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Abstract The new scenario framework facilitates the coupling of multiple socioeconomic
reference pathways with climate model products using the representative concentration
pathways. This will allow for improved assessment of climate impacts, adaptation and
mitigation. Assumptions about climate policy play a major role in linking socioeconomic
futures with forcing and climate outcomes. The paper presents the concept of shared climate
policy assumptions as an important element of the new scenario framework. Shared climate
policy assumptions capture key policy attributes such as the goals, instruments and obstacles
of mitigation and adaptation measures, and introduce an important additional dimension to
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the scenario matrix architecture. They can be used to improve the comparability of scenarios
in the scenario matrix. Shared climate policy assumptions should be designed to be policy
relevant, and as a set to be broad enough to allow a comprehensive exploration of the climate
change scenario space.

Abbreviations
IAM Integrated assessment modeling
IAV Impacts, adaptation, and vulnerability
RCP Representative concentration pathway
SPA Shared climate policy assumption
SSP Shared socioeconomic reference pathway

1 Introduction

Scenarios about future socioeconomic and climate developments are used to study the
scope and implications of climate change and responses to it (Nakicenovic et al. 2000;
Moss et al. 2010; Kriegler et al. 2012; van Vuuren et al. 2012). Over the past years, the
research community has pursued a vision for an improved scenario-based climate
change assessment process (Moss et al. 2008). An important feature of that vision
was the ability to explore a greater variety of socioeconomic development pathways for
emissions mitigation and climate impacts and adaptation. To that end Representative
Concentration Pathways (RCPs) were created (van Vuuren et al. 2011) as a preliminary
step to facilitate the creation of a set of climate model calculations, which in principle
could be matched with new scenarios sharing the same climate forcing. To link possible
socioeconomic development futures with a number of different climate outcomes,
assumptions about mitigation and adaptation climate policies are needed. In this way,
the analysis of climate policy is deeply embedded in a scenario-based assessment of
climate change.

It is a fundamental question how scenarios can best be used to analyze policy (Morgan
and Keith 2008). In general, this will depend on the policy context. If the decision problem
can be broken down to the options and contingencies a specific decision maker is
confronted with, scenarios may be developed for each alternative course of action and
conceivable state of the world in close interaction with the decision makers (e.g. Parson
2008). Examples include for instance scenarios developed to inform specific business or
planning decisions. Climate policy analysis is different in that it relates to a wider set of
questions, ranging from regional adaptation plans for the near term to short- and long term
climate mitigation strategies as, e.g., considered in international climate policy negotia-
tions. Climate change scenarios are therefore often targeted to intermediate users, such as
researchers who use scenarios as inputs into their work (Moss et al. 2008). These scenarios
have to be specified in a way that retains their flexibility to be applied to different climate
policy contexts. There is sometimes a perceived tension between scenarios directed to
research vs. decision support. However, they are rather complementary in nature.
Scenarios directed to research should be applicable as analytic tools to develop decision
support scenarios in a specific context.

This paper takes up the question of scenario based policy analysis in the context of the
new scenario framework. The framework is introduced in a series of four papers in this
special issue (Ebi et al. 2014; van Vuuren et al. 2014; O’Neill et al. 2014, are the other three).
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The general approach is presented in van Vuuren et al. (2014). At its core is the
concept of a scenario matrix that combines so-called shared socioeconomic reference pathways
(SSPs) with climate forcing outcomes as described by the representative concentration path-
ways (RCPs, van Vuuren et al. 2011). The RCPs reach different levels of climate forcing in the
year 2100 and thus can serve as proxy for climate targets.1 The SSPs are introduced in O’Neill
et al. (2014) and aim to characterize socioeconomic challenges to mitigation and adaptation in a
reference case without explicit climate policies and without consideration of climate change
impacts. Per definition, the SSPs provide the constituents of a reference scenario that can serve
as a counterfactual to evaluate the impact of climate policy. To allow their broad applicability
they have to exclude any climate policy, but can include other policies that are not directly
related to climate. In fact, to be useful for climate policy analysis they should include all those
policies controlled by non-climate objectives that will either have a substantial impact on
climate policy related outcomes or be substantially impacted by climate policy itself.

The cells of the scenario matrix are defined by combinations of distinct SSPs and climate
forcing outcomes (as characterized by the RCPs). Some of these cells at the higher end of the
forcing range, e.g. for the two RCPs attaining 6 and 8.5W/m2 by the end of the century, may be
populated by reference scenarios that project socioeconomic developments and emissions in the
absence of climate policy and are based purely on the SSPs, although the extent and pattern of
climate change could affect development pathways such that the SSPs may need to be modified
when creating a scenario. Climate policies will be needed to an increasing degree to reach the
lower part of the RCP range, particularly for 2.6 and 4.5 W/m2. The scenarios created in these
matrix cells will therefore draw on SSPs, but also make assumptions about climate policy
including mitigation and adaptation measures. The impact of such policy scenarios could then
be analysed by comparing it with the reference scenario for a given SSP (within a column of the
matrix; see van Vuuren et al. 2014, for further discussion).

This is the entry point of our analysis. We ask the question how the formulation of climate
policy scenarios could be framed to enhance their applicability to the scenario framework, in
particular concerning their introduction into the RCP-SSP matrix. We note that our discus-
sion applies entirely to the use of climate policy scenarios in this framework, not to climate
policy scenarios in general. There always has been, and always should be a large variety of
climate policy scenario analyses to cater to the widely different decision contexts in the area
of climate change.

We start from two observations. Firstly, the RCPs, as a measure of the anthropogenic forcing
of the climate system, may characterize the target of mitigation action, but not the type and
structure of climate policy interventions including mitigation and adaptation measures.
Secondly, any set of climate policy assumptions will have strong implications for the outcome
of the scenario analysis in the proposed RCP-SSP framework. For example, the assumption of
the time by when a long term climate target is adopted globally will strongly influence the
ability to reach this target in addition to the challenges to mitigation characterized in the SSPs.
Likewise, the existence of a global adaptation fund and international insurance mechanisms
against climate change impacts will affect the ability to implement adaptation measures in
addition to the challenges to adaption in the SSPs. We therefore ask the question how the SSP

1 We need to distinguish between the four RCPs created for climate model simulations (van Vuuren et al.
2011) and climate forcing used more broadly to characterize the rows of the scenario matrix (van Vuuren et al.
2014). Since the four RCPs establish the direct link to the climate model results, they are obviously prime
candidates to define the rows of the matrix. However, additional rows for intermediate forcing levels such as
3.7 W/m2 could be added, or the forcing outcome could be described more broadly by the 2100 level of the
RCPs rather than the entire pathway. A forcing pathway may deviate from an RCP in some aspect and still be
associated with the matrix row defined by the RCP. Such forcing pathways have been called RCP replications.
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and forcing (RCP) dimensions should be augmented by Shared Climate Policy Assumptions
(SPAs) to better incorporate the climate policy dimension within the scenario framework. The
idea that policy assumptions may be shared between studies should not be confused with a
prescription that all countries should take the same level of action, or should act under
internationally co-ordinated regimes. To this end, we note that assumptions are not recommen-
dations, and that the usefulness of making assumptions will depend on how broad a range of
plausible climate policy formulations is assessed. This may include, at a minimum,
climate policy assumptions that describe regionally differentiated and globally harmo-
nized approaches.

Section 2 will discuss the definition and scope of SPAs, while Section 3 conceptualizes
their quantitative and qualitative elements. Section 4 turns to the difficult question of the
dividing line and the inter-dependence between SPAs and SSPs. Section 5 provides exam-
ples of how SPAs can be integrated as a third dimension in the scenario matrix architecture.
Section 6 concludes that it can be useful to characterize the key dimensions of climate policy
assumptions in SPAs much in the same way as socioeconomic reference assumptions are
summarized in the SSPs.

2 Defining shared climate policy assumptions

Climate policies can be characterized in terms of their attributes, such as the stringency of policy
targets, the set of climate policy instruments employed to achieve the targets , and the time and
place in which climate policy instruments are deployed. Following a proposal by Kriegler et al.
(2012), we define Shared Climate Policy Assumptions as capturing key characteristics of
mitigation and adaptation policies up to the global and century scale. The latter requirement
emerges from the fact that SPAs should relate to the global scenario framework. At the same
time they should be flexible enough to allow for regional differentiation of policies.

Concretely, SPAs should describe three attributes of climate policies (Kriegler et al. 2012).
The first attribute is the global (collection of) “climate policy goals” such as emissions
reductions targets, or different levels of ambition in limiting residual climate damages, e.g. in
terms of development indicators that should not be jeopardized by climate change. However,
there is a clear overlap of mitigation policy goals with the forcing (RCP) dimension of the
scenariomatrix, and of adaptation policy goals linked to achieving sustainable development and
other societal goals described in the SSPs. RCP forcing levels can be used to directly describe
long term mitigation targets (although not how to achieve those targets), and in any case have
strong implications for the admissible global outcome of regional emissions reduction targets.

Thus, we have to distinguish two types of SPAs: a full SPA that includes all mitigation and
adaptation policy targets, and thus embeds the forcing (RCP) dimension and possibly aspects of
an SSP in it. And a reduced SPA that excludes the mitigation policy goals, at least as far as they
relate to emissions reductions and global concentration and forcing outcomes, and the adapta-
tion policy goals as far as they relate to development goals, and therefore is orthogonal to both
the forcing (RCP) and the SSP axis of the matrix framework. Thus, the reduced SPA has to be
used if variations of policy assumptions for a given RCP-SSP combination are to be explored.
In this way, it adds a third axis to the scenario matrix. Both concepts—reduced and full
SPA—can be entertained simultaneously. A full SPA may simply be the combination of a
reduced SPA and an RCP forcing level. Or, if the mitigation targets are to be specified in terms
of regional emissions reductions commitments, the RCP forcing level would determine the
global cumulative amount of permitted emissions (and possibly some properties of the global
emissions pathway), while the reduced SPA is free to include any distribution of these emissions
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permits across regions that adds up to the global total. Similarly, for adaptation policy goals, a
full SPA would embed SSPs elements, such as development goals that are relevant for
adaptation policies, while a reduced SPAwould focus purely on the adaptation policy aspect.
We note that this differentiation of full and reduced SPAs to ensure orthogonality of the SPA,
SSP, and forcing (RCP) axes goes beyond what was proposed in Kriegler et al. (2012).

Second, the shared climate policy assumption should describe the characteristics of the
global (collection of) “policy regimes and measures” introduced to reach the policy goals-
On the mitigation side, such policy measures could be globally harmonized or regionally
differentiated carbon taxes, an international emissions trading scheme with a particular
burden sharing mechanism, a mix of different policy instruments ranging from emissions
pricing to low carbon technology subsidies to regulatory policies, or a mix of different
approaches in different sectors, e.g. including transport policies and schemes to protect
tropical forest. SPAs may also relate to mitigation policy dimensions that are often not
considered by model studies, but elsewhere in the literature. An example is how particular
policies would be financed in practice (Clapp et al. 2012; Winkler et al. 2009). On the
adaptation side, the SPA package may include, for example, the type of adaptation measures
that are implemented (e.g. more efficient irrigation techniques or water recycling technolo-
gies) and the availability of various amounts of international support for adaptation in
developing countries.

Third, a shared climate policy assumption should include the “implementation limits and
obstacles” to the extent they are considered and are not part of an SSP. Those obstacles
could be specified in terms of the exclusion of several policy options for some regions and
sectors where they do not appear to be feasible. Such conditions could evolve over time such
that initial limits might dissipate or intensify. For example, several land pools may be
excluded from carbon pricing due to practical constraints of implementing such a pricing
policy. Or a group of regions may be assumed to remain outside an international climate
policy regime until some point in time. Likewise, adaptation effectiveness may differ in a
model where behavioral biases in risk perceptions are accounted for, or where political
economy or enforcement constraints makes it impossible to implement some policies (e.g.,
land-use regulations aiming at reducing disaster losses are difficult to implement in areas
without official land tenure such as informal settlements).

Care needs to be taken to separate implementation limits and obstacles that are attributes of a
SPA, and climate policy obstacles that are inherent in the socioeconomic reference environment
described in an SSP. The latter can include market distortions, e.g. in energy and labor markets.
Babiker and Eckaus (2007) and Guivarch et al. (2011) show that taking into account unem-
ployment and friction in labor market adjustments can change in a significant way the
assessment of mitigation costs. In developing countries in particular, existing economic distor-
tions cannot be disregarded in the design of climate policies. The high level of unemployment
(often over 25 %), the large share of the informal economy, and the difficulty to enforce
regulation (e.g., in terms of land-use planning) and raise taxes create specific difficulties for
climate policy. To the extent that such elements are considered, they will be part of an SSP
rather than a reduced SPA. However, they could be added to a full SPA that aims to provide a
complete picture on the three attributes of climate policy, i.e. goals, instruments, and obstacles.

The formulation of SPAs on a global and century scale can become complex. However,
the goal of SPAs should not be to describe the climate policy landscape in every conceivable
detail, but rather to summarize and make explicit the central policy assumptions that have to
be made anyway by individual studies to produce climate policy scenarios. Seen through this
lens, SPAs have been used for quite some time, for example, in integrated assessment model
inter-comparison studies (e.g. Clarke et al. 2009; Riahi et al. 2014; Kriegler et al. 2014a) that
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needed to harmonize their climate policy assumptions in order to make results comparable. It
is more and more recognized that such harmonization does not only involve the specification
of a long term climate target as would be captured by the RCPs, but also, e.g., the basket of
greenhouse gases and sectors to become subject to emissions pricing, the degree of global
cooperation and the degree of overshoot of long term targets (Blanford et al. 2014).

A controlled variation of key climate policy assumptions, but not of all the details, will be
required to make the scenario matrix approach fully operational. Knowledge about what type
of SPAs have been used in modeling will be required to make appropriate comparisons
across model analyses or other studies that explore a given combination of SSP and radiative
forcing target (RCP). For instance, mitigation cost assessments by two models cannot be
compared directly, if these two models make different assumptions on practical obstacles to
policy implementation (e.g., if one model assumes a globally integrated carbon market and
the other a regionally fragmented mitigation regime). Furthermore, the choice of SPAs will
interact with the socioeconomic challenges to mitigation and adaptation that are engrained in
the SSPs (O’Neill et al. 2014). For example, whether or not global coverage of emissions
reductions can be achieved will affect the ability to reach a prescribed RCP forcing level.
Likewise, whether or not a global adaptation fund is put in place will affect the ability of
individual regions to adapt to climate change.

3 Elements of shared climate policy assumptions

Shared Climate Policy Assumptions can contain qualitative and quantitative information. The
qualitative information consists of a narrative that describes the world of climate policies and
their evolution over time and across space (Hallegatte et al. 2011). A key characteristic of
mitigation policies is the number of countries that participate in an international climate policy
regime over time and the stringency of their commitments and actions. IAM studies often
distinguish a benchmark case of fully cooperative action starting immediately with more
plausible policy scenarios that include regionally and sectorally fragmented climate policies,
staged accession to a global climate regime, and non-participation (Clarke et al. 2009; Blanford
et al. 2014; Kriegler et al. 2014b; Luderer et al. 2014). Thus, the SPA narrative should include
information on the different timing of participation of regions and nations in emissions
mitigation regimes, as well as being explicit whether mitigation stringency is globally uniform
or differentiated across regions and countries. It could also contain information about the nature
of climate policies—e.g., preferences for fiscal as opposed to regulatory policies, differences in
the nature of policies to mitigate fossil fuel and land-use change emissions, and emphasis on
behavioral changes, efficiency and demand-side measures vs focusing mitigation more on
upstream technology solutions for energy supply. In addition, SPA narratives could take into
account information about the constraints and obstacles for mitigation policy.

Key qualitative information on adaptation policies includes institutional policies that
are implemented to support adaptation, such as the implementation of a technology transfer
agreement at the international scale; the quality of adaptation governance processes (e.g.,
corruption, capture by interest groups); and the effectiveness of policy implementation (e.g.,
enforcement of building norms and land-use regulations). Table 1 presents an illustrative
example of key components of such narratives, and how they can be combined to a limited
number of SPAs that cover a fairly wide range of different climate policy futures.

SPAs will in general also contain quantitative information. As far as full SPAs are
concerned, the long term mitigation target as determined by the long term forcing in an
RCP will be a central part of this information. In principle, the target could be specified in a
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number of ways, ranging from a global temperature target, to a climate forcing target to a
cumulative emissions budget for the entire world. It may also include some constraints on
the pathway of climate forcing or global emissions. The RCPs will be a determining factor
for globally aggregate descriptors of mitigation effort even if no global mitigation target is
assumed. For example, they will strongly influence (together with the choice of SSP) the
global level of a carbon tax path that could be assumed instead of a target (Calvin et al.
2012). Quantitative information that would be part of a reduced SPA, and thus would need to
be complementary to information constrained by the RCPs can include, e.g., the allocation
of emissions permits to different regions in terms of shares of global emissions (Tavoni et al.
2014), carbon price differentials between regions, sectors and land pools, a timetable for
staged accession to a global climate policy regime (Clarke et al. 2009), regional low carbon
technology targets (Kriegler et al. 2014b), and land use related policies such as forest
protection and bioenergy constraints (Calvin et al. 2014). Quantitative assumptions on
adaptation policy can include, for example, adaptation targets such as protection against
100 year flood or drought events, timetables for implementing regional adaptation plans, and
the size of an international adaptation fund that is set up to assist countries that are most
affected by climate change.

In summary, the SPAs should contain information that is instructive to both the integrated
assessment modeler trying to develop a climate mitigation scenario, and an IAV researcher
trying to analyse the vulnerability to climate change, the costs and benefit of adaptation
measures and the residual climate impacts. The level of detail to which it is useful to specify
information in the SPAs will depend on the application. Obviously, SPAs at the global and
century scale have to be very generic by construction, since a detailed formulation of the
global climate policy landscape in 2050 would carry little meaning. As for the case of the
SSPs, there is an inherent tension between establishing comparability of different studies and
comprehensive coverage of plausible SPAs (compare O’Neill et al. 2014). It may be useful
to distinguish between basic SPAs that only include high level information on the scope of
mitigation and adaptation actions and thus can summarize a larger set of climate policy
studies, and extended SPAs that allow to better control climate policy assumptions as for
example adopted in IAM comparison projects. Furthermore, the connection between global
studies and mitigation and adaptation analysis conducted at the national level needs further
attention. Global SPAs should be flexible enough to be adapted and changed when applied to
more short-term and more local/national analysis, much in the same way as global SSPs
should allow their adaptation to studies on a local/national level. National SPAs could, for
example, be taken up in SPA extensions. However, a set of basic SPAs on the global level
will be most useful if it is limited in number, generic in character and broad enough to allow
a comprehensive exploration of the climate change scenario space.

4 The relationship between SPAs and SSPs

As discussed above, climate policy assumptions will not be included in SSPs by their
definition in terms of socioeconomic reference assumptions. Thus, assumptions about
climate policies, even if they correspond to currently planned legislation, should always
be part of an SPA rather than an SSP. The dividing line between assumptions on climate
policies to be included in SPAs and broader development policies to be included in SSPs will
be difficult to draw in many cases. In general it is the motivation for the policy intervention
and not the policy itself that determines whether the policy is a climate policy or a policy
directed toward another end. As a consequence a policy may be included as a non-climate
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policy in the SSP, but tightening of the policy in support of greenhouse emissions mitigation,
for example, could be included in the SPA. A renewable energy portfolio standard, for
example could occur in a reference scenario in support of improved energy security, and a
more stringent implementation might be included in an SPA. In the end the test is, would the
policy and its stringency be expected to be enacted in the reference, no-climate-policy
scenario? If the answer is yes, it belongs in the SSP. To the extent that the policy is deployed
and/or tightened only in the mitigation scenario, it belongs in the SPA.

For example, any policy that directly constrains or taxes the emissions of greenhouse
gases falls into a SPA. The same holds for any policy that directly addresses adaptation to
climate change such as the implementation of an international adaptation fund. 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, which reinforces the case for their inclusion in SSPs. Care must be taken
when combining SPAs with SSPs to ensure consistency of the full policy package (see
below). For example, 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 motivated by
multiple objectives (Linnér et al. 2012; Winkler et al. 2008). Is a renewable portfolio
standard motivated by concerns about climate change or energy security or both? 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 the relevant policy assumptions underlying the socioeconomic
reference and climate policy scenarios are clearly allocated to either an SSP or a SPA. A
clear separation of policies with respect to the climate and non-climate objectives in the
SSPs and SPAs will make the framework also useful for the assessment of potential synergies
and tradeoff between climate and other non-climate policies (McCollum et al. 2011).

Another important question is how to deal with climate policies and measures that are
already implemented and affect the socioeconomic development on a larger scale. The price
on 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 may be collected in a minimal
“existing policy” SPA that can be combined with an SSP when developing the reference
scenario. Seen in this way, any socioeconomic scenario, including the reference case, would
be based on some SSP and SPA. Only a counterfactual no climate policy scenario would not
require the adoption of a SPA, or, put differently, adopt an empty SPA.

The idea of a minimal “existing policy” SPA immediately raises the question 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 a policy reference case defined as continuation of current levels of
ambition (Blanford et al. 2014; Kriegler et al. 2014b, Luderer et al. 2014)? These questions will need
to be further addressed during the construction and testing of SSPs and SPAs, and their use in the
development of socioeconomic scenarios. They are closely related to the long-standing discussion in
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many fields and applications of what should count as the baseline or reference case, against which
actual policy proposals are measured. SPAs provide the flexibility to include different interpretations
of “baseline” in the analysis.

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 consistency between a SSP
and a SPA would need to be ensured. For example, a narrative describing a regionalized
development in a fragmented world can hardly be paired with the assumption of a global
carbon market. Likewise, implementation obstacles, e.g. in terms of land pools that can or
cannot become subject to carbon pricing, can be more or less consistent with different SSP. It
therefore will be the case that not all SPAs can be combined consistently with all SSPs.2 It is
important that at least one SPA be developed so as to be consistent with each SSP.

5 Integrating SPAs into the scenario matrix architecture

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 reduced SPAs. For example, Fig. 1 shows the combination of RCPs with reduced SPAs
describing different types of mitigation policies for a given SSP. Mitigation costs do not only
vary with the stringency of mitigation targets (RCP levels), but also with the degree of global
cooperation on mitigation policy. See also the conceptualization of mitigation SPAs in a
scenario matrix setting in Knopf et al. (2011; Figure 6).

The adaptation policy assumptions can also be varied across SPAs. Figure 2 shows the
example of three different reduced SPAs with no, moderate and aggressive adaptation policies.
In general, a SPA will include a consistent set of assumptions on mitigation and adaptation
policies specifying, e.g., the degree of coordination of regional and sectoral mitigation efforts
and the aggressiveness of adaptation measures. Combining the information in Figs. 1 and 2 will
allow to compare total climate policy costs with residual climate damages for a given combi-
nation of SSP, RCP and SPA, and also will allow the exploration of interactions of adaptation
and mitigation policies because the extent of efforts required to adapt later in the century will
depend on mitigation policies implemented in the near term

As discussed in O’Neill et al. (2014), shared socioeconomic reference pathways should be
chosen in a way to cover different levels of socioeconomic challenges to mitigation and
adaptation. Here we want to point out that SPAs will play an important role in translating those
challenges into costs, benefits and obstacles to climate policy. For example, a SPA that foresees
a group of countries that never adopt mitigation policies throughout the 21st century, can imply
a greater difficulty to reach global mitigation targets than a SPAwith global participation in a
climate mitigation regime for the same SSP with given challenges to mitigation. Similarly, a
SPA that restricts adaptation to domestic action will have a more limited scope for adaptation
action than a SPA that allows for international pooling of adaptation resources. In many cases,
the challenges to mitigation and adaptation in SSPs and the obstacles to mitigation and
adaptation in SPAs will be correlated by the requirement that SPAs need to be consistent with

2 On the other hand, it will sometimes prove useful to compare the effects of a consistent SPA with realistic
policy representation with an “idealized policy” SPA that may not be fully consistent with the SSP in order to
gain analytical insights.
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the underlying SSPs (see above). For example, an SSP describing a fragmented world with
regional blocks neutralizing each other can hardly give rise to global cooperative action on
climate change, and therefore would exclude SPAs characterized by a large degree of interna-
tional cooperation. In this situation, the challenges to mitigation and adaptation in the SSP
would be augmented by the obstacles from the non-cooperative nature of the SPA.

6 Summary and conclusions

We presented the concept of shared climate policy assumptions (SPAs) as an important
element of the new scenario framework for climate change analysis. SPAs are the glue that

Fig. 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 (see O’Neill et al. for a description of the SSP space). Some targets cannot be achieved with
fragmented participation (indicated by the cross)

Fig. 2 The type of adaptation policy can also be explored within the matrix architecture. Here, adaptation
policy is varied from no adaption to moderate to aggressive adaptation. The matrix allows for the comparison
of the costs and benefits of the adaptation policy for a given SSP, for example SSP2. The shading for climate
policy adaptation costs and residual climate impacts is provided for illustrative purposes only
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allows the variety of alternative socioeconomic evolutionary paths to be coupled with the library of
climate model simulations that were created using the RCPs. SPAs capture key climate policy
attributes such as targets, instruments and obstacles. In their reduced form, SPAs are restricted to
information that is neither specified in the socioeconomic reference pathways (SSPs), nor in the
RCPs which largely determine the global outcome of mitigation action and the extent of adaptation
required. Thus, reduced SPAs add a third dimension to the scenario matrix architecture of
RCPs and SSPs. We demonstrated how the scenario matrix can be explored along the
dimensions of SPAs. For a given combination of SSP and RCP, both the climate policy
costs, including adaptation and mitigation, as well as the residual climate damages will vary
with the climate policy assumptions. Of course, elements other than costs and benefits are
needed for a full policy appraisal (e.g. regional context, institutional capacity, co-benefits and
risk trade-offs; McCollum et al. 2011), and those may be explored on the basis of SPAs as
well. In summary, SPAs can contribute to transparent and consistent assumptions about
policies. A meaningful set of generic shared climate policy assumptions will be needed to
group individual climate policy analyses and facilitate their comparison.

SPAs should include assumptions about both mitigation and adaptation policies. Key
assumptions relate, inter alia, to the degree of global cooperative action on mitigation and the
international pooling of adaptation resources. SPAs will typically comprise quantitative
information, e.g. relating to the regional distribution of mitigation effort, and qualitative
information in terms of a narrative or storyline, e.g. relating to the degree of international
cooperation. The appropriate level of detail of SPAs will depend on the application. There is
an inherent tension between sufficient detail to facilitate comparison between climate policy
studies and generality to group them into broad classes of SPAs.

SPAs should only contain information about climate policies, while other policies under
consideration should become part of SSPs. The motivation of a policy may be used to determine
whether it belongs in the SSP or the SPA. If a policy would be deployed in the absence of
climate change, then it belongs in the SSP. If a policy is deployed and/or tightened solely in
response to climate change, then it belongs in the SPA, but only that portion that is motivated
solely by climate change. We acknowledge that for some multi-objective policies a clear
dividing line does not always exist. Some decisions will have to be made on a case by case
basis depending on the application context. However, these questions are part and parcel of any
climate policy analysis, and not restricted to the use of SPAs.

While SPAs are complementary to SSPs, the character of a socioeconomic reference
pathway can constrain the choice of plausible climate policy assumptions. Not every
combination of SPA and SSP will provide a consistent scenario. For example, a fragmented
world will not be able to provide for full global cooperation on climate change. There should
be at least one SPA that is consistent with each SSP. Socioeconomic challenges to mitigation
and adaptation that are described by an SSP can be augmented by the choice of SPA. For
example, if global cooperation is highly constrained in a given SPA, this will add to the
challenges to mitigation and adaptation in the SSP.

We conclude that SPAs are an important concept to facilitate climate policy analysis in
the new scenario framework. Their formulation and application will have to be further
developed and tested, which may involve iteration between modelers, analysts and various
stakeholders. If SPAs are designed to be broad enough to allow an exploration of the relevant
climate policy space, their use will likely provide new insights into the implications of
alternative policy designs for climate action.

Acknowledgments Jae Edmonds’ participation was supported by the Integrated Assessment Research
Program in the Office of Science, U.S. Department of Energy.

412 Climatic Change (2014) 122:401–414



Open Access This article is distributed under the terms of the Creative Commons Attribution License which
permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source
are credited.

References

Babiker MH, Eckaus RS (2007) Unemployment effects of climate policy. Environ Sci Policy 10(7–8):600–
609

Blanford G, Kriegler E, Tavoni M (2014) Harmonization vs. Fragmentation: overview of climate policy
scenarios in EMF27. Clim Chang. doi:10.1007/s10584-013-0951-9

Calvin K, Clarke L, Krey V, Blanford G, Jiang K, Kainuma M, Kriegler E, Luderer G, Shukla PR (2012) The
role of Asia in mitigating climate change: results from the Asia modeling exercise. Energy Econ
34(Supplement 3):S251–S260

Calvin K, Wise M, Kyle P, Patel P, Clarke L, Edmonds J (2014) Trade-offs of different land and bioenergy
policies on the path to achieving climate targets. Clim Chang. doi:10.1007/s10584-013-0897-y

Clapp C, Ellis J, Benn J, Corfee-Morlot J (2012) Tracking climate finance: What and how? Paris, Organisation
for Economic Co-operation and Development. http://www.oecd.org/env/climatechange/50293494.pdf

Clarke L, Edmonds J, Krey V, Richels R, Rose S, Tavoni M (2009) International climate policy architectures:
overview of the EMF 22 International Scenarios. Energy Econ 31:S64–S81

Ebi et al (2014) A new scenario framework for climate change research: background, process, and future
directions. Clim Chang. doi:10.1007/s10584-013-0912-3

Guivarch C, Crassous R, Sassi O, Hallegatte S (2011) The costs of climate policies in a second best world with
labour market imperfections. Clim Pol 11:768–788

Hallegatte S, Przyluski V, Vogt-Schilb A (2011) Building world narratives for climate change impact,
adaptation and vulnerability analyses. Nat Clim Chang 1(3):151–155. doi:10.1038/nclimate1135

Knopf B, Luderer G, Edenhofer O (2011) Exploring the feasibility of low stabilization targets. Wiley
Interdiscip Rev Clim Chang 2(4):617–626

Kriegler E, O’Neill BC, Hallegatte S, Kram T, Lempert R, Moss R, Wilbanks T (2012) The need for and use
of socio-economic scenarios for climate change analysis: a new approach based on shared socio-
economic pathways. Glob Environ Chang 22:807–822

Kriegler E et al (2014a) The role of technology for climate stabilization: overview of the EMF 27 study on
global technology and climate policy strategies. Clim Chang. doi:10.1007/s10584-013-0953-7

Kriegler E et al (2014b) Making or breaking climate targets: the AMPERE study on staged accession
scenarios for climate policy. Technol Forecast Soc Chang. doi:10.1016/j.techfore.2013.09.021

Linnér BO, Mickwitz P, Román M (2012) Reducing greenhouse gas emissions through development policies: a
framework for analysing policy interventions. Clim Dev 4(3):175–186. doi:10.1080/17565529.2012.698587

Luderer G, Bertram C, Calvin K, De Cian E, Kriegler E (2014) Implications of weak near-term climate
policies on long-term mitigation pathways. Clim Chang. doi:10.1007/s10584-013-0899-9

McCollum DL, Krey V, Riahi K (2011) An integrated approach to energy sustainability. Nat Clim Chang
1:428–429

Morgan MG, Keith DW (2008) Improving the way we think about projecting future energy use and emissions
of carbon dioxide. Clim Chang 90:189–215

Moss RH et al (2008) Towards new scenarios for analysis of emissions, climate change, impacts, and response
strategies. Intergovernmental Panel on Climate Change, Geneva, 132 pp

Moss RH et al (2010) The next generation of scenarios for climate change research and assessment. Nature
463:747–756

Nakicenovic N et al (2000) IPCC Special Report on Emissions Scenarios (SRES). Cambridge University
Press, Cambridge

O’Neill BC et al (2014) A new scenario framework for climate change research: the concept of shared socio-
economic reference pathways. Clim Chang. doi:10.1007/s10584-013-0905-2

Parson EA (2008) Useful global change scenarios: current issues and challenges. Environ Res Lett 3, 045016
Riahi K et al (2014) Locked into copenhagen pledges—implications of short-term emission targets for the cost and

feasibility of long-term climate goals. Technol Forecast Soc Chang. doi:10.1016/j.techfore.2013.09.016
Tavoni M et al (2014) The distribution of the major economies’ effort in the Durban platform scenarios. Clim

Chang Econ 4(4):1340009
van Vuuren DP et al (2011) The representative concentration pathways: an overview. Clim Chang 109:5–31
van Vuuren DP, Riahi K, Moss R, Edmonds J, Thomson A, Nakicenovic N, Kram T, Berkhout F, Swart R,

Janetos A, Rose SK, Arnell N (2012) A proposal for a new scenario framework to support research and
assessment in different climate research communities. Glob Environ Chang 22:21–35

Climatic Change (2014) 122:401–414 413

http://dx.doi.org/10.1007/s10584-013-0951-9
http://dx.doi.org/10.1007/s10584-013-0897-y
http://www.oecd.org/env/climatechange/50293494.pdf
http://dx.doi.org/10.1007/s10584-013-0912-3
http://dx.doi.org/10.1038/nclimate1135
http://dx.doi.org/10.1007/s10584-013-0953-7
http://dx.doi.org/10.1016/j.techfore.2013.09.021
http://dx.doi.org/10.1080/17565529.2012.698587
http://dx.doi.org/10.1007/s10584-013-0899-9
http://dx.doi.org/10.1007/s10584-013-0905-2
http://dx.doi.org/10.1016/j.techfore.2013.09.016


van Vuuren DP et al (2014) A new scenario framework for climate change research: scenario matrix
architecture. Clim Chang. doi:10.1007/s10584-013-0906-1

Winkler H, Höhne N, Den Elzen M (2008) Methods for quantifying the benefits of sustainable development
policies and measures (SD-PAMs). Clim Pol 8(2):119–134

Winkler H, Vorster S, Marquard A (2009) Who picks up the remainder? Mitigation in developed and
developing countries. Clim Pol 9(6):634–651

414 Climatic Change (2014) 122:401–414

http://dx.doi.org/10.1007/s10584-013-0906-1

	A new scenario framework for climate change research: the concept of shared climate policy assumptions
	Abstract
	Introduction
	Defining shared climate policy assumptions
	Elements of shared climate policy assumptions
	The relationship between SPAs and SSPs
	Integrating SPAs into the scenario matrix architecture
	Summary and conclusions
	References


