C., 

Celesti-Grapow, L., Dawson, W., Dullinger, S., Fuentes, N., Jäger, H., Kartesz, J., Kenis, 

M., Kreft, H., Kühn, I., Lenzner, B., Liebhold, A., Mosena, A., Moser, D., Nishino, M., 

Pearman, D., Pergl, J., Rabitsch, W., Rojas-Sandoval, J., Roques, A., Rorke, S., Rossinelli, 

S., Roy, H. E., Scalera, R., Schindler, S., Štajerová, K., Tokarska-Guzik, B., van Kleunen, 

M., Walker, K., Weigelt, P., Yamanaka, T., & Essl, F. (2017). No saturation in the 

accumulation of alien species worldwide. Nature Communications, 8, 14435. 

https://doi.org/10.1038/ncomms14435 

Seebens, H., Essl, F., Dawson, W., Fuentes, N., Moser, D., Pergl, J., Pysek, P., van Kleunen, M., 

https://doi.org/10.1038/s41586-018-0476-5
http://ec.europa.eu/science-environment-policy
http://ec.europa.eu/science-environment-policy


Unedited draft chapters 31 May 2019 

246 

 

Weber, E., Winter, M., & Blasius, B. (2015). Global trade will accelerate plant invasions in 

emerging economies under climate change. Global Change Biology, 21(11), 4128–4140. 

https://doi.org/10.1111/gcb.13021 

Segan DB, Murray KA, & Watson EM. (2016). A global assessment of current and future 

biodiversity vulnerability to habitat loss-climate change interactions. Global Ecology and 

Conservation, (5), 12–21. 

Seppelt, R., Beckmann, M., Ceauşu, S., Cord, A. F., Gerstner, K., Gurevitch, J., Kambach, S., 

Klotz, S., Mendenhall, C., Phillips, H. R. P., Powell, K., Verburg, P. H., Verhagen, W., 

Winter, M., & Newbold, T. (2016). Harmonizing Biodiversity Conservation and 

Productivity in the Context of Increasing Demands on Landscapes. BioScience, 66(10), 

890–896. https://doi.org/10.1093/biosci/biw004 

Seppelt, R., Lautenbach, S., & Volk, M. (2013). Identifying trade-offs between ecosystem 

services, land use, and biodiversity: a plea for combining scenario analysis and optimization 

on different spatial scales. Current Opinion in Environmental Sustainability, 5(5), 458–463. 

https://doi.org/10.1016/j.cosust.2013.05.002 

Sessa, C., & Ricci, A. (2014). The world in 2050 and the New Welfare scenario. Futures, 58, 77–

90. https://doi.org/10.1016/j.futures.2013.10.019 

Seto KC; Parnell S; Elmqvist. (2013). A global outlook on urbanization. In M. Elmqvist T., 

Fragkias, M., Goodness, J., Güneralp, B., Marcotullio, P.J. & C. R.I., Parnell, S., 

Schewenius, M., Sendstad, M., Seto, K.C., Wilkinson (Eds.), Urbanization, Biodiversity 

and Ecosystem Services: Challenges and Opportunities: A Global Assessment (pp. 1–12). 

SPRINGER. 

Seto, K. C., Guneralp, B., & Hutyra, L. R. (2012). Global forecasts of urban expansion to 2030 

and direct impacts on biodiversity and carbon pools. Proceedings of the National Academy 

of Sciences, 109(40), 16083–16088. https://doi.org/10.1073/pnas.1211658109 

Settele, J., Scholes, R., Betts, R., Bunn, S., Leadley, P., Nepstad, D., Overpeck, J. T., & Taboad, 

M. A. (2014a). Terrestrial and inland water systems. In C. B. Field, V. R. Barros, D. J. 

Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. 

Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. 

Mastrandrea, & L. L. White (Eds.), Climate Change 2014: Impacts, Adaptation, and 

Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to 

the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp. 271–

359). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

Settele, J., Scholes, R., Betts, R., Bunn, S., Leadley, P., Nepstad, D., Overpeck, J. T., & Taboad, 

M. A. (2014b). Terrestrial and inland water systems. In C. B. Field, V. R. Barros, D. J. 

Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. 

Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. 

Mastrandrea, & L. . White (Eds.), Climate Change 2014: Impacts, Adaptation, and 

Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to 

the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp. 271–

359). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

Settele, J., Scholes, R., Betts, R., Bunn, S., Leadley, P., Nepstad, D., Overpeck, J. T., & Taboada, 

M. A. (2014). Terrestrial and water systems. In C. B. Field, V. R. Barros, D. J. Dokken, K. 

J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. 

Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. Mastrandrea, & L. L. 

White (Eds.), Climate Change 2014: Impacts, Adaptation, Vulnerability. Part A: Global and 



Unedited draft chapters 31 May 2019 

247 

 

Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the 

IPCC (pp. 271–359). Cambridge: Cambridge University Press. 

Shanahan, D. F., Fuller, R. a., Bush, R., Lin, B. B., & Gaston, K. J. (2015). The Health Benefits 

of Urban Nature: How Much Do We Need? BioScience, XX(X), 1–10. 

https://doi.org/10.1093/biosci/biv032 

Shapiro, J., & Báldi, A. (2014). Accurate accounting: How to balance ecosystem services and 

disservices. Ecosystem Services, 7, 201–202. https://doi.org/10.1016/j.ecoser.2014.01.002 

Sharpe, B., Hodgson, A., Leicester, G., Lyon, A., & Fazey, I. (2016). Three horizons: A 

pathways practice for transformation. Ecology and Society, 21(2). 

https://doi.org/10.5751/ES-08388-210247 

Shin, Y. J., Bundy, A., Shannon, L. J., Blanchard, J. L., Chuenpagdee, R., Coll, M., … 

Richardson, A. J. (2012). Global in scope and regionally rich: An IndiSeas workshop helps 

shape the future of marine ecosystem indicators. Reviews in Fish Biology and Fisheries, 

22(3), 835–845. https://doi.org/10.1007/s11160-012-9252-z 

Shin, Y. J., Rochet, M. J., Jennings, S., Field, J. G., & Gislason, H. (2005). Using size-based 

indicators to evaluate the ecosystem effects of fishing. ICES Journal of Marine Science, 

62(3), 384–396. https://doi.org/10.1016/j.icesjms.2005.01.004 

Shin, Y. J., Travers, M., & Maury, O. (2010). Coupling low and high trophic levels models: 

Towards a pathways-orientated approach for end-to-end models. Progress in Oceanography, 

84(1–2), 105–112. 

Shin, Y.-J., E Houle, J., Akoglu, E., L Blanchard, J., Bundy, A., Coll, M., Demarcq, H., Fu, C., 

Fulton, E., Heymans, J., Salihoglu, B., Shannon, L., Sporcic, M., & Velez, L. (2018). The 

specificity of marine ecological indicators to fishing in the face of environmental change: A 

multi-model evaluation. Ecological Indicators, 89, 317–326. 

Shindell, D. T., Faluvegi, G., Koch, D. M., Schmidt, G. A., Unger, N., & Bauer, S. (2009). 

Improved attribution of climate forcing to emissions. Science, in press. 

Shindell, D., & Faluvegi, G. (2009). Climate response to regional radiative forcing during the 

twentieth century. Nature Geosci, 2(4), 294–300. Retrieved from 

http://dx.doi.org/10.1038/ngeo473 

Short FT, Kosten S, Morgan PA, Malone S, Moore GE, 2016. Impacts of climate change on 

submerged and emergent wetland plants. Aquatic Botany 135: 3-17. 

Short, F. T., & Neckles, H. A. (1999). The effects of global climate change on seagrasses. 

Aquatic Botany, 63(3–4), 169–196. https://doi.org/10.1016/s0304-3770(98)00117-x 

Short, F. T., Polidoro, B., Livingstone, S. R., Carpenter, K. E., Bandeira, S., Bujang, J. S., 

Calumpong, H. P., Carruthers, T. J. B., Coles, R. G., Dennison, W. C., Erftemeijer, P. L. A., 

Fortes, M. D., Freeman, A. S., Jagtap, T. G., Kamal, A. H. M., Kendrick, G. A., Judson 

Kenworthy, W., La Nafie, Y. A., Nasution, I. M., Orth, R. J., Prathep, A., Sanciangco, J. C., 

Tussenbroek, B. van, Vergara, S. G., Waycott, M., & Zieman, J. C. (2011). Extinction risk 

assessment of the world’s seagrass species. Biological Conservation, 144(7), 1961–1971. 

https://doi.org/10.1016/j.biocon.2011.04.010 

Shrestha, B., Babel, M. S., Maskey, S., Van Griensven, A., Uhlenbrook, S., Green, A., & 

Akkharath, I. (2013). Impact of climate change on sediment yield in the Mekong River 

basin: A case study of the Nam Ou basin, Lao PDR. Hydrology and Earth System Sciences, 

17(1), 1–20. https://doi.org/10.5194/hess-17-1-2013 

Sikor, T., Auld, G., Bebbington, A. J., Benjaminsen, T. A., Gentry, B. S., Hunsberger, C., Izac, 

A. M., Margulis, M. E., Plieninger, T., Schroeder, H., & Upton, C. (2013). Global land 



Unedited draft chapters 31 May 2019 

248 

 

governance: From territory to flow? Current Opinion in Environmental Sustainability. 

https://doi.org/10.1016/j.cosust.2013.06.006 

Simberloff, D., Martin, J. L., Genovesi, P., Maris, V., Wardle, D. A., Aronson, J., Courchamp, 

F., Galil, B., García-Berthou, E., Pascal, M., Pyšek, P., Sousa, R., Tabacchi, E., & Vilà, M. 

(2013). Impacts of biological invasions: What’s what and the way forward. Trends in 

Ecology and Evolution, 28(1), 58–66. https://doi.org/10.1016/j.tree.2012.07.013 

Simpson, D., Arneth, A., Mills, G., Solberg, S., & Uddling, J. (2014). Ozone - the persistent 

menace: interactions with the N cycle and climate change. Current Opinion in 

Environmental Sustainability, 9–10, 9–19. https://doi.org/10.1016/j.cosust.2014.07.008 

Sinha, E., Michalak, A. M., & Balaji, V. (2017). Eutrophication will increase during the 21st 

century as a result of precipitation changes. Science, 357(6349), 405–408. 

https://doi.org/10.1126/science.aan2409 

Sitch, S. . S., Huntingford, C. ., Gedney, N. ., Levy, P. E. . E. P., Lomas, M. ., Piao, S. L. . L., 

Betts, R. ., Ciais, P. ., Cox, P. ., Friedlingstein, P. ., Jones, C. D. . D., Prentice, I. C. . C., 

Woodward, F. I. . I., Lomass, M., Piao, S. L. . L., Betts, R. ., Ciais, P. ., Cox, P. ., 

Friedlingstein, P. ., Lomas, M. ., Piao, S. L. . L., Betts, R. ., Ciais, P. ., Cox, P. ., 

Friedlingstein, P. ., Jones, C. D. . D., Prentice, I. C. . C., & Woodward, F. I. . I. (2008). 

Evaluation of the terrestrial carbon cycle, future plant geography and climate-carbon cycle 

feedbacks using five Dynamic Global Vegetation Models (DGVMs). Global Change 

Biology, 14(9), 2015–2039. https://doi.org/10.1111/j.1365-2486.2008.01626.x 

Sitch, S. ., Huntingford, C. ., Gedney, N. ., Levy, P. E. . P., Lomass, M., Piao, S. L. ., Betts, R. ., 

Ciais, P. ., Cox, P. ., Friedlingstein, P. ., Lomas, M. ., Piao, S. L. ., Betts, R. ., Ciais, P. ., 

Cox, P. ., Friedlingstein, P. ., Jones, C. D. ., Prentice, I. C. ., & Woodward, F. I. . (2008). 

Evaluation of the terrestrial carbon cycle, future plant geography and climate-carbon cycle 

feedbacks using five Dynamic Global Vegetation Models (DGVMs). Global Change 

Biology, 14(9), 2015–2039. https://doi.org/10.1111/j.1365-2486.2008.01626.x 

Sitch, S., Cox, P. M., Collins, W. J., & Huntingford, C. (2007). Indirect radiative forcing of 

climate change through ozone effects on the land-carbon sink. Nature, 448 (7155), 791–794, 

doi:10.1038/nature06059. Retrieved from http://dx.doi.org/10.1038/nature06059 

Skelly, D. K., Joseph, L. N., Possingham, H. P., Freidenburg, L. K., Farrugia, T. J., Kinnison, M. 

T., & Hendry, A. P. (2007). Evolutionary responses to climate change. Conservation 

Biology. https://doi.org/10.1111/j.1523-1739.2007.00764.x 

Skewes, T. D., Hunter, C. M., Butler, J. R. A., Lyne, V. D., Suadnya, W., & Wise, R. M. (2016). 

The Asset Drivers, Well-being Interaction Matrix (ADWIM): A participatory tool for 

estimating future impacts on ecosystem services and livelihoods. Climate Risk 

Management, 12, 69–82. https://doi.org/https://doi.org/10.1016/j.crm.2015.08.001 

Smith, B. ., Wårlind, D., Arneth, A. ., Hickler, T., Leadley, P. ., Siltberg, J. ., & Zaehle, S. . 

(2014). Implications of incorporating N cycling and N limitations on primary production in 

an individual-based dynamic vegetation model. Biogeosciences, 11(7), 2027–2054. 

https://doi.org/10.5194/bg-11-2027-2014 

Smith, C., Deleo, F., Bernardino, A., Sweetman, A., & Arbizu, P. (2008). Abyssal food 

limitation, ecosystem structure and climate change. Trends in Ecology & Evolution, 23(9), 

518–528. https://doi.org/10.1016/j.tree.2008.05.002 

Smith, K. L., Robison, B. H., Helly, J. J., Kaufmann, R. S., Ruhl, H. A., Shaw, T. J., Twining, B. 

S., & Vernet, M. (2007). Free-Drifting Icebergs: Hot Spots of Chemical and Biological 

Enrichment in the Weddell Sea. Science, 317(5837), 478–482. 



Unedited draft chapters 31 May 2019 

249 

 

https://doi.org/10.1126/science.1142834 

Smith, K. L., Ruhl, H. A., Bett, B. J., Billett, D. S. M., Lampitt, R. S., & Kaufmann, R. S. 

(2009). Climate, carbon cycling, and deep-ocean ecosystems. Proceedings of the National 

Academy of Sciences, 106(46), 19211–19218. https://doi.org/10.1073/pnas.0908322106 

Smith, L. C., & Stephenson, S. R. (2013). New Trans-Arctic shipping routes navigable by 

midcentury. Proceedings of the National Academy of Sciences, 110(13), E1191–E1195. 

https://doi.org/10.1073/pnas.1214212110 

Smith, L. J., & Torn, M. S. (2013). Ecological limits to terrestrial biological carbon dioxide 

removal. Climatic Change, 118(1), 89–103. https://doi.org/10.1007/s10584-012-0682-3 

Smith, P., Bustamante, M., Ahammad, H., Clark, H., Dong, H., Elsiddig, E. A., Haberl, H., 

Harper, R., House, J., Jafari, M., Masera, O., Mbow, C., Ravindranath, N. H., Rice, C. W., 

Abad, C. R., Romanovskaya, A., Sperling, F., & Tubiello, F. (2014). Agriculture, Forestry 

and Other Land Use (AFOLU). In O. Edenhofer, R. Pichs-Madruga, Y. Sokona, E. 

Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. 

Kriemann, J. Savolainen, S. Schlöme, C. von Stechow, T. Zwickel, & J. C. Minx (Eds.), 

Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to 

the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge, United Kingdom and New York, NY, USA: Cambridge University Press. 

Smith, P., Davis, S. J., Creutzig, F., Fuss, S., Minx, J., Gabrielle, B., Kato, E., Jackson, R. B., 

Cowie, A., Kriegler, E., van Vuuren, D. P., Rogelj, J., Ciais, P., Milne, J., Canadell, J. G., 

McCollum, D., Peters, G., Andrew, R., Krey, V., Shrestha, G., Friedlingstein, P., Gasser, T., 

Grubler, A., Heidug, W. K., Jonas, M., Jones, C. D., Kraxner, F., Littleton, E., Lowe, J., 

Moreira, J. R., Nakicenovic, N., Obersteiner, M., Patwardhan, A., Rogner, M., Rubin, E., 

Sharifi, A., Torvanger, A., Yamagata, Y., Edmonds, J., & Yongsung, C. (2016). 

Biophysical and economic limits to negative CO2 emissions. Nature Clim. Change, 6(1), 

42–50. 

https://doi.org/10.1038/nclimate2870http://www.nature.com/nclimate/journal/v6/n1/abs/ncli

mate2870.html#supplementary-information 

Smith, P., Haberl, H., Popp, A., Erb, K. H., Lauk, C., Harper, R., Tubiello, F. N., De Siqueira 

Pinto, A., Jafari, M., Sohi, S., Masera, O., Böttcher, H., Berndes, G., Bustamante, M., 

Ahammad, H., Clark, H., Dong, H., Elsiddig, E. A., Mbow, C., Ravindranath, N. H., Rice, 

C. W., Robledo Abad, C., Romanovskaya, A., Sperling, F., Herrero, M., House, J. I., & 

Rose, S. (2013). How much land-based greenhouse gas mitigation can be achieved without 

compromising food security and environmental goals? Global Change Biology. 

https://doi.org/10.1111/gcb.12160 

Snedaker, S. C., & Araújo, R. J. (1998). Stomatal conductance and gas exchange in four species 

of Caribbean mangroves exposed to ambient and increased CO2. Marine and Freshwater 

Research, 49(4), 325. https://doi.org/10.1071/MF98001 

Snell, R. S., Huth, A., Nabel, J., Bocedi, G., Travis, J. M. J., Gravel, D., Bugmann, H., Gutierrez, 

A. G., Hickler, T., Higgins, S. I., Reineking, B., Scherstjanoi, M., Zurbriggen, N., & 

Lischke, H. (2014). Using dynamic vegetation models to simulate plant range shifts. 

Ecography, 37(12), 1184–1197. https://doi.org/10.1111/ecog.00580 

Soares-Filho, B., Moutinho, P., Nepstad, D., Anderson, A., Rodrigues, H., Garcia, R., Dietzsch, 

L., Merry, F., Bowman, M., Hissa, L., Silvestrini, R., & Maretti, C. (2010). Role of 

Brazilian Amazon protected areas in climate change mitigation. Proceedings of the National 

Academy of Sciences of the United States of America, 107(24), 10821–10826. 



Unedited draft chapters 31 May 2019 

250 

 

https://doi.org/10.1073/pnas.0913048107 

Sobral, M., Silvius, K. M., Overman, H., Oliveira, L. F. B., Rabb, T. K., & Fragoso, J. M. V. 

(2017). Mammal diversity influences the carbon cycle through trophic interactions in the 

Amazon. Nature Ecology & Evolution. https://doi.org/10.1038/s41559-017-0334-0 

Sobrevila, C. (2008). The Role of Indigenous Peoples in Biodiversity Conservation; The Natural 

but Often Forgotten Partners. The World Bank, (44300), 102. Retrieved from 

https://scholar.google.es/scholar?hl=es&as_sdt=0%2C5&q=The+role+of+indigenous+peopl

es+in+biodiversity+conservation%3A+the+natural+but+often+forgotten+partners.&btnG=

%0Ahttp://www-

wds.worldbank.org/external/default/main?pagePK=64193027&piPK=64187937&theSit 

Soga, M., & Gaston, K. J. (2016). Extinction of experience: The loss of human-nature 

interactions. Frontiers in Ecology and the Environment. https://doi.org/10.1002/fee.1225 

Soliveres, S., Maestre, F. T., Eldridge, D. J., Delgado-Baquerizo, M., Luis Quero, J., Bowker, M. 

A., & Gallardo, A. (2014). Plant diversity and ecosystem multifunctionality peak at 

intermediate levels of woody cover in global drylands. Global Ecology and Biogeography, 

23(12), 1408–1416. https://doi.org/10.1111/geb.12215 

Soulé, M. E. (1986). Conservation biology: the science of scarcity and diversity. Sinauer 

Associates Inc. 

Spaiser, V., Ranganathan, S., Swain, R. B., & Sumpter, D. J. T. (2017). The sustainable 

development oxymoron: quantifying and modelling the incompatibility of sustainable 

development goals. International Journal of Sustainable Development and World Ecology, 

24(6), 457–470. https://doi.org/10.1080/13504509.2016.1235624 

Spalding, M. D., Ruffo, S., Lacambra, C., Meliane, I., Hale, L. Z., Shepard, C. C., & Beck, M. 

W. (2014). The role of ecosystems in coastal protection: Adapting to climate change and 

coastal hazards. Ocean and Coastal Management, 90, 50–57. 

https://doi.org/10.1016/j.ocecoaman.2013.09.007 

Spangenberg, J. H., Görg, C., Truong, D. T., Tekken, V., Bustamante, J. V., & Settele, J. (2014). 

Provision of ecosystem services is determined by human agency, not ecosystem functions. 

Four case studies. International Journal of Biodiversity Science, Ecosystem Services and 

Management. https://doi.org/10.1080/21513732.2014.884166 

Spencer, T., Schürch, M., Nicholls, R. J., Hinkel, J., Vafeidis, A., Reef, R., McFadden, L., & et 

al. (2016). Global coastal wetland change under sea-level rise and related stresses: The 

DIVA Wetland Change Model. Global and Planetary Change, 139 15-30. 

https://doi.org/10.1016/j.gloplacha.2015.12.018 

Squire, O. J., Archibald, A. T., Abraham, N. L., Beerling, D. J., Hewitt, C. N., Lathiere, J., Pike, 

R. C., Telford, P. J., & Pyle, J. A. (2014). Influence of future climate and cropland 

expansion on isoprene emissions and tropospheric ozone. Atmospheric Chemistry and 

Physics, 14(2), 1011–1024. https://doi.org/10.5194/acp-14-1011-2014 

Squires, D., & Vestergaard, N. (2013). Technical Change in Fisheries. Marine Policy, 42, 286–

292. 

Standora, E. A., & Spotila, J. R. (1985). Temperature Dependent Sex Determination in Sea 

Turtles. Copeia, 1985(3), 711. https://doi.org/10.2307/1444765 

Stefanon, M., Martin-StPaul, N. K., Leadley, P., Bastin, S., Dell’Aquila, A., Drobinski, P., & 

Gallardo, C. (2015). Testing climate models using an impact model: what are the 

advantages? Climatic Change, 131(4), 649–661. https://doi.org/10.1007/s10584-015-1412-4 

Steffen, W., Richardson, K., Rockström, J., Cornell, S. E., Fetzer, I., Bennett, E. M., Biggs, R., 

https://doi.org/10.1016/j.gloplacha.2015.12.018


Unedited draft chapters 31 May 2019 

251 

 

Carpenter, S. R., de Vries, W., de Wit, C. A., Folke, C., Gerten, D., Heinke, J., Mace, G. 

M., Persson, L. M., Ramanathan, V., Reyers, B., & Sörlin, S. (2015). Planetary boundaries: 

Guiding human development on a changing planet. Science, 347(6223), 1259855. 

https://doi.org/10.1126/science.1259855 

Steffen, W., Rockström, J., Richardson, K., Lenton, T. M., Folke, C., Liverman, D., 

Summerhayes, C. P., Barnosky, A. D., Cornell, S. E., Crucifix, M., Donges, J. F., Fetzer, I., 

Lade, S. J., Scheffer, M., Winkelmann, R., & Schellnhuber, H. J. (2018). Trajectories of the 

Earth System in the Anthropocene. Proceedings of the National Academy of Sciences, 

115(33), 8252 LP-8259. https://doi.org/10.1073/pnas.1810141115 

Steiger, R., Abegg, B., & Jänicke, L. (2016). Rain, rain, go away, come again another day. 

Weather preferences of summer tourists in mountain environments. Atmosphere, 7(5). 

https://doi.org/10.3390/atmos7050063 

Steinacher, M., Joos, F., Froelicher, T. L., Bopp, L., Cadule, P., Cocco, V., Doney, S. C., Gehlen, 

M., Lindsay, K., Moore, J. K., Schneider, B., & Segschneider, J. (2010). Projected 21st 

century decrease in marine productivity: a multi-model analysis. BIOGEOSCIENCES, 7(3), 

979–1005. 

STENECK, R. S., HUGHES, T. P., CINNER, J. E., ADGER, W. N., ARNOLD, S. N., 

BERKES, F., BOUDREAU, S. A., BROWN, K., FOLKE, C., GUNDERSON, L., 

OLSSON, P., Scheffer, M., STEPHENSON, E., Walker, B., WILSON, J., & WORM, B. 

(2011). Creation of a Gilded Trap by the High Economic Value of the Maine Lobster 

Fishery. Conservation Biology, 25(5), 904–912. 

Stevens, N., Lehmann, C. E. R., Murphy, B. P., & Durigan, G. (2016). Savanna woody 

encroachment is widespread across three continents. Global Change Biology, n/a--n/a. 

https://doi.org/10.1111/gcb.13409 

Stock, C. A., Alexander, M. A., Bond, N. A., Brander, K. M., Cheung, W. W. L., Curchitser, E. 

N., Delworth, T. L., Dunne, J. P., Griffies, S. M., Haltuch, M. A., Hare, J. A., Hollowed, A. 

B., Lehodey, P., Levin, S. A., Link, J. S., Rose, K. A., Rykaczewski, R. R., Sarmiento, J. L., 

Stouffer, R. J., Schwing, F. B., Vecchi, G. A., & Werner, F. E. (2011). On the use of IPCC-

class models to assess the impact of climate on Living Marine Resources. Progress in 

Oceanography, 88(1–4), 1–27. https://doi.org/10.1016/j.pocean.2010.09.001 

Stocker, B. D., Feissli, F., Strassmann, K. M., Spahni, R., & Joos, F. (2014). Past and future 

carbon fluxes from land use change, shifting cultivation and wood harvest. Tellus Series B-

Chemical and Physical Meteorology, 66. https://doi.org/2318810.3402/tellusb.v66.23188 

Stocker, B. D., Roth, R., Joos, F., Spahni, R., Steinacher, M., Zaehle, S., Bouwman, L., Xu, R., 

& Prentice, I. C. (2013). Multiple greenhouse-gas feedbacks from the land biosphere under 

future climate change scenarios. Nature Clim. Change, 3(7), 666–672. 

https://doi.org/10.1038/nclimate1864http://www.nature.com/nclimate/journal/v3/n7/abs/ncli

mate1864.html#supplementary-information 

Storch, D., Menzel, L., Frickenhaus, S., & Pörtner, H. O. (2014). Climate sensitivity across 

marine domains of life: Limits to evolutionary adaptation shape species interactions. Global 

Change Biology, 20(10), 3059–3067. https://doi.org/10.1111/gcb.12645 

Stramma, L., Johnson, G. C., Sprintall, J., & Mohrholz, V. (2008). Expanding Oxygen-Minimum 

Zones in the Tropical Oceans. Science, 320(5876), 655–658. 

https://doi.org/10.1126/science.1153847 

Stramma, L., Prince, E. D., Schmidtko, S., Luo, J., Hoolihan, J. P., Visbeck, M., Wallace, D. W. 

R., Brandt, P., & Körtzinger, A. (2012). Expansion of oxygen minimum zones may reduce 



Unedited draft chapters 31 May 2019 

252 

 

available habitat for tropical pelagic fishes. Nature Climate Change, 2(1), 33–37. 

https://doi.org/10.1038/nclimate1304 

Strassburg, B. B. N., Rodrigues, A. S. L., Gusti, M., Balmford, A., Fritz, S., Obersteiner, M., 

Turner, R. K., & Brooks, T. M. (2012). Impacts of incentives to reduce emissions from 

deforestation on global species extinctions. Nature Climate Change, 2(5), 350–355. 

https://doi.org/10.1038/nclimate1375 

Sullivan, B. K., Sherman, T. D., Damare, V. S., Lilje, O., & Gleason, F. H. (2013). Potential 

roles of Labyrinthula spp. in global seagrass population declines. Fungal Ecology, 6(5), 

328–338. https://doi.org/10.1016/j.funeco.2013.06.004 

Sunday, J. M., Fabricius, K. E., Kroeker, K. J., Anderson, K. M., Brown, N. E., Barry, J. P., 

Connell, S. D., Dupont, S., Gaylord, B., Hall-Spencer, J. M., Klinger, T., Milazzo, M., 

Munday, P. L., Russell, B. D., Sanford, E., Thiyagarajan, V., Vaughan, M. L. H., 

Widdicombe, S., & Harley, C. D. G. (2017). Ocean acidification can mediate biodiversity 

shifts by changing biogenic habitat. Nature Climate Change, 7(1), 81–85. 

https://doi.org/10.1038/nclimate3161 

Sutton, M., Bleeker, A., Howard, C., Bekunda, M., Grizzetti, B., de Vries, W., van Grisven, H., 

Abrol, Y., Adhya, T., Billen, G., Davidson, E., Datta, A., Diaz, R., Erisman, J., Liu, X., 

Oenema, O., Palm, C., Raghuram, N., Reis, S., Scholz, R., Sims, T., Westhoek, H., & 

Zhang, F. (2013). Our Nutrient World: the challenge to produce more food and energy with 

less pollution (Global Ove). Edinburgh: Centre for Ecology and Hydrology, on behalf of the 

Global Partnership on Nutrient Management and the International Nitrogen Initiative. 

https://doi.org/http://dx.doi.org/10.1146/annurev.arplant.47.1.569 

Svenning, J.-C., Gravel, D., Holt, R. D., Schurr, F. M., Thuiller, W., Münkemüller, T., Schiffers, 

K. H., Dullinger, S., Edwards, T. C., Hickler, T., Higgins, S. I., Nabel, J. E. M. S., Pagel, J., 

& Normand, S. (2014). The influence of interspecific interactions on species range 

expansion rates. Ecography, 37(12), 1198–1209. https://doi.org/10.1111/j.1600-

0587.2013.00574.x 

Sweetman, A. K., Norling, K., Gunderstad, C., Haugland, B. T., & Dale, T. (2014). Benthic 

ecosystem functioning beneath fish farms in different hydrodynamic environments. 

Limnology and Oceanography, 59(4), 1139–1151. 

https://doi.org/10.4319/lo.2014.59.4.1139 

Sweetman, A. K., Thurber, A. R., Smith, C. R., Levin, L. A., Mora, C., Wei, C.-L., Gooday, A. 

J., Jones, D. O. B., Rex, M., Yasuhara, M., Ingels, J., Ruhl, H. A., Frieder, C. A., Danovaro, 

R., Würzberg, L., Baco, A., Grupe, B. M., Pasulka, A., Meyer, K. S., Dunlop, K. M., Henry, 

L.-A., & Roberts, J. M. (2017). Major impacts of climate change on deep-sea benthic 

ecosystems. Elem Sci Anth, 5(0), 4. https://doi.org/10.1525/elementa.203 

Szogs, S., Arneth, A., Anthoni, P., Doelman, J. C., Humpenöder, F., Popp, A., Pugh, T. A. M., & 

Stehfest, E. (2017). Impact of LULCC on the emission of BVOCs during the 21st century. 

Atmospheric Environment, 165, 73–87. https://doi.org/10.1016/j.atmosenv.2017.06.025 

Tacoli, C. (2009). Crisis or adaptation? Migration and climate change in a context of high 

mobility. Environment and Urbanization, 21(2), 513–525. 

https://doi.org/10.1177/0956247809342182 

Tai, A. P. K., Mickley, L. J., Heald, C. L., & Wu, S. (2013). Effect of CO2 inhibition on 

biogenic isoprene emission: Implications for air quality under 2000 to 2050 changes in 

climate, vegetation, and land use. Geophysical Research Letters, 40(13), 3479–3483. 

https://doi.org/10.1002/grl.50650 



Unedited draft chapters 31 May 2019 

253 

 

Tallis, H. M., Hawthorne, P. L., Polasky, S., Reid, J., Beck, M. W., Brauman, K., Bielicki, J. M., 

Binder, S., Burgess, M. G., Cassidy, E., Clark, A., Fargione, J., Game, E. T., Gerber, J., 

Isbell, F., Kiesecker, J., McDonald, R., Metian, M., Molnar, J. L., Mueller, N. D., 

O’Connell, C., Ovando, D., Troell, M., Boucher, T. M., & McPeek, B. (2018). An attainable 

global vision for conservation and human well-being. Frontiers in Ecology and the 

Environment, 16(10), 563–570. https://doi.org/doi:10.1002/fee.1965 

Tavoni, M., & Socolow, R. (2013). Modeling meets science and technology: an introduction to a 

special issue on negative emissions. Climatic Change, 118(1), 1–14. 

https://doi.org/10.1007/s10584-013-0757-9 

Tedesco, P. A., Beauchard, O., Bigorne, R., Blanchet, S., Buisson, L., Conti, L., Cornu, J.-F., 

Dias, M. S., Grenouillet, G., Hugueny, B., Jézéquel, C., Leprieur, F., Brosse, S., & 

Oberdorff, T. (2017). A global database on freshwater fish species occurrence in drainage 

basins. Scientific Data, 4, 170141. Retrieved from https://doi.org/10.1038/sdata.2017.141 

Tedesco, P. A., Oberdorff, T., Cornu, J. F., Beauchard, O., Brosse, S., Dürr, H. H., Grenouillet, 

G., Leprieur, F., Tisseuil, C., Zaiss, R., & Hugueny, B. (2013). A scenario for impacts of 

water availability loss due to climate change on riverine fish extinction rates. Journal of 

Applied Ecology. https://doi.org/10.1111/1365-2664.12125 

Tengö, M., Hill, R., Malmer, P., Raymond, C. M., Spierenburg, M., Danielsen, F., Elmqvist, T., 

& Folke, C. (2017). Weaving knowledge systems in IPBES , CBD and beyond - lessons 

learned for sustainability. Current Opinion in Environmental Sustainability, (December), 1–

20. Retrieved from http://www.sciencedirect.com/science/article/pii/S1877343517300039 

Thatje, S., Hillenbrand, C.-D., & Larter, R. (2005). On the origin of Antarctic marine benthic 

community structure. Trends in Ecology & Evolution, 20(10), 534–540. 

https://doi.org/10.1016/j.tree.2005.07.010 

The Worldbank. (2017). The World Bank Database. Retrieved from http://www.worldbank.org 

Thompson, C. W., Aspinall, P., & Montarzino, A. (2008). The Childhood Factor. Environment 

and Behavior, 40(1), 111–143. https://doi.org/10.1177/0013916507300119 

Thompson, I. D., Guariguata, M. R., Okabe, K., Bahamondez, C., Nasi, R., Heymell, V., & 

Sabogal, C. (2013). An Operational Framework for Defining and Monitoring Forest 

Degradation. Ecology and Society, 18(2). Retrieved from 

https://www.ecologyandsociety.org/vol18/iss2/art20/ 

Thuiller, W., Guéguen, M., Georges, D., Bonet, R., Chalmandrier, L., Garraud, L., Renaud, J., 

Roquet, C., Van Es, J., Zimmermann, N. E., & Lavergne, S. (2014). Are different facets of 

plant diversity well protected against climate and land cover changes? A test study in the 

French Alps. Ecography, 37(12), 1254–1266. https://doi.org/10.1111/ecog.00670 

Thuiller, W., Münkemüller, T., Lavergne, S., Mouillot, D., Mouquet, N., Schiffers, K., & Gravel, 

D. (2013). A road map for integrating eco-evolutionary processes into biodiversity models. 

Ecology Letters, 16(SUPPL.1), 94–105. https://doi.org/10.1111/ele.12104 

Thurber, A. R., Sweetman, A. K., Narayanaswamy, B. E., Jones, D. O. B., Ingels, J., & 

Hansman, R. L. (2014). Ecosystem function and services provided by the deep sea. 

Biogeosciences, 11(14), 3941–3963. https://doi.org/10.5194/bg-11-3941-2014 

Tietjen, B., Schlaepfer, D. R., Bradford, J. B., Lauenroth, W. K., Hall, S. A., Duniway, M. C., 

Hochstrasser, T., Jia, G., Munson, S. M., Pyke, D. A., & Wilson, S. D. (2017). Climate 

change-induced vegetation shifts lead to more ecological droughts despite projected rainfall 

increases in many global temperate drylands. Global Change Biology, 23(7), 2743–2754. 

https://doi.org/10.1111/gcb.13598 



Unedited draft chapters 31 May 2019 

254 

 

Tilman, D., & Clark, M. (2014). Global diets link environmental sustainability and human 

health. Nature, 515(7528), 518–522. https://doi.org/10.1038/nature13959 

Tilman, D., & Clark, M. (2015). Food, Agriculture & the Environment: Can We Feed the World 

& Save the Earth? Daedalus, 144(4), 8–23. https://doi.org/10.1162/DAED_a_00350 

Tilman, D., & Tilman D et al. (2001). Forcasting agriculturally driven global environmental 

change. Science, 292(5515), 281–284. https://doi.org/10.1126/science.1057544 

Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food demand and the sustainable 

intensification of agriculture. Proceedings of the National Academy of Sciences, 108(50), 

20260–20264. https://doi.org/10.1073/pnas.1116437108 

Tisseuil, C., Cornu, J. F., Beauchard, O., Brosse, S., Darwall, W., Holland, R., Hugueny, B., 

Tedesco, P. A., & Oberdorff, T. (2013a). Global diversity patterns and cross-taxa 

convergence in freshwater systems. Journal of Animal Ecology. 

https://doi.org/10.1111/1365-2656.12018 

Tisseuil, C., Cornu, J. F., Beauchard, O., Brosse, S., Darwall, W., Holland, R., Hugueny, B., 

Tedesco, P. A., & Oberdorff, T. (2013b). Global diversity patterns and cross-taxa 

convergence in freshwater systems. Journal of Animal Ecology. 

https://doi.org/10.1111/1365-2656.12018 

Titeux, N., Henle, K., Mihoub, J. B., Regos, A., Geijzendorffer, I. R., Cramer, W., Verburg, P. 

H., & Brotons, L. (2016). Biodiversity scenarios neglect future land-use changes. Global 

Change Biology, 22(7), 2505–2515. https://doi.org/10.1111/gcb.13272 

Titeux, N., Henle, K., Mihoub, J.-B., Regos, A., Geijzendorffer, I. R., Cramer, W., Verburg, P. 

H., & Brotons, L. (2017). Global scenarios for biodiversity need to better integrate climate 

and land use change. Diversity and Distributions, 23(11), 1231–1234. 

https://doi.org/10.1111/ddi.12624 

Tittensor, D. P., Eddy, T. D., Lotze, H. K., Galbraith, E. D., Cheung, W., Barange, M., 

Blanchard, J. L., Bopp, L., Bryndum-Buchholz, A., Büchner, M., Bulman, C., Carozza, D. 

A., Christensen, V., Coll, M., Dunne, J. P., Fernandes, J. A., Fulton, E. A., Hobday, A. J., 

Huber, V., Jennings, S., Jones, M., Lehodey, P., Link, J. S., Mackinson, S., Maury, O., 

Niiranen, S., Oliveros-Ramos, R., Roy, T., Schewe, J., Shin, Y.-J., Silva, T., Stock, C. A., 

Steenbeek, J., Underwood, P. J., Volkholz, J., Watson, J. R., & Walker, N. D. (2018). A 

protocol for the intercomparison of marine fishery and ecosystem models: Fish-MIP v1.0. 

Geoscientific Model Development, 11(4), 1421–1442. https://doi.org/10.5194/gmd-11-

1421-2018 

Tittensor, D. P., Mora, C., Jetz, W., Lotze, H. K., Ricard, D., Berghe, E. Vanden, & Worm, B. 

(2010). Global patterns and predictors of marine biodiversity across taxa. Nature, 

466(7310), 1098–1101. https://doi.org/10.1038/nature09329 

Tittensor, D. P., Walpole, M., Hill, S. L. L., Boyce, D. G., Britten, G. L., Burgess, N. D., 

Butchart, S. H. M., Leadley, P. W., Regan, E. C., Alkemade, R., Baumung, R., Bellard, C., 

Bouwman, L., Bowles-Newark, N. J., Chenery,  a. M., Cheung, W. W. L., Christensen, V., 

Cooper, H. D., Crowther,  a. R., Dixon, M. J. R., Galli, A., Gaveau, V., Gregory, R. D., 

Gutierrez, N. L., Hirsch, T. L., Hoft, R., Januchowski-Hartley, S. R., Karmann, M., Krug, 

C. B., Leverington, F. J., Loh, J., Lojenga, R. K., Malsch, K., Marques, A., Morgan, D. H. 

W., Mumby, P. J., Newbold, T., Noonan-Mooney, K., Pagad, S. N., Parks, B. C., Pereira, H. 

M., Robertson, T., Rondinini, C., Santini, L., Scharlemann, J. P. W., Schindler, S., Sumaila, 

U. R., Teh, L. S. L., van Kolck, J., Visconti, P., & Ye, Y. (2014). A mid-term analysis of 

progress toward international biodiversity targets. Science, 346, 241–244. 



Unedited draft chapters 31 May 2019 

255 

 

https://doi.org/10.1126/science.1257484 

Tittensor, D., Galbraith, E., Barange, M., Barrier, N., Blanchard, J., Bopp, L., Bryndum-

Buchholz, A., Carozza, D., Cheung, W., Christensen, V., Coll, M., Eddy, T., Fernandes, J., 

Hobday, A., Jennings, S., Jones, M., Lehodey, P., Lotze, H., Maury, O., Steenbeck, J., 

Underwoord, P., Watson, J., Schewe, J., Volkholz, J., & Büchner, M. (2018). ISIMIP2a 

Simulation Data from Marine Ecosystems and Fisheries (global) Sector. 

https://doi.org/10.5880/PIK.2018.005 

Torkar, G. (2016). Secondary School Students’ Environmental Concerns and Attitudes toward 

Forest Ecosystem Services: Implications for Biodiversity Education OPEN ACCESS. 

INTERNATIONAL JOURNAL OF ENVIRONMENTAL & SCIENCE EDUCATION 

(Vol. 11). 

Totin, E., Segnon, C. A., Schut, M., Affognon, H., Zougmoré, B. R., Rosenstock, T., & 

Thornton, K. P. (2018). Institutional Perspectives of Climate-Smart Agriculture: A 

Systematic Literature Review. Sustainability . https://doi.org/10.3390/su10061990 

Toussaint A, Charpin N, Beauchard O, Grenouillet G, Oberdorff T, Tedesco PA, Brosse S, & 

Villéger S. (2018). Non-native species led to marked shifts in functional diversity of the 

world freshwater fish faunas. Ecology Letters. https://doi.org/doi: 10.1111/ele.13141 

Trace, S. (2016). Rethink, Retool, Reboot. Rethink, Retool, Reboot. Practical Action Publishing. 

https://doi.org/10.3362/9781780449043 

Trathan, P.N. and S.L. Hill, 2016: The Importance of Krill Predation in the Southern Ocean. In: 

Biology and Ecology of Antarctic Krill [Siegel, V. (ed.)]. Springer, Cham, Switzerland, pp. 

321-350. 

Travers, M., Shin, Y. J., Jennings, S., & Cury, P. (2007). Towards end-to-end models for 

investigating the effects of climate and fishing in marine ecosystems. Progress in 

Oceanography, 75(4), 751–770. https://doi.org/10.1016/j.pocean.2007.08.001 

Tscharntke, T., Clough, Y., Wanger, T. C., Jackson, L., Motzke, I., Perfecto, I., Vandermeer, J., 

& Whitbread, A. (2012). Global food security, biodiversity conservation and the future of 

agricultural intensification. Biological Conservation, 151(1), 53–59. 

https://doi.org/10.1016/j.biocon.2012.01.068 

Tsigaridis Daskalakis, N., Kanakidou, M., Adams, P. J., Artaxo, P., Bahadur, R., Balkanski, Y., 

Bauer, S. E., Bellouin, N., Benedetti, A., Bergman, T., Berntsen, T. K., Beukes, J. P., Bian, 

H., Carslaw, K. S., Chin, M., Curci, G., Diehl, T., Easter, R. C, K. (2014). The AeroCom 

evaluation and intercomparison of organic aerosol in global models. , Atmos. Chem. Phys., 

14, 10845–10895. https://doi.org/10.5194/acp-14-10845-2014 

Tsikliras AC, Polymeros K, 2014. Fish market prices drive overfishing of the “big ones”. PeerJ 

2:e638. DOI 10.7717/peerj.638 

Tubiello, F. N., Salvatore, M., Ferrara, A. F., House, J., Federici, S., Rossi, S., Biancalani, R., 

Condor Golec, R. D., Jacobs, H., Flammini, A., Prosperi, P., Cardenas-Galindo, P., 

Schmidhuber, J., Sanz Sanchez, M. J., Srivastava, N., & Smith, P. (2015). The Contribution 

of Agriculture, Forestry and other Land Use activities to Global Warming, 1990–2012. 

Global Change Biology, 21(7), 2655–2660. https://doi.org/10.1111/gcb.12865 

Turco, M., Llasat, M.-C., von Hardenberg, J., & Provenzale, A. (2014). Climate change impacts 

on wildfires in a Mediterranean environment. Climatic Change, 125(3–4), 369–380. 

https://doi.org/10.1007/s10584-014-1183-3 

Turner, N. J., & Clifton, H. (2009). “It’s so different today”: Climate change and indigenous 

lifeways in British Columbia, Canada. Global Environmental Change. 



Unedited draft chapters 31 May 2019 

256 

 

https://doi.org/10.1016/j.gloenvcha.2009.01.005 

Turner, S. W. D., Ng, J. Y., & Galelli, S. (2017). Examining global electricity supply 

vulnerability to climate change using a high-fidelity hydropower dam model. Science of the 

Total Environment. https://doi.org/10.1016/j.scitotenv.2017.03.022 

Tyukavina, A., Hansen, M. C., Potapov, P. V, Krylov, A. M., & Goetz, S. J. (2016). Pan-tropical 

hinterland forests: mapping minimally disturbed forests. Global Ecology and Biogeography, 

25(2), 151–163. https://doi.org/10.1111/geb.12394 

UK National Ecosystem Assesment. (2011). UK National Ecosystem Assessment Synthesis of 

the Key Findings. Unep-Wcmc, Cambridge, 87. 

https://doi.org/10.1177/004057368303900411 

Ulbrich, K., Settele, J., & Benedict, F. F. (2010). The socio-economics of biodiversity risks: 

Reasons for and methods of analysis Biodiversity in Education for Sustainable 

Development-Reflection on School-Research Cooperation. (Karin Ulbrich, Josef Settele, & 

Faye F. Benedict, Eds.). Sofia: Pensoft. 

UNDESA (United Nations, Department of Economic and Social Affairs, Population Division) 

(2017). World Population Prospects: The 2017 Revision, Key Findings and Advance 

Tables. Working Paper No. ESA/P/WP/248. 

UNDP. (2004). World Energy Assessment: Overview 2004 update. New York: United Nations 

Development Programme. 

UNEP. (2001). Stockholm Convention on Persistent Organic Pollutants, 2001. International 

Documents on Corporate Responsibility. Châtelaine, Switzerland: Edward Elgar Publishing. 

https://doi.org/10.4337/9781845428297.00064 

UNEP. (2007). Global Environment Outlook 4. Environment for Development. Valetta, Malta: 

Progress Press Ltd. https://doi.org/10.2307/2807995 

UNEP. (2012). Global Environment Outlook 5. Environment for the future we want. Valetta, 

Malta: Progress Press Ltd. https://doi.org/10.2307/2807995 

United Nations (UN). (2016). Global Sustainable Development Report, 134. 

United Nations Development Programme (UNDP). (2007). Human Development Report 

2007/2008. United Nations Development Programme. https://doi.org/ISBN 978-0-230-

54704-9 

United Nations Development Programme. (2016). Human Development Report. New York. 

Retrieved from http://hdr.undp.org/en/2016-report 

United Nations, Department of Economic and Social Affairs, Population Division (2015). World 

Population Prospects: The 2015 Revision. New York: United Nations 

United Nations, Department of Economic and Social Affairs, Population Division (2017). World 

Population Prospects: The 2017 Revision, Key Findings and Advance Tables. Working 

Paper No. ESA/P/WP/248. 

Uniyal, S. K., Awasthi, A., & Rawat, G. S. (2003). Developmental processes, changing lifestyle 

and traditional wisdom: Analyses from Western Himalaya. Environmentalist, 23(4), 307–

312. https://doi.org/10.1023/B:ENVR.0000031408.71386.b4 

UNU-IAS and IGES (eds.) 2015, Enhancing knowledge for better management of socio-

ecological production landscapes and seascapes (SEPLS) (Satoyama Initiative Thematic 

Review vol.1), United Nations University Institute for the Advanced Study of 

Sustainability, Tokyo. 

Urban, M. C. (2015). Accelerating extinction risk from climate change. Science, 348(6234), 

571–573. https://doi.org/10.1126/science.aaa4984 



Unedited draft chapters 31 May 2019 

257 

 

Urban, M. C., Zarnetske, P. L., & Skelly, D. K. (2013). Moving forward: dispersal and species 

interactions determine biotic responses to climate change. In Climate Change and Species 

Interactions: Ways Forward (Vol. 1297, pp. 44–60). https://doi.org/10.1111/nyas.12184 

Van Dam, C. (2011). Indigenous territories and REDD in Latin America: Opportunity or Threat? 

Forests, 2(1), 394–414. https://doi.org/10.3390/f2010394 

van der Esch, S., ten Brink, B., Stehfest, E., Bakkenes, M., Sewell, A., Bouwman, A., Meijer, J., 

Westhoek, H., & van der Berg, M. (2016). Exploring future changes in land use and land 

condition and the impacts on food, water, climate change and biodiversity. 

Van der Hoeven, M., Osei, J., Greeff, M., Kruger, A., Faber, M., & Smuts, C. M. (2013). 

Indigenous and traditional plants: South African parents’ knowledge, perceptions and uses 

and their children’s sensory acceptance. Journal of Ethnobiology and Ethnomedicine, 9(1), 

1–12. https://doi.org/10.1186/1746-4269-9-78 

van Oppen, M. J. H., Oliver, J. K., Putnam, H. M., & Gates, R. D. (2015). Building coral reef 

resilience through assisted evolution. Proceedings of the National Academy of Sciences, 

112(8), 2307–2313. https://doi.org/10.1073/pnas.1422301112 

van Vliet, J., Bregt, A. K., Brown, D. G., van Delden, H., Heckbert, S., & Verburg, P. H. (2016). 

A review of current calibration and validation practices in land-change modeling. 

Environmental Modelling & Software, 82, 174–182. 

https://doi.org/10.1016/j.envsoft.2016.04.017 

Van Vliet, M. T. H., Franssen, W. H. P., Yearsley, J. R., Ludwig, F., Haddeland, I., Lettenmaier, 

D. P., & Kabat, P. (2013). Global river discharge and water temperature under climate 

change. Global Environmental Change. https://doi.org/10.1016/j.gloenvcha.2012.11.002 

van Vliet, M. T. H., Wiberg, D., Leduc, S., & Riahi, K. (2016). Power-generation system 

vulnerability and adaptation to changes in climate and water resources. Nature Climate 

Change. https://doi.org/10.1038/nclimate2903 

van Vliet, M., & Kok, K. (2015). Combining backcasting and exploratory scenarios to develop 

robust water strategies in face of uncertain futures. Mitigation and Adaptation Strategies for 

Global Change, 20(1), 43–74. https://doi.org/10.1007/s11027-013-9479-6 

van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G. 

C., Kram, T., Krey, V., Lamarque, J. F., Masui, T., Meinshausen, M., Nakicenovic, N., 

Smith, S. J., & Rose, S. K. (2011). The representative concentration pathways: An 

overview. Climatic Change. https://doi.org/10.1007/s10584-011-0148-z 

van Vuuren, D. P., Kok, M. T. J., Girod, B., Lucas, P. L., & de Vries, B. (2012). Scenarios in 

Global Environmental Assessments: Key characteristics and lessons for future use. Global 

Environmental Change, 22(4), 884–895. 

https://doi.org/https://doi.org/10.1016/j.gloenvcha.2012.06.001 

van Vuuren, D. P., Kok, M., Lucas, P. L., Prins, A. G., Alkemade, R., van den Berg, M., 

Bouwman, L., van der Esch, S., Jeuken, M., Kram, T., & Stehfest, E. (2015). Pathways to 

achieve a set of ambitious global sustainability objectives by 2050: Explorations using the 

IMAGE integrated assessment model. Technological Forecasting and Social Change, 98, 

303–323. https://doi.org/10.1016/j.techfore.2015.03.005 

Vanbergen, A. J., Espindola, A., Aizen, M. A., Espíndola, A., & Aizen, M. A. (2018). Risks to 

pollinators and pollination from invasive alien species. Nature Ecology and Evolution, 2(1), 

16–25. https://doi.org/10.1038/s41559-017-0412-3 

Vannuccini S, Kavallari A, Bellu LG, Müller M, Wisser D, 2018. Chapter 3: Understanding the 

impacts of climate change for fisheries and aquaculture: global and regional supply and 

https://doi.org/10.1007/s11027-013-9479-6


Unedited draft chapters 31 May 2019 

258 

 

demand trends and prospects. In: Impacts of climate change on fisheries and aquaculture. 

Barange M, Bahri T, Beveridge MCM, Cochrane KL, Funge-Smith S, Poulain F (Eds). 

FAO Fisheries and Aquaculture Technical paper 627. 

Vanreusel, A., Hilario, A., Ribeiro, P. A., Menot, L., & Arbizu, P. M. (2016). Threatened by 

mining, polymetallic nodules are required to preserve abyssal epifauna. Scientific Reports, 

6(1). https://doi.org/10.1038/srep26808 

Vasconcelos, R. P., Batista, M. I., & Henriques, S. (2017). Current limitations of global 

conservation to protect higher vulnerability and lower resilience fish species. Scientific 

Reports. https://doi.org/10.1038/s41598-017-06633-x 

Vega Thurber, R. L. et al. Chronic nutrient enrichment increases prevalence and severity of coral 

disease and bleaching. Glob. Chang. Biol. 20, 544–554 (2014). 

Veldman, J. W., Overbeck, G. E., Negreiros, D., Mahy, G., Le Stradic, S., Fernandes, G. W., 

Durigan, G., Buisson, E., Putz, F. E., & Bond, W. J. (2015). Tyranny of trees in grassy 

biomes. Science, 347(6221), 484–485. 

Vellend, M., Baeten, L., Becker-Scarpitta, A., Boucher-Lalonde, V., McCune, J. L., Messier, J., 

Myers-Smith, I. H., & Sax, D. F. (2017). Plant Biodiversity Change Across Scales During 

the Anthropocene. Annual Review of Plant Biology, 68(1), 563–586. 

https://doi.org/10.1146/annurev-arplant-042916-040949 

Venter, O., Fuller, R. A., Segan, D. B., Carwardine, J., Brooks, T., Butchart, S. H. M., Di Marco, 

M., Iwamura, T., Joseph, L., O’Grady, D., Possingham, H. P., Rondinini, C., Smith, R. J., 

Venter, M., & Watson, J. E. M. (2014). Targeting Global Protected Area Expansion for 

Imperiled Biodiversity. PLoS Biology, 12(6). https://doi.org/10.1371/journal.pbio.1001891 

Venter, O., Sanderson, E. W., Magrach, A., Allan, J. R., Beher, J., Jones, K. R., Fekete, M., 

Levy, M. A., Possingham, H. P., Laurance, W. F., Wood, P., & Watson, J. E. M. (2016). 

Sixteen years of change in the global terrestrial human footprint and implications for 

biodiversity conservation. Nature Communications, 1–11. 

https://doi.org/10.1038/ncomms12558 

Verschuuren, B., Wild, R., Mcneely, J., Oviedo, G., & Washington, L. •. (2010). Sacred Natural 

Sites Conserving Nature and Culture publishing for a sustainable future. Retrieved from 

www.earthscan.co.uk. 

Vervoort, J. M., Thornton, P. K., Kristjanson, P., Förch, W., Ericksen, P. J., Kok, K., Ingram, J. 

S. I., Herrero, M., Palazzo, A., Helfgott, A. E. S., Wilkinson, A., Havlík, P., Mason-D’Croz, 

D., & Jost, C. (2014). Challenges to scenario-guided adaptive action on food security under 

climate change. Global Environmental Change, 28, 383–394. 

https://doi.org/https://doi.org/10.1016/j.gloenvcha.2014.03.001 

Vilà, M., Espinar, J. L., Hejda, M., Hulme, P. E., Jarošík, V., Maron, J. L., Pergl, J., Schaffner, 

U., Sun, Y., & Pyšek, P. (2011). Ecological impacts of invasive alien plants: a meta-analysis 

of their effects on species, communities and ecosystems. Ecology Letters, 14(7), 702–708. 

https://doi.org/10.1111/j.1461-0248.2011.01628.x 

Villeger, S., Blanchet, S., Beauchard, O., Oberdorff, T., & Brosse, S. (2011). Homogenization 

patterns of the world’s freshwater fish faunas. Proceedings of the National Academy of 

Sciences. https://doi.org/10.1073/pnas.1107614108 

Vinh, P. C., & Vassev, E. (2016). Nature-inspired computation and communication: A formal 

approach. Future Generation Computer Systems. 

https://doi.org/10.1016/j.future.2015.10.011 

Visconti, P., Bakkenes, M., Baisero, D., Brooks, T., Butchart, S. H. M., Joppa, L., Alkemade, R., 



Unedited draft chapters 31 May 2019 

259 

 

Di Marco, M., Santini, L., Hoffmann, M., Maiorano, L., Pressey, R. L., Arponen, A., 

Boitani, L., Reside, A. E., van Vuuren, D. P., & Rondinini, C. (2016). Projecting Global 

Biodiversity Indicators under Future Development Scenarios. Conservation Letters, 9(1), 5–

13. https://doi.org/10.1111/conl.12159 

Visconti, P., Bakkenes, M., Baisero, D., Brooks, T., Butchart, S. H. M., Joppa, L., Alkemade, R., 

Di Marco, M., Santini, L., Maiorano, L., Pressey, R. L., Arponen, A., Boitani, L., Reside, A. 

E., van Vuuren, D., & Rondinini, C. (2015). Title : Projecting global biodiversity indicators 

under future development scenarios. Conservation Letters Letters, 1–19. 

https://doi.org/10.1111/conl.2014.12159.This 

Visconti, P., Bakkenes, M., Smith, R. J., Joppa, L., & Sykes, R. E. (2015). Socio-economic and 

ecological impacts of global protected area expansion plans. Philosophical Transactions of 

the Royal Society of London. Series B, Biological Sciences, 370(1681), 20140284-. 

https://doi.org/10.1098/rstb.2014.0284 

Visconti, P., Elias, V., Sousa Pinto, I., Fischer, M., Ali-Zade, V., Báldi, A., Brucet, S., 

Bukvareva, E., Byrne, K., Caplat, P., Feest, A., Guerra, C., Gozland, R., Jelić, D., Kikvidze, 

Z., Lavrillier, A., Le Roux, X., Lipka, O., Petrík, P., Schatz, B., Smelansky, I., & Viard, F. 

(2018). Chapter 3: Status, trends and future dynamics of biodiversity and ecosystems 

underpinning nature’s contributions to people. In M. Rounsevell, M. Fischer, & A. Torre-

Marin Rando (Eds.), The IPBES regional assessment report on biodiversity and ecosystem 

services for Europe and Central Asia (pp. 187–381). Bonn, Germany: Secretariat of the 

Intergovernmental Science-Policy Platform for Biodiversity and Ecosystem Services. 

Vitel, C. S. M. N., Carrero, G. C., Cenamo, M. C., Leroy, M., Graça, P. M. L. A., & Fearnside, 

P. M. (2013). Land-use Change Modeling in a Brazilian Indigenous Reserve: Construction 

of a Reference Scenario for the Suruí REDD Project. Human Ecology, 41(6), 807–826. 

https://doi.org/10.1007/s10745-013-9613-9 

Vogdrup-Schmidt, M., Strange, N., Olsen, S. B., & Thorsen, B. J. (2017). Trade-off analysis of 

ecosystem service provision in nature networks. Ecosystem Services, 23, 165–173. 

https://doi.org/10.1016/j.ecoser.2016.12.011 

Vogt, N., Pinedo-Vasquez, M., Brondízio, E. S., Rabelo, F. G., Fernandes, K., Almeida, O., 

Riveiro, S., Deadman, P. J., & Dou, Y. (2016). Local ecological knowledge and incremental 

adaptation to changing flood patterns in the Amazon delta. Sustainability Science. 

https://doi.org/10.1007/s11625-015-0352-2 

von Stechow, C., Minx, J. C., Riahi, K., Jewell, J., McCollum, D. L., Callaghan, M. W., Bertram, 

C., Luderer, G., & Baiocchi, G. (2016). 2 °C and SDGs: united they stand, divided they 

fall? Environmental Research Letters, 11(3), 034022. https://doi.org/10.1088/1748-

9326/11/3/034022 

Voorhees, H., Sparks, R., Huntington, H. P., & Rode, K. D. (2014). Traditional knowledge about 

polar bears (Ursus maritimus) in northwestern Alaska. Arctic. 

https://doi.org/10.14430/arctic4425 

Vörösmarty, C. J., McIntyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A., Green, P., 

Glidden, S., Bunn, S. E., Sullivan, C. A., Liermann, C. R., & Davies, P. M. (2010). Global 

threats to human water security and river biodiversity. Nature, 467(7315), 555–561. 

https://doi.org/10.1038/nature09440 

Vos, V. A., & Cruz, O. V. y A. (2015). Sistemas agroforestales en la Amazonía Boliviana, Una 

valoración de sus multiples beneficios. 

Walker, A. P., Zaehle, S., Medlyn, B. E., De Kauwe, M. G., Asao, S., Hickler, T., Parton, W., 

https://doi.org/10.1098/rstb.2014.0284


Unedited draft chapters 31 May 2019 

260 

 

Ricciuto, D. M., Wang, Y.-P., Warlind, D., & Norby, R. J. (2015). Predicting long-term 

carbon sequestration in response to CO2 enrichment: How and why do current ecosystem 

models differ? Global Biogeochemical Cycles, 29(4), 476–495. 

https://doi.org/10.1002/2014gb004995 

Walker, R., Browder, J., Arima, E., Simmons, C., Pereira, R., Caldas, M., Shirota, R., & Zen, S. 

de. (2009). Ranching and the new global range: Amazônia in the 21st century. Geoforum, 

40(5), 732–745. https://doi.org/10.1016/j.geoforum.2008.10.009 

Wang, S., Bailey, D., Lindsay, K., Moore, J. K., & Holland, M. (2014). Impact of sea ice on the 

marine iron cycle and phytoplankton productivity. Biogeosciences, 11(17), 4713–4731. 

https://doi.org/10.5194/bg-11-4713-2014 

Wang, X., Edwards, R. L., Auler, A. S., Cheng, H., Kong, X., Wang, Y., Cruz, F. W., Dorale, J. 

A., & Chiang, H. W. (2017). Hydroclimate changes across the Amazon lowlands over the 

past 45,000 years. Nature. https://doi.org/10.1038/nature20787 

Wårlind, D., Smith, B., Hickler, T., & Arneth, A. (2014). Nitrogen feedbacks increase future 

terrestrial ecosystem carbon uptake in an individual-based dynamic vegetation model. 

Biogeosciences, 11(21), 6131–6146. https://doi.org/10.5194/bg-11-6131-2014 

Warren, R., Price, J., Fischlin, A., de la Nava Santos, S., & Midgley, G. (2011). Increasing 

impacts of climate change upon ecosystems with increasing global mean temperature rise. 

Climatic Change, 106(2), 141–177. https://doi.org/10.1007/s10584-010-9923-5 

Warren, R., Price, J., Fischlin, A., Santos, S. de la N., & Midgley, G. (2011). Increasing impacts 

of climate change upon ecosystems with increasing global mean temperature rise. Climatic 

Change, 106(2), 141–177. https://doi.org/10.1007/s10584-010-9923-5 

Warren, R., Vanderwal, J., Price, J., Welbergen, J. A., Atkinson, I., Ramirez-Villegas, J., 

Osborn, T. J., Jarvis, A., Shoo, L. P., Williams, S. E., & Lowe, J. (2013). Quantifying the 

benefit of early climate change mitigation in avoiding biodiversity loss. Nature Climate 

Change, 3(7), 678–682. https://doi.org/10.1038/nclimate1887 

Warszawski, L., Friend, A., Ostberg, S., Frieler, K., Lucht, W., Schaphoff, S., Beerling, D., 

Cadule, P., Ciais, P., Clark, D. B., Kahana, R., Ito, A., Keribin, R., Kleidon, A., Lomas, M., 

Nishina, K., Pavlick, R., Rademacher, T. T., Buechner, M., Piontek, F., Schewe, J., 

Serdeczny, O., & Schellnhuber, H. J. (2013). A multi-model analysis of risk of ecosystem 

shifts under climate change. Environmental Research Letters, 8(4), 044018. 

https://doi.org/10.1088/1748-9326/8/4/044018 

Wassmann, P., Duarte, C. M., Agustí, S., & Sejr, M. K. (2011). Footprints of climate change in 

the Arctic marine ecosystem. Global Change Biology, 17(2), 1235–1249. 

https://doi.org/10.1111/j.1365-2486.2010.02311.x 

Watling, L., Guinotte, J., Clark, M. R., & Smith, C. R. (2013). A proposed biogeography of the 

deep ocean floor. Progress in Oceanography, 111, 91–112. 

https://doi.org/10.1016/j.pocean.2012.11.003 

Waycott, M., Duarte, C. M., Carruthers, T. J. B., Orth, R. J., Dennison, W. C., Olyarnik, S., 

Calladine, A., Fourqurean, J. W., Heck, K. L., Hughes, A. R., Kendrick, G. A., Kenworthy, 

W. J., Short, F. T., & Williams, S. L. (2009). Accelerating loss of seagrasses across the 

globe threatens coastal ecosystems. Proceedings of the National Academy of Sciences, 

106(30), 12377–12381. https://doi.org/10.1073/pnas.0905620106 

Wedding, L. M., Reiter, S. M., Smith, C. R., Gjerde, K. M., Kittinger, J. N., Friedlander, A. M., 

Gaines, S. D., Clark, M. R., Thurnherr, A. M., Hardy, S. M., & Crowder, L. B. (2015). 

Managing mining of the deep seabed. Science, 349(6244), 144–145. 



Unedited draft chapters 31 May 2019 

261 

 

https://doi.org/10.1126/science.aac6647 

WEF. (2017). Global Risk Report 2017: Under-Employed, Under-Inclusive and Under Threat: 

the World in 2017. 

Wernberg, T., Smale, D. A., Tuya, F., Thomsen, M. S., Langlois, T. J., de Bettignies, T., 

Bennett, S., & Rousseaux, C. S. (2013). An extreme climatic event alters marine ecosystem 

structure in a global biodiversity hotspot. Nature Climate Change, 3(1), 78–82. 

https://doi.org/10.1038/nclimate1627 

West, P. C., Gerber, J. S., Engstrom, P. M., Mueller, N. D., Brauman, K. A., Carlson, K. M., 

Cassidy, E. S., Johnston, M., MacDonald, G. K., Ray, D. K., & Siebert, S. (2014). Leverage 

points for improving global food security and the environment. Science, 345(6194), 325–

328. https://doi.org/10.1126/science.1246067 

Wethey, D. S., Woodin, S. A., Hilbish, T. J., Jones, S. J., Lima, F. P., & Brannock, P. M. (2011). 

Response of intertidal populations to climate: Effects of extreme events versus long term 

change. Journal of Experimental Marine Biology and Ecology, 400(1–2), 132–144. 

https://doi.org/10.1016/j.jembe.2011.02.008 

Whittier TR, & Kincaid TM. (1999). Introduced fish in northeast USA lakes: regional extent, 

dominance, and effect on native species richness. Transactions of the American Fisheries 

Society, (128), 769–783. 

Wiens, J. J. (2016). Climate-Related Local Extinctions Are Already Widespread among Plant 

and Animal Species. PLoS Biology. https://doi.org/10.1371/journal.pbio.2001104 

Wiens, J. J. (2016). Climate-Related Local Extinctions Are Already Widespread among Plant 

and Animal Species. PLoS Biology. https://doi.org/10.1371/journal.pbio.2001104 

Wilcox, C., Van Sebille, E., & Hardesty, B. D. (2015). Threat of plastic pollution to seabirds is 

global, pervasive, and increasing. Proceedings of the National Academy of Sciences, 

112(38), 11899–11904. https://doi.org/10.1073/pnas.1502108112 

Willer, H., & Lernoud, J. (2017). The World of Organic Agriculture - Statistics and Emerging 

Trends. The World of organic agriculture. Statistics and Emerging Trends. Frick & Bonn. 

https://doi.org/10.4324/9781849775991 

Williams, J. W., & Jackson, S. T. (2007). Novel climates, no-analog communities, and 

ecological surprises. Frontiers in Ecology and the Environment. 

https://doi.org/10.1890/1540-9295(2007)5[475:NCNCAE]2.0.CO;2 

Wilson, K. A., Underwood, E. C., Morrison, S. A., Klausmeyer, K. R., Murdoch, W. W., Reyers, 

B., Wardell-Johnson, G., Marquet, P. A., Rundel, P. W., McBride, M. F., Pressey, R. L., 

Bode, M., Hoekstra, J. M., Andelman, S., Looker, M., Rondinini, C., Kareiva, P., Shaw, M. 

R., & Possingham, H. P. (2007). Conserving biodiversity efficiently: what to do, where, and 

when. PLoS Biology, 5(9). https://doi.org/10.1371/journal.pbio.0050223 

Wilting, H. C., Schipper, A. M., Bakkenes, M., Meijer, J. R., & Huijbregts, M. A. J. (2017). 

Quantifying Biodiversity Losses Due to Human Consumption: A Global-Scale Footprint 

Analysis. Environmental Science & Technology, 51(6), 3298–3306. 

https://doi.org/10.1021/acs.est.6b05296 

Winemiller, K. O., McIntyre, P. B., Castello, L., Fluet-Chouinard, E., Giarrizzo, T., Nam, S., 

Baird, I. G., Darwall, W., Lujan, N. K., Harrison, I., Stiassny, M. L. J., Silvano, R. A. M., 

Fitzgerald, D. B., Pelicice, F. M., Agostinho, A. A., Gomes, L. C., Albert, J. S., Baran, E., 

Petrere, M., Zarfl, C., Mulligan, M., Sullivan, J. P., Arantes, C. C., Sousa, L. M., Koning, 

A. A., Hoeinghaus, D. J., Sabaj, M., Lundberg, J. G., Armbruster, J., Thieme, M. L., Petry, 

P., Zuanon, J., Vilara, G. T., Snoeks, J., Ou, C., Rainboth, W., Pavanelli, C. S., Akama, A., 



Unedited draft chapters 31 May 2019 

262 

 

Soesbergen, A. v., & Saenz, L. (2016). Balancing hydropower and biodiversity in the 

Amazon, Congo, and Mekong. Science, 351(6269), 128–129. 

https://doi.org/10.1126/science.aac7082 

Wirsenius, S., Azar, C., & Berndes, G. (2010a). How much land is needed for global food 

production under scenarios of dietary changes and livestock productivity increases in 2030? 

Agricultural Systems, 103(9), 621–638. https://doi.org/10.1016/j.agsy.2010.07.005 

Wirsenius, S., Azar, C., & Berndes, G. (2010b). How much land is needed for global food 

production under scenarios of dietary changes and livestock productivity increases in 2030? 

Agricultural Systems, 103(9), 621–638. https://doi.org/10.1016/j.agsy.2010.07.005 

Witt, M. J., Hawkes, L. A., Godfrey, M. H., Godley, B. J., & Broderick, A. C. (2010). Predicting 

the impacts of climate change on a globally distributed species: the case of the loggerhead 

turtle. Journal of Experimental Biology, 213(6), 901–911. 

https://doi.org/10.1242/jeb.038133 

Wittig, V. E., Ainsworth, E. A., Naidu, S. L., Karnosky, D. F., & Long, S. P. (2009). Quantifying 

the impact of current and future tropospheric ozone on tree biomass, growth, physiology 

and biochemistry: a quantitative meta-analysis. Global Change Biology, 15(2), 396–424. 

https://doi.org/10.1111/j.1365-2486.2008.01774.x 

Włodarska-Kowalczuk, M., Pearson, T. H., & Kendall, M. A. (2005). Benthic response to 

chronic natural physical disturbance by glacial sedimentation in an Arctic fjord. Marine 

Ecology Progress Series, 303, 31–41. https://doi.org/10.3354/meps303031 

Wohling, M. 2009. The problem of scale in indigenous knowledge: a perspective from northern 

Australia. Ecology and Society 14(1): 1. [online] URL: 

http://www.ecologyandsociety.org/vol14/iss1/art1/ 

Wolf, S. G., Snyder, M. A., Sydeman, W. J., Doak, D. F., & Croll, D. A. (2010). Predicting 

population consequences of ocean climate change for an ecosystem sentinel, the seabird 

Cassin’s auklet. Global Change Biology, 16(7), 1923–1935. https://doi.org/10.1111/j.1365-

2486.2010.02194.x 

Wollenberg E., D. Edmunds & L. Buck. (2000). Anticipating change: Scenarios as a tool for 

adaptive forest management. Bogor, Indonesia: Center for International Forestry Research. 

Wong, P. P., Losada, I. J., Gattuso, J. P., Hinkel, J., Khattabi, K. L., McInnes, K. L., Saito, Y., & 

Sallenger, A. (2014). Coastal systems and low-lying areas. In C. B. Field, V. R. Barros, D. 

J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. 

Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. 

Mastrandrea, & L. L. White (Eds.), Climate Change 2014: Impacts, Adaptation and 

Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to 

the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp. 361–

409). Cambridge, United Kingdom and New York, NY, USA: Cambridge University Press. 

Wood, S., Ericksen, P., Stewart, B., Thornton, P., & Anderson, M. (2010). Lessons Learned from 

International Assessments. In J. Ingram, P. Ericksen, & D. Liverman (Eds.), Food security 

and global environmental change (p. 334). London, Washington: Earthscan. 

https://doi.org/10.1016/j.envsci.2009.04.007 

Woodward, G., Benstead, J. P., Beveridge, O. S., Blanchard, J., Brey, T., Brown, L. E., Cross, 

W. F., Friberg, N., Ings, T. C., Jacob, U., Jennings, S., Ledger, M. E., Milner, A. M., 

Montoya, J. M., O’Gorman, E., Olesen, J. M., Petchey, O. L., Pichler, D. E., Reuman, D. 

C., Thompson, M. S. A., Van Veen, F. J. F., & Yvon-Durocher, G. (2010). Ecological 

Networks in a Changing Climate. Advances in Ecological Research (Vol. 42). 



Unedited draft chapters 31 May 2019 

263 

 

https://doi.org/10.1016/B978-0-12-381363-3.00002-2 

Woodward, G., Perkins, D. M., & Brown, L. E. (2010). Climate change and freshwater 

ecosystems: impacts across multiple levels of organization. Philosophical Transactions of 

the Royal Society B: Biological Sciences. https://doi.org/10.1098/rstb.2010.0055 

World Bank. (2013). Fish to 2030: Prospects for fisheries and aquaculture. Agriculture and 

Environmental Services Discussion Paper, 3(83177), 102. https://doi.org/83177-GLB 

World Economic Forum’s Ocean Programme, 2017. A New Vision for the Ocean - Ocean 

Systems Leadership and the Fourth Industrial Revolution. Discussion Paper prepared for the 

UN Ocean Conference by the World Economic Forum Environment and Natural Resource 

Security System Initiative: 13pp. http://www3.weforum.org/docs/Media/VfOceanDA.pdf 

World Ocean Assessment. (2017). The first global integrated marine assessment. Cambridge, 

UK: Cambridge University Press. https://doi.org/10.1017/9781108186148 

Worm B, Lotze HK, Jubinville I, Wilcox C, J. J. (2017). Plastic as a persistent marine pollutant. 

Annu. Rev. Environ. Resour., 42. 

WRI-IUCN-UNEP. (1992). Global Biodiversity Strategy. Guidelines for Action to Save, Study, 

and Use Earth’s Biotic Wealth Sustainably and Equitably. WRI, IUCN, UNEP. Retrieved 

from http://pdf.wri.org/globalbiodiversitystrategy_bw.pdf 

Wu, M., Knorr, W., Thonicke, K., Schurgers, G., & Arneth, A. (2015). Uncertainties in the 

impacts of climate change, atmospheric CO2 levels and demography on future burned area 

in Europe: comparison between two fire-vegetation models. Journal of Geophysical 

Research, 11, 2256–2272. https://doi.org/10.1002/2015JG003036 

Wu, N., Wang, C., Ausseil, A. G., Alhafedh, Y., Broadhurst, L., Lin, H. J., Axmacher, J., Okubo, 

S., Turney, C., Onuma, A., Chaturvedi, R. K., Kohli, P., Kumarapuram Apadodharan, S., 

Abhilash, P. C., Settele, J., Claudet, J., Yumoto, T., Zhang, Y. Chapter 4: Direct and 

indirect drivers of change in biodiversity and nature’s contributions to people. In IPBES 

(2018): The IPBES regional assessment report on biodiversity and ecosystem services for 

Asia and the Pacific. Karki, M., Senaratna Sellamuttu, S., Okayasu, S., Suzuki, W. (eds.). 

Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services, Bonn, Germany, pp. 265-370. 

WWAP (World Water Assessment Programme). (2012). he United Nations World Water 

Development Report 4. 

WWF. 2016. Living Planet Report 2016. Risk and resilience in a new era.WWW International, 

Gland, Switzerland 

Yang, X. S. (2014). Nature-Inspired Optimization Algorithms. Nature-Inspired Optimization 

Algorithms. https://doi.org/10.1016/C2013-0-01368-0 

Yang, X.-S. (2010). Nature-Inspired Metaheuristic Algorithms. Nature-Inspired Metaheuristic 

Algorithms Second Edition. https://doi.org/10.1016/B978-0-12-416743-8.00005-1 

Young, A. J., Guo, D., Desmet, P. G., & Midgley, G. F. (2016). Biodiversity and climate change: 

Risks to dwarf succulents in Southern Africa. Journal of Arid Environments, 129, 16–24. 

https://doi.org/10.1016/j.jaridenv.2016.02.005 

Young, P. J., Arneth, A., Schurgers, G., Zeng, G., & Pyle, J. A. (2009). The CO2 inhibition of 

terrestrial isoprene emission significantly affects future ozone projections. Atmospheric 

Chemistry and Physics, 9(8), 2793–2803. 

Yue, T. X., Liu, Y., Zhao, M. W., Du, Z. P., & Zhao, N. (2016). A fundamental theorem of 

Earth’s surface modelling. Environmental Earth Sciences, 75(9), 12. 

https://doi.org/10.1007/s12665-016-5310-5 

http://www3.weforum.org/docs/Media/VfOceanDA.pdf
http://pdf.wri.org/globalbiodiversitystrategy_bw.pdf
https://doi.org/10.1002/2015JG003036


Unedited draft chapters 31 May 2019 

264 

 

Zabel, F., Putzenlechner, B., & Mauser, W. (2014). Global Agricultural Land Resources – A 

High Resolution Suitability Evaluation and Its Perspectives until 2100 under Climate 

Change Conditions. PLoS ONE, 9(9), e107522. 

https://doi.org/10.1371/journal.pone.0107522 

Zaehle, S. (2013). Terrestrial nitrogen - carbon cycle interactions at the global scale. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 368(1621), 

20130125. https://doi.org/10.1098/rstb.2013.0125 

Zaehle, S., Jones, C. D., Houlton, B., Lamarque, J.-F., & Robertson, E. (2015). Nitrogen 

Availability Reduces CMIP5 Projections of Twenty-First-Century Land Carbon Uptake. 

Journal of Climate, 28(6), 2494–2511. https://doi.org/10.1175/jcli-d-13-00776.1 

Zaneveld, J. R., Burkepile, D. E., Shantz, A. A., Pritchard, C. E., McMinds, R., Payet, J. P., 

Welsh, R., Correa, A. M. S., Lemoine, N. P., Rosales, S., Fuchs, C., Maynard, J. A., & 

Thurber, R. V. (2016). Overfishing and nutrient pollution interact with temperature to 

disrupt coral reefs down to microbial scales. Nature Communications, 7(May), 1–12. 

https://doi.org/10.1038/ncomms11833 

Zarin, D. J., Harris, N. L., Baccini, A., Aksenov, D., Hansen, M. C., Azevedo-Ramos, C., 

Azevedo, T., Margono, B. A., Alencar, A. C., Gabris, C. S., Allegretti, A., Potapov, P., 

Farina, M., Walker, W. S., Shevade, V. S., Loboda, T. V, Turubanova, S., & Tyukavina, A. 

(2016). Can carbon emissions from tropical deforestation drop by 50% in 5years? Global 

Change Biology, 22(4), 1336–1347. https://doi.org/10.1111/gcb.13153 

Zhang, X., Tang, Q., Zhang, X., & Lettenmaier, D. P. (2014). Runoff sensitivity to global mean 

temperature change in the CMIP5 Models. Geophysical Research Letters, 41(15), 5492–

5498. https://doi.org/10.1002/2014gl060382 

Zhang, Z., Zimmermann, N. E., Kaplan, J. O., & Poulter, B. (2016). Modeling spatiotemporal 

dynamics of global wetlands: comprehensive evaluation of a new sub-grid TOPMODEL 

parameterization and uncertainties. Biogeosciences, 13(5), 1387–1408. 

https://doi.org/10.5194/bg-13-1387-2016 

Zhu, Z., Piao, S., Myneni, R. B., Huang, M., Zeng, Z., Canadell, J. G., Ciais, P., Sitch, S., 

Friedlingstein, P., Arneth, A., Cao, C., Cheng, L., Kato, E., Koven, C., Li, Y., Lian, X., Liu, 

Y., Liu, R., Mao, J., Pan, Y., Peng, S., Penuelas, J., Poulter, B., Pugh, T. A. M., Stocker, B. 

D., Viovy, N., Wang, X., Wang, Y., Xiao, Z., Yang, H., Zaehle, S., & Zeng, N. (2016). 

Greening of the Earth and its drivers. Nature Climate Change, 6(8), 791–+. 

https://doi.org/10.1038/nclimate3004 

Zhuo, L., Mekonnen, M. M., & Hoekstra, A. Y. (2016). Consumptive water footprint and virtual 

water trade scenarios for China - With a focus on crop production, consumption and trade. 

Environment International, 94, 211–223. https://doi.org/10.1016/j.envint.2016.05.019 

Zomer, R. J., Trabucco, A., Coe, R., & Place, F. (2009). Trees on farm: analysis of global extent 

and geographical patterns of agroforestry. Nairobi: World Agroforestry Centre. 

 


