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ACCESS-NRI?

ACCESS links separate models of Earth’s systems to deliver

D,,:,)~ comprehensive climate simulations over various timescales.
<
The models use knowledge of how chemical, physical and biological systems work to
describe and predict the planet’s climate.
’?4\0
’o¢ ACCESS-NRI is the national research
*

ACCESS model and provides the tools and

expertise that supports the research community
to use it.
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Why CMIP7 matters?

Couple Model Intercomparison Project
*Global benchmarking of Earth system models. e gy

[ ] [ ]
* Austral tributes th h ACCESS-ESM
UuStralia contriputes roug
. . . . ol e . { Future FastTrack 2 )- - - { Crisis X
* Evaluat tical f dibilit d impact
valuation critical for credibility and impact.
< Future FastTrack1 |- -=-=1 G5T33
R (.- - | Assessment Fast Track - -{ IPCC AR7
DECK Fast Track
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Learn more about each experiment and why it has been
included in the Fast Track
bit.ly/FastTrack-experiments @ '
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CMIP7 Australian developmen

CMIPSe ACCESS Earth
Systermn Model

AUSt ra I ia n CM I P7 ReviSEd CMIP6 ACCESS Climate Model
DE“EIQ p m e nt PI a n . 2024_202 7 [Coupled Ocean-Atmosphere)

FAST TRACK

Upgraded Australian
Ocean BGC Model

Minor Upgrade to
Earth Systemn Model

Tree demography and
better land use change

>

Upgraded Australian
Land Surface Model

MNew Global Atmosphere-
Land Configuration with CABLE

Latest UK Atmosphere

Model, UM with JULES
MNUOPC

Coupler

Community
MIPs

Mew ACCESS Climate Rodel
(Coupled Ocean-Atmosghere)

Cew

Target CMIPY ACCESS
Earth Systemn Model

Mew Doean Model
from NOAASGFDL MUGEE

Couple

Mew Ocean-Sea lce

[ Cl CEﬁ Configuration

Upgraded Sea lce
Nacycled frors LANE Model Evaluation, including ESMValTool

Ongoing evaluation of performance during development is essential to create a high-performing model

Data Management, including ESGF

[ata will be stored on the Australian node of the CMIPF data repository for global uptake of outputs
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Importance of evaluation of climate models

As climate models
become increasingly
complex, thereis a
need for systematic
and comprehensive
evaluation and
benchmarking through
comparison with best-

Climate model

field
observations
. Calculation of “goodness” of the model(s) . .
M rsr:ggl‘; based on a combination of metrics. avdl |a b | €o bse rvationa I
W model . data to assess model
21—/ modelb L = = fidelity across a wide
observations ol )
Multi-
i o range of variables.
W models time,_ %?';“;frtiié’sn metric | metric2 .. metricn Australia’s climate simulator
/crp-cmip.org/cmip//rapid-evaluation-framework/
Defthition of tHe terms verification, validation, evaluation and benchmarking for use in the climate model context @ i
DOI 10.5281/zenodo.13985651 ‘ﬁ NCRIS g
ACCESS | =iiehme



https://doi.org/10.5281/zenodo.13985651

Model Evaluation and Diagnostics

Environments
. : HPC-Optimised
"Building an Australian Ana‘fysis
community framework for Evaluation of Environments

Earth System Models” Data

Standardisation
Metadata
Controlled Vocab.

Charles Turner
Senior Research
Software Engineer

Romain Beucher Felicity Chun
Team Lead Senior Research
Software Engineer

Visualisation

Joshua Torrance
Data Management

Australia’s climate simulator

Rhaegar Zeng Owen Kaluza
Research Software Research Software
Engineer Engineer, Visualisation

Tools
Frameworks
Diagnostics

CMORIsation

Training
Workshops
Tutorials

ACCESS-NRI MED TEAM: Core Areas of Work
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Data Foundations

Data

Standardisation
Metadata
Controlled Vocab.

Model Components

Atmosphere * Ocean ¢ Land

Data Schema
* Align outputs with CMIP6/7 controlled vocabularies. R S 0 o e

* Metadata conforming to CF conventions.

Intake Catalog
* Use intake catalogs for TB—PB scale discoverability. intake-ESM + diSCCHSIEE

* Provide reference datasets ready for direct comparison.

E S MVCI ITOOI Evaluation Framewc

ESMValTool « ILAMB - RI

Earth System Model Evaluation Tool

Mational Research
Intrastructurs for Australia
A Australian Government Infliative
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ACCESS Model Output Data Specification

Data
Standardisation
Metadata
Controlled Vocab. ’
Coupled Model
C M I P Intgrcomparison v
Project
. Progressing towards a unified ACCESS data I NTAKE
specification Payu
O Don't try to solve everything at once
O Start with lightweight requirements
O Build off existing specifications / JSON
. Keep things FAIR (Findable, Accessible,
Interoperable, Reuseable) ACDD X SChema
. Automate as much as possible
O Documentation, postprocessing, = I .
verification S O
O jsonschema as source of truth | |
O Github workflows for automations ©Gode. O maven 11 pulrecumats @ © Actiora [ Projecs T Wi (D) securby. ¢ Inwicita 8 Seting
* Uniform metadata supports integ ration with (D | # initialdraft ~ | ACCESS_Output_data_specifications /| README.md (0
Intake catalogs and other tools B fociamioe | o o Gt e Bk FEADHE
. Leverage existing specifications
O CMIP6/7 Preview Code Blame
2 éIC:IDD ACCESS_Output_data_specifications

Provide documentation for users and developers that describes model outputs.

Global Attributes

Australia’s climate simulator

G ) Title Description Type Examples




Supporting access to data

Standardisation I ™
Metadata intake.cat.access_nri
Controlled Vocab.

Data

access_nri catalog with 119 source(s) across 2969 rows:

model description realm frequency variable
name

{hi_m, total_ocean_river,
yu_ocean, time_bounds,
temp_rivermix_on_nrho, v,
aicen_m, sfc_hflux_pme,

{0.1° ACCESS-0OM2 repeat year forcing

. {ACCESS-OM2- control run for the simulations {sealce,
01deg_jra55_ryf_Control o1} performed in Huguenin et al. (2024, ocean} {fx, Tmon} average_T2, temp_lsgbm_eso,
GRL)} vocn_m, alvdr_ai_m,

st_ocean, alvdf_ai_m,
total_ocean_hflux_coupler,

ACCESS-NRI Intake Catalog

yu_ocean, time_bounds, v,
aicen_m, sfc_hflux_pme,
average_T2, temp_submeso,
vocn_m, alvdr_ai_m,
st_ocean, alvdf_ai_m,

{0.1° ACCESS-OM2 EI Nifo run for the
O1deg_jra55_ryf_ENFull {ACCESS-OM2} simulations performed in Huguenin et al.
(2024, GRL)}

{sealce,

ocean} {fx, Tmon}

* Centrally curated and managed store | o catoarorsen s comrors ||| 1 e o e
frequency="1mon"',
01deg_jra55_ryf_Control catalog with 7 da variable="temp’,
file_id='ocean_month'
) ) . to_dask(
O a a unique xarray_open_kwargs = {'decode_timedelta': False}
)
filename 48
o [35]: xarray.Dataset
file_id 7
path 126 Dimensions: (time: 42, st_ocean: 75, yt_ocean: 2700, xt_ocean: 3600)
filename_timestamp 42 .
. v Coordinates:
a Sy to S e a rC - n OW W at yo u Wa nt, frequency 2 xt_ocean (xt_ocean) floaté4 -279.9 -279.8..79.8679.95 3 &
start date 43 yt_ocean (yt_ocean) float64 2 S
- st_ocean (st_ocean) float64 0.5413 1.681 ... 5.709e+03 ER—
not where you want reee 4
variable 181 v Data variables:
variable_long_name 182 temp (time, st_ocean, yt_ocean, xt_ocean) float32 dask.array<chunksize=(1,19... 3 £
variable_standard_name 27 > Indexes: (4)
variable_cell_methods 3 » Attributes: (16)
[ ] [ ] [ ] . .
* Unifies data dlscovery and access raneple s
realm 2
derived_variable 0 @l '
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Supporting access to data

aee M~ (£ ] ORn N a0 . ML ang el . | S

Data

Standardisation
Metadata

N ACCESS-NRI Replicated Datasets for Climate Model Evaluation
Controlled Vocab.

Tha Ausiralian Earth=Syssam Simulatar Mational Resaamh Infmstructune (ACCESS-MNRAI) suppans
ressarch and develcpment with the Australian Community Cimate and Earth System Smulator
[ACCESS) madelling systems ACCESS B usasd for cormputer modeling of past, presant aad fulura
climate, ‘westhaer and ervironmsanial gvaiama

* We support a range of observational products to o s e e e e

ALSIEA R Unversness and vanous iremabonal partnens,

benchmark model outputs against real-world ST ——

d a ta Far mora rfarmation and decumentation, refer to the ACCESS-MAI website (hitps-ftssne accans-
o rriong.ad) and ‘ACCESS-Hive' portal hiipsdyaccess- e, o)

Dafta Access

The A-Train

* Leverage NCI National Reference Collections
* Model simulations
» Satellites data
* Observation/reanalysis data for Australia

[} i e .
PARASOL o 1l R b 5
MCI local file il 1[‘.'»————--., £

15 sec '

L3 rereard]

HCI Ausiralia % heip@inci.ong.au

Matiomal Hesearch
nfrastructurs for Australiz

A Bustralian Eovernment Iniliative
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Tools & Evaluation Frameworks

Tools

Frameworks
Diagnostics
CMORIisation

p‘.‘“OSPHEﬁ’(: G‘ﬂ 0S PHsﬁ, e

i ESMValTool REF

1/ Earth System Model Evaluation Tool

4 CMIP

Model

Native model output

MOPPeR
Convert ¢ Validate

ESMValTool

Metrics « Diagnostics

REF Dashboa

Rapid evaluation

CMOR Output
CF/CMIP-compliant

% NCRIS?I

Australia’s climate simulator ACCESS Infrastructure for Australia

L] p PP — An Australizn Egvernment Initiative




Tools

ACCESS ENSO Recipes

Diagnostics 2 ESMVCIITOOI

[] [] i : 4 =8
( : M O RI Satl O n . : : File Edit View Run Kernel Tabs Settings Help

- | | e C Y A 01-Double_ITCZ_bias.ipynb X | + W 11-ENSO_amplituX | ] 06-eq PR_sea_cyX | [W 22-SSH_sst feedlX | M| 20-SST_Taux_fee X | + n¢
Earth System Model Evaluation Tool A i

Notebook [ + ¥ C ] » m C w» Makdown v B © st Notebook [7
™/ ... /rbS533 | ACCESS-ENSO-recipes / ebook 3 & d XD DO i © pu
& plt.scatter (obs_tos_prep|"HadI5ST" | .data, obs_tauu_prep|"ERA-Inte .
o Name - Modified i 1,4) [
I docs 4 months ago
r' B recipe_diagnostics 2 months agoe o
« [m| 01-Double_ITCZ_bias.ipynb last month
= M| 02-eq_PR_bias.ipynb 2 months ago
M| 03-eq_SST_bias.ipynb 2 months ago R
’. M| 04-eq_Taux_bias.ipynb 2 months ago _ L __ = = (0.05,0.95, f'model slope: (m .= ', color='blue
M| 05-double_ITCZ_sea_cycle.ipynb 2 months ago plt.text(0.05,0.9, f'ref slope: ([slope:. '+ color lack', trans
o o o o + [M] 06-eq_PR_sea_cycle.ipynb now Figure 2: Time-mean precipitation (PR) bias in the equatorial Pacific,
print (f'metric: {metric_val}")
. M| 07-eq_SST_sea_cycle.ipynb 2 months ago highlighting the double intertropical convergence zone (ITCZ) bias. The left
4 3
| 08-eq Taux sea_cycleipynb 2 monthsago map displays the reference data, while the right map shows the model data (1980.) (1980, )
®| 09-ENSO_pattern.ipynb 2 months ago [ ( (480,)
ic:60.74858921684946
° ° Y ° M| 10-ENSO_lifecycle.ipynb 2 months ago . ST to TALX ,
. « M 1 ENSO_ar"\p‘.l:udc.lp\_,-nb now 100 i caupilr!g
: W 16-DJF_PR_Teleconnection.i X | + model slope: 2,51
e M| 12-ENSO_seasonality.ipynb 2 months ago _’ _: Feannectand = 0 o . Ref siope_p6_39
' ' M| 13-ENSO_asymmetry.ipynb 2 months ago B+ X0 O » = C » Markdown v L Notebook [ &
M| 14-ENSO_duration.ipynb 2 months ago 311 idlines (draw_labels=True, linestyle='--') -
[ ] M| 15-ENSO_diversity.ipynb 2 months ago ~N
I V e a a S e S « A 16-DJF_PR_Teleconnection.ipynb now =
M| 17-DIF_ts_teleconnection.ipynb 2 months agoe r;
]
A| 18-1JA_pr_teleconnection.ipynb 2 months ago ; g
° ° ° M| 19-1JA_ts_teleconnection.ipynb 2 months ago Chrmcak, ,_...I,,,“, aCionmthor i sontal’ " et and <
. « || 20-SST_Taux_feedback.ipynb now X B ) 'cé
otebooks evaluating different aspects o INO- » a
* [m] 22-SSH_sst_feedback.ipynb now E = il b
M| 23-sst_nhf_feedback.ipynb 2 months ago Wy g - o] N\ W - -75
! ] - . e
LJ L] [ LICENSE 4 months ago 5 i R m ] | g v b - e &/
y | = ¥ -100 . ; , . .
M / s |
O u t e rI l S C I a tl O I l N ke N G A A ' = R ) <4 -3 -2 - 0 1 2 3 a
o nino3 SSTA (degC)
_ -
Simple 1 7 @& Python 3 (ipykernel) | Idle Mem: 759.92 MB Mode: Command & Ln1,Col1 20-SST Taux feedback.ipynb 1 Q

* Scalable, reproducible evaluation workflows with

ESMValTool y
* Optimised to use Dask clusters Jupyter
* Supports a range of observational data products

ustralia’s climate simulator /_ACC_ESS

e ) National Research Infrastructure



Rapid Evaluation Framework
CMIP Benchmarking Task Team

= K
Diagnostics CMIP
CMORIisation R E F

Well-established analysis
Sharing of diagnostic codes
Model output Guidance and support from the CMIP panel,
WGNE/WGCM climate model disgnostics and
metrics panel, and CMIP6-Endorsed MIPs

Tools

-.;’ﬁ#'-.
Vision: A community owned evaluation framework, built upon, CMJP e ,
and compatible with, existing community evaluation packages :mjm . [_[;i— : Z*
that incorporates an application programming interface (API) for g, AR R | - 1 g “‘
executing metrics generation from those community evaluation NE | l[li s

packages, across the globe.   ; e

Analysis computing environment

integrated with the ESGF
State evaluation of ECVs

(climatology, trends and so on)
Process and phenomena evaluation
Link to projections
(MMM analysis and emergent contraints)
Performance metrics

Goal: The Rapid Evaluation Framework (REF) is a complete end to
end system providing a systematic and rapid performance
assessment of the expected models participating in the CMIP
Assessment Report (AR7) Fast Track, supporting the next IPCC
AR7 cycle

Australia’s climate simulator

=) f
-cmip.org/cmip7//rapid-evaluation-framework/ C%SS NCRIS u#

A Bustralian Eovernment Iniliative
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Analysis Environments

Environments

HPC-Optimised
Analysis

nvironments ?
= t y f

australian research environment

“Shared environments, reproducible results.”

* 600+ users on NCI Gadi..
* SPECO compliance ensures reproducibility.

o A‘ (‘
* HPC-optimised configuration maintained by Jupyter Irls r‘ daSk
ACCESS-NRI. Y %

Australia’s climate simulator o

_ - B R e | T e b b i e
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Visualisation & Engagement

“Turning data into stories.”

Some visualisation releases and work in progress:
https://vimeo.com/accessnri

= S

® ® L ] %

Australia’s climate simulator = é&% NCRIS ';
— - |T.|c-:_ E‘T"%E Acc_ss mef]:iaosr;?Lllgins‘:afgcrhAustral\a





Training & Community Building

Training

Workshops
Tutorials

What is ESMValTool?

H
ESMValTool
!1 1 9 @ o Australian Earth System Simulator (ACCESS:
; ESMValTool / e G4
“ Earih Syware Mindsd § ealustan Tacl v

* Interactive notebooks for
ESMValTool and ILAMB.

* 3D visualisation workshops. & e
* Supporting skills transfer and Austaan Earth Syt it (ACCESS-\R)

5 videos 29 views Last updated on 16 Nov 2023
uptake. L L |

ESMValTool - NCI quickstart guid
Australian Earth System Simulator (ACCESS:

lmuﬂ-—“ﬂ.— .ﬂ Ill.-l.ﬂ

ESMValTool - The config user file
Australian Earth System Simulator (ACCESS:

m Understanding ESMValTool recip

; & | Australian Earth System Simulator (ACCESS:
* 2
s

ESMValTool: Write your own recij

Australian Earth System Simulator (ACCESS:

rrrrrrrrrrrrrrrrrrrrrrrrrr
National Research Infrastructure | An Australian Government Initiative

s : 2
Austra_llas climate simulator ACCESS | access | NCRIS .
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CONCLUSIONS

* Developing and maintaining software for analysing and
comparing model outputs.

* Facilitate access to observational datasets and community experiments.

* Generate diagnostics and evaluate models/configurations at any stage of
model development.

* Help establish community guidelines and standards.

@ * Support international efforts.
y
= ACCESS NCRIS '

National Research
Natlonal Research Infrastructure 5, austratian Government Initiative

g
NCRIS “#

aaaaaaaaaaaaaaaa
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