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Session Outline

Background
What is a climate model?

PMIP (and its relation to CMIP)
What simulations performed and freely available

Navigating the ESGF
Using the IPCC's Interactive Atlas

Other available resources




The two kinds of "model”

Empirical Dynamical

- Collect relevant observations - Derive the fundamental physical

tions from theory & lab. Work
- Look at relationships between those equations from theory & lab. Wor

observations - Introduce simplifications to make

. . them solvable manageable
« The model is a numerical

representation of those relationships - Code those equations on a computer

- Hard to capture things outside of - Set any unknown parameters
observed data (preferably from observations)

- Can range from linear regression to - Run on (super)-computer
machine learning




The Climate System
(with response timescales)

Atmosphere Ocean Continents Cryosphere External

e =1year e Tropics =5oyrs e Biosphere e Sealce= dyrs e Volcanoes
e Deep=500yrs ~500yrs e |ce Sheets =1yr
e Bottom=2kyrs e Orography =10kyrs e Solar Input

=Myrs =10kyrs

» Different components have different characteristic timescales




PMIP4 is a sub-project of CMIP6
A larger one with 17 models [ScenarioMIP has 48 models]

RFMIP, DAMIP,
VolMIP characterizing

AerChemMIP Chemistry/
Aerosols

CEMIP, DynVarMIP
GMMIP,
HighResMIP,

Clouds/ PAMIP

Circulation Regional
phenomena

CFMIP

AerChemMIP
05\“"’ experimengs OMIP, FAFMIP/

LS3MIP/ SIMIP, VoIMIP

Ocean/
Land/ kce _— ISMIP

LS3MIP
historical

and other CMIP6 MIPs

CDRMIP, GeoMIP

PMIP4-CMIP6

PMIP4-MIPs

past1000 Igm sensitivity experiments

piControl deglaciation

lastinterglacial
abruptaxcoz Quaternary Interglacials

midPlioceneEoi400, pliomIP

pre-Pliocene climates

isotope modelling




PMIP4 [ CMIP6 Simulations

Equilibrium Transient

» piControl (Preindustrial) « historical (1850-2014): Free-running

simulations of industrial era
« abrupt4xCO2 (Instantaneous f

quadrupling of carbon dioxide) « 1pctCO2 (Concentrations increase by

%
» midHolocene (6,000 yrs ago) 1% per year)

« past1o00 (last millennium, 850CE

« Ilgm (last glacial maximum at 21ka) onwards)

» lig127k (Last Interglacial, 127ka) « LDva (last deglaciation, 21,000 years

° midPliocene_eoill_OO (3_205 Ma) agO to present): Very'long SimU[ation
that encompasses all forcings (PMIP-
» DeepMIP (Early Eocene, ~50 Ma) only)

« ScenarioMIP experiments




Earth System Grid Federation

Powered by

ESGF& %6

1 Distributed netWO rk Of Welcome, Guest. | Login | Create CEDA Account
large data servers

ESGF Portal at CEDA

You are at the esgf-index1.ceda.ac.uk node

« Search from a single tool

_ CEDA ESGF Search Portal
b A” data StOFEd IN common Search & Download Data @

fo r m a t W i t h A\ C O n t rO | | e d Simple Text Search Q. More search options
" Use thi I to find, select and download data held in the globall
vocabula ry R e TS P CSCE R ©

« Same names used across Startsearching now

| | d . f f d | f « For a faceted search across all projects, click here, or the "Search
rrl ith options" link on the right.
a I e re n t O e S O r . "lzlzl)r ao?r;;rj:axt";e;rr::h,?y:% some text in the box on the right and
. . . click "Go".
variables, dimensions etc. _
What can you find here?

The ESGF consists of federated data centres that enable access to
the largest archive of climate data world-wide. This portal allows you

{ ] D O W n | O a d N et C D F fi | e S to find, select and download data files from the federation.

You will find data from CMIPS, CMIP6, CORDEX and many other
high-profile projects through this portal.

® RO U g h | y 1 6 P B Of d a t a For more information about the projects, please use the links on the right (under "child projects").

Project-specific searches

The following projects require an account at CEDA (create CEDA account) or an openlD from an ESGF peer site, and some also require a Group Registration (see links
below) to access their data. Exceptions are flagged as "publicly available".

Technical Support

Federated ESGF-CoG Nodes
CoG-CU

ESGF@DKRZ
ESGF@DOE/LLNL

ESGF@IPSL
ESGF@NASA/NCCS
ESGF@NCI
ESGF@NOAA/GFDL
ESGF@NSC/LIU

FSGF@PIK

Browse Projects
This  All My
Parent projects (0)
Peer projects (0)
Child projects (7)
CLIPC-CEDA
CMIP5-CEDA
CMIP6-CEDA
CORDEX-CEDA
EUCLEIA-CEDA

Obs4MIPs-CEDA
SPECS-CEDA

Enter Tag
Reset Go

Start typing, or use the 'Delete’ key to
show all available tags.

ESGF-CEDA Tags: None




PMIP on ESGF

« Data on the ESGF
- https://pcmdi.linl.gov/CMIP6/ArchiveStatis

tics/esgf data holdings/PMIP/index.html

ESGF CMIPG data holdings for activity PMIP as of Thursday 02 December 2021 00:55:03

The cells are shaded by how recently their latest datasets were published.

Number of ‘datasets’ [variables x (# of simulations)] from each model in support of each CMIPS PMIP experiment.

model

# of experiments

gm

lig127k

midHolocene

midPliocene-20id00

past1000

past2k

# of models

4

15

16

6

2

1

ACCESS-ESM1-5

163

170

AWI-ESM-1-1-LR

394

313

CEsM2

4338

370

« Lots of interglacial runs

o Afew LGM runs (more elsewhere)

e 3transient runs

CNRM-CM6-1

172

EC-Earth3-LR

191

FGOALS-f3-L

164

FGOALS-g3

176

G155-E2-1-G

167

HadGEMS3-GC31-LL

3

INM-CM4-8

IPSL-CM6EA-LR

MIROC-ES2L

MPI-ESM1-2-LR

MRI-ESM2-0

NESM3

MorEsm1-F

MorESM2-LM

umuumhmmmmuumammut



https://pcmdi.llnl.gov/CMIP6/ArchiveStatistics/esgf_data_holdings/PMIP/index.html

Walkthrough to find AMOC during last interglacial

» Search node: CEDA

« Activity = "PMIP”

- Experiment_ID = "lig127k”

- Source_ID ="EC-Earth3-LR"

- Variable = shows lots... (translations available from here)

- Realm ="Ocean”
- CF standard name = “ocean y overturning mass streamfunction”
« Show files (all 210)

- Ithen downloaded a file over HTTP and opened it with Panoply (available from NASA GISS)

- Add all the files to the "data cart’ and make a ‘wget script’ to bulk download them



https://esgf-index1.ceda.ac.uk/projects/esgf-ceda/
https://pcmdi.llnl.gov/mips/cmip3/variableList.html#Highest_priority_output
https://www.giss.nasa.gov/tools/panoply/

SIXTH ASSESSMENT REPORT IDCC @ @

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL ON Clim3Te chanée  wmo UNEP

Interactive atlas

OUR POSSIBLE
CLIMATE
FUTURES

interactive-atlas.i

Precipitation

#|PCCData |§ #IPCCAtlas



https://interactive-atlas.ipcc.ch/

PMIP in
Interactive Atlas

» Only in "Advanced” version

“Paleoclimate” is listed under
Dataset

Limited variables

PMIP4 shows anomalies under
four equilibrium simulations

Only 2 for PMIP3

IPCC WGI Interactive Atlas

A novel tool for flexible spatial and temporal analyses of much of the observed and projected

climate change information underpinning the Working Group | contribution to the Sixth
Assessment Report, including regional synthesis for Climatic Impact-Drivers (CIDs).

I Participate in the user testing survey .~ ] Errata and problem reporting €)

MODEL PROJECTIONS
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CMIP6

CMIPS

CORDEX Africa

CORDEX Antarctica
CORDEX Arctic

CORDEX Australasia
CORDEX Central America
CORDEX East Asia
CORDEX Europe
CORDEX Mediterranean
CORDEX North America
CORDEX South America
CORDEX South Asia

CORDEX South East Asia

Simple (CLIMATE FUTURES)

REGIONAL INFORMATION

MODEL HISTORICAL
CMIPE
CMIPS
CORDEX Africa
CORDEX Antarctica
CORDEX Arctic
CORDEX Australasia

CORDEX Central America

O CORDEX East Asia

CORDEX Europe
CORDEX Mediterranean
CORDEX North America
CORDEX South America
CORDEX South Asia

CORDEX South East Asia

Advanced

VARIABLE

OBSERVATIONS

CRUTS

) HadCRUTS

) Berkeley Earth

GPCC

GPCP

O ERAS

O WSES (ERAS adjusted)

Daymet (North America)

E-0BS (Europe)

O APHRODITE (Asia)

AGCD (Australia)

REGIONAL SYNTHESIS

a4 QUANTITY & SCENARIO

PALEOCLIMATE
® PMIP4

O PMIP3

DOCUMENTATION

OUR POSSIBLE
CLIMATE
FUTURES
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Walkthrough on Interactive Atlas

° D at a Set — P M I P 4 IDCC @@ IPCC WGI Interactive Atlas: Regional information (Advanced)
 Variable = PR (rainfall)

@Ee0OO

e Scenario = Mid Holocene
e Season = Annual

« Show Annual cycle for a region
(click on, say, Madagascar)

« Download image

Annual

« Download NetCDF file (provides
ensemble mean of whole globe)

« Can be opened in Panoply



https://www.giss.nasa.gov/tools/panoply/

Other pre-processed data

Interactive Atlas is not only source of data that has already been summarized

PMIP4 organization on GitHub

Has my version of the IPCC files

Related to a GMD “workflow” paper
Climate Variability Diagnostics Package

- data_frames (spreadsheets)
- data_netcdf
- notebooks (eg ensemble AMOC change)

https://dai.org/10.5194/gmd-2021-290
© Author(s) 2021. This work is distribured under
the Creative Commons Atribution 4.0 License,
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Submitted as: development and technical paper 25 Aug 2021

Review status: a revised version of this preprint is currently under review for the journal GMD.

Analyzing the PMIP4-CMIP6 ensemble: a workflow
and tool (pmip_p2fvar_analyzer v1)

Anni Zhao(®, Chris M. Brierley(®, Zhiyi Jiang, Rachel Eyles, Damian Oyarzun, and Jose Gomez-Dans({®
Dept of Geography, University College London, London, WC1E 6BT, UK

Received: 20 Aug 2021 - Accepted for review: 25 Aug 2021 - Discussion started: 25 Aug 2021

Abstract. Experiment outputs are now available from the Coupled Model Intercomparison Project's 67 phase (CMIP6) and the past
climate experiments defined in the Model Intercomparison Project’s 47 phase (PMIP4). All of this output is freely available from
the Earth System Grid Federation (ESGF). Yet there are overheads in analysing this resource that may prove complicated or
prohibitive. Here we document the steps taken by ourselves to produce ensemble analyses covering past and future simulations.
We outline the strategy used to curate, adjust the monthly calendar aggregation and process the information downloaded from
the ESGF. The results of these steps were used to perform analysis for several of the initial publications arising from PMIP4. We
provide post-processed fields for each simulation, such as climatologies and commaon measures of variability. Example scripts
used to visualise and analyse these fields is provided for several important case studies.

How to cite. Zhao, A., Brierley, C. M., Jiang, Z., Eyles, R., Oyarzan, D., and Gomez-Dans, |.: Analyzing the PMIP4-CMIP6 ensemble: a
workflow and tool (pmip_p2fvar_analyzer v1), Geosci. Model Dev. Discuss. [preprint], https://doi.org/10.5194/gmd-2021-290, in
review, 2021.

( Download
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» Metadata XML
P BibTex
» EndNote

( Short summary

We describes the way
that our group have
chosen to perform our
recent analyses of the...
» Read more
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https://pmip4.github.io/
https://github.com/pmip4/pmip_p2fvar_analyzer

Others (CESM Last Millennium Ensemble)

- Open access set of 36 simulations with CESM, running from 850 to 2005
- Inc. 6 hourly data, single forcing runs, water isotopes

- Climate Variability Diagnostics Package has been run on it all — files here
AMO (Monthly)
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https://www.cesm.ucar.edu/projects/community-projects/LME/
https://www.cesm.ucar.edu/working_groups/CVC/cvdp/data-repository.html

Recommended steps to get model data

Collaborating is easier than you doing all the work. So, talk to a modeler.

Is there a relevant PMIP simulation?

Is pre-processed data available?
- Supplement of a published paper

» IPCC Interactive Atlas
» My pmip p2fvar analyzer - scripts/data

s the relevant data available on the ESGF?
- Can you get access to some server-side compute? (Maybe try ENES)

- Download it — try using Synda from the command (install via conda)

Models have loads of fields, such as water isotopes. So, talk to a modeler.



https://interactive-atlas.ipcc.ch/
https://github.com/pmip4/pmip_p2fvar_analyzer
https://github.com/pmip4/pmip_p2fvar_analyzer
https://portal.enes.org/data/data-metadata-service/analysis-platforms
https://prodiguer.github.io/synda/

