
C

Change Scenarios for
Sustainable Development

Julia Swart
Utrecht School of Economics, Utrecht University,
Utrecht, The Netherlands

Synonyms

Climate change scenarios; Pathways to sustain-
able development; Strategic environmental
assessment; Sustainability forecast; Trend analy-
sis for sustainable development

Definitions

Change scenarios for sustainable development
consider alternative viable assumptions about
future socioeconomic indicators and policies
which affect local, regional, or global sustainable
development. Scenarios are according to the
United Nations (2014, p. 62) “plausible and inter-
nally consistent picture of the future. They are
useful tools – often making use of quantitative
models – to systematically explore the feasibility
of visions and proposed future pathways towards
their achievement. They provide information on
the means of implementation that are needed and
can be useful in monitoring progress.”

Change scenarios differ from trend analysis for
sustainable development by incorporating

uncertainty, in particular in terms of environmen-
tal issues. UNEP (2004) argues that “scenarios
offer a means for examining the forces that
shape our world, the uncertainties that lie before
us and the implications for tomorrow of our
actions today. A scenario is also a story, told in
words and numbers, concerning the manner in
which future events could unfold; analysis of a
range of scenarios offers lessons on how to direct
the flow of events towards sustainable pathways
and away from unsustainable ones.” Thus,
whereas scenarios do not set in stone how the
future will look like in terms of sustainability
and economic development, it does allow us to
make a more conscious choice of how society
wants to live today, given how these choices
could affect the lives of future generations.

Introduction

Imagine a world where we could predict with
certainty the environmental consequences of
human actions such as consumption, production,
and technological discoveries. Could we then
increase our well-being today? If individuals
only care about the present, then the answer
would be closer to a no (unless environmental
impacts were felt instantaneously). However, in
reality we all care to some extent about the future
(in particular the near future). Given that we care
about the future, knowing how our actions today
affect the environment provide us with valuable
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information to improve our own well-being.
Alternatively, lack of knowledge about the envi-
ronmental impact of our actions decreases our
well-being without us even noticing it. Predicting
the future, however, is not possible. If it was,
numerous environmental and humanitarian catas-
trophes could have been prevented. An historical
example can help illustrate this.

From the production side, we are nowadays
aware that ingestion of fishes from water contam-
inated with methyl mercury leads to the Minamata
disease. The name of this disease makes reference
to the hefty poisoning of residents from the sur-
roundings of the Minamata Bay, in Japan, in the
beginning of the 1950s. Ekino et al. (2007) report
more than 2000 deaths from this disease since
then and about 200,000 cases of poisoning. Neg-
ligence from the manufacture firm disposing con-
taminated wastewater on the Minamata Bay has
led to large compensation costs to the victims. All
parties involved lost from this ecological disaster.
It was certainly better from an economic, environ-
mental, and well-being point of view to have
prevented the mercury to enter the river and
from there the sea. This environmental impact
was not known to the policy makers in the early
twentieth century. Given that it is known today,
countries and regions can analyze different sce-
narios of mercury contamination on future well-
being (for an instance, based on different regula-
tion levels and production levels) to decide on the
most fair, environmental-friendly, and efficient
policy.

This example shows that society can benefit
from understanding the possible impacts of socio-
economic factors (or most straightforwardly,
human action) on the environment. The closer
we can forecast these impacts, the more equipped
we are to make well-informed decisions about
what we eat, how we commute, what we dress,
and more generally how rules and regulations can
be implemented to increase society’s well-being
today while considering the well-being of future
generations. While making forecast or trying to
predict the future might be intangible, thinking
about different possible scenarios allows us to
envision how the future might disclose.

The idea behind forming scenarios is to create
a roadmap of alternatives to which decision-mak-
ing can be reliably made. Different scenarios can
be set out by changing factors such as regulation
and production level. Van Notten (2006) empha-
sizes that there are different definitions of scenar-
ios, but they all have in common that scenarios are
not predictions of the future; and these alternative
definitions all characterize scenarios as “hypothet-
ical, causally coherent, internally consistent, and/
or descriptive.” Furthermore, through scenario
analysis, a plan of actions can be set. Methodo-
logically speaking, Van Notten (2006) distin-
guishes scenario analysis into two: analytical and
intuitive design. Analytical approaches encom-
pass model-based techniques which involve quan-
tifying uncertainties but can also be “desk
research,” that is, document analysis and archival
research. Intuitive design, on the other hand, is
based on qualitative knowledge to develop the
scenario.

Scenarios can be related to modeling activities,
but are not to be confused with Environmental
Impact Assessment. Environmental Impact
Assessment quantifies the environmental impact
of a specific economic activity for given parame-
ters and circumstances. Glasson et al. (2005) pro-
vide a few often-cited definitions of
Environmental Impact Assessment, one of them
being the broad definition of Munn (1977) who
defines it as “an activity designed to identify,
predict, interpret and communicate information
about the impact on man’s health and well-
being, of proposed major actions such as the con-
struction of large engineering works, land reform,
and legislative policy and program proposals” (p.
135). This definition approximates the one from
change scenarios, causing the confusion. A more
succinct definition adopted by the United Nations
defines Environmental Impact Assessment as a
“systematic process to identify, predict and eval-
uate the environmental effects of proposed actions
and projects” (UNEP 2002, p. 103). It can there-
fore be seen as a policy tool to evaluate specific
projects, such as adoption of new technologies
and infrastructure.
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Change Scenarios: A Relatively New
Approach

Environmental concerns started to increasingly
take part of policy decisions in the 1950s. In the
academic sphere, environmental studies devel-
oped to be a fast-growing discipline in the
1970s. By then sustainability became as well a
sub-discipline from different fields, such as eco-
nomics and geography. Nowadays, a diversity of
disciplines has sustainability as a core focus area
(e.g., philosophy, political sciences, and cultural
studies). Robertson (2017) argues that in the
1960s–1970s public awareness of environmental
problems arising from, for example, pesticide use
and population growth promoted the formation
and development of environmental framework
and regulation. In the USA, for example, the
National Environmental Policy Act was signed
into law in 1970.

The year 1972 was, in particular, an important
year for the field of sustainability. It was the year
of the publication of Limits to Growth by the Club
of Rome (Meadows et al. 1972). The Limits to
Growth was influential and set a turning point in
the sustainability field because it provoked differ-
ent stakeholders to rethink the impact of economic
activities onto the future generations. The authors
have analyzed trends of five indicators – popula-
tion, capital, food, nonrenewable resources, and
pollution – while taking the interrelationships
among them, to set up a world model through
which they could investigate the world system’s
“behavioral tendencies” (p. 93). The authors ana-
lyzed a few scenarios (which they name alterna-
tives or runs) which are based on a specific set of
assumptions (e.g., constant population growth) to
analyze the impact on the world system for a
period of 100 years. The Club of Rome was the
first work to present a comprehensive change
scenario analysis undertaken at a global scale.

At around the same period, Environmental
Impact Assessment (EIA) was established, first
in the USA (1969) and soon after in Europe and
other developed countries (e.g., Canada and Aus-
tralia). UNEP (2002) identifies four overlapping
phases in its evolution, which in a nutshell con-
sists of (i) development of EIA in developed

countries (1970s); (ii) increasing scope and
sophistication of EIA and diffusion to developing
countries (mid-1970s to early 1980s); (iii) process
strengthening and integration (early 1980s to
early 1990s); and (iv) strategic and sustainability
orientation (early 1990s onward) (p. 109). Fur-
thermore, more recently countries, such as in the
European Union, have introduced Strategic Envi-
ronmental Assessment (SEA), which “informs a
higher, earlier, more strategic tier of decision-
making” (Glassan et al. 2005, p. 7). Strategic
Environmental Assessment is more comprehen-
sive than Environmental Impact Assessment in
the sense that it not only analyzes projects, but it
also does so for policies.

The United Nations Economic Commission
for Europe (UNECE) has a protocol on SEA,
which defines it in Article 2.6 as “. . . the evalua-
tion of the likely environmental, including health,
effects, which comprises the determination of the
scope of an environmental report and its prepara-
tion, the carrying-out of public participation and
consultations, and the taking into account of the
environmental report and the results of the public
participation and consultations in a plan or pro-
gramme” (UNECE 2016, p. 3).

To conclude this introduction section, we turn
back to the water contaminated with methyl mer-
cury case, to emphasize the difference and inter-
connectedness between change scenarios for
sustainable development and Environmental
Impact Assessment. Through Environmental
Impact Assessment, one can define what the envi-
ronmental impact of a factory dumping methyl
mercury would be to the local biodiversity,
human health, and other relevant indicators.
Such data can thereafter be used in a model
looking at trends in different indicators (e.g., pop-
ulation size, industrialization rate, etc.) and their
impact on local, regional, or world systems. Fur-
thermore, although most academic articles
emphasize quantitative change scenarios, scenar-
ios can involve both qualitative and quantitative
analysis and can be grouped into three distinct
types: predictive, explorative, and normative
(Börjeson et al. 2006).

In the following two sections, we discuss first,
the connection between change scenarios and the
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Sustainable Development Goals, and second, the
interdisciplinary nature of scenario analysis and a
well-known application of scenario analysis coor-
dinated by the IPCC, whose contribution allows
policy makers to think through policies which
foster sustainable development. The final section
provides concluding remarks.

Change Scenarios and the Sustainable
Development Goals

In September 2015, 193 world leaders met in New
York under the umbrella of the United Nations.
These leaders agreed to follow 17 Sustainable
Development Goals and meet 169 targets by
2030. These goals envisage to foremost end
extreme poverty, fight inequality and injustice,
and fix climate change, thus embracing social,
economic, and environmental aspects. The Sus-
tainable Development Goals (henceforth: SDG)
expand on the Millennium Development Goals
(a global effort starting in the year 2000 to combat
poverty) by incorporating new areas such as cli-
mate change and sustainable consumption. To
meet these goals, countries and regions should
consider that these goals are integrated. Thus, for
example, fighting poverty goes hand in hand with
providing solutions to climate change; fighting
inequality within countries (SDG 10) requires
promotion of decent work for all (SDG 8), good
health and well-being (SDG 3), and quality edu-
cation (SDG 4), to name a few.

Meeting these integrated goals demands an
integrated system of solutions (UNEP 2019).
The United Nations Development Programme
(UNDP) has for that purpose setup four
workstreams to provide support to countries to
outline policies and programs which are condu-
cive to meet the SDGs while recognizing the
complexity and integration of these goals. One
of the workstreams is “data and analytics,”
which uses integrated modeling frameworks as a
tool to assist countries in identifying future sce-
narios. These scenarios, in turn, are recognized as
fundamental to the establishment of policies
which guarantee that the SDGs are met. An exam-
ple of a toolkit to explore forecasting based on

alternative scenarios is the International Futures
(IFs) which is used by different planning and
development organizations, including the UNDP
(Hughes et al. 2004 explain the structure of the IFs
modeling system). Scenario analysis has been
overall widely used to analyze long-term impact
of alternative states and situations, thus facilitat-
ing decision-making.

While it is broadly accepted that scenario anal-
ysis is an integral part to assist in the implemen-
tation of the SDGs, there is a range of models used
in the academic literature. Some models might be
more suitable to analyze specific circumstances,
but there is no consensus in the literature on which
model to adopt to analyze policies to achieve the
SDGs. Dynamic computable general equilibrium
models (dynamic CGEmodels) are often adopted,
for example, when there is a solid theoretical
framework which incorporates feedbacks across
different sectors and spillovers from policy
changes. CGE models are one of the most used
models to analyze climate change impacts. None-
theless, an alternative type of model for climate
change, integrated assessment models (IAMS), is
also often adopted, in particular when larger focus
on the interactions between the economic and the
biophysical system is described (see e.g. Wellman
and Hunt 2016; and OECD 2015).

Allen et al. (2016) conduct a comparative
assessment of 80 models to address their rele-
vance for national SDG planning. As part of
their research, they surveyed 70 modeling experts
from diverse backgrounds (academia, research,
national development planning) regarding a
review of criteria used in comparative assess-
ments of models and regarding attributes of the
SDGS which are relevant for modeling. From the
selection of the 80 models, the authors made an
inventory of the modeling options used in national
SDGs planning and identified eight model cate-
gories: (i) hybrid models; (ii) CGE models; (iii)
top-down system dynamics models; (iv) bottom-
up optimization/partial equilibrium models; (v)
bottom-up simulation models; (vi) macro-econo-
metric models; (vii) input-output models; and
(viii) bottom-up multi-agent models (the next sub-
section provides a brief description of each of
these model categories). The first two – hybrid
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models and CGE models – account for close to
60% of all models analyzed. Furthermore, their
finding shows that the selection of the most effec-
tive modeling approach and type depends on var-
ious factors (e.g., data availability, cost
limitations, sector of analysis, and interactions
between sectors), which need to be considered in
order to select the model. Additionally, with
respect to the SDGs, the authors recommend com-
bining different models which address the rela-
tionship of particular sectoral issues.

Table 1 summarizes some of the findings from
Allen et al. (2016) by indicating the number of
models which are relevant for the 17 Sustainable
Development Goals, disaggregated by the model
category. Figure 1 shows the finding when we add
up through the model categories. Table 1 and Fig.
1 show that the three SDGs which have been
represented the most in the models (“highly rele-
vant” and “somewhat relevant”) are SDG8,
Decent work and economic growth, with 64 out
of 80 models taking this SDG into account;
SDG13. Climate Change, with 61 out of the 80
models; and SDG7, Affordable and clean energy,
with 59 out of the 80 models. On the other
extreme, the less represented SDG in scenario
analysis models were SDG16, Peace, justice, and
institutions, represented by only 3 models; SDG
5, Gender equality, with 4 models; and SDG 14,
Life below water, with 6 models.

Eight Model Categories for Scenario Analysis

Hybrid Models
Hybrid models are used for analyzing complex
environmental systems (e.g., where social and
ecological interactions are present). Vincenot et
al. (2016) define it as “the combination of
simulatory approaches aimed at the accurate
mechanistic modeling of complex dynamic sys-
tems. It basically consists in the coupling – to a
varying degree ranging from simple comparison
to bridging to total fusion – of models based on
different existing modeling techniques.” Hybrid
models emerge when separate models describe
parts of a larger system under investigation. Fur-
thermore, they are often used when bottom-up and

top-down views of a system need to be aligned.
Examples of hybrid models are International
Futures, DICE and RICE, and PAGE.

CGE Models
Computable general equilibrium models are
widely used by economists as a tool for policy
analysis. All CGE models start from the basic
representation of the circular flow model of com-
modities in a closed economy, represented by
consumers, firms, and a government. As defined
by Sue Wing (2004), CGE models “are simula-
tions that combine the abstract general equilib-
rium structure formalized by Arrow and Debreu
with realistic economic data to solve numerically
for the levels of supply, demand and price that
support equilibrium across a specified set of mar-
kets.” This type of models is widely used to ana-
lyze the impact of policies on income distribution
and on welfare while taking the interactions in
various markets. As such, CGE models are used
across diverse areas, including environmental reg-
ulation; and they serve as a tool for empirical
analysis. An example of a CGE model is the
GEM-E3 (UN 2020) which is a recursive dynamic
CGE model that takes into account links between
the economy, the energy system, and the
environment.

Top-Down System Dynamics Models
Top-down approaches to complex problems focus
on the broad view of the problem, as opposing to
the bottom-up approach which focuses more on
the details (e.g., heterogeneity) underlying the
systems. Top-down system dynamics models pro-
vide the tools to understand the dynamic behavior
of systems while considering that various aggre-
gated system compartments are interrelated and
connected. Pruyt (2013) defines system dynamics
as “a method to describe, model, simulate and
analyze dynamically complex issues and/or sys-
tems in terms of the processes, information, orga-
nizational boundaries and strategies.”
Furthermore, it applies “the principles and tech-
niques of control systems to organizational and
social-economic-environmental-. . . problems.”
The Limits to Growth report by the Club of
Rome (Meadows et al. 1972), the first work to
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present a comprehensive change scenario analysis
undertaken at a global scale, is based on system
dynamic models.

Bottom-Up Optimization/Partial Equilibrium
Models
Bottom-up optimization or partial equilibrium
models analyze specific markets within the econ-
omy, as opposed to general equilibrium models
which deal with the entire economy. Partial

equilibrium models show how a change within a
specific market (e.g., on preferences or costs)
affects production and consumption in that mar-
ket. This type of models is behind influential
models used for environmental policy decisions,
including FUND, GCAM, IMAGE/TIMER, and
PRIMES. The PAGE (Policy Analysis of Green-
house Effect) Model has elements of a partial
equilibrium model. This model received a lot of
attention in the policy debate, as it was applied in

Change Scenarios for Sustainable Development, Table 1 Scenario analysis models analyzed by Allen et al. (2016)
and the relevance to the 17 Sustainable Development Goals

First row Number of models that are highly relevant for the SDG

Second row Number of models that are somewhat relevant for the SDG

Third row Number of models that are not relevant for the SDG

Analytical 
Approach & 

Model 
Category 

Number 
of 

models

SDG
1

SDG
2

SDG
3

SDG
4

SDG
5

SDG
6

SDG
7

SDG
8

SDG
9

SDG
10

SDG
11

SDG
12

SDG
13

SDG
14

SDG
15

SDG
16

SDG
17

Top-down 
input-output 

models
5

0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 2

0 4 1 0 0 4 4 3 4 2 0 3 3 1 0 1 2

5 1 4 5 5 1 1 0 1 3 5 1 2 4 5 4 1

Top-down 
econometric 

models
6

0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 2

0 1 0 0 0 0 4 0 4 0 1 1 3 0 0 0 4

6 5 6 6 6 6 2 0 2 6 5 5 3 6 6 6 0

Top-down 
CGE models 15

0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 13

7 3 1 2 0 1 9 1 13 5 0 0 7 0 0 0 2

8 12 14 13 15 14 6 0 2 10 15 15 8 15 15 15 0
Top-down 

system 
dynamics 

and 
simulation 

models

8
0 2 1 0 0 1 1 1 1 0 0 1 0 0 0 0 0

1 4 1 1 0 4 4 6 5 2 4 3 7 1 3 0 3

7 2 6 7 8 3 3 1 2 6 4 4 1 7 5 8 5
Bottom-up 

optimisation/ 
Partial 

equilibrium 
models

8

0 1 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 2 1 2 0 0 0 7 0 0 0 6

8 7 8 8 8 7 0 7 6 8 8 8 1 8 8 8 2

Bottom-up 
simulation 

models
6

0 1 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 3 1 0 0 1 4 0 0 0 3

6 5 6 6 6 5 1 3 5 6 6 5 2 6 6 6 3

Bottom-up 
multi-agent 

models
1

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0

1 0 1 1 1 0 1 0 1 1 1 1 0 1 0 1 1

Hybrid 
models 31

3 14 4 3 2 12 17 18 2 1 0 0 10 2 5 1 5

2 5 5 2 2 2 7 8 11 5 3 10 19 2 5 1 16

26 12 22 26 27 17 7 5 18 25 28 21 2 27 21 29 10
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the Stern Review (Stern 2007). The Stern Review
had strong policy implications and recommended
immediate action to contain greenhouse gases
emissions. As another example, the European
Commission uses the PRIMES energy model
(EC 2020), created in 1993 (E3MLab 2014) to
analyze energy markets, by simulating energy
consumption and the energy supply system. This
model allows forecasting, change scenarios, and
analysis of policy impact.

Bottom-Up Simulation Models
Bottom-up simulation models are similar to bot-
tom-up optimization models in the sense that they
also center on a specific market, for example, the
energy market or the irrigation sector. An addi-
tional characteristic from these types of models is
that they adopt a technological representation
which is based on a rational-decision process.
That is, the model assumes that decision-makers
have perfect knowledge of which technologies are
more efficient and face little barriers to adopt them
(Fleiter et al. 2011). Fleiter et al. (2011) compare
bottom-up optimization models with bottom-up
simulation models used in energy markets and

state that “while optimization models optimize
the choice of technology alternatives with regard
to the total system costs to find the least-cost path,
simulation models lack this system optimization
perspective. They are very heterogeneous and
some of them optimize from a firm perspective,
while other do not optimize and instead consider
other non-financial factors for the technology
adoption decision.” Simulation models are used
often for scenario analysis of the energy market
(see, e.g., Worrell and Price 2001 who analyze
three policy scenarios to improve energy effi-
ciency in the US industry).

Macro-econometric Models
Macro-econometric models are forecasting
models based on mainly economic data. They
differ from other models by the use of long-run
time-series data and by their solid empirical base.
Whereas CGE models rely on the Arrow-Debreu
framework, the macro-econometric models adopt
the neo-Keynesian framework, in which econo-
mies follow a demand-driven structure and under-
utilization of productive capacity is allowed in the
model (Di Comite and Kancs 2015). These

Change Scenarios for Sustainable Development, Fig. 1 Relevance of 80 scenario-based models for the 17
Sustainable Development Goals. (Based on Table G from the Supplementary Material in Allen et al. (2016))
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models use a system of dynamic equations to
represent the economy and estimate the parame-
ters of the model using long-run time-series data.
In this sense, forecasts are based on past correla-
tions. Macro-econometric models are used by
diverse organizations and national institutes,
including the IMF and the World Bank. The EU,
for example, has supported the development of
the NEMESIS (New Econometric Model of Eval-
uation by Sectoral Interdependency and Supply)
model, which is a system of economic models for
the EU countries, Norway, USA, and Japan. The
model allows forecasts for different scenarios for
about 30 years to facilitate policy decisions in
different economic aspects, including energy reg-
ulation and fiscal reforms (Zagame et al. n.d.).

Input-Output Models
Input-output models are an analytical framework
used to analyze the interdependencies of indus-
tries within an economy. It was originally devel-
oped by Leontief (1941) and consists of a
mathematical structure of a set of n linear equa-
tions and n unknowns. Assuming a single econ-
omy with n sectors, an input-output representation
of this economy would then have the “selling
sector” on the rows of the matrix (the input-output
table) and the “buying sector” on the columns of
the matrix, in which the entries would identify the
interindustry flows of goods in monetary terms
(Miller and Blair 2009). By applying an input-
output analysis, one can estimate the impact of
shocks in the economy. It is used, for example, to
analyze different long-term scenarios based on
technological advances, environmental effects,
and supply and demand developments. The Neth-
erlands Environmental Assessment Agency, for
example, uses the DIMITRI model, which is an
input-output model, to study the impact of tech-
nology-related shocks (see, e.g., Faber et al. 2007
who uses the model to describe the relations
between production, consumption, and emissions
at the sectoral level while basing on IPCC’s sce-
nario framework). The input-output models have
also been used in support of the Sustainable
Development Goals. Costanza et al. (2016), for
example, while investigating alternative methods
to relate the SDGs to measures of well-being,

propose embedding the input-output model into
a dynamic, nonlinear, systems model of the econ-
omy, the society, and the natural environment.
Gustavson et al. (1999) use an input-output
model which accounts environmental impacts to
analyze sustainable development indicators for
the Fraser River Basin in British Columbia.

Bottom-Up Multi-Agent Models
Multi-agent models simulate the interactions of
multiple agents through the use of computational
models. Agents can be any decision-maker, from
autonomous consumers and producers to groups
and organizations. A bottom-up approach to a
multi-agent model starts with defining the indi-
vidual components, the rules, and the institutions,
and as a result of the interactions between the
components, the global effect can be derived.
Farmer and Foley (2009) argue for the use of
multi-agent models in economics as it has the
advantage of not assuming that the economy will
move to a certain pre-defined equilibrium. Alter-
natively, in this type of models, the authors
explain, “at any given time, each agent acts
according to its current situation, the state of the
world around it and the rules governing its behav-
iour. An individual consumer, for example, might
decide whether to save or spend based on the rate
of inflation, his or her current optimism about the
future, and behavioural rules deduced from psy-
chology experiments. The computer keeps track
of the many agent interactions, to see what hap-
pens over time. Agent-based simulations can han-
dle a far wider range of nonlinear behavior than
conventional equilibrium models. Policy-makers
can thus simulate an artificial economy under
different policy scenarios and quantitatively
explore their consequences.”

Change Scenarios and Fields of Research

The previous section showed that, according to
Allen et al. (2016), SDG13 – Climate change – is
very well represented in scenario analysis. An
intuitive reason for this is the uncertainty and
long-term impact associated to climate change.
Given the prominent attention to climate change
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in the news, it is therefore understandable that
change scenarios are often linked to climate fore-
casts. The previous section showed, nonetheless,
that change scenarios encompass diverse topics.
Additionally, scenario analysis can be applicable
to all Sustainable Development Goals and is an
important tool to better comprehend policy impli-
cations to achieve the goals. Nonetheless, the
work by Allen et al. (2016) indicates that a few
of the Sustainable Development Goals are still
less represented by scenario analysis (see Table
1).

Scenario analysis does not, however, pertain
exclusively to research. Many private organiza-
tions also conduct scenario analysis to make their
business plan. Discipline wise, scenario analysis
can be seen as method which crosses disciplines.
In fact, all Sustainable Development Goals, such
as climate change, are interdisciplinary by nature.
There is a wide range of disciplines which work
with scenario analysis, including geography,
mathematics, engineering, and social sciences.
Van Notten (2006) points out that “the process of
scenario development provides a language to
cross disciplinary boundaries. In organisations, it
may provide a basis for ‘strategic conversations,’
to discuss perceptions on strategy, opportunities,
and threats.”

Scenario analysis promotes a connection
between disciplines which is fundamental to the
understanding of complex issues. Laurent et al.
(2015) argue that different disciplines analyze the
Great Lakes-St. Lawrence River basin, a trans-
boundary watershed between the USA and Can-
ada. Nonetheless, these disciplines remain
isolated within their field, often using different
methodologies with uncertain predictions. The
authors provide five reasons for considering sce-
nario analysis for analyzing Great Lakes basin
resource management as an effective and valuable
methodology: scenario analysis crosses disci-
plines; it takes uncertainty into account; it facili-
tates the creation of a common language within
academia and between academia and stake-
holders; scenario analysis considers diverse over-
lapping and interacting scales; and finally,
scenario analysis opens to new insights and inqui-
ries for future research.

Despite contributing to a more holistic under-
standing of social, economic, technological, and
environmental dimensions of the world, scenario
analysis also has its critics. A common critique is
that model-based quantitative scenarios do not
represent the social dimensions well enough,
requiring a more systemic and integrated
approach. In this sense, scenario analysis has
benefited from the link created with participatory
approach. In this approach, knowledge is created
about how a local community or region is orga-
nized and how it functions, by counting with the
participation of local actors. Walz et al. (2007), for
example, use a case study on changes in agricul-
ture in a region in Switzerland, to investigate
whether and how participatory involvement has
contributed to define the scenarios for a numerical
simulation.

The IPCC Scenario Framework

The IPCC (Intergovernmental Panel on Climate
Change) is a body from the United Nations, which
was created in 1988 to provide policy makers
scientific assessments related to climate change.
Since its creation, the IPCC has produced and
made publicly available Five Assessment reports,
in addition to other reports on more specific
topics. Currently, the IPCC is on its sixth assess-
ment cycle, which has already resulted in three
special reports. The dates of the Assessment
Reports are 1990, 1995, 2001, 2007, and 2013/
2014. The sixth cycle started to produce reports in
2016 and is expected to end by 2022 with the
release of the Synthesis Report. This section is
based on the Fifth Assessment Report to discuss
the role of change scenarios in the IPCC
framework.

IPCC (2014) bases extensively on climate
models to project future climate and therefore
climate change. Various climate models are used,
from simple idealized models to general circula-
tion models. To produce robust projections, the
climate models are tested against historical obser-
vations. To obtain the projections, the models
work with a set of alternative scenarios (the Rep-
resentative Concentration Pathways – RCP) of
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greenhouse gases emissions, air pollutant emis-
sions, and land use patterns. The Representative
Concentration Pathways comprise five scenarios:
a stringent mitigation scenario (RCP2.6), two
intermediate scenarios (RCP4.5 and RCP6.0),
and a scenario with very high GHG emissions
(RCP8.5). The baseline scenario (business as
usual – BAU) lies between RCP6.0 and RCP8.5,
that is, on the upper-level of GHG emissions.

Figure 2 shows emission scenarios from the
Fifth Assessment Report. Panel (a) shows, for
example, the emissions of carbon dioxide from
1950 until 2100 for four RCPs and historical
emissions. Panel (e) shows future radiative forc-
ing levels for the RCPs which was calculated
using the MAGICC model (MAGICC – Model
for the Assessment of Greenhouse Gas Induced
Climate Change, http://www.magicc.org/), for the
RCPs (per forcing agent) and for the WGIII sce-
nario categories, which represents the categories
considered in the Working Group III of IPCC.
(The IPCC Synthesis Report considers the reports
from three working groups. Working Group I
focuses on the Physical Science Basis; Working
Group II on Impacts, Adaptation, and Vulnerabil-
ity; and Working Group III on Mitigation of Cli-
mate Change.) After setting-up these scenarios,

the next step is to assess different impacts on
temperature, which is done for surface tempera-
ture change but also to sea ice extent, sea level
rise, and the effect on surface ocean pH. A com-
prehensive assessment is built around these essen-
tial, but not exclusive, elements. It is an
interdisciplinary if not transdisciplinary endeavor,
which supports policy makers around the world.
The work from the IPCC was influential in
reaching, among others, the Paris Agreement in
2015 and shows the fundamental role of scenario
analysis on socioeconomic and environmental
dimensions of life.

Concluding Remarks

Scenario analysis creates a roadmap of alterna-
tives to which decision-making can be reliably
made. There are a variety of approaches to con-
duct scenario analysis and within quantitative
approaches a range of models adapted to specific
regions, sectors, or variables of interest. Advances
in this area of research are fast and far-reaching.
Different private organizations – from middle size
to large – (e.g., Boston Consulting Group,
McKinsey, Shell, Unilever), institutes, and

Change Scenarios for Sustainable Development, Fig.
2 IPCC (2014) emission scenarios and the resulting radi-
ative forcing levels for the Representative Concentration

Pathways (RCPs, lines) and the associated scenarios cate-
gories used in WGIII (colored areas)
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national and supranational organizations and
agencies use scenario analysis to guide their strat-
egies and policy choices. It makes a fundamental
impact on an individuals’ life and determines
course actions pertaining areas crossing a variety
of fields.

Scenario analysis is also a fundamental tool
given the constant changes the world faces. Soci-
ety needs to create awareness of scenarios of
change, that is, changes in indirect variables
which affect the scenario of the interested variable
in question. For example, while making a scenario
analysis of biodiversity, one needs to consider the
scenario of changes in variables such as carbon
dioxide emissions and land use. These changes
will then define how sensitive biodiversity is to
different scenarios. For the Sustainable Develop-
ment Goals, scenario of changes implies analyz-
ing the links between the actions to achieve all
goals simultaneously.

This work showed that there is considerable
amount of academic literature using scenario anal-
ysis to analyze Sustainable Development Goals.
Nonetheless, not all Sustainable Development
Goals are equally represented in the literature. In
particular, there is less literature on scenario anal-
ysis and SDG 16 (Peace, justice, and institutions),
SDG 5 (Gender equality), and SDG 14 (Life
below water). Future research should make use
of the vast knowledge already available to provide
better information for policy makers to reach the
17 Sustainable Development Goals and associ-
ated targets in the near future. Furthermore, it is
imperative that the goals are taken together into
consideration, as much as possible, in order to
exploit synergies and opportunities and take even-
tual trade-offs of policies into account. This is off
course a big challenge, as the broader the models
become, the more synergies and trade-offs might
become unresolved (UN 2014). Additionally,
there is not one pathway to sustainable develop-
ment, but scenarios can facilitate the visualization
of the consequences of certain (in)actions. Finally,
pathways for distinct issues, countries, regions,
and sectors might also differ; thus it is important
to conduct a more holistic scenario analysis which
takes these specificities into account.
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