The Copernicus Climate Data Store
The Copernicus Climate Data Store: ECMWF's approach to provide online access to
l climate data and tools
Gionata BIAVATI, ECMWF gionata.biavati@ecmwf.int

Cedric BERGERON, ECMWF cedric.bergeron@ecmwf.int
Climate Change

T § European

" | == Commission

GPEL’?J&?.,%



Why COPERNICUS?

Climate
Change

Copernicus Copernicus Downstream Services
space and in situ data Services “Copernicus Economy”

User
Uptake
Value Added ]

Services and
Applications

]

- R CECMWF
Commission Europe's eyes on Earth A\ T 4

Data Service
sources Information




@ Copernicus Climate Change service - C3S

Climate

Change * The European Commission has entrusted ECMWEF with the
implementation of the Copernicus Climate Change Service — C3S

* The Copernicus Climate Change service will provide information

to increase the knowledge base to support adaptation and
mitigation policies.
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What kind of data?

Access to past, present and future climate information

Observations and climate reanalysis

[0qoj9

Seasonal forecast data and products
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Climate model simulations
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How to find, Access, and Use these Data Online?

Climate
Change o

s G ‘ a -=m 1he Climate Data Store
opernicus CSECMWEF (' gimate cranee . .

This is a new service - your feedback will help us to improve it also Ca“ed CDS’ is an onllne
open and free service.

atasets Toolbox Help & support

Welcome to the Climate Data Store { It a”ows users to browse a nd

Dive into this wealth of information about the Earth's past, present and future climate.

Itis freely available and functions as a one-stop shop to explore climate data. Register for free to a Ccess t h e W i d e ran ge Of C | i m ate

obtain access to the CDS and its Toolbox.

We are constantly improving the services and adding new datasets. For more information, please d ata Sets Vi a a Se a rc h a b I e

consult the catalogue, the roadmap and our FAQ.

B o T s catalogue...

- - i W ... It allows users to build their
z@?@ e own applications, maps and

Climate Data Store Access climate h
Climate Data Store API
Toolbox reanalysis (ERAS) g ra p S

https://cds.climate.copernicus.eu
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@ What is the CDS vision?

Climate
Change

Make data discovery, access easy and relevant for users
* Provide scalable data access
* Provide online capabilities to process the data

 Enable reproducible research
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@ The CDS: An operational system

Climate
Change

* On-Premises Private Cloud
e 72+ nodes, 4000+ CPUs, 12TB memory
e 3.9 PB usable (of which 380TB SSD)
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Finding datasets

Climate
Change B (ooencss SECMWF (7 gmomse =)

This i5 & mew Service - your feedback will help us o improve it EIEIREEN

Search results

n Al Datasets

Sort by
ey Showing 1-15 of 15 results for  Reanalysis = Catellite chservations =
Title " 3
£ Climate data for the European energy sector from 1979 to 2016 derived from ERA- §
W Prodiuct bype Interim 5!-
Chimiate projections &5} The dataset containg wind speed, precipitation, relative humidity, global horizontal irradiance, sea bevel pressune, air temperature, Snow Q
dapth and dewpoint depression near-surface data rebevant to ¢ Q
B Reanadysis [Ei] Q
Q
B Satellite observatians (V2] .
£  ERAS hourly data on single levels from 2000 to present &
Seasongl foretait L] O
Sectoral chmate indces (2 ERAS is the fifth generation ECMWF atmaspheric reanalysis of the global climate. Reanalyss cormbines model data with chservations from
across the world into a globally complete and consistent dataset kHo
w Warlable domain ~
nmaspreretcompession®l =2 ERAS hourly data on pressure levels from 2000 to present C‘]
Land [bacsphene) m ERAS i the fifth generation ECMWF atmasphenic reanalysis of the giobad climate, Reanalyss combines model data with chservations from
Land [crynsphars) [iei] across the workd into a gobally complete and consistent dataset
Land {Frpdrology) m
Ocearu{phytics) % E Ozone monthly gridded data from 1970 to present
This dataset provades estemates of the mantly mean valises of the ozomne Concentration, miking ratan and content aver the globe from a large
W Spatial coverage et of satellive sensors. Mot of the ozone data products in
Globad 0nn
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Accessing datasets
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Datasets

Search results

a2
\‘a

Applications

o

Sort by
Relevancy

Title

v Product type

Climate projections @
¥ Reanalysis 2y
Satellite observations an
Seasonal forecasts (6)
Sectoral climate indices @
v Spatial coverage
Global 2y
¥ Temporal coverage
Past (=]

o
“e\ge‘!

(opemcrs SECMWE O

equests Toc

Datasets

Climate Cl
Service

This is ¢

Showing 1-2 of 2 results for  Reanalysis x

(]

(0

ERAS hourly data on pressure levels from 2000 to present

ERAS is the fifth generation ECMWF atmospheric reanalysis of the global climate. Reanalysis combines model
data with observations from across the world into a globally complete and consistent dataset...

ERAS hourly data on single levels from 2000 to present

ERAS is the fifth generation ECMWF atmospheric reanalysis of the global climate. Reanalysis combines model
data with observations from across the world into a globally complete and consistent dataset...

ERAS hourly data on pressure levels from 2000 to prese

Overview Download data Documentation

ERAS is the fifth generation ECMWF atmospheric reanalysis of
the global climate. Reanalysis combines model data with
observations from across the world into a globally complete
and consistent dataset using the laws of physics. This
principle, called data assimilation, Is based on the method

used by numerical weather prediction centres, where every so
many hours (12 hours at ECMWF) a previous forecast is
combined with newly available observations in an optimal way
to produce a new best estimate of the state of the

atmosphere, called analysis, from which an updated,

Improved forecast is Issued. Reanalysis works in the same way, but at reduced resolution to allow for the provis
a dataset spanning back several decades. Reanalysis does not have the constraint of issuing timely forecasts, so
is more time to collect observations, and when going further back in time, to allow for the ingestion of imp
versions of the original observations, which all benefit the quality of the reanalysis product

The assimilation system is able to estimate biases between observations and to sift good-quality data from poor
The laws of physics allow for estimates at locations where data coverage is low, such as for surface temperature
Arctic. The provision of estimates at each grid point around the globe for each regular output time, over a long p
always using the same format, makes reanalysis a very convenient and popular dataset to work with.

The observing system has changed drastically over time, and although the assimilation system can resolve data

Global reanalysis data

Quality Evaluation will come soon (2019)

ERAS hourly data on pressure levels from 2000 to present

Overview  Download data

Variable @

Documentation

At least one selection must be made

Divergence

Ozone mass mixing ratio
Specific cloud ice water
content

Specific snow water content
V-companent of wind

Pressure level

1hPa
ShPa
20 hPa
70hPa
150 hea
225hPa
350 hPa
500 hPa
650 hPa
775 hPa
850 hPa
925 hPa
1000 hPa

Product type

@ Reanalysis

Ensemble spread

Year

Fraction of cloud cover
Patential vorticity

Specific cloud liquid water
content

Temperature

Vertical velocity

tion must be made

2hPa
7hPa
30hPa
100 hPa
75 hPa
250 hPa
400 hia
550 hPa
700 hPa
80D hPa
875 hPa
950 hPa

Ensemble members

At least one selection must be made

2000
2003

2001
2004

Geopotential

Relative humidity

Specific humidity

Specific rain water content
U-companent of wind
Vorticity (relative)

Seloctall

InPa

10 hPa
50 hPa
125 hPa
200 hPa
300 hPa
450 hPa
600 hPa
750 hPa
825hPa
500 hPa
975 hPa

salactall

Ensemble mean

Selectal  Clearall

2002
2005
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Accessing datasets: Multi-system seasonal forecasts

Climate 3“6

Seasonal forecast monthly statistics on single levels from 2017 to present
Change

\ ‘ Overview Download data Documentation L. N
«\ ‘ Seasonal forecast monthly statistics on single levels from 2017 to present
\ Seasonal forecasts provide a long-range outlook of changes in
‘ ) the Earth system over periods of a few weeks or months, as a
sﬁ C rmicus =EC (r’i\ . result of predictable changes in some of the slow-varying overviow | Dowmioaddete TR
“ — OPEIMICUS Qe ECMWF ¢ components of the system. For example, ocean temperatures
co typically vary slowly, on timescales of weeks or months; as the
ocean has an impact on the overlaying atmosphere, the
variability of its properties (e.g. temperature) can modify both Originating centre
local and remote atmospheric conditions. Such modifications
of the 'usual’ atmospheric conditions are the essence of all At least one selection must be made
long-range (e.g. seasonal) forecasts. This is different from a ECMWE UK Met Office Météo France
weather forecast, which gives a lot more precise detail - both Selectall
in time and space - of the evolution of the state of the atmosphere over a few days into the future. Beyond a
Search results the chaotic nature of the atmosphere limits the possibility to predict precise changes at local scales. This is o
reasons long-range forecasts of atmospheric conditions have large uncertainties. To quantify such uncertaini Variable @
range forecasts use ensembles, and meaningful forecast products reflect a distributions of outcomes.
At least one selection must be made
Al Given the complex, non-linear interactions between the individual components of the Earth system, the best . .
Datasets | p " Jimate models which Indud fthe k 5 of the syst d 10m u-component of wind 10m v-component of wind 10m wind gust since previous
ong-range forecasting are climate models which include as many of the key components of the system an: post-processing
Sort by typically, such models include representations of the atmosphere, ocean and land surface. These models are 10m wind speed 2m dewpoint temperature 2m temperature
Relevancy Showing 1-6 of 6 results for  Seasonal for  with data describing the state of the system at the starting point of the forecast, and used to predict the evt East-west surface stress rate Evaporation Maximum 2m temperature in
< T this state in time. While uncertainties coming from imperfect knowledge of the initial conditions of the comp of accumulation the last 24 hours
- itle - . - ei Mean sea level pressure Minimum 2m temperature in North-south surface stress
= Seasonal forecast  the Earth system can be described with the use of ensembles, uncertainty arising from approximations ma the last 24 hours. rate of accumulation
to present models are very much dependent on the choice of model. A convenient way to quantify the effact Runoff Sea surface temperature Sea-ice cover
¥ Product type . ; o approximations is to combine outputs from several models, independently developed, initialised and operate Snaw density Snow depth Snowfall
easonal forecasts provide a lo
Climate projections @ or months. as a result of pregic T i effect, the €35 provides a multi-system seasonal forecast service, where data produced by state- Soil temperature level 1 Surface labarrt bt fiuc Surface sarsible hast flux
" P f Surface solar radiation Surface solar radiation Surface thermal radiation
Reanalysis @ seasonal forecast systems developed, implemented and operated at forecast centres in several European co
downwards Surface thermal radiation
Uactad 4 oo ; b Th i i
Satellite observations. - downwards
> + Seasona foracacts o = Seasonal forecast monthly statistics on pressure levels from Top solar radiation Top thermal radiation Total choud cover
2017 to presem Total precipitation
Sectoral dimate indices @ Selectall
Seasonal forecasts provide a long-range outloak of changes in the Earth system aver periods of a few weeks
) or manths, as a result of predictable changes in some of the slow-varying components of the s...
¥ Spatial coverage
Global G- ) Product type
£ Seasonal forecast daily data on pressure levels from 2017 to At lenst one selaction must ke mads:
~ Temporal coverage present
. * Ensemble
Future & Seasonal forecasts provide a long-range outlook of changes in the Earth system over periods of a few weeks
past ® or manths, as a result of predictable changes in some of the slow-varying components of the s...
- y :
£ Seasonal forecast daily data on single levels from 2017 to
resent
p European  ag
Seasonal forecasts provide a long-range outiook of changes in the Earth system aver periods of a few weeks Commission Europes eyes on Earth \ vV
or months, as a result of predictable changes in some of the slow-varying components of the s...
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Accessing datasets: Climate model output via ESGF

Search results

SEcMWF (5 oo

This is a new service

B All Datasets

Sort by
Relevancy
Title

+ Product type
< Climate projections
Reanalysis
satellite observations
Seasonal forecasts

Sectoral climate indices

“@)
2)
an
(&)
2)

W Variable domain
Atmosphere (surface)

Atmosphere (upper air)

@)

v Spatial coverage
Global

(@)

+ Temporal coverage
Future
Past

Present

A
(2]
(@)

Showing 1-4 of 4 results for  Climate projections x
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CMIPS5 daily data on pressure levels

your feedbac

CMIPS daily data on pressure levels

Overview Download data Documentation

This catalogue entry provides daily climate projections on
pressure levels from a large number models, members and
time periods computed in the framework of fifth phase of the
Coupled Model Intercomparison Project (CMIPS) for the
Historical experiment. Information on how to access the
complete CMIPS dataset can be found in the Documentation
section.

The term “pressure levels" is used to express that the
variables were computed at multiple vertical levels, which may
differ in number and location among the different models.
The term "experiments" refers to the four main categories of
CMIPS simulations:

Overview Download data

« Pre-industrial control experiments (Pl-control) with prescribed, non-evalving concentrations of

and aerosols as they are supposed to be before the industrial period;

6.0 and 8.5.

Typically, the same experiment was done using different models. In addition, for each model, t

Historical experiments which cover the period where climate observations do exist;

Ensemble of experiments from the Atmospheric Model Intercomparison Project (AMIP), which |
oceanic variables for all models and during the all period of the experiment. This configuration
complexity of ocean-atmosphere feedbacks in the climate system;

Variable ®

Temperature

Ensemble of climatic projection experiments following the Representative Concentration Pathv

Model @

east ane selection must be made

was repeatedly done using slightly different conditions producing in that way an ensemble of

related. Each member of that ensemble is named after a triad of integers associated to the letters

inmemé (INM, Russia)

This catalogue entry provides daily climate prajections on pressure leverITONTE TaTEETOMEr THOUENS;

members and time periods computed in the framework of fifth phase of the Caupled Madel Intercomp...

CMIP5 daily data on single levels

This catalogue entry provides daily climate projections on single levels from a large number of experiments,
models, members and time periods computed in the framework of fifth phase of the Coupled ..

CMIP5 monthly data on pressure levels

This catalogue entry provides monthly climate projections on pressure levels from a large number of
experiments, models, members and time periods computed in the framework of fifth phase of the Cou..

CMIP5 monthly data on single levels

This catalogue entry provides monthly climate projections on single levels from a large number of

experiments, models, members and time periods computed in the framework of fifth phase of the Couple...

CMCC-CM (CMCC, taly)
GFDL-CM3 {NOAA, USA)
HadGEM2-CC (UK Met Office,
uK)

IPSL-CMSB-LR (IPSL, France)
MarESM1-M (NCC, Narway)

Ensemble member @

@ ritp1

Period @

At least ane selection must be made

European
Commission
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Documentation

U-component of wind

ACCESS1-0 (BoM-CSIRO,
Australia)

CMCC-CMS (CMCC. Italy)
GFDL-ESM2G (NOAA, USA)
HadGEM2-ES (UK Met Office
UK)

MPIESM-LR (MP1, Germany)

r2itp1

Geopotential height
Select i

bee-csm1-1 (BCC, China)
bee-csm-1-m (BCC, China)
CNRM-CMS (CNRM-CERFACS,

France)

GFDL-ESM2M (NOAA, USA)
IPSL-CMSA-LR (IPSL, France)
IPSL-CMSA-MR (IPSL, France)
MPI-ESM-MR (MPI, Germany)

selectal

3itp1

Selectall  Clear il
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Sectoral

Accessing datasets

impact indicators

Climate “6 Water quality indicators for European rivers
Change C\"\‘ () \ke\‘
Q\\ P\

o

Overview Download data Documentation

This dataset contains modelled data for phosphorous and

e nitrogen concentrations and loads. The data comes from the

Swedish Meteorological and Hydrological Institute E-HYPE

model at catchment level for Europe. These water quality

indicators were computed as a part of a proof of concept

contract designed to speed up the workflow in impact

assessments and to simplify climate change adaptation of
water management practices across Europe.

Overview Download data Documentation

These indicators are provided as averages over 30 year
periods, either for each calendar month or for the whole
period. For the reference period (1971-2000) the absolute
values are given, whereas for the future periods the relative changes are provided. In addition to to!
organic and inarganic parts are provided for nitrogen. For phosphorous, in addition to the total amoun
and soluble parts are provided. Values of the temperature of the water is provided for the same periods.

Variable @
At least one selection must be made
This s a new service -

Inorganic nitrogen
concentrations

Organic nitrogen
concentrations

Particulate phosphorous

Search results

Sartby
Relevancy
Title

v Product type
Climate projectians
Reanalysis
Satellite observations
Seasonal forecasts

@ Sectoral dimate indices

w Variable domain
Land (hydrology)

Europe

w Temporal coverage

Future

More details about the product are given in the Documentation section.

@
@
iy
&
@

@

w Spatial coverage

@

@

Soluble phosphorous

DATA DESCRIPTION

concentrations
Inorganic nitrogen loads

Horizontal coverage

Horizontal resolution | |

All Datasets

Pan European domain

sular catchr

) catc

Soluble phosphorous loads
Water temperature

Showing 1-2 of 2 results for  Sectoral dimate Indices »

Water quality indicators for European rivers

This dataset contains modelled data for phasphorous and nitrogen concentrations and loads, The data
comes from the Swedish Meteoralogical and Hydrological Institute E-HYPE model at catchment level I

(0

Water quantity indicators for Europe

This dataset contains modelled data for water runcff and wetness, river flow, snow water equivalent, soil
water cantent and other water related quantities for the Eurapean region. These variables wer.

Emissions scenario ®

At least one se

ction must be made

RCP 26

Time aggregation
At least one selection must be made

30-year average

Period
At least one selection must be made

1971-2000 (reference)
2071-2100

Total nitrogen concentrations

concentrations
Total phosphorous

Organic nitrogen loads

Total nitrogen loads

RCP 4S5

Month average

2011-2040

concentrations

Particulate phosphorous
Ioads

Total phosphorous loads

selectal
RCP 85
Select all
Selectall
2041-2070
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Using the data online: The CDS Toolbox Editor

Climate C . T o @ B cedric bergeron
Change =1 opernicus LSECMWF U & e
1 Your feedback helps us to improve the service

Search Datasets Applications Your requests Toolbox FAQ

TOOlbO)( editor < 00 Hello World Console Your queue Hel IO WOl’|d! -~

& Layout =

Applications Data Documentation import cdstoolbox as ct

fct.application(title='Hello World!") 01 January 2017 40

~ your workspace & + " g

Nice d srati /i @ct.output.figure() B

ice demonstration T AT ® 3

-~ examples . %

00 Hello World HELLO WORLD! * 3

01 Retrieve data This is your first application using the CDS Toolbox. mé

02 Plot map . 5

. Here, 3 basic tasks: wi

03 Extract time series and plot graph -

11 Calculate time mean and standard deviation - retrieve the 2 meter temperature from the CDS Catalogue
12 Calculate climatologies = print info about the data (see it in the 'Console’ tab!)

- show the data on a map. CODEH“ICUS

21 Calculate regional mean and anomalies
31 Calculate trends

41 Calculate GDD data = ct.catalogue.retrieve(

42 Use cdo functions 'reanalysis-eraS-single-levels’',
51 Calculate zonal means {

"variable': '2m_temperature',
"product_type': 'reanalysis’,
"year': '2017',

‘month': '01',

"day': '01°',

"time"': '12:00',

‘grid': ['3', '3'],

52 Format maps to allow visual comparison

print(data)

fig = ct.cdsplot.geomap(data, title='0l January 2017')

return fig
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Using the data online:

(opermioys (7 g coree

Climate change impact on wine production

Winkler regions for CMIPS / RCP4.5 (EC-Earth) 2076-2086

Wine region: Bordeaux (lat: 45.0, lon: 0.0)

2700
CMIP5 / RCP8.5 (EC-Earth)
—— CMIP5 / RCP4.5 (EC-Earth)
CMIPS / RCP2.6 (EC-Earth)
—o— ERA-Interim
222

1980 2000 2020 2040 2060 2080 2100
year

eeeee

Gpermcus

CECMWF

Building Online Applications

Web page/components with
possible parameterization from
users
Perform specific tasks
Provide one or more of:

O Data

O Processed results

O Plots / Maps
- R S ECMWF

Europe’s eyes on Earth



Using the data online: Building Online Applications

VAT WE DO B SECTORAL IVPACTS & DEMONSTRATOR PRORCTS.

Climate Demonstrator projects

C h an ge We create projects to demonstrate how our data and tools can be used to address key climate challenges.

indifferent sectors. Working with industry and experts, the demonstrators are designed to focus on
specific themes. These projects make data, tools and indicators available in an accessible format to help
users make informed isiy i Proj show
the demonstrators’ tools in action.

= —
routes
| Sea Level Pressure
Sea surface wave period at variance spectral density maximum
9 @ Significant height of wind and swell waves
Sea Surface Temperature

Current demonstrator projects

rprpen

European storm surges

215TNOVEVBER 2058
in the C icus Climate Changs

29T AvGUST 2018

European Tourism

20

T Shaft power along route for a Product Tanker sailing from Operational indicator
Global shipping project s s Cape of Good Hope to Gibraltar in January 2010 90% envelope | St power along route (fxed speec) =
= 80% envelope
5 7 e 50% envelope  Ship type
e 3 Monthly mean  proguct Tanker -
Global agriculture project & g
2
wappurt of decimon. making in sgncultue w
0 1000 2000 3000 4000 5000
— P min Biincn T G=
Operational windstorm service for the insurance sector B
Thesin
Speed: 14 [kn]
| i 1 1 i i
Wy 018 10 Tk 11 fknl 12 Tkn 13 fknl 14 Tkn 15 fknl

Operational service for the energy sector

from wisd, solar 3nd
[ R —

Wiy 201

European health service

CECMWF
Commission Europe's eyes on Earth A" 4

WY 038
Operational service for the water sector

This service aims 12 Beip & beoad range of wates mansgers i the bebds of fee nstance, water
oes st theis stimegtes tn

acder so it

e efiocts of clissune hange



Accessing datasets through the CDS API

H u/s us o Uy
Climate 3 14 5 cdsapi
Change 19 20 21 :
25 26 27 . .
31 o cdsapi.Client()
c.retrieve(
Format @ 'satellite-methane’',
© Zipfile (.zip) {

"format': 'zip',
'processing_level': 'level 2',

'variable': 'xch4',
'sensor_and_algorithm': 'sciamachy_wfmd',
« GHG-CCl Licence View terms 1 year‘ L} - T 2004[ -

'month': '03',

'day': '09'

Terms of use

Hide API request Show Toolbox request }
r

Please go to the documentation page for informzn as to how to use the CDS API g d own 10ad e Z ip U )

import cdsapi

¢ = cdsapi.Client()

c.retrieve(
'satellite-methane’',

{

‘format':'zip',
'processing_level':'level_2',
'variable': 'xch4',
'sensor_and_algorithm': 'sciamachy_wfmd',
'year':'2004"',

'month':'@3"',

'day':'@9"'

pip install cdsapi

1)
'download.zip"')
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Climate . | e y BUS SUPERVISION o = -l .

Change * Broker queue (“Quality of Service”)

— Simultaneous request limits
* Per user (current 10)

* Per dataset (e.g. 40 for ERAS5, 2 for ESA
CCl, 10 for seasonal,...) | g "= —

, ' el e
- P rior It 1es : SWITCH SELECTOR 5" SIMULATION %
* P Interactive | -E o FEHEHEERE

;;;;;;

e U AP | oy B
: v | -8~ 1
¢ Ca C h I n g | _ PREPARATION 1GNITION

— Currently ~30TB m!mm--mmgw g
— Per type policies: PNG, NetCDF, GRIB, etc. ;.Q 9-9-9 2—3—@;9—

 Alot of tuning required

< ECMWF
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By llbasso -, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php ?curid=7257660



@ Reproducibility

Climate
Change

CDS is a data store, not a data archive (we broker access to
datasets maintained by third parties)

We have an agreement with our data provider to store all data
releases for up to 5 years

When serving a datasets we assign a DOI to offer an easy way to
reference the dataset.

When there are changes in the dataset (a new version is released) we
instantiate a new DOI using the DataCite API

The CDS DOls are easy to recognise: 10.24381/cds. [xxxxxxxx]

Commics < ECMWF
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@ Reproducibilityand the toolbox

Climate

Change Reproducibility and the toolbox

The toolbox has several components:

* A user defined code called workflow

* Functions to access data stored in the CDS

* Aset of tools that can perform several data processing from data
reduction, statistical analysis and plotting

Commissi < ECMWF
Commission Europe’s eyes on Earth A & 4




Climate
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All workflows are tracked using git

Sofware used by the toolbox is also
tracked with git, in particular we know
what version of each package is used at a
certain time

When there are major changes in the
software we keep old versions for
backward compatibility (a time span is not
defined yet)

@ Reproducibility and the

European
Commission

< ECMWF



@ Toward a more reproducible workflow

Climate

cange  * Toolbox outputs includes different formats. Adding all necessary

metadata for reproducing the steps taken to have a certain output is
not trivial

We have currently on going actions (EQC) to improve the
reproducibility of workflows and tracking tools changes

Commissi < ECMWF
Commission Europe’s eyes on Earth A & 4




| Thank you /./1\

https://cds.climate.copernicus.eu

https://climate.copernicus.eu
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