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Northern hemisphere winter forecasts in
current climate prediction systems

Juan C. Acosta Navarro, Pablo Ortega, Veronica Torralba, Etienne Touri , Frangois Massonnet,
Francisco J. Doblas- -Reyes, Doug Smith, Lauriane a té
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e The sets of members in CNRM-CM6 with larger anticorrelation between NINO3.4 (November)

and NAO (DJF) tend to have a more skill in the NAO predictions.
e In ERA-Interim the NAO-NINO3.4 correlation coefficient is -0.25. The 1880-2015 (HadiSST1 &
Jones et al. 1997) correlation is -0.05. Neither one is statistically significant at 95% confidence.
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A framework for understanding the quality of Southern Ocean
circulation in coupled climate and Earth System Model simulations

Rebecca L. Beadling (Beadling@email.arizona.edu)
Joellen L. Russell, Ronald J. Stouffer, Paul J. Goodman, Matthew Mazloff

Conclusions

(1) Relative to CMIP3, there have been significant model improvements in
the simulation of the ACC and parameters associated with its flow.

(2) Models are grouped based on their ability to simulate important
observationally-based metrics:

v PUSH: accurate zonally-averaged maximum westerly wind stress

v PULL: accurate total wind stress curl over Drake Passage latitudes

v DENSITY: reasonable full-depth and zonally-averaged density gradient across the ACC
(1) Reasonable ACC for approximately the right reasons (8 models)
(2) Accurate simulation of metrics but weak ACC (6 models)
(3) Accurate wind stress forcing with errors in density gradient (10 models)
(4) Errors in wind stress forcing but accurate density gradient (6 models)
(5) Errors in wind stress forcing and errors in density gradient (1 model)

(3) Early CMIP6 analysis suggests improvements in the ACC simulation for
several models.




Evaluation of CMIP6 climate models in predicting monsoon rainfall based on bias corrected clustering approach

“Swati Bhomia and C. M. Kishtawal
*swatibhomial0@gmail.com, Space Applications Centre, ISRO, Ahmedabad, India

The aim of the present work is to develop a bias corrected oo
cluster (BCC) approach using CMIP6 climate model 25°N

20°N

simulations. With this approach improvement over simple e

Results & Conclusions

(a) ERA-Interim (JJA, 2001-10) (b) Simple Mean (JJA, 2001-10) (c) Bias Corrected Cluster (JJA, 2001-10)
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Figure 1: Vertically Integrated Moisture Flux (VIMF) has been shown from (a) Era-Interim, (b) Simple Mean (SM)

at archived pressure levels

Bias Correction
Using ERA data and CMIP6
historical run from 1991-2000 bias
for each model for each summer
monsoon month was computed

Computation of SM & BCC
During the testing period viz. 2001-
2010, SM & BCC (by restoring the

Spatial Resolution (2.5°x2.5°)

Computation of Monthly VIMFs
Using the wind and specific
humidity integrated Zonal and
Meridional VIMF (kgms?) were
computed for each Model & ERA

Validation of SM & BCC
Skill of the SM & BCC has been
assessed with respect to the ERA-

and (c) Bias Corrected Cluster (BCC) Mean, for seasonal mean JJA (June-to-August) for the testing period 2001-10.

= |t can be seen in the figure, that the spatial pattern of the simple mean and bias corrected cluster
(BCC) derived VIMFs fields, are matching well with the ERA-Interim VIMFs fields over almost all
the regions viz., Somali coast, Arabian Sea and Bay of Bengal.

= Based on the verification scores BCC approach was found to be performing better compared to
simple mean and the member models with higher correlation coefficient and lower error.

= BCC was found to have higher vector correlation (r=0.96) compared to simple mean (r=0.92).

cluster with higher members) were
computed at each grid

interim using Pearson’s correlation,
vector correlation & SD of error

Future Perspective

In future more models will be incorporated in the present clustering approach, as more
confidence will be placed on the BCC approach once we will have higher number of data points.

Acknowledgement: The authors are thankful to the CMIP6 & ERA data team for providing the ‘/
necessary data. Thanks to the CMIP6 Model Analysis Workshop organizers for providing this

wonderful opportunity. We are also thankful and indebted to WMO for providing the financial

support for attending this workshop. This work is a part of DST/SERB sponsored project under N-

PDF Scheme (PDF/2017/002075).



Reducing uncertainty in near-term European climate projections
L. Brunner, R. Lorenz, and R. Knutti | Poster 3-P04
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An anatomy of the forecast errors in a
seasonal prediction system with EC-Earth

R. Cruz-Garcia, P. Ortega, J.C. Acosta-Navarro, F. Massonnet, F.J. Doblas-Reyes
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RESEARCH ARTICLE A Framework to Determine the Limits of Achievable Skill
10102597 201 BFD9541 for Interannual to Decadal Climate Predictions
Key Points:

Yiling Liu' (', Markus G. Donat'~ | ', Andréa 5. Taschetto' | ', Francisco J. Doblas-Reyes™,
+ A perfect-maodel framewerk can be . 1 "
useful to determine the achievable Lisa V. Alexander , and Matthew H. England

Current decadal prediction systems are subject to non-ideal initialization
- What level of skill may be achievable given “perfect” initialization?

Perfect-model predictions (with CESM), consistent set-up to decadal hindcasts:
decadal simulations started from a historical o

reference run each year 1961-2005 P
- How far can the model predict itself, ™

starting from (almost) identical initial
conditions?

Perfectinit.
(e)

Init.-Unin.
(i)

Yr2

Compare skill for initialised/uninitialised
perfect-model versus real-world Yr2-5
predictions
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NCAR’s Climate Model Assessment Tool
John Fasullo
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Application of a big data approach to constrain projection-based

estimates of the future North Atlantic Carbon Uptake

Nadine Goris (nadine.goris@norceresearch.no), Jerry Tjiputra, Klaus Johannsen

-11 CMIP5 models Ai&1E:]
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Benchmarking CMIP Terrestrial Carbon Cycle and Biogeochemistry
RUBISCO Models with the ILAMB Package (Session 3, P09)

Forrest M. Hoffman'?, Nathan Collier’, Mingquan Mu?, Gretchen Keppel-Aleks*, David M. Lawrence®,
Charles D. Koven®, Min Xu', Cheng-En Yang?', Jiafu Mao', William W. Riley®, James T. Randerson?

'Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA; ?University of Tennessee, Knoxville, Tennessee, USA; 2University of California
Irvine, Irvine, California, USA; “University of Michigan, Ann Arbor, Michigan, USA; °National Center for Atmospheric Research, Boulder,
Colorado, USA; ®Lawrence Berkeley National Laboratory, Berkeley, California, USA
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CESM1-BGC
GFDL-ESM2G
IPSL-CM5A-LR
MIROC-ESM
MPI-ESM-LR
NorESM1-ME
MeanCMIPS
BCC-CSM2-MR
CESM2-WACCM
CNRM-CM6-1
CNRM-ESM2-1
E3SMV1-CTC
GISS-E2-1-G
MRI-ESM2-0

Burned Area

Carbon Dioxide

Gross Primary Productivity
Leaf Area Index

Global Net Ecosystem Carbon Balance

e TheInternational Land Model Benchmarking (ILAMB) et Ecomvaten Exchinos
Package is an Open Source toolkit for evaluating land S e
biogeochemistry models through comparisons with bt
observations -

e ILAMB assesses model fidelity for 29 variables with over SE————
60 observational datasets for biogeochemistry, hydrology, N———
radiation, and climate forcing -

Surface Net LW Radiation
Surface Net Radiation

e |LAMB scores models based on statistical comparisons
(bias, RMSE, phase, amplitude, spatial distribution, Taylor
scores) and functional response metrics

Surface Air Temperature
Diurnal Max Temperature
Diurnal Min Temperature

Diurnal Temperature Range

e Preliminary relative scores suggest that the CMIP6 suite W
of models has improved over the CMIP5 suite of models Bk it i

Collier, N., F. M. Hoffman, D. M. Lawrence, G. Keppel-Aleks, C. D. Koven, W. J. Riley, M. Mu, J. T. Randerson (2018),
The International Land Model Benchmarking (ILAMB) System: Design, Theory, and Implementation, J. Adv. Model. 2 1
Earth Sy., 10(11):2731-2754, doi:10.1029/2018MS001354. reaiescre
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An emergent constraint on ocean acidification in the

subsurface layers based on multi-model analysis
Michio Kawamiya and Michio Watanabe (JAMSTEC), Contact: kawamiya@jamstec.go.jp

(a) 6,24.61 CESM1-BGC (b) 6,25.37 CMCC-CESM

GUN SON :__| : I 1 L I*J I L L =l Iolblsle"lvleq L 1 L 1
30'N = 30'N LS\
120E 150E 180" 150'W 120W 120°E 150'E 180" 150'W 120'W ~
(c) 6,24.41 CanESM2 (d) 6,25.14 GFDL-ESM2G B
eon : e : E 204 -
=
30°'N O
0° LL-A-, — o R —— 0 50 —x: - 1
120E 150E 180° 150W 120W 120'E 150'E 180" 150'W 120'W E o I i
(e) 6,24.90 GFDL-ESM2M (f) 5,25.00 IPSL-CM5A-MR 95 D <
: = 60'N - §
-
30'N 0 —
| g it 15 m -
i | | 5
= ok e e wm wn w50 -~ |
120E 150E 180" 150'W 120W 120'E 150°E 180" 150'W 120W O R=0702
(g) 5,25.25 MIROC-ESM (h) 6,24.91 MPI-ESM-LR 5
T vu) T T l L] T L} L} I L] L] T L} l T L} T T ] L} T L] L]
. ©
o e 100 150 200 250 300
30°N 30'N . .
gy MLD in Region KE [m]
¢ 25:5*—5;;_ 80 ?w-;)lw 20°E 150E 180" 150W z:o'w.
1 1 180" 150'W 1 120E  150'E  180° 150'W 1 vq .
Scatter plots of the DIC trend at depths of ~200m within
Change in DIC concentration computed as the Izu-Ogasawara region versus MLD in Jan.—Mar. within
difference between the decades 2041-2050 and 2006— Kuroshio Extention region averaged over 2006-2015

2016, at depths of ~200m

MLD in the Kuroshio Extension Region acts as an “emergent constrain” for projection of
mid-depth acidification.



Long-term Balances and Variabilities of Surface Energy and
row 3 MIp Water Cycles: Preliminary Results from LS3MIP and GSWP3

*Hyungjun Kim, Gerhard Krinner, Sonia Seneviratne, Bart van den Hurk, Chris Derksen, Taikan Oki, Yukihiko Onuma,
Bertrand Decharme and David Lawrence; *hikim@iis.u-tokyo.ac.jp

Land Surface, Snow, Soil-moisture MIP (LS3MIP)
to quantify land processes, climate forcings, and their feedbacks in CMIP6

1) land-hist : offline land-only simulations with high-quality climate drivers
(here, CLM/CESM?2, ISBA/CNRM-CM6, MATSIRO/MIROC6 by GSWP3 forcing data for 1901-2010)
I)lfmip  : coupled simulations with snow & soil-moisture nudging

1. First realistic multi-model terrestrial energy/water/carbon cycles for entire 20C 2. Evaluation of the land processes
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- Interannual variability of global runoff is significantly modulated by Pacific SST variability - All models well-capture the decreasing trend
(multivariate regression based on ONI and PDO can reproduce ~50% of total variability) of snow cover extent which has been under-

Each model has a similar sensitivity to climate forcing estimated in coupled simulations. (e.g., CMIP5)



THEDIATO: A NEW DIAGNOSTIC TOOL FOR WATER,

ENERGY AND ENTROPY BUDGETS IN CLIMATE
MODELS

TheDiaTo: A new diagnostic tool for water, energy and entropy

O The Thermodynamic Diagnostic Tool
(TheDiaTo, v1.0) is a collection of
metrics for the thermodynamics of the
climate system;

O It is designed for being part of the

budgets in climate models

Valerio Lembo *I1, Valerio Lucarini [112]
B ¢ [2] D i e

TRR181

This work presents a novel diagnostic tool for studying the thermodynamics of the climate systems with a wide range of applications, from climate models to
reanalyses. It includes a number of modules for assessing the hydroloical cycle, the internal energy budget, the Lorenz Energy Cycle and the material entropy
production, respectively. The program receives as input radiative, latent and sensible heat energy fluxes for the computation of energy budgets at
Top-of-Atmosphere (TOA), at the surface and in the atmosphere as a residual. Meridional heat transports are also computed from the divergence of the zonal
mean energy budget fluxes, and location and intensity of peaks in the two hemispheres are provided as outputs. Rainfall, snowfall precipitation and latent heat
fluxes are received as inputs for computation of the water mass and latent energy budgets. f a land-sea mask is provided, the required quantities are separately
computed over continents and oceans. The diagnostic tool also addresses the strength of the Lorenz Energy Cycle (LEC) and its storage/conversion terms as
annual mean global and hemispheric values. Two methods have been implemented for the computation of the materia entropy production, one relying on the
convergence of radiative heat fluxes at TOA and at the surface (indirect method), one combining the irreversible processes oceurring in the climate system,
particularly heat fluxes in the boundary layer, the hydrological cycle and the kinetic energy dissipation as retrieved from the residuals of the LEC. A version of the
diagnostic tool has been adapted to be included in the Earth System Model eValuation Tool (ESMValTool) community diagnostics, in order to assess the
performances of soon available CMIP6 model simulations. The aim i to provide a comprehensive picture of the thermodynamics of the climate system as
reproduced in the most updated coupled general circulation models.

Keypoints Modules

» A set of diagnostics for
thermodynamic aspects of the climate
system is provided;

» A version of the tool is provided in
next version of ESMValTool v2.0;

» A stand-alone version is provided for a
wide variety of applications;

» Energy budgets and transports
(TOA, atm., surf.);

» Water mass and latent energy
budgets and transports;

» Lorenz Energy Cycle (LEC);

» Material entropy production
(direct or indirect method);

Input fields

» Radiative fields at TOA and surface

(upwards/downwards, solar/thermal);

» Surface turbulent heat fluxes

(latent/sensible);

» Near-surface and surface

temperatures;

+ Surface pressure;
» Specific humidity;
» Near-surface horizontal velocities;

ESMValTool community diagnostics;
O It contains 4 independent modules:

T ot odopts pods o ey (o) B - Energy budgets and transports;
T - Latent energy/water mass budgets
Vattmodel comparsons and transports:
- The atmospheric Lorenz Energy
Cycle;

The material entropy production;

O A stand-alone version of the tool is
being prepared, allowing for
comparisons of a wide range of
products;

Software Requirements
» Python 3.7x with Conda environment Reference
management; Lembo V., Lunkeit F., and V. Lucarini, 2019, TheDiaTo (v1.0) ~ A new diagnostic tool for diagnosing water, energy and
entropy budgets in climate models, Geosci. Model Dev., in review

We can provide more info at stand 12!

» CDO operators;
» Unix or Unix-like machine;

[TR— Ganum vl v ISR

TRR181
Valerio Lembo, CEN, University of Hamburg, Germany s




Can we beat climate model democracy in ensemble projections?
Ruth Lorenz, Lukas Brunner and Reto Knutti
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Bias patterns of 6 daily land surface variables in CMIP5 models

[ ] [ ]
and consequences of bias adjustment in terms of changes and
associated uncertainty at the end of the century under RCP 8.5

H. Loukos*, T. No&l*, R. Vautard®, M. Vrac®, S. Denvil*, and F. Cochard*
*the climate data factory Alnstitut Pierre Simon Laplace

Operational processing chain | Adjusting climate projection

[ ] [ ]
+ 6 dally surface variables (3 tas, pr, scfW, rsds)
+ 2RCPs (8.584.5)
+ Al CMIPS simulations on ESGF

Quantile mapping method (Vrac et al. 2016)
WATCH-FDEI gridded reanalysis
Automatised with SYNDA (IPSL)

Fully documented (on researchgate.com)

consequences of bias adjustment in terms [ ———

data factory

Surface temperature Precipitation

of changes and associated uncertainty at
the end of the century under RCP 8.5 b

- 3

urface temperature Rainfall Wind speed

00) | Adjusted-Raw

< L

. Anomalies& Uncertainties | 1981-2010 20 2100 | Raw & Adjusted

H. Loukos™, T. Noél*, R. Vautard”, M. Vrac”, S. Denvil* and F. Cochard*
*the climate data factory “Institut Pierre Simon Laplace

Africa: Surface temperature & precipitation  India: Surface temperature & precipitation

Wind speed

Solar radiation

Norway: Surface temperature & precipitation

Summary | Biases Summary | Future anomalies Summary | Uncertainty
 Presentin all variables & models  Small differences for surface temperature # No significant changes for temperature
+ Show large scale patterns  Relatively large for precipitation + Relative large changes for precipitation

+ Some smaller scales for precipitation ~ # Less/more precipitation in highflow latitudes ¢ Increased uncertainty due to some outliers

u
- - # Higher relative biases for precipitation & Some local important signal changes # Model selection seems necessary
# Observations/reanalysis dependent & Model shortcomings are amplified




WHAT WE DID

Compared interpolated and statistically downscaled CMIP5 projections
b surface variables (3 tas, pr, sfcWind, rsds)
At 0.5°x0.5° (WFDEI reanalysis)
Daily values (1951-2100)
All models (first member)
RCP 8.5



QUESTIONS & ANSWERS

Any large biases in the ensemble mean compared to reanalysis?
Any large differences in the ensemble mean anomalies in 2071-21007?

Any differences in the associated uncertainties?

In short: Temperature YES, NO, NO - Precipitation 3x”YES”



Simulations and evaluations of version 1.0 of E3SM Land Model (ELM) for the LS3MIP

%OAK RIDGE Jiafu Mao"

National Laboratory

, Xiaoying Shi', Daniel M. Ricciuto', Forrest M. Hoffman?, Peter Thornton', and Min Xu?

), U.S. DEPARTMENT OF Ofﬂce of

EN ERGY Science

!Environmental Sciences Division and Climate Change Science Institute, Oak Ridge National Laboratory, Oak Ridge, TN, USA
2Computer Science and Mathematics Division and Climate Change Science Institute, Oak Ridge National Laboratory, Oak Ridge, TN, USA

CHEMATIC OF LS3MIP :

LS3MIP diagnoses interactions between land
and atmosphere and assesses the land
components of the CMIP6 ESMs. One of the
key components of the LS3MIP is to conduct
offline land model experiments driven by
common observational drivers, attributing the
causes behind model differences to the driver or |,
structural deficiencies. With iLAMB package,
we investigate and present comprehensive
benchmarking results of the ELMv1.0 against
best available observations like the means states
and multiyear variations of land surface energy,

water, and biogeochemical budgets
(B. Van den Hurk et al., 2016).
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CHEMATIC OF ELMv1.0:

DBuilt from the Community Land Model
Version 4.5 (CLM4.5);

DIntroduce prognostic phosphorus cycle and C-
N-P interactions;

D Characterize dynamic storage pools for C, N
and P;

aProduce global P maps for model initialization;
JSimulate the competition between plants and

microbial process for available soil N and P;
Dinclude many other new developments,
evaluations and applications;
https://e3sm.org/model/e3sm-model-
description/vI-description/vI-land/

Biomass

Burned Area
Carbon Dioxide
Gross Primary Productivity

Leaf Area Index

Global Net Ecosystem Carbon Balance
Net Ecosystem Exchange

Ecosystem Respiration

Soil Carbon

Evapotranspiration

Evaporative Fraction

Latent Heat

Runoff

Sensible Heat

Terrestrial Water Storage Anomaly
Snow Water Equivalent

Permafrost

Albedo

Surface Upward SW Radiation

Surface Net SW Radiation

Surface Upward LW Radiation

Surface Net LW Radiation

Surface Net Radiation

Surface Air Temperature

Precipitation

Surface Relative Humidity

Surface Downward SW Radiation

Surface Downward LW Radiation
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Climate response to the Pinatubo and
Tambora eruptions in EC-Earth3.2

Idealised forcing

a) Pinatubo (CMIP6) c) Tambora (EVA) e} Latitudinally averaged total AOD

60° N | ‘:il 11
30°N il 11
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b) Pinatubo (EVA) d) Pinatubo (EVA) 103 EC—Earth3.2
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2 o} ]
| 30°8 | 40.1 .
Climate response
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VOLCADEC Year Year
|— background — Pinatubo (CMIP&) — Pinatubo (EVA) — Tambora (EVA)
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Estimating the Uncertainty in Climate Projections

Sebastian Milinski, John C. Fyfe, Jochem Marotzke

° ' At ' : ; Decadal mean temperature anomalies

How can we quantify uncertainties in future projections? A sipaaiiansint (@)
° O Natural variability

Can we reduce some of the uncertainties? 3.5 | B Glimate response uncertainty

= Emission uncertainty
Historical GCM uncertainty
All 90% uncertainty ranges

w
T

Global average temperature change (°C)

2.5+
Our approach:
] mEgm 2-
Internal variability
1.5+
* [solate internal variabllity in single-model large ensembles
1+
0.5

Response uncertainty

o

* Emulate forced response range for different ECS values

-4—/J ) | | | | | | | | | | |
1960 1980 2000 2020 2040 2060 2080 2100
Year

IPCC ARS, FAQ 1.1, Figure 1a

@

Max-Planck-Institut
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CMIP5/CMIP6 model-analog Nifio3.4 Months 1-12 Skill, 1961-2015
seasonal forecast skill: a metric for —<_g , Precipitation
model evaluation of ENSO dynamics

0.0
0.1
2

Turn every model into a forecast model

———
~~
~

Find analog ensembles within long model
simulations to determine both perfect model
and real-world skill of tropical SST, SSH, &
precipitation forecasts for leads of 1-12 months.

Tropical Pacific SST Month 6 Skill, 1961-2015 |

—NMME hindcasts
—NMME model-analog
— CMIP5 model-analog

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Verification time
Ding et al (2019) GRL
° """p Earth System Research Laboratory //A
Poster: 3 P18 ¥ Jrihasiiaont S




Uncertainty in Earth System Models: Benchmarks for Ocean Model Performance and Validation

0.0gunro', S. M. Elliott?, N. Collier!, O. Wingenter?, C. Deal*, W. Fu>, F. M. Hoffman'
1CCSI, Oak Ridge National Laboratory, 2COSIM, Los Alamos National Laboratory, >New Mexico Tech, *IARC, University of Alaska, >UC Irvine

A

CLIMATE CHANGE 7, )
oogunro@ornl.gov science InsTiTuTE  » LOS Alamos

R U B I s C o OAKRIDGENATIONALLABORATORY ~ VATIONAL LABORATORY
EST.1943

MOTIVATION Unlqug features of IOMB |
e About one quarter of anthropogenic CO, emissions end up in the e Collection of dgtasets formatted for easy model evaluation
ocean o https://www.i1lamb.org/IOMB-Data/DATA/
e Life in the ocean increases the efticiency of marine environments e Using high quality observation datasets (global, regional, point, ship tracks) to
to take up more CO, and reduces the rise 1 atmospheric benchmark ESMs
concentrations.. | | | e Developing observation based metrics to evaluate model performance
e Challenges with appropriate representation of physical and e Scores model performance across a wide range of independent benchmark data

biological processes 1n Earth System Models (ESMs) undermines
the effort to quantify seasonal to multi-decadal variability in ocean
uptake ot atmospheric CO, .

Internationational Ocean Model Benchmarking (I0MB)

CNRM-CM5
E3SM-POP

umol m=2 s~

Net primary Production : Temporal integrated mean bias (a) Model A (b) Model B (c¢) Model C

CanESM2
CESM-POP
CMCC _CESM
GFDL-ESM2G
GFDL-ESM2M
HadGEM2-ES
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
MPI-ESM-LR
MPI-ESM-MR
NOrESM1-ME
CanESM2
CESM-POP

P cmcc_ceswm
CNRM-CM5
E3SM-POP
GFDL-ESM2G
GFDL-ESM2M
HadGEM2-ES
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
MPI-ESM-LR
MPI-ESM-MR
NOrESM1-ME

Chlorophyll

DissolvedinorganicCarbon

Nitrate

Phosphate

Silicate

Dimethylsulfide
Oxygen

co3

pH

TotalAlkalinity

Salinity

le ® mol L2

Silicate (SO) concentrations : Temporal integrated mean bias (a) Model A (b) Model B (¢) Model C

Temperature
SurfaceWindSpeed

NetPrimaryProduction

pCo? Take Home Messages

e i 8 - . J - = N JOMB is being employed to analyze outputs from ocean models contributing
ot results to CMIP6
*A benchmarking tool for marine biogeochemical results 1s indispensable as we
continue to improve ESM process representations and understand the dynamics of
carbon cycle teedbacks from the ocean.
0.5 - : ' +1 +2 *This tool will help to i1mprove our analysis/understanding of marine
Absolute Score Relative Score : : : : :

biogeochemical feedbacks 1n large suite of CMIP6 experiments

ShortWaveRadiation

SurfaceHeatFlux

Benchmarking overview for some variables in DOE (E3SM and CESM) and some CMIP5 ESMs

Tutorial: https://www.llamb.org/doc/tutorial.html

Tuesday, Session 3: Poster P19


https://www.ilamb.org/IOMB-Data/DATA
https://www.ilamb.org/doc/tutorial.html

Investigating drivers of midlatitude circulation
biases in climate hindcast ensembles

) (f) ERA-interim U_200hPa DJF ) (f) ERA-interim U_200hPa JJA
. Key features of midlatitude circulation in ERA-I i N
generally not covered by the ensemble spread (30 o T (—
members) O Y NS
2['/ | :
o0 _':,—,fw-ﬂ-{,» ——
. Largest improvements over North Pacific with data N S R S
assimilation (d) NorESM o U_200hPa DJF (@) NorESVM o U_200hPa JJA

. Large SST biases persist (>25%); pattern suggests 4
too weak atmosphere-ocean interactions N =

*  Biases are asymmetric in time and space; largest in N R R R
summer(winter) over North Pacific(North Atlantic) (0 NoroP v2

. However, NAO variability is reasonably well
reproduced; though with large spread

Stefan Sobolowski, Camille Li, Lilan Chen, Fumiaki Ogawa



Predictability prog. CO2, atm

Predictability Horizons in the Global Carbon Cycle =

0.8 1

s atmospheric CO2 concentration predictable’? ge

0.4
45
~ 40 = Total emissions 021 . ' . ka .
e Fossil fuels and industry 02 03 04 05 06 07 08
Ei 35 = Atmospheric increase RMSE [ppm]
8N3O— ACC Predictability Horizon of annual surface atmospheric CO, 8
Q 251 7
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Development of a new climate model emulator based on
CRIEPI

Central Research Institute of CM|P6 mU|ti_mOde| ensemble ;
Junichi Tsutsui, Central Research Institute of Electric Power Industry TOUGOU
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far .wancin; Climate Models
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N d CNRM-CMIG- e
£6 C 08+
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—~ 'S [
S D 0.5 -
w 6 5 A £CS
= "
© B Corr: -0.68
g4 0.0 25 50 75 100 0.4 = . : . .
% Surface temperature (°C) 2 3 4 5
] 2 =
% Agi:0.31,0.27,0.42; t: 1.5 17.7, 461y ECS ( Cj
‘© A 0.75, 1.34,0.70 W/m2/°C; Dy: 34,215, 1270 m o T : e
34 A e [BL 1. Fig. 2: Equmbrlum c!lmate sensitivity

0 - 100 150 ECS: 4.16°C; TCR: 2.24°C; TCR/ECS: 0.54 (ECS) vs transient climate response (TCR)
Time ) relative to ECS of multi-model ensemble

Fig. 1: Example of time series fitting for 4x and 1%/y CO, experiments (MME)
in DECK and N-T relation

Motivation: To build a climate model emulator reflecting MME for mitigation scenario studies

Method: Curve fitting to DECK time series to estimate forcing-response parameters

Results: The new method provides an improved alternative to the conventional regression (Fig. 1)
and a sound basis for probabilistic assessment of the temperature response (Fig. 2)



© “‘/ Benchmarking the simulated global carbon cycle of CMIP6 ©

e

)C} - ESMs using atmospheric CO, flask measurements FRANCE

poster session 3 P23
Samuel Quesada-Ruiz (ECMWF), Philippe Ricaud (CNRM), Séférian, R., (CNRM), David Saint-Martin, (CNRM), Bertrand Decharme, (CNRM), Jerry Tjiputra,
(Bergen University), Jorg Schwinger (Bergen University), Tatiana llyina (MPI), Thomas Raddatz, (MPI), Tomohiro Hajima (JAMSTEC), Victor Brovkin, (MPI),

Vivek Arora (CCCma) @:philippe.ricaud@meteo.fr
Global Distibution o Aosehaac Carbon Dioxide Assessing model results against flask
measurements:
- How CMIP6 emission-driven ESMs compare to CMIP5
ESMs ?

- What can be learnt from those simulations in terms of
long-term sensitivity ?

CMIP5
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Theee- of of in the marine boundary layer. Data from the Carbon Cycle
cooperative air sampling network were used. The surtace represents data smoothed in time and latiude. Contact: Dr. Pieter Tans and Dr. £d Diugokencky,
NOAA ESRL Carbon Cycle, Boulder, Colorado, (303) 497-6678, hitp:/fwww sl
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52 available flask stations with at least 10 @;“ -
years of continuous CO, measurements e QCRESCENDO
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