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. Concept: A Single -Column Model

. ACCORD challenge

. Unified Single Column Model (MUSC)

. Environment for MUSC Simulations - EMS: motivation

. ACCORD - EMS: development & application

. Upcoming activity
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Physics parameterization in NWP:develop/improve, validate, compare

1. Concept: from full 3D system (NWP) ...
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» Non-linear interplay between momentum, energy, and matter exchange:
- large scale dynamics (thermodynamics)(e.g. horizontal advection, subsidence)
- subgrid-scale mixing (e.g. turbulence (including convection))
- individual microphysical processes (e.g. condensation, freezing) and their rates

- precipitation and sedimentation fluxes

- surface-atmosphere coupling (lower atmospheric BC)

.. to 1D system (Single Column Model):
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E Easier and less computationally expensive! ACC == R D
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Physics parameterization in NWP:develop/improve, validate, compare

2. &)hg(l}le?ge: ACCORD’s NWP has 3 "different” Canonical System Configurations
s):

» AROME
> ALARO

» HARMONIE-AROME

Differences in dynamics, physics parameterization, coding, ...

1 F/,S 1 P/»S
_,L S/»S + 76
p 0z

A Consortium for COnvection-scale modelling
Research and Development

. Developing a Unified SCM - a challenging task! ACC ':'i*' RD



MUSC (Modele Unifié, Simple Co €) development

3. MUSC history and status
» The first documentation (report) on MUSC (unfinished, CY31T1): Malardel, Sylvie, 2004
» MUSC is widely used by each of the ACCORD members, e.g. Gleeson et al. 2020

» Development and documentation on Environment for MUSC Simulation (EMS): Roehrig,
Romain’s, GitHub

We decided to work with EMS and adjust it to the ACCORD needs.

» Documentation on setting the EMS on a common ECMWF (Atos) platform (EMS,
CY46(T/h)1), Eoin Whelan:

master/EMS <> ACCORD/EMS/Main <> ACCORD/EMS/Users

E MUSC is automatically updated with every 3D NWP cycle. ACC == RD
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https://www.umr-cnrm.fr/gmapdoc/IMG/pdf_DOC_1D_MODEL.pdf
https://asr.copernicus.org/articles/17/255/2020/
https://github.com/romainroehrig/EMS
https://github.com/romainroehrig/EMS
https://romainroehrig.github.io/EMS/stable/
https://hirlam.github.io/HarmonieSystemDocumentation/dev/ForecastModel/SingleColumnModel/MUSC_EMS/
https://github.com/romainroehrig/EMS/tree/master/ems
https://github.com/ewhelan/EMS/
https://github.com/MetoShapka/EMS

4. Motivation

DEPHY

Prepares CASES: Prepares SURFACE and ATM
init./forecing, and Reads
date, time, coor. BYva runs SIMULATION out*.nc and

atm. data . . > visualizes
surface data MUSC binaries outputs

from CSCs

> Well structured and efficient (easy for further development)
» One command to run and one to plot
» We have integrated and documented the system based on HARMONIE binaries

- switching the different (CSC) namerlist manually

Cy49t1 - run the binaries of the CSCs binaries online. AQQD?BR
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5. Application: run and

popt:

ainer> ens_list_cases.py
09-30 09:14:38,555 - .cases

cases
.cases

.cases

8,555 cases
138,555 .cases
138,555 .cases
.cases

cases

.cases

cases

.cases

.cases

cases

.cases

cases

.cases

.cases

cases

.cases

cases

.cases

.cases

cases

.cases

cases

.cases

.cases
.cases
cases
.cases
138,556 .cases

138,556

- -~ Available cases

GABLS1 REF /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/GABLS1_REF_SCM_driver.n

GABLS1 REF_flux /perm/snl/metapp_harm/ems/ems/. ./share/CASES/GABLS1 REF_flux_SCM_driver.n
GABLS1 MESONH /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/GABLS1_MESONH_SCM_driver.n,
GABLS4 STAGE3 /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/GABLS4_STAGE3_SCM_driver.n;
GABLS4 STAGE3-SHORT /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/GABLS4_STAGE3-SHORT_SCM_dr-

ARPEGE SODANKYLA /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/ARPEGE_SODANKYLA_SCM_driver.nc
AYOTTE 0SC /perm/snl/metapp_harm/ens/ens/. . /share/CASES/AYOTTE_00SC_SCH_driver.n
AYOTTE OWC /perm/snl/metapp_harm/ens/ens/. . /share/CASES/AYOTTE_0OWC_SCH_driver.n
AYOTTE 3SC /perm/snl/metapp_harm/ens/ens/. . /share/CASES/AYOTTE_03SC_SCH_driver.n
AYOTTE 5SC /perm/snl/metapp_harm/ens/ens/. . /share/CASES/AYOTTE_05SC_SCH_driver.nc
AYOTTE @5NC /perm/snl/metapp_harm/ens/ens/. . /share/CASES/AYOTTE_OSWC_SCH_driver.n
AYOTTE 24SC /perm/snl/metapp_harm/ens/ens/. . /share/CASES/AYOTTE_245C_SCH_driver.n
THOP REF /perm/snl/metapp_harm/ens/ens/ . ./share/CASES/THOP_REF_SCH_driver.n

SCMS REF /perm/snl/metapp_harm/ems/ens/ . . /share/CASES/SCHS_REF_SCH_driver.n

RICO SHORT /perm/snl/metapp_harm/ems/ems/. ./share/CASES/RICO_SHORT_SCH_driver.n
RICO MESONH /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/RICO_MESONH_SCH_driver.n
ARMCU REF /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/ARMCU_REF_SCH_driver.n
ARMCU MESONH /perm/snl/metapp_harm/ems/ems/. ./share/CASES/ARMCU_MESONH_SCH_driver.n
ARMCU E3SM /perm/snl/metapp_harm/ems/ens/ .. /share/CASES/ARMCU_E3SM_SCH_driver.n
BOMEX REF /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/BOMEX_REF_SCH_driver.nc
MPACE REF /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/MPACE_REF_SCH_driver.n

FIRE REF /perm/snl/metapp_harm/ems/ens/../share/CASES/FIRE_REF_SCH_driver.n

SANDU REF /perm/snl/metapp_harm/ems/ems/. . /share/CASES/SANDU_REF_SCH_driver .n

SANDU FAST /perm/snl/metapp_harm/ens/ems/. ./share/CASES/SANDU_FAST_SCH_driver.n
SANDU SLOW /perm/snl/metapp_harm/ems/ems/. . /share/CASES/SANDU_SLOW_SCH_driver.n
NWP3D2SCH NORUNDA /perm/snl/metapp_harn/ens /ems/. . /share/CASES/NNP3D2SCH_NORUNDA_SCM_driver

AMMA REF /perm/snl/metapp_harm/ens/ems/. ./share/CASES/AMMA_REF_SCH_driver .ni

DYNAMO NSA3A /perm/snl/metapp_harm/ems/ems/. ./share/CASES/DYNAMO_NSA3A_SCH_driver.n

DYNAMO NSA3A_D1 /perm/snl/metapp_harm/ens/ems/. ./share/CASES/DYNAMO_NSA3A_D1_SCM_driver.n
DYNAMO NSA3A_D30 /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/DYNAMO_NSA3A_D30_SCM_driver.n;
DYNAMO NSA3A_MIO1 /perm/snl/metapp_harm/ens/ens/../share/CASES/DYNAHO_NSA3A_MIOL_SCM_driver

But already in use to improve parameterizations ...
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5. Application: run and

JApptainer> ems_List_cases
2024-09-30 09:14: - ens.cases - Available cases
- .cases GABLS1 REF /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/GABLS1_REF_SCM_driver.nc
- cases GABLS1 REF_flux /perm/snl/metapp_harm/ens/ems/../share/CASES/GABLSL_REF_flux_SCH_driver.nc
.cases GABLS1 MESONH /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/GABLS1_MESONH_SCH_driver.nc
.cases GABLS4 STAGE3 /perm/snl/metapp_harn/ems/ens/ . ./share/CASES/GABLS4_STAGE3_SCM_driver.nc
.cases GABLS4 STAGE3-SHORT /pern/snl/metapp_harn/ems/ems/ .. /share/CASES/GABLS4_STAGE3-SHORT_SCH_dri

.cases ARPEGE SODANKYLA /perm/snl/metapp_harm/ens/ens/. . /share/CASES/ARPEGE_SODANKYLA_SCH_driver.nc
2024-09-30 09: .cases - 00SC /pern/snl/metapp_harn/ens/ens/ .. /share/CASES/AYOTTE_80SC_SCM_driver.nc
2024-09-30 09: cases - 00WC /pern/snl/netapp_harn/ems/ems/ .. /share/CASES/AYOTTE_0WC_SCH_driver.nc
2024-09-30 09: .cases 03SC /pern/snl/netapp_harn/ems/ems/ .. /share/CASES/AYOTTE_035C_SCM_driver.nc
2024-09-30 09:14 .cases 055C /pern/snl/netapp_harn/ens/ems/ .. /share/CASES/AYOTTE_055C_SC_driver.nc
2024-09-30 09: cases 05WC /pern/snl/netapp_harn/ems/ems/ .. /share/CASES/AYOTTE_05WC_SCH_driver.nc
2024-09-30 09: .cases 24SC /perm/snl/metapp_harm/ens/ens/ . . /share/CASES/AYOTTE_24SC_SCM_driver.nc
2024-09-30 .cases - - THOP REF /perm/snl/metapp_harn/ens/ens/. . /share/CASES/THOP_REF_SCM_driver.nc
2024-09-30 cases - - SCHS REF /pern/snl/metapp_harn/ems/ems/. . /share/CASES/SCHS_REF_SCM_driver.nc
2024-09-30 09:14: .cases RICO SHORT /perm/snl/metapp_harm/ens/ems/. . /share/CASES/RICO_SHORT_SCM_driver.nc
2024-09-30 e _cases - RICO MESONH /perm/snl/metapp_harn/ems/ens .. /share/CASES/RICO_MESONH_SCM_driver.nc
2024-09-30 0 .cases - /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/ARMCU_REF_SCM_driver.nc
2024-09-30 .cases ARMCU MESONH /perm/snl/metapp_harm/ens/ens/ . . /share/CASES/ARMCU_MESONH_SCH_driver.nc
2024-09-30 s.cases ARMCU E3SM /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/ARMCU_E3SM_SCN_driver.nc
2024-09-30 0 1 .cases - BOMEX REF /perm/snl/metapp_harn/ens/ens/. . /share/CASES/BOMEX_REF_SC_driver.nc
2024-09-30 09: cases MPACE REF /perm/snl/metapp_harn/ems/ems/../share/CASES/MPACE_REF_SCM_driver.nc
2024-09-30 09: .cases FIRE REF /perm/snl/metapp_harm/ems/ens/. ./share/CASES/FIRE_REF_SCM_driver.nc
2024-09-30 09:14: .cases SANDU REF /perm/snl/metapp_harm/ems/ems/. . /share/CASES/SANDU_REF_SCM_driver.nc
2024-09-30 09:14: cases SANDU FAST /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/SANDU_FAST_SCH_driver.nc
.cases SANDU SLOW /perm/snl/metapp_harn/ens/ems/. . /share/CASES/SANDU_SLOW_SCM_driver.nc
138,556 .cases NWP3D2SCM NORUNDA /pern/snl/metapp_harm/ems/ems/ . ./share/CASES/NWP3D2SCH_NORUNDA_SCH_driver

138,556 .cases AMMA REF /perm/snl/metapp_harn/ens/ens/ . ./share/CASES/AMMA_REF_SCM_driver.nc
138,556 .cases DYNAMO NSA3A /perm/snl/metapp_harm/ens/ens/ . ./share/CASES/DYNAMO_NSA3A_SCM_driver.nc
138,556 .cases - - DYNAMO NSA3A_D1 /pern/snl/metapp_harm/ems/ems/ . ./share/CASES/DYNANO_NSA3A_D1_SCH_driver.nc
09:14:38,556 .cases - DYNAMO NSA3A_D30 /perm/snl/metapp_harm/ems/ems/. . /share/CASES/DYNANO_NSA3A_D30_SCH_driver.nc
09:14:38,556 s.cases DYNAMO NSA3A_MJO1 /pern/snl/metapp_harm/ems/ems/ . ./share/CASES/DYNANO_NSA3A_MJO1_SCH_driver

09:14: ens. cases
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5. Application: run and compare USED cases (e.g. StCu)

Cloud fraction in ARMCU
AROME-F HARMONIE

Convective timescale is a function
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New convective time scale parameterization ACC ’:‘if R D
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5. Application: run and

pptainer> ems_List_cases.py
55 cases e -—- Available cases
cases GABLSL REF /perm/snl/metapp_harn/ens/ens/ .. /share/CASES/GABLS1_REF_SCM_driver.nc
cases Al [ERNE /pern/snl/metapp_harm/ens/ems/ .. /share/CASES/GABLSL_REF_flux_SCM_driver.nc
38,555 cases - GABLSL MESONH /perm/snl/metapp_harm/ens/ems/ . ./share/CASES/GABLS1_MESONH_SCM_driver.nc
138,555 cases - GABLS4 STAGE3 /perm/snl/metapp_harm/ens/ems/ . ./share/CASES/GABLS4_STAGE3_SCM_driver.nc
138,555 .cases GABLS4 STAGE3-SHORT /perm/snl/metapp_harm/ens/ems/ . ./share/CASES/GABLS4_STAGE3-SHORT_SCM_dri

138, cases ARPEGE SODANKYLA /perm/snl/metapp_harm/ems/ens/ . . /share/CASES/ARPEGE_SODANKYLA_SCM_driver .n
38,555 .cases AYOTTE 00SC /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/AYOTTE_00SC_SCH_driver.n
138,555 .cases AYOTTE QOWC /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/AYOTTE_0OWC_SCM_driver .nc
38,555 cases - AYOTTE 035C /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/AYOTTE_035C_SCM_driver.n
138,555 cases AYOTTE 055C /perm/snl/metapp_harm/ems/ems/ . . /share/CASES/AYOTTE_05SC_SCM_driver.n
138,555 .cases AYOTTE 0SWC /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/AYOTTE_0SWC_SCM_driver.nc
138,556 .cases 0 - AYOTTE 24SC /pern/snl/metapp_harm/ems/ens/ . ./share/CASES/AYOTTE_245C_SCM_driver.n
) cases - Ii THOP REF /perm/snl/metapp_harm/ens/ems/../share/CASES/IHOP_REF_SCM_driver.n
o .cases SCMS REF /pern/snl/metapp_harm/ens/ems/../share/CASES/SCHS_REF_SCM_driver.nc
024-09-30 09:14: .cases RICO SHORT /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/RICO_SHORT_SCM_driver.nc
024-09-30 cases - RICO MESONH /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/RICO_MESONH_SCM_driver.n
cases ARMCU REF /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/ARMCU_REF_SCM_driver .n
.cases ARMCU MESONH /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/ARMCU_MESONH_SCM_driver.nc
cases 0 - ARMCU E3SM /pern/snl/metapp_harm/ens/ens/ . ./share/CASES/ARMCU_E3SM_SCM_driver.n
cases BOMEX REF /perm/snl/metapp_harm/ems/ems/. ./share/CASES/BOMEX_REF_SCM_driver.n
.cases MPACE REF /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/MPACE_REF_SCM_driver.n
cases - Ii FIRE REF /pern/snl/metapp_harn/ems/ens/../share/CASES/FIRE_REF_SCH_driver.nc
cases SANDU REF /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/SANDU_REF_SCM_driver.n
cases SANDU FAST /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/SANDU_FAST_SCM_driver.n
.cases SANDU SLOW /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/SANDU_SLON_SCM_driver.nc
38,556 .cases NWP3D2SCM NORUNDA /perm/snl/metapp_harm/ens/ens/ . ./share/CASES/NWP3D2SCH_NORUNDA_SCM_driver

138,556 .cases AMMA REF /perm/snl/metapp_har/ems/ems/ . ./share/CASES/AUMA_REF_SCM_driver.nc

38,556 .cases DYNAMO NSA3A /perm/snl/metapp_harm/ems/ems/. ./share/CASES/DYNAMO_NSA3A_SCM_driver.nc
4:38,556 cases - DYNAMO NSA3A_D1 /perm/snl/metapp_harm/ems/ems/. ./share/CASES/DYNAMO_NSA3A_D1_SCM_driver.n
138,556 cases - DYNAMO NSA3A_D30 /perm/snl/metapp_harm/ems/ens/ . ./share/CASES/DYNAMO_NSA3A_D30_SCM_driver.n
138,556 .cases DYNAMO NSA3A_MJOL /perm/snl/metapp_harm/ems/ems/ . ./share/CASES/DYNAMO_NSA3A_MI01_SCM_driver

pptainer>

MUSC.py -config config46h1HARMONIE.py -case GABLS1 -subcase REF-flux ACC
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5. Application: modify, run and compare USED cases (e.g. GABLS1)
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. Surface-atmosphere coupling (Atmospheric forcing) ACC = R D



5. Application: Create, run and compare NEW cases (e.g. SCLD)

Specific Mass of Cloud Liquid Water in SCLD (Engdahl et al. 2020)

o AROME-F HARMONIE
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Microphysics: Super-Cooled Liquid Drizzle
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ACC=RD
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5. Application: Create, run and compare REALISTIC cases

. Integration of variety of observations (work in progress) ACM,C;O;:BMPQ

Research and Development



cya6h 90 vertical levels: cloud fraction [0-1]
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E.g. Horizontal Convective Rolls vs vertical (model) resolution ACC = RD
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5. Application: Create, run and compare REALISTIC cases
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! E.g. Horizontal Convective Rolls: microphysics profile evolution ACC == RD



5. Application: Create, run and co

Horunda (preliminary): Cloud ice: microphysics [ka/ils
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EMS output vs Cloudnet data (cloud microphysics)




5. Application: Create, run and compare REALISTIC cases

Studying the surface-atmosphere continuum for specific meteorological (atmospheric)
processes

300
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! Surface-atmosphere fluxes during HCR ACC = RD
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6. Status and plans

e Building a sophisticated, efficient and robust system (procedure) for the
process (physics)-based verification

e ACCORD-EMS a base tool next to an integrated list of idealized and realistic
cases (against well established observational data and LES)

e Linking the surface, large (meso) scale (dynamics), and subgrid-scale
processes and their feedback in the verification procedure

o Integrate the dynamic tendency in the (EMS) forcing and verification, as well
as more frequent model output - DDH

"I Looking for a scientific explanation of the model performance! ACC = RD

‘onsortium for COnvection-scale modelling
Resea
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