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What is a climate model?

To simulate the climate system we
develop models that
describe mathematically
the key processes in the climate system
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Including a closed carbon cycle to describe carbon feedbacks in response to
physical changes
A flexible framework for coupling many ESM components

How good are climate models?

IPCC 2013

Climate models have biases

IPCC: “major processes governing surface temperature climatology are
represented with a reasonable degree of fidelity by the models”
IPCC: “With few exceptions, the absolute error (outside polar regions and other data-poor regions) is less than 2°C. Individual models typically have larger
errors, but in most cases still less than 3°C, except at high latitudes … . Some of the larger errors ... may result simply from mismatches between the
model topography and the actual topography.
There is also a tendency for a slight, but general, cold bias. Outside the polar regions, relatively large errors are evident in the eastern parts of the tropical
ocean basins, a likely symptom of problems in the simulation of low clouds. The extent to which these systematic model errors affect a model’s response to
external perturbations is unknown, but may be significant (see Section 8.6). In spite of the discrepancies discussed here, the fact is that models account for
a very large fraction of the global temperature pattern: the correlation coefficient between the simulated and observed spatial patterns of annual mean
temperature is typically about 0.98 for individual models. This supports the view that major processes governing surface temperature climatology are
represented with a reasonable degree of fidelity by the models.”

Climate models are improving

CMIP6
What are the origins and
consequences of
systematic model biases?

How does the Earth
system respond to
forcing?

CMIP model experiments have routinely been the basis
for future climate change assessments made by the IPCC

How can we assess future
climate changes given internal
variability, predictability and
uncertainties in scenarios?

builds on the WCRP Grand Science Challenges
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ec-earth.org

A European Consortium for
Earth System Modeling
●

29 partner institutes

●

8 core partners in the Steering group
–

●

In Sweden:

KNMI, AEMET, DMI, Met Éireann, FMI, IPMA, CNR-DTA,
SMHI

Work groups
–

Technical

–

Tuning

–

Atmospheric Composition

–

Land and Vegetation

–

Ocean

–

Millennium scale studies

–

CMIP6

–

Climate prediction

will address 3 broad scientific questions
through 21 endorsed MIPS

DECK = Development, Evaluation,
Characterization of Klima
●

●

●

Basis to evaluate the model and to test its
sensitivity; “entry card” for CMIP6
Runs
–

AMIP (= atmosphere-only) 1979 – 2010

–

multi-hundred-year pre-industrial control simulation

–

1% per year CO2 increase, up to 4 times preindustrial
levels

–

instantaneous quadrupling of CO 2

–

Transient historical run starting in the 19th century and
running through the 21st century using RCP8.5

A shared task for the EC-Earth community

ScenarioMIP

●

●

The primary activity within CMIP6, that will provide multi-model climate projections based on alternative
scenarios of future emissions and land-use changes ...
... is one component of a larger scenario process that aims to facilitate a wide range of integrated
studies across the climate science ... and will form an important part ... in the next IPCC assessment.

Forcing
pathways
Scenarios were produced on the basis of
the new Shared Socio-economic Pathways
(SSPs) experimental (by researchers within climate
science, IAM, impacts, adaptation, and vulnerability (IAV)
communities) and a subset chosen in order to:
●

●

Provide continuity with CMIP5
Effectively populate the matrix of
possible SSP-Forcing-level combinations

All the scenarios in ScenarioMIP will form
a continuation of the historical
experiment (1850-2015) and as such will be
analyzed together with the historical
simulations in order to characterize climatic
changes with respect to historical baselines. Rows

represent
climate
situations

SSP = “Shared Socio-economic Pathway”
= societal development pathway

Columns are diferent futures for
population, economics, land-use, air
pollution

SSPs

The SSPs were developed as a joint community effort and describe global developments that
together would lead to different challenges for mitigation and adaptation to climate change.

SSP =
“Shared Socio-economic Pathway”
= societal development pathway

SSPs comprise five alternative narratives that describe the main characteristics of the
pathways in qualitative terms as well as quantitative descriptions for key elements including
population, economic growth and urbanization.
IAM scenarios were then developed based on the SSPs by elaborating on their implications
for energy systems and land‐use changes and quantifying resulting greenhouse gas
emissions and atmospheric concentrations.
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The ScenarioMIP matrix

The ScenarioMIP matrix

Top-most boxes =
unmitigated
“baseline” scenarios

“Baseline scenarios”
which provide a description of future
developments in the absence of new climate
policies beyond those in place today.

How to understand
combinations of
SSP and radiative forcing level?
SSPs can be combined with climate simulations from
either CMIP5 or CMIP6
In general, each SSP-forcing combination
represents an integrated scenario of future climate
and societal change which would be used to
investigate issues such as the mitigation effort
required to achieve that particular climate outcome,
the possibilities for adaptation under that climate
outcome and assumed societal conditions, and the
remaining impacts on society or ecosystems.
Each row contains climate model simulations based on
a forcing pathway (e.g., a 4.5 W/m2 pathway) which
can be used in combination with the societal
conditions described by any of the SSPs, as long as
it is feasible that within that SSP emissions could be
made consistent with that forcing pathway.
We refer to these scenarios as SSPx-y, where x is the
specific SSP and y represents the forcing pathway.

In the example shown in the figure, mitigation
policies would be added to each SSP to
produce a forcing pathway that stabilized at 4.5
W/m2, and SSP2-4.5 is singled out as the
specific scenario that would be used as input to
climate model simulations in ScenarioMIP.

Rows
represent
climate
situations
Columns are diferent futures
for population, economics,
land-use, air pollution

SSP3-7 Filling the gap;
Representative of many
unmitigated SSP
Baseline scenarios. Interesting
afforestation/airpollution burden
(LUMIP/ AerChemMIP).

SSP5-8.5 Continuity with
CMIP5 and representative
of high end of range
CORDEX

SSP2-4.5 Continuity
with CMIP5 and
interest from /Decadal
Prediction/DAMIP.

1

SSP1-2.6 Continuity
with CMIP5 and
representative of
low end of range.

CMIP5
simulations
(RCPs)

CORDEX

“Baseline scenarios”
provide a description of future developments in the absence
of new climate policies beyond those in place today, as well
as mitigation scenarios which explore the implications of
climate change mitigation policies applied to the baseline
scenarios.

Tier 1

Tier 1 spans a wide range of uncertainty in future
forcing pathways... while also providing key scenarios
to anchor experiments in a number of other MIPs.
Only four scenarios (in Tier 1) with only one simulation
per scenario are required for any climate model
participating in this MIP.

SSP4-6.0 Continuity.
SSP4 was chosen because
together with SSP4-3.4 it could be
used to investigate differences in
impacts across global average
forcing pathways even if the
regional climate effect of land use
and aerosols turn out
to be strong.

SSP3-7.0
(initialized) ensemble
CORDEX

Long-term extensions
to address slow-response
components of the
climate system
(ice sheet, sea level rise).

1

Overshoot
scenario
at higher
level
Overshoot scenario
(CO2 concentration
temporarily exceeds some
pre-defined, “dangerous”
threshold (before being
reduced to
non-dangerous levels)

Tier 2
Tier 2 includes additional scenarios of interest as
well as additional ensemble members and longterm extensions.

SSP4-3.7
Filling the gap
(interesting mitigation
target less stringent
than RCP2.6)

SSP3-7.0
(initialized) ensemble

Tier 2: Initial condition ensemble
●

●

influence of internal variability on climate outcomes, based on the assumption
that variability estimated for one scenario can be applied to outcomes for others.
–

At high forcing level by the end of the 21st century; will enable the exploration of potential
changes in internal variability over a substantial range of global average radiative
forcing and temperature change, which could not be assessed if the large ensemble was
run for a lower scenario,

–

Understanding potential changes in variability over a wide range of forcing levels is essential
to support the possibility of transferring variability under the large ensemble to other scenarios
for which we request only a single ensemble member.

–

SSP3-7.0 has relatively strong land use change and high emissions of NTCFs (Near term
Climate Forcers, namely tropospheric aerosols, tropospheric O 3 precursors, and CH4, unlike
the SSP5-8.5 scenario), and therefore has been identified as an important experiment on
which variants will be conducted by LUMIP and AerChemMIP to investigate the climate
implications of regional differences in land use and aerosol emissions.

9 ensemble members

Anchor for other MIPs
ScenarioMIP runs as reference for
variants to be run as part of other MIPs.
The ScenarioMIP strongly recommend
that modeling groups participating in
ScenarioMIP run at least the four
scenarios in Tier 1, and as many
additional scenarios as possible
The ScenarioMIP request that models
run 9 or more additional initial
condition ensemble members for the
SSP3-7.0 scenario
0701 456569

Time line
●

Complete and further test EC-EARTH 3 (currently: 3.2)
–

●

conservation issues, ocean circulation, ability to run with interactive vegetation,
… technical issues

Forcing provision and implementation in model (now – fall 2017)
–

Distributed tasks responsible persons/groups for implementation

●

Tuning, always after a new version, ESM testing (ongoing)

●

GCM DECK (august 2017)

●

LowResGCM DECK (fall 2017)

●

First HighResGCM runs (ongoing, with deveiations from CMIP6 rules)

●

ESM DECK (early 2018)

●

ScenarioMIP runs (end of 2017)

contributions to
ScenarioMIP
●

●

All 4 standard scenarios in
tier 1 (
dark blue)

SSP3-7 Filling the gap;
Representative of many unmitigated SSP Baseline
scenarios. Interesting afforestation/airpollution burden
(LUMIP/ AerChemMIP).

Initial focus on SSP 3-7
–

In standard res GCM+Veg

–

In low res GCM+Veg

–

A coordinated effort as part of the EUCRESCENDO project

●

“Paris” scenario

●

Overshoot scenario (“if Paris fails”)

Paris scenario (SSP1-1.9) with
likely 2100 warming <1.5 C.
Overshoot at
“above Paris” levels

ScenarioMIP is concentration-driven
The scenarios specified in the ScenarioMIP design are to be run as concentration-driven
experiments for long-lived greenhouse gases. Such scenarios are more consistent with the
“integration” role that these scenarios will play in the broader research community. The
conceptual framework for scenario-based research (Section 2.3) is based on investigating the
implications of alternative climate futures. In order for research using ScenarioMIP climate
projections to be as comparable across studies as possible, it is important to ensure that the
climate outcomes of the experiments roughly represent the intended forcing levels.
Modeling groups must use the ScenarioMIP-provided concentrations for all long-lived
greenhouse gases (CO2, CH4, N2O, CFCs). For all other radiatively active constituents (i.e.,
aerosols and ozone), the modeling groups will use either the ScenarioMIP emissions (from
anthropogenic and biomass burning sources only, consistent with the historical emissions) or the
CMIP-provided concentrations.
The choice between concentration and emission driven runs relates to a trade-off between
the use of scenarios as means of integration across the different communities and the
representation of model differences and overall uncertainty. In particular, concentration-driven
scenarios do not allow for assessing amplification effects of biogeochemical feedbacks
(e.g., in which climate change influences the carbon cycle, producing more emissions and more
climate change, and further influencing the carbon cycle) beyond what is included in the model
used to generate the ScenarioMIP-provided GHG concentrations. The amplification impacts will
however be partially investigated in C4MIP and AerChemMIP simulations (see Section 3.3.3.
below) and an assessment of a range of sources of uncertainty will be possible by combining the
results from several of the CMIP6-Endorsed MIPs.

ESM configurations

CORDEX-MIP in CMIP6
downscaling

CORDEX is a CMIP6 diagnostic MIP requesting specific
CMIP6 output for regional climate downscaling ... to produce
downscaled projected changes in regional climates, and
assess sources of uncertainties in the projections.
The CORDEX MIP requests to provide forcing data for:
1) 30 years of the pre-industrial simulation (CMIP DECK)
2) 1950-2014 from the historical simulation (CMIP6 Historical Simulation)
3) 2015-2100 from the SSP5-8.5 and SSP1-2.6 scenario simulations (ScenarioMIP)
4) Also, if possible: ensemble members under the SSP3-7.0 scenario

Downscaling of CMIP

Higher resolution in RCMs tends to increase extreme precipitation intensity
(in line with observations)

The change of the CH4 flux
between the recent and the
future periods.
Zhang et al. 2013

To take home
●

●

●

●

The scenario matrix offers climate change
outcomes from different combinations of society
type and mitigation effort
As users: understand the set-up and get in
touch with the MIP of your interest
For regional studies, use regional downscaling
as available
CMIP5 simulations are not outdated

The End

