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The PMIP3 “past1000” simulations
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Pre-PMIP3 and PMIP3 last millennium simulations in
IPCC AR5

(a) reconstructed (grey) and simulated (red/blue) NH temperature
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PMIP3 last millennium simulations & PAGES2K
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PMIP3 last millennium simulations & PAGES2K

* Reconstructions and simulations agree that regional
temperatures show response to ext. forcing. Some regions
respond more to forcing than others. Solar impact
acknowledged as comparatively smaller.

* Inter-regional correlations smaller in reconstructions

* New statistical methods and data assimilation can help to
identify biases on regional scales and to improve
understanding of mechanisms

» Model-based (pseudo-proxies) guidance in improving proxy-
based analyses

* Improved process understanding (e.g. long-lasting effects of
volcanic eruptions



The new PMIP4 “past1000” simulations

 PMIP conference Namur 2014: confirmed that past7000
should be in the CMIPG6 proposal

» past1000 should be 850-1849 CE (as in PMIP3) & mandatory
“historical” experiment (1850-2014 CE)

* strong wish to encourage ensembles of simulations

PMIP proposal: LGM, MidHolocene, LastlG, Pliocene,
past1000

Only core experiments are considered CMIP6 experiments; all
others, sensitivity experiments etc. are PMIP4

Documentation:
PMIP in CMIP6: Kageyama et al., GMDD, 2016
Past1000: Jungclaus et al., CP, in prep.



The PMIP4 “past1000” simulations

12 groups confirmed past1000 simulations

10 vs. 2 groups wish to have one set of forcing for the
standard experiment

7/ vs. 5 groups plan to run additional experiments with
different forcing

6 vs. 6 plan to run multiple realisations

3 groups plan to run interactive aerosols or aerosol chemistry
models (although no final confirmation on that)



The PMIP4 “past1000” simulations

Model id Atmosphere resolution Oceanresolution
CSIRO-Mk3L-1-3 (U. Tasmania) 64 x56x 18 128x112x31
NUIST-CSM 192x96x47 362x292x46
GISS-E2.1-R; GISS-E2.1: 144x90x40; 360x180x32;
GISS-E3-R GISS-E3: Cubed sphere C90 x 196 360x180x56
EC-EARTH3-LR,

EC-EARTH3-CC-LR 320x160x62 362x292x75
MRI-ESM2 320x 160 x 80 360x364x61
NorESM2-LM 19x2.5degx32 1degx53
INMCM438 180x120x21 360x318x40
UKESM-lo and/or HadGEM3 N96 = 192x145 ORCA1.0
MPI-ESM 192x 96 x 47 256x220x 40

AWI-CM
FGOALS3
MPI-ESM-1.2
KCM2
CESM-2.1
IPSL-CM6-LR
iLOVECUM1.2

192x96x 47
2x2x26
192x96x47
2.8x2.8x31
288x 192 x 32
144x142x79
5.6x5.6x3

variableresolution, highestatcoastal regions, 20 km
near Greenland coast(details of the model grid will

be submitted later)
1x1x50
256x220x40
182x149x31

320x 384 x 60
1degx79L

3x3x20



The PMIP4 “past1000” simulations

Tier 1: The CMIP6 past1000 & historical experiment

* The official CMIP6 past1000 experiment covering 850 -
1849 CE followed by a mandatory CMIP6 historical
experiment (1850 - 2014 CE). It applies the “consensus”
forcing data set. Groups are encouraged to run multiple
realisations (ensemble approach).



The PMIP4 “past1000” simulations

Tier 2: Additional PMIP4 past1000 experiments: Uncertainties
and attribution

* Exploring uncertainty in forcing boundary conditions:
Sensitivity experiments applying different flavours or
differently derived forcing agents

 Attribution to individual forcings: Sensitivity experiments
applying one forcing at a time (note that attribution may
require multiple realisations owing to low signal-to-noise
ratio).



The PMIP4 “past1000” simulations

Tier 2: Additional PMIP4 past1000 experiments:

* VolcLong-Cluster: Focus on volcanic forcing and climate
change in the early instrumental period: An experiment
carried out in cooperation with VolMIP (Zanchettin et al.,
2016): An ensemble of 70-year long simulations starting
from past1000 restart files in 1790 CE investigating the
period of the Dalton Minimum and the Tambora eruption.

 The PMIP4 past2k experiment: same as the standard
experiment, but starting in the year 0 CE. So far, four
groups have expressed interest to extend to 2000 years.



PMIP4 “past1000” external forcing

Solar:

New TS| and SSI are based on updated reconstructions of most
recent cosmogenic isotope data 14C (Usoskin et al., 2016) and
10Be (Baroni et al., in prep.).

PMIP4 provides:

CMIPG: (1) 14C -based data set (SATIRE 14C, N. Krivova, pers.
comm.). Solar surface magnetic flux is reconstructed from the
iIsotope data through a chain of physics-based models (Vieira et al.,
2011; Usoskin et al., 2016).

(2) 10Be-based data set (SATIRE_10Be, N. Krivova, pers. comm.)
using the same procedure as (1) to reflect uncertainty in the
cosmogenic input data.

(3) 14C-based data data set (PMOD 14C) based on different
assumptions for the long-term changes to reflect uncertainties in
the magnitude of the secular variation Shapiro et al., 2011; Judge
et al., 2012; Egorova et al., in prep.)



PMIP4 “past1000” external forcing

e PMOD
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PMIP4 “past1000” external forcing

Volcanic:

New estimates of sulphur injections based on Sigl et al.
(2014/15). Better constraints on timing and revises
amplitudes of sulphur injections.

Groups using forcing based on aerosol optical properties
(AOD, reff) are supposed to use the Easy Volcanic Aerosol
(EVA) module (Toohey et al., 2016)

should be technically most compatible with CMIP6 historical
data set



PMIP4 “past1000” external forcing
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PMIP4 “past1000” external forcing

Land-Use:

New historical land-use forcing covering 850 - 2005 CE based
on HYDE3.2 (Klein-Goldewijk et al., in prep.) estimate of
cropland, pasture, urban, and irrigation.

Grazing lands are split into managed pasture and rangeland
categories, and crop type disaggregation.

Historical wood harvest is based on updated HYDE inputs
and new historical estimates. High-/low estimates are
provided in addition to the “best-guess” data set.

This comes as a continuous forcing 850 to 2014, provided by
G. Hurtt et al.



PMIP4 “past1000” summary

Models:

Models will be pretty similar to PMIP3, some go for higher
resolution (ECEarth). Increase in computer resources can be
used for multiple realisations (ensembles)

Forcings:

Some progress over PMIP3 (better time constraints for
volcanic eruptions, Spectral solar irradiance), better
integration of pre-industrial and historical forcing (although not
achieved for all)

Experiments:

Standard past1000 & historical as part of CMIP6

Past2k: 4 groups

Additional experiments on specific topics (e.g. together with
VolMip)



How good are climate models?

Evaluation of
Climate Models

Coordinating Lead Authors:
Gregory Flato (Canada), Jochem Marotzke (Germany)

Lead Authors:

Babatunde Abiodun (South Africa), Pascale Braconnot (France), Sin Chan Chou (Brazil), William
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United Kingdom and New York, NY, USA.

m

 Emphasis is on measures

of performance, evaluation
of CMIP5 vs. CMIP3, role
of new “Earth system”
components

CMIP5 could draw on more
models

more Earth System Models
iIncluding carbon cycle,
sulphur, interactive
aerosols etc.



How good are climate models?

(a) Multi Model Mean Surface Temperature (b) Multi Model Mean Bias
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How good are climate models?

(b) Multi Model Mean Bias

“A particular problem in simulating the
seasonal cycle in the tropical Pacific
arises from the ‘double ITCZ’, defined
as the appearance of a spurious ITCZ

in the SH associated with excessive
e . tropical precipitation.”

“There is medium confidence that
models are correct in simulating
precipitation increases in wet areas
and decreases in dry areas on broad
spatial scales in a warming climate
s e s wee w2 s ow o haged on agreement among models
and some evidence that this has been

detected in observed trends.”
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Flato et al., 2013



How good are climate models?
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Metrics were developed to rank models and to compare overall

performance...

Flato et al., 2013



How good are climate models?

Reanalysis
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...however, model performance needs to be carefully analyzed for the

specific purpose, e.g. NAO for European climate
Davini and Cagnazzo, 2014



How much does resolution matter?

Growing season precipitation change

ATHENA project: e

“The outcomes to date suggest that, in
addition to substantial and dedicated
computing resources, future climate
modeling and prediction require a
substantial research effort to efficiently
explore the fidelity of climate models
when explicitly resolving important
atmospheric and oceanic processes.”

20: A0 5 5  10: 20%
Kinter et al., BAMS, 2013



How much does resolution matter?

Precipitation bigs in ECMWF IFS
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Higher resolution and improved parameterisations lead to better

representation of circulation, e.g. Northern Hemisphere blocking, but
does not solve problems in the tropics. More sophisticated
parameterisations are needed to improve convectively coupled waves

and tropical variability.

Berner et al., J. Clim, 2012



Volcanic forcing (W/m?)
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Forced responses in hydrolocical records

Winter et al. relate drying trends in Mesoamerica to volcanic
forcing. No corresponding signal obvious in CMIP5 past1000
simulations
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Winter et al., Nature Comm, 2015



Forced responses in hydrolocical records

...however, an ensemble of
early-19th century simulation
shows a corresponding drying as
an average result.
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Model-data comparison may be
complicated by the low signal-to-
noise ratio for hydroclimatic
variables.

Davide Zanchettin, pers. comm.



Model biases in hydroclimatic variables seem to be more serious than
temperature; more related to deficiencies in dynamics.

Stephens et al. (2010) diagnose “Dreary state of precipitation in global
models” (even at much higher resolution than usually used in paleo
simulations)

Gorman and Schneider (2009): “Changes in tropical precipitation
extremes can not be reproduced; large model scatter owing to
different parameterisations”

Thus, “comparing data and model estimates of
hydroclimate variability and change over the common
era” will be a difficult task and we need to carefully
design our analyses.



