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Preface

Long-term scenarios of future societal development, climate change, and other environmental change
are an essential ingredient to IPCC reports. They serve as the basis for evaluating potential climate
change impacts as well as socio-economic mitigation and adaptation pathways. In 2006, the Panel
decided to implement a new institutional setup for the development of long-term scenarios for the
preparation of the Fifth Assessment Report (ARS): rather than coordinating and approving new
scenarios itself, the process of new scenario development should be coordinated by the research
community. The IPCC has catalyzed the development and assessed the results from the new
scenarios in ARS.

The meeting brought together 91 experts from 29 countries. After conclusion of the IPCC’s fifth
assessment cycle, it provided an opportunity for the research community and the IPCC to jointly
reflect on the new scenario process as well as the use of scenarios in AR5 and how it can be further
improved to allow for a more integrated assessment of mitigation, adaptation, climate change impacts
and broader sustainable development across the entirety of IPCC work in the future.

This expert meeting report provides a concise summary of the major recommendations coming from
the meeting. A first draft of these recommendations had been brought to the attention of the Panel
already at its 42" session." The report body extends on these recommendations and provides the
necessary background required for an appreciation of the discussions that have been taking place at
the meeting. The Annex further provides summaries of the individual talks given as well as breakout
group discussions.

We would like to thank all participants for making this meeting so fruitful and productive. The
continued dialogue between the scientific community and the IPCC on future scenarios is crucial for
upcoming IPCC assessments. The meeting helped to gain further clarity on key issues and yielded
concrete suggestions for consideration by the IPCC for its sixth assessment cycle. We very much
appreciate the advice of the members of the Scientific Steering Committee, which has driven the
development of the meeting agenda, and their helpful assistance in carrying out the meeting.

We would further like to thank the International Institute for Applied System Analysis (IIASA) for
hosting the meeting and the associated financial contributions. We would like to thank Prof. Dr.
Keywan Riahi for his tireless efforts and lead in the local organisation. The excellent arrangements in
the scenic settings of IIASA and the hospitality provided to participants contributed greatly to the
success of the meeting. The financial support of the IPCC Trust Fund is also gratefully
acknowledged. The excellent and efficient work of the Technical Support Units at all stages of the
meeting organization and production of this report is much appreciated.

This was an important meeting to further develop scenarios as an integrative element in IPCC
assessments. The Paris decision highlights the timeliness of this activity and we are convinced that
the outcomes of this meeting will serve as a useful input to the sixth assessment cycle.

d#,w ar //:/(ai«{(é-/ C’Eﬁw. 0=

Ottmar Edenhofer Ramén Pichs-Madruga Youba Sokona
Co-Chair, WG Co-Chair, WGlIII Co-Chair, WGlIII

' See, http://www.ipcc.ch/apps/eventmanager/documents/31/230920150208-P42_INF.%2015.pdf

IPCC Expert Meeting on Scenarios - v



&?h @GZ&

Qin Dahe
Co-Chair, WGl

T

Vicente Barros
Co-Chair, WGII

Thomas F. Stocker
Co-Chair, WGI

(Hitgl, 11

Christopher Field
Co-Chair, WGII

IPCC Expert Meeting on Scenarios - vi



Table of Contents

1. RECOMMENDATIONS FROM THE MEETING ......ccciteiiiiiiiiieneeeeeiieissssnssseeessesssssssssssessssssssssssssessssssssssssssssssssssssns 1
1.1 RECOMMENDATIONS TO THE IPCC ...ttt ettt e e e e s e e e s e s e bbb e e e e e e e sesababaeeeeeesesnaraeeeas 1
1.2 RECOMMENDATIONS TO THE SCENARIO RESEARCH COMMUNITY ...oooiiiiiiiiiiiieeieiiiiiireeeeeeessintreeeseeesesnsaseeeseessessnnsesees 2

2. SCENARIOS IN THE IPCC FIFTH ASSESSMENT REPORT (ARB)......iiriieeririceeeeriseeesscsesesssssssesssssesssssssesssssnns 4
2.1.  TRACKING PROGRESS - FROM NOORDWUKERHOUT TO ARD .......ooiiiiiiei ettt ettt e sve e 4
2.2.  KEY ACHIEVEMENTS, CHALLENGES AND LESSONS LEARNED.........c.ceiitiiiitieitiiietieeiteeestesetesessesetesssessbesessesensesessesennes 5

2.2.1. Experiences in WOrKING GIOUDS. ..........cccecueirieisisiecieisieetsie e tsies st s et s et e st te e e ssanseessenseneens 5
222 Experiences at the interfaces between the Working Groups.............cceeceeveerseveneseenessisnesiseneeans 7
2.2.8. Lessons [earned @nd fUTUIE OUIIOOK .............oooeeeeeeeeeeeeeeeeeeeeeee ettt e et e et 7
3. STATUS OF THE COMMUNITY SCENARIO PROUCESS ......ovrereeiiiiccirreneetetieccsssnseseesssssssssssssesssessssssssssssssessssnns 9
3.1.  THE NEW SCENARIO FRAMEWORK — A BRIEF OVERVIEW ........coouviitiiitiitieteeseeieesseesteesseesssessenesenessssessessseesseensessssnns 9
3.1.1. Developments since AR5: Shared Socio-economic Pathways (SSPS) ........ccccueveevvcvvenccnenenne. 10
3.2. AN OVERVIEW OF OTHER ON-GOING AND PLANNED COMMUNITY ACTIVITIES (CMIPG, APPLICATIONS OF SSP
FRAMEWORK, REGIONAL AND SECTORAL STUDIES) .....cviiviiutiitieitieiteeeteeteeseeeseeeseesteestesssssaeesaeesasesssenesensssssssssssssesseessesnsesnees 13
3.3.  DISCUSSION OF THE COMMUNITY SCENARIO PROCESS, INCLUDING LESSONS LEARNED AND OUTLOOK........cc.ccu..... 15
3.3.1. R LT 1ol W D (= Te] 1 o] 1S 15
3.3.2. INSHIUIONAI CONSIABIALIONS. ...ttt ettt e et e et e et e st e st e st e st e s eaaesanes 16

REFERENCES ....oueeeeeeeiiiccceeeteeesssscsssesseeessesssssssssesessssssssssssssessesssssssssssessssssssssssseessessssssssssesssesssssssssseeenssssssssnssseenssssssnnn 17

ANNEX 1: SCOPING NOTE ......oeeeeeeiiiiiiiinteeeteetscesrsneeeetessssssssssssesesssssssssssssssssssssssssssssessssssssssssssessessssssssssssssesssssnnnnsaes 20

ANNEX 2: AGENDAL......... oottt crreeree e eessssssseeeesessssssssssasesssssssssssseeesssssssssssseeessessssssnnseeessessssssnssseeesessssssnnnnnes 22

ANNEX 32 ABSTRAUTS ..o oieiiiciieeetttticserseneeeeeesssssssssssseesssssssssssssesssesssssssssseessessssssssssesssessssssssssesssssssssssssssessessssnnnnaee 27

ANNEX 4: BREAKOUT GROUP REPORTS.....cccotiiiiiiieetttetiiccsrnneeeeesseessssssssseessessssssnsssesssessssssssssessssssssssssssssssssssssnnnsaes 42

ANNEX 5: PARTICIPANT LIST ...coeiiiiiiiiiiiieiietiisiccsssssseeesssssssssssssessssssssssssssseessssssssssssssessssssssssssssesssssssssssssssessssssssnnssnes 53

IPCC Expert Meeting on Scenarios - vii






1. Recommendations from the meeting

The main outcomes of the IPCC Expert Meeting on Scenarios are two sets of high-level
recommendations: one for the Intergovernmental Panel on Climate Change (IPCC) and one for the
research community. The recommendations build upon experiences from assessing scenarios for the
IPCC’s Fifth Assessment Report (AR5) as well as new information about scenarios that has recently
become available as a result of the ongoing community scenario process. A larger set of more
specific recommendations emerged during the meeting. These are reported in the body of this report.

1.1 Recommendations to the IPCC

I.  Scenarios should play a key role during the Sixth Assessment Cycle in improving the
integration of knowledge across the IPCC Working Groups.

a. An IPCC Special Report on the integrative use of scenarios across all three Working

Groups could facilitate a cohesive assessment of the relationship between mitigation,
adaptation and residual impacts from climate change in AR6 that goes beyond the
ARS. Participants considered two viable alternatives for the report:

i. A dedicated Special Report on Scenarios, assessing the literature on
integrated scenarios and their application to research questions involving
emissions, climate change, impacts, and response options, including
sustainable development linkages;

ii. A more broadly framed Special Report on the Interaction between Adaptation,
Mitigation and Sustainable Development with the integration of scenario-based
evidence across all three IPCC Working Groups at its core.

Possible challenges to such Special Reports were highlighted, including timing relative to the
sixth assessment cycle and the ongoing scenario related activities in the community, and the
workload imposed on scenario experts. The possibility of a Community-based Scenario
Assessment should be considered if no IPCC Special Report is commissioned (see also the
recommendations for the community further below).

b.

The integrative role of scenarios should be defined in the scoping process of the
ARG, particularly the scoping of the Synthesis Report.

With respect to the structure of the ARG report, joint WG chapters on scenario-related
issues with involvement of expert authors from all IPCC Working Groups could
enhance integration and help to overcome assessment barriers between the WGs.
Such joint chapters could be included in all three WG reports. The complementary
nature of joint chapters and the idea of a Special Report were highlighted. Involving
authors from other Working Groups in key chapters of the Working Group
assessments could be a pragmatic alternative to joint chapters.

A series of coordinated IPCC Expert Meetings, Workshops and co-sponsored
meetings could facilitate regular exchange of information and the planning of
scenario-related community research activities. This will be critical for the coordination
between IPCC Working Groups as well as between the IPCC and the scenario
research communities.

The new IPCC leadership should consider installing an “Author Scenario Group”
that would coordinate throughout the writing process of the AR6 cycle the use and
assessment of scenarios across the IPCC Working Groups, thus fostering enhanced
integration of scientific knowledge. This group would consist of authors from all three
IPCC Working Groups and coordinate with the on-going activities of the IPCC Task
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Group on Data and Scenario Support for Impacts and Climate Analysis (TGICA).?
Ideally, the establishment of such a group should already be considered during the
author nomination and selection phase of the ARG6.

The IPCC should support increasing participation of developing country
representatives in scenario development as well as scenario-related capacity building
activities. It is still difficult for many experts from developing countries to actively participate in
the scenario development process due to resource constraints or a lack of capacity.
Recognizing its limited institutional capacity for expanding beyond its core activities, the IPCC
should support developing country participation in scenario activities, for example, by co-
sponsoring scenario meetings and contributing to scenario-related capacity building activities
(including potential activities by TGICA).

The IPCC should pursue synergies with other organizations and assessment bodies
interested in scenario analysis. There is scope for the IPCC to enhance its coordination and
connections in the area of scenario analysis with other organizations such as National
Academies of Sciences or international research platforms like Future Earth. This should
involve the effective communication of research gaps identified in the IPCC assessment
process as well as challenges experienced by IPCC authors in the assessment. Closer
coordination with other assessment bodies/processes like the Intergovernmental Platform on
Biodiversity and Ecosystems Services (IPBES) or the Global Environmental Outlook (GEO)
should be explored to reap synergies with on-going IPCC assessments. In addition,
strengthening connections to these other intergovernmental platforms could help to better
connect climate change to a broader range of sustainable development objectives.

1.2 Recommendations to the scenario research community

The meeting identified a set of recommendations to the community on scenario-related research
priorities, which would be important to address for a comprehensive and more integrated
assessment of future scenarios in the ARG:

Fostering further bi-directional integration in scenario applications is a key priority in
the current phase of the scenario process. Outputs from the early stages of the scenario
process — particularly the RCPs and RCP-based climate simulations but also the broader set
of mitigation scenarios — provided a common thread through ARS5. However, important
elements like the shared socio-economic pathways (SSPs) and scenarios integrating socio-
economic and climate futures were still missing, making a stronger integration of scenario-
based research across research communities impossible at that time. Since then, SSPs have
become available and integrated studies are starting to emerge in the peer-reviewed
literature. Areas of research that require attention include:

a. Closing the loop between climate change, climate change impacts and adaptation as
well as mitigation scenarios in order to improve understanding of the relationship
between mitigation, adaptation and residual impacts at different levels of warming.

b. Understanding climate policies in the context of a broader set of sustainable
development objectives, including co-benefits and trade-offs for a range of
societal objectives. This is a requirement for learning about the opportunities and
challenges of climate policy in the context of developing countries.

c. Bridging spatial scales in scenario applications from the global to the regional and
local and vice versa. This requires further progress in the challenge of downscaling
global information for location-specific scenario research as well as upscaling local and
regional scenario information to the global level. It also implies a refinement of the
SSPs from global to regional, national and local scale.

% The future role of TGICA is the subject of an IPCC Expert Meeting in early 2016.
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d. Bridging time scales from the very short to the very long, such as exploring the
implications of short-term policy actions for the costs and feasibility of alternative long-
term climate goals (and socio-economic futures).

e. Making further progress in understanding how to explore outcomes of a larger number
of possible future forcing pathways, via pattern-scaling methods to represent
regional climate responses. Pattern scaling could be particularly useful in the
application of the SSP framework for comprehensive assessments of impacts,
adaptation and vulnerability for intermediate levels of climate change (e.g., beyond/in
between the RCPs).

f. Develop approaches that integrate qualitative (narratives) and quantitative scenario
information more effectively. This includes more systematic approaches to build
quantitative scenarios from narratives as well as the further integration of qualitative
and quantitative information that can be derived from the underlying narratives.

Improve the understanding of the propagation of uncertainties across the whole process
chain in climate change research and covering a wider scenario space.

A deeper integration across scenario communities (ESM, 1AV and IAM) for AR6 would greatly
benefit from an intermediate scenario assessment product. While an IPCC Special Report
could be considered, another possibility would be the organization of a scenario assessment
report within the scientific community.

Several process-related recommendations to the research community have been made:

A key priority for the community is to identify and clearly communicate key research
questions/gaps and their relevance. Coordinated international efforts are needed to address
these research gaps, with strong involvement from experts from all regions, including from
developing countries. A high-level paper describing a research agenda and key research gaps
could complement this effort.

To facilitate coordination and integration of scenario work, there is a need for a transparent
timeline for further development and application of the scenario framework with indications of
milestones and participants, including coordination between relevant scientific community
institutions.

Continued flexibility and openness of the scenario process needs to be ensured. This
includes the exchange of data and methods, the modularity of the scenario architecture so
that different parts can be used for different purposes as well as an encouragement to engage
a broader community of experts in the development of new scenario extensions.

A best practices guidance note for users of scenarios on the new scenario framework
would help foster widespread application. Guidance on how to link local/regional and sector-
based studies into the global scenario framework is needed.

Communicating the rather complex scenario framework to a non-expert audience is a

challenge. For this purpose, a communication strategy should be developed by the research
community.
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2. Scenarios in the IPCC Fifth Assessment Report (AR5)

2.1. Tracking progress - from Noordwijkerhout to AR5

Scenarios of future societal development, climate change, and other environmental change are an
essential ingredient to IPCC reports. They serve as the basis for evaluating future climate changes,
potential climate change impacts as well as socio-economic mitigation and adaptation pathways. In
2006, the IPCC decided to implement a new institutional setup for the development of Scenarios for
the preparation of the Fifth Assessment Report (AR5): rather than coordinating and approving new
scenarios itself, the process of scenario development and selection should be coordinated by the
research community with the IPCC playing a catalytic role.

At the IPCC expert meeting in Noordwijkerhout in 2007 Moss, Babiker et al. (2007) two essential
outcomes were achieved to jump-start the new community driven process: First, the community
identified four Representative Concentration Pathways (RCPs) to initiate the scenario process for the
integrated assessment of climate change, adaptation, mitigation and related impacts. These multi-gas
RCPs included scenarios that explore approaches to climate change mitigation in addition to the
traditional ‘no climate policy’ scenarios. The RCPs span a wide range of possible futures available
from the published scenario literature (see van Vuuren, Edmonds et al. 2011). Second, the scenario
process was fundamentally re-designed compared to earlier assessments. Rather than moving
sequentially from socio-economic scenarios to emission scenarios to radiative forcing scenarios to
climate projections and finally to impact, adaptation and vulnerability studies, a new “parallel process”
was designed to shorten the time required for producing a consistent set of climate, impact,
adaptation as well as mitigation scenarios (Figure 1). This parallel process consists of three phases:
1) the development of climate projections based on the RCPs; 2) the provision of Shared
Socioeconomic Pathways (SSPs) — defined as “reference pathways describing plausible alternative
trends in the evolution of society and ecosystems over a century timescale, in the absence of climate
change or climate policies” (O’'Neill, Kriegler et al. 2014: 387-388); and 3) an integration phase to
combine information from the climate models with the socio-economic pathways for the integrated
analysis of future climate changes. The optimistic view was that with this new parallel process, such
integrated scenarios across the different communities could be delivered in time for AR5 (Moss,
Edmonds et al. 2010).

In the end, not all phases of the process could be completed in time for AR5. Despite enormous
efforts and measurable progress in the development of new scenarios for climate change analysis,
the objective of using them as an integrating element of the assessment reports of the three IPCC
Working Groups was not fully realized. The RCPs were provided (van Vuuren, Edmonds et al. 2011)
and climate projections have been developed in the multi-model project CMIP5 (Taylor, Stouffer et al.
2012) and assessed in the IPCC WGI AR5 (IPCC 2013). More than 1000 new mitigation scenarios
were submitted for the WGIII assessment by the community (IPCC 2014), but without the envisioned
set of new socio-economic scenarios and vulnerability storylines. The vast majority of impact and
vulnerability studies in the literature available for the assessment in AR5 were still based on the
SRES scenarios with some notable exceptions (e.g. Huber, Schellnhuber et al. 2014; Nelson, Valin et
al. 2014; Warszawski, Frieler et al. 2014).

Still, many parts of the process-chain depicted in Figure 1 have continued to develop during the AR5
cycle and some of the elements have been emerging since or are now slowly emerging. A series of
workshops and meetings led to the design of a new scenario framework (Ebi, Hallegatte et al. 2014;
Nakicenovic, Lempert et al. 2014; O’'Neill, Kriegler et al. 2014) and the identification of main
characteristics of the Shared Socioeconomic Pathways (SSPs). While the conceptual framework for
the new scenarios has been firmly established and published in a special issue of Climatic Change
(Ebi, Hallegatte et al. 2014), the socio-economic storylines and quantitative drivers for the so-called
Shared Socio-economic Pathways (SSPs) have only recently been published are just beginning to be
applied (see Section 2).
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Figure 1 — The new parallel scenario process: original timeline and status of work. Extension of
original Figure by Moss et al. (2010).

2.2. Key achievements, challenges and lessons learned

Scenarios played a key role in the Fifth Assessment of the IPCC in all Working Groups (IPCC 2013;
IPCC 2014; IPCC 2014) as well as the synthesis report (IPCC 2014). This Section summarizes key
issues highlighted in the Working Group presentations on Day 1 of the meeting and the subsequent
Break-out Group discussions.

2.2.1. Experiences in Working Groups

A range of scenarios were used in the WGI AR5 assessment (IPCC 2013). These scenarios were
highly dependent on the specific purpose and research question addressed. By far the largest part of
climate change projections over the 21* century from comprehensive climate models assessed was
based on the set of four multi-gas Representative Concentration Pathways (RCPs) and post-2100
extensions of the RCPs, the so-called ECPs. Other scenarios considered in the WGI AR5 include the
non-mitigation SRES emission scenarios and more ’'academic’ CO2-only or radiative forcing
scenarios. The WGI AR5 assessment of projected climate change covered both physical and
biogeochemical quantities in all components of the climate system and addressed both
anthropogenically-forced changes and natural internal variability and potential changes thereof in a
warming climate. Climate model outputs from scenario simulations also provided crucial input to the
assessment of a number of key metrics in the Earth System central for the understanding of the
anthropogenic perturbation of the climate system such as the Equilibrium Climate Sensitivity (ECS),
the Transient Climate Response (TCR), or the Transient Climate Response to Cumulative CO2
Emissions (TCRE). Similarly the scenario-based climate model output was crucial for the assessment
of the current understanding of key Earth System processes and feedbacks (e.g., feedback
mechanisms linking the carbon cycle and the climate system).

The WGI AR5 assessment of scenario-based model outputs revealed a number of scenario-related
issues that complicated the task of the WGI author teams, such as the setup of the RCPs as
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concentration pathways and the resulting focus on concentration-driven climate runs and the change
from SRES to RCPs scenarios when moving from the Fourth Assessment Report (AR4) to AR5
(Rogelj, Meinshausen et al. 2012). This hampered a comprehensive climate-carbon cycle feedback
analysis. In addition, the late delivery of scenario information to the climate modelling community also
caused substantial problems. Incorrect and incomplete forcings or deviations from ’true, observed
forcing since 2005 further complicated the assessment of recent climate change, comparison with
observed climate change, and also the evaluation of near-term projections, where the separation of
forcing biases and climate response biases is crucial.

In conclusion, scenarios played a key role in the WGI AR5 in not only the assessment of climate
change projections but also in the assessment of key Earth System metrics and in the understanding
of fundamental Earth System processes and feedbacks. This is not expected to be different in the
Sixth Assessment Report (AR6). The knowledge gain, however, in terms of understanding the climate
system is small for yet another set of similar scenarios. More targeted scenarios to address specific
science questions should thus be a priority for the WGI science community.

The WGII AR5 (IPCC 2014) features multiple sets of global scenarios, spanning from the 1S92 and
SRES scenarios to the RCPs and SSPs. In addition, the assessment considers numerous regional
and analysis-specific scenarios in evaluating available evidence on climate change impacts,
adaptation, and vulnerability. Usage of scenarios in the WGII ARS reflects a “generation gap” in that
most references to the RCP scenarios pertain to physical climatic changes, rather than a complete
integration of these scenarios into the available impacts literature. Diversity is a theme across the
scenarios landscape of the WGII report — diverse experimental methods in relevant scientific
research, both scenario-based and not, along with diverse methods of integrating lines of evidence
relevant to climate change risk. Scenarios underpin assessment in the WGII AR5 in several
fundamental ways. First, scenario-based projections of changing climatic hazards are used to provide
context for assessed sensitivity, adaptive capacity, vulnerability, and risk in human and natural
systems. Second, the WGII AR5 assesses SRES-based analyses of impacts, along with more limited
RCP-based analyses. Third, a variety of non-scenario-based approaches are used to explore
implications of different socioeconomic futures and of non-climate dimensions that shape risk,
providing a backdrop for interpreting scenario-based projections. Given the diversity of scenario-
based and non-scenario-based evidence in the WGII AR5, an integrative approach in the assessment
was necessary to provide a full picture of changing climate-related risks and their implications for
people and ecosystems. Throughout, this approach reflects the need for expert judgment in
evaluating real-world consequences, such as for observed impacts as well as future key risks and
global-perspective reasons for concern, and for effective communication of assessed research.

About 1200 new mitigation scenarios were the backbone of the Working Group 1l contribution to AR5
spelling out the technological, economic and institutional requirements of alternative long-term
mitigation goals (IPCC 2014). These scenarios explicitly explored the impact of delaying mitigation
activities until up to 2030 and limiting technology portfolios. Harmonized climate and temperature
outcomes of mitigation scenarios could be provided for the first time using the simplified climate
model MAGICC (Meinshausen, Raper et al. 2011). Enabled by a series of five scenario meetings
within the AR5 cycle, substantial progress was made in integrating diverse sets of cross-sectoral and
sectoral information from the literature. Nevertheless, this process also highlighted limits of what can
be done within an IPCC assessment. Any deeper integration would require more proactive efforts
already undertaken within the peer-reviewed literature/ scientific community. This would be desirable
to link the assessment of the individual sectors even tighter into the overall picture. Similarly, there
were big advances in assessing climate policy in the context of other, non-climate objectives: co-
benefits and adverse side-effects of individual mitigation measures were systematically evaluated, but
they could mostly characterize mitigation pathways qualitatively in other sustainable development
dimensions. Broadening mitigation scenarios to explicitly consider non-climate objectives is an
important research gap arising from WGIII ARS.
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2.2.2. Experiences at the interfaces between the Working Groups

Most of the attention during the meeting was given to the interlinkages between the Working Groups
and the underlying model chain between the ESM, IAV and IAM communities. A first breakout group
session was devoted to these interlinkages.

There was a general thread throughout the discussions that there is both a need and substantial
room for deepening scenario integration in AR6 across the model chain. The AR5 cycle suffered
particularly at the interfaces from the incomplete scenario process: For example, the delay in the
generation of SSPs led to a strong focus in the literature assessed by Working Group Ill on scenarios
with little systematic socio-economic variation. Most scenario-based IAV studies used SRES
scenarios that reach back to TAR. WG1 AR5 based most of the results on CMIP5. These had a
series of consequences, but above all the impossibility of directly closing the model chain and
achieving a more consistent scenario-based assessment of climate change, its impacts at different
levels of warming and under alternative socio-economic circumstances as well as available human
response options in terms of mitigation and adaptation.

The interface between Working Group | and Working Group Il, on the one hand, had to grapple with
the delays that arise in the literature from passing on results down the model chain. The WGII AR5
based its IAV assessment largely on publications using SRES scenarios along with a range of other
scenario and non-scenario-based methods. It recognized the new RCP CMIP5 results in WG1 AR5
but had relatively few impact studies based on the CMIP5 data. In contrast, WG1 AR5 based most of
its results on publications assessing climate, carbon cycle and even chemical compositions derived
from CMIP5. On the other hand, going from global to regional climate changes and a fine-scaled
understanding of differential risks and impacts presents a scientific challenge for climate change
impact assessments. This challenge entails integration of Working Group | and Il data, assessment of
both qualitative and quantitative evidence, limited availability of quantitative information on future
exposure and vulnerability, propagation of uncertainties along the chain of climate change to impacts
to responses, and deep uncertainties about the future, especially regarding possible socioeconomic
trajectories and their implications for future risks and responses.

At the interface between Working Groups Il and Il the differential costs of mitigation at different levels
of warming could not be matched with estimates on differential climate impacts in different sectors as
well as the costs of adaptation due to fundamental incommensurability of different metrics, limits to
quantifying future impacts and adaptation potential, gaps in the literature, and lack of integration
across the model chain. This also meant a lack of good damage cost estimates, which could enable
an important form of integration across the Working Groups in this area. Similarly, a lack of literature
on the trade-offs between adaptation and mitigation did not allow for a more comprehensive policy
assessment in AR5.

At the interface between Working Group | and Ill, there was a feeling that many things went very well
in AR5 and that a tighter integration could be achieved than in previous assessments. Radiative
forcing provided an effective interface between scenarios in these two Working Groups, where
Working Group | successfully assessed climate outcomes including the underlying climate system
uncertainty and Working Group Ill contributed an assessment of socio-economic uncertainty.
Transparency over systematic differences between detailed Earth System Models used in Working
Group | and the simplified climate model MAGICC used in Working Group Il was established through
systematic result comparisons. Broad consistency in assessment results was ensured through the
harmonization of the assessment methodology. Despite all advances, there was a common
understanding among experts involved in this AR5 work that too many ad-hoc solutions had to be
undertaken to make-up for a lack of harmonization early on in the process where it would have been
most effective.

2.2.3. Lessons learned and future outlook
Closing the model chain across Working Groups in AR6 is a requirement for deepening scenario
integration. Some of the key issues have already been highlighted in Section 1 of this report. Other

issues include:
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VI.

VILI.

VIII.

There is urgent need for getting the diverse and broad IAV community even deeper involved
in the on-going scenario-related community process, most importantly CMIP6 and its
diagnostics. This closer integration at the community level might be a precondition for deeper
integration in IPCC assessments. The input to CMIP6 for the IAV community is an urgent
matter as it ends at the start of 2016 and still must go through the IAV Advisory Board or
possibly other MIPs. CORDEX is a multi-model CMIP-like effort that had the goal of delivering
IAV-usable climate change data.

To facilitate cross-Working Group interlinkages, there is also a need for better understanding
of the quality and nature of climate-model data informing evaluations. This may imply the need
to describe the data and which data sets are suitable to address a specific research question.
Increasing such an understanding will also crucially depend on the ability to establish bi-
directional conversations across communities.

Further improvements in the communication between the IPCC Working Groups during the
whole assessment process will be instrumental to deepen integration of scenario-related
contents. Two options were mentioned:

a. Experts from one Working Group could be directly involved in the writing of the
assessment in other Working Groups;

b. There is a need for further intensifying cross-Working Group review processes to
enhance consistency.

Adaptation and mitigation scenarios need to be more tightly linked to allow for a more
comprehensive exploration of policy options. There were doubts that the current Working
Group structure is optimal in fostering such integration. A special report on adaptation and
mitigation interactions might be helpful.

Integrated assessment models today seem better prepared compared to the beginning of AR5
to deal with climate change impacts, but important issues remain:

a. More links between economic growth and sustainability need to be explored and a
multi-objective framework should be more fully embraced.

b. There is a need to further reflect on baseline development and create various
baselines, e.g. with and without climate change impacts as well as other sustainable
development objectives.

A further strengthening of cross-scale linkage and a continued integration of researchers from
all regions and regional to local case studies is important for a more comprehensive synthesis
of scenario evidence.

For interpreting scenario-based results, rigorous and sophisticated expert judgments will
continue to be important in understanding future risks and responses. For example, complex
multi-step interactions, paired with substantial heterogeneity through space and time, will
continue to typify future risks and responses, challenging complete representation in modeling
efforts and highlighting the importance of applying judgments to the evidence. The AR5
advanced approaches for, and identified challenges in, applying expert judgments to scenario-
based evidence through calibrated uncertainty language and through defined criteria of
evaluation, establishing a basis for further developing assessment methodologies in the AR6.

In ARG, there is a need to continue to prioritize actionable and accessible communication of
the assessment of scenario-based results, in order to maximize their impact and relevance.
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3. Status of the community scenario process

The meeting provided the opportunity to present and to obtain feedback from major community
activities. A strong focus was given to the recent progress in the development of the (quantitative and
qualitative) Shared Socio-economic Pathways (SSPs). This included in particular quantitative socio-
economic and demographic projections of the SSPs as well as new (preliminary) IAM scenarios for
energy, land, and greenhouse gas emissions. The latter scenarios were made available explicitly for
community review shortly before the IPCC expert meeting. The meeting also provided the opportunity
to present ongoing activities of the climate science community that utilize scenarios on different
spatial and temporal scales, and discuss ways of linking these activities to the scenario process.

In the remainder of this section, we first present a brief overview of the main concepts of the scenario
framework, followed by a brief summary of new SSP products that have become available since ARS5.
We then summarize plans of the climate science community for using the SSP Scenarios as part of
CMIP®6, describe a number of important ongoing activities to extend the SSPs as well as activities to
develop regional and sectorial scenarios and link them to the global SSP process, and discuss
additional user needs for scenario-related analyses.

3.1. The new scenario framework - a brief overview

This section draws heavily upon main concepts of the scenario framework which have been
extensively documented in the Special Issue of Climatic Change (Ebi, Hallegatte et al. 2014; Kriegler,
Edmonds et al. 2014; Nakicenovic, Lempert et al. 2014; O’Neill, Kriegler et al. 2014; Vuuren, Kriegler
et al. 2014). The new community scenario framework has been designed to facilitate the
development of integrated scenarios based on combinations of climate model projections,
socioeconomic conditions, and assumptions about climate policies. A key feature of the framework is
that it can be used across the research community like a toolkit to develop scenarios and to conduct
assessments based on a set of comparable assumptions and with shared logic and narrative.

The framework is organized along a matrix whose dimensions represent key determinants of
uncertainty in outcomes. The two main axes of the matrix (see Figure 2a) describe on the one hand
the climate outcomes (e.g., represented by the RCPs) and on the other hand the shared socio-
economic pathways (SSPs). The latter describe alternative possible future developments of the
society in terms of, for example, vulnerability, but also drivers of emissions and land use. In general,
the SSPs aim to characterize the dominant socio-economic factors affecting the capacities to mitigate
emissions or undertake adaptation measures, and serve as a common reference point for introducing
climate impacts and climate policies in vulnerability, impacts and adaptation studies and integrated
assessment studies (see Figure 2b). Each cell of the scenario framework matrix can be populated by
studies which share important socio-economic characteristics as well as the expected climate change
- allowing thus the systematic assessment of comparable results across a variety of studies from
different parts of the research community.

The presentations at the meeting focused in particular on most recent results of the second axis of
the scenarios matrix - the SSPs. The SSPs describe plausible alternative trends in the evolution of
society and natural systems. They describe a set of global reference futures with very different socio-
economic challenges for mitigation and adaptation. The SSPs have been structured along these
challenges to allow for broad sensitivity analyses of mitigation and adaptation policies to underlying
socio-economic factors. They consist of an underlying narrative that describes the main
characteristics of the global future in qualitative terms, and projections of key development indicators
such as population (including its age, sex and educational structure), urbanization and economic
growth. They are used, among other things, to derive quantitative scenarios that describe the
evolution of future energy and land use and associated greenhouse gas emissions using detailed
integrated assessment models of the global energy-land-economy system.
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3.1.1. Developments since AR5: Shared Socio-economic Pathways (SSPs)

Since the AR5, results from major SSP community activities have become available. These include
particularly the main elements of the SSPs; a set of narratives (O’Neill, Kriegler et al. 2016) and a set
of quantified internally consistent measures of socio-economic development (Crespo Cuaresma
2016; Dellink, Chateau et al. 2016; Jiang and O’Neill 2016; Kc and Lutz 2016; Leimbach, Kriegler et
al. 2016). In addition, preliminary scenarios based on integrated assessment models were under
community review during the Expert Meeting and are expected to be published by spring 2016. For
an overview of the SSPs and related products, see Riahi et al. (2016). These results were derived in
an open community process involving researchers and institutions from the climate modeling, IAV,
and integrated assessment modeling communities in a series of meetings, workshops and community
review processes.

In sum five SSPs have been formulated, covering four possible combinations of low and high
challenges for mitigation with low and high challenges to adaptation (see Fig. 2b), plus a central case
of middle-of-the-road challenges to both mitigation and adaptation. While the formulation of the
underlying narratives of these SSPs were guided by the objective to produce the desired combination
of socio-economic challenges to mitigation and adaptation, their actual construction was based on
consistent combinations of key dimensions of socio-economic development such as human,
technological and economic development, lifestyles and environmental concern. We provide a brief
summary of these narratives below.

a) b)
Shared Socio-economic Pathways N
SSP1 SSP4 SSP2 SSP3 SSP5
| * ssps: % SSP3:
S5 >< >< >< >< I .é Fossil-fueled Development Regional rivalry
= =Tl >8 Wim2 = Taking the highway A rocky road
IE J 5964 Wim2 t =
E R — 6.7 - 8.1 Wim2 E
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. 8 Middle of the Road
£ 45 g
B * ; ; : @
S 1 Climate Policy Scenarios = K SSP1: Y ssP4:
1 = Sustainability Inequality
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Figure 2 - Overview of basic SSP concepts. Panel a) shows the SSP scenario matrix, including
preliminary results for the forcing outcomes of five SSP baseline reference cases that can be used for
climate policy analyses. Panel b) shows the combination of challenges to adaptation and to mitigation
that are assumed to characterize each of the five SSPs. SSPs with higher baseline GHG emissions
and thus higher radiative forcing are generally characterized also by higher challenges for mitigation.
Note that results are preliminary only (Sources: O’Neill, Kriegler et al. (2016); Riahi, van Vuuren et al.
(2016))

SSP1: Sustainability — Taking the Green Road (Low challenges to mitigation and adaptation)

The world shifts gradually, but pervasively, toward a more sustainable path, emphasizing more
inclusive development that respects perceived environmental boundaries. Management of the global
commons slowly improves, educational and health investments accelerate the demographic
transition, and the emphasis on economic growth shifts toward a broader emphasis on human well-
being. Driven by an increasing commitment to achieving development goals, inequality is reduced
both across and within countries. Consumption is oriented toward low material growth and lower
resource and energy intensity.
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SSP2: Middle of the Road (Medium challenges to mitigation and adaptation)

The world follows a path in which social, economic, and technological trends do not shift markedly
from historical patterns. Development and income growth proceeds unevenly, with some countries
making relatively good progress while others fall short of expectations. Global and national
institutions work toward but make slow progress in achieving sustainable development goals.
Environmental systems experience degradation, although there are some improvements and overall
the intensity of resource and energy use declines. Global population growth is moderate and levels
off in the second half of the century. Income inequality persists or improves only slowly and
challenges to reducing vulnerability to societal and environmental changes remain.

SSP3: Regional Rivalry — A Rocky Road (High challenges to mitigation and adaptation)

A resurgent nationalism, concerns about competitiveness and security, and regional conflicts push
countries to increasingly focus on domestic or, at most, regional issues. Policies shift over time to
become increasingly oriented toward national and regional security issues. Countries focus on
achieving energy and food security goals within their own regions at the expense of broader-based
development. Investments in education and technological development decline. Economic
development is slow, consumption is material-intensive, and inequalities persist or worsen over time.
Population growth is low in industrialized and high in developing countries. A low international priority
for addressing environmental concerns leads to strong environmental degradation in some regions.

SSP4: Inequality — A Road Divided (Low challenges to mitigation, high challenges to
adaptation)

Highly unequal investments in human capital, combined with increasing disparities in economic
opportunity and political power, lead to increasing inequalities and stratification both across and
within countries. Over time, a gap widens between an internationally-connected society that
contributes to knowledge- and capital-intensive sectors of the global economy, and a fragmented
collection of lower-income, poorly educated societies that work in a labor intensive, low-tech
economy. Social cohesion degrades and conflict and unrest become increasingly common.
Technology development is high in the high-tech economy and sectors. The globally connected
energy sector diversifies, with investments in both carbon-intensive fuels like coal and unconventional
oil, but also low-carbon energy sources. Environmental policies focus on local issues around middle
and high income areas.

SSP5: Fossil-fueled Development — Taking the Highway (High challenges to mitigation, low
challenges to adaptation)

This world places increasing faith in competitive markets, innovation and participatory societies to
produce rapid technological progress and development of human capital as the path to sustainable
development. Global markets are increasingly integrated. There are also strong investments in
health, education, and institutions to enhance human and social capital. At the same time, the push
for economic and social development is coupled with the exploitation of abundant fossil fuel
resources and the adoption of resource and energy intensive lifestyles around the world. All these
factors lead to rapid growth of the global economy, while global population peaks and declines in the
21° century. There is faith in the ability to effectively manage social and ecological systems, including
by geo-engineering if necessary.

The first step of the quantification of the SSPs was to translate the narratives into an internally
consistent set of scenario drivers, comprising the population, economic and urbanizations trends of
the SSPs.

The demographic projections of the SSPs (Kc and Lutz 2016) are based on the methods of multi-

dimensional mathematical demography to project national populations based on alternative
assumptions on future, fertility, mortality, migration and educational transitions that correspond to the
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five SSP storylines. By differentiating the human population not only by age and sex—as is
conventionally done in demographic projections—but also by different levels of educational
attainment, the SSP projections go a significant step beyond past population scenarios in the IPCC
context. Nevertheless, the total population estimates across the SSPs differ considerably in the long
term by almost a factor of two, ranging between 6.9 billion in 2100 in SSP1 to 12.6 billion in SSP3.

The SSPs depict also significant differences in urbanization. SSPs 1 and 5 assume a fast
urbanization, SSP2 a central, and SSP3 slow urbanization across all countries in the world. SSP4,
which is a more fragmented world, assumes either fast or medium urbanization across countries with
different incomes. The methods and logic of the SSP urbanization trends are summarized in Jiang
and O’Neill (2016).

Three groups (Crespo Cuaresma 2016; Dellink, Chateau et al. 2016; Leimbach, Kriegler et al. 2016)
developed alternative economic projections of the SSPs. The GDP projections are based on
harmonized assumptions for the interpretation of the SSP storylines in terms of the main drivers of
economic growth. They differ, however, with respect to the employed methodology and outcomes.
While the projections by Dellink et al. (2016) were selected as ‘illustrative’ and are also used for the
development of the SSP energy and land-use scenarios, it is recommended to use as many GDP
projections as possible to test the sensitivity of the study results due to different GDP assumptions. In
the Dellink et al. (2016) projections, GDP per capita differs widely across the SSPs. Growth of
GDP/cap over the century is about a factor of two in the more pessimistic SSP3 world to a growth of
more than a factor of 10 in the high-income world of SSP5.

The socio-economic information of the SSPs has been used as input for the development of the IAM
scenarios, which constitutes another important milestone of the continuing scenario development
process. The IAM scenarios are developed for a reference case without climate policy and climate
change impacts to serve as a counterfactual reference point for mitigation policy analysis, climate
impact and adaptation analysis, or the joint analysis of mitigation, adaptation and climate impacts. It
is important to note that imposing mitigation policies or adaptation measures into the reference case
can fundamentally change the development pattern between the SSP reference and policy scenarios,
particularly concerning emissions, energy and land use change.

In total six IAM teams including FEEM, IIASA, PBL, NIES, PIK and PNNL participated so far in the
SSP scenarios development process. Each SSP has been implemented thus by multiple IAM models,
and there are alternative interpretations from different IAM models for each of the SSPs. For each
SSP, a so-called Marker Scenario was thus selected from the available model interpretations. The
marker scenarios can be interpreted as representatives of the specific SSP storyline. In addition,
during the development of the different markers, emphasis was put on providing a consistent
interpretation across the different SSPs.

The preliminary IAM scenarios showed wide ranges of alternative development pathways in terms of
magnitude as well as structure of the future energy system. In addition, the scenarios differed widely
with respect to land-use change assumptions and corresponding developments ranging from high
deforestation (SSP3) to worlds with focus on sustainability and thus a trend-reversal towards
afforestation globally (SSP1). In terms of climate outcomes, the radiative forcing in the baseline
counterfactual scenarios span a range of between about 5 to slightly more than 8.5 W/m?. A finding
from the preliminary scenarios is thus that not all SSPs will actually lead to high forcing levels
comparable to RCP8.5. From the perspective of the SSP mitigation scenarios another interesting
finding was that (due to specific policy assumptions and the characteristics of some of the SSPs) very
low forcing levels of, for example, RCP2.6 might not be attainable in all SSP worlds. However, it was
noted that in some the SSPs even lower forcing levels might be feasible.

While the focus of the SSPs on challenges to mitigation and adaptation allows for a more systematic
exploration of uncertainties relating to climate policies, the SSPs can also be useful in other contexts
relating more broadly to sustainable development (O’Neill, Kriegler et al. 2016). This is due to the fact
that socio-economic challenges to mitigation and adaptation are closely linked to different degrees of
socio-economic development and sustainability. Thus, the SSPs can be applied to the analysis of
sustainable development problems without specific reference to mitigation and adaptation challenges
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even though these challenges were the starting point for their design. It is, of course, possible that a
backcasting approach that took broader sustainable development rather than climate change
challenges as a starting point would yield a somewhat different set of SSPs. To this end, the
approach taken here for climate change research may provide a useful example for the development
and use of new scenarios in sustainable development research.

As indicated earlier, at the time of the Expert Meeting, the IAM scenarios were still under public
review. Shortly after the meeting, the IAM teams introduced changes in order to reflect the feedback
from the Expert Meeting as well as the public review phase. The community has been working
towards publication of the final quantitative SSP projections (including drivers as well as I1AM
scenarios) in a special issue of the Journal of Global Environmental Change. The issue will cover the
marker interpretations of the SSPs. Important next steps for the future needs to include establishing
processes and infrastructures (e.g., by establishing new and extending current community
databases) that would allow implementation of the SSPs by other modeling teams in the community.

Development from 2000 to 2100 Scenario Ranges in 2100
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Figure 3 - Comparison of CO2 emissions from fossil fuels and industry across preliminary SSP
baseline scenarios and other scenario sets assessed by the IPCC (RCPs, SRES, 1S92, and full range
of AR5 WGl scenarios). Note that the results of the SSPs shown here are preliminary and reflect the
status of the SSP IAM scenarios presented at the Expert Meeting. Source: Riahi, van Vuuren et al.

(2016)

3.2. An overview of other on-going and planned community activities
(CMIP6, applications of SSP framework, regional and sectoral studies)

A number of additional activities are ongoing or planned that would use the SSP-based IAM
scenarios of emissions and land use to drive climate model simulations, use the SSPs in a variety of
regional and sectoral applications, and extend the SSPs to provide additional socioeconomic
information and link them with regional scenarios. The workshop also provided a platform to discuss
regional scenario activities, most of which were conceived independently of the new scenario
process, to explore potential linkages between those activities, and to identify user needs.
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The Scenario Model Intercomparison Project (ScenarioMIP) is an activity that is part of Phase 6 of the
Coupled Model Intercomparison Project (CMIP6) and will plan and coordinate global climate model
simulations of SSP-based scenarios. The main objectives of this activity as it relates to the scenario
process are to (1) facilitate integrated research leading to a better understanding not only of the
physical climate system consequences of these scenarios, but also of the climate impact on societies,
including considerations of mitigation and adaptation; and (2) provide a basis for addressing targeted
science questions regarding the climate effects of particular aspects of forcing relevant to scenario-
based research, such as land use and emissions of short-lived climate forcers. The preliminary
ScenarioMIP design presented at the meeting consists of six 21%-century scenarios grouped into two
tiers by priority (O'Neill, Tebaldi et al. 2015).° The scenarios combine SSPs with particular radiative
forcing outcomes in 2100, and include scenarios that would update each of the current RCPs as well
as two scenarios that would fill in gaps between RCP pathways, leading to about 7 W/m? or 3.4 W/m?
in 2100. In addition, the second tier also includes an overshoot scenario in which a peak in radiative
forcing occurs in the 21% century, additional ensemble members for one of the 21 century scenarios,
and three long-term extensions that begin from the end points of two of the 21 century scenarios and
extend to 2300.

SSPs have already begun to be applied in sectoral and regional studies. For example, the Inter-
Sectoral Impacts Model Intercomparison Project (ISIMIP) is a large activity including more than 95
models of mainly biophysical impacts exploring the consequences of climate change for water,
agriculture, and other sectors. In phase 1, population and in some cases GDP projections from a
subset of SSPs were used in some analyses (Schellnhuber, Frieler et al. 2014; Warszawski, Frieler et
al. 2014), and phase 2 may draw on additional socioeconomic information. The Agricultural Model
Intercomparison and Improvement Project (AgMIP) is extending SSPs to provide additional detail
about variables relevant to the agricultural sector (Nelson, Valin et al. 2014; Rosenzweig, Elliott et al.
2014). These Representative Agricultural Pathways (RAPs; Valdivia, Antle et al. (2015)) provide
information needed by biophysical and economic models of the agricultural sector to carry out
scenario analyses. They are also serving as the basis for linking global pathways and scenarios to
regional agricultural assessments that are part of AgMIP.

In addition to AgMIP, a number of other activities are exploring how to relate regional and global
scenarios to each other. For example, an assessment for the US southeast is taking the approach of
developing nested versions of SSPs (primarily qualitative; Absar and Preston (2015)). In contrast, and
assessment for Brazil is developing narratives along axes of environmental and social development,
and then mapping the resulting storylines to SSPs. In addition, the Artic Council’'s assessment of
Adaptation Options for a Changing Arctic is investigating the use of SSPs to inform regional scenario
development for some Arctic sub-regions.

Additional activities are extending the SSPs to include additional information useful to impact,
adaptation, and mitigation studies. For example, activities are underway to develop global spatial
population projections that are consistent with the national level population projections associated
with each SSP (Jones and O'Neill 2016). Similarly, six different research groups are working on
developing sub-national income distribution projections consistent with SSPs, taking a variety of
different approaches (e.g., Rozenberg and Hallegatte 2015). There is interest in adding indicators of
governance to the SSPs, such as metrics of armed conflict or of democracy, and initial work has been
undertaken on extending the SSP narratives to include a richer description of health conditions (Ebi
2013).

® Note that shortly after the expert meeting it was decided to explore also the possibility of a Tier 3 scenario for
forcing levels below 2.6 W/m?.
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3.3. Discussion of the community scenario process, including lessons
learned and outlook

The workshop gave ample room to participants to reflect and comment on the status of the
community scenario process and other ongoing scenario activities, user needs and recommendations
for the future. To this end, three break-out groups on scientific gaps and recommendations for High
Priority Activities in Future Scenario-related Research Activities with a focus on (i) sustainable
development goals and policy, (ii) impacts and local / regional scenarios and (iii) climate science were
held on the second day of the meeting, and another break-out group on recommendations to the
research community was held on the third day. A summary of the discussion in these breakout
groups can be found in the Appendix of this report. The insights from the break-out groups were
presented to the plenary and discussed by all participants.

Listed below is a collection of key points that emerged from the discussions in the break-out groups
and the plenary. Those points were distilled in a list of recommendations to the community included in
Section 1 of the report.

3.3.1. Research Directions

I.  There is a strong need to better integrate impacts, adaptation and mitigation in the analysis to
capture synergies and trade-offs between mitigation and adaptation. The stated objective of
the scenario framework to facilitate such integration is catering to this need.

[I. SDG climate linkages, including co-benefits, need to become a stronger focus of future
research. The question was raised to what extent the new scenario framework could also
facilitate this research, given the fact that the SSPs take socio-economic challenges to
address climate change as entry point. It was confirmed that they also touch upon many
factors influencing sustainable development prospects, and thus provide the opportunity for a
systematic assessment of the SDGs across different socio-economic futures and their
linkages to climate change mitigation and adaptation policies. To this end, the opportunities
and limitations of the scenario framework and the SSPs to embed climate change in a broader
sustainable development context should be further explored, and possible additions and
extensions to the framework and the SSPs that would further facilitate such research be
identified.

[ll.  Next steps should involve the quantitative and qualitative assessment of the SDGs in the
context of inequality and burden sharing using IAMs and other tools. Better exploring the link
to SDGs will potentially require engaging in complementary bottom-up activities (which would
be informed by national and subnational policies relevant for SD) and exploring additional
dimensions beyond climate change. Promising areas to start might be air pollution, water
quality, energy access and the development of oceans and fisheries, including ocean
acidification.

IV. Bridging scales: Integrating scenarios: short vs long-term, local/global,
impacts/mitigation/adaptation, climate policy/SD perspective. Need better methods for
embedding local knowledge in scenarios.

V.  The design of the matrix requires more research on pattern scaling in order to be able to
assess intermediate climate levels (in between RCP/SSPs).

VI.  More attention to adaptation
VIl. A number of suggestions concerning additional scenarios were made, including
a. Linking INDC and cumulative carbon budget in the SSPs

b. 2C and 1.5C scenarios
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c. Scenarios with longer time horizon beyond 2100
d. More regional disaggregation (drivers and responses)
e. Geoengineering & SSPs

f. Alternative scenarios are needed for investigating the effect of different ozone/air
pollution futures, in particular “consistent” changes in multiple forcers.

g. Alternative scenarios are needed for investigating the effect of different land use
futures, in particular the effects of albedo, non-CO2 emissions, forest fires, etc.

3.3.2. Institutional considerations

VI.

Continued and increased efforts are needed to ensure that the new scenario process and the
use and extension of the SSPs is as flexible and open as intended. The process should be
structured so that regional, sectoral, etc. studies can be taken up even if they were not
conceived within the context of the new scenario architecture from the start. Finding good
ways to link diverse scenario work to the SSP framework will enhance flexibility and openness
of the process and facilitate global integration of studies.

Broad regional patrticipation in the scenario process is a pre-requisite for regional relevance,
accuracy and legitimacy of scenario studies. To this end, participation of researchers
particularly from developing countries needs to be increased. For example, higher
participation of developing country scientists may allow for more explicit representation of
equity and poverty dimension of the scenarios. An effective tool to elicit broader regional
participation and integrate global and regional scenario work may be regional scenario
workshops and/or a regular scenario forum to keep momentum and to enable work on critical
extensions.

Open access to relevant scenario data, and underlying sources, including open source
models, will be a key element in ensuring broad participation and integration of available
information. The public SSP database on socio-economic driver projections and IAM
scenarios, on RCPs, and on CMIP5 climate projections are important elements, but an
enhanced data infrastructure to collect more scenario related data, including input data, SSP
extensions, and climate impact and policy analyses would greatly facilitate a synthesis of
available information. A dedicated and coordinated effort to combine / develop high resolution
and multi-dimensional SSP extensions on a global scale would be highly desirable.

The framework is designed as a toolkit for “scenario developers”. Given the high level of
complexity, complementary activities for communication of the framework to the academic
user are needed. An important communication tool could be a collection of good practice
guides, protocols and methods on topics like integrating impacts, adaptation and mitigation,
and linking local, regional and global scenario studies.

There is need to better communicate the needs and opportunities of the community driven
scenario process to potential users, including societal actors and the policy community. A
high-level paper on these needs, challenges, and opportunities of the scenario process may
be an effective communication tool in this respect.

Many actors and community institutions conduct and facilitate scenario applications in climate
change research. To enable the new scenario framework to act as an integrating and
synthesizing device, coordination between these actors and institutions is needed. An initial
step could be to map ongoing and planned scenario activities, and identify potential synergies
and linkages to the new scenario process.
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Background

Long-term scenarios of future societal development, climate change, and other environmental change
are an essential ingredient to IPCC reports. They serve as the basis for evaluating potential climate
change impacts as well as socio-economic mitigation and adaptation pathways. In 2006, the Panel
decided to implement a new institutional setup for the development of long-term scenarios for the
preparation of the Fifth Assessment Report (AR5): rather than coordinating and approving new
scenarios itself, the process of new scenario development should be coordinated by the research
community. The IPCC has catalyzed the development and assessed the results from the new
scenarios in AR5.

At the IPCC expert meeting in Noordwijkerhout in 2007, the community identified four Representative
Concentration Pathways (RCPs) as an initial step to jump-start the scenario process for the
integrated assessment of climate change, adaptation, mitigation and related impacts. The research
community designed the “parallel process” (Moss et al., 2010) for the development of new scenarios,
comprising three main phases: 1) the development of climate projections based on the RCPs; 2) the
provision of Shared Socioeconomic Pathways (SSPs); and 3) and an integration phase to combine
information from the climate models with the socio-economic pathways for the integrated analysis of
future climate changes.

So far, the RCPs were completed (van Vuuren et al., 2011) and climate projections have been
developed in the multi-model project CMIP5 and assessed in the IPCC WGI AR5. A series of
workshops and meetings led to the design of a new scenario framework (O’Neill et al., 2013) and the
identification of main characteristics of the Shared Socioeconomic Pathways (SSPs). While the new
scenario framework has been firmly established and published in a special issue of Climatic Change
(Ebi et al., 2014), various streams of activities are still underway (or near completion) to provide
qualitative and quantitative information on the SSPs. In addition, the development of Integrated
Assessment Model (IAM) scenarios based on the SSPs is currently being completed. A number of
different impact assessments have used preliminary versions of the SSPs for different impact studies.

Despite enormous efforts and measurable progress in the development of new scenarios for climate
change analysis, the objective of using them as an integrating element of the assessment reports of
the three IPCC Working Groups was not fully realized. The RCPs were produced in time for use in
the new climate change projections (CMIP5) to be assessed by Working Group |, while associated
socio-economic scenarios had not been published for inclusion in the ARS5.

Expert meeting objectives

After completion of the Fifth Assessment Report, and reflecting the division of labor in the
development of long-term scenarios, the IPCC intends to continue the dialogue with the research
communities in a timely manner. This expert meeting on scenarios is to facilitate this dialogue, to take
stock on the achievements of the process during the AR5 cycle, to share available information across
scientific communities, and to discuss the role of scenarios in future IPCC products.

With the organization of the meeting, the IPCC intends to bring together scientific groups with diverse
expertise and backgrounds to share their experiences and expectations related to the scenario
community activities.

The three main objectives of this expert meeting are:

1) Assess the use of scenarios of climate change and/or societal development in the three AR5
Working Group reports and the Synthesis report, with the goal to identify needs for improving the use
of common scenarios in climate change research to allow a more integrated assessment of
mitigation, adaptation, and climate change impacts across the entirety of IPCC work in the future.

IPCC Expert Meeting on Scenarios - 20



Annex 1: Scoping Note

2) Evaluate progress and research achievements from the scenario framework activities around the
RCPs and the SSPs. The focus will be on the current status of the development of new socio-
economic scenarios, including the development of narratives, quantifications of SSPs, related |IAM
scenarios as well as early applications to mitigation, adaptation, and climate change impacts
analysis. The meeting provides the opportunity for sharing information on recently completed
scenario products that are ready for use by the research community and for identifying gaps and
needs for producing the relevant literature in order to allow a more integrated assessment of
scenarios in future work of the IPCC.

3) Based on above stock-taking, the experts will discuss the possible role of scenarios in future IPCC
products, and particularly, how the IPCC can facilitate the community scenario process to make
progress towards new and fully integrated scenarios.
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MONDAY, 18 MAY 2015
8:15 Shuttle bus departure from Albertinaplatz to IIASA (2 buses)
9:00-9:30 Welcome from host
Theater Pavel Kabat, Director General and Chief Executive Officer, [IASA
Room Nebojsa Nakicenovic, Deputy Director General, IIASA
Opening Remarks from IPCC
Ismail El Gizouli, Acting Chair, IPCC
Introduction and meeting objectives
Keywan Riahi, Director, Energy Program, IIASA
(9:30-11:00)  plenary Session 1: Use of Scenarios in the IPCC AR5
Chairperson: Youba Sokona
The aim of this session is to take stock and to explain how scenarios were used in the
IPCC Fifth Assessment Report (AR5) across the different Working Group (WG)
contributions. Which questions were addressed by the scenarios? How did the
scenarios and their use in AR5 differ from earlier IPCC assessments? Did scenarios
facilitate integration across the WGs and in the AR5 Synthesis Report? How can the use
of scenarios be improved for future IPCC assessments?
9:30-10:00 Scenarios in the AR5 for the assessment of future climate change projections
Gian-Kasper Plattner
10:00-10:30  Scenarios in the AR5 for the assessment of impacts, adaptation, and vulnerabilities
Chris Field/ Vicente Barros/ Katharine J. Mach
10:30-11:00 Scenarios in the AR5 for the assessment of climate change mitigation
Ottmar Edenhofer
11:00-11:30 Coffee break

(11:30-15:45)

Plenary Session 2: The RCP/SSP Framework for Integrated Climate
Change Research

Chairperson: Nebojsa Nakicenovic

This session provides a comprehensive introduction of the Shared Socioeconomic
reference Pathways (SSPs), including the overall framework and concepts; the basic
elements of the SSPs (socio-economic drivers) as well as representative SSP scenarios.
Which SSP products are available, how can they be used, where are we in the “parallel
process”, and what are the next steps? In this session attention will also be given to
Shared Policy Assumptions (SPAs), which characterize the mitigation and adaptation
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11:30-11:50

11:50-12:10

12:10-12:35

12:35-13:15

13:15-14:15

14:15-14:35

14:35-14:55

14:55-15:15

15:15-15:45

15:45-16:00

16:00-17:30

17:30-18:30

18:30
Oval Room

21:00
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policies at work.

Introduction to the RCP/SSP framework: main concepts and process (including SPAs)

Detlef van Vuuren

SSP Narratives
Elmar Kriegler

Overview of the SSP-based quantitative projections and the use of SPAs

Keywan Riahi
Discussion: Q&A
Lunch (at the venue)

Basic elements: socioeconomic projections of the SSPs (economic development,
demographic change, and urbanization)
Rob Dellink

Energy transformations following alternative SSPs

Nico Bauer

SSP Land use projections
Kate Calvin

Discussion of the SSP quantifications

Coffee break and departure into breakout groups

Breakout Group (BOG) Session 1: Interactions between IPCC WGs

This BOG session will review integration efforts through scenarios across IPCC Working
Groups during AR5. What worked well and what did not? Why? What are critical
scenario-related user and assessment needs given the experience in AR5?

Plenary: Reporting back from BOGs with brief Q&A

Social Event hosted by Pavel Kabat, Director General and Chief Executive Officer,
1IASA

Shuttle bus departure from IIASA to Albertinaplatz
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TUESDAY, 19 MAY 2015

8:15 Shuttle bus departure from Albertinaplatz to IIASA (2 buses)

(9:00-10:40)  Plenary Session 3: The Use of Scenarios in Future Climate
Projections by ESMs
Chairperson: Claudia Tebaldi
The aim of this session is to inform the community about ongoing activities and plans of
using scenarios (and particularly the SSPs) in the climate model intercomparison project
CMIPS6.

9:00-9:20 CMIP6 — an overview of activities
Veronika Eyring

9:20-9:40 Use of scenarios in ScenarioMIP and related MIPs: LuMIP & AerchemMIP
Brian O’Neill

9:40-10:00 Downscaling of CMIP6 for regional climate modeling: experiences from CORDEX
Claas Teichmann

10:00-10:40 Discussion

10:40-11:10 Coffee Break

(11:10-13:00)

11:10-11:30

11:30-11:45

11:45-12:00

Plenary Session 4: Ongoing SSP-related Community Activities,
including Sectoral and Regional Extensions for IAV and IAM
Analysis

Chairperson: Mercedes Bustamante

The aim of this session is to report some of the ongoing activities to extend the SSPs for
impacts, adaptation, vulnerability, and mitigation assessments.

Sectoral and Cross-sectoral Applications in ISI-MIP
Hermann Lotze-Campen

Overview of AgMIP activities
John Antle

Regional AgMIP activities
Sabine Homann-Kee Tui
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12:00-13:00

13:00-14:00

(14:00-18:00)

(14:00-15:00)

14:00-14:10

14:10-14:20

14:20-14:30

14:30-15:00

15:00-15:15

15:15-17:00

17:00-18:00

18:00
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Panel on “Extensions for improved impacts, adaptation, vulnerability, and mitigation
assessments (3 minute statements)”:

Socio-economic heterogeneity: Bas van Ruijven

Spatial population projections: Bryan Jones

Development & Climate: Marc Levy

Health: Kris Ebi

SSPs for South America: Ana-Paula Aguiar

SSPs for the U.S. and the Arctic: Ben Preston

Lunch (at the venue)

Plenary Session 5: The User Perspective - Assessment of “Needs”
from Future Scenario-based Research Activities

Chairperson: Ben Preston

The aim of this session is to identify priority activities for further development and use
of the scenario framework in the future. Resulting recommendations should focus on
possible improvements that would enable a better assessment of scenarios in future
IPCC reports.

Short Plenary Talks
Scenario needs by the broader policy community
Jim Skea

Climate Science
Piers Forster

Local and regional scenario-based research
Kendra Gontangco
Discussion and instructions for BOGs

Coffee break and departure into breakout groups

BOG Session 2: Scientific Gaps and Recommendations for High Priority
Activities (development and use) in Future Scenario-related Research
Activities

This BOG session aims to identify key knowledge gaps and research priorities. The
discussion should be guided by the question what would enable a better assessment of
scenarios in the IPCC in the future.

Plenary: Reporting back from BOGs including Q&A

Shuttle bus departure from IIASA to Albertinaplatz
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WEDNESDAY, 20 MAY 2015

8:15

(9:00-17:00)

(9:00-9:50)

9:00-9:30

9:30-9:40

9:40-9:50

9:50-10:00

10:00-12:00

12:00-13:00

13:00-14:30
14:30-17:00

17:00

Shuttle bus departure from Albertinaplatz to IIASA (2 buses)

Plenary Session 6: Possible Role of Scenarios in Future IPCC
Products, and of the IPCC in the Continuing Scenario Process

Chairperson: Keywan Riahi

This session focuses on the future role of scenarios in the IPCC; different options for the
IPCC to support the scenario process; and IPCC products that could be useful to enable
an integrated assessment of future impacts, adaptation, vulnerabilities, and mitigation.
The aim of the session is to develop concrete recommendations for the IPCC as well as
the scenario development process within the research community.

Brief panel presentations on “The role of scenarios in IPCC and IPCC in
scenarios”

The IPCC perspective (four brief talks, each 5 min)
WGI/II/III/TGICA Co-Chairs

Milestones: products, processes, activities until 2020
Elmar Kriegler

Synthesis of the meeting, objectives of day 3
Brian O’Neill

Grab a coffee on your way to the BOGs

BOG Session 3: On the Future Role of the Scenarios in the IPCC -

Required Processes, Options, and Possible Products.
This BOG session is arranged around two sets of overarching questions to derive
recommendations to the IPCC and the research community:

BOG1: Recommendations to the IPCC

How can the IPCC facilitate the scenario process? How can the IPCC make best use of
scenario-based research?

BOG2: Recommendations to research community

What are the research priorities for the scenario process? What are needed elements of
the process to support this work?

Plenary: Reporting back from the breakout groups including Q&A

Lunch
Plenary: Discussion & conclusions

Shuttle bus departure from IIASA to Albertinaplatz
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Scenarios in the WGI AR5 for the assessment of future climate change projections
Gian-Kasper Plattner', Thomas F. Stocker'? , and Qin Dahe®*

(1) IPCC WG Technical Support Unit, University of Bern, Switzerland
(2) Co-Chair IPCC WG, Climate and Environmental Physics, Physics Institute, University of Bern, Switzerland
(3) Oeschger Center for Climate Change Research, University of Bern, Switzerland
(4) Co-Chair IPCC WG, China Meteorological Administration, Bejing, China

Climate change scenarios and climate projections have been a cornerstone of the Working Group |
(WGI) contributions to each of the past Assessment Reports (ARs) of the Intergovernmental Panel on
Climate Change (IPCC). This was also the case for the most recent IPCC Fifth Assessment Report
(AR5) published in 2013/2014 where scenarios formed the basis for all climate change projections
assessed in the WGI ARS.

Scenarios in the WGI AR5

A range of scenarios were used in the WGI AR5 assessment. These scenarios were highly
dependent on the specific purpose and research question addressed. By far the largest part of
climate change projections from comprehensive climate models assessed was based on the set of
four Representative Concentration Pathways (RCPs). The multi-gas RCPs include scenarios that
explore approaches to climate change mitigation in addition to the traditional ‘no climate policy’
scenarios. The RCPs were run for the 21st century in different setups by a hierarchy of climate
models (i.e., concentrations- or emission-driven).

The WGI AR5 also includes assessments of longer term climate changes beyond 2100, some of
which are based on post-2100 extensions of the RCPs, the so-called ECPs, others on simpler
extensions assuming constant or zero emissions, constant forcing, or constant climate. Other
scenarios considered in the WGI AR5 include the non-mitigation SRES emission scenarios and more
'‘academic’ CO.-only or radiative forcing scenarios (e.g., 1%, 2% per year increase in CO,
concentration, etc.)

The WGI AR5 assessment of projected climate change based on scenarios covers both physical and
biogeochemical quantities in all components of the climate system (i.e., atmosphere, land surface,
cryosphere, ocean), and addresses both anthropogenically-forced changes and natural internal
variability and potential changes thereof in a warming climate. Variables assessed in climate change
scenario simulations include, for example, radiative forcing, temperature, precipitation, sea level,
climate extremes, radiation, clouds, sea ice, snow cover, permafrost, atmospheric and oceanic
circulation patterns and climate phenomena (i.e., ENSO, Monsoon, other modes of variability), but
also atmospheric chemistry and biogeochemical variables, in particular relevant to the carbon cycle
(e.g., the permissible carbon emissions for a specified concentration-scenario or carbon sinks and
sources, etc.).

Climate model outputs from scenario simulations provided crucial input to the assessment of a
number of key metrics in the Earth System such as the Equilibrium Climate Sensitivity (ECS), the
Transient Climate Response (TCR), or the Transient Climate Response to Cumulative CO,
Emissions (TCRE). These metrics are central for the understanding of the anthropogenic perturbation
of the climate system and were all highlighted in the high-level document of the WGI AR5, the WGI
Summary for Policymakers. Similarly, the scenario-based climate model output was crucial for the
assessment of the current understanding of key Earth System processes and feedbacks (e.g.,
feedback mechanisms linking the carbon cycle and the climate system).

Scenario-related Issues in the WGI AR5

The WGI AR5 assessment of scenario-based model outputs revealed a number of scenario-related
issues that complicated the task of the WGI author teams. Two of the most critical issues were (i) the
setup of the RCPs as concentration pathways and the resulting focus on concentration-driven climate
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runs and (ii) the change from SRES to RCPs scenarios when moving from the Fourth Assessment
Report (AR4) to ARS.

On (i), even though conceptually different (prescribed concentration/forcing rather than emissions),
the modeling process for AR5 was very similar to AR4. However, the focus on concentration-driven
scenarios limited the assessment of the uncertainty in climate change projections. In particular, the
assessment of contributions of uncertainties related to the carbon-cycle, the conversion from
emissions to concentrations, and the carbon cycle response to climate change to the overall
uncertainty range was difficult. This was a major difference to the WGI AR4 assessment and
complicated comparability of climate change projections in AR5 and AR4.

On (ii), the change from the SRES approach in the AR4 to the RCP approach in the AR5 lead to the
situation that scenarios and models were updated at the same time. This also complicated the
assessment and the comparability with earlier assessments with limited gain in terms of
understanding of climate science or the climate response to forcings, except for the case of the very-
strong mitigation scenario RCP2.6.

In addition, the late delivery of scenario information to the climate modelling community also caused
substantial problems. For example, the First and Second Order Drafts of the WGI AR5 were based on
very little climate model data that arrived very late and limited a comprehensive and in-depth
assessment at that stage. Incorrect and incomplete forcings or deviations from ’true, observed
forcing since 2005 further complicated the assessment of recent climate change, comparison with
observed climate change, and also the evaluation of near-term projections, where the separation of
forcing biases and climate response biases is crucial.

Cross-WG Exchanges and Scenarios in AR5

The coordinated scenario process with the community-derived RCPs and the fifth phase of the
Coupled Model Intercomparison Project Phase 5 (CMIP5) by the World Climate Research
Programme (WCRP) facilitated the use of scenario-based information in the AR5 and the cross-WG
exchanges and consistency in assessment in the ARS5.

Within the AR5, the assessment of climate change projections along with the production of the WGI
ARS Atlas of Global and Regional Climate Projections helped to ensure cross-WG consistency in the
assessment of scenario-based climate change results. The Atlas Advisory Board included a WGII
Coordinating Lead Author of the Regional Context Chapter throughout the process. To ensure early
and efficient dissemination of the Atlas, WGI made available electronic data files underlying the Atlas
to the WGII and WGIII author teams as of the WGI Second Order Draft. Consistency between WGI
and WG| projections was substantially helped by the application and evaluation of the same simple
climate model. In addition, the few designated Contributing Authors that were engaged in more than
one WG had a key role in ensuring cross-WG consistency. Those few experts provided invaluable
contributions to the entire AR5—from the author teams of the three WGs to the Synthesis Report.
The designated Contributing Authors approach thus should be continued and strengthened in future
assessment cycles.

Overall, however, cross-WG consistency in the AR5 was limited by the change from SRES to RCPs
from AR4 to AR5. There is, and always will be, a lag in the availability of scientific studies when
moving from physical climate change to impacts for a new set of scenarios. Many of the scientific
studies available for the assessment by WGII still used the older SRES scenarios and information for
the RCPs was not available. A comprehensive and consistent end-to-end assessment across WGs
based on the RCPs was thus not possible in AR5.

Thoughts on Future Assessments

Scenarios played a key role in the WGI AR5 in not only the assessment of climate change projections
but also in the assessment of key Earth System metrics (i.e., ECS, TCR, TCRE, etc.) and in the
understanding of key Earth System processes and feedbacks. This is not expected to be different in
the Sixth Assessment Report (AR6). However, the knowledge gain—in terms of understanding the
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climate system—is small for yet another set of similar scenarios. More targeted scenarios to address
specific science questions should thus be a priority for the WGI science community.

An important consideration when discussing plans ahead of AR6 will be about consistency in
scenarios used for climate change projections with AR5. Changing scenarios and climate models at
the same time substantially complicates the WGI assessment of physical climate change as well as
the comparability with earlier assessments. Using (parts of) the same set of core scenarios (RCPs)
again for AR6 would alleviate many of the problems of assessment gaps inherent in AR5 within WG
as well as between WGI and WGII. Scenarios and scenario setups are needed that permit
quantification and integration of climate—carbon cycle feedbacks in climate change projections.
Finally, regionalization of emission scenarios and their use in comprehensive global models would be
a valuable and timely expansion for the AR6.

In summary, a closer cross-WG scenario coordination should be initiated early in the process during
ARG to help further improved cross-WG consistency in ARG. It's however very clear that scenarios
serve so many purposes in an IPCC assessment that it will be impossible to pick a few to be run in
comprehensive climate models that would satisfy all needs and wishes across the WGs. The process
of scenario development, selection and delivery to the climate modelling community will thus be
crucially important for the success of the next assessment cycle. A detailed plan and schedule for
future scenario development should therefore be communicated across communities early in AR6.

Scenarios in the ARS for the assessment of impacts, adaptation, and vulnerabilities
Chris Field, Vincente Barros? and Katharine J. Mach?®

(1) Co-Chair IPCC WG, Carnegie Institution, Stanford University, USA
(2) Co-Chair IPCC WG, Ciudad Universitaria, Argentina
(3) IPCC WGI Technical Support Unit, Carnegie Institution, Stanford University, USA

The WGII AR5 features multiple sets of global scenarios, spanning from the 1S92 and SRES
scenarios to the RCPs and SSPs. In addition, the assessment considers numerous regional and
analysis-specific scenarios in evaluating available evidence on climate change impacts, adaptation,
and vulnerability. Usage of scenarios in the WGIlI AR5 reflects a “generation gap” in that most
references to the RCP scenarios pertain to physical climatic changes, rather than a complete
integration of these scenarios into the available impacts literature. Diversity is a theme across the
scenarios landscape of the WGII report — diverse experimental methods in relevant scientific
research, both scenario-based and not, along with diverse methods of integrating lines of evidence
relevant to climate change risk.

Scenarios underpin assessment in the WGII AR5 in several different ways. First, scenario-based
projections of changing climatic hazards are used to provide context for assessed sensitivity,
adaptive capacity, vulnerability, and risk in human and natural systems. For example, projected
climate velocities under different RCP scenarios are juxtaposed with the maximum speeds at which
species can move, within WGII Figure SPM.5, to elucidate differential sensitivities of species across
landscape types. In WGII Assessment Box SPM.1 Figure 1, projected warming under RCP 8.5 versus
RCP 2.6 emphasizes the substantial risk increases that could be seen across global reasons for
concern under continued high emissions. Second, the WGII AR5 assesses SRES-based analyses of
impacts, along with more limited RCP-based analyses. Examples highlighted within the WGII
Summary for Policymakers and Technical Summary include projections of the redistribution of
fisheries catch potential, of shifting exposure to flood hazards, and of changes in crop yields. Third, a
variety of non-scenario-based approaches are used to explore implications of different socioeconomic
futures and of non-climate dimensions that shape risk, providing a backdrop for interpreting scenario-
based projections. For instance, a nuanced look at intersecting axes of inequality that shape
differential risks underscores the complexities of impacts that will affect communities and countries at
all levels of development.
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Given the diversity of scenarios in the WGII AR5, an integrative approach in the assessment is
necessary to provide a full picture of changing climate risks and their implications for people and
ecosystems. Throughout, this approach reflects the need for expert judgment in evaluating real-world
consequences and for effective communication of assessed research. The WGII AR5 places a focus
on risk in a changing climate. Building from this focus, a prominent example of integrative
assessment in the report is the evaluation and communication of key risks relevant to danger from
climate change. A conceptualization of the climate challenge, which can span across the full suite of
scenario and non-scenario-based research methodologies, supports the key risk assessment:
responding to climate change is a challenge in understanding, managing, and reducing risks, in which
we will need to reckon with committed climate change in the near term, at the same time that our
choices about mitigation will shape our climate options in the longer term. This assessment considers
changing risk levels and adaptation potential across time frames for adaptation and mitigation
benefits. The approach integrates across future scenarios, also considering which scenarios are more
versus less likely. The key risk assessment provides a fine-scaled communication of risks that
deserve the fullest measure of society’s attention, for different sectors and regions. And it enables a
global view of risks emerging across individual sectors and regions and of overarching reasons for
concern.

Scenarios in the WGII ARS highlight priorities for future research and assessment. In interpreting
scenario-based projections, an important question is the degree to which past trends and sensitivity
to climate can provide a guide for the future, a future in which climate and societies will be changing
simultaneously. Additionally, the human dimensions remain important — how will people perceive and
respond to risk, with implications for future outcomes? To what degree might societies and
development switch scenarios? The complex multi-step interactions, paired with substantial
heterogeneity through space and time, that typify future vulnerability, adaptation, and risk will
continue to challenge research and assessment. These complexities lead to a continuing need for
rigorous expert judgment in assessing possible futures.

Scenarios in the AR5 for the assessment of climate change mitigation
Prof. Ottmar Edenhofer’

(1) Co-Chair IPCC WGIIII, Potsdam Institute for Climate Impact Research (PIK), Potsdam, Germany

Scenarios of socio-economic development can serve as tools to explore alternative mitigation
pathways and the associated technological, economic, sectoral and institutional requirements. For
the Working Group Il contribution to the IPCC’s Fifth Assessment Report, scenarios enabled the
analysis of different mitigation goals, the influence of technological limitations or delayed mitigation,
the interplay of mitigation across sectors and politically relevant aspects like the future application of
carbon dioxide removal technologies or co-benefits of mitigation. Further advances where made in
the consistent representation of climate information across integrated assessment models as well as
their linkage to climate information from complex climate models assessed in Working Group |. While
scenarios did span a wide scenario space, the unavailability of shared socio-economic pathways
(SSPs) did hinder a more systematic discussion of alternative futures. Challenges for AR6 are
twofold: One key aspect is the systematic evaluation of climate mitigation scenarios in the context of
sustainable development and the identification of synergies and trade-offs with other societal
objectives The other key challenge for the scientific community and future assessments is to close
the loop between climate, impacts and adaptation as well as mitigation scenarios in order to improve
the understanding of the relationship between mitigation, adaptation and residual impacts at different
levels of warming and to quantify differential impacts and differential costs.
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Introduction to the RCP/SSP Framework: Main Concepts and Process (including SPASs)
Detlef van Vuuren'

(1) Netherlands Environmental Assessment Agency (PBL), The Netherlands

This presentation will introduce the scenario matrix architecture that underlies a framework for
developing new scenarios for climate change research. Scenario analysis is often used in climate
research and assessment as a tool to explore and evaluate the extensive uncertainties associated
with possible future development pathways. In order to facilitate integration across the different
research communities associated with climate research and to support assessment activities to
support policy-making, there is a need for 'common' scenarios that are shared among the different
research communities. The matrix architecture has been design to develop such common scenarios
specifically addressing key questions related to current climate research and policy-making:
identifying the effectiveness of different adaptation and mitigation strategies (in terms of their costs,
risks and other consequences) and the possible trade-offs and synergies (van Vuuren et al., 2014).
The two main axes of the matrix are: 1) the level of radiative forcing of the climate system (as
characterized by the representative concentration pathways (van Vuuren et al., 2011)) and 2) a set of
alternative plausible trajectories of future global development (described as shared socio-economic
pathways (O’Neill et al., 2014)). The framework allows users assess the costs and benefits of
different climate policies for a large range of different conditions (Kriegler et al., 2014). The matrix can
be used to guide scenario development at different scales. It can also be used as a heuristic tool for
classifying new and existing scenarios for assessment.

Key elements of the architecture, such as the storyline of the shared socio-economic pathways and
the quantification of economic and demographic drivers, land use, energy use and emissions are
elaborated in other presentations during the workshop.
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Narratives for the Shared Socioeconomic Pathways (SSPs)
Elmar Kriegler', Brian O'Neill?

(1) Potsdam Institute for Climate Impact Research (PIK), Potsdam, Germany
(2) National Center for Atmospheric Research (NCAR), Boulder, Colorado, USA

The presentation will give an overview about a core component of the Shared Socio-economic
Pathways (SSPs; Kriegler et al., 2012; O’Neill et al., 2014): the SSP narratives, a set of five
qualitative descriptions of future changes in demographics, human development, economy and
lifestyle, policies and institutions, technology, and environment and natural resources (O’Neill et al.,
2015) We describe the methods used to develop the narratives as well as how these pathways are
hypothesized to produce particular combinations of socio-economic challenges to mitigation and
adaptation. The narratives are intended as a description of plausible future conditions at the level of
large world regions that can serve as a basis for integrated scenarios of emissions and land use, as
well as climate impact, adaptation and vulnerability analyses.
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Overview of the SSP-based quantitative projections and the use of SPAs
Keywan Riahi’

(1) International Institute for Applied System Analysis (IIASA), Laxenburg, Austria

This talk presents an overview and summary of the quantitative projections of the so-called Shared
Socio-economic Pathways (SSPs). The SSPs are part of the new scenario framework, which the
climate change community has established in order to facilitate the integrated analysis of future
climate impacts, vulnerabilities, adaptation, and mitigation. The framework is built around a matrix
architecture, and combines future climate information with different socio-economic pathways (SSPs).
The pathways were developed over the last years as a joint community effort and describe main
global developments that together would lead in the future to different challenges for mitigation and
adaptation to climate change. In this paper we provide an overview of the main components of the
SSPs. Specifically, Riahi presented how five SSP narratives were translated into quantitative
descriptions for key scenario drivers, such as population, economic growth, and urbanization. These
projections comprise the basic elements of the SSPs and have been further used for the
development of integrated scenarios, which elaborate the SSPs in terms of energy system and land-
use changes as well as resulting air pollutant and greenhouse gas emissions and atmospheric
concentrations. The SSP scenarios consist of a set of baselines, which provide a description of future
developments in absence of new climate policies beyond those in place today, as well as mitigation
scenarios which explore the implications of climate change mitigation policies. A multi-model
approach was employed in order to quantify the SSP characteristics and their associated
uncertainties. Among the alternative model interpretations, so-called "marker" SSPs were selected as
representative of the specific SSP developments. The presentation provided a detailed account of the
different dimensions of the SSPs with. In addition to sharing information about the most recent SSP
developments, the aim of the talk was also to receive feedback from the community on preliminary
SSPs that were (at the time of the meeting) subject to public review. The talk concluded with
explaining some critical next steps for the community scenario process involving, among others,
regional and sectorial extensions of the SSPs, as well as employing the SSP scenarios with the new
generation of earth system models as part of the 6th climate model intercomparison project (CMIP6).

Basic elements: socioeconomic projections of the SSPs (economic development,
demographic change, and urbanization)
Rob Dellink'

(1) Organisation for Economic Co-operation and Development (OECD), Paris, France

The presentation "The socio-economic dimensions of the SSPs" covers the projections for the so-
called basic elements of the SSP projections. It first covers the assumptions and results for the
demographic aspects (KC and Lutz, 2014), by discussing how scenario-specific assumptions on
fertility rates, mortality rates and migration affect populations in different countries. It then couples
these population projections with assumptions on education levels to project education levels.
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The second subset of projections covers the economy (Dellink et al., 2014; Crespo Cuaresma, 2014;
Leimbach et al, 2014). Assumptions and projections are presented for GDP and per capita income
levels for various countries in the different SSPs. It highlights the role of technological development in
making future projections of economic growth.

Finally, the assumptions and projections for urbanization (Jiang and O’Neill, 2014) are shown.
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Energy transformations following alternative SSPs
Nico Bauer', Jéréme Hilaire', Oliver Fricko?, Kathrine Calvin®, Johannes Emmerling*®, Shinichiro
Fujimori®, Elmar Kriegler', Gunnar Luderer', Keywan Riahi?, Detlef van Vuuren’

(1) Potsdam Institute for Climate Impact Research (PIK), Potsdam, Germany
(2) International Institute for Applied System Analysis (IIASA), Laxenburg, Austria
(8) Pacific National Northwestern Laboratory (PNNL), Maryland, USA
(4) Fondazione Eni Enrico Mattei (FEEM), Italy
(5) Centro Mediterraneo dei Cambiamenti Climatici (CMCC), Italy
(6) National Institute for Environmental Studies (NIES), Japan
(7) Netherlands Environmental Assessment Agency (PBL), The Netherlands

The energy sector is crucial for the challenge to climate change mitigation. The Share Socio-
Economic Pathways (SSPs) formulate a diversity of scenarios that vary the challenge to mitigation
and what this implies for the corresponding energy sector pathways. We present the resulting
emission pathways under baseline assumptions and for achieving concentration targets and relate
these pathways to the underlying development of the energy sector. The differences are due to the
assumptions of final energy demand and primary energy supply. High challenges to mitigation are
induced by fast economic growth, if it induces high final energy demands and strong growth of liquid
fuels for the transportation sector because of material-intensive lifestyles. Also, high challenges to
mitigation can result in scenario of Regional Rivalry with slow technological progress, little
convergence and retarded modernization of the energy sector. Regional concerns about energy
security might limit the growth of fossil fuel trade and, hence, CO2 emissions. Small challenges to
mitigation can be induced in scenarios with strong technological growth and bias towards material
and energy productivity improvements as well as alternative energy technologies. In a scenario of
global Inequality the challenge to mitigation can also turn out to be small, because the uneven
economic growth and technological progress (incl. renewables and nuclear) only lead to limited
growth of final energy demand and CO2 emissions. The presentation aims at presenting the key
quantitative features of the energy sector pathways and clarifying what key assumptions are inducing
the variations for the challenges to climate change mitigation.
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Agriculture and Land Use in the IAM Quantification of the SSPs
Katherine Calvin'

(1) Pacific National Northwestern Laboratory (PNNL), Maryland, USA

Today, land-use and land-use change are responsible for approximately a quarter of global
greenhouse gas emissions, largely from tropical deforestation, methane emissions from livestock and
rice cultivation, and nitrous oxide emissions from livestock and fertilized soils (Tubiello et al., 2015).
But, the land system is also seen to contribute much to climate change mitigation in the future by
providing biomass for bioenergy, improved agricultural management and conserving or even
enhancing carbon stocks of ecosystems (Wise et al., 2009; Reilly et al., 2012; Popp et al., 2013). The
degree of both, future emissions but also mitigation potential of the land depends strongly on
uncertain trends in population growth, dietary changes, trade, possible demand for non-food products
such as bioenergy, future developments in agricultural yields and relevant policies. Over time, these
uncertainties may result in very different land-use patterns and associated emissions.

The SSPs provide 5 different stories of future socio-economic development, including possible trends
in agriculture and land use (O’Neill et al., 2015). Future emissions and carbon stock dynamics in the
land system are a function of complex interaction between all kinds of socio-economic factors,
including population dynamics, economic development, technological change, trade, cultural and
institutional changes and interaction with other sectors such as bioenergy demand for energy supply
and transport.

In this presentation, we will first present relevant aspects of the SSP framework for the land system.
Then, we will focus on possible future pathways for these drivers and their consequences on the land
system, associated emissions and mitigation potential in the SSPs.
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Coupled Model Intercomparison Project Phase 6 (CMIP6): an Overview of Activities
Veronika Eyring'

(1) Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Institut fir Physik der Atmosphére (IPA), Oberpfaffenhofen, Germany

The Coupled Model Intercomparison Project (CMIP) has been a major, very successful endeavour of
the climate community for understanding past climate changes and for making projections and
uncertainty estimates of the future in a multi-model framework. CMIP has developed in phases, with
the simulations of the fifth phase (CMIP5, Taylor et al. (2012)), mostly completed. In this talk | will
describe the new design and organization of CMIP and the suite of experiments of its next phase
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(i.e., CMIP6) with a focus on scenarios. A new aspect of CMIP6 is a more distributed organization
under the oversight of the CMIP Panel, wherein an ongoing framework, CMIP, including the so-called
Diagnostic, Evaluation and Characterization of Klima (DECK) experiments, is distinguished from a
particular phase of CMIP, now CMIP6 (Meehl et al., 2014). CMIP6 consists of the CMIP6 Historical
Simulation and additional experiments proposed by CMIP6-Endorsed Model Intercomparison Projects
(MIPs). The DECK will serve as an entry card for CMIP and will consist of the following four
simulations: (a) AMIP simulation (~1979-2014); (b) Pre-industrial control simulation; (c) 1%/yr CO,
increase, and (d) Abrupt 4xCO, run. The CMIP6 Historical Simulation will serve as the entry card for
CMIP6 and as a benchmark for CMIP6-Endorsed MIPs. The historical simulation (1850-2014) will use
the specific forcings consistent with CMIP6. The CMIP6 Historical Simulation has been introduced in
addition to the DECK to better separate CMIP from a specific Phase of CMIP. Future climate change
scenarios will be run as part of ScenarioMIP and complemented by additional future experiments
proposed by other CMIP6-Endorsed MIPs like the Coupled Climate Carbon Cycle MIP (C*MIP).
Additional and updated information on CMIP6 can be found at the CMIP Panel website at
http://www.wcrp-climate.org/index.php/wgcm-cmip/about-cmip. CMIP6.
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Use of scenarios in ScenarioMIP and related MIPs
Brian O’Neill’, Claudia Tebaldi? and Detlef van Vuuren®

(1) National Center for Atmospheric Research (NCAR), Boulder, Colorado, USA
(2) National Center for Atmospheric Research, USA
(8) Netherlands Environmental Assessment Agency (PBL), The Netherlands

Future scenarios of greenhouse gas emissions, concentrations, and land use based on the Shared
Socioeconomic Pathways (SSPs) will provide the basis for a number of experiments within the
Coupled Model Intercomparison Projection Phase 6 (CMIP6). Most of these experiments will be
carried out as part of the Scenario Model Intercomparison Project (ScenarioMIP), an activity whose
primary goal is to simulate future climate outcomes based on alternative plausible future scenarios. A
number of other MIPs will use simulations in ScenarioMIP as a basis for further experiments to
explore particular aspects of these scenarios. In particular, experiments focused on land use (within
LUMIP) and aerosols and atmospheric chemistry (within AerChemMIP) will be performed in
connection with ScenarioMIP scenarios. We present the goals and purposes of ScenarioMIP,
describe its experimental design, and outline links to other components of CMIP6, in particular LUMIP
and AerChemMIP.

ScenarioMIP’s goal of simulating plausible future scenarios serves three purposes. First, it is aimed to
facilitate integrated research leading to a better understanding of the interaction of climate change,
climate impact on societies, and response options including adaptation and mitigation. Second,
together with other MIPs, ScenarioMIP will provide a basis for addressing targeted science questions
regarding the climate effects of particular aspects of forcing relevant to scenario-based research. This
involves the effects of land use on climate at different levels of future forcing using scenarios with
alternative land-use assumptions (LUMIP) and the effect of substantially reduced aerosol
concentrations on regional and global climate (AerChemMIP). Third, ScenarioMIP will also provide a
basis for various international efforts that target improved methods to quantify projection uncertainties
based on multi model ensembles, taking into account model performance, model dependence and
observational uncertainty.
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The ScenarioMIP Scientific Steering Committee, in close collaboration with members of the
integrated assessment modeling (IAM) community, and with input from the impacts, adaptation, and
vulnerability (IAV) community, created an experimental design consisting of six scenarios of future
emissions and land use over the 21 century. The design also includes a large ensemble for one of
these scenarios, an additional overshoot scenario in which forcing increases beyond a target level
before later returning to it, and extensions of a subset of scenarios to 2300.

Moving forward, ScenarioMIP will continue to work other MIPs and with the IAM, IAV, and climate
modeling communities in order to facilitate the provision of emissions and land use information to
climate modeling groups running scenarios.

Downscaling of CMIP6 for Regional Climate Modelling: Experiences from CORDEX
Claas Teichmann'

(1) Max-Planck-Institut fir Meteorologie, Hamburg, Germany

The CORDEX vision is to advance and coordinate the science and application of regional climate
downscaling through global partnerships. The main goals of CORDEX are:

I.  To better understand relevant regional and local climate phenomena, their variability, and their
changes, through downscaling;
II.  To evaluate and improve regional climate downscaling models and techniques;
lll.  To produce coordinated sets of regional downscaled projections worldwide;
IV.  To foster communication and knowledge exchange with users of regional climate information.

In this presentation, | will give a short overview over the different CORDEX regions and the
organisational structure of CORDEX, in order to show how the CORDEX community tries to reach
these goals.

Sectoral and Cross-sectoral Applications in ISI-MIP
Hermann Lotze-Campen'

(1) Potsdam Institute for Climate Impact Research (PIK), Potsdam, Germany

The Fast Track of the Inter-Sectoral Impact Model Intercomparison Project (ISI-MIP, www.isi-mip.orQg)
provided multi-model projections of climate-change impacts in five sectors for the 21st century
(Warszawski et al. 2014, Piontek et al. 2014, Nelson et al. 2014).

Impact models were provided with pre-processed input data (climate and socio-economic data, based
on CMIP5, using the RCP scenarios, and SSPs), and a cross-sectorally-consistent modelling
protocol. Analyses were directed at understanding the impacts of different levels of global mean
temperature change, and the level and source of uncertainty in these projections (Hempel et al.
2013).

Over 30 global climate impact modelling groups participated in the Fast Track, providing impact
projections in the agriculture (including agro-economic models), water, ecosystems, infrastructure and
health sectors. A selection of papers based on ISI-MIP Fast Track results appeared in a special issue
of the Proceedings of the National Academy of Science (www.pnas.org/cgi/collection/global climate),
as well as other journals, and results were cited extensively in the IPCC ARS5. The impacts and pre-
processed climate data from the Fast Track are now available publicly via the ESGF server, and
continue to used for both sector-specific and cross-sectoral impacts studies.

The latest phase of ISI-MIP (ISI-MIP2) focuses on model validation and evaluation, in particular with
reference to the representation of the impacts of extreme weather and climate events. The resulting
analyses will be used to motivate improvements in the impacts models, and eventually give rise to
improved projections of future climate impacts. A set of focus regions has been chosen for ISI-MIP2,
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allowing for the participation of regional impact models, and the subsequent comparison of results
from regional and global models. Furthermore, models have now come on board from the fisheries,
permafrost and energy sectors, opening up new opportunities to investigate the interaction of impacts
across sectors (see www.isi-mip.org for more information).
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The Agricultural Model Inter-comparison and Improvement Project: Accomplishments and
Initiatives
John Antle’

(1) Department of Applied Economics, Oregon State University, Corvallis, Oregon, USA

This presentation provides an overview of AgMIP and its accomplishments during its first 5 years.
New initiatives are highlighted, including development of “next generation” models, and a coordinated
global-regional integrated assessment. The presentation also introduces the work by AgMIP on
“‘Representative Agricultural Pathways” and their linkages to the new global scenarios framework.

New Methods to Assess Climate Change Impacts, Vulnerability and Adaptation of Agricultural
Production Systems: The experience of AgMIP’s Regional Integrated Assessments in Sub-
Saharan Africa and South Asia
Roberto Valdivia', Sabine Homann-Kee Tui® Swathi Sridharan?, John Antle’

(1) Department of Applied Economics, Oregon State University, Corvallis, Oregon, USA
(2) International Crops Research Institute for the Semi-Arid Tropics

The climate change research community has recognized that new pathway and scenario concepts
are needed to implement impact and vulnerability assessment that is logically consistent across
global, regional and local scales (Moss et al., 2008, 2010; Kriegler, 2012; van Vuuren et al., 2012).
The most common challenge is that global models do not provide context-specific answers, while
scientists and decision makers require data and information about climate change, vulnerability,
adaptation, mitigation and impacts at the local scale. The Agricultural Model Inter-comparison and
Improvement Project (AgMIP) provides the link between global climate change projections and
sector-specific and regional pathways and scenarios (Antle et al., 2015; Rosenzweig et al., 2013).
AgMIP, through a trans-disciplinary process involving both scientists and stakeholders, is developing
Representative Agricultural Pathways (RAPs) for agricultural systems at both global and regional
scales. In addition to climate modeling, RAPs include bio-physical and socio-economic drivers,
associated capabilities, challenges and opportunities (Valdivia et al., 2015). RAPs can then be
translated as components of the AgMIP Regional Integrated Assessments (RIA) of climate
vulnerability and impacts.

Applying RAPs brings the following major benefits: First, the approach is based on the analysis of
entire agricultural systems (including farm and off-farm activities and is not focused on individual
crops). This inherently trans-disciplinary approach is based on the collaboration of scientists from
different disciplines, incl. climate, crops, livestock, economics, who design and implement research
with a focus on agricultural systems. Second, in contrast to previous approaches that have imposed
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future climate on models based on current socio-economic conditions, this approach incorporates
bio-physical and economic models to simulate a more plausible future world in which climate change
would be occurring. Third, adaptation packages can be designed with a level of context specificity
that is useful to researchers and decision makers, who influence investments in agricultural research
and development. Finally, the approach takes into account the heterogeneity of farm communities,
thus tailoring adaptation options to the needs and interests of specific farm types (Valdivia et al.,
2015).

This presentation will illustrate the use of RAPs and preliminary RIA results by the Crop Livestock
Intensification Project (AgMIP-CLIP; Masikati et al., 2015). Following this approach, the team
visualized scenarios and identified opportunities for the particular context of smallholder farmers in
semi-arid Zimbabwe. For instance, through this approach, better integration of crops and livestock
emerges as a pathway for reducing vulnerability to climate change while still allowing farmers to
capitalize on other socio-economic trends. One promising technology package consists of mucuna
maize rotation, micro-dosing fertilizer and drought-tolerant maize varieties. This low risk option
reduces vulnerability to climate change for about three quarters of the farms in Nkayi District.
Research can now assess the requirements and quantify the potential impact of more drastic
interventions and pathways to inform decision makers. These benefits are not theoretical: Through
RAPs we can identify tangible opportunties, generate scenarios with real benefits in a particular
context that are attainable under given conditions. This can inform future ways to achieve impact in
fragile socio-ecological systems such as those found in rural Zimbabwe.
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Scenario needs by the broader policy community
Jim Skea'

(1) Imperial College, London, United Kingdom

This brief presentation will address what national policymakers and policy advisers might hope for
from climate scenarios, and their assessment by IPCC during the AR6 cycle. The talk will focus
primarily on integrated assessment models and their role in understanding mitigation opportunities.
An obvious expectation is that scenarios should help us understand the consequences of
commitments made under the UNFCCC and the likelihood that specific climate goals might be met. In
support of this, policymakers might expect more attention to be given to climate forcing scenarios that
are in the middle of the range considered to date, with guidance as to how to interpolate between
scenarios and re-calibrate expectations. Clearer communication of the correspondence (or otherwise)
between emission pathways, concentrations, radiative forcing and temperature change would be
welcome.

There is on-going concern about the plausibility and wider credibility of socioeconomic scenarios with
lower levels of climate forcing as a result of the sharp break in historic trends implied in sectors such
as energy and agriculture. This concern could be addressed by extracting information on
operationalisable targets and milestones that can be better connected with IPCC’s “bottom-up”
literature assessment focusing on specific sectors. Examples might include timetables for CCS
demonstration and deployment, market roll-out for electric vehicles etc. Marginal costs of carbon
abatement may also help to calibrate national efforts.

There will need to be more effort on the transparency and communication of the qualitative, narrative
elements of the shared socio-economic pathways (SSPs). Policymakers may still see the SSPs (as in
the current database) in terms of quantitative modelling exercises that work back from levels of
climate forcing to derive the needed changes to energy and other sectors. The value of the storylines
needs to be demonstrated and potentially awkward tensions with the IPCC goal of avoiding policy
prescription need to be clarified.

Finally, while shared or standardised scenario assumptions have great value, individual modelling
teams should not shrink from operating ‘out of the box’ and developing more adventurous scenarios
that would enrich the literature.

Climate Science
Piers Forster'

(1) School of Earth and Environment, University of Leeds, United Kingdom

This presentation will briefly outline some limitations and ambiguities around current approaches,
covering how uncertainty is represented in climate models and scenarios, how the choice of indicator
or metric and timeframe affects perceived outcomes, and possible improvements to the
representation of physical climate in integrated assessment models. We suggest that a priority activity
on uncertainty that better characterises non-CO2 emissions, AFOLU components, as well as short
and long-term impacts would aid the choices of policy makers. We further highlight an opportunity to
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improve emulators, aid transparency and reduce divisions between the sciences of the different IPCC
Working Groups.

Enhancing Scenario Use for Local Assessments and Actions
Charlotte Kendra Gotangco'

(1) Department of Environmental Science, Ateneo de Manila University, Loyola Heights, Quezon City, Philippines

The ultimate test of usability and relevance of scenarios is whether these facilitate robust impact
assessment, planning and project/policy implementation that, in turn, result in effective and
transformational adaptation and mitigation on the ground. As such, research activities perhaps need
to re-evaluate and propose innovative approaches to make scenario work relevant for local planning
given the current lack of scientific consensus on downscaling scenarios. Articulating the range of
local to regional impacts across sectors should also be implemented with a view towards better
characterizing teleconnected vulnerability as input to multi-level governance. This will help address
the sustainability of resource chains that provide critical needs to communities, and more strongly link
local concerns to regional and global trends.

However, advances in research are not enough to ensure the uptake of scenarios at the local level.
The use of scenarios cannot be maximized without also considering priority activities to build
capacities of the intended users of these scenarios. The IPCC Expert Meeting report of 2007 (IPCC
Expert Meeting Report, 2007) identified two broad user groups — intermediate users such as
modelers and other researchers, and end users such as policy-makers or decision-makers.
Distinctions can further be made in the latter group between decision-makers at the national and
regional level who are concerned with the trends at these scales, and the local decision-makers who
seek customized information relevant for their respective communities. In addition, for local
assessments and actions, in developing countries in particular, a third user group should be
recognized — the practitioners (e.g. NGOs, CSOs, faith-based organizations) that help move
evidence-based policy forward on the ground. These users and climate scientists, together, form a
science-policy-practice nexus. Many of these stakeholders are still using SRES scenarios rather than
the newer RCPs, if using scenarios at all, making science communication crucial for raising
awareness and understanding, and technical and infrastructural capacity-building crucial for
enhancing access to and application of scenarios to local needs. Deeper engagement of these users
for co-design, co-development and feedback will enable better assessment of scenarios in future
IPCC reports.
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Milestones: products, processes, activities until 2020
Elmar Kriegler'

(1) Potsdam Institute for Climate Impact Research (PIK), Potsdam, Germany

The presentation will outline key questions for the application of the new scenario framework for
climate change research until 2020. Those questions relate to institutional infrastructure and capacity
building for the scenario work, research priorities, and processes to facilitate learning about scenario
application and their use for an integrated analysis of mitigation, adaptation and residual climate
impacts. Concerning institutional support and capacity building, key questions relate to the
widespread adoption, application and evaluation of shared scenario approaches, in particular how to
connect regional scenario studies to the global framework, how to increase participation of
researchers from developing countries, and how to collect and disseminate information on scenario
data and best practice guidance on scenario application. Concerning learning and integration, an
important question relates to the feasibility of a piloting phase, followed by an evaluation of gathered
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experiences (e.g. via meetings and/or an assessment activity), and a subsequent expansion and
adjustment of the framework to further enhance scenario application and integration of 1AV and IAM
research. A comparison of a tentative timeline of such an iterative process with the preliminary
timeline of the 6™ Assessment Report (AR6) of the IPCC highlights the challenge to complete a full
learning cycle in time for ARG.
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Breakout Group Session 1:

Interactions between IPCC WGs

This BOG session reviewed integration efforts through scenarios across IPCC Working Groups
during AR5. What worked well and what did not? Why? What are critical scenario-related user and
assessment needs given the experience in AR5?

Group 1: Interactions WGI/WGII
Chair: Michael Prather; Rapporteurs: Katherine Mach, Fortunat Joos

WGI and WGII scientists met for about one hour for a lively and fruitful discussion of scenarios in the
AR5, with a focus on two questions:

.  How well did the WGI-WGlII link work?
[I.  What should be done for AR6?

The WGII AR5 based its IAV assessment largely on publications using SRES scenarios, along with a
range of non-scenario-based methods; it recognized the new RCP CMIP5 results in WGI AR5 but
had very few impact studies based on the CMIPS data. In contrast, WGI AR5 based most of its
results on publications (completed by the deadline) assessing climate, carbon cycle, and even
chemical composition derived from CMIP5.

Going from global to regional climate change and further to impacts presents a scientific challenge for
distillation of data and how these data should be used.

The following main points emerged from the discussion, with the summary below including
subsequent clarifications from participants:

Urgent to get broad WGII-IAV community input into the CMIP6 diagnostics.

A number of considerations and measures to facilitate input by the WGII-IAV community to the
CMIP6 process may help to further improve the use of scenarios. First, the IAV community is very
diverse. Facilitating WGI-WGII linkages may enable the CMIP6 climate modeling community to
understand the range of IAV needs and thus be willing to generate CMIP6 output with a range of
derived products that are not standard GCM output (time variance, multivariate products, new physics
[wave energy, surface pollutant deposition], sometimes referred to as “distillation”). Ideally, CMIP6
would provide output relevant to impact studies for a range of users — from the MIP groups (e.g., Ag-
MIP, ISI-MIP) who can respond to CMIP6 in time for AR6 to the individual place-based researchers
whose publications will occur in time for the next AR as was the common use of SRES/CMIP3
scenarios in AR5 WGII. This is a two-way interaction; the WGI side needs to understand what is
needed and be convinced that it will be used by WGII researchers. Second, it is urgent to work with
CMIP6 VIA Advisory Board to get new CMIP6 output relevant to IAV. The current structure has not
sufficiently solicited input from the 1AV community, and expanding participation in the Advisory Board
is a priority. Third, many new climate “services” portals are filling IAV needs with data not backed by
researchers and publications, data which lack traceability and are of unknown accuracy. How to
respond this challenge? Should we evaluate the integrity of these climate portals, thereby binding
resources urgently needed to advance the field? Or deliver the IAV products (however limited)
through a reputable process? [Note added after the meeting: In terms of data portals, the Global
Framework for Climate Services (GFCS) is a WMO-led project to guide the development and
application of science-based climate information and services in support of decision-making. This
effort seems to be exactly what is being asked for here, and provides a level of science and
traceability as WMO has done for the meteorology data.]
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Towards a better understanding of climate-model data informing impact evaluations.

To facilitate cross-working-group linkages, there is a need for better understanding of the quality and
nature of climate-model data informing impact evaluations. This may imply the need for
communication to describe the data and which data sets are suitable to address a specific research
question. A number of key issues and open questions were identified with respect to near-term
impacts, differential impacts across various levels of climate change, or the WGII need for climate
data statistics.

For IAV/WGII there is a great need for ‘precise’ short-term (20 yr) climate change scenarios. This is a
difficult problem considering decadal variability at local impact scales, but some pathways forward
would be great. For IAV/WGII there is interest in and demand for assessment of differential impacts
across increasing levels of climate change (e.g., a 1.5°C, 2.0°C, and 2.5°C world) and the ensuing
differential risks. Given the problems with decadal variability on impact scales and with failure to
agree on pattern scaling, some scientific guidance is needed (from WGI on scenarios?).

The WGII need for climate data statistics from scenarios could be reverse engineered: start with an
adverse impact or threshold to be avoided (from the point of view of vulnerability), determine what
combination of climate events would trigger this impact, then ask WGI/CMIP experts about the
frequency or likelihood of the triggering events — determining IF the CMIP results can or cannot
usefully inform 1AV likelihood. Related topics include avoided impacts, timescales of decision, best
practices for using available data and grappling with missing information, and informing decision-
making under uncertainty.

There are immediate options and possible action items for the IAV community:

I.  The June TGICA workshop is a place to discuss best practices for using climate data in

impact studies;

II.  The IPCC Regional Climate workshop fall 2015 is another chance to link climate change
projections with their use in impacts and risk assessments;

[ll.  The input to CMIP6 for the IAV community ends this year and must go through the 1AV
Advisory Board or possibly other MIPs;

IV. CORDEX is a multi-model CMIP-like effort that has the goal of delivering 1AV-usable climate
change data.

Additional topics raised by participants:

I.  How can we interpret results in the literature (previous scenarios) in the context of the newest
scenario runs and newest scientific information or model physics?
[I.  How do we bridge the generation gap between C4MIP, CMIP5, & CMIP6?
[ll.  What is the biggest need for sectorial assessments?
IV.  Historical variability of different sectors can help assess what in the store for the future.
V.  Emphasizing expertise on regional climate modelling in WGII would be beneficial.
VI.  Uncertainty quantification has not yet fully taken into account the range of sources.

VIl.  Conflict, food security, and water security outcomes are not sufficiently explored in existing
scenarios.
VIII. Near-term change in extremes is needed for WGII; can ensemble runs cover this?
IX.  What are strategies for facilitating and interpreting more quantitative assessments of impacts
in WGII?
X. In some instances the differences between high- and low-resolution climate output have a

small imprint on results from agricultural yield models, and thus ESM output can be used in
impact analysis.

Xl.  Daily output is needed for some impacts models, which can partly be achieved with CMIP5
models.

XIl.  Some climate diagnostics are underexplored: what does an increment in storm frequency
mean for coastal areas and small island states?
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Group 2: Interactions WGiII/III
Chair: Brian O’Neill; Rapporteurs: James Edmonds, Hermann Lotze-Campen

What worked well?

Cooperation between three WGs improved through series of meetings. Regional meetings, e.g. in
Africa, fostered cooperation. More people now work across WGs. There was a successful series of
joint WG meetings. Some convergence of approaches has been achieve, e.g. similar concepts and
risk framing. "Burning ambers" have been a successful start for integration around a risk framework.
Many regional studies have integrated impacts and mitigation (e.g. Caribbean). The chapter on
economics of adaptation made use of scenarios.

What did not work well?

There is certainly room for more integration wrt. Scenarios. We are lacking differential impacts
between 1.5, 2, 3 and more degrees of warming. WGII results should be included in baselines (e.g.
water shortage and hydropower potential). Otherwise mitigation cost estimates may be distortet. But:
how to deal with practical issues, e.g. specific GCM/impact model choice? There are more issues
beyond climate (e.g. air pollution) which need to be defined. Still too few authors/reviewers are
working across WGs. Closing the loop regarding costs did not yet work. There is still a lack of good
damage cost estimates which are appropriate for WGII/III integration. There are too many impact
scenarios and a lack of coordination regarding timelines. There was not enough time for full
integration across the modelling chain. Integration at the end of the process has not worked. There is
a lack of literature on trade-offs between adaptation and mitigation. Local case studies have not been
sufficiently taken into account, also for linking to decision-makers.

What are critical needs for moving forward?

More links between economic growth and sustainability needed — and possible. Integrated
Assessment (IA) models seem now better equipped to deal with impacts. A special study on full
integration should be commissioned. There should be some experimentation with the process.
Various baselines should be created, with and w/o CC impacts (do it either within a model or within
an assessment; or both). “Closing the loop” needs to define which impacts to be considered/included.
With mitigation efforts all impacts need to be reduced accordingly. It needs to be decided where the
fully integrated scenarios/results would appear in future reports. Separate WG chapters may not work
anymore. It may be more appropriate to merge WGII and WGIII. This needs to be considered early in
the scoping phase for AR6. More focus should be on cross-scale links, integration of case studies
and knowledge exchange. Researchers from local case studies have to be included in scenario
meetings. Costs of adaptation may need special attention, there is a link to "development pathways".
“Costs of inaction" should be studied, but costs today need to be accounted vs. benefits in the future,
many costs are not quantifiable, and more knowledge is heeded about probabilities/risks/large scale
disruptions. Adaptation and mitigation scenarios need to be combined, e.g. lots of interactions exist in
land-use issues. Critical thresholds in economic development need to be considered. A lot of practice
exists outside the scientific literature — how to capture? Outcome of this meeting could be a call for
ARG6 contribution and naming of major research challenges. More time needs to be spent on
baselines: e.g. what happens in the absence of mitigation (despite acknowledged technical
problems). A special report on adaptation/mitigation interactions may be an option. Concurrent writing
team meetings should be organized between WGs.

Group 3: Interactions WGI/WGIII
Chair: Pierre Friedlingstein; Rapporteurs: Julie Rozenberg, Joeri Rogel;

What worked well?

There was an overall feeling that many things went well in integrating scenario information across
Working Groups | and Ill and that considerable progress could be made compared to previous
assessments. One precondition was that all Working Group |l scenarios where harmonized in their
evaluation of CO2eq concentrations and climate implications using the MAGICC model. This allowed
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systematic comparisons between authoritative climate projections provided by the complex Earth
System Models used in Working Group | and the MAGICC model results in Working Group Ill. Hence,
the consistency in climate response could be carefully checked and made transparent in ARS5.
Carbon budgets and their temperature implications marked an important field of progress that was
widely recognized in the scientific community as well as among policymakers. Working Groups | and
Il provided important complementary information on this, where Working Group | models captured
the climate uncertainty of the four RCPs and Working Group Il scenarios provided additional
information on uncertainties related to hundreds of alternative socio-economic mitigation pathways
and their implications for emissions and climate outcomes.

What did not work well?

Progress was enabled by a very close and frequent interaction among experts from both Working
Groups towards the end of the Working Group 3 writing period. There was a feeling that a deeper
integration could have been achieved, if coordination among the two Working Groups had started at
the beginning of the AR5 cycle. This would have allowed to establish consistency from the beginning:
in the end, many ad-hoc solutions had to be found to deal with conceptual inconsistencies that could
have been avoided.

How to move forward?

The main recommendation from the WG1-WG3 BOG is to significantly improve communication
between these two WGs with regards to scenarios and to do so during the whole assessment
process. The recommendation is for the communication to start as early as possible (noting that a
start at the time of the WG SPM level or SYR level would be too late).

There are a variety of options: The BOG recommends having WGI scientist taking up author roles in
the WGIIlI assessment and vice versa. In addition, the BOG recommends to have a dedicated
"scenario group" that would ensure consistency and inform appropriate use of scenarios between
WG1 and WGS3. This group would involve CLAs and LAs from WGI and WGIII, but could also draw
upon the expertise of non-IPCC authors. Depending on how the scope of the mandate of such a
“scenario group”, WGII scientists could also be involved.

Breakout Group Session 2:

Scientific Gaps and Recommendations for High Priority Activities (development and use) in
Future Scenario-related Research Activities

This BOG session aims to identify key knowledge gaps and research priorities. The discussion should
be guided by the question what would enable a better assessment of scenarios in the IPCC in the
future.

Group 1: Sustainable Development Goals and Climate
Chair: Ottmar Edenhofer; Rapporteurs: Ritu Mathur, Narasimha Rao

Framing Issues

The Sustainable Development Goals (SDG) are the lens through which one ought to look at climate
change (graphically, one can picture the ‘burning embers’ IPCC figure side-by-side with the SDG).
However, it is also important to note that the SDG reflects a ‘lowest common denominator’, and are
not comprehensive or reflective of all development goals. Developing countries are interested in
addressing climate change (and impacts) in the context, or within the framing of, sustainable
development, not in only or separately developing ‘climate mitigation targets’. For instance, small-
island states have specific concerns that require simultaneous consideration of energy, water, and
sea-level rise.
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Political Process

In thinking about the research needs related to climate change and SDGs, one needs to understand
the political process of policy implementation in both areas. Is the SDG implementation process
separate/independent of climate policy? It was suggested that once targets are set, the processes
become parallel/one and the same. However, different communities engaged in each policy sphere.

There is nevertheless a need to better understand the political processes, within countries in
particular, of the implementation of the SDGs and climate policies, including their sequencing.

Gaps/Needs
Need to assess synergies/trade-offs between SDG and climate in specific country contexts. In AR5,
the SD goals were examined ‘ex-post’ rather than integrated into the scenario process.

Need more downscaling, and higher resolution in scenarios, even if it means having fewer scenarios.
For example, the impacts of climate change on health require a higher resolution in our
understanding of climate change impacts.

The relationship between climate and other environmental challenges needs more investigation.

We don’t understand the impact of deep decarbonization (which is unprecedented) on development
goals (e.g., inequality, poverty, etc)

Local Knowledge/Policy Actions

How should local knowledge be incorporated into scenario process? How should local policy action
be incorporated? For example, INDCs into long-term scenarios. We also need to assess how to
simultaneously achieve SDGs and climate goals.

How far can one go with development action in achieving climate goals?

There are challenges across both time and space in examining SDG and climate: Most SDGs are
short-term goals, while climate goals are long-term. How do you connect near-term action with long-
term goals? What are the routes to achieving both? There are also challenges across scales.

IPCC AR6 Process

The issue is how to address SDG in climate assessment without losing focus. Do we have the tools to
address SD/climate goals in an integrated fashion? For example, can we embed the SDG challenges
into the mitigation/adaptation framing?

Modeling Baselines/Policies
The SDGs pose particular challenges for the integrated assessment modeling (IAM) community:

I.  The SSP inherently aims to separate endogenous and exogenous factors, this is not
applicable to SDGs (which are all endogenous)
II.  How to construct a reasonable baseline scenario (supposed to be climate-policy free, but it is
hard to make them SDG policy free)
[ll.  How do you define development ‘policy’ scenarios? These are much less developed than
climate policy analysis
IV.  One can use SDG targets to identify shortfalls/gaps in countries, but then policy options to
bridge gaps can be multifold
V. Some policies easier than others to model (for e.g., air pollution is easier relative to
representing urbanization and related transport policies)
VI.  Where do we address SDG in the assessment process? In the Shared Policy Assumptions
(SPAs)? In the baseline scenarios?

Recommendations
Group members proposed specific recommendations for moving forward:
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I.  Examine the extent to which the social goals in the SDGs are addressed in the SSPs (shared
socio-economic pathways)
a. SSP1 (sustainability) is in line with (certain) SDGs being met — hasn’t been examined
enough. E.g. bio-energy at a large scale may conflict with SDGs e.g., biodiversity
b. Direct impacts of climate change on SDGs
[I.  Hold a set of workshops to identify gaps between SDGs and climate goals in literature
lll.  Examine SDGs in the context of inequality and burden-sharing schemes
IV.  Conduct qualitative and quantitative assessment of SDGs in the SSPs using IAM and other
tools
a. possibilities for shared learning, learn from other models and other tools, bridge gaps
V.  Explore potential for bottom-up knowledge transfer about subnational and national policies
related to SDG
VI.  Figure out where SDG focus fits into the IPCC process with climate as its focus
a. Adopt an incremental approach in the IAM scenario process; still stick with climate
focus, but examine SDG impacts across indicators

VIl.  Examine how achievement of climate targets will affect SDGs — what are the development
pathways that maximize co-benefits
VIIl.  Develop a special report on adaptation/mitigation interactions
IX.  Improve communication between scenario teams

X.  Improve user perspective in assessing new scenarios for AR6
XI.  Extent ISI-MIP to evaluate alternate development pathways - What are minimal elements of a
development pathway? Element of a basic diagnostic?

Group 2: Impacts and local/regional scenarios
Chair: Xianfu Lu; Rapporteurs: Nigel Arnell, John Antle

The group discussed the use of climate and other scenarios in regional and local impact
assessments. It contained representation from most sectors — with the exception of oceans — and all
regions. A number of key issues emerged during the discussion, including the definition of baseline or
reference periods (the need for consistency and/or transparency), the representation of adaptation
and cross-sectoral impacts within models (and specifically sensitivity to socio-economic
assumptions), the role of the VIA advisory board, and the necessity to incorporate local expertise in a
participatory process.

Knowledge gaps identified included the representation of socio-economic changes in impact
assessments, the availability of data and projections on relevant socio-economic characteristics, and
how to identify and assess ‘shock’ scenarios (whether climate or socio-economic shocks). The main
recommendations from the group were (i) it was important to communicate methodological
developments in impact assessment to the wider impacts research community, (ii) it was necessary
to explore the interactions between scenarios (again climate or socio-economic) between spatial
scales (from global to regional to local), and (iii) it was important for the impacts research community
to engage in a two-way process with the climate science community on the design of climate change
experiments and the construction of climate scenarios appropriate for impact assessments.

Group 3: Climate Science
Chairs/rapporteur: Seita Emori / Jan Fuglestvedt / Malte Meinshausen

Introduction

This BOG session aimed to identify key knowledge gaps and research priorities. The discussion was
guided by the overarching question “What would enable a better assessment of scenarios by the
IPCC in the future?”
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Framing of the discussion
The discussion was organized around two main issues:

I.  Scenario characteristics that are important for WGI and
[I.  What do other communities want from CMIP / WGI?

It should be noted that the following summary from the BOG is non-exhaustive and several of the
aspects are already covered in CMIP and existing community initiatives.

Scenario characteristics important for WGI
The group reached the following conclusions on the first main issue:

It is important to explore and quantify the mechanisms and magnitude of the different forcings and the
responses to these forcings. This is important both for better modelling of climate responses to
emissions, but also for constraining climate sensitivity. We also need alternative scenarios to explore
effect of different ozone / air pollution futures. (NB: As WGI, we can do idealized scenarios
‘ourselves’.) Scenarios are useful to investigate ‘consistent’ changes of multiple forcers - e.g.,
additional scenarios targeting ‘methane’-centric scenarios, aerosols.

For better understanding of natural variations in the system we also need scenarios that allow
assessment of the ‘hiatus’ (i.e., updated historical natural and anthropogenic forcings up to present).
For the next generations of scenarios, a better spatial and temporal disaggregation of anthropogenic
and natural forcing is desirable from a WGI perspective as the distribution of forcings can have a
substantial influence on the resulting climate effects.

A heightened degree of detail and accuracy of historical forcings ties in with another point. Those
enhanced historical forcings enable better scenario diagnostics and assist to employ “emerging
constraints” to assess the models in terms of particular estimate diagnostics from model ensembles.
We need better understanding of how model performance is related to projections. How strong is the
scenario dependency of the model performance?

More work is needed on propagation of uncertainties from drivers (i.e., economy, population, energy
systems, technology), to emissions, to atmospheric concentrations and to climate effects. This work
should apply a holistic view of emissions, incl. natural emissions and their variations.

Pattern scaling techniques are more of interest to end-user communities WGII and WGIII. However,
in order to assist in the generation of suitable pattern scaling techniques, a WGI interest of scenario
characteristics is to understand the additivity and linearity of different types and magnitudes of
forcings. Those sensitivity scenarios might or might not be idealized and hence could be generated
by WGI. To what degree and for which end-user purposes pattern scaling techniques are able to
replace intermediate WGI-run scenarios within future assessment cycles remains an open research
question. Thus, it is currently unclear to which degree future design of the intercomparison scenario
sets could assume climate data of intermediate scenarios being generated by surrogate pattern
scaling techniques rather than computationally expensive WGI climate and earth system models.

The role of albedo changes, non-CO, forcings, forest fires, evaporation changes, nitrogen fertilisation
and other effects in land-use change scenarios should be explored. This is important especially for
the scenarios with strong mitigation by the use of bioenergy and AFOLU changes.

It was emphasized that longer-time scales beyond the year 2100 are needed. This is important for
studies of responses such as sea level rise, ocean acidification and changes in ice sheets which
operate on very long time scales.

What do other communities want from CMIP / WGI?

It was felt that the CMIP and WGI communities still need to know more about what WGII and WG|
communities actually are using from the CMIP work. This is a critical factor in the application and
integration and thus needs to be clarified. It was stressed (both in the BOG and in the plenary) that
this is also very important for the timing and logistics in the further interaction between the scenario
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communities. In particular, the set of diagnostics output that modelling groups should routinely
provide is under constant refinement and would benefit from a better understanding of end-user
needs. For CMIP6, the likely cut-off date of the diagnostics definition was June 2015, and a timely
cross-working group information exchange on this matter should be ensured for subsequent
intercomparison exercises.

The Breakout group also discussed how the general communication, distillation and translation of
WGl scenario-driven results could be undertaken in a manner to maximise its usefulness for end-user
communities beyond those that use the diagnostics data output. This synthesis could relate climate
impacts in relation to global-mean temperatures, cumulative CO, emissions and/or forcing. Thereby
the current focus on presenting result under various RCP scenarios, which loosely follow a radiative
forcing naming convention (RCP2.6, RCP4.5 etc), could be improved.

It should be explored if the community benefits from WGI-verified emulators for the assessment of
scenarios other than the RCP SSPs. This would enable more results on downscaling and
interpolation of the scenario space and would improve the linking of the three working groups, as well
in regard to a systematic integration of uncertainties along the cause-effect chain from emissions to
climate impacts.

Exploration of a broader set of mitigation paths; including medium, overshoot and low scenarios are
needed to more fully discuss politically and theoretically relevant paths.

It was suggested that WGI climate results could be better linked to INDCs (Intended Nationally
Determined Contributions) in order to show what are requirements and outcomes of the 2 deg C/ 1.5
deg C targets. There is a gap between the cumulative carbon perspective and the INDCs which
adopts a multi-gas perspective. These perspectives need to be bridged, and this will affect the work
in WGI and WGIII. Better integration of these two perspectives will make the scenario work more
relevant for policy makers.

Monitoring, reporting and verification (MRV) of emission reductions is likely to become more
important in the future if significant emission reduction policies are implemented. The IPCC should
consider whether WGI should aim at contributing to MRV development and its application.

More regional disaggregation (for both drivers and responses) is needed. This is important for
understanding the effects of climate polices and impacts on regional scales.

More research on feasibility and side-effects of various geoengineering techniques (Solar Radiation
Management and Carbon Dioxide Removal) is needed. This is relevant for all three working groups.
The links to other domains should be strengthened; i.e.; air quality, water quality, ocean acidification.
While the model and scenario studies focus on certain steps or parts of the cause-effect chain it was
asked if we soon will be able to cover the full chain and closing the loop; i.e., assessing climate
impacts on energy and economic systems which further will affect emissions. Some models of climate
and economies are already being coupled and further work on this integration may strengthen our
understanding of the interplay between human activities and climate responses. This needs
contributions from all working groups.

The trade-off between model resolution and number of scenarios was discussed. What is most
important; a few high-resolution model runs or many low-resolution runs (including or excluding
components, e.g. aerosols)? One example of the type of analysis affected by this choice is statistical
analyses of extreme events which are strengthened by ensemble size but will also benefit from higher
resolution of model output.
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Breakout Group Session 3:

On the Future Role of the Scenarios in the IPCC - Required Processes, Options, and Possible
Products.

This BOG session was arranged around two sets of overarching questions to derive
recommendations to the IPCC and the research community.

Group 1: Recommendations to the IPCC
Chair: Tim Carter; Rapporteurs: Detlef van Vuuren, Brian O’Neill

How can the IPCC facilitate the scenario process? How can the IPCC make best use of scenario-
based research?

Recommendations to the IPCC:

I.  (Co-)organise periodic meetings with the scientific community to foster dialogue, monitor
progress, launch critical new activities related to the community scenario framework;

[I.  Set incentives for the community (e.g., by launching new products such as a special report or
joint WG chapters);

[ll.  Focused support of the capacity-building process;

IV.  Early scoping of Synthesis Report and joint scoping of WG2 and WG3;

V.  Select authors with primary task to work across WGs;

VI.  IPCC to support data dissemination/sharing beyond current activities (PCMDI/TGICA/IAMC).

IPCC facilitation of scenario process:

I.  Highlight importance of scenarios in previous assessments, which will continue to be
important in AR6: IPCC will need to continue to have its catalytic role;

a. E.g., using trust fund to ensure developing country participation;

b. Make sure that integrated material can be assessed (Joint chapters, Special reports);

c. Scenario meeting under ICONICS: IPCC can support developing country participation;
[I.  How to foster integration?
String of workshops;
Scoping meetings very important;
Preliminary products before ARG;
Joint chapters;
Special Reports (not mutually exclusive, SR consider burden, costs and benefits);
(Scenario Group across all WGs);
Encourage the use of common metrics and indicators;
1. Process of preparing scenarios need to become much more inclusive, participation of

developing country representatives in actual scenario building;
IV.  Coordinate across assessments (e.g. GEO (UNEP), IPBES) how they can strengthen each
other, also realising their strengths and weaknesses;
V.  Asking the right questions:
a. IPCC will have ideas about key questions for assessment:
i. Assessment of differential impacts / costs;
ii. Focus more on regions (e.g., in mitigation strategies towards climate targets);
iii. Make sure that bottom-up perspective is represented,;
b. Focus on a single problem;

VI.  Regional workshops (both capacity building and bringing in regional perspective, encourage

@rpo0oow
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regional elaboration of scenarios): Also to foster national assessments;
VIl.  Bring in sectoral / regional perspectives (users):
a. Role IPCC?
b. WG2 sectors need to reformulated in the light of integration (e.g., water and agriculture
should not be separate);
c. In sectoral research, realise heterogeneity;
VIIl.  More attention to adaptation in SSPs (build into the contours of the scenarios);
IX.  Make sure that regional data can be communicated in WG3 context;
X.  More information needed on impacts at the regional level.

Communication on scenarios:

I.  Guidance material for use of the scenario framework;
[l.  Good practice guidance rising out of workshop;
[ll.  Target audience: Realise that we use a lot of jargon, which should be avoided (use
professional communicators, educators);
IV.  Simplify to the level that people can engage in;
V.  Only SSPs/RCPs or broader material, other scenarios.

Special reports:

I. SR on Interaction between adaptation and mitigation:

a. Would allow better assessment in AR6;

b. Could bring in experts of different sectors and scientists, modellers;

c. Closing the loop / integration;

d. SDGs/sustainable development: Analyse co-benefits and conflicts between low-carbon
pathway and sustainable development agenda;

[I. SR on human settlement;
[ll. SR on scenarios: Emissions, climate and development;
IV.  Make sure that they are policy-relevant:

a. Loss/damage, economic diversification, current policies vs. long-term targets, better
description of risks of impacts, mitigation, and adaptation, communication of scenario
framework;

V.  More needed on scenarios and integration;
VI.  Consider broad SRs vs. something more focussed:
a. SR instrument is complicated and time-consuming: Make sure that they are focussed.

Policy process:

I.  Make sure that assessment / research time line is calibrated to policy time line:
a. Maybe use special reports;
b. Do not only show how scenarios look like but also describe how to get to them;
Il.  Relate IPCC activities to UNFCCC information interests:
a. 2 degree C review ends this year, what is the next step? 1.5 degree C;
b. Expert dialogue includes several recommendations for key research areas:
i. Climate impacts in relation to policy responses;
ii. Pledge and review system.

Group 2: Recommendations to research community
Chair: Elmar Kriegler; Rapporteurs: Eric Kemp-Benedict, Kris Ebi

What are the research priorities for the scenario process? What are needed elements of the process
to support this work?
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Key research questions relate to the need to integrate information across several dimensions:

l.
1.
1.
V.

Local/global;

Short-term/long-term;

Impacts/mitigation/adaptation;

Climate policy perspective/broader development perspective.

The process of scenario building and application, and integrated scenario-based climate
change assessments, can be facilitated by a number of actions:

Better highlighting the nature of the scenario process and its importance for integrating climate
change research to decision makers, the broader research community, research funding
agencies, scenario users and stakeholders. This includes a concise description of the status
and intended use of scenarios for climate change research, and an identification of priority
areas for research funding. A high level paper could be a useful vehicle to convey this
information.

Better coordinating between the many actors and institutions producing scenarios. This could,
e.g., build on developing a map of the many scenario activities in research and policy domains
and identifying synergies between them, coordination needs, and gaps to be filled.

Facilitating the integrative use of scenario products and approaches, e.g. by establishing best
practice guidelines, protocols and methods for integrating across the various dimensions such
as regional and global studies. This process needs to be iterative, and include input from
researchers and practitioners with focus on different domains, e.g. regional and global
analysis, IAV and mitigation studies, scenario development, application and communication.
Establishing an infrastructure of public data repositories that collect and disseminate available
scenario products on various spatial and temporal scales across a large range of socio-
economic and natural system dimensions.

Developing a number of innovative research projects to better capture the interaction between
mitigation and adaptation, and climate change and other sustainable development
dimensions, e.g. a socioeconomic CORDEX developing high-resolution spatial projections for
key socio-economic variables based on the most recent shared socio-economic pathways
(SSPs) and associated scenarios.

It is critically important that the SSP-based scenario process is as flexible and open as
intended.

To this end, efforts are needed

to structure the process such that regional, sectoral, and other studies can be taken up and
integrated in the process, and lessons learned from these studies can feed back on the global
analysis.

to make the process accessible to researchers and studies from all regions, and a large range
of disciplines.

to make sure that scenario work does not become constrained to SSP approaches, but rather
can draw on it to facilitate integration of studies on demand.

to establish infrastructure for a flexible and accessible process such as application protocols,
best practice guides, open-source models and public scenario data repositories.

Engaging researchers from developing countries in the scenario process is essential for its
relevance, accuracy, and legitimacy.

This needs to go well beyond inviting developing country researchers to meetings, e.g. by integrating
their perspectives in the goals of the scenario work at the global levels and include modelling teams
from developing countries in, e.g., production of markers. Soliciting this engagement will require
dependable funding sources, not only for participation in meetings, but also for provision of data and
research participation.
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