
Regional Summary 419

Coordinating lead authors: Begum Ozkaynak, Laszlo Pinter and Detlef P. van Vuuren

Lead authors: Livia Bizikova, Villy Christensen, Martina Floerke, Marcel Kok, Paul Lucas, 
Diane Mangalagiu, Rob Alkemade, Trista Patterson, John Shilling and Darren Swanson

Contributing authors: Andrea Bassi, Fabio Feldmann, Jill Jäger, Washington Ochola, 
Weishuang Qu, Kilaparti Ramakrishna, Claudia Ringler, Pinar Ertor (GEO Fellow) and
Natalia Pervushina (GEO Fellow)

Chapter coordinators: Matthew Billot and Nalini Sharma

©
 C

at
hy

 K
ei

fe
r/

iS
to

ck

Scenarios and Sustainability Transformation
16C H A P T E R



Part 3: Global Responses420 Scenarios and Sustainability Transformation  420 Part 3: Global Responses

Main Messages 
Meeting an ambitious set of sustainability targets 
by the middle of the century is possible but current 
supporting policies and strategies are not adequate 
to achieve this. Scenario studies show that without 
greater efforts to implement appropriate short-term 
policies, to shift investments to achieve necessary 
long-term structural changes, and to introduce 
behavioural transformations, it will not be possible to 
meet sustainability targets. These relate to international 
agreements on environmental protection and human 
development for issues like atmosphere and climate 
change, land and food security, water and biodiversity.

Transforming both consumption and production is 
important. Scenario studies suggest that targets can 
be met, but only if measures are taken to influence the 
levels and patterns of consumption and production. 
Most current policies focus on changes in production 
processes to achieve targets, but fail to address 
consumption. However, changes in consumption 
levels and patterns have great – but as yet unrealized 
– potential to reduce environmental pressures.

Effective implementation of wide-ranging technical 
and policy measures needs to be supported by a 
shift in underlying motivations and value patterns. 
Changes need to be both short and long term, and 

to combine technology, investment and governance 
measures along with lifestyle modifications 
grounded in a mindset shift towards values based on 
sustainability and equity. They also need to reflect 
regional differences and priorities. Technical measures 
alone are unlikely to be enough, and will not have the 
required level of societal support if not accompanied 
by transformations at all leverage points.

Accomplishing such complex transformations 
requires a gradual but steadily accelerating 
transition process. Some successful policy 
innovations are already happening, but need  
to be mainstreamed to be more effective. There  
is also a need to stop doing the things that pull the 
Earth System towards unsustainability. At the same 
time, it is important to provide resources, build 
capacity and create an enabling environment 
in a way that is consistent with visions of a 
sustainable world.

Broad-based social contracts grounded in jointly 
developed visions of a sustainable future would 
help to bring key stakeholders on board. The 
transition requires a high degree of consensus 
and coordination of action between social actors – 
governments, the private sector and civil society.  
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To ensure coherence, contextually sensitive 
transition pathways could be developed as joint 
visions of the future. These can be agreed on as 
informal or formal social contracts that respect the 
requirement to assure sustainable access to the 
resources necessary for human well-being. 

The transition process needs to be based on 
adaptive management. Uncertainties play a key role 
in the problems of the Earth System. As a result, 
management should be based on learning-by-doing 
processes, periodic reassessment based on new 
learning, and a great diversity of measures. This will 
provide better insurance against wholesale failure on 
critical issues – due either to inherent uncertainties 
or inadequate implementation – and be mutually 
strengthening as well.

There is a need for clear long-term environment  
and development targets and for stronger 
accountability in international agreements.  
Given that environmental and societal Earth  
System changes can be slow, long-term visions  
and goals – expressed as social contracts – 
could help focus investments and technology 
development, induce societal change, and engage 
other actors in society. 
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INTRODUCTION
The nature and scale of changes described in Part 1 indicate that, 
without additional policies, the global environment will degrade 
further – from a situation that already raises considerable 
concern. A crucial question, therefore, is how to halt and reverse 
such trends. 

While previous Global Environment Outlook (GEO) reports have 
explored several scenarios looking at very different futures 
(UNEP 2002, 2007), the emphasis of GEO-5 is on the choices and 
strategies that could, from 2012, lead to a sustainable future. 
This is advanced by looking at two very different storylines based 
on a review of existing scenario studies: 
•	 a	view	of	the	world	in	2050	assuming	business-as-usual	

paths and behaviours – “conventional world” scenarios; and
•	 an	alternative	that	leads	to	results	consistent	with	our	current	

understanding of sustainability and agreed-upon goals and 
targets on the road to 2050 – “sustainable world” scenarios. 

A key difference between the two is how deeply transformation 
occurs, supporting the emergence of alternative development 
trajectories (Figure 16.1).

The ambitious goals of this systemic transformation require 
increasing the power of collective thinking, creativity and 
coordination. Cultivating profound long-term change is neither 
a linear nor a simple process, especially in complex dynamic 
systems that often exhibit non-linear behaviour or tipping 
points (Lenton et al. 2008; Folke et al. 2002; Levin 1998). For 
this reason, knowledge of the component parts of a system, 
their relationships, interactions and emergent behaviour can 
help policy makers understand, anticipate and strategize 
outcomes for the longer run, even when evidence of those 
changes may not be immediately apparent. Sustainable world 
scenarios represent and require many fundamental shifts in 

society-environment interactions. These scenario outcomes 
are designed to be consistent with the best available science 
on the Earth System and the aspirations for environment 
and sustainable development manifested in multilateral 
agreements. They combine the effects of mainstreaming 
promising measures that already exist with change at 
progressively deeper structural levels. 

A system is a set of things – here, people and ecosystems in the 
Earth System – that interact with one another within a defined 
boundary, and that produce their own pattern of behaviour 
over time. Complexity theory shows that small, calculated, 
strategically applied actions can effect great change. In a 
complex system, leverage points are those where the outcome is 
disproportionate to the input. Identifying and acting on effective 
leverage points is especially difficult in cases in which casting 
off old paradigms is involved, but once a leverage point has 
been pushed in the right direction, the resultant change can be 
particularly lasting and profound (Meadows 1999).

“Magical leverage points are not easily accessible, even 
if we know where they are and which direction to push 
them on. There are no cheap tickets to mastery. You have 
to work at it, whether that means rigorously analyzing a 
system or rigorously casting off your own paradigms and 
throwing yourself into the humility of Not Knowing.”

(Meadows 1999)

Figure 16.2 depicts the transformative layers where leverage 
points may be found. The more embedded drivers are in the 
system, the more enduring and profound the change needs to 
be: shifting mindsets is at the core of transformation because 
it translates into visions, goals and collective action. Changing 
rules and incentives is literally a game changer in the pursuit 
of transformation, because the right incentives can create 
structural change and influence key drivers. The outer layer of 
transformation involves creating and listening to feedback and 
making adjustments to environmental pressures to maintain 
progress towards sustainability.

Shepherding a complex dynamic system through transition is 
not a linear or unidirectional process, and progress or setbacks 
occurring in each layer continuously influence the others. Thus a 
policy approach that diversifies strategy across all the layers of 
transformation presents a diverse and resilient portfolio for using 
leverage to its greatest advantage. The result is an integrated 
policy that produces both short-term and profound long-term 
system shifts by cultivating and targeting ever deeper system 
change over time, while monitoring it as well as feeding it with 
successes at more superficial levels. Clearly, producing these 
outcomes requires an ability to accept some uncertainty, while 
also holding a strong focus on integrating and documenting 
progress towards a clearly articulated vision of success. The 
section on visions, goals and targets on the road to 2050 
articulates a vision of a desired state of the environment, with 
goals and targets based on existing international agreements.
The section on sustainability pathways reviews existing 

Figure 16.1 Conventional world and sustainable 
world scenarios in GEO-5
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scenarios to provide an outlook for the drivers of environmental 
change and the pathways that society could follow on the 
road to 2050 to achieve goals and targets. Over the last few 
years, a large number of scenario-based assessments of global 
environmental problems and human development have been 
published, including the Intergovernmental Panel on Climate 
Change (IPCC) climate assessments (Nakicenovic and Swart 
2000), the Global Environment Outlook reports (UNEP 2007, 
2002), the Millennium Ecosystem Assessment (MA 2005a), the 
International Assessment of Agricultural Science and Technology 
Development (IAASTD 2009b) and the World Water Development 
Reports (UNESCO 2009, 2006). Most of these used an explorative 
approach with widely diverging scenarios that assess what might 
happen in the future. Van Vuuren et al. (2011a) discuss many 
of the assessments and highlight emerging commonalities. 
Generally, the scenarios explore a wide range of possible 
outcomes but, importantly and by design, almost none 
involves meeting sustainability targets – or sets them out as 
an objective. In contrast, some visioning exercises carried out 
by various organizations, such as the World Business Council 
on Sustainable Development (WBCSD 2010), the International 
Geosphere Biosphere Programme (Jäger and Cornell 2011) and 
UNEP’s Green Economy Report (UNEP 2011c), have tried to do so. 

The section on advancing sustainability explores strategic 
elements that have the potential to advance the transition 
onto pathways consistent with visions of a sustainable world. 
Changing the current unsustainable course demands a scale 
of effort without precedent in human history (Steffen et al. 
2005). Meeting this challenge will require a diverse portfolio of 
strategies and measures, partly as a form of insurance against 
failure, but also to reflect the different and dynamically changing 
condition of individual countries and ecosystems around the 

Figure 16.2 Layers of transformation

world (Innes et al. 2005; Speth 2005). Taking into account 
recent scientific advances in understanding the functioning and 
governance of closely coupled human systems and ecosystems, 
this section provides guidance for developing response measures 
and strategies at the sub-global level. A strategic element 
identifies visioning and the ability to build social and political 
consensus around visions of sustainable-future outcomes as 
essential but underrated aspects of sustainable development 
governance (Costanza 2000; Meadows 1996). Society-wide 
relearning and the phase-out of unsustainable policies and 
practices are discussed, coupled with the redirection of 
resources towards high-leverage intervention points, including 
those that better align peoples’ mindsets with sustainability and 
redefine the common meaning of progress as something broader 
and more meaningful than gross domestic product (GDP). Finally, 
the need for approaching the transition as an adaptive learning 
process to build resilience (Loorbach 2007; Holling 2001;  
Lee 1993) is identified. While providing guidance at the sub-
global level, these strategic elements also serve as a starting 
point for the discussion of responses within international 
institutions. 

VISIONS, GOALS AND TARGETS ON THE ROAD TO 2050
This section introduces a sustainable world vision for 2050 
with specific goals and targets derived mainly from existing 
international agreements. Visioning activates awareness, 
emotion and imagination with the intention of bringing new 
systems into being, while the 40-year perspective allows enough 
space for societies to identify policy options and initiate the 
structural transformations required.

The challenge of meeting both human needs and human 
aspirations within the planet’s carrying capacity makes the overall 
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Figure 16.3 Twin challenge

ambition complex (UNEP 2011c, 2007; WBCSD 2010; 
MA 2005b; WCED 1987). A number of countries have attained 
high levels of human development, but this has often been 
at the expense of the global natural resource base and 
environmental quality, and has resulted in high levels of 
greenhouse gas emissions (Figure 16.3). Given the analysis in 
Part 1, it is clear that this development path is not sustainable 
in the long run. Many other countries, meanwhile, are faced with 
prioritizing the basic human needs of their citizens – such as 
energy, food and water – over protecting the global commons. 
In general, these countries currently exert a lower per-person 
pressure on the global environment, but the overall pressure can 
still be significant where the population is large, or where there are 
local environmental problems. Furthermore, when future dynamics 
are taken into account, the situation may get even worse.

A vision of a sustainable world could be based on the simultaneous 
achievement of broad overarching goals that take into account 
the fulfilment of basic human needs, mainly related to reliable 
and affordable energy, food, drinking water and sanitation, and 
the achievement of environmental sustainability at the global, 
national, regional and local levels. Such a vision was the basis of 
the 1992 Rio Declaration (UNCED 1992) and was advanced further 
in the Millennium Development Goals (MDGs) (UN 2000).

A sustainable world cannot be realized until it is widely and actively 
envisioned. Of the available tools to address the challenges ahead, 

Farmers thresh their rice harvest in Punakha, Bhutan, the first country 
to include the concept of happiness in its national measurements of 
development. © Gill Fickling/UN Photo
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This figure plots countries on the basis of two indicators: the Human Development Index (HDI) and the ecological footprint per person. In order to 
achieve sustainability, countries must move towards the bottom right corner and as such decouple human development from natural resource use 
and environmental impacts (UNEP 2011c). The figure shows that worldwide, no country held that position in 2007.

Note: A global hectare is a hypothetical area equivalent to 1 hectare of globally averaged productivity. Source: Global Footprint Network 2010; UNDP 2009

visioning is critical to crafting profound and enduring change. 
Vision statements have a specific form: they describe the future, 
yet they are phrased in the present tense as if the desired change 
had already occurred. Box 16.1 presents a possible vision for 
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2050, in line with the internationally agreed goals summarized in 
Table 16.1. Its transition pathways and key strategic elements are 
described in the subsequent sections of this chapter. 

Obviously, other important global sustainable development 
targets exist, and the vision and goals outlined here (Box 16.1; 
Table 16.1) cannot provide a complete picture of a sustainable 
world. A vision develops through evolution and must have 
contributions from many people before it is mature and 
compelling. Thus, the vision captured here is only a start: it 
represents an invitation to individuals to envision the world they 
really want in 2050. Catalysing human imagination is integral to 
realizing a sustainable, desirable future. 

The analysis that follows reflects the thematic structure of Part 
1: first the global drivers of environmental change, followed 
by the environmental themes of atmosphere, land, water and 
biodiversity. As there has been little scenario building on the 
theme of Chapter 6 – chemicals and waste – it is not included in 
this analysis, although for the sake of completeness it appears 
in Table 16.1. Since meeting basic human needs is crucial to a 

Box 16.1 A possible vision of the world on a path towards sustainability in 2050

The year is 2050. What appeared to be so improbable at the 
start of the second decade of the century is turning out to be 
possible, after all. Changes have been great, and there have 
been deep losses. Although people expect and are prepared 
for far greater changes than any yet experienced, a sense of 
possibility abounds as there have been so many successes.

Climate change is still a problem, but emissions have nearly 
halved compared to four decades ago. Basic drinking water 
and sanitation needs of even the poorest have been met. 
Learning and mimicking nature’s resilience has helped restore 
ecological function in areas once considered irretrievably 
lost. The most devastating projections for ocean acidification, 
groundwater salinity, desertification and land degradation have 
not materialized – with real implications for the food system 
worldwide. An eco-efficient, highly diversified agricultural 
system ensures that food shortages are infrequent, local, 
and mostly due to extreme weather events. Civil instability 
and conflict over resources, food and water is now rare. More 
humans enjoy a higher quality of life for longer than ever before, 
without denying future generations the same possibility. 

Most of the world’s citizens are actively and personally 
engaged with humanity’s goal of living within planetary 
limits. Peak oil and peaks in the supply of some other natural 
resources have come and gone, but thanks to radical changes 
in lifestyle and resource productivity, have not led to the 
disruption of absolute scarcity. Leadership is everywhere; as a 
result, diverse, innovative, bottom-up initiatives abound and 
are spread through social networks, faster than ever before. 

Governance systems, more than ever, are creating synergistic 
impacts. There has been a tangible shift in the willingness 
to look for truly sustainable alternatives, a consensus to 
aim for prosperity rather than continued economic growth 
at all costs, a commitment to redirect investments to green 
entrepreneurship and innovation. Knowledge of nature, 
species and ecosystems is used as a measure and model for 
humanity’s greatest challenges. Indigenous and traditional 
knowledge, women’s access to education, governance and 
decision making, and a successful balance in North-South 
and developed-developing perspectives are the forums for 
pursuing these goals: each shows clearly that human systems 
esteem diversity as a form of wisdom. 

How did this happen? Perhaps things had to get worse before 
they got better. Perhaps each problem that the financial, social, 
and ecological debt crises presented had a positive outcome. 
Ironically, the lynchpin in this transition was an element 
that had previously been all but overlooked in international 
governance. A generation of young people emerged, by nature 
more comfortable with visioning, social networking and truth-
telling than its elders. The resulting intergenerational contract, 
building on momentum already present in society supported 
a generation of problem-solvers who had never learned 
values and behaviours that undermined planetary life-support 
systems, and who could envision solutions and success 
previously unforeseen. 

Achieving these outcomes was the result of a major global 
effort that began at the 2012 World Summit in Rio. 

sustainable development strategy, related human well-being 
objectives are addressed, where appropriate, under each theme. 
In the selection process, care was taken to ensure that targets 
properly address the desired state of the global environment and  
basic human needs.

At this point, it is also important to note that internationally 
agreed goals and targets are, by definition, a result of political 
compromise. They take into account scientifically established 
thresholds to a varying degree, but they may not be fully in 
agreement with them, particularly as scientific understanding 
of where such thresholds may lie is also evolving. Therefore, 
in some cases, selected targets only include a qualitative 
description of the objective, without further specification, either 
because of lack of data or because there is still divergence 
over quantifiable targets. For the climate change problem, for 
instance, what level of global mean temperature increase is seen 
as dangerous – and therefore must be avoided according to the 
qualitative objective agreed in the United Nations Framework 
Convention on Climate Change (UNFCCC) – is highly debated. Yet, 
the risks associated with temperature rise are clear, and some 
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Themes Goals Targets

Atmosphere

United Nations Framework Convention on Climate 
Change (UNFCCC 1992) Article 2

Cancun Agreements (UNFCCC 2010) Article 1 
Paragraph 4

Prevent dangerous 
anthropogenic interference 
with the climate system

Stabilizing greenhouse gas emissions at a level that would hold the increase in 
global average temperature below 2°C above pre-industrial levels 

Convention on Long-range Transboundary Air 
Pollution (CLRTAP 1979) Article 2

World Health Organization guidelines  
(WHO 2006)

Reduce and prevent air 
pollution

Limiting the concentration of pollutants (such as PM2.5, PM10, SO2, NO2, O3, CO, 
Pb) in line with WHO guidelines

Johannesburg Plan of Implementation (JPOI) 
(WSSD 2002) Paragraph 9a

Energy for a Sustainable Future (AGECC 2010)

Improve access to reliable, 
affordable, economically viable 
and environmentally sound 
energy supplies

Achieve universal access to modern energy supplies by 2030

Land

FAO World Food Summit Plan of Action 
(FAO 1996) Paragraph 33g

FAO World Food Summit Plan of Action (FAO 1996) 
Paragraph 33g

Agenda 21 (UNCED 1992b) Chapter 11.12a

Conservation and sustainable 
use of land

Sustain forest cover

Reduce salinization, combat desertification, reduce cropland expansion and 
prevent soil pollution and degradation

Reduce the deforestation rate and expand forest areas

UN Millennium Declaration (UN 2000) MDG 1 
Target 1c

Eradicate hunger Halve, between 1990 and 2015, the proportion of people who suffer from 
hunger, and eradicate hunger by 2050

Water

Johannesburg Plan of Implementation (JPOI) 
(WSSD 2002) Paragraph 25d

UN Millennium Declaration (UN 2000)  
Paragraph 23

Sustain water resources, 
protect water quality and 
aquatic ecosystems

Intensify water pollution prevention to reduce health hazards and protect 
ecosystems 

Stop the unsustainable exploitation of water resources by developing water 
management strategies at the regional, national and local levels, which promote 
both equitable access and adequate supplies

UN Millennium Declaration (UN 2000) MDG 7 
Target 7c

Universal provisioning of safe 
drinking water and improved 
sanitation

Halve, by 2015, the proportion of the population without sustainable access to 
safe drinking water and basic sanitation and ensure full access by 2050

Biodiversity

Convention on Biological Diversity (CBD) Aichi 
Biodiversity Targets (CBD 2010)  
Target 5

CBD Aichi Biodiversity Targets (CBD 2010a)  
Target 12

Improve the status of 
biodiversity by safeguarding 
ecosystems, species and 
genetic diversity and promote 
its sustainable use and fair and 
equitable benefit sharing

By 2020, at least halve and where feasible bring close to zero the rate of loss of 
all natural habitats, including forests, and significantly reduce degradation and 
fragmentation 

By 2020, prevent the extinction of known threatened species, and improve and 
sustain their conservation status, particularly of those most in decline

United Nations Convention on the Law of the Sea 
(UNCLOS 1982) Article 192

Convention on Biological Diversity Decision II/10 
(Jakarta Mandate 1995) 

FAO Code of Conduct for Responsible Fisheries 
(FAO 1995) Paragraph 6.2

Protect and preserve the 
marine environment

Promote conservation and sustainable use of the coastal and marine 
ecosystems as well as their natural resources

Promote the maintenance of the quality, diversity and availability of fishery resources 
in sufficient quantities for present and future generations 

Chemicals and waste

Johannesburg Plan of Implementation (JPOI) 
(WSSD 2002) Paragraph 23

Stockholm Convention on Persistent Organic 
Pollutants (2009)

Rotterdam Convention on Certain Hazardous 
Chemicals in International Trade (Rotterdam 
Convention 1998) Article 1

Reduce chemical pollution to 
protect human health and the 
environment

Monitor and control the trade in 
certain hazardous chemicals

By 2020, use and produce chemicals in ways that lead to the minimization of 
significant adverse effects on human health and the environment

Protect human health and the environment from persistent organic pollutants

Promote shared responsibility in the international trade of certain hazardous 
chemicals in order to protect human health and the environment from potential 
harm and to contribute to their environmentally sound use

Johannesburg Plan of Implementation (JPOI) 
(WSSD 2002) Paragraph 22

Minimize the amount of waste  
and promote reuse and 
recycling

Prevent and minimize waste and maximize reuse, recycling and use of 
environmentally friendly alternative materials

Table 16.1 Goals and targets on the road to 2050
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are becoming more acute, so preventative and precautionary 
action is necessary as a form of sustainability insurance (UNFCCC 
2010). Strengthening the long-term globally agreed target on 
the basis of the best available scientific knowledge, rather than 
of political consensus, is still an issue under consideration at 
UNFCCC meetings. Overall, the targets are based on the latest 
multilateral agreements associated with the goals that inspire 
and guide humanity towards a specific destination.

PATHWAYS TO ACHIEVE LONG-TERM SUSTAINABILITY 
GOALS 
This section examines the existing literature on quantitative 
scenarios to outline how sustainability targets might be met. 
The chapter looks at the scenarios used in earlier assessments 
and published in the scientific literature and summarizes the 
findings for the conventional world projections, scenarios that 
describe the consequences of continuing current policies, 
and compares them to sustainable world projections, those 
that aim to reach the long-term targets envisioned above. The 
purpose of this comparison is to assess the gap between these 
different pathways and to discuss how it might be closed. The 
two scenario categories have some general characteristics. 
Conventional world scenarios typically extrapolate historical 
trends, assuming no new policy direction, also described in 
the literature as business-as-usual. They also usually assume a 
continuing increase in the use of material goods and services, 
driven by the same market dynamics dominant in the world 
today. These scenarios thus tend to ignore the risks associated 
with environmental degradation and resource scarcity. 
Sustainable world scenarios, in contrast, explore the changes 
required if sustainable development goals are to be met. Clearly, 
this category includes a wide range of scenarios based on the use 
of advanced technologies, increased efficiency and/or lifestyle 

changes. In some cases new calculations have been performed to 
respond to gaps in the literature. 

Drivers
Population and income
The global population is projected to grow to 8–10.5 billion 
people by 2050 (Figure 16.4) (UNDESA 2011; Lutz et al. 2008). 
By far the largest share of population growth is expected 
in countries that are currently low-income, mainly in sub-
Saharan Africa, Northern Africa and West Asia, and South Asia. 
Generally, low population scenarios are more likely to lead to 
lower environmental pressure than high ones, although high 
population scenarios that result in low emissions can also 
be found in the literature (van Vuuren et al. 2012). Still, the 
importance of population growth in the context of sustainability 
targets has been recognized at the highest UN level (ICPD 1994). 
Investing in women’s education is one of the most effective 
methods of reducing population growth, as women with higher 
levels of education have fewer children. Scenario analysis by Lutz 
and Samir (2011) shows a global population ranging from 8.9 to 
10.0 billion people in 2050 as a result of a high or low education 
scenario alone.

Nearly all scenarios project a further increase in GDP as an 
indicator of economic development, although there is variation 
between scenarios, with global average per-person growth rates 
ranging between 1.2 and 2.2 per cent annually (Figure 16.4). 
The relationship between income and environmental change 
is ambiguous. On the one hand, high income tends to coincide 
with high consumption levels, leading to further environmental 
degradation. On the other, an increase in income can also 
coincide with lower population levels, an increasing appreciation 
of a clean environment and rapid technological change. These 

Figure 16.4 Population and income projections in the scenario literature, 2000–2050 
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trends may lead to a decrease in environmental pressure as 
incomes rise, as observed, for instance, for local air pollution, 
the so-called environmental Kuznets curve (Chapter 1) (van 
Ruijven et al. 2008; Riahi et al. 2007; Smith 2005; Stern 2003). 
This effect has, however, not been observed for many global 
environmental problems, including carbon dioxide (CO2) 
emissions, and there have been reports of displacement effects 
– with production shifting to low-income countries – underlying 
some Kuznets observations (Luzzati and Orsini 2009). It is 
important to note that it is not the level or rate of economic 
growth that determines environmental impacts, but its structure. 
For example, a focus on services rather than material goods 
could reduce the pressure on natural resources. Consistent with 
this scientific debate, no straightforward relationship between 
income projections and achievement of sustainability targets 
can be found in global scenarios (van Vuuren et al. 2012). 
Some scholars emphasize the positive feedbacks between 
economic growth and achieving sustainability goals, the green 

growth paradigm for example (WCED 1987), while others 
highlight trade-offs and the correlation between consumption 
rates and the flow of material goods, as in the steady-state 
economy paradigm (Czech and Daly 2004; Daly 1974, 1971). 
The difference depends on factors such as technological 
development, macro-economic feedbacks and avoided 
environmental damage (UNEP 2011b).

Consumption
Global average consumption levels have risen significantly 
during recent decades, outpacing simultaneous improvements in 
efficiency. Increases in both the number and size of cars have been 
much greater than improvements in fuel efficiency, leading to a rapid 
increase in overall transport fuel consumption (Girod et al. 2012). In 
fact, efficiency improvement itself may induce higher consumption 
levels by decreasing the cost of consumption – the rebound effect. 
Changing consumption patterns could form an important part of 
a sustainable development strategy as it often leads to multiple 
benefits and brings environmental concerns closer to consumers. 
Historically, however, campaigns aimed at changing consumption 
patterns have not always been successful. The effectiveness of 
changes in consumption can be illustrated by scenario studies on 
dietary change, discussed below in the section on land.

There is increasing recognition of the importance of the 
environment for human development and quality of life (World 
Bank 2008; UNEP 2007; MA 2005b). Currently, an estimated 
24 per cent of the global disease burden and 23 per cent of all 
deaths can be attributed to environmental factors (Prüss-Üstün 
and Corvalán 2006). For child mortality, in particular, low levels 
of food intake, unsafe drinking water, a lack of basic sanitation 
and the use of solid fuels for cooking and heating are important 
drivers (Black et al. 2010). Analysis shows that, despite some 
progress, in conventional world scenarios, full access to sufficient 
food, water, and energy will not be reached for many countries in 
South Asia and sub-Saharan Africa by 2030, or even 2050 (World 
Bank/IMF 2011; Hilderink et al. 2009). 

Atmosphere
Conventional world scenarios
Almost all scenarios that assume no major policy changes expect 
energy consumption to continue to grow worldwide. On average, 
they project energy consumption to increase by a factor of three 
over the 21st century, with a range of 2.5–5.5 (van Vuuren et al. 
2012; Clarke et al. 2010; Fisher et al. 2007). Moreover, such 
conventional world scenarios project fossil fuels to retain a large 
market share as their price, especially for coal, is expected to 
be lower than that of alternative fuels. Despite the domination 
of fossil fuels, however, most scenarios project a significant 
increase in non-fossil energy production, including biomass, 
solar, wind and other renewables, as well as nuclear. 

The projections also indicate that by 2030 nearly 3 billion 
people, mostly in rural areas in sub-Saharan Africa and Asia,  
will still rely on traditional biomass for cooking and heating, 
while about 1 billion people will have no access to electricity 
(GEA 2011; IEA et al. 2010). Conventional world scenarios also 

A young girl receiving training in trade in the Kapisa Province of 
Afghanistan, where the vast majority of primary and secondary 
students are boys. © Eskinder Debebe/UN Photo
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Note: Emission and temperature scenarios cover a longer time period than other scenarios in this chapter 
because of inertia in the climate system. The shaded areas indicate the 10-90th percentile literature range. Source: van Vuuren et al. 2008a, 2008b; Fisher et al. 2007
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consistently project high numbers of people suffering from 
the health consequences of traditional fuel use, with around 
1.5 million annual premature deaths resulting from indoor air 
pollution in 2030 (IEA et al. 2010). The use of traditional fuels 
in inefficient stoves can also have serious implications for 
deforestation and local and regional air pollution (FAO 2006a; 
IEA 2006; Arnold et al. 2003). It should be noted that fuelwood 
use could actually increase in response to rising prices for 
modern fuels (Easterling et al. 2007). 

Increasing fossil fuel use implies increasing emissions of 
greenhouse gases. On average, conventional world scenarios 
project greenhouse gas emissions to more or less double in 
the next 50 years (van Vuuren et al. 2012; PBL 2009; Fisher 
et al. 2007). Scientific knowledge leaves little doubt that a 
consequence of the increase will be a steady rise in global mean 
temperature (Figure 16.5) (van Vuuren et al. 2008a, 2008b; IPCC 
2007), of 3–5oC relative to pre-industrial levels by the end of the 
century. There is considerable uncertainty regarding both climate 
change and its impacts. The IPCC’s Fourth Assessment Report 
indicates that a warming of 4oC is likely to have negative effects 
on agricultural yields in most parts of the world (Easterling et 
al. 2007), with sensitive systems – coral reefs, some mountain 
ecosystems, polar sea ice and many of the world’s glaciers – 
likely to be lost and sea levels possibly rising by more than 1 
metre by the end of the century. Moreover, there is a risk of 
passing critical thresholds for the functioning of the Amazon 
rainforest (IPCC 2007), as well as an increase in the frequency of 
storms, droughts and other extreme weather events.

Historically, people have tended to invest more in the control of 
air pollution as they become more affluent. Typically, emissions 

increase in the early stages of development, but may diminish 
as incomes rise. In conventional world scenarios, emissions are 
usually shown to decrease slowly in the first decades of the 21st 
century in high-income countries, but to increase in low-income 
ones (van Ruijven et al. 2008). Globally, for many air pollutants 

Figure 16.5 Emissions and temperature scenarios

Figure 16.6 Scenarios for sulphur emissions 
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this results in a pattern of stable or slightly decreasing emissions 
(Figure 16.6); although with considerable uncertainty. During 
most of the century, therefore, these scenarios suggest that 
targets for health standards are unlikely to be met in many parts 
of the world.

Sustainable world scenarios
Several scenario studies assess the sustainability target 
of providing universal access to modern energy (Table 16.1) 
(GEA 2011; Pachuari et al. 2011; van Ruijven et al. 2012; 
IEA 2010). Improving access to electricity requires accelerating 
the pace of electrification in the least developed countries either 
by grid expansion or by the development of decentralized mini-
grids or off-grid systems (AGECC 2010). For cooking, to increase 
energy efficiency and decrease health impacts, the main strategy 
is to promote the use of advanced-combustion biomass stoves 
or to make a full transition to cleaner fuels (Venkataraman et al. 
2010). Scenario analysis shows that such strategies could avoid 
more than 1 million premature deaths per year up to 2030 (GEA 
2011). Estimates of the annual investments to implement such 
strategies range from US$10 billion to 140 billion per year (GEA 
2011; Bazilian et al. 2010; IEA et al. 2010). Scenario analysis 
also suggests that the climate impact of ensuring access to 

modern energy to all is small: the increase in CO2 emissions from 
fossil fuels could be around 1 per cent of global emissions in 
2030 compared to a conventional world scenario, but this would 
be compensated for by reduced fuelwood demand and thereby 
reduced deforestation (GEA 2011; IEA et al. 2010).

Based on current estimates of the uncertainty in climate 
sensitivity (IPCC 2007), targets for greenhouse gas concentrations 
of 450 parts per million (ppm) and 400 ppm CO2-equivalent 
would ensure a median chance of 50 per cent and 70 per cent, 
respectively, of staying below the UNFCCC’s agreed limit of a  
2oC temperature increase (Table 16.1) (Meinshausen et al. 2006). 
Sustainable world scenarios show that to reach such targets, 
global greenhouse gas emissions would need to peak in just one 
to two decades, then fall to around half the current levels, or even 
less, by 2050, and by the end of century would need to reach zero 
or even result in a net absorption – which could, for instance, be 
done by afforestation or by the combination of bio-energy and 
carbon capture and storage (van Vuuren and Riahi 2011; UNEP 
2010a). There are four basic ways to reduce emissions: 
•	 changing	the	structure	of	economic	growth;
•	 increasing	energy	efficiency	through	technology	or	lifestyle	

changes;

Masdar City, under construction near Abu Dhabi, United Arab Emirates, will rely entirely on solar and other renewable energy sources, with the 
ambition of becoming the first zero-carbon, zero-waste city in the world. © www.masdar.ae
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•	 changing	energy	supply	including	using	zero-carbon	energy	
options; and 

•	 implementing	end-of-pipe	measures	such	as	carbon	capture	
and storage. 

Reaching the sustainable world emission reduction targets 
(Table 16.1) requires a broad portfolio of measures. Figure 16.7 
provides an indication of the size of the transition involved. 
Very many scenarios show that a low-carbon economy can be 
achieved with currently identifiable technologies, and they share 
a number of common features (Clarke et al. 2010; ECF 2010; 
Fisher et al. 2007; van Vuuren et al. 2007):
•	 Energy	efficiency	improvement	is	a	robust	option	under	all	

scenarios.
•	 Energy	generation	provides	very	significant	emission	

reduction potential by introducing combinations of renewable 
energy, nuclear power and/or carbon capture and storage, 
although each of these has limitations and drawbacks. 
Indeed, the centralized energy sector could even achieve net 
negative emissions if it were based on bio-energy use with 
carbon capture and storage.

•	 Reducing	non-CO2 greenhouse gas emissions such as 
methane, nitrous oxide, and black carbon and ozone 
precursors could contribute significantly to mitigating 
climate change at relatively low cost, for example by reducing 
methane emissions from energy production and some of the 
methane emissions from livestock and rice cultivation.

•	 Lifestyle	changes	are	not	often	explicitly	accounted	for	in	
scenarios, but may achieve considerable reductions such as 
in transport or food consumption.

•	 The	use	of	bio-energy	is	very	common	in	low-emission	
scenarios (van Vuuren et al. 2010). Bio-energy production 

may, however, have serious consequences for biodiversity, 
food production and greenhouse gas emissions (Dornburg 
et al. 2010; Searchinger et al. 2008; Bringezu et al. 2009; 
Fargione et al. 2008), so needs to be carefully monitored 
and the available potential used as efficiently as possible. 
Moreover, it would be important to focus the use of bio-
energy on sectors where it would provide the greatest benefit.

•	 Access	to	modern	energy	sources	can	be	improved	by	grid,	
mini-grid or off-grid expansion, subsidies and grants, or 
micro-loans for stoves.

Although air quality could be significantly improved in low-
income countries through the rapid introduction of state-of-the-
art technologies, it should be noted that air pollutant emissions 
are also strongly influenced by structural changes in the energy 
sector. In addition to the importance of pollutants such as 
methane and black carbon for climate change, the fact that 
they also negatively affect health and crop growth (via ground-
level ozone) might be a much more important trigger for their 
reduction than climate change alone. The sustainable world 
scenarios show that stringent climate policies and existing air 
pollution control measures could significantly reduce emissions. 
The adoption of such strategies could be successful in achieving 
World Health Organization air quality targets, and their combined 
benefit would be delivered at much lower costs than the sum of 
separate strategies to meet climate and air pollution goals (UNEP 
2011a; GEA 2011; Bollen 2008).

There are several possible consequences to the movement 
towards a low-carbon society. Some of these are co-benefits, 
for instance for greenhouse gases and air pollution, or emission 
reductions and improved energy security. There are some trade-

Figure 16.7 An example of primary energy use and annual change in CO2 emissions in sustainable world scenarios
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offs as well. For instance, the reduction in aerosol emissions that 
results from measures to reduce greenhouse gas emissions will 
initially partly offset the climate benefits from current aerosol 
cooling effects. An important trade-off concerns bio-energy, 
but other technologies also have side effects. Hydropower 
infrastructure can have several impacts, such as loss of 
agricultural land, replacement of settlements, biodiversity loss 
and ongoing greenhouse gas emission episodes from water 
bodies (Fearnside 2011; St. Louis et al. 2000). Wind turbines 
regularly face opposition from local communities and carbon 
capture and storage (once it can be applied on a large scale) 
may entail risks of CO2 release. Climate policy will also interact 
with forestry management, which could lead to both positive and 
negative impacts on biodiversity. 

Land 
Conventional world scenarios
A wide range of models, from economic to biophysical, has been 
used to explore future trends in land use (Smith et al. 2010). 
All the studies project a strong increase in the demand for food 
up to 2050, driven by a rising population and dietary change 
spurred by economic growth. Between 2000 and 2050, global 
cereal demand is projected to increase by 70–75 per cent while 
meat consumption is expected to double (Thornton 2010; IAASTD 
2009a; FAO 2006b). Meeting these needs, while avoiding a large 
expansion of agricultural land and protecting biodiversity, will be 
a major challenge. Ensuring food security will also be an issue 
as world food markets are likely to be influenced by increasing 

resource scarcity. A key mitigating factor will be continued 
investments in yield growth and intensification on existing 
cultivated land (FAO 2011; UNEP 2011b; Rosegrant et al. 2009).

Food security exists when all people, at all times, have physical, 
social and economic access to enough safe and nutritious food to 
meet their dietary needs and food preferences for an active and 
healthy life (FAO 1996). Looking at per-person food availability 
in the conventional world scenarios, by 2050 average calorie 
availability per person per day will be around 3 000–3 500 
calories, but projected food availability in sub-Saharan Africa is 
much lower, in the range of 2 100–3 350 calories. Environmental 
degradation, lack of investment and competition for land are 
expected to push world food prices upwards, causing additional 
stress to the poor, especially in urban areas (OECD/FAO 2011; 
IAASTD 2009a). In other words, the conventional world scenarios 
suggest that it is very unlikely that malnutrition will be fully 
eradicated by 2050 without major policy shifts (IAASTD 2009a; 
UNEP 2007; FAO 2006b; MA 2005a). The prevalence of child 
malnutrition for 2050 in developing countries is projected to 
range between 13 per cent and 25 per cent (Figure 16.8; Box 
16.2). The highest levels of undernourishment are projected in 
countries that currently suffer from hunger, have high population 
growth rates and poor prospects for rapid economic growth, and 
possess limited agricultural resources (FAO 2006b).

Population growth and dietary change have contributed to a 
rising demand for agricultural products. In the past four decades, 

Tea plantation in Limuru, Kenya. The overall productivity of Kenya’s tea plantations is considered among the highest in the world. © Jason Jabbour
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around 78 per cent of the global increase in agricultural supply 
has been achieved through increases in yield and greater 
efficiency in the supply chain; a further 7 per cent has come from 
increased cropping intensity; while a mere 15 per cent has come 
from expansion of the arable area (Smith et al. 2010; Bruinsma 
2003). At the regional level, however, large differences can be 
seen. In sub-Saharan Africa, for instance, only 34 per cent of 
the rise in output was derived from yield increases, and the 
remaining 66 per cent came from area expansion (Mery et al. 
2010; Smith et al. 2010). These factors are expected to continue 
to be important in the future, although trends will differ over time 
and across regions. 

Yield growth has slowed over the last several decades 
(FAOSTAT 2012). Moreover, environmental pressures, including 
the effects of climate change and ground-level ozone, could 
also have a negative impact on yields in the future. IPCC 
estimates of the potential global impact of climate change on 
crops under high temperature increase scenarios  
(4°C compared to pre-industrial), although uncertain, suggest 
that if no adaptation occurs climate change could have a 
substantial negative impact on yields, of 10–35 per cent at all 
latitudes for crops like maize and wheat. Adaptation measures 
could, in aggregate, ward off negative impacts in temperate 
regions, but could not avoid an average yield reduction of 
around 10 per cent in tropical zones (Easterling et al. 2007).

When focusing on crop production, scenarios show some 
variation in terms of expected land use (Figure 16.9) (Smith  
et al. 2010). The 2050 projections for cropland increase range 
from as low as 6 per cent, through an average increase of  
around 10–20 per cent (van Vuuren et al. 2008b) to more than  
30 per cent as suggested by the IPCC’s A2 scenario, which is 

based on high population growth. Regional results can be very 
different: while a considerable expansion of arable land 
is expected in Africa, Asia and Latin America, this is  
compensated for by a decrease in harvested area in the 
temperate zone (van Vuuren et al. 2008b; UNEP 2007).  
As land degradation (CBD 2010b) is typically not accounted for 
in scenario analysis, the real impacts could be worse.

Figure 16.8 Food consumption and child undernourishment under different scenarios
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For animal products, existing scenarios indicate that most of the 
increases in global livestock production will occur in developing 
countries (Bouwman et al. 2005). In grazing systems, strong 
growth is expected for confined livestock production systems, 
while most studies show an increase of 10 per cent or less in 
pasture areas. 

Box 16.2 Integrated simulation of the 2050 targets for climate, food and land

Can very high investments in agriculture and water productivity 
help to achieve the sustainability objectives discussed earlier 
in this chapter? Here, this question is explored using the 
International Food Policy Research Institute (IFPRI) IMPACT 
model (International Model for Policy Analysis of Agricultural 
Commodities and Trade) (Nelson et al. 2010; Rosegrant et 
al. 2008). Previous analyses have shown the importance of 
economic development in reducing hunger and malnutrition 
(Nelson et al. 2010). 

Compared to a conventional world scenario, economic growth 
in developing countries is assumed to be higher and population 
growth to be lower overall (Nelson et al. 2010). Additional 
investments in agricultural research and development will 
lead to rapid increases in agricultural production: as a result, 
by 2030, grain yields are 15 per cent greater than in the 
corresponding conventional world scenario and by 2050, they 
are 35 per cent greater. Furthermore, livestock numbers are up by 
30 per cent. It is also assumed that the UNFCCC’s agreed limit of a 
2oC temperature rise relative to pre-industrial levels has been 
achieved, and that there is full access to safe drinking water by 
2050, and that all girls have access to secondary schooling by 
2030. Finally, the water efficiency improvements suggested by 
the sustainable water withdrawal scenarios are also included 
(with the exception of a constant irrigated area) (Box 16.3). 

The changes outlined above result in average cereal prices 
being respectively 21 per cent and 39 per cent lower by 2030 
and 2050 compared to the conventional world scenario. 
Under the conventional world scenario, the global harvested 
crop area is expected to grow at 0.23 per cent per year or 
169 million hectares for 2005–2050, with contractions in 
some OECD countries and Asia more than offset by increases 
in sub-Saharan Africa and Latin America. In the sustainable 
world scenario, on the other hand, crop area contracts by 116 
million hectares by 2030 and by 201 million hectares by 2050. 
The lower food prices suggested by the sustainable world 
scenario are expected to boost affordability and thus access 
to food, increasing daily calorie availability in the developing 
world by 496 kilocalories by 2030 and 1 336 kilocalories 
by 2050. As a result, about 50 million children would be 
malnourished, a fall of 66 million or 57 per cent. The model 
calculations, however, also show that eradicating hunger 
in 2050 is a complex, multifaceted challenge: importantly, 
significant steps can be made through changes in investment 
and policies. Key factors that can make a difference for 
childhood malnutrition include increasing the availability 
of food, access to safe drinking water and increased female 
secondary school enrolment. Moreover, mitigation of and 
adaptation to climate change will make a positive difference 
for agricultural production. 

 2005 2030 
conventional 
worlds

2050 
conventional 
worlds

2030 
sustainable 
worlds

2050 
sustainable 
worlds

Area-weighted grain prices,
US$ per tonne 150 202 253 160 154

Total crop harvested area, thousand 
hectares  1 520 811 1 684 798  1 689 758  1 569 207 1 489 230 

Developing country calorie availability, 
per person per day  2 637  2 717  2 823  3 213  4 159 

Malnourished children worldwide, million 153 136 115 78 50

Proportion of children malnourished in 
India, % 46 41 39 30.7 27.4

Source: New calculations IMPACT model; Nelson et al. 2010; Rosegrant et al. 2008

Table 16.2 Selected indicators for the conventional and sustainable world scenarios

Sustainable world scenarios
Given the strong connection between agricultural production and 
the ecosystem services that provide food, forage, fibre, energy 
and biodiversity, achieving sustainable development as it affects 
agriculture and land resources requires an integrated approach 
(Smith et al. 2010). Such an integrated approach would take into 
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account the relationship between competing demands for limited 
land resources and the environmental impact on agricultural 
production (UNEP 2010b). 

One key to ensuring future access to food is investment in 
agricultural research to improve productivity (Rosegrant et al. 
2009). Another is to reduce food wastage and loss – currently 
around 10–40 per cent of agricultural production is wasted 
(Parfitt et al. 2010). Through lifestyle changes, technological 
development and investment in infrastructure, it is possible to 
significantly remedy this wastage (Jäger and Cornell 2011; Parfitt 
et al. 2010). Alterations in people’s diets could also help reduce 
the need for additional production. Scenario studies have looked 
into the consequences of reducing consumption of livestock 
products through substitution of vegetable alternatives. Different 
results have been published on the land consequences of such 
dietary changes. Some studies suggest considerable reductions 
in land-use (Ten Brink et al. 2010; Stehfest et al. 2009), while 
others highlight the risk of a rebound effect, with reduced meat 
consumption in developed countries leading to increased meat 
and cereal consumption in the rest of the world (Rosegrant et al. 
1999). There is also some discussion of the health implication of 
low-meat diets: although studies claim benefits in high-income 
countries from reducing overconsumption of meat, low-meat 
diets need to be well designed. 

Very few projections can be found that actually result in food 
security for all by 2050. According to the Food and Agriculture 
Organization of the United Nations (FAO 2009), however, 
it could be accomplished if global food supplies expand 
by about 70 per cent above current levels. The conditions 
under which this could be achieved include political stability, 
good governance, food security strategies, integration of 
world markets and strong economic growth, all on the basis 
of an increase in agricultural production in Africa, Asia and 
Latin America. This implies ensuring that agricultural trade 
liberalization – integration of world markets – does not lead to 
negative impacts on vulnerable communities (Jäger and Cornell 
2011). The International Assessment of Agricultural Knowledge, 
Science and Technology for Development (IAASTD 2009a) 
includes a scenario with increased investments in agricultural 
technology combined with increased investment in water 
infrastructure and female secondary education. This scenario 
shows a significant increase in food availability but still leaves 
8 per cent of children malnourished, mostly in sub-Saharan 
Africa. Clearly, access to food needs to be viewed in the context 
of poverty reduction both to promote rural development and to 
provide direct and immediate access to food for the most needy 
(Broca 2002).

Figure 16.9 shows that some scenarios lead to little expansion 
and even contraction of the agricultural area. One contributing 
factor is reduced rates of population growth leading to 
smaller increases in the demand for food. If historical yield 
growth rates can be maintained, the global agricultural area 
could be stabilized or even reduced. Indeed, the analyses by 
IAASTD (2009a) and Thornton (2010) show that it is possible 

to increase yields significantly on the basis of better use of 
agricultural knowledge, science and technology – although this 
will be far from easy. Policies that lead to higher agricultural 
yields need to be combined with policies that reduce or avoid 
soil degradation and other negative environmental trends 
such as the loss of crop resilience to pests (Killham 2010; 
Petermann et al. 2008; Kaiser et al. 2007; Paulitz et al. 2002). 
Finally, it is also necessary to effectively and fairly define 
property rights and develop local institutions that foster 
longer-term investment in the use of water, soil and biological 
resources in agriculture and forestry (FAO 2011; Von Braun and 
Meinzen-Dick 2009; Hazell and Wood 2008). The crop yields 
in the sustainable world scenarios also benefit from reduced 
climate change impacts. The IPCC assessment indicates that 
the combination of agricultural adaptation and an increase 
in temperature of less than 2oC above pre-industrial levels 
may even result, in aggregate, in positive impacts on globally 
averaged yields (Easterling et al. 2007).

Policy options that could improve sustainable agricultural 
production include:
•	 supporting	investments	in	increasing	crop	yields	in	

developing countries to limit the expansion of agricultural 
land and to close the yield gap between developed and 
developing countries;

•	 promoting	adaptation	to	climate	change	by	encouraging	
crops and crop varieties that are more resilient under 
changing climatic conditions;

•	 investing	in	infrastructure,	food	processing	and	storage	
techniques to reduce food waste;

•	 better	utilizing	urban-rural	landscapes	for	food	systems	and	
natural resource use;

•	 reducing	consumption	of	livestock	products;	and
•	 strengthening	land-use	policies	and	planning	by	promoting	

integrated land and resource management.

While it is technically possible to achieve zero expansion of 
agricultural area and still produce sufficient or more food, 
implementing this presents a large number of challenges. Key 
among these are the continuing degradation of land and water, 
climate change and the rising demand for biofuels 
(FAO 2009). For example, the current trend of increasing 
emissions and water pollution from nitrogen fertilizers is 
expected to increase by 2050, despite potential for greater 
efficiency in fertilizer use (Power 2010; Bruinsma 2003). 
Furthermore, the predicted growth in animal production in 
developing countries will lead to more methane and nitrous 
oxide emissions from manure, although the projected 
improvement in husbandry will somewhat reduce emissions 
per animal (Smeets et al. 2009; Bouwman et al. 2006). While 
climate change mitigation is designed to reduce negative 
climate impacts, in specific regions such as the Russian 
Federation, such policy will result in forestalling potentially 
positive yield changes. Furthermore, improvements will 
also depend on potential trade-offs between allocations of 
agricultural land for crops or for biofuels, which could further 
threaten food production and security. 



Part 3: Global Responses436

Water
Conventional world scenarios
Chapter 4 shows that many regions are seriously affected by 
an imbalance between the availability and withdrawal of water, 
water stress and water pollution from different sources. River 
systems are considered the most endangered ecosystems 
on the planet and their loss of biodiversity has been faster 
over the past 30 years than in any other terrestrial or marine 
ecosystem (Jenkins and Lowe 2003). The Johannesburg Plan 
of Implementation (WSSD 2002) Paragraph 26c calls not 
only for an efficient and well-balanced use of freshwater 
resources but also for the safeguarding of drinking water 
quality. Important drivers of water scarcity include population 
growth, increasing water consumption, pollution and climate 
change. Increasing water use, river and reservoir regulation, 
or non-treated return flows lead to alterations in flow regimes 
that contribute to intensified and complex conflicts between 
ecosystem requirements and the management of rivers for 
human water supply and energy generation. Climate change 
can affect freshwater problems in many ways through changes 
in precipitation, discharge rates, extreme events, reduced 
dilution capacity of rivers and salinization due to sea level rise 
(Schneider et al. 2011; Bates et al. 2008).

Several scenario assessments exist, showing large variations 
in projected water withdrawals – the total volume of water 
extracted from surface or groundwater sources for various 
uses – based on different assumptions on such factors as 
population, consumption patterns and technology availability 
(Figure 16.10). Most of the estimates of water withdrawals 
indicate a large global net increase, but with significant regional 
differences. The most important factor for this increase is the 

Figure 16.10 Water withdrawals under different 
scenarios, 2000–2050 
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growth of household water use, followed by industrial and 
agricultural use (Alcamo et al. 2007). As a result of increasing 
withdrawals, effluent returns are also likely to increase, many 
of which remain untreated in low-income regions. For the 
GEO-4 “markets first” scenario, for instance, the volume of 
untreated wastewater was reported to steadily increase despite 
improvement in treatment. In the GEO-4 “sustainability first” 
scenario, in contrast, the volume of untreated wastewater fell 
as a result of an overall decrease in wastewater due to greater 
efficiency (UNEP 2007). The GEO-5 calculations are discussed in 
more detail in Box 16.3.

Increases in water withdrawals are projected to lead to an 
increase in water stress (Arnell et al. 2011; Alcamo et al. 
2007, 2003; Cosgrove and Rijsberman 2000; Vörösmarty et 
al. 2000). More than 2 billion people currently live in severely 
water-stressed areas, primarily in Asia (Figure 16.12). Model 
simulations show that under the conventional world scenarios, 
the number of people living in water-stressed areas, as well as 
the extent of these areas, is expected to rise substantially due to 
population growth, increased use of water and climate change. 
The ratio of future to current numbers is given in Figure 16.12, 
which also demonstrates the uncertainty in the scenarios as a 
result of different assumptions about climate and other global 
change. Increases are highest in Africa, where the number of 
people living in severe water-stressed areas is expected to grow 
fourfold (median). In South America and Asia significant changes 
may also occur. In many river basins under severe water stress, 
there will be competition between domestic, industrial and 
agricultural users. It should be noted that changes in the use and 
natural condition of water somewhere in a river catchment area 
will affect the availability and quality of water downstream.

A woman on her way to the water distribution site in Tora, Northern 
Darfur. The closest water source is more than an hour’s walk from  
the village. © Olivier Chassot/UN Photo
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Currently nearly 1 billion people lack access to clean drinking 
water and 2.6 billion lack access to improved sanitation services 
(WHO/UNICEF 2010). In 2004, unsafe water and inadequate 
sanitation were responsible for around 1.6 million deaths and 
6.3 per cent of worldwide disability adjusted life-years (DALYs), 
mainly due to diarrhoea (WHO/UNICEF 2010). Scenario analysis 
suggests that by 2015, 627 million people will still live without 
access to clean drinking water and 2.7 billion people will live 
without access to improved sanitation. Different studies project 
long-term developments in drinking water and sanitation, either 
by assuming a continuation of the 1990–2000 improvement 
rates (Prüss-Üstün et al. 2004) or by using cross-sectional 
relationships with socio-economic indicators (OECD 2012; 
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Box 16.3 The sustainable world scenario for water withdrawals

Simulations were carried out to calculate future water 
availability, water withdrawals (Figures 16.10 and 16.11) and 
water stress (Figure 16.12) under conventional and sustainable 
world scenario conditions, assuming the same socio-economic 
development. In these calculations, for the sustainable world 
scenario the following assumptions were made: 
•	 stringent	efficiency	measures	are	taken	in	industry	and	

residential water use;
•	 the	irrigation	area	remains	constant;
•	 climate	policies	lead	to	a	reduced	demand	for	thermal	

cooling in power generation as fossil-fuel-powered plants 
are partly replaced by renewable energy sources; and 

•	 the	climate	patterns	were	assumed	to	be	consistent	
with limiting global temperature rise to 2oC above pre-
industrial levels. 

As a result, global water withdrawals after 2015 are projected 
to decrease substantially compared to the conventional 
world scenario (Figure 16.11). Nevertheless, regions affected 
by severe water stress still exist and the number of people 
living in river basins suffering from water stress could reach 
3.9 billion in 2050 (Figure 16.12). An important lesson is 
that improvements in efficiency of water use are necessary 
to reduce water withdrawals, but are insufficient to avoid 
water scarcity. The core issue is the amount of water used for 
irrigation and the high concentration of water demand in urban 
areas. In other words, if water scarcity is to be reduced further, 
fundamental changes in agricultural practices are needed – 
improving irrigation efficiency, shifting irrigated areas from 
water-scarce to water-rich basins, moving from irrigated crops 
to rain-fed crops, or relying on imports from other regions.

Hughes et al. 2011). These studies project that the proportion 
of the world’s population without access to safe drinking water 
will diminish from 23 per cent in 2000 to 3–5 per cent in 2050. 
For sanitation, the proportion will diminish from 51 per cent in 
2000 to 15–18 per cent in 2050. This would lead to a significant 
reduction in the numbers of children suffering from related ill 
health (OECD 2012; Hughes et al. 2011). 

Sustainable world scenarios
The goal for water is to reduce global water stress. Several 
scenarios have explored the scope for achieving this, such as 
the “technogarden” scenario from the Millennium Ecosystem 
Assessment (Alcamo et al. 2005b), and three alternative 

Figure 16.11 Water withdrawals under conventional world and sustainable world scenarios, 2005–2050
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Figure 16.12 Water stress under current conditions 
and for 2050 under conventional and sustainable 
world scenarios 

transition scenarios developed by the WBCSD (WBCSD 2006). 
The main measure, increased efficiency, is discussed in  
Box 16.3. In general, the sustainable world scenarios lead to 
lower numbers of people living with severe water stress, mostly 
as a result of a reduction in water withdrawals due to behavioural 
and technological change. However, even under sustainable 
world scenario assumptions, some regions experience a doubling 
(median) in the number of people living with water stress 
compared with current conditions (Figure 16.12). Nevertheless, 
due to regional population growth and spatial variation of 
climate change impacts, an increase in water stress is apparent 
compared to current conditions. This implies that competition 
between water-related sectors would still be important.

The OECD’s Environmental Outlook to 2050 (OECD 2012) assesses 
the costs and benefits of halving the number of people without 
access to safe drinking water by 2030 compared to 2005 levels, 
and of full access by 2050. The study indicates that, to reach 
such goals, significant additional infrastructure investments 
and operations and maintenance resources would be needed. 
The average required was estimated at US$1.9 billion globally 
each year between 2010 and 2030, and US$7.6 billion each year 
between 2031 and 2050. The improved access to drinking water 
and sanitation would also lead to other major benefits: Hutton 
and Haller (2004) estimate that every dollar spent on drinking 
water and sanitation creates economic returns of US$12–34, 
depending on the region and the technology. Three-quarters of 
these benefits stem from decreased collection time, particularly 
for women and especially when water is piped to premises, while 
the other benefits are mostly linked to a reduction in water-borne 
disease and death, such as from diarrhoea. The OECD (2012) 
projects total avoided deaths of around 81 000 per year in 2050. 
Possible policy levers to improve access to safe drinking water 
and reduce water stress include: 
•	 investing	in	research,	development	and	training	to	increase	

irrigation efficiency;
•	 controlling	the	extent	of	irrigated	areas;
•	 using	waste	water	and	desalinated	water	to	conserve	

freshwater resources; 
•	 reusing	water	in	manufacturing	industries;
•	 investing	in	devices	and	processes	for	reusing	grey	water	

(wastewater from domestic activities);
•	 investing	in	education	to	raise	awareness	of	the	need	to	

save water and the link between unsafe drinking water and 
disease;

•	 investing	in	infrastructure	for	accessing	safe	water	and	for	
collecting and purifying waste water;

•	 reducing	the	use	of	cooling	water	in	the	generation	of	
electricity; and

•	 developing	adaptation	and	mitigation	policies	to	reduce	
climate change impacts.

As agriculture is the largest user of water worldwide, water stress 
and food security are strongly interrelated. Lack of sufficient 
water, possibly caused by alternative water use, can limit food 
production; at the same time, water consumption for agricultural 
production could limit residential and industrial water supply. 



Scenarios and Sustainability Transformation  439

These relationships further emphasize the need for integrated 
resource planning at the level of water basins. 

Terrestrial biodiversity 
Conventional world scenarios
Different scenario studies and assessments have considered 
biodiversity loss (CBD 2010b, 2006; UNEP 2007; van Vuuren et 
al. 2006; MA 2005a; Sala et al. 2000), including information on 
extinction rates, changes in forest cover and changes in species 
abundance and distribution (Leadley et al. 2010). An important 
element of future biodiversity loss is land-use change (Figure 
16.13), with particularly important trends including the loss of 
mangroves, wetlands and tropical forests (CBD 2010b). Scenarios 
indicate a further decline of tropical forests, while the area of 
temperate forests is likely to expand. Another factor affecting 
biodiversity is natural asset exploitation: an increasing population 
with rising affluence in the conventional world scenarios implies, 
for example, greater demand for forest and tree products. 
Currently, most timber products are extracted from natural forests, 
while plantations provide some 35 per cent of harvested wood 
(Sohngen et al. 2001). The increased timber demand is expected 
to lead to a further expansion of managed forest in tropical zones, 
at the expense of unmanaged forests (Gibson et al. 2011). 

Projections of extinction rates vary widely between studies. 
Those based on species/area relationships lead to relatively 
high extinction rates, whereas species distribution models that 

Figure 16.13 Changes in the extent of forest up to 2050 in different global scenarios, and estimated rates of 
species loss 

Source: CBD 2010b; Pereira et al. 2010a
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allow for migration generate much lower rates. However, all 
estimates of future extinction rates are considerably higher than 
is considered sustainable. Conservative estimates of future rates 
of extinction expect them to be similar to the currently high rates 
(Pereira et al. 2010). 

Sustainable world scenarios
It has been shown that the expansion of agricultural land could 
be avoided by increasing crop yields combined with policies to 
reduce food waste, control biofuel use, conserve resources and 
shift diets (Figure 16.14) (Ten Brink et al. 2010; Stehfest et al. 
2009; Wise et al. 2009). Analysis has also shown that the 2020 
target to prevent the extinction of known threatened species 
could be achieved by a well chosen network of protected areas 
in combination with reduced habitat loss (Butchart et al. 2012; 
Ricketts et al. 2005). In a recent study, a combination of policy 
options – including the expansion of protected areas into a 
well-chosen network covering 29 per cent of the world’s surface, 
an increase in agricultural productivity and reduced post-
harvest losses, dietary change, improved forest management, 
and climate mitigation – suggested a significant restoration 
of natural areas and reduced biodiversity loss (Ten Brink et al. 
2010). A great impact on land-use change could also be achieved 
through financial mechanisms: Wise et al. (2009) demonstrated 
that a policy that provided equal monetary incentives to reduce 
greenhouse gas emissions to all emission sources, including 
land use, could lead to the preservation of both managed and 
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unmanaged forest. Other measures that could also be considered 
include agroforestry and the certification of sustainable wood 
products (Angelsen 2010). 

A critical threat to biodiversity is rising demand for agricultural 
land leading to conversion of natural habitats, whereas a 
substantial increase in yields reduces the demand for land 
and is considered necessary to reduce habitat loss. This may, 
however, cause a decline in the biodiversity and ecosystem 
services of farmlands (Robinson and Sutherland 2002; 
Tilman et al. 2002) but an increase in biodiversity across the 
landscape (Phalan et al. 2011). An expansion of protected 
areas may increase competition for land, decreasing the 
potential for agricultural production, which could in turn lead  
to higher food prices.

Aquatic biodiversity
Conventional world scenarios
Conventional world projections of changes in the biodiversity 
of aquatic ecosystems are scarce; however, pressures are 
expected to remain high as a result of increasing water scarcity, 
climate change, pollution and exploitation (CBD 2010b; Rands 
et al. 2010). For freshwater systems, organic pollution and 
dam construction are important threats. For marine systems, 
destructive and intensive fisheries and ocean acidification are 
among the main factors that could reduce biodiversity 
(Halpern et al. 2008; Pinnegar et al. 2006; Pauly et al. 2003). 
Ocean acidification may transform coral reefs into systems 
dominated by other species, and will cause major disruptions 
in marine food webs, especially in the Southern Ocean (McNeil 
and Matear 2008). 

About 32 per cent of wild marine fish populations are classified 
as collapsed, depleted or recovering (FAO 2010), and while 
there has been some rebuilding in areas with strong fisheries 

management (Worm et al. 2009), the majority of the world’s 
fisheries are operating with severe overcapacity (Anticamara et al. 
2011) resulting in significant economic losses (Arnason et al. 
2009; Srinivasan et al. 2012). Global assessments for exploited 
marine invertebrates indicate similar trends (Purcell et al. 2011). 
Overexploitation has already depleted fishery yields, reduced 

Certain marine fish populations have been depleted to such an extent 
that they may not be able to recover. © J Tamelander/IUCN

Figure 16.14 Options for reducing biodiversity loss by 2050
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Figure 16.15 Marine catches with and without a reduction in fishing effort, by region, 1950–2050
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the abundance of large fish and caused local extinctions. 
Analysis indicates that global wild fish catches will decrease 
in the future unless fishing effort and catch rates are reduced 
to sustainable levels (Figure 16.15). Projections also show that 
if current trends persist, the populations of medium and larger 
fish in the world’s oceans will continue to decrease while small 
fish may increase in abundance due to release from predation 
(Ten Brink et al. 2010; Pauly et al. 2003).

Sustainable world scenarios
Reducing fishing effort, even to the level of maximum sustainable 
yields for all fish populations, could make an important 
difference for a sustainable world. It would require a stringent 
reduction, but only temporarily while larger- and medium-sized 
fish populations recover (Ten Brink et al. 2010; Pauly et al. 2003). 
After this period, fishing could return to a level that can be 
sustained in the long run. 

Increasing the protected area of land and sea would reduce 
the availability of suitable land and fishing grounds for food 
production. Increasing protection will only therefore be effective 
if it is done in combination with more efficient production 
methods on the land under cultivation and the establishment of 
sustainable fisheries. It should also be noted that reduced fishing 
effort initially leads to reduced fish landings. This implies that 
while populations rebuild, demand for wild-caught fish needs to 
be replaced by demand for aquaculture – which itself has specific 
environmental impacts – or crop and animal products. As fish 
populations rebuild, the supply of fish would, however, grow to a 
long-term sustainable level that is comparable to the peak 1980s 
catch levels (Ten Brink et al. 2010; Pauly et al. 2003).

Synthesis: gaps and sustainability pathways
The review of conventional world and sustainable world 
scenarios in relation to the strategic goals discussed earlier in 
the chapter illustrates that continuing on the current trajectory 
would lead to major environmental damage and a serious loss 
of ecosystem services by 2050. It would also leave many people 
without sustainable access to food, water and energy. In contrast, 
the sustainable world scenarios show how societies could 
meet some of the 2050 targets or, at least, join a trajectory that 
would make meeting such targets more feasible. The changes 
suggested in the sustainable world scenarios include all kinds 
of measures related to greater technological implementation, 
changes in consumption patterns and improved management. 
In general, major shifts from current trends are required for 
each specific issue. It should be noted that, due to inertia in the 
human-environment system, several targets still imply significant 
environmental change, such as the target to limit temperature 
increase to 2oC above pre-industrial levels. Sustainable world 
scenarios, as well as requiring mitigating measures, call for 
measures to cope with or adapt to these adverse effects. 

Table 16.3 presents an overview of the key measures suggested 
in the thematic sections of GEO-5, including changes in 
consumption and production levels and patterns. On the 
production side, changes include improving efficiency and 
using fewer inputs; input switching and producing with low- or 
non-polluting inputs; end-of-pipe measures; and integrated 
production systems. On the consumption side, changes consist 
of alterations in lifestyle, such as dietary shifts and greater use 
of public transport. A focus on education, including awareness 
raising, investment in infrastructure and the creation or 
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Theme Gap between the conventional and 
sustainable world scenarios

Examples of important measures to close the gap

Atmosphere  
and energy

By 2050 greenhouse gas emissions have 
increased by 70% compared to now, while 
the vision requires a 50% reduction

By 2030 1 billion people live without access 
to electricity and nearly 3 billion rely on 
traditional biomass for cooking and heating 

Air quality levels are still above WHO 
guidelines in most developing countries

Reduce carbon intensity by 4–5% per year compared to a baseline increase 
of 2% per year, partly by increasing the contribution of non-carbon energy 
options to more than 50% and by significantly increasing energy efficiency 

Increase investment in electrification

Create a smart subsidy and micro-financing system to provide modern fuels 
for cooking and heating to the poorest

Promote less energy-intensive lifestyles and material consumption

Increase investment in research and development

Use technology to reduce air pollution

Land and food By 2050 13–25% of all children are 
undernourished

By 2050 cropland has increased by 10–20% 
compared to 2010

By 2050 pasture area has increased by 10% 
compared to 2010 

Increase crop yields and overall agricultural productivity by, for example, 
closing the yield gap between deveped and developing countries

Encourage planting crops and crop varieties that are better suited under 
changing climatic conditions

Reduce food waste

Improve use of urban-rural landscapes for food systems and natural 
resources

Strengthen land-use policies and planning

Make appropriate social, technological and economic investments in 
infrastructure and regulate agriculture, including increasing efficiency of 
irrigation, nutrient recycling and pest management 

Reduce consumption of livestock products

Water In 2050 6.5 billion people live in areas under 
water stress

By 2030 5–8% of the population live without 
safe drinking water

By 2030 17–28% of the population live 
without improved sanitation 

Invest in research, development and training to increase irrigation efficiency

Control the extent of irrigated areas

Use wastewater and desalinated water to save freshwater resources

Invest in education to raise commitment and awareness for water saving

Invest in infrastructure for safe drinking water and wastewater treatment

Reduce cooling water needs with new technologies 

Increase reuse of water in manufacturing industries; invest in devices and 
processes for reusing grey water

Mitigation policies to prevent climate change impacts

Adaptation measures for climate change such as rainwater harvesting, flood 
control for rivers and water transfer

Terrestrial and aquatic 
biodiversity

By 2050 forest area has further decreased 
compared to 2010

Extinction rates are clearly above fossil 
record rates

Global fish are exploited above sustainable 
levels 

Conserve key terrestrial and aquatic biodiversity

Reduce the pressure on land, mainly through the options under the land 
theme

Reduce global fishing effort

Improve forest management

Table 16.3 Overview of the gap between the conventional and sustainable world scenarios and important 
measures to close the gap 

strengthening of markets, and adaptation to unmitigated change 
are other measures included in the sustainable world scenarios. 
Measures can also be related to the layers of transformation 

in Figure 16.2: while many measures address the outer layer, 
others deal with the mid or even deep layers, such as changes in 
behaviour, mainly the result of education and awareness raising.
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2011 2050

 Conventional 
worlds

Conventional 
worlds

Sustainable 
worlds A

Sustainable 
worlds B

Economic sector

Real GDP, US$ billion per year 69 363 155 192 190 428 181 762

GDP, US$ per person per year 9 996 17 472 21 166 20 217

Additional investment, US$ billion per year 0 0 3 712 2 133

Social sector 

Total population, billion 7.0 8.9 9.0 9.0

Calories per person per day 2 787 2 981 3 348 3 234

Population below US$2 per day, % 19.5 11.1 8.9 9.4

Human Development Index 0.60 0.67 0.71 0.70

Total employment, million people 3 186 4 624 4 689 4 612

Environmental sector

Forest area, billion hectares 3.9 3.7 4.5 4.5

Waste generation, million tonnes per year 11 242 13 855 14 497 14 338

Ratio of footprint to biocapacity 1.5 2.1 1.1 1.2

Primary energy demand, million tonnes of oil-equivalent per year 12 956 19 733 13 421 12 470

Renewable energy share of primary demand, % 13 13 27 26

Fossil fuel greenhouse gas emissions, billion tonnes per year 32.1 52.0 18.9 20.6

Box 16.4 Integrated global analysis of sustainability scenarios

Table 16.4 Threshold 21 scenario results for key indicators

The scenario assessments address gaps and sustainability 
pathways by theme, as well as the potential trade-offs and 
co-benefits with the other themes. It is, however, important 
to further analyse the links between themes in an integrated 
manner. Here, the global Threshold 21 (T21) model (Bassi et 
al. 2010) is used to address how to achieve the goals set out 
in Table 16.1 by focusing on the investments needed and the 
trade-offs and synergies of the interventions across various 
sectors. Two alternative sustainable world scenarios to 2050 are 
compared to a conventional world scenario. Scenario A focuses 
entirely on additional investments in transforming technology 
and production to achieve the goals. Scenario B focuses on how 
adding lifestyle change reduces those investments. 

Scenario A shows that investments of about 2 per cent of 
GDP between 2011 and 2050 will make the necessary shift to 
sustainable development. The interventions include efforts to 
reduce energy demand in buildings, industry and transport (38 per 
cent of investments); shifting to more renewable energy sources 
(31 per cent); increasing food production through ecological 
agricultural practices (10 per cent); rebuilding fishery stocks (8 
per cent); and sustainable management of forests (3 per cent) 
and water (10 per cent). Thus, achieving the climate goal emerges 
as requiring the highest investment. The measures in the energy 
and agriculture sector reduce greenhouse gas emissions to a level 
that limits atmospheric concentrations below 450 ppm. In T21, 
managing natural resources more sustainably also helps restore 
key natural resources or greatly mitigate their depletion (Table 

16.4). Scenario B shows that lifestyle changes that reduce demand 
for energy, including for transport, heating and cooling, water and 
biomass, will reduce the need for investments in production and 
technology to about 1.2 per cent of GDP. It should be noted that 
the costs of the lifestyle changes are not accounted for and will at 
least involve the costs of transmission of information. 

In both scenarios, the synergies from the additional investments 
focused on environmental sustainability and on reducing 
the stress that natural resource depletion puts on economic 
productivity. Overall, the macro-economic results of the T21 
model show that investing to reach the sustainability goals 
creates more jobs than a conventional world scenario and 
leads to higher GDP growth. The shift to greener investment will 
lead to slightly lower growth rates in initial years, as is usual 
for transition investments, but A and B scenarios’ GDP will 
pass business-as-usual projections well before 2030 (UNEP 
2011c). This is a significant, but uncertain, result as some 
other models show negative GDP impacts, depending on the 
assumed cost of fossil fuels and renewable alternatives, the 
impacts of environmental change and responses to increases in 
investments (Bassi and Eaton 2011; Clarke et al. 2010; Fisher 
et al. 2007). Taking account of the cross-sectoral impacts of an 
integrated approach, such as synergies between agriculture 
and forestry, enables further understanding of the complexity 
underlying mutual socio-economic and environmental 
dependence and the need for coordinated programmes and 
investments to achieve the GEO-5 goals. 
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There are important synergies between the different goals. 
For example, reduced climate change would improve water 
availability and crop yields as well as relieve pressure on 
biodiversity. Decreased consumption of food, water and fossil 
fuels would reduce the mitigation requirements to achieve 
the biodiversity, water stress and climate change objectives, 
while increased agricultural yields would lessen the pressure 
on biodiversity. In some cases, however, options for a specific 
theme may induce important trade-offs with other themes. 
Policies that combat environmental degradation may have 
impacts on human development, and vice versa: creating bio-
reserves, for example, may increase land and food prices, while 
desalinating water would significantly increase the demand 
for energy. Ignoring such cross-sectoral links might jeopardize 
the success of the sustainability transition effort and lead 
to significant delays in reaching the targets. Strategies must 
therefore go beyond theme-oriented conventional thinking and 
take a broader systemic view that reflects these links. Central 
to this is how the measures introduced for the different themes 
would work together. Box 16.4 describes an example of an 
analysis in which integrated scenarios are explored. This shows 
that it is indeed possible to identify pathways that would meet 
multiple sustainable development targets.

ADVANCING SUSTAINABILITY
Given the massive gap between conventional and sustainable 
worlds in 2050, it is clear that inertia is a principal obstacle – in 
the form of dominant unsustainable processes, structures and 
habits. Moving off the current path will require a transformation 

without precedent in human history (Steffen et al. 2005; 
Takács-Sánta 2004). Guiding changes of such magnitude 
and complexity will require time and patience to facilitate a 
sometimes steady, sometimes fitful, transition process. During 
this process, structures and underlying mental models need 
to be evaluated – some phased out and others energetically 
phased in. These underlying models should be consistent with 
the desired trajectory for targets relating to atmosphere and 
climate, land, water and biodiversity, resource efficiency and 
waste management. The changes must effectively transform 
society’s material metabolism, especially those elements and 
dynamics currently locking countries into trajectories that 
are not the ones they would prefer. The changes needed to 
realize sustainable world trajectories have to be diverse and 
should combine demographic, technological, governance and 
investment measures, along with lifestyle changes resulting 
from shifting mindsets towards dematerialized values. They 
also need to provide sufficient leverage to break the inertia of 
unsustainable trends.

Diversity is key to understanding the structure and function of 
complex adaptive systems and enhancing their resilience to 
stress (Innes et al. 2005). A diversity of potential responses is 
required because effective interventions must be sensitive to 
socio-cultural and environment-development contexts. Diversity 
also helps strengthen resilience and provides a form of insurance 
if some of the responses fail, as many have over the last few 
decades with regard to biodiversity, climate and other key 
environmental issues (Speth 2005). 

Ecuador, one of the UN-REDD programme’s partner countries, is prioritizing social and environmental co-benefits in its REDD+ readiness preparations. 
© Elena Kalistratova/iStock
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Grounding responses in local processes and experience not only 
builds diversity, it can also tap into knowledge that has evolved 
in direct connection with a particular environment. This section 
focuses on the sub-global level, where countries, communities 
or other entities, when addressing environmental problems from 
the perspective of a particular place, self-organize their response 
mechanisms. The self-organizing potential of communities, 
businesses, civil society and other actors can be strengthened 
by building networks, by matching the scale of governance to the 
scale of the ecosystem in question, and by promoting innovation 
and action (Berkes et al. 2003).

Paying attention to how response measures interact with, support 
or constrain each other is difficult but increasingly important. The 
significance of this in the case of ecosystem services has been 
recognized and may involve the reduction of one to enhance 
another, for example sacrificing the potential value of mining to 
optimize a forest’s carbon sequestration or biodiversity value – 
or vice versa (Rodríguez et al. 2006). At the same time, a diversity 
of measures offers increased opportunities for finding synergies 
and supporting measures that produce multiple benefits (UNEP 
2011b), such as the carbon sequestration and biodiversity co-
benefits of forest conservation. 

While responses at the sub-global level are likely to be diverse 
and grounded in local conditions, it is important to identify some 
common strategic elements for advancing sustainability. This 
section discusses four strategic elements: 
•	 compelling	visions	and	social	contracts;
•	 reversing	the	unsustainable;
•	 leverage	points;	and
•	 adaptive	management	and	governance.

Such strategic elements inform and guide the development and 
implementation of specific policy measures under the widest 
range of geographic and thematic conditions, across all scales 
from the local to the national and regional. In some cases 
they also apply at the global level, with implications for the 
international priority responses discussed in Chapter 17.

Social consensus around compelling visions of 
sustainability
Initiating and managing the transition towards internationally 
agreed goals and targets requires setting well-defined 
directions through a clearly articulated vision. Governments 
and other organizations at all levels should develop the 
capacity to engage society in expressing cohesive visions 
of an environmentally sustainable future around which new 
social consensus – in the form of deliberately agreed social 
contracts, sectoral and thematic strategies and policies – can 
be developed and implemented.

Based on the experience of public- and private-sector 
organizations, developing visions of an environmentally 
sustainable future is an effective mechanism for achieving 
progress in a desired direction (Costanza 2000). The generation 
of shared visions is not only an essential element, but also 

an underrated element of environmental strategic policy 
development and management (Meadows 1996). Current public 
institutions often have limited capacity to construct legitimate 
and credible visions relying on stakeholders’ inputs (Walker et 
al. 2006). This has also been recognized by the Global Survey 
on Sustainable Lifestyles, which concluded that the missing 
links between global environmental challenges and individual 
action are pragmatic, holistic and compelling visions of what 
sustainable societies could look like (UNEP 2011c). 

In the absence of a clear, coherent vision that reflects the links 
between social, economic and environmental issues, policies 
may lead to disadvantageous trade-offs, often sacrificing 
environmental or social goals in the face of more quantifiable 
economic objectives. The result is often addressing one 
sustainability problem while passing the true cost to another 
sector, community, region or even another generation, creating 
even more persistent and complex risks in the long term 
(Loorbach and Rotmans 2005). 

Visioning is important both for exploring the broader implications 
of the effort needed for simultaneously meeting internationally 
agreed global goals and targets, and for discussing 
environmental futures from strategic sub-global points of view 
under different economic, social and ecological conditions. 
The power of visions to provide direction, navigate pathways, 
recognize solutions and explore uncertainty has been recognized 
and illustrated by the growing number of sub-global efforts 
that involve articulating a vision or outlook for the future. Some 
prominent examples follow. 
•	 Regional	projection	of	options	for	resource	efficiency	

improvements. UNEP and regional partners prepared an 
outlook to explore how resource efficiency improvements 
can help maintain ecosystem health and contribute to the 
provision of essential ecosystem services in the rapidly 
industrializing economies of Asia and the Pacific (UNEP 
2011b).

•	 Scenario	visioning	at	the	state	and	city	level.	A combination 
of qualitative visioning and quantitative modelling 
methods, involving extensive participation, has been used 
in Minnesota, United States. The purpose of the process 
was to help regional leaders make strategic decisions about 
sustainability, to identify related knowledge and research 
gaps and to introduce systems thinking into policy making 
and planning (Schmitt-Olabisi et al. 2010). An innovative 
100-year vision has been developed for Panjim, the capital 
of the Indian state of Goa and surrounding areas, around the 
concept of “RUrbanism”, an integration of urban and rural 
development in terms of resource use and the convergence of 
human well-being (Revi et al. 2006).

•	 Visions	focused	on	solutions	to	specific	environmental	
problems. A vision has been developed to tackle the acute 
water shortages in Kuwait (Al-Damkhi et al. 2009). Pathways 
of possible emission reduction and low-carbon futures have 
been developed for specific regions in Europe (Matthes et al. 
2006) and cities in North America (Metro City of Vancouver 
2011; Danish Architecture Centre 2011).
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The development of visions involves creative tensions between 
quantitative model-based projections and qualitative normative 
articulation of what is desired for the future (Schmitt-Olabisi  
et al. 2010; Patel et al. 2007; Strauss 1987). A vision refers to  
a moving target, guiding the self-organizing and innovative 
forces of a society – forces that otherwise would remain diffuse. 
A vision differs from a goal; it is a tangible image of a future that 
is not subjected to the exact definitions involved in setting and 
achieving goals (Jaeger et al. 2000).

When developing visions, it is essential to ensure integration 
across policy themes to capture the intricately linked ecological, 
social, economic, ethical and institutional dimensions of 
sustainability problems, while reflecting on uncertainty – 
including surprise, critical thresholds and abrupt change, which 
are inherent in non-linear natural and social systems such as 
the Earth System (Swart et al. 2004). The visioning process 
should also account for human decisions as a key conditioning 
factor – the constitution, reproduction and reformulation of 
human needs, wants, vulnerabilities and values is essential for 
illuminating consumption, social goals, institutional innovation, 
social learning and the prospects for alternative futures 
(Robinson 2004; Swart et al. 2004). 

Participatory, integrated visioning processes are most useful 
when they are iterative, support policy development and 
adaptation, and are embedded in institutional cultures with 
adequate capacity to manage the process. Embedding elements 
of a vision in institutions can take place through legal and 
administrative means. However, creating and maintaining the 
political will that makes such measures feasible requires more – 
as does recruiting society to adopt lifestyle changes included in 
the sustainability scenarios elaborated above. 

According to the German Advisory Council on Global Change, 
formalizing the transition agenda to a low-carbon economy can 
be achieved in the form of new social contracts (WBGU 2011). 
The council argues that the need for such contracts is grounded 
in the joint responsibility of states and their global communities 
– business, science, civil society and even individuals – for 
tackling threats to the stability of the Earth System, with changes 
going beyond technical and bureaucratic reforms. Formulated 
around positive visions of the future, a new form of interaction 
between politics, society, the economy and science would need 
to be defined to bring creativity, resources, capacity, legitimacy 
and political will together in the interest of navigating the 
transition and achieving tangible progress towards outcomes 
consistent with such visions. 

A social contract is a contract or agreement between people 
to form a society that determines their moral and/or political 
obligations. With Socrates being its earliest known proponent 
in antiquity, the concept is almost as old as philosophy. Social 
contracts can exist in different forms at different levels, and 
can outline different obligations for specific stakeholders. For 
example, a social contract for science would need to focus on 
the commitment of the scientific community to systematically 

apply its creativity to addressing the fundamental problems 
of the Earth System and the public’s interests therein 
(Lubchenco 1998). But social contracts could take other forms 
in other sectors. Standards with a focus on the sustainability 
of products and processes in sectors such as forestry or 
agriculture have been proposed as a form of social contract, 
with the state providing an overall operating framework but 
with non-govenmental organizations, businesses and consumer 
associations working out and codifying the details (Giovannucci 
and Ponte 2005).

Social contracts would need to address both short-term and 
long-term issues. The Stockholm Memorandum of Nobel 
Prize Winners called for a dual-track approach: short-term 
actions, emergency solutions to address the most pressing 
environmental trends and their drivers within today’s faulty 
institutional framework; and long-term changes focused on 
transforming the institutional framework itself, to create an 
environment for innovation, learning and action without the 
barriers of today. In the short term, they call for focus on 
achieving the Millennium Development Goals (MDGs), and 
in the long run for a new agreement between developed and 
developing countries to scale up the investment and capacity 
building necessary to reach those goals (Royal Swedish 
Academy of Sciences 2011).

Reversing the unsustainable 
The transition towards internationally agreed sustainability 
goals and targets requires not only introducing innovative new 
measures and policies, but also the rapid phasing out of policies 
and practices that reinforce vested interests that prevent the 
transition from happening.

Learning what not to do is a necessary, yet often neglected, 
precondition to framing the improvement of sustainability and, in 
particular, to the integrated sustainable governance of complex 
social-ecological systems. Understanding the constraints and 
opportunities for bringing such framing into science, education 
and policy debate while avoiding simple ideological discussions 
is essential in advancing to a sustainable world (Tàbara and 
Pahl-Wostl 2007). However, phasing out existing policies and 
practices is not always easy. Policies create dependencies, 
and discontinuing a policy may hurt economic and other 
vested interests and result in adjustments. Yet discontinuing 
unsustainable policies and practices may also free up resources 
and create new niches that innovative measures, consistent with 
the sustainable world trajectory, can fill. 

One important area for the phasing out of existing unsustainable 
measures is counterproductive government subsidies. These are a 
widespread phenomenon encouraging unsustainable activities in 
sectors such as agriculture, energy and transport (van Beers and 
van den Bergh 2009). A subsidy is a “payment by a government 
to an individual or firm, the intent of which, theoretically, is to 
decrease the divergence between social costs and benefits – to 
internalize externalities” (Myers and Kent 2001).
Subsidies can produce socially desirable outcomes, such as 
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provision of a public good that would be undersupplied by the 
market. When properly designed and applied, they can also 
provide investment to help green industry or technology start-
ups become economically competitive (Bagstad et al. 2007). 
However, not all subsidies help progress towards agreed goals 
and targets. There are so-called “perverse” subsidies that 
increase the divergence between private and social costs and 
benefits (Myers and Kent 2001), typically by increasing the 
size and pollution intensity of economic activities, and often 
without clear, compensating social benefits but with economic 
benefits channelled to a small minority of entrenched interests 
in business-as-usual (van Beers and van den Bergh 2009, 2001). 
Examples include:
•	 agricultural	subsidies	that	encourage	the	intensification	of	

production or the expansion of farmland at the expense of 
natural ecosystems; without precautions, such measures 
often lead to significant negative impacts on biodiversity and 
habitats (Robin et al. 2003); 

•	 fossil	fuel	subsidies	increase	greenhouse	gas	emissions	and	
thus contribute to climate change; while these subsidies 
are often designed to keep energy costs lower for the poor, 
they typically end up benefiting medium- to high-income 
households: in 2008, for example, the Indonesian Ministry 
of Economic Affairs concluded that the top 40 per cent of 
high-income families benefited from 70 per cent of the 
subsidies, while the bottom 40 per cent of low-income 
families from only 15 per cent of them (IISD GSI 2011; 
IEA 2008);

•	 subsidies	for	road	transport,	in	which	subsidized	road	
construction directly destroys habitat, and burning 
subsidized fossil fuels in motor vehicles is a major 
contributor to air pollution and climate change (Myers and 
Kent 2001). 

Discontinuing existing unsustainable practices may be a long 
and uneasy process, but does lead to a shift to sustainable 
behaviour. An example of reversing the unsustainable can be 
observed in marine fisheries through the implementation of the 
Wellington Convention signed in 1989, which prohibits fishing 
with long driftnets in the South Pacific. This type of fishing is 
destructive because of its non-selectiveness and the high level of 
by-catch. Driftnet fishing was widely used, especially during the 
1980s, and posed a threat to fish stocks, in particular to albacore 
tuna. Although the convention initially created tension among 
the distant-water fishing nations, it managed to balance the 
economic interests of fisheries with the pressure on the marine 
environment and led to the adoption of a global moratorium on 
full driftnet fishing on the high seas (Techera 2011; Hewison 
1993). The International Convention for the Regulation of Whaling 
(ICRW), which originally aimed to prevent the oversupply of whale 
products but turned into a key instrument of whale conservation 
(Maffei 1997), can stand as another example. The governance 
regime for whales has contributed to more sustainable 
practices and a change in mindsets, allowing a transition from 
predominantly consumptive exploitation of a natural resource 
(whaling) to non-consumptive use such as whale watching and 
related tourism. 

Sustainability not only requires being aware of complexities 
and uncertainties, but also developing normative patterns 
of knowledge creation and collective behaviour that render 
action possible (Mangalagiu et al. 2011). A transition to 
sustainability demands profound changes in understanding, 
interpretative frameworks and broader cultural values, just 
as it requires transformations in the practices, institutions 
and social structures that regulate and coordinate individual 
behaviour. In this context, it is essential to get to the position 
where people, industry and governments can easily distinguish 
between objective facts and opinions that are presented as 
facts to advance particular interests, and rely on the former to 
make informed decisions. This is where education becomes 
paramount, and involves raising awareness of the challenges 
and solutions as well as harnessing and communicating  
diverse knowledge. 

A road penetrates a rainforest in the Chiriqui Highlands of Panama. The 
growing networks of roads through tropical rainforest are of serious 
environmental concern. © Alfredo Maiquez
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Reversing or phasing out unsustainable policies and practices is 
essential. But it is only a first step that must be accompanied by 
investment in investigating solutions that incorporate traditional 
knowledge and novel forms of sustainability science as well as 
engaging with broader civil society (Bäckstrand 2003). Reversing 
unsustainable practices must be accompanied by providing 
society with knowledge and practices that are consistent with 
management within planetary means. 

Applying leverage
Achieving internationally agreed goals and targets will require 
that policy makers look for advantageous places to intervene 
and apply leverage through the design and implementation of a 
diverse array of policies and instruments that: 
•	 facilitate	a	mindset	shift	to	align	with	sustainability	

principles; 
•	 change	the	rules	and	incentives	to	advance	sustainable	

practices; and 
•	 create	feedback	and	make	adjustments	to	keep	

environmental pressures in check.

The comparison of conventional and sustainable world 
scenarios brings into focus the challenge at hand: an urgent 
need for a societal system-wide shift in the way energy is 
generated and used, in consumption patterns, and in natural 
resource management – to quickly adjust the pathway towards 
sustainability – in the context of an unstable global economy 
and present underachievement of most of the MDGs. In short, 
there is neither time nor money to waste. However, the crisis of 
sustainability may help increase awareness and understanding 
of the problem, its underlying causes and the relationship 
between them, and create momentum. Future policy efforts must 
be as efficient and effective as humanly possible: by specifically 
addressing the deeply embedded underlying drivers and 
targeting and coordinating progress towards long-term change. 

Progress toward deep transformation will not be rapid, but 
evidence of change and progress at levels less deeply embedded 
in the system will help create the conditions that support 
and assist deep level change. What is emphasized here is the 
importance of constructing a diversified portfolio of policy 
intervention at levels that are fairly easy to access and influence, 
in conjunction with other interventions which involve deeper 
analysis, coordination and structural change.

Three layers of transformation were introduced in Figure 16.2 
where leverage points might be found, providing practical 
guidance for policy makers in managing the sustainability 
transition. Reflecting on the presence or absence of intervention 
at each of these leverage points can help broaden and diversify 
policy emphasis, leading to a more resilient and responsive 
overall strategy. Several examples follow, beginning with those 
that are at the core of the sustainability transition. 

Shift mindsets
At the core of the sustainability transition lie critical reflection and 
changes in the mindsets and goals that determine how issues 

themselves are framed. Mindsets in this respect refers both to 
those held by individuals and to those shared mindsets that 
define how social groups, cultures, nations or the human species 
at large approach things. Recognizing the importance of mindsets 
in the sustainability transition allows an opportunity to reflect 
and examine underlying assumptions, identify shared values and 
cultivate common ground. Each of these contributes to defining 
the shared goals and the compelling visions necessary to bring 
these changes about. Consider the following examples:
•	 Youth	education	for	sustainable	development.	Introducing 

the principles of sustainability at an early and formative 
age in primary and secondary school supports the power of 
complex problem solving and can instil the belief that change 
is possible and preferable, and that a sustainable world is 
indeed achievable. The United Nations Decade of Education 
for Sustainable Development (UNESCO 2011) is an example 
of a global response meant to facilitate national and sub-
national efforts in this regard. Policy interventions that help 
schools integrate sustainability into curriculums have the 
potential to change mindsets. 

•	 Social	marketing. While the world is replete with 
advertisements for products and services, there is a dearth of 
public messaging to promote the principles of sustainability 
and non-material aspects of well-being such as health, 
leisure or time with friends and family. Changes in the rules 
and ethics of advertising and marketing that match the 
audience-reach of product and service advertising, but that 
communicate critical behavioural change for a sustainable 
future – such as water and energy conservation or the use of 
green products – have the potential to change mindsets. 

•	 Beyond	GDP. Nobel prize-winning economists Joseph 
Stiglitz and Amartya Sen were commissioned by President 
Nicholas Sarkozy of France to examine the measurement of 
economic performance and social progress. The Stiglitz-Sen 
Commission called for a shift in emphasis from measuring 
economic production to measuring people’s well-being and 
the sustainability of that well-being (Stiglitz et al. 2009). 
They stressed the importance of measuring such aspects 
as the state of health, education, personal activities, 
environmental conditions, social connections and political 
voice, as well as insecurity, inequalities and proximity to 
dangerous levels of environmental damage. An example of 
the type of transformation that such a change in mindset 
represents is Bhutan’s Gross National Happiness Index and 
the national priority to focus on increasing happiness rather 
than merely focusing on perpetual GDP growth (Government 
of Bhutan 2011).

Change the rules and incentives
Coordinating deep and enduring system change is neither a 
single pathway nor a linear process. For example, the rules of 
a system often arise from a change in mindset, but in turn help 
support mindset shifts. At this level of system intervention the 
emphasis is on getting the signals right. Because rules and 
incentives can institute structural change, they represent the 
game changers that can catalyse and retain a strong influence on 
system behaviour over time. 
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Policy instruments such as laws, taxes, subsidies and market 
mechanisms can be directed to shift specific drivers that affect 
the state of the environment, and the more influential the driver, 
the more systemic the change can be. Some instruments that are 
already in place in many jurisdictions, such as pollution charges, 
can create direct incentives for the reduction of emissions. 
Other measures, however, with potentially more far-reaching 
impacts, may require and represent a deeper mind-shift. For 
example, payment for ecosystem services schemes include a 
suite of approaches that attempt to attach value to ecological 
functions that are usually left out of cost-benefit calculations 
and mainstream economic models, including direct public and 
private payments (Milder et al. 2010). Payment for ecosystem 
services has been advanced for example in Latin America and the 
Caribbean (Wunder 2007), and China has implemented some of 
the largest schemes in the world (ADB 2010).

Create feedback and make adjustments
Interventions aimed at less structurally embedded parts of a 
system can contribute to the sustainability transition, especially 
when they catalyse mass action. Interventions that strengthen 
feedback are designed to “deliver information to a place where 
it wasn’t going before and therefore causing people to behave 
differently” (Meadows 1999). Such feedback provides the 
evidence base for the mitigation of environmental pressures. 
Examples include:
•	 Household	water	and	energy	metering.	A digital household 

meter for electricity and water consumption can have a 

significant impact on individual behaviour. In Armenia, for 
example, studies on water consumption soon after meter 
installation revealed that on average water use decreased 
three to four times (OECD 2008b).

•	 Product	labelling.	Providing information such as the carbon 
footprint of products, or forest or marine stewardship 
certification, can influence consumer behaviour and lead 
to transformation across sectors. For example, the Marine 
Stewardship Council (MSC) provides certification standards 
and requirements for sustainable seafood. As of 2011 there 
were 133 MSC-certified fisheries representing almost 6 per 
cent of the total wild fish catch (MSC 2011).

•	 Community	indicator	systems. Communities that undertake 
multi-stakeholder processes to identify priority aspects 
of quality of life and indicators to track progress over 
time, create important feedback loops that can influence 
collaborative action and transformation in communities. 
In a 2011 study (US-GAO 2011), the US Government 
Accountability Office highlighted that community indicator 
systems are a “vehicle for encouraging civic engagement 
both through the system’s development process and 
through action once the indicator system is in place”; “help 
address community or national challenges by facilitating 
collaboration of various parties inside and outside 
of government”; and “provide solutions to long-term 
challenges”. One example from Nevada’s Reno and Sparks 
communities is Truckee Meadows Tomorrow, Quality of Life 
Indicators (TMT 2011).

The Rio Branco sawmill in the Brazilian Amazon, working under Forest Stewardship Council certification. Third-party forest certification systems are 
being used as a way to promote sustainable practices and reduce the carbon footprint of products while improving market access for community-
based forest enterprises. © Antoine Lorgnier
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Adaptive governance
Recognizing that humanity is encroaching on critical planetary 
boundaries, new modes of adaptive governance are needed 
to initiate transition management and achieve internationally 
agreed goals and targets.

This analysis has demonstrated that the transition path 
towards a sustainable world scenario is feasible but requires 
navigating a wide range of highly complex and interrelated issues 
simultaneously. Contextually, society’s pursuit of well-being 
and the requisite use of natural resources is a complex adaptive 
system, where different systems interact and adapt to one another, 
giving rise to the emergent ability of both people and ecosystems 
to self-organize in response to sudden shocks and more slowly 
changing stresses (Liu et al. 2007). Such a system is never at 
a standstill, but rather is in a constant process of incremental 
adaptation, reconfiguration, modification, revision and re-ordering, 
where long periods of stability or equilibrium are visited by short 
periods of radical change (Grin et al. 2010; Loorbach 2007). 

In such unpredictable settings, it is nearly impossible to create 
a fail-proof blueprint or to formulate optimal policies. What is 
required instead is an inclusive, learn-by-doing process with 
careful monitoring of policy effects, and an ability to make critical 
choices and improvements consistent with the trajectories 
leading to established goals. Society has already experienced 
the inadequacies of inflexible blueprint-style approaches and is 
gaining both experience and insights into alternative strategies 
and policies that are more adaptive and that help build resilience. 
Resilience thinking puts three aspects of social-ecological systems 
at the centre: resilience, adaptability and transformability. 
Resilience refers to the capacity of a system – such as a country 
or an ecosystem – to adapt to change, deal with surprise, and 
retain its basic function and structure while remaining within 
critical boundaries. Adaptability – part of resilience – represents 
the capacity to adjust responses to changing external drivers 
and internal processes, and thereby channel development along 
the preferred trajectory in what is called a stability domain. 
Transformability is the capacity to cross thresholds, enter new 
development trajectories, abandon unsustainable actions and 
chart better pathways to established targets (Folke et al. 2010). 

There are different related approaches emerging that put 
these concepts into practice, including adaptive management, 
sustainability transition management, adaptive governance and 
adaptive policy making. They each have common features as well 
as different niches and scales in which they are relevant. The 
adaptive management approach, pioneered in the 1980s and 
1990s (Lee 1993; Holling 1978), offers practical and experience-
based guidance for the type of skilful navigation that would be 
necessary for local and regional place-based natural resource 
management efforts. 

Recommendations for managing the transition to sustainability, 
resilience thinking and intervening in complex adaptive systems all 
provide governance-level insights (Grin et al. 2010; Loorbach 2007; 
Berkes et al. 2003; Rihani 2002; Ruitenbeek and Cartier 2001; 

Axelrod and Cohen 2000). In relation to the design and 
implementation of adaptive policy instruments, there is also an 
array of research and experience with practical applications to 
draw from that embody many of the same principles as adaptive 
management and managing sustainability transitions (Swanson et 
al. 2010; Walker and Marchau 2003; Bankes 2002; Dewey 1927). 
An example of what adaptive governance and policy-making 
entail in relation to watershed management in India is shown 
in Box 16.5. The range of research and experience cited in this 
paragraph reveals a consistent set of critical functions for adaptive 
governance and managing the transition to sustainability, here 
largely adopting the terminology of Loorbach (2007):
•	 Multi-actor	deliberation	and	agenda	building. Many 

stakeholders influence societal change. Governance must, 
therefore, be participatory to recognize advantageous 
leverage points, the levers for change and the correct 
direction to move them; to achieve coherent coalitions for 
creating shared notions of goals and ambitions; and to 
strengthen policy design and implementation.

•	 Futures	analysis	and	long-term	collective	goal	setting. 
Integrated and forward-looking assessments are critical tools 
that inform ongoing processes of change by systematically 
reflecting upon the future and developing shared notions of 
future goals and targets.

Box 16.5 India’s National Watershed Development 
Project for Rainfed Areas (NDWPRA) – adaptive 
governance and policy-making at the sub-national 
level

The objectives of India’s NWDPRA project include: 
•	 sustainable	enhancement	of	agricultural	productivity	and	

production; 
•	 restoration	of	the	ecological	balance	in	degraded	and	

fragile rain-fed ecosystems by greening these areas 
through an appropriate mix of trees, shrubs and grasses; 

•	 reduction	in	regional	disparity	between	irrigated	and	
rain-fed areas; and 

•	 creation	of	sustained	employment	opportunities	for	the	
rural poor.

In Maharashtra, the NDWPRA project launched in 1990/91 
continued through India’s Ninth Five-Year Plan, when it was 
considerably restructured. Greater emphasis was placed 
on decentralization and community participation. In the 
Tenth Five-Year Plan (2002–2007), the state of Maharashtra 
continued to implement the scheme with a participatory 
approach, extending it to 433 micro-watersheds across 33 
districts, with a targeted treatment area of 203 000 hectares. 
The shift towards a decentralized approach contributed to 
improvements in water-management and represents an 
example of adaptive governance. 

Source: Swanson and Bhadwal 2009
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•	 Enabling	self-organization	and	networking. Creating 
opportunities for cooperation and replicating successes, 
ensuring that social capital remains intact, and guaranteeing 
that members of the population are free and able to interact, 
are all fundamental elements of building the capacity of 
actors and policy itself to plan for and adapt to surprises.

•	 Variation,	experimentation	and	innovation. Diversity of 
responses forms a common risk-management approach, and 
continuous reflection and improvement helps to develop a 
context in which innovation for desired change can thrive.

•	 Reflexivity	and	adaptation. Systemic review of past, present  
and future sustainability conditions and policy performance 
through interaction and cooperation with a range of stakeholders 
is critical for continuous improvement and social learning.

These critical functions of sustainability transition management and 
adaptive governance, together with the other strategic elements 
described earlier – social consensus for achieving compelling 
visions, discarding the unsustainable, and applying leverage 
in policy making – provide practical guidance for advancing 
sustainability and achieving internationally agreed targets.

CONCLUSIONS
The envisioned sustainable world aims simultaneously to achieve 
universal human well-being and environmental sustainability at 
global, national, regional and local levels. The vision assumes 
that, by 2050, all people have access to food, safe drinking 
water, improved sanitation and modern sources of energy, all 
within the ecological limits of the planet. 

Without major course correction, however, continuing on the 
current trajectory would lead, by 2050, to major environmental 
damage, a serious loss of ecosystem services, depletion of 
natural resources and many people left without sustainable 
access to food, water or energy. As a consequence, most 
internationally agreed goals and targets would be missed, some 
by a wide margin, particularly those related to climate change, 
biodiversity, water and food security. 

The review of sustainable world scenarios suggests that 
measures can be put in place to help achieve these targets and 
reduce the risk of Earth System changes and negative impacts 
on future human development. Measures at the mid layer of 
transformation, such as rule changes, will not be enough to move 
to a sustainable world pathway. Structural measures and stronger 
policy action are needed to influence both production and 
consumption patterns. Such changes should be both short- and 
long-term, and combine technology, investment and governance 
measures along with lifestyle modifications grounded in a 
mindset shift towards sustainability and equity-based values. 

A transformation of such complexity requires a gradual, but 
steadily strengthening, transition process. During this, there 
is a need to stop activities that pull the Earth System towards 
unsustainability. At the same time, it is important to provide 
resources, build capacity and create an enabling environment for 
all in a way that is consistent with the vision of a sustainable world. 

Such a transition requires a high degree of consensus and 
coordination between societal actors with diverse interests 
and working environments. As a first step, broad-based 
social contracts, grounded in jointly developed visions of a 
sustainable future, would be needed to focus people’s attention 
on the future. To ensure coherence among all societal actors, 
contextually sensitive transition pathways can be developed 
and agreed as joint visions of the future that respect social 
responsibility and ensure that the rest of society has sustainable 
access to the resources necessary for well-being. Given that 
systemic changes, both environmental and societal, are 
often slow, long-term goals would help focus investment and 
technological development, induce societal change and engage 
other actors in society. 

The transition process would necessarily be based on adaptive 
management, since uncertainties play a key role in the problems 
of the Earth System. A diversity of measures would provide better 
insurance against wholesale failure on critical issues – due either 
to inherent uncertainties or inadequate implementation – and 
be mutually strengthening. Of course, strategies to achieve the 
targets will necessarily differ between developed and developing 
countries, and between regions, countries, and communities 
within those categories. The momentum of green economy 
initiatives to integrate environmental imperatives into major 
sectors also needs to be sustained and turned into detailed 
work on policy, innovation and practice. Reversing ecosystem 
degradation while meeting the increasing demand for resources 
may seem challenging, but policy measures that help achieve 
environmental goals and targets also have the potential to 
deliver benefits to human well-being.

All this requires political determination and strong governance. 
Questions of how to do it and what kind of global responses and 
institutions would be needed are discussed in Chapter 17.

In its simplest expression, a green economy can be thought of as one 
which is low carbon, resource efficient and socially inclusive.© Ilias Kordelakos
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