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PERSPECTIVES

The next generation of scenarios for climate
change research and assessment

Richard H. Moss', Jae A. Edmonds', Kathy A. Hibbard? Martin R. Manning®, Steven K. Rose*, Detlef P. van Vuuren®,
Timothy R. Carter®, Seita Emori’, Mikiko Kainuma’, Tom Kram?, Gerald A. Meehl?, John F. B. Mitchell?,

Nebojsa Nakicenovic”'’, Keywan Riahi’, Steven J. Smith', Ronald J. Stouffer'!, Allison M. Thomson',

John P. Weyant'? & Thomas J. Wilbanks'?

Advances in the science and observation of climate change are providing a clearer understanding of the inherent variability of
Earth's climate system and its likely response to human and natural influences. The implications of climate change for the
environment and society will depend not only on the response of the Earth system to changes in radiative forcings, but also on
how humankind responds through changes in technology, economies, lifestyle and policy. Extensive uncertainties exist in
future forcings of and responses to climate change, necessitating the use of scenarios of the future to explore the potential
consequences of different response options. To date, such scenarios have not adequately examined crucial possibilities, such
as climate change mitigation and adaptation, and have relied on research processes that slowed the exchange of information
among physical, biological and social scientists. Here we describe a new process for creating plausible scenarios to investigate

some of the most challenging and important questions about climate change confronting the global community.

o improve understanding of the complex interactions of the
climate system, ecosystems, and human activities and condi-
tions, the research community develops and uses scenarios.
These scenarios provide plausible descriptions of how the
future might unfold in several key areas—socioeconomic, technological
and environmental conditions, emissions of greenhouse gases and
aerosols, and climate. When applied in climate change research,
scenarios help to evaluate uncertainty about human contributions to
climate change, the response of the Earth system to human activities, the
impacts of a range of future climates, and the implications of different
approaches to mitigation (measures to reduce net emissions) and
adaptation (actions that facilitate response to new climate conditions).
Traditionally, model-based scenarios used in climate change
research have been developed using a sequential process focused on a
step-by-step and time-consuming delivery of information between
separated scientific disciplines. Now, climate change researchers from
different disciplines have established a new coordinated parallel process
for developing scenarios. This starts with four scenarios of future radi-
ative forcings (the change in the balance between incoming and out-
going radiation to the atmosphere caused by changes in atmospheric
constituents, such as carbon dioxide). Using this starting point, the
parallel process will encourage research that will characterize a broad
range of possible future climate conditions, taking into account recent
climate observations and new information about climate system pro-
cesses. Studies will give more attention to evaluating adaptation needs
and strategies, exploring mitigation options, and improving under-
standing of potentially large feedbacks (that is, impacts of climate
change such as melting of permafrost or dieback of forests that cause
further changes in climate).

Central to the new parallel process is the concept that the four
radiative forcing pathways can be achieved by a diverse range of socio-
economic and technological development scenarios. Among other
issues, the parallel process facilitates exploration of the question
‘What are the ways in which the world could develop in order to reach
a particular radiative forcing pathway?” An immediate consequence of
this new approach will be heightened collaboration between impacts,
adaptation and vulnerability research, and climate and integrated
assessment modelling (Box 1). This will improve the analysis of com-
plex issues, such as the costs, benefits and risks of different policy
choices and climate and socioeconomic futures. The parallel process
will reduce the time lags between the creation of emissions scenarios,
their use in climate modelling, and the application of the resulting
climate scenarios in research on impacts, adaptation and vulnerability.

This Perspective provides an overview of how scenarios are used in
climate change research, and summarizes the new process initiated
with ‘representative concentration pathways’ (RCPs) that will pro-
vide a framework for modelling in the next stages of scenario-based
research. Additional information can be found in refs 1-4.

Alternative futures

The use of scenarios originated in military planning and gaming, and
in the early 1960s was extended into strategic planning in businesses
and other organizations where decision makers wanted to analyse, in
a systematic way, the implications of investment and other strategic
decisions with long-term consequences®®. The goal of working with
scenarios is not to predict the future, but to better understand un-
certainties in order to reach decisions that are robust under a wide
range of possible futures’.
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In climate change research, scenarios describe plausible trajectories
of climate conditions and other aspects of the future. A variety of
techniques have been used, including temporal and spatial analogues
of future climates and model-based scenarios, which are the focus of
this Perspective'®. The earliest model-based ‘scenarios’ were stylized
representations of increases in the atmospheric concentrations of
carbon dioxide (a greenhouse gas that retains energy radiating from
the Earth’s surface). Initially a doubling or quadrupling of carbon
dioxide was used as an input to ‘force’ early climate models. These
scenarios provided a coherent basis for using climate models to
address the question, ‘If carbon dioxide concentrations increased by
a specified amount or rate, how might the climate system respond?’

Over time, an increasingly broad array of scenarios has been
developed to address different components of the issue''; we show
in Fig. 1 an historical perspective on the development of scenarios,
some notable applications, and some context. Today, scenarios
represent major driving forces, processes, impacts (physical, eco-
logical and economic) and potential responses important for inform-
ing climate change policy (Fig. 2). Within the overall category of
scenarios, several types are prominent in climate change research.
Emissions scenarios. Emissions scenarios are descriptions of potential
future discharges to the atmosphere of substances that affect the Earth’s
radiation balance, such as greenhouse gases and aerosols. Along with
information on other related conditions such as land use and land
cover, emissions scenarios provide inputs to climate models. They
are produced with integrated assessment models (Box 1) based on
assumptions about driving forces, such as patterns of economic and
population growth, technology development, and other factors. Over
time, the information provided by integrated assessment models and
used in climate models has become increasingly comprehensive,
including time-dependent emissions of radiatively significant gases
and particles, precursor pollutant compounds, and land cover and use.
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In addition to their use as inputs to climate models, emissions
scenarios are used to explore alternative energy and technology
futures. This allows exploration of what changes in technologies,
economic development, policy, or other factors would be required
to shift emissions from a baseline to a lower path—for example,
keeping greenhouse gas concentrations (or global average surface air
temperature increases) below a specified level. They can be used to
analyse the need for and the value of technology, and the implications
of choices to limit radiative forcing to prescribed limits. Although
scenario outputs include emissions and land use/cover, they also
include drivers of change, such as patterns and rates of economic
growth, demographic change, technology, policy and other factors
that are important for the assessment of the impacts of climate
change'>.

Emissions scenarios for climate change research are not forecasts
or predictions, but reflect expert judgments regarding plausible
future emissions based on research into socioeconomic, environ-
mental, and technological trends represented in integrated assess-
ment models. Emissions scenarios for climate change research do
not track ‘short-term’ fluctuations, such as business cycles or oil
market price volatility. Instead, they focus on long-term (decades
to centuries) trends in energy and land-use patterns. The long-term
focus is necessary for evaluating the slow response of the climate
system (centuries) to changing concentrations of greenhouse gases.
The long-term focus also reflects the long time horizon for retiring
and replacing many components of energy and economic infrastruc-
ture. Uncertainty in emissions scenarios results from the inherent
uncertainty of future socioeconomic and technology conditions,
uncertainty in the policy environment, and differences in representa-
tions of processes and relationships across integrated assessment
models, among other factors. An underlying key issue is whether
probabilities can be usefully associated with scenarios or different
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Figure 1| Timeline highlighting some notable developments in the creation and use of emissions and climate scenarios. The entries are illustrative of the
overall course of model-based scenario development (blue) and application (beige) described in this Perspective, and also give some context (green); they do
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levels of radiative forcing; for example, the probability that concen-
trations will stabilize above or below a specified level*™'>.

Climate scenarios. Climate scenarios are plausible representations
of future climate conditions (temperature, precipitation and other cli-
matological phenomena). They can be produced using a variety
of approaches including: incremental techniques where particular cli-
matic (or related) elements are increased by plausible amounts; spatial
and temporal analogues in which recorded climate regimes that may
resemble the future climate are used as example future conditions; other
techniques, such as extrapolation and expert judgment; and techniques
that use a variety of physical climate and Earth system models, including
regional climate models'. All of these techniques continue to play a
useful role in development of scenarios, with the appropriate choice of
method depending on the intended use of the scenario'®, but most
major advances are expected with model-based approaches. There is
a notable increase in interest in regional-scale climate scenarios and
projection methods, especially for impact and adaptation assessment'”.
Environmental scenarios. Analysis of the potential impact of a par-
ticular climate scenario requires environmental scenarios of eco-
logical and physical conditions at greater detail than is included in
climate models. These scenarios focus on changes in environmental
conditions other than climate that may occur regardless of climate
change. Such factors include water availability and quality at basin
levels (including human uses), sea level rise incorporating geological
and climate factors, characteristics of land cover and use, and local
atmospheric and other conditions affecting air quality. Climate
change merges with these factors, and in many cases, the potential
impact of climate change and effectiveness of adaptation options
cannot be understood without examining these interactions'®'®.
Vulnerability scenarios. Finally, scenarios of factors affecting vul-
nerability, such as demographic, economic, policy, cultural and insti-
tutional characteristics are needed for different types of impact
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modelling and research. This information is crucial for evaluating
the potential of humankind to be affected by changes in climate, as
well as for examining how different types of economic growth and
social change affect vulnerability and the capacity to adapt to potential
impacts. Although some of these factors can be modelled and applied
at regional or national scales', for the most part data at finer spatial
resolution are required. An increasing body of literature, including
some using integrated assessment models, is exploring alternative
methods for the quantitative and qualitative ‘downscaling’ of these
vulnerability factors in a way that is consistent with the socioeconomic
assumptions underlying global emissions scenarios™ .

Earlier scenario work. Antecedents of contemporary global scenarios
were developed in ‘futures studies’ that explored the long-term sustain-
ability of natural resources*° and the implications of global energy
needs for future CO, emissions and concentrations’”*. The Inter-
governmental Panel on Climate Change (IPCC) has used emissions
and climate scenarios as a central component of its work of assessing
climate change research. It stimulated development of the field by
commissioning several sets of emissions scenarios for use in its reports.
In earlier emissions scenario exercises, the IPCC convened authors and
modellers, provided terms of reference, and approved the scenarios
through an intergovernmental process that took several years. The
1990 IPCC scenario A (SA90)*° set explored four emissions pathways,
including a ‘business as usual’ future and three policy scenarios. They
were followed by the 1992 TPCC scenarios (1S92)*' that played out the
implications of uncertainties in economic growth, population and tech-
nology in a number of business as usual energy and economic futures.
The latest set of scenarios from the IPCC, contained in the Special
Report on Emissions Scenarios (SRES)*, investigated the uncertainty
of future greenhouse gas and short-lived pollutant emissions given a
wide range of driving forces. Some of the cases explored the implica-
tions of economic convergence between developed and developing
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not provide a comprehensive account of all major scenarios and significant studies or assessments that have used them. See Supplementary Information for
details. GCM, general circulation model; GHG, greenhouse gas; IAMC, Integrated Assessment Modelling Consortium.
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countries. Unlike previous emissions scenarios, the quantitative SRES
projections were complemented by ‘storylines’ or narratives of the
future, which facilitated the interpretation of the scenarios. Unlike
previous scenarios that were developed using only one or two models,
the SRES scenarios were produced through an ‘open process’ involving
many different modelling teams. The IS92 and SRES scenarios assumed
there were no policy actions to mitigate climate change.

Many other organizations have developed scenarios that include
greenhouse gas emissions and their interactions with other socio-
economic and environmental systems (for example, the International
Energy Agency’® and the Millennium Ecosystem Assessment™) or have
played a substantial role in shaping the scenario development process
(the Energy Modelling Forum). Overviews of scenario development in
climate change research are available’>*>* (see also timeline in Fig. 1).

Motivations for new scenarios

Although the previous IPCC scenarios and process have been produc-
tive, new scenarios and a new process for selecting and using them are

NATURE|Vol 46311 February 2010

needed. Nearly a decade of new economic data, information about emer-
ging technologies, and observations of environmental factors such as
land use and land cover change should be reflected in new scenarios™*’.

End users, including policy makers, have new information needs that
require changes in scenario focus. For example, there is a high level of
interest in climate scenarios that explore different approaches to miti-
gation in addition to the traditional ‘no climate policy’ scenarios. As a
result, an increasing number of scenarios are being developed to
explore conditions consistent with managed long-run climate out-
comes, including a 2 °C maximum global average surface temperature
increase over pre-industrial levels, as well as ‘overshoot’ scenarios in
which radiative forcing peaks and then declines to a target level’***. In
addition, increasing attention to the impacts of climate change and the
need for adaptation has spawned an interest in climate scenarios that
focus on the next two to three decades with higher spatial and temporal
resolution and improved representation of extreme events. Analysis of
adaptation also requires development of socioeconomic scenarios suit-
able to support analysis of vulnerability.

Box 1| Models and frameworks

Scenarios are generated and used by three broad types of models and
analytic frameworks in climate change research: integrated assessment
models, climate models, and models and other approaches used to help
assess impacts, adaptation and vulnerability.

(1) Integrated assessment models represent key features of human
systems, such as demography, energy use, technology, the economy,
agriculture, forestry and land use. They also incorporate simplified
representations of the climate system, ecosystems, and in some cases, climate
impacts'. These simplified representations are calibrated against more
complex climate and impact models. Because of their breadth, these models
integrate information needed to study the interactions of human systems
(including potential climate policies) and environmental processes that affect
climate change and its impacts. Integrated assessment models typically
disaggregate the world into a dozen or more regions with time steps of about a
decade. Integrated assessment models are used to develop emissions
scenarios, estimate the potential economic impacts of climate change and the
costs and benefits of mitigation, simulate feedbacks, and evaluate
uncertainties. Because they are increasingly comprehensive and include more
detail about air pollutant emissions and land use, these models are increasingly
important for research on the interaction of climate change with other policy
objectives (such as air-pollution control and biodiversity protection).

(2) Climate models**#* are numerical representations of the Earth’s natural
systems used to study how climate responds to changes in natural and
human-induced perturbations. There are a wide variety and complexity of
climate models. Atmosphere-ocean general circulation models are the most
complex physical climate models, and include components that simulate
interactions of the atmosphere, ocean, land and sea ice. They divide the
atmosphere and oceans into thousands of grid cells, and include interactive
land-surface and biophysical processes. Regional climate models focus on
subcontinental scale geographies at finer resolution. Earth system models are
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based on physical climate models, and include additional ecological and
chemical processes, such as the land and ocean carbon cycle, vegetation and
atmospheric chemistry, which respond to changes in climate simulated by the
model. Earth system models of intermediate complexity represent many of
the key systems and processes, but with simplified equations and reduced
spatial resolution. These models are useful for sensitivity experiments,
questions involving long timescales (hundreds to thousands of years), or when
alarge number of simulations are required. Simple climate models incorporate
fewer detailed processes in the atmosphere-ocean system and at coarser
spatial scales. They are useful for exploring key uncertainties and have been
incorporated into many integrated assessment models.

(3) Assessing impacts, adaptation and vulnerability to climate change
depends on a wide array of methods and tools that includes both quantitative
and qualitative approaches. Prominent approaches include observations,
modelling, assessment techniques that engage stakeholders in participatory
processes, economic evaluation methods and decision analysis®. The
models and frameworks span the range from biophysical to economic, and
explore the consequences of changes in climate for climate-sensitive
resources and activities, such as agriculture, water resources, human health,
ecosystems and coastal infrastructure. These frameworks inform decision
makers of the potential risks and opportunities presented by climate change,
and provide a means of evaluating the impacts associated with different
magnitudes of climate change and the comparative effectiveness of various
response strategies and management options. When impact models include
representations of changes in fluxes of greenhouse gases to the atmosphere
from natural and managed systems, they are useful for studying climate
system ‘feedbacks’; for example, from forest dieback or permafrost melting.
The figure depicts the domains of the three sets of models and
frameworks®®, and illustrates that the models increasingly are covering
overlapping substantive domains, which underscores the importance of
coordination and consistency in using scenarios.

Atmospheric
processes

750

©2010 Macmillan Publishers Limited. All rights reserved



NATURE|Vol 463|11 February 2010

Scientific advances also motivate interest in new scenarios within
the scientific community. Interest in modelling future climate condi-
tions nearer to a long-term equilibrium across components of the
climate system, such as the oceans and the ice sheets, has created a
demand for emissions scenarios to extend well beyond the conven-
tional 2100 end-point>*. Simultaneously, climate models are becom-
ing more comprehensive and incorporating the oceanic and terrestrial
carbon cycle, aerosols, atmospheric chemistry, ice sheets and dynamic
vegetation***. As more physical processes are simulated, more
detailed emissions scenarios are required, along with higher resolution
and more consistent land-use and land-cover data and projections.
Finally, increasing the overlap in the substantive domains of climate,
impact and integrated assessment models (Box 1) creates a demand for
harmonization of assumptions and data on some initial conditions,
within the limits posed by historical and observational uncertainties.

Apart from responding to new opportunities and information
needs, a new process for developing scenarios is needed in part because
the IPCC decided at its twenty-fifth session in 2006 not to commission
another set of emissions scenarios, leaving new scenario development
to the research community. IPCC instead limited its role to catalysing
and assessing the large and growing scenario literature. The research
community responded by, among other things, creating this new
process to provide cross-disciplinary coordination. Finally, a new
process that shortens development time and leads to greater coordi-
nation will facilitate additional scientific advances, including
increased understanding of different types of feedbacks and improved
synthesis of research on adaptation, mitigation and damages incurred
and avoided by different policy options.

Redesigned scenario process

The earlier sequential approach. Until now, scenarios were
developed and applied sequentially in a linear causal chain that
extended from the socioeconomic factors that influence greenhouse
gas emissions to atmospheric and climate processes to impacts (Fig. 3).
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Figure 2 | Major natural and anthropogenic processes and influences on
the climate system addressed in scenarios. The climate system consists of
five interacting components: the atmosphere, the hydrosphere, the
cryosphere, the land surface and the biosphere. Scenarios of emissions and
other drivers are used to assess the impact of a range of human activities on
these components. Changes in climate described in climate scenarios are
major drivers of changes in both natural and human systems. Impacts on
ecosystems, natural resources, economic activities and infrastructure, and
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This sequential process involved developing emissions scenarios
based on different socioeconomic futures, estimating concentrations
and radiative forcing from emissions, projecting the ensuing climate,
and then using those scenarios in impact research. The process led to
inconsistency because of delays between the development of the
emissions scenarios, their use in climate modelling, and the availabil-
ity of the resulting climate scenarios for impact research and assess-
ment. For example, work on the SRES scenarios™ started in 1997 and
took approximately three years to complete (Fig. 1). The first climate
model results using these scenarios as inputs were assessed in the 2001
IPCC Third Assessment Report, but not until 2007, when the IPCC
published its Fourth Assessment Report, was a more complete set of
SRES-driven climate scenarios available and impact, adaptation and
vulnerability research using these scenarios assessed by IPCC. By this
time, results from a new generation of climate models were being
assessed in the same report, thus creating inconsistencies between the
new climate scenarios and the older ones used in the impact studies.
This complicated the synthesis of results on issues such as costs and
benefits, and created challenges when comparing feedbacks from
different models.

The parallel approach. To shorten the time between the development
of emissions scenarios and the use of the resulting climate scenarios in
impact research, as well as to address the key information needs of
users more effectively, the integrated assessment, climate and impact
research communities have cooperated to devise an alternative ‘par-
allel’ approach for creating and using scenarios (Fig. 4). Rather than
starting with detailed socioeconomic storylines to generate emissions
and then climate scenarios, the parallel process begins with the iden-
tification of important characteristics for scenarios of radiative
forcings for climate modelling, the most prominent of which is the
level of radiative forcing in the year 2100. These radiative forcing
trajectories are not associated with unique socioeconomic or emissions
scenarios, and instead can result from different combinations of eco-
nomic, technological, demographic, policy and institutional futures

biosphere
interaction

Carbon
cycle

Land-use/land-cover change

human well-being, depend not only on climate change, but also on other
changes in the environment (depicted in environmental scenarios) and the
capacity of societies and economies to buffer and adapt to impacts
(addressed in scenarios of vulnerability and adaptive capacity). Closer
integration of scenarios is required to address feedback loops and other
issues, such as the ecological and economic implications of different sets of
adaptation and mitigation policies. Figure from ref. 83.
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Figure 3 | Sequential approach. This figure depicts the simple linear chain
of causes and consequences of anthropogenic climate change. Scenarios were
developed on the basis of this sequence, and handed from one research

(for comparisons of how different emissions scenarios generated with
different integrated assessment models stabilize at specified target
levels, see refs 47, 48).

Climate models require data on the time-evolving emissions or
concentrations of radiatively active constituents, and some have
additional requirements for information about the time-evolving
paths for land use and land cover. The research community identified
a specific emission scenario (including data on land use and land
cover) from the peer-reviewed literature as a plausible pathway
towards reaching each target radiative forcing trajectory (Table 1;
the selection process and criteria are described more fully below).
These were given the label ‘representative concentration pathways’
(RCPs). The word ‘representative’ signifies that each RCP provides
only one of many possible scenarios that would lead to the specific
radiative forcing characteristics. The term ‘pathway’ emphasizes that
not only the long-term concentration levels are of interest, but also
the trajectory taken over time to reach that outcome. In summary, the
new parallel process starts with the selection of four RCPs, each of
which corresponds to a specific radiative forcing pathway.
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In the ‘parallel phase’ of the process, climate and integrated assess-
ment modellers will work simultaneously rather than sequentially.
The climate modellers will conduct new climate model experiments
and produce new climate scenarios using the time series of emissions
and concentrations from the four RCPs. The focus on a few, well-
spaced RCPs will produce discernible climate change outcomes from
one RCP to another, save computational resources, and thus make it
possible to conduct additional new types of experiments.

At the same time as the climate modellers are preparing simula-
tions with the RCPs, the integrated assessment modellers will develop
an ensemble of new socioeconomic and emissions scenarios. Because
this work is done in parallel rather than sequentially, the process is
shortened by the time previously devoted to up-front development of
emissions scenarios. The new ensemble of integrated assessment
model scenarios will constitute an important complement to the
RCPs, because they will help to identify the range of different tech-
nological, socioeconomic and policy futures that could lead to a
particular concentration pathway and magnitude of climate change.
This will encourage new research into novel approaches to meet
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Figure 4 | The parallel process. This figure depicts the process of
developing new scenarios that will be used in future climate change research
and impacts assessments. The process began with identification of radiative
forcing characteristics that support modelling of a wide range of possible
future climates. Representative concentration pathways (RCPs) were
selected from the published literature to provide needed inputs of emissions,
concentrations and land use/cover for climate models. In parallel with
development of climate scenarios based on the RCPs, new socio-economic
scenarios (some consistent with the radiative forcing characteristics used to
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identify the RCPs and some developed to explore completely different
futures and issues) will be developed to explore important socio-economic
uncertainties affecting both adaptation and mitigation. Using a variety of
tools and methods, such as pattern scaling, the new socio-economic
scenarios will be integrated with the new climate scenarios. New research
using the integrated scenarios will explore adaptation, mitigation and other
issues such as feedbacks, using consistent assumptions. This research will
provide insights into the costs, benefits and risks of different climate futures,
policies and socio-economic development pathways.
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Table 1| The four RCPs

PERSPECTIVES

Name Radiative forcing Concentration Pathway Model providing RCP* Reference
(p.p.m.)

RCP8.5 >8.5Wm 2in 2100 >1,370 CO5-equiv. in 2100 Rising MESSAGE BRI

RCP6.0 ~6W m™ 2 at stabilization after 2100 ~850 CO,-equiv. (at stabilization after 2100) Stabilization without AIM EvED
overshoot

RCP45 ~4.5W m™? at stabilization after 2100 ~650 CO»-equiv. (at stabilization after 2100) Stabilization without GCAM D
overshoot

RCP2.6 Peak at ~3 W m ™2 before 2100 and Peak at ~490 CO,-equiv. before 2100 and Peak and decline IMAGE Gl

then declines

then declines

* MESSAGE, Model for Energy Supply Strategy Alternatives and their General Environmental Impact, International Institute for Applied Systems Analysis, Austria; AIM, Asia-Pacific Integrated
Model, National Institute for Environmental Studies, Japan; GCAM, Global Change Assessment Model, Pacific Northwest National Laboratory, USA (previously referred to as MiniCAM); IMAGE,
Integrated Model to Assess the Global Environment, Netherlands Environmental Assessment Agency, The Netherlands.

targets identified by policy makers. In addition, the integrated assess-
ment modellers will develop entirely new scenarios with different
radiative forcing pathways to explore additional issues and un-
certainties. For example, new reference scenarios will be developed
to explore alternative demographic, socioeconomic, land use, and
technology scenario backgrounds. Scenarios will be created to explore
alternative stabilization levels, including higher overshoot pathways, as
well as the technology, institutional, policy and economic conditions
associated with these pathways. Other scenarios will be developed to
explore uncertainties in processes such as the terrestrial carbon cycle,
the ocean carbon cycle and the atmospheric chemistry of aerosols. A
variety of new regionally based scenarios will be developed using
regional models by research teams in developing and transition-
economy countries. The process by which new scenarios will be pro-
duced and the nature of coordination across research teams is not
specified here and remains to be determined.

The socioeconomic assumptions underlying the new emissions
scenarios (along with information about the spatial distribution of
these characteristics, when possible) will be used to develop scenarios
of factors affecting vulnerability, and will then be paired with climate
model results to provide consistent inputs for impact, adaptation and
vulnerability research. It is an open research question how wide a
range of socioeconomic conditions could be consistent with a given
forcing pathway, including its ultimate level, pathway over time and
spatial pattern; however, the range of underlying socioeconomic
scenarios that are consistent is potentially very wide (carbon cycle
uncertainties are among the major unknowns affecting scenario
development*®).

A significant portion of the new research anticipated to result from
the RCPs and the subsequent process will be assessed in the IPCC’s

a1

AIM 6.0

GCAM 4.5

Radiative forcing (W m—2)
Nl L A B R

IMAGE 2.6

Figure 5 | Representative concentration pathways. a, Changes in radiative
forcing relative to pre-industrial conditions. Bold coloured lines show the
four RCPs; thin lines show individual scenarios from approximately 30
candidate RCP scenarios that provide information on all key factors
affecting radiative forcing from ref. 47 and the larger set analysed by IPCC
Working Group III during development of the Fourth Assessment Report*.

b 120

MESSAGE 8.5

Emissions (Gt CO,)

Fifth Assessment Report, now under way and scheduled for release
during 2013 and 2014.

Selection process for the RCPs

A careful selection process was used to identify the RCPs, using
criteria that reflected the needs of both climate scenario developers
and users’. As a user of the RCPs and the ensuing research, the IPCC
requested the development of new scenarios compatible with the
literature of reference and mitigation scenarios and helped catalyse
the selection process. The criteria established by the research com-
munity included compatibility ‘with the full range of stabilization,
mitigation, and reference emissions scenarios available in the current
scientific literature’*’; a manageable and even number of scenarios (to
avoid the inclination with an odd number of cases to select the central
case as the ‘best estimate’); an adequate separation of the radiative
forcing pathways in the long term in order to provide distinguishable
forcing pathways for the climate models; and the availability of model
outputs for all relevant forcing agents and land use. The scientific
community used these criteria to identify four radiative forcing path-
ways, and a new Integrated Assessment Modelling Consortium
(IAMC), comprising 45 participating organizations (http://www.
iamconsortium.org), then assembled a list of candidate scenarios
for each radiative forcing level from the peer-reviewed literature.
The selection process relied on previous assessment of the literature
conducted by IPCC Working Group III during development of the
Fourth Assessment Report*. Of the 324 scenarios considered, 32 met
the selection criteria and were able to provide data in the required
format. An individual scenario was then selected for each RCP
(Table 1). The final RCP selections (RCP2.6, RCP4.5, RCP6.0 and
RCP8.5) were made on the basis of discussions at an IPCC expert

MESSAGE 8.5
100+

80+
60
AIM 6.0

40+

201~
GCAM 4.5

IMAGE 2.6

b, Energy and industry CO, emissions for the RCP candidates. The range of
emissions in the post-SRES literature is presented for the maximum and
minimum (thick dashed curve) and 10th to 90th percentile (shaded area).
Blue shaded area corresponds to mitigation scenarios; grey shaded area
corresponds to reference scenarios; pink area represents the overlap between
reference and mitigation scenarios.
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meeting in September 2007, a subsequent open review of proposed
selections involving many modelling teams and users, and the re-
commendation of an ad hoc committee convened to review alterna-
tives for the lowest RCP™.

The IAMC coordinated preparation of the RCP data in consultation
with the climate modelling and impact research communities**'. The
regional and spatial RCP data for the climate simulations is publicly
available through the IAMC-RCP database (http://www.iiasa.ac.at/
web-apps/tnt/RcpDb)

Figure 5 illustrates how the selected RCPs represent the literature in
terms of radiative forcing (Fig. 5a) and energy and industry CO,
emissions (Fig. 5b). The selected set of RCPs spans the range of radi-
ative forcing scenarios in the published literature at September 2007.
For energy and industry CO, emissions, RCP8.5 represents the 90th
percentile of the reference emissions range, while RCP2.6 represents
pathways below the 10th percentile of mitigation scenarios. They are
also similarly representative of emissions of greenhouse gases and
particles other than CO, (refs 3, 47, 49 and 51).

The RCPs provide a starting point for new and wide-ranging
research. However, it is important to recognize their uses and limits.
They are neither forecasts nor policy recommendations, but were
chosen to map a broad range of climate outcomes. The RCPs cannot
be treated as a set with consistent internal logic. For example, RCP8.5
cannot be used as a no-climate-policy reference scenario for the other
RCPs because RCP8.5’s socioeconomic, technology and biophysical
assumptions differ from those of the other RCPs.

New products and collaborations

Two sets of climate projections will be developed using the RCPs, one
focusing on the near term (to 2035) and the other extending to 2100
and beyond (the Coupled Model Intercomparison Project, Phase 5
(CMIP5) was used to coordinate the experimental design for climate
modelling leading to the Fifth Assessment Report*’). The near-term
climate projections (mainly comprising ‘decadal predictions™?) will
use the single mid-range RCP4.5, because the radiative forcing in the
different RCPs does not diverge appreciably until after this time
period (Fig. 5a). Because multiple scenarios do not need to be run
to span radiative forcing uncertainties, it is possible to run the models
at higher resolution and to prepare larger ensembles (a group of
model experiments used to analyse uncertainty) to improve under-
standing of likely extremes, thereby aiding evaluation of impacts and
adaptation needs for the coming decades. Another set of runs will
provide long-term climate projections to the year 2100, with some
pathways extended to 2300. These extended pathways will be used
for comparative analysis of the long-term climate and environmental
implications of different mitigation scenarios or pathways. ‘Pattern-
scaling’ methods, which use the outcomes of simple climate models
to scale the patterns of climate change produced by complex climate
models to correspond to different emissions scenarios, will be further
evaluated and developed®*.

The new process will increase collaboration among researchers
working on impacts, adaptation and vulnerability with climate and
integrated assessment modellers. One area of collaboration is prepara-
tion of narrative storylines and quantitative vulnerability scenarios
that are coordinated with emissions scenarios, thus encouraging
more impact research that is coordinated explicitly with emissions
and climate scenarios. This will extend the use of socioeconomic
scenarios, which previously have been used more to project green-
house gas emissions than to assess adaptive capacity and vulnerability.
The narratives will provide an interpretative tool for relating the
scenarios to conditions that affect vulnerability at the local and
regional scales at which many impact studies are undertaken. In addi-
tion, downscaled socioeconomic data for consistent, comparable
research on impacts, adaptation and vulnerability will be developed
and evaluated. Results from impact studies using the RCPs will feed
back into climate and integrated assessment modelling.
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New climate-policy-intervention scenarios will provide insights
on reducing or stabilizing concentrations of greenhouse gases. For
example, it is anticipated that scenarios will consider land-use and
land-cover choices that include bioenergy production in a world that
is also adapting to climate change. Much work is expected to focus on
low stabilization levels and overshoot scenarios in response to grow-
ing policy interest (Table 1 and Fig. 5a).

Another anticipated advance is the development of integrated
Earth system models that incorporate integrated assessment models,
climate models and impact models. Whereas integrated Earth system
models will not replace the three existing classes of models, they will
bring them closer together than ever before and enable new insights
into the challenge of integrating adaptation and mitigation in climate
change risk management.

Concluding comments

This new generation of scenarios will improve society’s understand-
ing of plausible climate and socio-economic futures. The importance
of the new scenarios is matched by the importance of the increased
level of communication and collaboration across different groups of
researchers.

The new process is only a first step toward the goal of integrating
the now separate tasks of developing scenarios, making projections
and evaluating the impact of the projections. Next steps for further
strengthening the process include establishing mechanisms for
ongoing coordination and information exchange, integrating data
and information systems, and improving support for users. Institu-
tions for coordination and knowledge management across groups
working on impacts, adaptation and vulnerability need to be
strengthened. In addition, the scenario process will need to continue
to evolve to increase the involvement of researchers and users from
developing countries to focus additional attention on crucial inter-
actions among development strategies, adaptation and mitigation.
These steps will improve the climate change impact and response
knowledge base, contribute to the development of socioeconomic
scenarios as a tool for assessing climate change risks and vulner-
abilities, and increase the use of climate scenarios as one starting
point for impact and response analysis.

Realizing the potential benefits of the new process also depends on
a number of scientific advances. Improvement in the representation
of the terrestrial carbon cycle in climate and integrated assessment
models is necessary to reconcile how human use of land resources
interacts with potential climate change impacts on, for instance,
vegetation and carbon cycling. If decadal prediction is to become
skilful, progress in understanding the physical climate system and
new approaches for data assimilation and initialization of models are
needed. Communicating decadal predictions in a way that is useful to
society at large is also a great challenge. Developing new approaches
for making socioeconomic scenarios more useful for research on
adaptive capacity and vulnerability is essential to improving our
ability to compare the consequences of adaptation and mitigation
strategies. Managing the cascade of uncertainties that span different
types of scenarios and improving characterization of uncertainties
and probabilities for ranges of future forcing and climate change is
necessary to make scenarios more useful to decision makers.

Although scenarios do not offer a crystal ball for the future, the new
coordinated approach for developing and applying them in climate
change research will yield valuable insights into the interaction of
natural and human-induced climate processes, and the potential costs
and benefits of different mixes of adaptation and mitigation policy.
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