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Background

‘Nuts and bolts
What is new?
Delivering CERES

Benchmarking model performance

Summary

Possible discussion topics

Use the CMIPS Standard Model Output as
guideline for selecting observations

Observations to be formatted the same as
CMIP Model output (e.g. NetCDF files, CF
Convention)

Hosted side by side on the ESGF with
CMIP model output

Include a Technical Note for each variable
describing observation and use for model
evaluation (at graduate student level).
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) Goal

To facilitate more effective use of observations for Earth System Model evaluation,
research and development with the aim of accelerating model improvements ...

Approach

metadata/data technical alignment of CMIP output and observations

Data Standards

side-by-side delivery of both via the Earth System Grid Federation (ESGF

Data Delivery




Coupled Model Intercomparison Project (CMIP)
Data standards and protocols

= Protocols for describing climate model output have bee
advancing for over 30 years

= Hundreds of clearly defined variables are described in
detail, and output at specific frequencies (monthly, daily
6hr, 3hr, 1hr, time-step)

= Via the MIPs, the modeling community has collectively
embraced the Climate-Forecast (CF) conventions

= “Controlled Vocabulary” and “Registered Content”
facilitate the organization of this data, via a
specific application of the CF conventions

Lawrence Livermore
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Earth System Grid Federation (ESGF)

Primary delivery mechanism of E3SM, CMIP, obs4MIPs, and related project data

s * : qutaG”d ieriace fo ESERPUBISIECS® ... ~--| = ESGEF has delivered 10’s of petabytes of CMIP data (and
B [= = o MQmusmm msem  Bue  Amn 0w related projects) to thousands of users
= M:ﬂ;n R A federated system of data nodes
.,h _____ = Well-defined project protocols makes this possible
o = Preparations underway for a CMIP7
) a = ESGF2 is being advanced via a consortium led by ORNL

CMIP6 data nodes

National Laboratory LLNL-PRES-869918 5
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Obs4MIPs origins and evolution

TagLe |. Initial set of obs4MIPs published and documented datasets (at date of submission). The datasets are
I x | degree Lat-Lon monthly averages, with global coverage, unless otherwise noted. The temperature,
specific humidity, and ozone datasets are also vertically stratified at the CMIP5S required pressure levels.,

Time period

Data souree CMIPS protacol variables (monthiyear) Comments - K| Ckoff meetl ng @ PC M D I Wlth JPL and NASA SC' ence

AIRS (= 300 hPa) Atmospheric temperature, specific 9/2002-5/2011 AIRS + MLS needed to cover all CHIPS

humidit (o, hus) SRS teams (Oct 2010; Gleckler et al, EOS), leading to ...

Armospheric temperature, specific 2 x 5 degrees Lat-Lon
osp P - spedt BI2004-12/2010  AIRS + MLS needed 1o caver all CMIPS
humidity (to, hus)

required pressure levels

IS T ot N A= 1 2 o o = A team worked for several years to deliver selected NASA

AMSR-E Sea surface temperature (bos) GI2002-12/2010

Top-of-the-atmosphere outgoing prOdUCtS fo ObS4M I PS (“‘201 1'20 14), leading to ...

lengwave and shortwave radiation

: -6/201
incident shortwave radiation fluxes 3/2000-6/2011
(rhut, rhutes, rsut, rsutes, rsdt)

MODIS Toral cloud fraction () 3/2000=9/2011 — WCRP Data AdV|Sory Cou nC|I advocatlng for

MLS (< 300 hPa)

CERES

TOPEXIASON " Sea surface height above geoid (z05)  10/1992-12/2010  AVISO Product : i ] . )
1252025 demee 30N internationalization of the project (2014)
TRHMM Precipization flux (pr) 111998-6/2011 Hnntf}:l:;mrages and 3-hourly
QUSCAT ) B11999-10/2009  Oceans only. excudig sa e reions. = Community recommendations resulting from a workshop at
A oo e s s 5 NASA HQ (2014, Ferraro et al, BAMS, 2015)

Initial set of NASA products included in = 0bs4MIPs status for CMIP6 (Waliser et al., GMD, 2020)
obs4MIPs (Teixeira et al., 2014)

Lawrence Livermore
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Obs4MIPs Steering Panel and the WCRP

International collaboration

Project home

©

obsZMIPs

Obs4MIPs steering group and
active participants

Lawrence Livermore
National Laboratory

= Since 2022 obs4MIPs has been reinvigorated, with a steering
panel supported by the CMIP International Project Office (IPO)

= Co-Chairs: P. Gleckler (PCMDI), G. Elsaesser (NASA/GISS),
S. Pinnock (ESA)

= Obs4MIPs is a centralizing effort of ESMO (Earth System
Modelling and Observations), a new core project of the World
Climate Research Programme

LLNL-PRES-869918 7



Nuts and bolts

An improved and streamlined process

Product of interest is identified and source_id registered (on GitHub repository)

@ P broadens participation

Product of interest is prepared by data curator or “3" party” to be obs4MIPs
compliant (via CMOR), with processing info/codes maintained on Github repository

@ h Introduces transparency

Product and technote published on ESGF
[Thus far orototvoed only |
U [husfar prototyped oniy | [

Data curator prepares obs4MIPs “tech note” or 3™ party identifies
appropriate publication describing product

| supplementalinfo | | product “reviewed” with ||
|_Published on ESGF _|' | maturity indicators assigned |

L e

Lawrence Livermore
National Laboratory

What Is new?

The utility to prepare data (CMOR) has been generalized for
describing observational data

obs4MIPs data specifications (ODS2.5) are technically
aligned with CMIP updates

Controlled vocabularies and unified version control of
<source_id> (e.g., “CERES-EBAF-4-2")

Transparency: processing workflow captured for each dataset
Can be prepared by data curator or facilitated by a “3" party”

LLNL-PRES-869918 8


https://zenodo.org/records/11500474

obs4dMIPs-compliant CERES-EBAF-4-2

B Firelex Fils Bt View Hatesy  Boskmada  Tooh  Window  Help ﬂ -
a0 e 'l BN Bieekie G % o Presests hain N ® ) strdiy v lableafegnatss X

“— S 0 A hbips:igihub.oomPCMOloks 40P -cmon-tablasblobimaster 0 W 2 =2 & & B0

£} ihean vishwd 5 UMY Survice Deak D Google 0B syl Ponsl n [SREr ey . e i =aiin

= 0bs4MIPs compliant CERES data (and other NASA products)
T have been prepared by Andy Manaster at Remote Satellite
e e—————— Systems (RSS) and published to ESGF-obs4MIPs

| NCMOR_CERES4.2_20-xcdat.py (D

& PCMDI [ obsdMIPs-cmor-tables  Pubse L1 sotifications Y Fork 3 o fe &

p——————— = A global attribute in the netCDF files points to the version
o controlled processing codes available on a github repository
o = Most changes are to metadata
S = Exception: associated bounds for time, lon and lat are added
Sample file name
rlut_mon_CERES-EBAF-4-2_RSS_gn_200003-202310.nc
Lawrence Livermore

National Laboratory LLNL-PRES-869918 9



Rapid evaluation framework

WCRP CMIP Model Benchmarking Task Team

Well-Established Analysis
Sharing of Diagnostic Code
Guidance and support from CMIP Panel,
WGNE/WGCM Climate Model Metrics

Model Output Panel and , CMIP6-Endorsed MIPs - A . .
CMIP @ = Teams are advancing more efficient, quasi-operational
S che**‘"“ °""°“"""f, 58 Lo5d capabilities for systematic evaluation of models
i . St
2 9 L - $s5¢ £ . - ; ;
| gsgg 'g{\ R £2 <i:f1 = Analysis via well-established evaluation tools, executed
. = = 8 2 @ £33 c .
ey s £ E" il directly on data located at ESGF nodes, and public
. Oata Accnive & reporting of results
Analysis computing en- State evaluation of ECVs

. N (climatology, trends, )
vironment mtegrated Process and phenomena evaluation

with the ESGF Link to projections
(MMM analysis and emergent constraints)

Performance metrics
Eyring et al., 2016 k
a

WCRP Task Team workflow development

Lawrence Livermore
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Example tool: The PCMDI Metrics Package (PMP)

Team lead by Jiwoo Lee
Lee et al doi: 10.5194/gmd-17-3919-2024

= PMP is used for gauging model performance in the evolving
CMIP archive, and is now being generalized to target
performance changes during the model development process

= Quick-look results are available via the PCMDI homepage

(a) Mean Climate (global)
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https://pcmdi.llnl.gov/research/metrics/
https://doi.org/10.5194/gmd-17-3919-2024

Summary

o
qu)(\. = 0bs4MIPs has recently been reinvigorated in preparation
S for CMIP7 and other modeling activities
&
Q@ Q;\é \ = The process of preparing obs4MIPs-compliant data has
s @Q been substantially improved
> O
%*9 \»f = In addition to serving the large community of CMIP users,
b;z,@’ (§>° 4 obs4MIPs is being leveraged by organized teams striving
O§ 5\@ obs4N\|Ps to accelerate the systematic evaluation of models
b @ Observations for Model Intercomparisons Project
\29%\}@‘2’ = A pipeline now exists for delivering updated CERES
N

products to obs4MIPs — increased automation is possible

Lawrence Livermore
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Additional topics

MEETING SUMMARIES

EVOLVING OBS4MIPS TO SUPPORT
PHASE 6 OF THE COUPLED MODEL
INTERCOMPARISON PROJECT (CMIPS)

Lawrence Livermore
National Laboratory
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Efforts are underway to introduce a pathway for
“exploratory products” into obs4MIPs (G. Elsaesser)

Increasing emphasis on higher resolution, process-
relevant products

Delivery of “tech notes” and ancillary data/metadata
“Suitability Indicators™

Monitoring usage of obs4MIPs datasets
- ESGF download statistics
- Reporting from dedicated benchmarking teams?

LLNL-PRES-869918
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Resources

obs4MIPs homepage
obs4MIPs dithub (codes and CMOR tables)
obs4MIPs ESGF-published data available through Metagrid

Climate Model/observations Output Rewriter (CMOR)

WCRP benchmarking task team

Lawrence Livermore
National Laboratory LLNL-PRES-869918 14


https://pcmdi.github.io/obs4MIPs/
https://github.com/PCMDI/obs4MIPs-cmor-tables/tree/master
https://cmor.llnl.gov/
https://wcrp-cmip.org/cmip7-task-teams/model-benchmarking/
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(a} Technical Dataset | Comparison

requirements suitability and maturity

Closeness or robustness
Meets obsdMIPsdata | Includes obs4 MIPs Maturity with respect

Complexity of model
of measurement to

Provision for robust

technical technical note to climate model L ) observation
observed reference uncertainty information
requirements information ) evaluation comparison
quantity

Comparison can be
made directly with
CMIP model output
variable

Measurement approach , General uncertaint
: ) One peerreviewed | o Y.
, Technical note requires complex L information given relative
Largely complete with ) ) ) example of application
) information andfor non-linear . to the methodology and
minor metadata i ) to climate or
. incomplete and/for retrieval methods component modal dataset as a whole -
could be improved and/for subjective ) backed by actual field/fin-
) o evaluation, ) L )
inferences/definitions situ validation exercises

Waliser et al., 2020

Lawrence Livermore
National Laboratory

= Provide users with an overview of key
features of a given dataset’s suitability for

model evaluation
® Does the dataset adhere to obs4MIPs requirements?
* How complex is the model-obs comparison?

= Allow for a wider spectrum of observations
to be included in obs4MIPs

LLNL-PRES-869918 17



¢

Recommendations from obs4MIPs 2014 meeting

MEETING SUMMARIES

EVOLVING OBS4MIPS TO SUPPORT
PHASE 6 OF THE COUPLED MODEL
INTERCOMPARISON PROJECT (CMIP$§)

o Rosoxr Fouano, Doasa £ Wiwses, Proe Guoam, Kax £ Terios, avo Viaossa B

« Expand the inventory of datasets (including beyond CMIP variables)

Waar  Experts in antelice dacs products snd gobel
Chmane modebng mat 10 begin plateang the

 Include higher-frequency datasets and higher-frequency model output

« Reliable and defendable error characterization estimation

 Include datasets in support of off line simulators

APPILATIONS: Ponanacs ano Wi nun — et Propuiusm
Laboratory, Caborme Mavnne of Tochnologx Paisdena,
Cobhrnin. G atniis ond Tanm ~Lawranes Livermars Notamed
Ladoratony. Uvermens. Catornin Ervae — Onaschan Zemtrum
A LA ot Rasmdaber. Wnnitat fr P dar Azmcashars
s plofactader Casooary

COMESPONDING AUTHOR Kobert Furrars, oz Propuan
Labormery. M5 100100, 4090 Osd Grown O, Prisdess. CA

« Selected reanalysis fields that are suitable as reference to compare
with models (e.g., state fields)

OOLIR HTRRAME.O- 14001 |

= Aol S 31 Janary 303
OIE Amer wan Potons winge w bac vy
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Tech Note Template

[ob 43 1Ps Technical Mote Gubding Principles and Template

originally designed specifically for satellite products

= The twpei sudbmor 1 the smabhmiy commumsy that will eadeste the choabe moded
expermienn m VI, who have hnbe experemce wish cbser awonal duaseny
& The eecluncal oote iboeld be wnten af the padustc iludess level

= The mote must be specific w0 one parsoule waeliie-chserraimon based daimer whach - - -
et pomtnm u singhe vevinble, (A Ekcepei v s i vock mone o Enible hll CERES EBAF Ed4 2 D t | S mm | i th tem | {
e pramied f muliple vanables are 50 clowely relsied das dee conimin of the wch ot [ a a- ua- I u a-r IS C OSe O IS e a e
wpiild be essennally B same Bor all the vanables) [ dee deraicn o upadared, e ol I b
moce must alee be updaced snd includee-eapieen any mpoitant te changes. A version
et that wreclos B peviiesn Ristory of the decsment dhonld b appendad w ol ol
ke file pame

s The wote whould dunsnense esemlal mbsmeten fe comparmy the dataiel 1o mesde]

Tty g ot e, o e e Currently being generalized by the obs4MIPs Steering Panel

L

" As pppeopeiate lesgih G the sde (B Sevwen 1 06 0 e (he emplate) o 55 papei
rachhng tabley and figoes

= The cemplane bepms on the pens page. Some ms muments o projects mill pronide damsen
for mmihgds verwbies. The obadMIPs rogeercmenty stile s each vanable must be
continsd i o sepasate file. The pasdance s 50 provide o techmecal wote for each vanable

#  Thui pedisee was prepared Sor MASA watelhie daln peoduts.  Othar usen wbould
semnerre WA SA sprciSe aeferencrs and iulor the nofe s approprie

A report series for obs4MIPs?

Rer. 0=2127011 1" published vonscn

Rev. 1 - MEVHOL] NASA HQ email added so Secr 1a) for soloned communry Sedback
segarching this dadaset Seci D fosmaited an 2 Bble for resdability

Rev. 2« 5270M1 St 5 lenpiage sdded soqoessg an eddmensl fie of obs_cowns O
weplmy vanes wpmfcantly stroa the datawt  Sect 4 changied o apecy
dar “slandeid ool n B (egueied GuaRnry, o0 VR Nl
leguape chanpey and hpo comechom 5ol 7 mnbuciwsn medified de
ullew fou vagpeated lesgraagpe B pefaendmy dis dilier

Rer, 3= 190ci 2002 cbn 43P mueted oo place of OMIPS. ESGF replaces ESG, Dute forsmas
chamged w avosd problems wih Fwopean comwmnon  MNASA wpeoific
pindasce noaed for mikenng  Addinonal prdsnce pepaidemg ancilary dats
Tebs, Gidem. and Sidder. Renimen hivery chrified s mciude dataer
evakions &b well g decmen 1o e
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