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1 Introduction and Overview

Climate change is projected to impact human and natural systems, with differential
consequences across regions, sectors, and time. The magnitude and extent of future impacts
will depend on the response of the Earth system to atmospheric composition; the effectiveness
of mitigation and adaptation options to avoid, prepare for, and respond to impacts; and on
development pathways, including changes in demographics, economies, technologies, and
policies. Scenarios can be used to explore and evaluate the extensive uncertainties in each of
these. The term scenario describes a comprehensive description of the future of the human-
climate system, including quantitative and qualitative information. This can be distinguished
from the term pathway that describes scenario components such as atmospheric concentration
or development indicators

Acronyms

CM = Climate Modeling community

CMIP3 = Climate Model Intercomparison Project 3
CMIP5 = Climate Model Intercomparison Project 5

IAM = Integrated Assessment Modeling community

IAV = Impacts, Adaptation, and Vulnerability community1
RCP = Representative Concentration Pathways

SPA = Shared climate Policy Assumptions

SSP = Shared Socioeconomic reference Pathways

The roadmap of the new scenario process was laid out in Moss et al. (2008) and summarized in
Moss et al. (2010). The process consists of preparatory, parallel, and integration phases that
involve the CM, 1AM, and IAV communities. The new scenarios will provide quantitative and
qualitative narrative descriptions of socioeconomic reference conditions that underlie
challenges to mitigation and adaptation, and combine those with projections of future
emissions and climate change, and with mitigation and adaptation policies. They will provide a
framework for underpinning, creating, and comparing sectoral and regional narratives.

In the preparatory phase, 1AM teams at IIASA, JGCRI-PNNL, PBL, and NIES produced four
Representative Concentration Pathways (RCPs) for use in the Climate Model Intercomparison
Project 5 (CMIP5). The RCPs were created to jumpstart the analysis process. They were crafted
with the climate modeling community as the principal user group (Moss, et al., 2010). There
are four RCPs, each defined in terms of its radiative forcing in the year 2100 and direction of
change (van Vuuren et al., 2011a).

! past IPCC assessments used the acronym IAV, though usage among researchers in the field varies, with VIA, AVI
and AlV often adopted as alternatives. This report retains IAV for consistency with previous reports, but takes no
position on the most appropriate formulation, which in any case would not be expected to influence the scenario
framework described.
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Table 1.1: Representative Concentration Pathways in the Year 2100

CO; equivalent | Rate of change in
Radiative forcing concentration radiative forcing
RCP 8.5 8.5 W/m’ 1350 ppm Rising
RCP 6.0 6.0 W/m® 850 ppm Stabilizing
RCP 4.5 4.5 W/m’ 650 ppm Stabilizing
RCP 2.6 2.6 W/m? 450 ppm Declining

The RCPs provide information that is essential input to climate models, including emissions of
greenhouse gases and short-lived species at % degree by % degree grid scale, and land use and
land cover. As stand alone products, the RCPs have limited usefulness to other research
communities. First and foremost, they were selected with the sole purpose of providing data to
climate models, taking into consideration the limitations in climate models differentiating levels
of radiative forcing. They lack associated socioeconomic and ecological data. They were
developed using idealized assumptions about policy instruments and the timing of participation
by the international community.

Therefore, there is a need to develop socioeconomic and climate impact scenarios that draw on
the RCPs and associated climate change projections in the scenario process. Referencing the
RCP and climate change projections has two potential benefits; they would facilitate
comparison across research results in the CM, IAM, and IAV communities, and facilitate use of
new climate modeling results in conjunction with IAV research.

The parallel phase has several components. Within CMIP5, CM teams are using the RCPs as an
input for model ensemble projections of future climate change. These projections will form the
backbone of the IPCC's Working Group | assessment of future climate change in the 5th
Assessment Report (AR5). The IAM community has begun exploring new socioeconomic
scenarios and producing so-called RCP replications that study the range of socioeconomic
scenarios leading to the various RCP radiative forcing levels. In the meantime, 1AV analyses
based on existing emission scenarios (SRES) and climate projections (CMIP3) continue.

In the integration phase, consistent climate and socioeconomic scenarios will inform 1AM and
IAV studies. For example, IAV researchers can use the new scenarios to project impacts, to
explore the extent to which adaptation and mitigation could reduce projected impacts, and to
estimate the costs of action and inaction. Also, mitigation researchers can use the global
scenarios as “boundary conditions” to assess the cost and effectiveness of local mitigation
measures, such as land-use planning in cities or changes in regional energy systems.

These scenarios need to supply quantitative and qualitative narrative descriptions of potential
socioeconomic and ecosystem reference conditions that underlie challenges to mitigation and
adaptation. And they have to be flexible enough to provide a framework for comparison within
which regional or local studies of adaptation and vulnerability could build their own narratives.
The defining socioeconomic conditions of these scenarios have been designated Shared
Socioeconomic reference Pathways (SSPs).

This document presents a conceptual framework for developing new scenarios using a matrix
approach. This approach provides the landscape within which a particular scenario can be
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located based on the state of human societies (SSPs); the degree of anthropogenic interference
with the climate system (measured in terms of radiative forcing as e.g. described in the RCPs);
the state of the atmosphere and climate (CMIP5 and other projections); and shared climate
policy assumptions. The resultant scenarios can be used for individual research projects and for
integrated assessments of mitigation, adaptation, and residual climate impacts.

1.1 Outline of key features of the new scenarios

The scenario matrix approach and its underlying concepts are described in Section 2.

The SSPs define the state of human and natural societies at a macro scale and have two
elements: a narrative storyline and a set of quantified measures that define the high-level state
of society as it evolves over the 21% century under the assumption of no significant climate
feedback on the SSP. This assumption allows the SSP to be formulated independently of a
climate change projection. In reality, SSPs may be affected by climate change, which can be
taken into account when combining SSPs with climate change projections to generate a
socioeconomic-climate reference scenario. In the absence of climate policies, the SSPs may lead
to different climate forcing in the reference case and to different changes in climate. See
Section 3 for a conceptualization of the SSPs.

Two axes of the scenario matrix are the SSPs and radiative forcing levels (see Figure 1). Each
combination of an SSP and a radiative forcing level defines a family of macro-scale scenarios.
Because the RCP level provides only a rudimentary specification of mitigation policy
characteristics, and very little information on adaptation policies, a third axis embeds RCPs in
Shared climate Policy Assumptions (SPAs) that include additional information on mitigation and
adaptation policies, e.g. global and sectoral coverage of greenhouse gas reduction regimes, and
the aggressiveness of adaptation in different world regions. Obviously, there can be more than
one SPA for a given radiative forcing level. For any combination of SSP, RCP, and SPA, there will
be a number of possible climate change projections that are associated with a different model
of the physical climate system, adding another dimension to each cell. See Section 4 for a
discussion of SPAs.

Not every cell of the scenario matrix need be populated. For example, an SSP that is defined
such that population growth decreases rapidly and renewable energy costs are quickly reduced
may be inconsistent with radiative forcing reaching 8.5 Wm™ in 2100. However, scenarios
associated with lower radiative forcing can be populated assuming appropriate levels of
mitigation. The degree of global climate mitigation stringency is inversely related to the level of
radiative forcing in the year 2100: the wider the gap between baseline forcing and an RCP level,
the more effort will be required to close it. Thus, by definition, smaller radiative forcing in 2100
implies greater mitigation stringency.
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Figure 1.1: The scenario matrix architecture: confronting different future levels of climate
forcing with different socio-economic reference assumptions described by SSPs. See Section 2
for details.

Main modes of analysis will be to explore (a) the implications of increasingly stringent mitigation
within any one SSP, e.g. an analysis based on scenarios within one column; (b) the implications
of different climate policy assumptions, e.g. increasing adaptation aggressiveness for a given
RCP and SSP combination; and (c) the implications of various SSPs within any one category of
radiative forcing, e.g. an analysis based on scenarios within one row. There also can be analyses
within any one cell (or collection of cells) to examine the implications of using different climate,
mitigation, or impact models within an SSP/RCP combination.

1.2 Scenarios in previous assessments

Global change scenarios widely used include those of the Special Report on Emissions Scenarios
(SRES), the scenarios developed for the Millennium Ecosystem Assessment, and the GEO-4
scenarios.

The SRES set of scenarios was developed to represent the range of driving forces and emissions
in the scenario literature, to reflect current understanding about underlying uncertainties
(Nakicenovic, 2000). The scenarios were based on an extensive assessment of driving forces
and emissions in the scenario literature, alternative modeling approaches, and a process that
solicited wide participation and feedback. Four narrative storylines were developed to
consistently describe the relationships between emission driving forces and their evolution,
with each storyline representing different demographic, social, economic, technological, and
environmental development pathways. The scenarios cover a wide range of the main
demographic, economic, and technological driving forces of GHG and sulfur emissions. For each
storyline, several different scenarios were developed using different modeling approaches to
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examine the range of outcomes arising from models that use similar assumptions about driving
forces. Contrary to the new scenarios described here, the SRES scenarios assumed no
specifically targeted climate mitigation and adaptation policies and measures. In subsequent
studies and assessments, such extensions to the original SRES set were explored extensively.

The Millennium Ecosystem Assessment (MEA) was a large assessment of the current status,
present trends, and longer-term challenges to the world’s ecosystems, including climate change
and other sources of stress. The MEA sought to assess changes in ecosystems in terms of the
services they provide to people and the effects of ecosystem change on human well-being; and
to identify and assess methods to mitigate and respond to ecosystem change. Scenarios to
2050, with more limited projections to 2100, were developed in an iterative process, including
consultations with potential scenario users and experts (Carpenter, 2005). Two basic
dimensions of uncertainty in long-term ecosystem stresses were identified: globalization
(continuation and acceleration of present global integration trends, versus reversal of these
trends to increasing separation and isolation of nations and regions) and whether responses to
increasing ecosystem stresses are predominantly reactive — waiting until evidence of
deterioration and loss of services is clear — or predominantly proactive, taking protective
measures in advance of their clear need. The extreme values of each of these dimensions
yielded four scenarios, summarized in table 1.3.

Table 1.3: The Millennium Ecosystem Assessment scenarios.

ECOSYSTEM WORLD DEVELOPMENT
MANAGEMENT
Global Regional
Reactive Global Orchestration Order from Strength
Proactive TechnoGarden Adapting Mosaic

The GEO-4 conceptual framework is based on the drivers-pressures-state-impacts-responses
(DPSIR) concept that reflects the key components of the complex chain of cause-and- effect
relationships that characterize the interactions between society and environment at all spatial
scales, from global to local (Agard et al., 2007). Environmental changes are induced by drivers
and caused by pressures, and also affect each other. Responses include measures by society for
mitigating and adapting to environmental changes. Through the GEO-4 scenario exercise,
stakeholders explored the interplay between some of the environmental issues in atmosphere,
land, water and biodiversity. The scenarios were based on assumptions related to institutional
and socio-political effectiveness, demographics, economic demand, trade and markets, scientific
and technological innovation, value-systems, and social and individual choices, and highlighted
areas of uncertainty in the coming decades. The main scenarios are:

e Markets First: the private sector, with active government support, pursues
maximum economic growth as the best path to improve the environment and
human well-being for all.
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e Policy First: the government sector, with active private- and civic-sector support,
implements strong policies intended to improve the environment and human well-
being, while still emphasizing economic development.

e Security First: the government sector and the private sector vie for control in efforts
to improve, or at least maintain, human well-being for mainly the rich and
powerful in society.

e Sustainability First: the civic, government and private sectors work collaboratively to
improve the environment and human well-being for all, with a strong emphasis on
equity.

2 The scenario framework: main concepts
2.1 Criteria for a new scenario framework

The CM, IAM, and IAV communities use scenarios in different ways and for different purposes.
Therefore, their requirements for scenarios differ, including relative emphases on scenario
elements and approaches. At the same time, the communities use each other’s results and
insights, and they collaborate in research and scientific assessment activities, such as the
Intergovernmental Panel on Climate Change (IPCC), with its working groups corresponding to
the three major research communities. Policy relevant questions for research and assessment
include the interactions among and trade-offs between adaptation and mitigation responses,
and options to deal more effectively with the challenge of understanding multiple stresses.
There is a clear benefit from scientific and policy perspectives if a subset of scenarios provides a
connecting and integrative thread across the three communities. There also is clear benefit to
being able to synthesize across studies of climate modeling, impacts, adaptation and mitigation
options, and co-benefits to, for example, estimate costs of action and inaction under different
scenarios. The scenarios discussed in this paper are designed to serve these purposes.

Projections of future impacts, adaptation, and vulnerability, need qualitative and quantitative
information on climate (change) and the status of the exposed system (to assess its sensitivity
and adaptive capacity, which strongly depend on socioeconomic conditions). Scenarios in IAM
models mostly concentrate on mitigation, primarily related to the technological implications of
different stabilization targets and their associated costs. Taken together, these suggest that key
factors in the interaction between the different disciplines include:

e The level of climate change and associated impacts;
e Trends in human development in relation to drivers of climate change, the ability to
mitigate greenhouse gas emissions, and the ability to adapt to climate change.

A useful scenario framework would predominantly include these two elements. Other design
criteria can be derived from the intended purposes of the scenarios (Van Vuuren et al., 2011b;
Kriegler et al., 2011):

1. Limited number: The set of scenarios should be as small as possible, consistent with
other scenario design criteria.
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2. Comprehensive. The framework needs to cover sufficiently different future
development to represent a plausible range of assumptions and thus represent relevant
uncertainties.

3. Comparability. The scenario set should make it possible for some research knowledge
generated in one community to be compared with information generated in another.

4. Relate adaptation, mitigation, and climate impacts. The scenarios should provide a
means of synthesizing information from the three climate research communities in a way
that highlights the similarities and differences among alternative potential climate
futures, and that allows estimation of associated costs.

5. Multiscale. The storylines should provide enough explicit information on the aggregated
scale to be clearly distinguishable also at finer scales. Similarly, storylines and scenarios
should embrace near-term and long-term future conditions; the former providing
linkages to ongoing trends and planning horizons, and the latter accommodating
plausible large-scale divergences in key driving factors.

6. Structured but flexible. The scenario set should provide enough structure to facilitate
consistency, and offer context and calibration points for IAV and mitigation analyses, but
also offer flexibility for defining relevant details.

2.2 The scenario matrix approach
2.2.1. Need for new socioeconomic scenarios

The emission scenarios underlying the RCPs provide a consistent combination of socioeconomic
parameters, such as population, income, energy use, land use, emissions and climate. However,
as shown by Van Vuuren et al. (2011b), as a set these scenarios do not match another important
criterion, e.g. a wide coverage of the literature. In that context, it should be noted that the
emission scenarios were selected from the literature on the basis of their joint coverage of a
wide radiative forcing range. The socioeconomic parameters are based on specific assumptions
of each individual team and for most RCPs represent medium asumptions. There is no logical
story behind the assumptions of the RCP set as a whole.

This raises the question as to whether it is possible to combine different socioeconomic
scenarios and forcing levels. The SRES-report (Nakicenovic et al., 2000) found that for each
forcing level, multiple emission pathways can be identified. More recently, Van Vuuren et al.
(2011b) confirmed that very little correlation exists between the population and economic
assumptions of climate policy scenarios and the forcing levels. In other words, for a given set of
such socioeconomic boundary conditions, it is possible to project a very wide but credible range
of future emissions, radiative forcing, and climate. Similarly, a given emissions pathway may be
reached under a wide variety of socioeconomic boundary conditions.

2.2.2. The scenario matrix approach as an overall organizing principle

The scenario matrix approach is based on two crucial elements: radiative forcing level (as an
organizing variable for climate change); and the socioeconomic assumptions underlying the
scenarios.
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Assumptions about socioeconomic development are important ‘drivers’ of scenarios, including
the scenario narrative, and qualitative and quantitative assumptions about broad development
patterns for major world regions. A scenario combines these assumptions with a quantitative
dynamic analysis in a model. Therefore, scenarios include assumptions and derived
guantifications of additional socioeconomic indicators relating to energy or land use (or if
additional models are used, parameters such as health). Model assumptions and the model
output parameters can be relevant for IAM and IAV analysis. To group scenarios, a minimum set
of assumptions should (to some degree) be shared among all scenarios in a group. This
minimum set ensures some amount of consistency. The elements of the socioeconomic
reference scenario that are shared among all possible manifestations in a column of the
scenario matrix form a Shared Socioeconomic reference Pathway or SSP. For the purpose of
the SSP within the scenario matrix, we explicitly assume that in their original form they do not
include climate policy and that these assumptions are not influenced by climate change. As
such they form a reference that defines the columns of the matrix in Figure 1.

The primary objective of the SSPs is to provide sufficient information and context for defining
development pathways that can be used as a starting point for IAM and IAV analyses, at the
same time differing significantly in the challenges to mitigation and adaptation. The SSPs thus
comprise a set of narratives and quantitative information on the drivers of how the future might
unfold. The quantitative information from that scenario will include an internally consistent set
of input assumptions that can be used directly by different types of models for the development
of reference scenarios. The SSPs are discussed further in Section 3.

In Figure 2.1, the SSPs form the horizontal axis in the scenario matrix and the RCPs form the
vertical axis (Moss et al., 2010). This is a natural choice because radiative forcing constitutes the
most useful interface between the IAM (translating emissions drivers to forcing) and CM
communities (translating forcing to climate change). The CM community is conducting multiple
modeling experiments to investigate the climate response to the RCPs. It should be noted that,
in fact, the radiative forcing axis is continuous, which means that scenarios (in particular those
without explicit climate targets) could end up at places along this axis that do not correspond to
a specific RCP. How the climate projections from the RCPs can be used with these scenarios
needs further elaboration.

One column of the matrix thus contains scenarios constructed from the family of socioeconomic
reference pathways and the radiative forcing levels of the RCPs. The elements of an SSP can
change when moving from a reference to a policy scenario as a result of climate change and
climate policy (adaptation or mitigation). This does not limit the ability to separate the RCP and
SSP dimensions because all scenarios within a column refer to a single reference SSP.

10
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SsP1 SSP2 SSP3 Socio-economic reference pathway
1 SSP1 SSP2 SSP3
8.5
=~ —~ 8.5
£ . E
2 2 60
2 6.07 = *
£ 45 w 45
5 ) S
L | o 26
2.6

Figure 2.1: The scenario matrix architecture: confronting different future levels of climate
forcing with different socioeconomic reference assumptions described by SSPs. The number of
SSPs has been chosen for illustrative purposes. The forcing levels are chosen to correspond to the
forcing level reached by the RCPs. The left-hand panel shows the matrix with equidistant vertical
axis, illustrating the relative position of the RCPs on the forcing scale. The right-hand panel
shows a simplified version of the matrix that is used throughout this report.

2.2.3 Common policy assumptions

A series of additional assumptions are needed about adaptation and/or mitigation policies to
derive a policy scenario consistent with a given combination of an RCP and an SSP. Examples
are cooperative vs. non-cooperative action and sectoral flexibility in using the least cost
mitigation options, and adaptation preparedness in different world regions; the effectiveness
and costs of mitigation and adaptation depend on these assumptions. Analogous to the
socioeconomic reference assumptions, another dimension of the matrix architecture is a set of
Shared climate Policy Assumptions (SPA) that characterize the types of climate policies. In
practice, each research team will make its own assumptions about climate policies to reach a
given RCP. The SPAs will be an attempt to categorize the key elements of those assumptions
beyond the RCP level. In a scenario with climate policy (in particular mitigation), some scenario
elements (like energy use and land use, or GDP size and sectoral composition) are bound to
differ from the reference scenario; these may include elements of the SSP. In the mitigation
example, the new model output GDP replaces the SSP assumption.

Climate policy scenarios are derived by combining an SSP and SPA (e.g. a set of climate policies
designed to achieve a given RCP level), and, possibly, climate change projections. Because GDP
and other variables would be affected by the climate policies and climate change impacts,
model outputs would replace reference SSP assumptions when and where they were
significantly different.  Climate policy scenarios generally include assumptions about
adaptation, framed by the SSP narrative and the assumed SPA characteristics. The analysis of
mitigation policies may be conducted without explicitly taking climate change projections into
account.

11
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Figure 2.2: The policy context may still vary within a SSP. Therefore, the policy context can be
defined as an additional axis to explore in scenario analysis. Note it is not implied that the
forcing level and the policy context, nor the policy context and the SSP, are uncorrelated.

2.3.4 The climate dimension

The vertical axis in the scenario framework is defined in terms of RCPs, i.e. the level of radiative
forcing. As explained above, the choice is made for practical reasons (RCPs form the connecting
element between IAM and CM models; radiative forcing targets are commonly used across IAM
model analysis). It should be noted that climate impacts may differ strongly even within a
certain radiative forcing level. Global mean temperature change is not directly determined by
forcing level alone; factors such as climate sensitivity and the pattern of climate change play a
key role. Climate impacts are usually a result of more than temperature change alone. For
example, precipitation, radiation, wind, and humidity can have important effects on society and
natural systems. Impacts also depend critically on the timing, pattern, frequency, duration, and
intensity of weather events, especially extreme events. As shown by several studies, including
Arnell et al. (2011), for instance, the same level of climate change defined in terms of change in
global mean temperature may result in very different changes in the risk of water scarcity as a
function of the direction, magnitude, and pattern of changes in precipitation and their interplay
with population density. Thus, projections obtained from a single climate model for a given RCP
level might indicate changes in climate that contrast greatly from projections from another
climate model for the same forcing. Therefore, there are additional uncertainties to account for
in deploying this scenario framework. For near-term scenarios, in which pathways of
concentrations vary little across different RCPs, it is the climate model uncertainty (especially
the representation of natural variability of climate) that dominates projections of future climate.
The importance for climate of the concentration pathway on which the world has embarked,
described by the RCPs, only becomes apparent when the RCPs diverge in the second half of the
21% century.

12
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Figure 2.3: The uncertainty in the climate signal as a function of the forcing level plays out as an
additional axis to explore in scenario analysis. Note it is not implied that the climate signal and
forcing level are uncorrelated.

2.3 The scenario matrix approach in relation to IAM and IAV analysis

An important feature of the scenario matrix is that its individual cells describe the interplay
between adaptation and mitigation and the resulting residual climate impacts. Using the matrix
as an organizing principle allows research to explore a wide range of relevant combinations
between contributing factors.

The scenario matrix architecture can be used in different ways for scientific and policy analyses.
For instance, impact, adaptation, or vulnerability analysts could compare consequences under
the same climate scenario (RCP driven) across all socioeconomic scenarios (along a row: “what
is the effect of future socioeconomic conditions on the impacts of a given climate change”). Or,
they could compare consequences under a given socioeconomic scenario with different degrees
of climate change (down a column: “how do the impacts of climate change in a given future
world vary with the magnitude of change”). An assessment of the effects of mitigation and
adaptation compares consequences down a column; an assessment of the effect of future
socioeconomic conditions on the effectiveness and costs of a suite of mitigation and adaptation
measures would compare the differences between columns. A comprehensive analysis covers
all cells, calculating for example adaptation costs, mitigation costs, and residual damages in each
cell. This is explored in a little more detail below.

How do the impacts of climate change and climate policy in a given future vary with the
magnitude of change?

Scenarios without climate policy (reference scenarios) may end up at different places along the
radiative forcing axis. Further, as illustrated in Figure 2.4, models can interpret an SSP in
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different ways. In this example, at the same time, on average SSP3 may have higher radiative
forcing levels than SSP1.

Socio-economicreference pathway

SSP1 SSP2 SSP3
=~ 853 ’ H

£ : -

~N . o

2 6.0 H H

I - E

v . é

w 45 é

£

S 2.6

Figure 2.4: The scenario matrix architecture and possible reference scenario forcing (the lines
indicate the uncertainty due to the different possible interpretations of the SSPs by different
model teams).

Mitigation policy can move the climate forcing from one cell to another within a given column,
Figure 2.5. The mix of policies that are necessary vary between columns and between cells in a
column. The framework therefore allows the coherent analysis of the effects of climate policy.

It is also possible to analyze the costs of mitigation and/or adaptation along the RCP axis, Figure
2.6. For example, one could compare a consistent set of reference and climate policy scenarios
in terms of abatement costs, changes in total and sectoral GDP, trade, emissions of different
gases, etc. to assess the cost of mitigation policy. The scenario matrix architecture facilitates
the consistent evaluation of the costs of mitigation, adaptation, and residual climate damages.
The results would depend on different choices for the SPAs. Conducting this experiment using
several reference scenarios or different models provides a sensitivity analysis of how robust the
policy is to different reference world evolutions.
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433  Figure 2.5: The scenario matrix architecture can be used to explore the costs and benefits of
434  mitigation action for a certain socioeconomic reference assumption described by an SSP.
435

436  What is the effect of future socioeconomic conditions on the impacts of a certain degree of
437  climate change?

438 The presence of several different SSPs allows one to explore the consequences of different SSPs
439  on climate impacts, but also on the effectiveness of climate policy.
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441  Figure 2.6: Comparing results along one row of the scenario matrix show how mitigation,
442  adaption, and remaining climate impacts play out under different socioeconomic futures.
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Figure 2.7 summarizes the two dimensions of climate change and climate policy analysis using
the scenario matrix approach. The range of radiative forcings in the reference case will vary
with SSP, and there may be SSPs for which very high forcings such as RCP8.5 will not be obtained
even in the reference case. Similarly, the challenges to mitigation and adaptation will vary with
SSP, so that different levels of mitigation costs, adaptation effectiveness, and residual climate
damages will be obtained for a given RCP level in different SSPs. These effects can be explored
by a comparison of studies bridging different cells across the columns and rows of the matrix. A
fully integrated analysis of impacts, adaptation, vulnerability, and mitigation would include
feedbacks to the initial (exogenous) boundary conditions presented by the SSP. For example, it
may be the case that impacts, adaptation, and mitigation reduce (or increase) GDP or alter
population movements, initially assumed exogenous for all cells in a column. The “output” GDP
or population distribution would then be different for each cell in a column (because the
climate change is different and climate policies have been introduced).

Socio-economic reference pathway Socio-economicreference pathway
SSP1 SSP2 SsP3 SSP1 SSP2 SSP3

S s [

T T
2 3
] )
o 5
2 2

26 |0 0 26

Mitigation costs Adaptation costs + residual impacts

Figure 2.7: lllustrative indications of how climate policy costs and residual impacts may vary
across the cells of the matrix. The empty box (dashed lines) illustrates that not all combinations
of forcing levels and SSPs may be consistent. The 3.7 W/m? level was added to illustrate that
this is an important forcing level for policy-makers.

It should be noted that it seems preferable to include 3.7 W/m?in a set of preferred scenarios
because this forcing level is an important part of ongoing policy-making activities. Analyses of
the mitigation and adaptation implication of this forcing level could be informative for policy-
makers.

2.4 Different ways to use the scenario matrix architecture

There are different ways in which the scenario matrix architecture can be used for further
scenario analysis:

e The scenario matrix as a heuristic tool: the matrix may help to classify existing scenarios
and new scenarios developed by different modeling groups.
e The scenario matrix as basis for new scenario development, including the use of
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markers: scenarios may also be developed explicitly based on the matrix using available
storylines and marker scenarios.

2.4.1 The matrix as heuristic tool

One important use of the matrix structure is as a heuristic tool. The matrix offers an
opportunity to classify typical examples of combinations of factors that are crucial for
adaptation and mitigation from the literature. By locating published studies in different cells of
the matrix, these studies can more readily be compared and evaluated, as illustrated in the
following examples.

Example 1: Different studies have estimated the costs of mitigation policy using baselines where
the capacity of mitigation varied. For instance, some scenarios included high technology
development and global cooperation, while other scenarios assumed technology development
was low and global cooperation was lacking. Classifying scenarios from the literature within the
matrix would allow researchers to account for these differences and only compare scenarios
with similar assumptions. Remaining uncertainties would obviously still result in a range of
possible outcomes within a cell.

Example 2: Various studies estimated the impacts of and adaptation costs for flooding. These
studies used different assumptions about adaptive capacity and levels of climate change. Again,
the matrix can help to classify studies in a common way and provide a framework of
communication across various communities.

To achieve this purpose, criteria need to be established whether a scenario aligns with SSP1,
SSP2, or SSPn, and/or with different forcing levels. Categories of scenarios are available in the
literature (Raskin et al., 2005; Van Vuuren et al., 2011b; Rounsevell and Metzger, 2010). Box 2.1
discusses an attempt by van Vuuren et al. (2011b) to identify scenario archetypes or families in
the literature across different assessments.

Box 2.1: Classification of existing scenarios from GEAs

Over the last 10 years, a large number of global environmental assessment studies have been
published that include scenario projections. Comparison of these studies shows there is a limited
set of scenario families based on the same explorative storylines that form the basis of many
scenarios used in different environmental assessments. Mapping these scenarios within these
families allow a more easy comparison across different assessments. The fact that many
assessments can be positioned within these scenario families gives some confidence in their
relevance. At the same time, it is also noticeable that several recent assessments focused on
simple policy-scenarios as variants to a single baseline.

The six scenario families that can be observed are: 1) economic-technological
optimism/conventional markets scenarios; 2) reformed market scenarios; 3) global sustainability
scenarios; 4) regional competition/regional markets scenarios; 5) regional sustainable
development scenarios; and 6) business-as-usual/intermediate scenarios. Table 3 summarizes
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the main characteristics of these scenario families.

Table 3. Key assumptions in different ‘scenario families’

Economic Reformed Global SD Regional Regional SD Business as

optimism Markets competition Usual
Economic very rapid Rapid ranging from  slow ranging from medium
development slow to rapid mid to rapid (globalisation)
Population Low Low Low high medium medium
growth
Technology | Rapid Rapid ranging from  slow ranging from medium
development mid to rapid slow to rapid
Main economic various global security local not defined
objectives growth goals sustainability sustainability
Environmen | reactive both reactive proactive reactive proactive both reactive and
tal and proactive
protection proactive
Trade globalisation globalisation globalisation trade trade barriers weak

barriers globalisation

Policiesand | policies policies strong global strong local steering;  mixed
institutions | create open  reduce governance national local actors

markets market government

failures s

Note: This table summarises key assumptions in very general terms. Where
differences within a set of scenario families exist, broad ranges are indicated.

2.4.2. Use of marker scenarios

The scenario framework can also be explicitly used to develop new scenarios. For this purpose,
one would need to define elements for each SSP/radiative forcing combination that would guide
new development. There is a trade-off between harmonization and providing flexibility. Any
new scenario framework should provide flexibility and not over-specify scenarios. Reasons for
this include the need to communicate existing uncertainties, to allow for different approaches,
to avoid constraints on research directions, and to provide an opportunity for a wide research
community to participate in scenario analysis. At the same time, however, the scenarios also
have a function to organize information (acts as a thread to the communities), which benefits
from some form of standardization.

In this context, we propose the following steps.

e The basic SSPs include a minimum set of qualitative and semi-quantitative
descriptions (see Section 3) allowing for a great flexibility in interpretation of the
underlying narratives, including a preferred range for basic quantitative indicators
and key model input assumptions such as population and income.

e The scientific community should be encouraged to submit scenarios to populate the
different cells within the framework based on simple criteria that define the
columns/cells.
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e Define specific “marker” scenarios that are considered illustrative of the type of
scenarios within the framework (similar to what was done for SRES). These markers
or illustrative scenarios are not the only possible quantification of a SSP (or SPA), but
will preferably be used in most analyses as a basis for comparison, in addition to
using other scenarios from a specific element in the framework. In the definition of
the markers, it can be decided the degree to which parameters are specified — and
how much is left as choice for individual analysts.

2.4.3 Uncertainty in climate policy and climate impact

A similar discussion exists regarding the specification of the climate projections along the RCP
axis. At the very least, there is a need to indicate clearly how future climate and its
uncertainties have been characterized using different climate models, as the use of different
climate models may lead to very different results. The methods by which climate uncertainties
associated with similar levels of radiative forcing are to be addressed by IAV and other analysts
remain to be determined, and it is important that further guidance be provided on how to
handle these important choices (e.g. by clearly identifying the characteristics of different CM
model runs).

3 Defining the Shared Socioeconomic Pathways (SSPs)
3.1 Introduction

As discussed in Section 2, the intent of this process is the development of scenarios based on
combinations of climate model projections, socioeconomic conditions, and assumptions about
climate policies (including a no policy reference). Narratives and qualitative and quantitative
assumptions about broad development patterns for major world regions, relevant to impacts,
adaptation, and mitigation, define the SSPs. These assumptions include common inputs
required by integrated assessment and impact models, but not typical model outputs such as
greenhouse gas emissions. It is desirable to develop a set of scenarios that present a broad
range of possible development pathways; with reference scenarios based on SSPs and
assumptions of no (new) climate policy, and policy scenarios based on SSPs combined with
assumptions about climate policies for reaching a given RCP level.

This section discusses the framework for defining the content of SSPs. We first discuss the logic
used to define the space of possible futures that the set of SSPs is intended to span, and the
relation of this space to the scenario matrix architecture. We then discuss the dimensions of
socioeconomic systems that might be used to specify particular SSPs, including demographic,
economic, institutional, and other dimensions. We distinguish two variants of SSPs — basic vs.
extended — that provide different levels of detail about future development pathways. Finally,
we provide an illustration of the SSP concept by revisiting the choices made in the Special
Report on Emissions Scenarios (SRES), and showing how they relate to the concepts contained
in this framework paper.
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3.2 The logic behind the definition of the SSPs

As discussed in Section 2, one of the key aims of the scenario matrix architecture is to facilitate
research and assessment that can characterize the range of uncertainty in mitigation efforts
required to achieve particular radiative forcing pathways, in adaptation efforts that could be
undertaken to prepare for and respond to the climate change associated with those pathways,
and in residual impacts. These outcomes will depend on assumptions regarding future
socioeconomic conditions. To encompass a wide range of possible development pathways, the
SSPs are defined along two axes: socioeconomic challenges to mitigation, and socioeconomic
challenges to adaptation (Figure 3.1).

'y

SSP5 SSP3

SSP 2

SSP 1 SSP 4

Increasing socio-economic
challenges for mitigation

Increasing socio-economic
challenges for adaptation

Figure 3.1: The scenario space to be spanned by SSPs.

Challenges to mitigation for the purpose of defining SSPs do not include the mitigation target
itself, which is implied by the SPAs and the RCP forcing level. Rather, these challenges are
defined by factors that would make the mitigation task easier or harder for any given target.
For example, in the matrix architecture, a target would be defined by the radiative forcing
pathway defining the rows of the matrix, while the challenges to mitigation would be defined by
the nature of the SSPs in the columns of the matrix.

Socioeconomic challenges to mitigation are defined as consisting of: (1) factors that tend to lead
to high reference emissions in the absence of climate policy because, all else equal, higher
reference emissions makes that mitigation task larger; and (2) factors that would tend to reduce
the inherent mitigative capacity of a society. High reference emissions could be generated in a
large number of ways, with possible contributions from high population growth rates, rapid
economic growth, energy intensive economic systems, carbon intensive energy supplies, etc.
More fundamental processes could drive each of these factors, such as technological and social
changes that include (autonomous) energy efficiency improvements, fossil fuel availability, and
dietary choices. Not all factors need operate in the same direction in order to produce high (or
low) reference emissions. For example, neither high population growth nor high economic
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growth on its own is necessarily associated with high reference emissions in existing scenarios
(van Vuuren et al., 2011b). However, combinations of these drivers acting together can be
expected to lead to high emissions in a reference case. An SSP would include assumptions
about particular combinations of emissions drivers.. There is a tension between having an
outcome (such as high or low reference emissions) when designing an SSP in order to occupy a
particular part of the scenario space depicted in Figure 3.1, and avoiding the specification of
outcomes. Model outcomes such as emissions should be part of scenarios based on SSPs,
rather than part of SSPs themselves, which emphasize development pathways and drivers. It is
likely that some iteration between the design of SSPs, and the development of scenarios based
on them, will be necessary before the set of SSPs and reference scenarios is developed that
most effectively spans the space of future outcomes.

Factors that tend to influence the mitigative capacity of a society include the range of viable
technological options, national and international institutions for policy making, the availability
of financial resources necessary to support mitigation activities, stocks of human and social
capital, and political will (Yohe, 2001; Winkler et al., 2007; Klein et al., 2007). High (or low)
mitigative capacity can result from one or more of these factors, and need not involve all factors
influencing capacity in the same direction. It also may be the case that key determinants of
mitigative capacity, including the capacity for technological change in energy systems, overlap
significantly with determinants of reference emissions, making these two components of
challenges to mitigation closely related. Because internal consistency is important, it will limit
the freedom to ‘pick and choose’ from ranges for each individual factor enhancing or limiting
mitigative capacity.

Socioeconomic challenges to adaptation are defined as societal conditions that, by making
adaptation more difficult, increase the risks associated with any given climate change scenario.
Climate change risks arise from the combination of climate hazards, who or what is exposed to
those hazards, and the associated vulnerability, whether it is geographic, socioeconomic,
cultural, etc.? Within the scenario matrix architecture, the component of climate change risk
due to climate hazards is reflected in climate model projections based on the RCPs, and

2 The definitions of hazard are similar across research communities, as are definitions of who or what is at risk
(including physical, socioeconomic, and ecological components). However, vulnerability is defined differently. The
AR4 defined vulnerability as consisting of exposure to climate change hazards, sensitivity of socioeconomic or
ecological systems to them, and the adaptive capacity of these systems (AR4; Fuessel & Klein, 2006; Fuessel,
2007). This definition describes a future state that takes into account efforts to reduce sensitivity (e.g. coastal
vulnerability to sea level rise at some future date would take into consideration the extent to which coastal
defenses would be augmented). A complicating factor for the purposes of defining socioeconomic challenges to
adaptation is that this definition includes the nature of the climate hazard itself, which should be excluded from
SSPs. Thus, using the AR4 definition, challenges to adaptation are socioeconomic elements of exposure,
sensitivity, and adaptive capacity. Many impact sectors and the disaster risk community view vulnerability
differently, focusing on describing current and future internal characteristics of socioeconomic or ecological
systems that increase (decrease) the susceptibility to harm. Vulnerability, then, is a description of the socio-
ecological elements of exposure, and the factors leading to increased/decreased susceptibility to that exposure,
including past adaptation efforts. In this perspective, adaptive capacity describes the socio-ecological potential for
decreasing future vulnerability, assuming that potential is deployed. These different perspectives lead to similar
determinants of the risks of the possible magnitude and extent of future impacts to a given degree of climate
change: socioeconomic elements of exposure, sensitivity to that exposure, and adaptive capacity.
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therefore should not be contained in the SSPs. The remaining components of risk are inherent
to human-environment systems potentially exposed to those hazards, and therefore are
appropriately included in the SSPs. Adaptation effectiveness, in the absence of specific
adaptation policies, is a function of existing autonomous adaptation or that could be expected
to develop without external intervention, which in turn is affected by the severity of the climate
change, sensitivity to its potential impacts, and the adaptive capacity to deploy coping
measures. The socioeconomic driving factors that influence future adaptation effectiveness are
described in each SSP.

Exposure is the presence of people, livelihoods, infrastructure, ecosystem services and
resources, and economic, social, and cultural assets in places that could be adversely affected by
a climate hazard. For example, a population that is concentrated near a coastline has
potentially high exposure to the impacts of sea level rise, while one that is heavily concentrated
in urban areas has potentially high exposure to urban heat waves. Sensitivity indicates the
responsiveness of socioeconomic systems to a given amount of climate change; it can be
described by an exposure-response relationship (Fuessel and Klein, 2006). If coastal populations
live in poorly constructed housing, for example, they would be more sensitive to the increased
storm surges associated with sea level rise compared to a population living in better-constructed
buildings. Likewise, an urban population that has higher proportions of elderly residents, or
that lacks widespread air conditioning, would be more sensitive to urban heat waves.

Adaptive capacity indicates the ability of a society to adjust to climate change in order
ameliorate its consequences or to take advantage of opportunities. Factors that influence this
capacity include the availability of viable technological options for adaptation, the effectiveness
of relevant institutions (such as agricultural research and development, markets for goods
affected by climate change, forest management organizations, etc.), and the availability of
resources, including their distribution across the population (Klein et al., 2007; Yohe & Tol, 2002;
Hallegatte et al., 2011). For example, a well functioning public health system would increase the
capacity of a society to ameliorate health impacts of heat waves, while well functioning food
markets and institutions for agricultural research and development would increase the capacity
to ameliorate consequences of climate change for agriculture, including the possibility of taking
advantage of outcomes such as lengthening growing seasons and higher CO, concentrations
that could be beneficial to some crops.

It is also important to note that measures of adaptive capacity alone do not necessarily define
the ability of society to adjust to climate change; different social factors such as awareness,
attitudes, empowerment, and political will may constrain the deployment and effectiveness of
adaptive measures.

Figure 3.1 shows five SSPs occupying different combinations of challenges to mitigation and
adaptation, spanning a wide range of possible development pathways. SSP 1 in the lower left
corner, for example, indicates a future in which challenges to both mitigation and adaptation are
low. By contrast, SSP 3 indicates a future in which challenges to both are high. The number and
location of these SSPs are for illustrative purposes because the most appropriate number and
characterization of the SSPs remain to be decided by the scientific community.

To keep the number of scenarios manageable, it will be necessary to simplify the complexity of
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drivers of mitigative and adaptive capacity. Indeed, the world can have a low capacity to
mitigate for many — unrelated — reasons (e.g. low institutional capacity or high availability of
low-price fossil fuels). The same is true for adaptive capacity (e.g. low institutional capacity or
slow reduction of extreme poverty in developing countries). In an initial phase and to avoid
over-constraining research groups, it may be useful to keep open the options for specifying the
challenges to mitigation and adaptation for a particular SSP.

An important question is whether some of the locations in this scenario space are a higher
priority to explore than others, and if so, for which purpose. For example, SSPs 1-3, lying along
the diagonal from the lower left to upper right, represent futures in which socioeconomic
challenges to mitigation co-vary with challenges to adaptation. In contrast, SSPs 4 and 5
indicate futures in which challenges are high to either mitigation, or to adaptation, but not both.
It is possible that the drivers of these challenges are more likely to co-vary, which would favor
focusing on the SSPs along the diagonal, but this question remains to be explored. In many
cases, the determinants of mitigative and adaptive capacity are similar and can be
conceptualized as a more general “response capacity” (Klein et al., 2007; Tompkins & Adger,
2005). For example, human and social capital are important determinants for both. On the
other hand, these capacities need not share the same determinants (Hallegatte et al., 2011),
and furthermore the challenges to mitigation and adaptation as conceptualized here include not
just response capacity, but also other elements of development pathways such as those that
would lead to high reference emissions or to high levels of sensitivity to climate change.

A further consideration is that the SSP should set the boundary conditions within which regional
and sectoral variation could occur. For example, some pathways might envision response
capacities that are low in some parts of the world and high in others, or that transition from one
state to another over time. An additional consideration is that some futures may not be the
most plausible outcomes, but nonetheless may be equally (or even more) important to explore
given their potential consequences.

Finally, it is important to consider, to the extent possible, the plausibility of SSPs against the
backdrop of climate change that they potentially imply in the reference case. Particularly with
regard to SSP3, the plausibility of a simultaneous combination of high reference emissions
(reflecting a challenge to mitigation and correspondingly strong climate change signal) and high
climate damages given the large challenges to adaptation can be questioned, but not excluded a
priori. It may require assuming strong lock-ins in the energy sector, ineffective governance
structures, and only a moderate (or even negative) impact of climate damages on emissions
(e.g. because adaptation is done using highly energy consuming options like desalinization, air
conditioning, and increased-input agriculture). A full plausibility check closing the loop from
emission drivers to climate damages will only be possible after combining the socioeconomic
reference scenarios based on the SSPs with climate impact assessments that would also draw on
the SSPs. The feedback of climate change onto the SSPs can only be addressed in a preliminary
and qualitative manner during the time of SSP construction. However, even if futures such as
SSP3 may not turn out to be the most plausible, their investigation will be highly relevant for
developing a deeper understanding of the interplay between mitigation, adaptation, and
residual climate impacts.
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3.3 Dimensions of the SSPs

Although the SSPs are differentiated on the basis of socioeconomic challenges to adaptation and
to mitigation, they are characterized by a series of determinants of these outcomes (regarding,
e.g. population, economic development, technologies, preferences). Some of these dimensions
will be expressed in narrative terms, while others will be quantitative in line with the underlying
narrative. The process of constructing and evaluating SSP candidate proposals will inform the
detailed descriptions of the dimensions of an SSP. Here we restrict ourselves to defining the
characteristics that an SSP will need to exhibit.

An SSP comprises the assumptions about the main determinants of the global scale
socioeconomic reference development in the 21st century. SSPs have the following key
characteristics:

1.
2.

A focus on the description of global and long-term trends.

A narrative of future global development that provides a point of reference for
elaboration of global assumptions that also are relevant for local- and regional-scale
scenarios.

Incorporation of information typically used as input assumptions by integrated
assessment models of the global energy-economy-land use system, or by global scale
climate impact models of different economic sectors. At a minimum, this includes
assumptions about future demographics, economic development, and degree of global
integration. Such assumptions will likely involve quantitative pathways for population
and economic growth.

Qualitative and quantitative content sufficient to distinguish SSPs from each other in
terms of their challenges to mitigation and adaptation.

Clear distinction from a single or best-guess socioeconomic reference scenario. An SSP
should restrict itself to key determinants of future global development and not comprise
the full manifestation of the future development as captured in a scenario. As a practical
guideline, an SSP should not include variables that constitute standard output of
integrated assessment models (such as the precise mix of technologies used in the
energy sector).

Restriction to assumptions that do not include new policies and measures directly
motivated by climate change, or their effect on other variables. An SSP refers to
socioeconomic reference development of a world without future climate policy. The
dividing line between climate policies and other policies can sometimes be difficult to
draw; useful approaches are discussed in Section 4, including how to treat currently
implemented climate policy measures. If these policy measures are significant enough
to affect observed global trends, they would need to be included in the reference
assumptions.

Based on these characteristics of an SSP, a number of possible dimensions have been suggested
to be included:

Demographics
o Population total and age structure
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o Urban vs. rural populations, and urban forms
e Economic Development
o Global and regional GDP, or trends in productivity
o Regional, national, and sub-national distribution of GDP, including economic
catch-up by developing countries
o Sectoral structure of national economies. In particular, share of agriculture, and
agricultural land productivity
o Share of population in extreme poverty
o Nature of international trade
e Welfare
o Human development
o Educational attainment
o Health
e Ecological factors
e Resources
o Fossil fuel resources and renewable energy potentials
o Other key resources, such as phosphates, fresh water etc.
e Institutions and Governance
o Existence, type and effectiveness of national/regional/global institutions in
particular sectors
e Technological development
o Type (e.g. slow, rapid, transformational) and direction (e.g. environmental,
efficiency, productivity improving) of technological progress
o Diffusion of innovation in particular sectors, e.g. energy supply, distribution and
demand, industry, transport, agriculture
e Broader societal factors
o Attitudes to environment/sustainability/equity
o Globalization of life styles (including diets)
e Policies
o Non-climate policies could also be an important dimension of SSPs. These
include development policies, technology policies, urban planning and
transportation policies, energy security policies, and environmental policies to
protect air, soil and water quality, for example. It is possible that SSPs could be
specified partly in terms of policy objectives, such as strong welfare-improving
goals, rather than specific policy targets or measures.

3.4 “Basic” vs. “Extended” SSPs

The development of SSPs is proposed to take place in two stages. A first stage would define
“basic” SSPs with the minimum detail and comprehensiveness required to distinguish SSPs
along the axes described in Section 3.2 and to provide useful input to populate model settings
and parameters. A second stage would develop “extended” SSPs would build on the basic SSPs
greater detail on qualitative and/or quantitative information for sectoral and regional analyses.
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The two primary motivations for this two-stage approach are practicality and flexibility. A
minimum set of assumptions can be defined more quickly and therefore can be available for use
sooner, increasing the possibilities for carrying out analyses based on the new SSPs that could
be assessed as part of the AR5. Basic SSPs offer the possibility for early “hands-on”
experimentation by a wide range of researchers on extending the basic SSPs in various
dimensions. These extensions could be motivated by a number of different needs.

e Experience with developing scenarios based on basic SSPs, including reference,
climate policy, and climate change scenarios, may lead to a need for additional
information by particular models (or types of models) that is not contained in the
basic SSP. This information could include more detail on consumption patterns
(convergence, diet, etc.), income distributions, non-climate related policies, specific
development strategies, etc.

e Application of basic SSPs in regional and local contexts will likely lead to new
demands for information that will make the SSPs more useful for decision-makers.
One can view basic SSPs as describing “boundary conditions” that provide the
framing for more complex assumptions for regions or sectors, including additional
elements of narratives, which could then become part of extended SSPs.

e Extended SSPs could take into account sub-optimalities and imperfections in the
socioeconomic scenarios (2”d-best worlds). Some models will be able to produce
scenarios in which significant sub-optimalities exist (e.g. large unemployment,
market-power in the energy sector, insufficient funding for infrastructure
development).

A large number of extended SSPs can be constructed for any given basic SSP. A hierarchical
structure comprising a small number of basic SSPs, each associated with a family of extended
SSPs, may be useful for several purposes:

— Structured uncertainty analysis: The family of extended SSPs should reflect the range of
assumptions that are consistent with a given basic SSP, and that are requested as
additional inputs for the construction of socioeconomic reference scenarios, e.g. in
integrated assessment models or in sectoral and regional studies. It thus can help to
explain the range of socioeconomic reference scenarios that can be associated with a
basic SSP. When combining the family of extended SSPs with climate policy assumptions,
it can also help to investigate the robustness of the climate policy scenarios across the
SSP family.

— Distinguishing different types of socioeconomic reference assumptions: Combining SSPs
with SPAs and RCPrep will transform the quantitative reference pathways in the SSP to
their associated pathways in a climate policy situation. Two types of SSP variables may
be distinguished for assessing the sensitivity of climate policy scenarios across the full
range of the scenario matrix. Variables that vary much less with climate policy (for a
given SSP) than with SSP (for a given climate policy), and variables for which this does
not hold. It is an open question whether basic SSPs will be dominated by variables of the
former type (e.g. population and income) and extended SSPs will take up variables of the
latter type (e.g. energy and land use). However, if the construction and investigation of
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basic and extended SSPs revealed this property, it would add value to the concept of
distinguishing a basic SSP and its associated family of extended SSPs.

A possible drawback to the development of a large number of extended SSPs is that it could blur
the distinction between SSPs and scenarios. To the degree that extended SSPs become
associated with individual model interpretations of an SSP, this distinction becomes less clear.
An alternative would be to aim for the development of a small number of extended SSPs for
each basic SSP, each of which extended the basic SSP in somewhat different directions, but
remained broad enough to support the development of a large number of scenarios based on
each extended SSP.

The development of basic and extended SSPs does not preclude producing revised versions of
either. After a period of time, assumptions in even the basic SSPs may become outdated or for
other reasons require revision; at that time, a second generation of SSPs could be produced.

3.5 Initial Specification of SSPs

The IPCC Special Report on Emissions Scenarios (SRES) is an example of the types of information
that are likely to be useful to include in SSPs. For example, the overarching narratives of the
SSPs would provide the frame for distinguishing alternative possible futures. The SRES
developed four families of socioeconomic futures spanned by the dimension of globalized vs.
regionalized development and economic vs. environmental orientation. Box 1 reproduces the
description of the narratives from the Summary for Policy Makers of the SRES.
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Box 1: Short summary of scenario narratives in the Special Report on Emissions Scenarios
(copied from the SPM - Summary for Policy Makers):

= The Al storyline and scenario family describes a future world of very rapid economic growth,
global population that peaks in mid-century and declines thereafter, and the rapid
introduction of new and more efficient technologies. Major underlying themes are
convergence among regions, capacity building, and increased cultural and social interactions,
with a substantial reduction in regional differences in per capita income. The Al scenario
family develops into three groups that describe alternative directions of technological change
in the energy system. The three Al groups are distinguished by their technological emphasis:
fossil intensive (A1Fl), non-fossil energy sources (A1T), or a balance across all sources (A1B).

= The A2 storyline and scenario family describes a very heterogeneous world. The underlying
theme is self-reliance and preservation of local identities. Fertility patterns across regions
converge very slowly, which results in continuously increasing global population. Economic
development is primarily regionally oriented and per capita economic growth and
technological change are more fragmented and slower than in other storylines.

= The B1 storyline and scenario family describes a convergent world with the same global
population that peaks in midcentury and declines thereafter, as in the Al storyline, but with
rapid changes in economic structures toward a service and information economy, with
reductions in material intensity, and the introduction of clean and resource-efficient
technologies. The emphasis is on global solutions to economic, social, and environmental
sustainability, including improved equity, but without additional climate initiatives.

= The B2 storyline and scenario family describes a world in which the emphasis is on local
solutions to economic, social, and environmental sustainability. It is a world with continuously
increasing global population at a rate lower than A2, intermediate levels of economic
development, and less rapid and more diverse technological change than in the B1 and Al
storylines. While the scenario is also oriented toward environmental protection and social
equity, it focuses on local and regional levels.

A similar specification of narratives for the SSPs will be needed in an early phase of SSP
construction. The narratives should be chosen such that they cover the space of socioeconomic
challenges to mitigation and adaptation (Section 3.2). Box 2 is an illustration of a starting point
for such narratives. It is important to note that we are not advocating for a specific number or
content of SSPs. The objective of this paper is to suggesting a framework for the construction of
new socioeconomic scenarios. The actual formulation of the SSPs and corresponding scenarios
are to be a community activity following circulation of this paper (see Section 5).
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Box 2: lllustrative example of narratives underlying the SSPs depicted in Figure 3.1:

SSP 1, in which the world is reasonably well suited to both mitigate and adapt, could be one in which
development proceeds at a reasonably high pace, inequalities are lessened, technological change is
rapid and directed toward environmentally friendly processes, including lower carbon energy sources
and high productivity of land. An analogue could be the SRES B1 scenario.

SSP 3, with large challenges to both mitigation and adaptation, could be a world in which unmitigated
emissions are high due to moderate economic growth, a rapidly growing population, and slow
technological change in the energy sector, making mitigation difficult (as, for example, in SRES A2).
Investments in human capital are low, inequality is high, a regionalized world leads to reduced trade
flows, and institutional development is unfavorable, leaving large numbers of people vulnerable to
climate change and many parts of the world with low adaptive capacity.

SSP2 would be an intermediate case between SSP1 and SSP3, where future dynamics could follow
historical trends similar to e.g. SRES B2 scenario.

SSP 4, in which mitigation might be relatively manageable while adaptation would be difficult and
vulnerability high, could describe a mixed world, with relatively rapid technological development in
low carbon energy sources in key emitting regions, leading to relatively large mitigative capacity in
places where it mattered most to global emissions. However, in other regions development proceeds
slowly, inequality remains high, and economies are relatively isolated, leaving these regions highly
vulnerable to climate change with limited adaptive capacity.

SSP 5 as a world with large challenges to mitigation but reasonably well equipped to adapt, could be
one in which, in the absence of climate policies, energy demand is high and most of this demand is
met with carbon-based fuels (perhaps similar to the SRES A1FI scenario). Investments in alternative
energy technologies are low, and there are few readily available options for mitigation. Nonetheless,
economic development is relatively rapid and itself is driven by high investments in human capital.
Improved human capital also produces a more equitable distribution of resources, stronger
institutions, and slower population growth, leading to a less vulnerable world better able to adapt to
climate impacts.

Associated with such narrative starting points, trend diagrams for various SSP elements can help
sketch out the major dimensions of development pathways for a given SSP, and their differences
across SSPs. Figure 3.2 shows an example of such a diagram describing storylines underlying
scenarios developed to explore the possibilities and challenges related to global sustainability
transitions (Gallopin et al., 1997; NRC, 1999). Combinations of such trends would need to be
developed through a collaborative process including experts in integrated assessment modeling,
impacts and adaptation, and other relevant disciplines, with care taken to ensure the internal
consistency of pathways taken as a group, keeping in mind the intended part of the space of
future challenges to adaptation and mitigation to be covered.

Figure 3.2: lllustrative patterns of change in elements of archetypal global scenarios developed
in Gallopin et al. (1997) and assessed by the US National Research Council (1999).
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Further decisions will be needed about which types of information should be qualitative and
which quantitative, within an SSP. The desired degree of freedom to allow for adequate
coverage of relevant uncertainties will have to be balanced against a practically unbounded
cloud of outcomes ascribed to a certain SSP and overlapping largely with other SSPs. The list of
possible elements in Section 3.3 provides a starting point for these considerations. While it is
likely that broad features of demographic and economic development futures should be
included in quantitative form, many choices remain regarding the assumptions to be made in
other areas.

4 Defining the Shared Socioeconomic Pathways (SSPs)

4.1 Introduction

This section discusses information that can be part of climate policy assumptions; analysts
developing climate mitigation and adaptations scenarios routinely make such assumptions.
Because they often have a strong influence on the scenario, it is desirable to characterize their
key dimensions in the same way as socioeconomic reference assumptions are summarized in
the SSPs.
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Climate policies have two major components: ambition of the climate policy, which is useful to
compare results; and actions to promote and support adaptation to the impacts of climate
change associated with a particular degree of climate change for a RCP forcing. These policies
are explicitly define in a Shared climate Policy Assumptions (SPA).

In terms of mitigation, this package should contain three different types of information (Kriegler,
etal. 2011).

1. “First, the SPA should state the global “ambition” of policies, i.e. the policy targets in
terms of emission reduction or in terms of stabilization concentration. For instance, a
possible SPA ambition is the introduction of policies aiming at a stabilization of CO,
concentration at 450 ppm or of global temperature stabilization at 2°C above its
pre-industrial level. This ambition determines the RCP with which the scenario will be
consistent.

2. “Second, the SPA should state the “policy and measures” introduced to reach the target:
carbon tax, energy tax, international trading scheme, R&D subsidy, norms and
regulation, etc.

3. “Third, a SPA should include the “implementation limits and obstacles” that are
considered. Examples of generic climate policy assumptions include domestic action on
the basis of current ambitions, global coordination on 2 degree or 3 degree stabilization,
etc. An SPA may consider an idealized case of all world countries implementing a carbon
tax at the same date, or a fragmented international regime with different or zero carbon
prices in different regions; it may also exclude or include sub-optimalities in the
implementation of policies (e.g., loopholes in regulations). While specification of a
limited number of such policy scenarios could be difficult to agree on, it could also
provide substantial insight into the robustness of alternative policy designs.” (Kriegler, et
al.,, 2011, P. 21)

Even though the ambition of climate policy is sufficient to define in which matrix cell the
scenario will be, the other types of information are necessary to insure that it is possible to
make appropriate comparisons across models or research groups exploring that combination of
SSP and radiative forcing limit, which can facilitate comparison across research results and allow
for an estimation of model-related uncertainty.

The character of policies that are taken to adapt to climate change could be defined along
similar lines. First, different levels of ambition in limiting residual climate damages for given
levels of climate forcing may be defined, e.g. in terms of development indicators that should not
be jeopardized by climate change. Second, information relevant for policy and measures may
include information on global scale factors influencing the availability, viability, and
effectiveness of adaptation actions at national and local scales, such as enhanced provision of
clean water; enhanced and geographically expanded healthcare provision for infectious
diseases; and enhanced investments in coastal defenses.

In such instances, the dividing line between policies responding to climate change (part of an
SPA) and development policies not directly driven by climate change (part of an SSP) will be
sometimes difficult to draw. This will have to be decided on a case-by-case basis. For example,
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an important consideration in an SSP is the degree to which countries participate in
globalization, for example the degree to which world markets for agriculture goods are
functioning—are they free market or highly regulated? (This is similar to the global versus local
scale axis of the SRES.) But, also the role of temporal and spatial equity concerns are expected
to set priorities and weigh alternative policy actions. This orientation will be included in the
SSPs and will frame the policies articulated in a SPA package; such as ease of technology transfer
and time required to provide universal access to safe water and improved sanitation.

The SPA package itself may include, for example, the availability of adaptation options (e.g.
more efficient irrigation techniques or water recycling technologies), and the availability of
various amounts of international support for adaptation in developing countries. The range of
options can be increased through investments in environmental observations, data collection,
research and development, etc.

4.2 Elements of shared climate policy assumptions

Shared climate Policy Assumptions (SPAs) contain qualitative and quantitative information. The
quantitative information consists of information such as the criteria determining emissions
mitigation. In principle information about explicit emissions mitigation could be described in
any number of ways. The mitigative stringency could be described in terms of a level of climate
change, e.g. transient global mean surface temperature at a given date. They could also be
described in terms of a limit to radiative forcing in a specific year, e.g. 2100 and side conditions
on the rate of change of radiative forcing. Reaching such targets will require the implementation
of policy instruments, e.g. a global or differentiated carbon-equivalent tax. Alternatively, a
carbon tax or other instruments may be envisaged without specifying climate a climate target
explicitly.
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Storyline 2.6: The storyline is a verbal description of the degree of
mitigation in the scenario. All non-quantitative aspects of the
climate mitigation scenario are included in the storyline. For

s PAZ 6 example, the storyline mightinclude information aboutthe nature
- of climate policy instruments, and the timing of emissions
mitigation activity with regard to nations and sectors.

Storyline 4.5: The storyline is a verbal description of the degree of Quantitative Variables that
mitigation in the scenario. All non-quantitative aspects of the would be used as inputs to
climate mitigation scenario are included in the storyline. For an IAM, e.g. radiative forcing
SPA4 5 example, the storyline mightinclude information aboutthe nature k& Iimite’d to 4.5 W/m?2

- of climate policy instruments, and the timing of emissions : :
mitigation activity with regard to nations and sectors.

Etc.

Focusing on radiative forcing as the target level for mitigation allows the climate policy scenarios
to be prescribed so as to coincide with the RCPs. How close they should follow the RCP
trajectories over time, or in selected target years, is to be considered in the process.

The quantitative portion of the scenarios could include assumptions of the relative prices of
non-CO, greenhouse gases and greenhouse gas emissions from different sectors. It could also
assume different timing for mitigation by region, the magnitude of initial emissions prices when
a region first begins emissions mitigation, rules for the allocation of permits in cap-and-trade
regimes, and/or carbon values for terrestrial carbon in regions with climate emissions mitigation
policies.

The narrative or storyline portion of the SPAs include information that describes the world of
climate policies and their evolution over time and across space. It could contain information
about the nature of climate policies—preferences for fiscal as opposed to regulatory policies, as
well as the timing and application of policies. For example, it could assume the nature of
policies to mitigate fossil fuel CO, emissions as well as the nature of policies to address land-use
change emissions and non-CO, greenhouse gases. It could assume different timing of
participation of regions and nations in emissions mitigation regimes as for example considered
in EMF22 (Clarke, et al. 2009; see also Knopf et al., 2011, Figure 6). It should also include R&D,
development, and institutional policies that are implemented to support adaptation, such as the
implementation of a technology transfer agreement at the international scale or an
international insurance scheme.

The narrative portion of the SPAs should contain information that is instructive to both the
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integrated assessment modeler trying to develop a scenario, and an |AV researcher trying to
understand the nature of the climate policy world co-developing even as climate impacts and
adaptation to climate change are transpiring.

4.3 Combining SPAs and SSPs

Climate policy assumptions provide information about (new) climate policies that is excluded
from SSPs by their definition as socioeconomic reference assumptions. The dividing line
between assumptions on (new) climate policies to be included in SPAs and other policies to be
included in SSPs will be difficult to draw in many cases, particularly when it comes to land use
and energy policies. It will prove very hard, if not impossible, to establish a convention that
would define the climate-relatedness of a policy unambiguously in all instances. We expect that
any such convention would evolve over time during the construction and testing of SSPs and
SPAs, and their use for the development of socioeconomic scenarios. And it would always be
incomplete, as the nature of a policy will have to be judged on a case-by-case basis.

Nevertheless, it is possible to provide some general guidelines for distinguishing a climate policy
that belongs in the SPA and a non-climate policy that belongs in the SSP:

A climate policy is a policy that would not have been implemented if there was no
concern about climate change. Any policy that directly constrains or taxes the emissions
of greenhouse gases, or that supports greenhouse gas removal or reduction
technologies, falls into this category.

In contrast, most development policies such as improving energy access, urban planning,
infrastructure, health services, and education are motivated in their own right, and thus
are not climate policies. Those policies are part of the socioeconomic reference scenario,
and their outline should be included in the SSPs. Such policies may, of course, affect
climate policies, or be affected by them, but this does not prevent their inclusion in SSPs.
It would only mean that care must be taken when combining SPAs with SSPs to ensure
consistency of the full policy package.

In addition, development policy assumptions in the SSPs may have to be adjusted when being
combined with an SPA. However, this also holds true for other variables in the SSPs, such as
land and energy use patterns that will be affected by climate policy.

There are also borderline cases due to the fact that policies are often derived from multiple
objectives and serve multiple purposes. Is a renewable portfolio standard motivated by
concerns about climate change or energy security? Does increased disaster preparedness stem
from a concern about the increased frequency or magnitude of such disasters in a changing
climate, or does it stem from the objective to decrease the vulnerability of the society to
present climate variability? Such cases cannot fully be decided, and one may have to resort to
ad hoc judgments on a case-by-case basis. The main point is that it is important that the
relevant policy assumptions underlying the socioeconomic reference and climate policy
scenarios are clearly allocated to either an SSP or a SPA.

One of the most difficult issues may be how to deal with climate policies and measures that are
already implemented and affect the socioeconomic development on a larger scale. The price on
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greenhouse gas emissions in Europe, imposed directly via the European Emissions Trading
System (EU ETS), or implicitly via sectoral measures aiming to reach the targets under the Kyoto
Protocol, are a case in point. If such implemented climate policy measures are excluded from
the socioeconomic reference scenario, it would have already diverged from reality. In order to
avoid this, existing climate policies should be part of the reference case. This immediately raises
the new questions of what is an existing climate policy (measures in effect like the EU ETS; or a
policy foreseeing future measures that is coded into law like the EU Climate and Energy
Package)? And how should such policies be projected into the future in the reference case?
Ideally, this should be done in a way reflecting the present expectations of market and non-
market actors, but those will be hard to discern and characterize. In the framework paper, we
cannot do more than flag this issue. The definition of "reference climate policy" or "climate
policy as usual" assumptions will be a subject of active discussion during the construction and
testing of SSPs and SPAs, and their use in the development of socioeconomic scenarios.

When combining SSPs and SPAs to derive a socioeconomic climate policy scenario, care needs to
be taken that their combination is consistent. First, SSPs will contain reference assumptions that
are affected by climate policies, and those would need to be adjusted to take into account the
information in the SPA. Second, some reference assumptions in an SSP, e.g. development
policies, will have implications for climate policy and those assumptions in the SPA would need
to be adjusted as well. Finally, the overall narrative in an SSP and the qualitative assumptions in
a SPA would need to be broadly consistent. For example, a narrative describing a regionalized
development in a fragmented world can hardly be paired with the assumption of a global
carbon market. It therefore will be the case that not all SPAs can be combined with all SSPs.

4.4 Extensions of the SPA Concept

The proposed scenario matrix architecture is designed to generate scenarios that have utility in
that they allow important comparative and integrative analyses to be performed across all CM,
IAM, and IAV communities. The scenarios described in this framework are suitable to be
combined with climate model projections for the purpose of informing IAV researchers about
the nature of the world as it might evolve over the course of the next century. The explicit
introduction of a climate policy dimension as captured in the SPAs offers the flexibility to
explore adaptation and mitigation policies for different combinations of SSP, RCP and associated
climate change projections. For example, Figure 4-1 shows the combination of RCPs with SPAs
describing different levels of adaptation actions for a given SSP. See also the conceptualization
of mitigation SPAs in a scenario matrix setting in Knopf et al. (2011; Figure 6).
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Figure 4-1: A policy axis can be added to the matrix architecture to explore how the costs of
mitigation policy depend on assumptions regarding the form of mitigation action. Here, the
costs assuming cooperative action (Coop) are compared to policies with different degrees of
fragmented participation (Frag1 and Frag2), for SSP1 and SSP2. Some targets cannot be
achieved with fragmented participation (indicated by the crosses).

The full SPA will include a consistent set of assumptions on mitigation and adaptation policies
(see Figure 4-2).

SSP2 Degree of adaptation policy SSP2 Degree of adaptation policy
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Figure 4-2: The degree of adaptation policy can also be explored within the matrix architecture.
Here, adaptation policy is varied from no adaption policy to moderate to aggressive adaptation.
The matrix allows for the comparison of the costs and benefits of the policy. The shading for
climate policy costs is provided for illustrative purposes only and may change under different
assumptions for the interaction of mitigation and adaptation policies.
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5 Scenario Process Overview & Timeline
5.1 Status of the new scenario process

Integrated assessment modeling (IAM) teams at IIASA, JGCRI-PNNL, PBL and NIES produced four
Representative Concentration Pathways (RCPs) for use in the Climate Model Intercomparison
Project 5 (CMIP5). The RCPs reach radiative forcing levels of 2.6, 4.5, 6.5 and 8.5 W/m?,
respectively, in 2100, and were extended to 2300 based on stylized assumptions (van Vuuren et
al.,, 2011a). CMIP5, currently underway, will use the RCPs as an input to produce model
ensemble projections of future climate change. These projections will be assessed in the IPCC's
Working Group | contribution to the 5th Assessment Report (AR5). The Program for Climate
Model Diagnosis and Intercomparison (PCMDI) is making the climate model runs available, as
they are ready. Model runs available by the end of 2011 and integrated into the quality-
controlled CMIP5 database will be assessed by the IPCC in its 5th Assessment Report.

At the same time, |AV projections continue based on existing emission scenarios (SRES) and
climate projections (CMIP3). The IAM community has begun to explore new mitigation
scenarios, e.g. in the context of several model comparison activities such as the Asian Modeling
Exercise, the Energy Modeling Forum's Project 24 on mitigation technology, and the EU AMPERE
project. Individual IAM teams are producing RCP replications, where they study the range of
socioeconomic scenarios leading to the various RCP radiative forcing levels.

The construction of SSPs for use by the IAM and IAV communities still needs to be tackled. The
following sections outline the steps and timeline needed to produce an operational set of new
socioeconomic scenarios incorporating the SSPs. Such a scenario set will facilitate the third
phase of the new scenario process, the integration phase. In this phase, consistent climate and
socioeconomic scenario information should be employed in IAM and IAV studies.

5.2 Contribution to the IPCC 5th Assessment Report and beyond

A major stakeholder in the new scenario process is the IPCC with its upcoming 5™ Assessment
Report (AR5). IPCC author teams in the three working groups (WGs) are facing the challenge of
evaluating a very large number of studies from the IAM, IAV, and CM communities, and
producing an internally consistent assessment that can be meaningfully synthesized across the
WGs. Producing information on mitigation, adaptation, and residual climate impacts for a range
of climate change outcomes using similar assumptions and across similar temporal and spatial
scales will be critical information of relevance for climate policy makers. For this, the IPCC will
need a consistent set of climate and socioeconomic scenarios.

The table lays out the timeline of the IPCC's 5th Assessment Cycle. There is considerable overlap
between the development of new scenarios and the AR5. Ideally, SSPs and new socioeconomic
scenarios need to be available quickly to allow the scientific community enough lead time for
meeting the AR5 cut-off dates for eligible publications. Realistically, new socioeconomic
scenarios might not become fully available before early 2012 (see timeline below). This is
shortly after the 2nd LA meeting of WG Il and around the time of the 2nd LA meeting of WG IlI.
Scenarios that are not available by this time will likely not be assessed in the AR5. There is
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considerable time pressure to produce the new socioeconomic scenarios, and do so without
compromising the process. It is expected that much of the literature assessed in the AR5 will be
based on previous scenario sets such as SRES and CMIP3.

Even though there may not be many new socioeconomic reference and climate policy scenarios
available for AR5, the scenario matrix approach can prove very useful for assessing the work
based on previous scenario sets (see Section 2 for a discussion of the scenario matrix as a
heuristic tool). Benchmarking studies comparing the new scenarios with, e.g., the SRES
scenarios would help to inform a mapping of research using previous scenarios with the
scenario matrix. Such a mapping would allow the assessment to use the scenario process as a
heuristic tool to group the existing scenario literature.

WG | WG Il WG I
1st LA Meeting 8-11 November 2010 11-14 January 2011 12-15 July 2011
2nd LA Meeting 18-22 July 2011 12-15 December 2011 | 19-23 March 2012
First Order Draft (FOD) | 16 December 2011 11 May 2012 22 June 2012
3rd LA Meeting 16-20 April 2012 22-26 October 2012 5-9 November 2012
Cut-off date for 31 July 2012 31 January 2013 11 March 2013
submission of
publications
Second Order Draft 5 October 2012 1 March 2013 11 March 2013
(SOD)
4th LA Meeting 14-19 January 2013 15-17 July 2013 15-19 July 2013
Cut-off date for 15 March 2013 31 August 2013 28 October 2013
acceptance of
publications
Final government 7 June 2013 28 October 2013 13 December 2013
distribution
Final plenary Approval | 23-26 September 2013 | 17-21 March 2014 7-11 April 2014

The IPCC 5™ assessment report will not be the endpoint of the new scenario process. Rather, it
may serve a catalyst for a new round of climate change scenario development that will continue
beyond the publication of the AR5, and produce scenarios that are likely to be relevant for the
period until 2020 - much as SRES has been relevant for the previous decade. It is important to
allow the socioeconomic scenario development sufficient time to reach a level of sophistication
and integration of IAM, IAV, and CM perspectives that would constitute a major step forward.
The timeline of the scenario process should be able to accommodate both objectives - to
produce a tangible outcome for the AR5 in the near term, and to move the next generation of
climate change scenarios to a new level in the long term.

5.3 Milestones for developing new socioeconomic scenarios

A series of steps and processes will be needed to develop a set of socioeconomic scenarios for
use in the IAM and IAV communities.
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Draft framework paper. The draft framework paper will be widely circulated to the
scientific community, commented upon, revised by the writing team, and finalized. This
process will help build support for the socioeconomic scenario process and harmonize
conceptual approaches to producing compatible and consistent scenarios. It is
recommended that a small panel of review editors oversee the review process. The
review panel would work together with the framework paper writing team to ensure
that an appropriate process is put in place to adequately take into account the
community response in the revision process.

Initial proposals and testing of basic SSPs. The formulation of initial proposals for basic
SSPs, comprising socioeconomic reference assumptions, can begin in parallel with
circulation of the first draft of the framework paper. The community could initiate the
process of socioeconomic scenario development and the identification of basic SSPs.
However, before identifying the subset of basic SSPs that will constitute the columns of
the SSP-RCP scenario matrix, it is important to test them in integrated assessment
models and IAV analyses. The testing phase will begin with the construction of SSP
proposals and may involve preliminary socioeconomic scenario development, including
IAM reference scenarios with a basic SSP core, socioeconomic scenarios, and climate
policy assumptions that establish different RCP levels.

Preliminary selection of basic SSPs. Based on the results of the testing phase, a
preliminary set of basic SSPs for the scenario matrix may be selected at the workshop on
socioeconomic pathways for climate change research in Boulder, Colorado (3-4
November 2011). This workshop will seek broad participation of the IAM and IAV
community. The selected preliminary set of basic SSPs should be published in a special
issue of a scientific journal. It is anticipated that the basic SSPs may be revised as the
development of socioeconomic scenarios matures (see next item).

SSP extensions and socioeconomic reference and policy scenario development. After
the preliminary basic SSPs are determined, the IAM and IAV communities will continue
to work on extending the basic SSPs with relevant socioeconomic reference
assumptions. Such extended SSPs may include additional quantitative information on
e.g. urbanization, poverty, etc., and richer narratives including regional perspectives.
Initial discussion of priorities for SSP extensions will take place at the workshop in
Boulder, Colorado. The investigation of extended SSPs will involve an iterative process
between the formulation of the extended SSPs, the development of socioeconomic
reference and climate policy scenarios, a further refinement of extended SSPs, and
potential revision of basic SSPs based on a periodic evaluation of what socioeconomic
information has proven useful to include. This process of socioeconomic reference and
climate policy scenario development will likely proceed over several years. It will aim to
produce a set of scenarios that will inform climate policy analysis in the years extending
beyond the IPCC AR5 assessment cycle.

lllustrative socioeconomic reference and climate policy scenarios. During the period of
SSP extensions, a larger number of socioeconomic reference and climate policy
scenarios will be constructed. Although the process will continue for years, it is
desirable to identify a subset of illustrative socioeconomic scenarios filling the RCP-SSP
matrix at an early stage. Such early illustrative scenarios could still be taken up by a
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subset of studies prepared for AR5. The decision on illustrative scenarios would ideally
be taken together with a decision on the preliminary set of basic SSPs at the Boulder

workshop in November 2011.

— Analysis of development implications of mitigation and adaptation: Mitigation and
adaptation policies will have implications for socioeconomic development.
work, including scenario work, will be needed to fully understand the socioeconomic

implications of climate policies.

5.4 Timeline for finalizing the framework paper

August 2011 Circulation of the draft framework paper to the scientific community. It
is desired to establish a review panel to collect the community
response and oversee the revision of the framework paper.

16 September Deadline for submitting feedback, comments, and suggestions for

2011 revisions to the review panel.

By end of Authors produce revised framework paper with guidance from the

October 2011 review panel, taking into account the review comments and the initial

experience gained from the construction of the SSPs.

5.5 Near-term timeline for the development of new socioeconomic scenarios

July - Dec 2011

Initial SSP testing phase. Initial SSPs will be developed and tested in
IAM and IAV analyses

7 Oct 2011

Scenario and SSP workshop of the IAMC scenario subgroup to discuss
and compare scenario proposals of IAM teams.

from Fall 2011

Socioeconomic scenario development phase. Open call to the
community to conduct IAM and IAV analyses building on the basic SSPs
for developing extended versions of the SSPs, and socioeconomic
reference and climate policy scenarios. This process is likely to
continue over several years, and may be reviewed at the time of
completion of the AR5 assessment cycle.

3-4 Nov 2011

Workshop on socioeconomic pathways for climate change research at
Boulder, Colorado. The workshop will facilitate the implementation of
the socioeconomic scenario development phase and ideally select a
preliminary set of basic SSPs and illustrative scenarios for use in AR5.

Feb-Apr 2012

Publication of the data of the illustrative socioeconomic scenarios for
AR5. These illustrative scenarios are solely dedicated for a small
subset of IAV and IAM analyses with the goal of informing the ARS5.

First half of
2012

Preparation of a special issue on basic SSPs in a scientific journal.
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