6-P01  On the causes of poleward shift of the Indian summer
monsoon low level jetstream

Krishna AchutaRao, S. Sandeep, Dileepkumar R, and Arulalan T
Centre for Atmospheric Sciences, Indian Institute of Technology Delhi

850hPa Absolute vorticity (Oceans) & Precipitation (Land)
Climatology Linear Trend

30N 1 L

¢ &\‘.-?r

B,
4 | \&( |

3 ] — 6\\ 0.6 ION—?
5 /\ 5 -1 ] G

0 - —s|

Neso: X1€-5 5

= /

Taso trend: x5e-5 s 'decade™’

S0E 60E 70E 80E 90E

T T T I T e T T 111 ] . . - .
1 ’ ° pr: er da)?" ! " e pr;?eﬁd: mm%ay"deg':de“ 12 slnglehforCIr.‘g Iexperlments' d 60E 708 /l“/ 90E
Istorlca Nat 0.32 0.28 0.24 0.20 Ollb n||2 nlm nlna nlm niJA n‘na nf: n]vA 0.20 0.24 0.28 0.32
@ 15 ; . , ®) 530 ——n E . . ?
= T oos| '| historicalGHG
— AF ® ) I . . .
_ 10[|Z reres g o200 1. historicalMisc
b4 RCP6.0 = 0.15} T ! Q
S osf|  Reras 3 o1of |, lﬁlf‘ ?
3 — RCP2.6 -t lj T '
L 2 0.05f- IJ-‘L_’I 7
0.0 WW\N = o.oof’H-J d-
w5 —0.05f- !
R0 1950 2000 2050 2100 —0.10

Sandeep and Ajayamohan, Clim Dyn (2015), DOI 10.1007/500382-014-2261-y



Contrasting methods of detecting and attributing
Poster 2 the impact of external forcings Session 6

Julie Arblaster (julie.arblaster@monash.edu) and Catalyst members

Does the framework of DAMIP experiments matter? CESHilICAMOSIeXpemanis
# ensemble L Black

Land
Volcani | H A | If
members olcanic Solar GHG Ozone use erosols | Sulfate Carbon

Single: 1850 conditions for all forcings except one Snge 5 3 5 3 3 S N

Eliminated: all forcings follow the historical path except .
for one which is set to1850 conditions Eliminated 33 3 3 3 3

surface temperature trends in aerosol experiments g|Ot;:c;lmsuet)lﬂﬁggey’§emperature
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Supercomputing

Center
Centro Nacional de Supercomputacion

Attribution of Ocean Temperature @
Change to Anthropogenic and Natural

Forcings using the Temporal, Vertical University of
. = Reading
and Geographical Structure

Roberto Bilbao (roberto.bilbao@bsc.es), Jonathan Gregory, Nathaelle Bouttes, Matthew Palmer and Peter Stott

a) HistoricalNat
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Comparison of Ocean temperature Observations
and CMIP5 models (1960-2005):
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Depth [m]
Depth [m]

2000 2000

Observations and CMIP5 models show that the upper
. . Time [Years] Time [Years]

20Q0m has warmed with a signal .that has a well ¢) Historical d) Historical

defined geographical pattern and vertical structure.
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QQ\
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Greenhouse gas forcing has contributed most to
increasing the temperature of the ocean, a warming
which has been o set by other anthropogenic forcing

(mainly aerosols), and volcanic eruptions which cause Time [veas] OHG [10" 4] Time vears
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Figure 1. Global mean time-depth ocean heat content change for 1960-2005. a) historicalNat,
b) historical GHG, c) historicalAA and d) historical CMIP5 simulations.
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Detection and attribution analysis:

a) ORAS4 b) EN4GR c) EN4L d) IK09
We carry out multi-model detection and attribution ool g )y N
analysis, using optimal fingerprinting, based on the S sl 1w Syt~ e R
. ) -700m I ' ‘ [ I ppeEEeT
time and depth structure of the temperature together: E’ ool L SR oo e
: . . B mmenpx ) X |y X e
- Two-signal: anthropogenic and natural forcings. 8 Towmlx ! ol o bk ..
- Three-signal: greenhouse gas, anthropogenic ozoome | 1 o o o

aerosols and natural forcings. o 1 2 o 1 2 o 1 2 o 1 2

Figure 2. ANT (blue) and NAT (green) signals scaling factors and uncertainty ranges for global
mean ocean temperature change between 1960-2005 for multiple depth level fingerprints.



~Implication of Mid Holocene and Last Interglacial changes
Y1 ininsolation seasonality on high and mid latitude climate

P. Braconnot, B. Otto-Bliesner and PMIP participants

Two interglacial periods : changes with modern conditions driven by insolation

* Understand radiative forcing/atmospheric
and ocean circulation

+» Seasonality and atmosphere, ocean, land-
surface and cryosphere feedbacks

** Model benchmarking against paleoclimate
reconstructions

 PMIPA-CMIPS entry card s * Test model evolution through time (PMIP1

to PMIP4)

midHolocene  SS. lig127k
- 8.

“gzas

Similarities and differences in the response of the NH high latitude climate

/ midHolocene (vs piControl) midHolocene (vs piControl) / midHolocene (vs piControl) midHolocene (vs piControl) \
Tas DJF & oo Surface albedo DJF oo Tas JJA @ Surface albedo JJA

Seasonal evoluation of Sea-ice cover

Discuss also hydrology, sensitivity test to vegetation, dust.....

Specific thanks to Paolo Scussolini, Marie Sicard, Jéréme Servonnat and Jean-Yves Peterschmitt



DEPARTMENT OF GEOGRAPHY
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« PMIP4 provides a useful testbed for research
into future climates, by combining models with

palaeoclimate data.

« Working group exists to help scientists make
the best use of the fact that PMIP4/CMIP6
includes many models and time periods.

* We host a database of pre-processed
simulation output & some scripts to analyse |it.

« Models with high climate sensitivity running
past warm climates would be rather useful




Increased variability of eastern Pacific EI Nino under greenhouse warming
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Cai et al. Increased variability of eastern Pacific EI Nifio under
greenhouse warming. Nature 564, 201-206 (2018)



Climate Scenarios for the Fifth United States National Climate Assessment
David R. Easterling?, Kenneth E. Kunkel?, and Xungang Yin3
* Hurricane Harvey (2017) dropped more
than 1200mm of precipitation on the
Houston, Texas area over a 5 day period.

* How well do climate models produce these Maximum 5-day rainfall: 10,000 sq km gridboxes
kinds of multi-day heavy precipitation .
events compared to obs? 1000
_ _ Harvey
* Model Simulations. o

CMIP6: NOAA GFDL CM4 model, PiCtrl
CMIP6: IPSL model, PiCtrl and Doubled CO2
CMIP5: NOAA GFDL CM3, Historical and PiCtrl

800 |
700 :
600 1%

Results:

» The GFDL CM4 models results are o
superior to GFDL CM3 model results in "3*“‘"*'iif-i%szmasmamaaaisss
event magnitude, although the seasonal 3°°
distribution is biased and events are too 200
large at the 100,000 km2 scale GFDL CM4

100

x
L
500 | — Hipd

Observed

Precipitation (mm)
..

H29Sl!ll!Hﬂﬁi!ﬂ!!u;igiiih‘ii;i;ﬁ

* The IPSL model events are a little higher
than observed when comparing similar box b @ @6 8 48 i @ W M e iw
sizes Rank

* At their native resolutions, none of the
model simulations produce an event of the
size of Harvey




Transient Climate Response to Cumulative Emissions in CMIP6 models

Preliminary results from the C4MIP experiments

Pierre Friedlingstein, Chris Jones, Vivek Arora, Tatiana llyina

and the C*MIP community

1) Background

Cumulative total anthropogenic CO, emission

s from 1870 (GICO,)

TCRE is a metric that measure the global average surface
temperature change for a given cumulative CO, emissions.
IPCC AR5 assessed that TCRE range is 0.8 to
2.5°C/10°GtC. TCRE gained a large interest in the policy
arena as it allows to quantify the remaining carbon budget

for a given climate target, with a large TCRE implying a low
remaining carbon budget.

relative to 1861-1880 (°C

CMIP6 provides an opportunity to reassess TCRE with
state of the art Earth System Models (ESMs). The deck 1%
simulation allows to quantify TCRE providing ESMs
simulate land and ocean carbon sinks, anthropogenic CO,
emissionjcbeing diagnosed as:

(M

E(t) = d_tA + Fiana + Focean
Formally, TCRE can be expressed as the product of a measure of the climate sensitivity by the atmospheric
CO; airborne fraction:

IPCC AR5 SYR

dT darT

_ dcC,
dEcym  dCa

AEcym

TCRE =

)

In addition the C*MIP 1%_BGC and 1%_RAD simulations allow to quantify the strength of the carbon cycle
feedbacks (B and y) and their contribution to the TCRE uncertainty.

3) Carbon Cycle Feedbacks

Further analysis of the carbon cycle role in controlling TCRE
via the airborne fraction could be done using the simple linear
climate-carbon feedback framework. TCRE can be expressed

CO, Induced Carbon Gain

CHRM-ESMZ—1

4 % wpEsM
4 - ukesm

’g:% as:
8 TCRE = @ 3
é ] /(1+/?+ay) ( )

\
\
|
\
\\
\

with o being a measure of the climate sensitivity, 3 being the
= T carbon cycle sensitivity to atmospheric CO; increase, and y
e being the carbon cycle sensitivity to climate change.

Atm CO; Increase (ppm)

Climate Induced Carbon Loss

Ocean

As in CMIP5, models show a large spread in land carbon cycle
response to both atmospheric CO; and climate, while the
ocean carbon cycle response is more robust across the models
available here.

Corbon Loss (GC)
5

Spread in land response could be due to presence/absence of
nitrogen cycle.

CNRM-ESM2—1
4 x wpEsH
UKESM
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2) TCRE in CMIP6

TCRE plot
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4) (very preliminary) Conclusions

TCRE (K/1000 GtC)

UKESM CNRM-ESM MPLESM

1pst

mIPs

camIP_2006

&

A preliminary analysis based on four ESMs available to date,
CNRM-ESM2-1, MPIESM, IPSL-CM6-ESM, and UKESM is
presented here. The spread in TCRE is already quite large,
with diagnosed TCRE of 1.4° (CNRM-ESM2-1), 1.6 MPIESM),
1.9 (IPSL-CM6-ESM), and 2.3 °C/103GtC (UKESM)., although
still within the IPCC AR5 assessed range (0.8-2.5 °C/103GtC).

From the models available so far, the spread in TCRE largely
comes from the spread in climate sensitivity, (CS), CNRM-
ESM2-1, MPIESM, IPSL-CM6-ESM and UKESM having
respectively a Transient Climate Response (TCR) of 2.8, 2.8,
3.5°Cand 4.2 °C.

However, the uncertainty in the airborne fraction (AF) is not
negligible, CNRM-ESM2-1 lower TCRE than MPIESM being
primarily due to its slightly lower airborne fraction.

* TCRE can be diagnosed from 1%CO2 runs performed
by CMIP6 ESMs.

¢ From the models available now, all have a TCRE above
the CMIP5 multi-model mean, with 2 models being
above the |-G range of the CMIP5 ESMs.

¢ Nevertheless, all models are still within the AR5
assessed range (0.8-2.5 °C/103GtC).

* Preliminary analysis indicate that the large TCRE
simulated by IPSL-CM6-ESM and UKESM is primarily
due to the large climate sensitivity of these models.

* Spread in land carbon cycle response to CO, and
climate is quite large, potentially due to nitrogen cycle
being only included in some ESMs.




Assessing the robustness of marine heatwave projections u

b

b

Thomas Frolicher (froelicher@climate.unibe.ch), Mathias Aschwanden, Stephen Giriffies
1 —— Satellite
—— Satellite | 0.08 1 Models
_ ---- AGlobal SST(°C) ) 1 —— piControl
E Models g -8 0.06 -
% ;T % § 0.04
) § g 0.02 -
0- |
30 20 A 0 1 2
Year Trend in probability ratio (-/35 yr)

MHWSs have occurred in all ocean basins over the last decades.

70 -
60 Historical + RCP8.5
Historical + RCP2.6
= 50 1 /
2 oy e .
T 407 MHWs will increase in
>
£ 301 frequency under future
5 21 global warming.
& 101
1870s
0 1 Cumulative CO, emissions from 1870 (Gt C)
500 1000 1500 2000
_10 T T T Il T T L T T II T II
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Global warming (°C)

The number of MHW days have doubled since 1982.

87 % of today’s MHWs have an anthropogenic component.

Estimated PR by shifting preindustrial

050671 15 2 25 3 35 4 6 8 10 15 20 30 40 60
|—> more likely

Largest changes are projected for tropics and Arctic Ocean.
Changes are mainly driven by global-scale shift in mean SST.

References: Frolicher et al. (2018, Nature), Frolicher and Laufkétter (2018, Nature Communications)




6-P10: Sensitivity of preciprtation and its

future changes to model resolution
Ying Na and Qiang Fu
Dept. of Atmos. Sciences, University of VWashington, Seattle, WA, USA

Motivation: Examining how the precipitation probability
density functions, extreme precipitations, and clear-sky
fractions, and their future changes depend on the model
resolutions

Data: IPSL-CM6A-LR (1950-2014) and the high resolution
cloud resolving model NICAM (1979-2008) and 4
scenarios of [PSL-CM6A-LR (2015-2100) and NICAM
based on AlB scenario (2075-2104)

Main Conclusion: For a given model, the frequency of
extreme precipitation and clear sky fraction tend to
decrease but their future changes tend to increase when
the model data are re-gridded to coarser resolution
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Fig. (a) Precipitation probability density of IPSL and NICAM with native resolution and coarser resolution for historical (1979-2008)
and future (2071-2100 for IPSL, 2075-2104 for NICAM). (b) Percentage change of precipitation probability scaled by temperature
change. The values under the labels are clear sky fractions and their percentage changes in the future scaled by temperature change.
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Evaluation of the PMIP4/CMIP6 palaeosimulations: P11

Mid-Holocene Transect

()

AN

Latitude (N)
o
8

3

Last Glacial Maximum Transect

~e- ECHAMS-wiso w50 mean +1 standard deviation
— ECHAMS-wiso w§'°0 median

@/A SISAL 8150 (< or >1000 masl)

@/3 Pollen-based MAT / MAP (Bartlein etal., 2011)

P-E Anomalies (mm d-1)

1000 2000 A5 -0 50 0 0 10 20 30 0 1000 2000 300
MAP 80 MAT

8'°0 [9%0V-SMOW]

-15 10 -5 0
MAT ) [

0 10 20 30
MAP [mm/yn [

[ 500 1000 1500 2000

15
a
103?
05
00
05
o —15
sdb) F 1.0
’ =05
e N e[ 00 2
n =
F-05
15 E
1049 Zlg
0s /V’\/N“\ -1.
00
05
o —15
453d) F10
et 08
Foo 8
b T E-05
F-10
100 C
w0 ® Lake Status 15
= Intermediate
60 h
mm High
40
20

7T
22 20 18 16 14 12 10 8
Age (ka)

rTTT
6 4 2 0

1.4

SPECIAL

Sandy's Palaeo Environments and Climate Analysis group

—— original moisture index
corrected moisture index

0

20000

T T T T T
40000 60000 80000 100000 120000

280

240

0 tropical forest .
® warm-temperate forest ., o
savanna and dry woodland '\ PR
—20 ' © grassland and dry shrubland . :},}
desert / y
© temperate forest e
=40 ' ¢ boreal forest
® tundra N
-60 :
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
T

200

V4 I(VLLP (mm)

0 50




Session 6/ P12

Monsoon precipitation responses to global warming
and their regional differences simulated by CMIP models

*Hirokazu ENDO and Akio KITOH
* Meteorological Research Institute/JMA, JAPAN, hendo@mri-jma.go.jp

Summer season CMIP5/RCP8.5 Monsoon domain

(a) dP
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* Precipitation increase is clear over Asia.

e Atmospheric moisture is increased
everywhere, while the atmospheric .
mean upward motion is weakened over
the monsoon regions, with a less
weakening over Asia.

60E-100E ave
temperature
anomaly

in JJA

1000 - '
10S EQ 10N 20N 30N 40N SON

(D Tropical upper-tropospheric warming stabilizes
troposphere and decreases land-sea thermal contrast in
the upper troposphere

- Weaken monsoon circulation
@ Tropospheric warming over land increases the land-sea
thermal contrast in the lower-troposphere

- Intensify monsoon circulation
The second factor is the most influential in the South
Asian monsoon, resulting in the largest increase in
precipitation, suggesting an important role of the land
warming on the Asian monsoon response.




6 P13 _ilyina_tatiana

How far is the carbon sink predictable in a multi-model framework?

Ocean C sink: predictable up to 2-3 years globally and up to 6 years regionally
Land C sink: predictable up to 2 years primarily in the tropics and extra-tropics

| o (@) firsea CO; fluxv.s. GOB20T8 (b) Air-land CO, flux v.s. GCB2018
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29 March — 9:30-15:00 Carbon Cycle Predictability Meeting
Venue: Aula de Teleensenyament — B3 Building, 1st floor

Max-Planck-Institut
fir Meteorologie

Tatiana Ilyina, H. Li, A. Spring, R. Bernardello, L. Bopp, J. Dunne,
P. Friedlingstein, N. Lovenduski, M. Chikamoto, J. Park, R. Séférian, S. Yeager @




Preliminary results from the Global Carbon Cycle emissions @ ...
driven simulations in the NASA-GISS climate model IR TR

Gen Ito, Anastasia Romanou, Nancy Kiang, Igor Aleinov, Gregory Faluvegi, Maxwell Kelley, and Reto Ruedy
NASA Goddard Institute for Space Studies, New York, NY, USA (contact gen.ito@nasa.gov)

NASA GISS ModelE 2.1 coupled land-ocean-atmosphere global simulation run in:
1. concentration-driven historical simulation for 1850-2015 forced by prescribed CO,

2. emissions-driven simulation forced by anthropogenic CO, emissions interacting
with the atmosphere and coupled to the model’s radiation
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~  (Meinshausen et al., 2016 . .
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Transient simulations over the Common Era
as part of PMIP4/CMIP6

Johann Jungclaus®, Alexandra Jahn2, Matthew Toohey3, Sebastian Wagner4, and Stephan Lorenz!

PAGESZK reconstructlons

New PMIP4/CMIP6 forcmg data
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Max-Planck-Institut
fur Meteorologie

IMax Planck Institute for Meteorology, Hamburg, Germany, 2University of Colorado, Boulder, Co, USA *Zhong, Y. et al., GRL, 2018
) 3GEOMAR Helmholtz Centre for Ocean Research, Kiel, Germany, 4Helmholtz Zentrum Geesthacht, Germany +Bader, J., et al. under review




Ocean heat uptake in the NERC
UKESM1 CMIP6 simulations CRESCENDO . office | EiSAAS
of the historical climate

Reference year 1971

Till Kuhlbrodt, Colin Jones, Lee de Mora, ——
Julien Palmieri, Andrew Yool 2001 __ \on18 0-700m

= EN4.2.1 0-700m

150 A

o First analysis of ocean heat content (OHC)
anomalies in the CMIP6 historical simulations
with the UK Earth System Model UKESM1.

100 A

ZJ[10721])]

o The EN4.2.1 observational data set shows a
~150 ZJ OHC increase from 1993 to 2015, a
between 0-2000 m. In the UKESM1 historical
simulations the ocean heat uptake is similar

—50

(lower panel) 19‘50 19|60 19|70 19'80 19'90 20'00 20'10 2020
b) Reference year 1993
o Both observational data sets show an OHC —— EneMean /
increase of about ~50 ZJ from 1971 to 1993, 200 | e 02000 £d
between 0-700 m. The UKESM1 historical

simulations do not show this (upper panel). o]

100 PN

o Reasons for the absence of ocean heat uptake
in the simulated 1970s and 1980s are under
investigation. 1=

P I 6 a l l K ES I\/l 1950 1960 1970 1980 1990 2000 2010 2020
Year

ZJ [10721]]




CHANGE IN LAND CARBON RELATIVE TO 1850

Ezs _J the oceans

1860 1880 1900 1920 1940 1960 1980 2000

* Therefore we can calculate how much fossil
fuel CO, can be emitted to be consistent with
the concentration pathway driving the model.

* These compare well with the observed CO,
Fossil Fuel emissions.

* This gives us confidence in the ESMs’ future
carbon budgets.

www.metoffice.gov.uk

50
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Stratosphere-Troposphere Circulation Changes
Manzini, E. (Max Planck Institute for Meteorology, Hamburg, Germany)
A. Yu. Karpechko (Finnish Meteorological Institute, Helsinki, Finland)

Motivation: analyze DynVarMIP/CMIP6 and single-model large ensembles to
assess, understand and better quantify previously found dynamical uncertainties
and their links, with a focus on the stratosphere-surface climate links.

(Manzini et al 2014; Simpson et al 2018)

» CMIP models and MPIGE ranges 1 [] H = | i B =
* Inter-comparison of single-model large ensembles (CMIP6/IPSL and MPIGE)
AR e ] W
§§ V/WW\/W/ AR/ W“%Mww; ] 9; ) w “' " \ AN
!

DynVar/CMIP6 EP flux budgets . | = @

Max-Planck-Institut
fir Meteorologie
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Present and future seasonal land snow cover
simulated by CMIP coupled climate models

Ménégoz M.%, Krinner G. 1, Brutel-Vuilmet C.1, Santolaria-Otin M. 1, Derksen C. 2, Mudryk L.?
1 Institut des Géosciences de |I'Environnement (France); 2 Environment and Climate Change Canada

Motivations:
* 45 million km? of the Northern Hemisphere snow-covered in winter.
' * Snow albedo feedback, atmospheric circulation, carbon storage in permafrost.

The IPSL-CM6 31 member historical
experiment shows a pronounced
retreat of the snow cover extent
(50% climatological level in blue)

% per decade

Snow cover extent (millions of sq.km) | 45 Monthly SNOW cover 1994-2014 'trend of Sr']OW cover in NH (%)

= piControl

== NCEP

- = NOAA

mmm |PSL ensemble

» decrease as a function of 10 ]
global temperature
» (historical+projection, left)

— =m =2 » =2 - <~ » wn O =2z O
— T T T T T T T T

g 15 6 4
" Internal variability: 41
s 31-member distribution of 2
... {1 20yeartrendsinthe 0. |
—220 yr—alveragoe GMA'}' (K) w2rt4 1992-20144mean5 _0 . 2 _0 . 1 0 . O 0 1 0 2

historical experiment (right)



Attribution of the observed intensification of extreme precipitation
over dry and wet regions

Seungmok Paik and Seung-Ki Min o
Pohang University of Science and Technology (POSTECH) CR L
Annual maximum precipitation Session 6/ P20
OBS 953-2012)
= Dry
60N - ¢ Wet
40N = Anthropogenic influences on extreme
20N precipitation increase is robustly detected
EQ- from optimal detection analysis, especially
205 over dry regions
405 1
-0.05 -0.03 -0.01 0.01 0.03 0.05
(/decade)
BCC-CSM2-MR
BCC-ESM1
ALL [36] ALL [5] CNRM-CM6-1
CNRM-ESM2-1
IPSL-CM6A-LR
NAT [9] NAT [1] IPSL-CMBA-LR

-0.05 -0.03 -0.01 0.01 0.03 0.05 -0.05 -0.03 -0.01 0.01 0.03 0.05
(/decade) (/decade)
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CONTRIBUTION OF THE GREENLAND ICE SHEET TO EUSTATIC
SEA LEVEL RISE: PROJECTIONS WITH CMIP6 CESM2.1 — CISM2.1

L. Muntjewerf!, W.H. Lipscomb?, W,. Sacks?, M. Lofverstrom?, J.G. Fyke*>, R. Sellevold', C. Ernani da Silva', S.L. Bradley', M.

Petrini!, M.Vizcaino!
lce sheet model only

¢  Community lce Sheet Model simulations SeSSion 6
with CESM2.]1 CMIPé forcing SSP1-2.6 and SSP5-8.5
* Results in preparation for AOGCM-ISM runs #P2 I scenario projections

=500 A

250 4
lce sheet model only B e L > e 250

Gt/yr

—750

1% till 4xCO,

~1000
+ extension to deglaciation ~1250{ — HiT
sri26  Mass balance
—1500 9 —— ssp5-8.5
1850 1900 1950 2000 2050 2100
> 1000
5 | Historical ~SSP1-2.6  SSP5-8.5
é 500 4 GrIS eustatic SLR (mm) -6.18 35.80 100.29
0 500 1000 1500 2000 2500 3000 3500 Mass Balance (Gt/yr) 15.50  -138.06  -855.38
years - Surface mass balance 486.71 271.23 -526.59

-22.98 -22.21 -20.45
-448.22 -387.09 -308.33

- Basal mass balance
- Ice Discharge

Table 1: Greenland cumulative contribution to eustatic sea level rise (mm) for the historical simulation (1850-
2014), the SSP1-2.6 scenario (2015-2100), and the SSP5-8.5 scenario (2015-2100). Mass balance (Gt/yr) and

I Department of Geoscience and Remote Sensing, Technical University Delft, Delft, The

L3
Coupled I CeCIIm Netherlands. 2 Climate and Global Dynamics Laboratory, NCAR, Boulder, USA. 3 Department

of Geosciences, University of Arizona, Tucson, USA. 4 Associated Engineering Group, Ltd., |_muntiewerf@tude|ft‘n|
june 201 6'Ma’y 2021 Edmonton, Alberta, Canada. > Los Alamos National Laboratory, Los Alamos, NM, USA.

p
TUDelft
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Seasonal amplification, phase shift, & uncertainties for
ocean acidity during the 21st century (poster 6-P22)

J.C Orr (LSCE/IPSL) & L. Kwiatkowski (LMD/IPSL), France

Change in seasonal amplitude (%)

-100

Amplification (%)

CMIP5 assessment (9 models): oy
215 century increase AT

A 100
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Kwiatkowski & Orr (2018)
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Regional analysis of present day
marine productivity in UKESM1

Met Office [
J. Palmiéeri, A. Yool, E.E. Popova, UKESM1 core group

@ University of (National Oceanography Centre, Southampton, United Kingdom)
Reading

Evaluate UKESM1 bioregions and o  UKeswl
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Session 6 Attributing the Indo-Pacific warm pool expansion
: seasonal changes and its impacts on precipitation
P-24 In-Hong Park and Seung-Ki Min (POSTECH)
OBS Boreal Autumn SST and warm pool

- IPWP expansion dominant
in Indian Ocean during
SON/DIJF

- Robustly attributed to

Long-term trends (1953 2012)

- Similar results between
CMIP5 and CMIP6 models

40E 80E 120E  160E 160W 120W 80W
CM|P5 CMIP6
ALL[22] on f T SSSEER w ALL [8] NAT [2) s £~ 752
ol ¥ Gre | -BCC-ESM1 0| b .
B -BCC-CSM2-MR
: , — . | | 308 1 , B : ,
40E 80E 120 160E 1sow 1zow sow -CESIM2 40E  80E 120E 160E 160W 120W 80W
30N - e o -CNRM-CMéb-1 30N 1 i
NATIS] = 1 26 o= -CNRM-ESM2-1 | gt L
S T~ _GISS-E2-1-G |
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-0.7 -0.3 0.1 0.5 0.9 13 - M | ROC6 0.7 -0.3 0.1 05 0.9 1.3
SST trends (°C 60-yr™") SST trends (°C 60-yr™")
POSTER2LH . 50 <41

CRL



6-P25: Detecting changes in North Atlantic variability under global warming
Putrasahan, D. A., Jungclaus, J. H., von Storch, J.-S., Ghosh, R. o ey :

Max Planck Institute for Meteorology, Hamburg, Germany

The Max Planck Institute - Grand Ensemble (MPI-GE) gives
us the opportunity to assess changes in internal variability in
a transient climate. This is done by extending 2 classical
techniques (simple EOFs and cross spectral analysis) to:

1) EOFs in ensemble space to primarily detect changes in
spatial patterns of dominant modes (e.g. North Atlantic
SST)

squared coherence between a climate index (e.g. NAO)
and a climate variable (e.g. DJF surface temperature) all
over the world to evaluate changes in the pattern of their
relationship at different timescales

RCP8.5, year 2077
EOF1

2)

Historical, year 1851

0.8 T T
— 10 mem
— 1850-1869

0.7} = - 1980-1999 |

0.6

Difference in sq.
coherence
between NAO
and surface
temperatures on
decadal scale
(130 years
apart) for
1%CO2 scenario oL

0.5}
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Sq. coherence between NAO
and UK surface temperature
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Max-Planck-Institut
fur Meteorologie
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contact: dian.putrasahan@mpimet.mpg.de
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Assessing co-behavior of climate processes over southern Africa B FUTURE

using CMIP5 models [S6 P26] EgéMATE
'Kwesi A. Quagraine*, 'Bruce Hewitson, 'Chris Jack, 'Izidine Pinto, = AFRICA

1Chris Lennard 'Piotr Wolski
'Climate Systems Analysis Group, University of Cape Town, South Africa
(contact: kwesi@csag.uct.ac.za)

Background PC1>+1PC2& 3 <-1STD PC2> +

¢ Regional climates - a no. of climate processes operating s
in multiple spatial and temporal scales. 1os

22°S

¢ Evaluating the regional response to the collective co-behavior of

these processes Is central to understanding the region’s climate, °|
more so with regions with no dominant large-scale driver, this is

important. s

¢ Co-behavior is a concept used here and is interpreted as an '
interaction between at least two or more climate features leading to ~ *?®

26°S

their influence on the weather and climate for any given region. s

: e
156 (11.2%)| [(c) 174 (12.5%)| [(d)

AB®1 160 (11.5%)| [(b) 200 (14.4%)

PC1<-1PC2&3>+1STD PC2<-1PC1&3>+1STD PC3<-1PC2&1>+1STD PC1&2&3<-1STD

34°s|(e) 178 (12.8%)| [ (f) 191 (13.7%)| [(9) 176 (12.6%)| [(h) 158 (11.3%)
Data 10°E  20°E  30°E  40°E 10°E 20°E 30°E  40°E 10°E 20°E 30°E  40°E 10°E 20°E  30°E  40°E

¢ Observational datasets (Precipitation - CHIRPS and temperature
—->CRU)

PC1>+1PC2&3<-1STD PC2>+1PC1&3<-1STD PC3>+1PC1&2<-1STD PC1&2&3>+1STD

¢ Climate indices for Antarctic Oscillation (AAO), El Nifio Southern
Oscillation (ENSO) and Inter-Tropical Convergence Zone (ITCZ) s o 39

» 8 CMIP5 GCMs é é e é
Methods s o °

¢ Self-Organising Map (SOM), PCA and composite analysis ws|a) 0 11.5%) [0 hes (1.2%) |t 74 (125%) [0 200 (14.4%)

S PC1<-1PC2&3>+1STD PC2<-1PC1&3>+1STD PC3<-1PC2&1>+18STD PC1&2&3<-1STD
ummary - S s g {'
¢ AAO) moderates the regional precipitation and temperature s il
response to EL Nifio when co-behaving 2s é é rrrrrrr s é é
¢ CMIP5 models largely agree with the sign of change of identified co-  ° i = L A
behavior modes in observational datasets. sesle) 176 (1200 |() hot (1379 |@) 76 (126%) |(h) 158 (1.3%)
10°E  20°E  30°E  40°E 10°E 20°E  30°E  40°E 10°E  20°E  30°E  40°E 10°E  20°E  30°E  40°E




Attribution of record-breaking hot summer over Northeast Asia in July-August 2018: the

contribution of circulation

Observed characteristic

0 r T T =
1Jun  15Jun 30 Jun 15 Jul 31Jul 15 Aug

T T

100 200 400 600 800 1000 (103 kmzl

Liwen Ren, Tianjun Zhou

Institute of Atmospheric Physics, Chinese Academy of Sciences, China

Circulation feature

WPSHridge £
line index

T T T
100°E 120 140°E 180°E 180
WPSH Wastarm Ridge Paint

WPSH ridge west-extending

point

T

An extraordinary heat wave hit Northeast
Asia in summer 2018.

Northeast China, Korea and Japan were
the most affected area, from daily to
monthly timescales.

A

Anticyclonic anomaly over Northeast
Asia, as well as record-breaking
northward shift of Western Pacific
Subtropical High (WPSH)

Circulation contribution
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Contribution in %

Dynamical contribution

1. The persistent anomalous anticyclone explain two-thirds of the
temperature anomalies.

2. Thechange in dynamical flow explain a fraction between 20%
and 50% of the temperature anomalies.

3. The contribution of thermodynamical changes to temperature
anomalies generally increased with the rarity of extreme event.




¢ Tracking the impact of climate model complexity in future
}C} . climate projections using CNRM-ESM2-1 and CNRM-CM6-1 Rt

Poster session 6 P28

©

Roland Séférian, Pierre Nabat, Martine Michou, David Saint-Martin, Aurore Voldoire, Jeanne Colin, Bertrand Decharme, Christine Delire,

Sarah Berthet and the CNRM-CERFACS Modelling group @-roland.seferian@meteo. fr

Contributions of CNRM-CERFACS modelling group to CMIP6: CFMIP, DynVarMIP
. GMMIP,
This poster PMIP - HighResMIP MIPs served by
Rising complexity e Gralation  pegional CNRM-CM6-1
‘ - ! phenomena
RFMIP, DAMIP, ; ¢ OMIP, FAFMIP/
. . VolMIP 4 . LS3MIP/ SIMIP,
Low/Standard resolution Low/standard resolution T Candeiy oL e
c [ ]| Atmosphere-Ocean GCM Earth system model oé'"
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S | || CNRM-CM6-1 CNRM-ESM2-1 o
= AerChemMIP  Chemistry/ impacts  CORDEX
9 Aerosols VIACS AB
[O]
o
0.0
£ . . Carbon i
2 High-resolution s Scenarios
" Atmosphere-Ocean GCM e Siemmhine
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s Geo- prediction
engineering
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o
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© ¥ Two models fully traceable to address
ie] : 0 CMIP6 overarching questions:
i gq
° - What are the impacts of model complexity
L] . .
e . on model skill (model-data comparison) ?
o fy . .
£ N i - What are the impacts of model complexity
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The lifetime of fossil-fuel derived carbon

Atmospheric lifetimes from impulse-response
experiments

T
Models

! Experiments
700 1000 ----- UVic28 — MPLUW —
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Non-transient simulations

Session 6, Poster 29

New approach based on model reconstructions
from numerical output
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Objectives

Quantify time to remove fossil-fuel carbon
Compare among models and scenarios

Max Planck Institute

Quantify forward and transit times

C. Sierra, H. Metzler, M. Miiller

for Biogeochemistry O
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emL e What’s up with what's going down?

Laboratory

- Siadie Trends in primary and export production

CRESCENDO

UKESM

Andrew Yool, Julien Palmiéri, Katya Popova, Lee de Mora, Alistair Sellar, Colin Jones, the UKESM1 Core Group, Roland Séférian, Sarah Berthet, Yohei Takano

* Climate change is coming (it’s here); the biological pump is threatened 0 g -
* Carbon flux plays a role in both ocean carbon storage and in the supply  **
of food to deep seafloor communities 7 swf
3 o
Primary production Seafloor POC 200f
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