INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

1IS-EMNES L/ European Service Offering: climate model data analysis (e.g. CMIP6)

Tiered of down|oading Terabytes out of The offering from DKRZ, IPSL-CNRS, UKRI-CEDA, CMCC:
Petabytes of climate model data ? e Access to large European climate model data pools
(multi-PByte data collections including CMIP6, CORDEX, .. )
e Access to associated HPC compute ressources
Access to interaktive analysis environments
(including jupyter-hub installations at DKRZ, CMCC and STFC)
- support for e.g. pangeo sw stack (xarray, dask), cdo,

Large European climate data centers offer
the possibility to directly exploit locally
available large climate data pools (e.g.

CMIP6 data . .
) ESMValTool and user tailored environments..
Two types of service: Interested? Further information:
¢ ”Jump start service”: * Climate Analytics service (ECAS):
+ minimal application procedure http§://p?rtaI.enes.org/data/fiata-metadata-
service/climate-analytics-service
- limited compute resources *  Analysis platforms application: Next
https://portal.enes.org/data/data-metadata- ;eggggz:l

e Analysis paltform service: service/analysis-platforms

- short project proposal required * Demos, use-cases, example jupyter notebooks:
) https://github.com/IS-ENES-Data/Climate-data-analysis-
+ guaranteed resource allocation service

* K %
* *

2 . The IS-ENES3 project has received funding from the European Union’s Horizon 2020
Bl research and innovation programme under grant agreement No 824084




IS-ENES Climate Data Pools

The IS-ENES climate data centers in Germany, France, England and
Italy (DKRZ, IPSL-CNRS, UKRI-STFC and CMCC) provide managed data
pools supporting climate model data analysis activities. Important
data collections include CMIP5/6, CORDEX and ERAS.

Each center provides specific analysis platforms which are described
at https://portal.enes.org/data/data-metadata-service/analysis-platforms

To be able to highlight specific features of the IS-ENES3 data analysis
service offerings, we pick one service provider (DKRZ) in the following
and illustrate features provided there ...
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Climate Data Pool: Processing

1IS-enes u.,
NERAITRELTUAL FOR THC CURGPEAN NETWORE
Ok LARTH SISTER FODLINING

The data pools are directly associated to compute ressources (e.g. the DKRZ HPC system) and can
be accessed interactively as well as job based (e.g. using the SLURM batch system)

Also modern interactive environments are supported e.g. jupyter notebooks

« DKRZ Jupyter-hub installation example:

Server Options

1 2 p— :
‘ l _ﬁ https:/ljupyterhub.dkrz.de }——b B

A4
DKRZSpawner

shared, prepost. compute, compute2

The Jupyter hub installation at DKRZ is supporting:
¢ SpECIfIC resource prOflleS mkdir $HOME/kernels
+  Predefined and user-defined kernels Sl e e e

python -m ipykernel install --user --name tensorflow --display-name="ten
« Intake catalogs (CMIP5/6, CORDEX, ERAS ..) conda deactivate




Example: Accessing the data pool at DKRZ
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» The data is part of the global HPC file system accessible locally in /pool/data/CMIP6

@“KRZ Untitled Last Checkpoint 06.11.2018 (autosaved) ﬁ Logout | Control Panel
File Edit View Insert Cell Kemel Widgets Help Trusted |ingest o
+ || @@ B |4+ ¥ MHRin | H C P | code v | = | X Appmode Memory: 163.8 MB
In [1]: !pwd
fmnt/lustredl/pf/k/k202815
In [18]: !ls /pool/data/CMIPB/data
AerChemMIP CFMIP DCPP GMMIP LS3MIP PAMIP ScenarioMIP
C4MIP CHIP FAFMIP HighResMIP LUMIP PMIP
CDRMIP DAMIP GeoMIP ISMIP& OMIP RFEMIP
In [15]: !1s fpool/data/CMIP6/data/CMIP/MPI-M/MPI-ESM1-2-LR/piControl/r1ilpifl/Amon/

/pool/data/CMIP6/data/CMIP/MPI-M/MPI-ESM1-2-LR/piControl/riilpifi/Amon/abs ;]

3hr!fptm1f’datai(MIPﬁ!data/CMIP.-’MPI—M/MPI—ESMI-Z-LRIpiCnntmllrlilpl-FlfAmom'all

Ehifpoul/data[cMIPﬁfdatafCMIP[MPI—MIMPI-ESM1-Z-LRIpiCuntPUlﬁriilpififﬁmoﬂfany

Ghifpool!data[CMIPGIdatafCMIPMMPI—M/MPI-ESMl-2-LRIpiCuntPolIriilplfifﬁmon!ﬂrithmeticError
|/pool/data/CMIP6/data/CMIP/MPI-M/MPI-ESM1-2-1R/piControl/r1ilp1f1/Amon/ascii
!fpoclfdata/CMIPsfdatafCMIP/MPI—MIMPI—ESMl—2—LRIpiCGntP01}rlilplFlfAmoanssertionError
|fpoul/data/cMIPéIdataﬁCMIP/ﬂPI—MIMPI-ESM1-Z-LRIpiCuntPU1#r1i1p1f1fﬁmoﬂfAttPibuteError
!fpoolfdataJCMIPGIdatafCMIP!MPI—M/MPI-ESMl-2-LpriCuntPolfriilplfifﬁmon!BaseException
|/pool/data/CMIPB/data/CMIP/MPI-M/MPI-ESM1-2-LR/piControl/r1ilplf1/Amon/bin
!fpoclfdataiCMIPsfdatafCMIP/MPI—MIMPI—ESMl—2—LRIpiCGnth01}rlilpl¥1fﬁmonf51ockingIOError =

ﬂ

c

» Intake catalogs support the discovery process as well as the processing based on xarray, etc.
» Additional processing environments are available e.g. supporting cdo or evaluation activities

based on the ESMValTool



From catalog search to the data ..

35 Settings  Help

YO u C a n O p e n a S et of fl I e S a t %] intake_infa.ipynb X% | [B CMIPE_sxample.ipynb X | |8 intro_emipb.ipynb % | [ use-case_advancad_summer X | [ Terminal 3 X | [B use-case-simple_vis_cmipBif X

B+ XD M » = ¢ » Code v ingest O

once in one xarray data cube :

Searching for datasets

models = dataframe.search({experiment_id='historical’,
table_id="'aAmon',
variable_id="tas’',
institution_id="NCAR',
member_id='r11ilpifl')

Data is always loaded lazily from —

n etC D F fi | es activity_id institution id source id experiment id member id table id variableid grid_label dcpp_init_year version time_range path ope *
‘ 0 CMIP NCAR CEsmz nistorica Mgl Amon tas gn NaN 20150514 IE:;;I‘ /mnt/lustredZ/work/ik101 7/CMIPE/data/CMIPE/CML..  httpy/esgf3.dkrz.de/thredds/dodsC/cmipl
. .
YO u Ca n m a n I p u I a te’ S | I Ce a n d 1 CMip NCAR CESM2 historica rMipift Aman tas on NaN 20150514 1993.090‘12 JSmnt/lustre02/work/ik 101 T/CMIPE/data/CMIPE/CMI,..  http://esgf3 . dkrz.de/thredds/dodsC/cmipl
S u b S et D a ta S et a n d D a t a A r ra y 2 chip NCAR  cESM2 mstorical  ri1lipif Amon tas on NaN  v20150514 '9:;'93:‘ Jmnt/lustred2/wark/I101 T/CMIPE/data/CMIPS/CMI...  hitp://esgf3.dkrz.de/thradds/dodsC/cmipl
3 owe NCAR  CESM2 matoricsl  ApIA Amon tas gn NaN v20100818 200000 ftustre02 work/K1017/CMIP/data/CMIPSICML.  htpdfesof oz dethredds/dodsCiomipt

objects, and no array values are
. . Finally getting your hands on the data
loaded into memory until you S ————
try to perform some sort of > T™u ey 4 e et alctomr of e o ottt
. ]
actual computation I

100.00% [1/1 00:00 <00:00]
dset = datasets['CMIP.NCAR.CESM2.historical.Amon.gn']
I [32]:  dset

[323: C =

1% xarray.Dataset

Dimensions: (lat: 192, lon: 288, member_id: 1, nbnd: 2, time: 1980)

¥ Coordinates:

lat (lat) = =
lon {lon) ==
time {time) =

member_id (member_id) <Ug f = =



From the data to visualizations

Many usefull basic

visualization capapilities are
already available as part of

standard libraries (e.g.
matplotlib)

Example notebooks also
show more advanced

interactive visualizations (e.g.

using hvplot)

[ intake infoipy X | 5 CMIP6_exampl X | (8 intro_cmipbpy X | [ usecase advarX | Ml Terminal 3 X | [ use-case-simpi X

B+ X OO0 » = C » Wakiownv

dset = xr.open_dataset(Filename, decode times=True, use cfrime=True)
dset

ingest O

Serializationarning: varisble 'tas’ has multiple £ill values {1e+28, 1e:28}, decoding all value

s to Nall.
new_vars[K] = decode_cf.varisble(

Dimensions

(lat 192, lon: 283, nbnd: 2. time: 1980)

v Coordinates:

lat (at)
lon (ion)
time (time)

v Data variables:
tas time, lat, Ton)
time_bnds (time, nbnd)
Iat bnds (at, nbrd)
lon_brds (lon, nbnd)

- Attributes: (45)

Get metadata corresponding to near-surface air temperature (tas)

print(dset[*tas'])

Oarray.Datasrray ‘tas’ (time: 1989, lat: 192, lon: 288)>
[103486080 values with atype=Float3z]
Coordinates:

et (1at) flost6s -90.0 -89.06 -B8.12 ~§7.17 ... §7.17 85.12 89.06 90.0
= lon (Zon) 1oates 8.8 1.25 2.5 3.75 5.8 ... 355.8 356.2 357.5 358.8
=time  (time) object 1850-81-15 12:8:00 ... 2014-12-15 12:80:00

=S
==
=1

=S

x| s W Terminal3

B+ X0O»mC» Moy
Customize plot
Set the size of the figure and add coastlines
g = eat.rige(s, eigsizen0,13])
# set the projection to use for plotting
o~ pitesupton(1, 1, 1, projectioncers.Pistecarree())
o coostiines()

# Pass ax as on arqument when plotting. Here we assume dato is
L attous to select insteod of the tine val

n the same coorainate reference system than the projection chosen for plotting

aset("tas']. Lse1 (tinesa) .plot. pealormesn(akeas, chape*cooliarn’)

<eatsiotide.cotlections. Quacesh ot GBSIGETOFCTE>

X | B ecasesinple.vs crigbirX

5 nake ifoipye X | & P campleipms % | B
B+ X000 » = C» Moy

Multiplots
Faceting

prof_plt = cors.Orthograpnic(s, 99)

b = dsetl"tas"] se1(ttne = dset. tine. . yeor. Isin((

# e hove to set the map"s options on all four axes
For 0, i zia( -

ntrocmigb oy X | 5 wse-case aovanced.summer X | W Termina 3 X | 5 wse-case-seple v cmipb X
ingest O

1850, 20141)) 10t (e=" 1o’
Sronstormcer

Combine plots with different projections

Q00O

isin((1858,
ax.coastlines()
axset_titie(l strftine (3 V), fontsize=1s)
umg 1850 February 1850 March 1850 Aprit 1850 May 1850 June 1850
E:m August 1850 September 1830 October 1830 November 1850 December 1850
..Egmu Februany 2014 March 2014 April 2014 May2014 Jone 2014
iy 2014 August 2014 September 2014 October 2014 November 2014 December 2014

ingest O



Example Notebooks

@ [S-ENES-Data / imate-data-analysis-service

ot |

P inain > | P lbench 0t

AL MarcoKUIIGEE Mors Uil Fecuest ¥5 ST MarsR S 5

Demo and tutorial :=
notebooks are freely :--
accessible in  the =

github repo at
https://github.com/IS-
ENES-Data/Climate-data-
analysis-service

. Multimodel Camgarisan of ChiIPG madels

® ise Pythan 1o

2 Frost Days climate index with CMIPG madels

o search daa in data-pool,

3. Trogical Nights climate index with CYIPS madels
= e bntake and Karay

4 Surmmes Days climate index with CMIPE models

Using Notebooks for Climate Data Analysis

Al nazebocis with use cases. They are

Durwan = | ¢ | e [ 1] Wi

o || s | (R s

Packages

Contritors

[T

P —

Languages

& oprer ik U1 hat

®  Thisia an advanced notebank: i requires additianal installations steps ("Your own lugyber kernel

Quick start

Fou will pely reser obebaoks

oourst e, follow stegs 1 and 2 in the sendce ECAS

> DKRZ

Edit

LA

In [11:

anomaly relative to 1995-2014 (K)

N

P

(-

is-ene

_ VATBASTRLCTURL FOR THE CURDPTAN ATTWORK
TER LRTH SPTLE FERUILING

Control Panel

A

| Python 3 (using the madule python/3.5.2) C

CMIP6_multimodel_example Logout

Trusted

View Insert Cell Kernel Widgets Help

& B 4 ¥ MRun B C M Markdown j % Appmode
Run a multimodel comparison in a

supercomputer holding the data pool
We follow the original idea and code developed by Dr. Sebastian Milinski from the Max
Planck Institute for Meteorology, MPI-M, a chapter scientist for Working Group 1 (chapter

4) of the IPCC AR6. The noteboook was ported to jupyterhub.dkrz.de by Ralf Mueller, a
developer at the German Climate Computing Center, DKRZ.

Import xarray, intake, and cdo

import xarray as xr
import intake
import cdo

Global mean annual mean near-surface air temperature CMIP6 historical + 55P2-4.5

IPSL-CM6A-LR
MPI-ESM1-2-LR h

-1

1960 2000 2040



The IS-ENES climate analytics services:

Interested? Further information:

* Climate Analytics service (ECAS):
https://portal.enes.org/data/data-metadata-service/climate-
analytics-service

* Analysis platforms service application:
https://portal.enes.org/data/data-metadata-service/analysis-

platforms

* Demos, use-cases, example jupyter notebooks:
https://github.com/IS-ENES-Data/Climate-data-analysis-service
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® intake infoipynb X | B CMIP6_ oxampleipyniX | B intro_cmipfipynb X | M use-case advanced s X | B Terminal 3 X | B9 use-case simple. vis <X
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jow, we will visualize the daily maximum temperature time series of the model grid cell

5. Draw Temperature Time Series and Count Summer days




