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HadGEMS3-GC5 physical climate
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= Metofice Developments in future configurations

» GC6: new dynamical core on a cubed-sphere mesh; UM physics;
completely new infrastructure (new code base).

» Unified physics: same physics configuration for global and regional that
includes CoMorph (convection), CASIM (microphysics) and a single cloud
scheme.

« ML-based physical parameterisations.



What is UKESM? 9 22 Met Office

nnnnnnnnn

UKESM

UKESM is the UK’s Earth System model jointly developed by the Met Office and
NERC (Natural Environment Research Council)

UKESM consists of the HadGEMS3 global coupled physical climate model plus
additional components that model key chemistry, aerosol and
vegetation and cryosphere processes.

UKESML1 officially released to the community in February 2019.
UKESM1 used to provide a significant part of the UK’s contribution to CMIPG6.

In 2023 an updated version UKESM1.1 was released

* Also, a Hybrid (higher resolution atmosphere/ocean, lower resolution
chemistry/ocean biogeochemistry) and Fast (low resolution version N48 ~250km)
version have been developed

« Currently developing UKESM2 - CMIP7 and beyond (Jane Mulcahy)



Brief History of UK ESMs
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HadGEM2-ES
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UKESM1.3

( UKESM1.3 \

UKESML1.1 (Mulcahy et al, 2023)
plus

Emission-driven CO, and CH,

Interactive ice-sheets

Currently running variant of this
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\(CH4 emissions not included) )
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UKESML1.1: Significant improvement in the historical
GMST record is simulated, with the magnitude of the
cold bias reduced by over 50 %. Small impact on ERFs

& climate sensitivity

Mulcahy et al., (2023) GMD https://doi.org/10.5194/gmd-16-1569-2023
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CMIP7 Fast Track
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https://wcrp-cmip.org/cmip7/



CMIP7 goals

Interactionsbetween forcings, Changesinfrequencyandseverity of
feedbacksandnaturalvariability extreme weatherwith climatechange
@ Warmingspatial patterns
influence on climatechange A@® = Evolution of weather
trajectory QO 3 patternswith warming

Pattern effect Extremes
Carbon cycle

Alignment of CO, emissions g
andclimate stabilisation

nghReS New modelling capabilitiesfor @

MIP modelling carbonsourcesand sinks

LongRunMIP https://wcrp-cmip.org/cmip7/
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R. MarRcHAND, J. M. Harnes, R. Pincus, anD V. O. JoHN

Satellite simulation software for model assessment

BY A. Bopas-SaLcepo, M. |. Wees, S. Bony, H. CHepreR, |.-L. DUFRESNE, S. A. KLEIN, Y. ZHANG,

(BAMS, 2011)

Geosci. Model Dev., 11, 77-81, 2018
https://doi.org/10.5194/gmd-11-77-2018

© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.

The Cloud Feedback Model Intercomparison Project Observational
Simulator Package: Version 2

Dustin J. Swales'2, Robert Pincus', and Alejandro Bodas-Salcedo’

1C00perative Institute for Research in Environmental Sciences, University of Colorado Boulder, Boulder, Colorado, USA
INOAA/Earth System Research Laboratory, Boulder, Colorado, USA
3Met Office Hadley Centre, Exeter, UK (G M D’ 2018)
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= MetOffice Evaluation with ISCCP
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(a) Cloud fraction: ISCCP
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== MetOffice CALIPSO cloud fraction by phase
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Cloud Fraction (%)

(Cesana and Chepfer, JGR, 2013)
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(a) LW Cloud Radiative Kernel (a) 1xCO, Mean Cloud Fraction: 58.12 % (d) LW Cloud Feedback: 0.21 W ni2 K™
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(Zelinka, Klein, and Hartmann, J. Clim., 2012)
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= MetOffice. Contributing to COSP

new MODIS joint histograms #87

alejandrobodas merged 13 commits into CFMIP:master from caseywall7926:modis-diagnostics (L) on Apr2
) Conversa tien 13 -0 Commits 13 [l Checks 5 [®) Files changed 12
-
caseywall7926 commented on Mar 13 Contributor | ===
e

We have written code to compute four new joint histogram diagnostics with the MODIS simulator:

(1) CTP vs. COT histogram for ice-topped clouds
(2) CTP vs. COT histogram for liquid-topped clouds
(3) CWP vs. CER histogram for ice-topped clouds
(4) CWP vs. CER histogram for liquid-topped clouds

(CTP: cloud-top pressure; COT: cloud optical thickness; CWP: cloud water path; CER: cloud particle size)

The joint histograms match the MODIS observational dataset described by Pincus et al. 2023 (https://doi.org/10.5194/es5d-15-

2483-2023).

I Upload multiple artifacts when Cl fails

#90 by alejandrobodas was merged on Mar 21 - Approved

= split Cl workflows into gfortran and containerized

#88 by alejandrobodas was merged on Mar 16 « Approved

&= Lfric warnings wp @

#82 by alejandrobodas was merged on Oct 27, 2023 « Approved

i~ Delete unused variables in quickbeam m

#81 by alejandrobodas was merged on Sep 13, 2023 « Approved

e Icarus: missing working precision and initialisation.

#78 by alejandrobodas was merged on Jul 21, 2023 - Approved

= Allocation of radar LUT. Delete unused variables. Update ifort KGO v002.

#77 by alejandrobodas was merged on Jun 7, 2023

Open source distributed under 3-clause
BSD license. Community-driven
developments.

COSP PMC look after the github
repository: accept new changes, code
reviews, regression tests.

Major science changes need to
demonstrate utility, e.g. intercomparison
or evaluation paper.

Changes should be discussed with the
PMC from early stages to ensure that
proposed work is in keeping with COSP
objectives.

https://qithub.com/CEMIP/COSPv2.0



https://github.com/CFMIP/COSPv2.0

== Met Office

Hadley centre HHYPErspectral capabilities in COSP?

COSP is focused on clouds

« How people imagine using hyperspectral observations for
clouds?

Need fast RT to be run inline.
Calculations for all subcolumns may not be affordable.
Impact of TRUTHS sampling?
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« Latest UK climate model configurations: GC5 and UKESM1.2
« Future climate model configurations

« Contribution to CMIP7

« COSP: overview, uses, contributions.
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