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Integrated assessment of CMIP5 simulations
in terms of climate classification sessions, poster 1)

Michal Belda, Tomas Halenka, Jaroslava Kalvova and Eva Holtanova

Charles University in Prague, Faculty of Mathematics and Physics, Department of Atmospheric Physics

Validation of CMIP5 model
results in representing
vegetation zones according to
Képpen-Trewartha climate
classification

Evaluation of future projections
for RCP4.5 and RCP8.5
scenarios

Evaluation of Euro-CORDEX
historical and projection runs
forced by CMIP5 models using
Kdppen-Trewartha climate
classification

Problems capturing rainforest
type Ar, underestimation of
desert type BW, overestimation
of boreal climate type E

Higher resolution != better
representation of climate zones
Future changes often smaller
than model errors

Ensemble spread quite large



Sources of multi-decadal predictability over the North Atlantic

and Mediterranean region: the role of forcings.
by Alessio Bellucci (CMCC), A. Mariotti (NOAA), S. Gualdi (CMCC, INGV)

Mediterranean SST

Multi-decadal SST variability in
HISTORICAL CMIP5 simulations
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Towards a limited-area climate
ensemble prediction system for decadal forecasts Deutscher Wetterdienst

Wetter und Klima aus einer Hand

On global and regional scale

HAMOCC MPIOM

1981 1991 2001

55 Annual E All hindcasts for fall (SON) - COMO-CL
" Anomaly to 1981-2010 . ' ‘ '
[[AA[] ®ececesecee
WA W Sfona Eee@o 3
: == oo o
1961 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 1-4 2-5 3-6 4-7 5-8 6-9 7-10  2-9
en m T e

% WCRP/EMBRACE Workshop on CMIP5 Model Analysis and Scientific Plans for CMIP6 — Jennifer Brauch
22/10/2015



Impact of permafrost relevant processes on hydrological
change using MPI-ESM

Stefan Hagemann, Tanja Blome, Christian Beer and Altug EKkici

Frozen Soil, less
infiltration

Precipitation
decrease

More snowmelt
runoff

Soil moisture
decrease

Less moisture
recycling

Summer: soil moisture — precipitation

Evapotranspiration feedback over high latitudes

decrease

@

ya)ﬁ/lp‘imk'llnsmt October 2015, Stefan Hagemann \
ir Meteorologie PAGE21




Climate indicators of the pace of change using CMIP5 projections

Yann Chavaillaz’, Sylvie Joussaume', Sandrine Bony?, Pascale Braconnot' and Robert Vautard’

Main idea
Statistics of temperature and precipitation

with a running baseline of 20 years with 18 GCMs

One of the main findings:

r ™
Fraction of population exposed to 2o0-shifts in 20 years for the annual temperature

AToo=2
for year t Ll=e0) 6 billions, i.e. 61%

- : 80— : ; T /
2 ye/ar return period BCP8.5§ /

t-20, t o

60 cpog A

significant gap
between RCP8.5

extreme year with a 50-year return period and others
DO -
v
currently, 8% of the 0 ; i
population exposed 1990 2010 2030 2050 2070

Also on the poster: doubling of the warming rate, intensification of the drying and moistening rates,
expansion and stabilization of precipitation rate patterns, etc.

1LSCE-IPSL, Gif-sur-Yvette, France
2. MD-IPSL, Paris, France



Sources of uncertainties in projections of potential marine

ecosystem stressors
T. L. Frolicher, K. B. Rodgers, C. Stock, W. W. L. Cheung

Marine ecosystems are increasingly stressed by human-induced changes

Ocean acidification, ocean warming, ocean deoxygenation and changes in primary
production are of greatest concern

Future projections of these marine ecosystem stressors are inherently uncertain

—> uncertainty assessment is needed!

Scenario uncertainty
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Eric Guilyardi (1PsSL & NCAS/Climate) and Andrew Wittenberg (GFDL)
On behalf of the CLIVAR Reseach Focus “ENSO in a changing climate”

» Despite 30 years of progress, ENSO continues to surprise us and b
challenge our assumptions - It remains a major unsolved climate puzzle
* |tis the “elephant in the room” for regional impacts of climate change

« ENSO research very active field
« diversity of events, extremes, role of atmosphere,...

Coupled GCMs are choice tools to understand ENSO

 ENSO simulation and prediction still suffer from long standing biases

o Little improvement from CMIP3 to CMIP5

 Beyond performance metrics, process-based metrics are required during model
development phase

» Poster provides examples of the

such metrics and how to develop
their use in the community

r 9

CMIP

% CLIMAF Package (IPSL/CNREM )
Maodel

” . e Other evaluation package e
c B". Al DL who ? Community evaluation software
Focus group
) \L JP‘
o

Common interface
3
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o
g
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Carbon Cycle Feedback of Land Ecosystems
in Response to Atmospheric CO, Increase

~

J
\

Tomohiro HAJIMA, Kaoru TACHIIRI, Akihiko ITO, MIChIO KAWAMIYA SOUSEL
/1, Target: Land carbon cycle response to CO,in ESMs (2. Analysis: Decomposmg the feedback into factors, efc
9Strong & highly uncertain feedback | | .. e R I R x 03
-500 500 1000 ' 1500 = 11 T 5] o 60 |
CO,Land B D O E-TI U e S DS POV S
i i 1 : 0.4 — = 04 —“g“ 10 5'"{' x 0.1 [ ;
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. ,l “““ ; Feedback 0 of o] ol o of o o
Clim-Land i POS|T|VE 0s | | e ] o2 5 005
, :  Feedback ' o4 o04q a0 q T s =]
Clim-Ocean |[: l ‘ AC, _ AGPP . ANPP . AC, AHR  AC,
—————————— . iach, = /Aépd /Agpp X IAGPP X /ANPP X /AcS X /ACs * JAHR
\_ Arora et al. (2013), Units: [PgC]  J \_
(3. A Key result: " (4. Another feature:
NPP determines the total CO,-land carbon feedback in an ESM The feedback strongly depends on rate of CO, inc.
1400 T . . 2.5 =
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Refs: Hajima et al. (2014) J. Clim; Arora et al. (2013) J. Clim.



Improving the Norwegian Earth System Model (NorESM) for CMIP6

Trond Iversen, MET Norway

Aerosols, Clouds, Chemistry,
Energy Consistency

Modified
snow

medied  MICOM / NOrESM-O

modified

CICE4 (5), _J

CAM5-Oslo

/ NorESM2-CAM

CPL7

CAMS.x

' e\
/' coupler CLM4.5 (5)

River Routing

modified

NorESM belongs to a “family” of models based on

Six possible configurations of NorE SV2 for CMIP6.

NorESM2_ _MH _HH _MM LM _LME _LMEC

& |Atmosphere M H: M L: L: L

= -Land 0.9x1.25deg. | 0.23%0.31 deg. | 0.9x1.25deg. | 1.9x2.5deg. | 1.9x2.5deg.; | 1.9%x2.5 deg

= T

»n H: _ M M M M:

& Ocealr::t; Sea- nominal 0.25 deg. mn':n:gl 025 nominal 1 deg. | nominal 1 deg. | nominal 1 deg. | nominal 1 deg.
Greenhouse| Concentration- | Concentration- | Concentration- | Concentration- E: E:
Gases (GHG) driven driven driven driven E mission-driven|E mission-driven

- Emission-driven

ﬁ Aerosols E mission-driven, PossibH: Si 'r’ Emission-driven, |Emission-driven, |Emission-driven, |Emission-driven,

ﬂ Complex physics Dl'le}{@l cI:“ ‘[Complex physics{Complex physics|{Complex physics|/Complex physics

(=}

o | Atmosph. N e e e R C:

E ghemith'w Simplified Simplified; Simplified; Simplified; Simplified Complex

cean blo- E: E:
CRnGhem OFF OFF OFF OFF ON ON
CMIP-DECK & OPTIOHAL: AMIP, Preind, ALL except
CMIP6 Historic ALL Only AMIP |11 if MHfeils| Historic AMP Cnly AN
OPTIOHNAL. “Aer ChemMIP
If _MH fails: CFMIP
*AerChemMIP '%’2'\;::’
CFMIP *AerChemMIP .
i g LSIMIF(?) “Camip
MIPs D ANP HighResMP RFMP LUMIP LUMIP(?) | *AerChemMP
esM -OMIP * GeoMIP(?) “VolMP
“OMP “DAMIP b “OMIP(?)
*ScenarioMP *OMP RFMIP
*SIMP *ScenarioMIP SoenarioMIF
SIMP “\ol MIP
SIMIP

the (NCAR) Community ESMs, where:

*The ocean model is replaced with an iso-pycnic co-
ordinate version developed from MICOM;

*Ocean bio-geochemistry is based on HAMOCC
(Hamburg Ocean Carbon Cycle Model);

*Own modules for aerosol life-cycling, physics, and
interactions with cloud microphysics (CAM-Oslo);

* Adjusted processing of sea-ice and snow on sea-ice.

Sst & ice, d=0.25deg




S Q8 COMPLEMENTING
THERMOSTERIC SEA-LEVEL RISE ESTIMATES

ENERGY COLLEGE

MOTIVATION SCHEMATIC OF SEA LEVEL COMPONENTS

SEA LEVEL

INTEGRATES ALL VOLUME CHANGES OF THE WORLD'S OCEANS . )
I) THERMOSTERIC SEA LEVEL RISE (THSLR) DEFINES THE EXPANSION OF STERIC AND MASS CHANGES =
SEAWATER CAUSED BY THE WORLD’S OCEANS WARMING. OVER THE LAST 50 THERMOSTERIC aND HALOSTERIC
YEARS, THSLR ACCOUNTS FOR 40% OF GLOBAL SEA LEVEL RISE. o Ly Jox B
DOWN TO THE PRESENT DAY, OBSERVED THSLR ESTIMATES ARE SPARSE AND HEATNG  FLAVOURNG ReswENNG  sRsinG
PRIMARILY AVAILABLE FOR THE UPPER OCEAN LAYERS DOWNTO 700 M. . ﬁ] @J
ONLY A PART OF THE AVAILABLE CLIMATE MODEL DATA IS SUFFICIENTLY
NET CHANGE ~ NO NET CHANGE NET CHANGE NO NET CHANGE

DIAGNOSED TO COMPLETE OUR QUANTITATIVE UNDERSTANDING OF THSLR. nm IN GLOBAL OCEAN'S VOLUME

METHODS AND MODELS
MODEL MEDIAN PERCENTAGE CONTRIBUTION TO GLOBAL MEAN THSLR FOR
THE ENTIRE WATER COLUMN FROM DEPTHS BELOW 700 M (LIGHT GREY) AND

1) COMPLEMENTING CMIP5 THSLR DATA SET
BELOW 2000 M (DARK GREY) FOR SEVEN SCENARIOS.

Calculation of the simulated thermal expansion over the entire
100(€/) historical . (c) repd.5 ocean grid for CMIP5 models resulting in an extension of the

o how 0 M 1= o 200 available set of thSLR diagnostics (zostoga) from CMIP5 and depth-
T o dependent time series.

o COMPLEMENTING OBSERVATIONS

I5% s Analysis of those model results in order to complement upper

median®il ocean layer observations.

ENABLE SURROGATE TECHNIQUES FOR LONG-TERM THSLR
PROJECTIONS

Investigation of hemispheric averages and global averages of
calibrated thSLR mimicking CMIP5 estimates to enable the

o : - —_— . B development of surrogate techniques to project thSLR using vertical
time (in years) tme (nyears) temperature profile and ocean heat uptake time series.

contribution to total thermosteric sea level (in %)




Atlantic Multidecadal Variability in a multi-model ensemble of CMIP5 simulations:

an assessment of its spectral characteristics and its non-stationary behaviour CinmcCC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

Irene Mavilia (1,2), Alessio Bellucci (1), Panos Athanasiadis (1), Silvio Gualdi (1,3), Rym Msadek (4), Yohan Ruprich-Robert (4)

(1) Euro-Mediterranean Center on Climate Change (CMCC), Bologna, Italy (irene.mavilia@cmcc.it), (2) Ca’ Foscari University, Venice, Italy,

(3) Istituto Nazionale di Geofisica e Vulcanologia, Bologna, Italy, (4) NOAA/Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey.
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Equatorial Atlantic Ocean dynamics in a coupled

ocean-atmosphere model simulation

Paulo Nobre, E. Giarolla, L. Siqueira, M. Bottino, M. Malagutti, V. Capistrano
National Institute for Space Research — INPE - Brazil

CMIP5 Eq. Atlantic Thermocline * The development of the Brazilian earth system
e oA model (BESM) is a cooperative effort in Brazil,

cesma documented in Nobre et al. (2013).

—nwmroc ¢ Bottino and Nobre (2015) investigated the cloud
BESMZES cover scheme, resulting in an improved version

BESM2.3.1
REERIBESM2.5

of the model;

e Giarolla et al. (2015) compared the ocean

features over the equatorial Atlantic, simulated

S0W 40W 30W 20W 10W OE  10F by BESM and seven other CMIP5 models.

Longitude

e This work refers to Giarolla et al. (2015), also including in the

"‘) BESM

comparisons the most recent BESM version, BESM2.5. Analyses
are based in the last 30 years of 100-yr long simulations.

T, ... GOVERNO F EDERAL
\ v = Ministério da .
: ey ‘ A INPE Ciéncia, Tecnologia e IL
2 REDE / e Inovacédo
INCT PATRI ADORA

Braziian Earth System Mode!



Reducing Uncertainty in Future Projections of the Northern Annular Mode

e Future projections of the NAM remain highly uncertain (Miller et al. 2006, Manzini et al. 2014)
— large uncertainty in regional climate change (model formulation, well-resolved stratosphere?)

e Sigmond and Scinocca (2010; SS10): Sensitivity of the NAM response to GHG is primarily due to
differences in the initial climatological winds upon which GHG forcing is applied in each model.

models with stronger/weaker climatological NH wintertime winds in a critical region of the lower
stratosphere tend to have a more positive/neutral NAM response to increased GHG forcing

o
S

e SS10 have identified a planetary-wave mechanism to
explain this sensitivity

Height (hPa)

83368 33868 5 oo

e Recent analysis of the NAM response in CMIP3 and
CMIPS climate change simulations (Manzini et al. 2014)
has provided support for the SS10 mechanism

Height (hPa)

Uncertainty in regional climate change associated with

the NAM response can be reduced in CMIP6 if present-

day wind biases are reduced in the critical region of the
NH wintertime lower stratosphere.

John Scinocca, CCCma

I* Environment  Environnement Canadian Centre for Climate Modelling and Analysis Can dl*l
Canada Canada Centre canadien de la modélisation et I'analyse climatique ddd



SST response in the SPG mmp CMIP5 simulations

MLD (m)

0
1000

2000

Rapid cooling in the North Atlantic:

a real eventuality or a sporadic model propensity?
Giovanni Sgubin, Didier Swingedouw and Sybren Drijfhout

* 3 main patterns of the SST response
e 3 different climatic impacts

e SST response depends on the present-day

density stratification in

¥

the SPG

Models vs observation-based data
Model Skill Score

Subset ranking Average skill score

1. SPG convection collapse 0.90
2. no abrupt 0.54
3. AMOC disruption 0.39

CMIP5 models are biased towards too stratified SPG

CMIP5 models underestimate the risk of a local

convection collapse in the SPG

no abrupt SPG convection collapse AMOC disruption
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Do we need coupled models to simulate
anthropogenic climate change?

Jie He and Brian Soden
University of Miami

Atmospheric models may be better tools for predicting
anthropogenic climate change over land because:

Coupling Is not necessary to simulate ACC
Coupling degrades mean climate state
Atmospheric models have better climatologies
Land is insensitive to pattern of SST changes
Range of climate sensitivity unchanged in 40 years

Suggests a greater application of AGCMs or flux-adjusted
CGCMs in CMIP6 for improving regional projections over land.



Increasing potential to biomass burning over Sumatra, o7

Indonesia induced by anthropogenic tropical warming
R. Kartika Lestarit, M. Watanabe?!, Y. Imada?, H. Shiogama3, R. D. Field*, T. Takemura® & M. Kimoto!

IAtmosphere and Ocean Research Institute, the University of Tokyo; 2Meteorological Research Institute; 3National Institute for Environmental Studies; “Columbia University; SKyushu University

See you
at the poster session

Drought events exacerbate

Forest fires

Difference in 5mon-accumulated Change in 5mon-accumulated
precipitation (shaded) in 1979-2008. precipitation mean in October.
(With minus without anthropogenic Base period: 1951 — 2000
warming) =04 A
T3 £
=2 o 100 A
V-3 %
‘ : 0-1
4 8
b o
O £ 100 -
€« v ¢ <h<sgic (]r \i v_—vt""!r\x.'s\\q' ‘8 ‘“;’p":’?ﬁx
BOE 100E 1206 140E 160E 130 160W 140W 1200 100W © i
e lowor 755%
-140-120-100 -80 60 -40 -20 O 20 40 60 80 100 120 140mm 5 m/s -200

1901-1950  1951-2000 2001-2050  2051-2100



Changes In The Weddell Sea Warm Deep Water In
Cmip5 Models - From The 20th Into The 21st C

10 Cmip-5 models
Use OMP for WDW
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Results show freshening and warming of WDW
for most models (although their physical
representation of the water mass distri- bution in
the Weddell Sea is remarkably different.)

The shallowing trend is consistent in all models
(core depth can differ from 100 to 1000 m among
models).



Ocean Downscaling of CMIPS5 1990-2100 climate projections for the
Arabian Gulf
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How to translate the large-scale climate
information from an Earth System
Model (MPI) into regional/local ocean
changes. Arabian Gulf as a case study

because of its very high salinity.



Evaluation of seasonal and decadal predictions on
regional and global scale

Deutscher Wetterdienst g
Wetter und Klima aus einer Hand N ‘

FREVA

(www-miklip.dkrz.de)
Freie University
Evaluation
System

In context of

| FONA

Py
% BMBF

German
research project
for decadal
predictions

Seasonal, decadal
prediction & climate
projection

Observation &
Reanalysis

Gp@rnjcus [

processed
data

Evaluation tools
for oceanic

& atmospheric
parameters

Tables

\\\:ff;)

In context of

.
C |mc European Earth Observation Programme

ﬁ Faderal Ministry
for Economic Affairs

and Energy

Successful
implementation of
FREVA at DWD:
Further
developments for
seasonal prediction
Integration of
observations and
reanalysis for
ocean parameters,
especially satellite
products

R

Workshop on CMIP5 Model Analysis and Scientific Plans for CMIP6 — Sabrina Wehring - 22/10/2015 1



Research questions:

** Given the large spread in models, how to obtain
reliable projections for the future Arctic sea ice
evolution using climate model experiments?

** What is the condition for open-water Arctic Ocean?

Month
o Z 0O un »r < £ » £ T

Projected global SAT changes
for open-water Arctic Ocean wrt 1986-2005

{
i mg e
s
- H E
- | =
A
B dy |
NN 2 08
7 A
I 208
= 2|
NN 41
- [% 7|
s
= |~
5 10

@]

All models project an

open-water Arctic

mmer when global T

wz-increases about 1.3 —

K wrt. present day

“The over all change of
Arctic sea ice area
follows the global T
change in a similar
manner in all models

Global mean annual SAT change (K)

Total Arctic sea ice changes vs. global SAT
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