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Current Situation: Climate Domain 

European Geosciences Union 2018, Vienna, Austria 2

Data available for scientific analysis: a very large trend
• Limitations in data access means limitations in data 

analytics and scientific results

Download locally then Analyze:
A workflow that cannot be sustained

• Climate researchers
• Impact researchers
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Motivations

• Provide climate projections data to climate 
change impact researchers, facilitators, 
practitioners

• Ease access with better intuitive interfaces
• Provide more common data formats
• Generate tailored products from data 

processing workflows

http://climate4impact.eu

European Geosciences Union 2018, Vienna, Austria
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Climate Data Distribution: ESGF

7.05.2014EGU

ESGF Data Nodes 2015:
• 40 worldwide
• 18 in Europe 

(coordinated in IS-ENES)
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European Landscape & Components
ESGF CWT

ESGF Computing Nodes: CWT API

u Goal: perform data analysis near the data storage
§ Better data access
§ Move away from the download/analyze workflow

European Geosciences Union 2018, Vienna, Austria
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European Landscape & Components
EUDAT

EUDAT CDI B2 Service Suite

Integrated B2 Services

B2ACCESS: Common AAI

Interface between EUDAT B2 Services and 
Communities infrastructures, such as Climate

Prototype Workflow Service: GEF (Generic Execution 
Framework)

European Geosciences Union 2018, Vienna, Austria
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European Landscape & Components
EGI

24 countries
1 coordinating organization – EGI.eu

Integrated EGI-InSPIRE Partners and EGI Council Members

Internal/External Resource Providers (being integrated)

External Resource Providers (integrated)

Peer Resource Providers

Registered Users: 21714  VOs: 233
LCPUs: 470,000  Disk: 143PB  Tape: 138PB
Jobs: 1.62 million/day

EGI: European Grid Infrastructure
Computing Power (FedCloud)

VM Based
Resource EndPoints: #Cores 

#RAM #Linux
Storage
Disk & Tape

European Geosciences Union 2018, Vienna, Austria
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European Landscape & Components
EUDAT GEF & EGI

European Geosciences Union 2018, Vienna, Austria
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Using the DARE Platform as another backend

European Geosciences Union 2018, Vienna, Austria
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The DARE Platform

• Enable the delegation of C4I Platform Data Analytics and Processing to 
the DARE infrastructure (cloud-ready).
• Typically, data reduction on the order of 90% can be achieved, 

depending on the users’ analyses
• Streamline and ease the whole data lifecycle

• The DARE Platform will also:
• Be interoperable with EUDAT by using its standards and services
• Interface with EOSC and Copernicus C3S-DIAS

European Geosciences Union 2018, Vienna, Austria
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Merci!

12European Geosciences Union 2018, Vienna, Austria
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Supplemental Material

13European Geosciences Union 2018, Vienna, Austria
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Intro Data Search Visualize Process Download Summary

• Data access over OPeNDAP à THREDDS
• Online analysis using Web Processing Services à PyWPS and ICCLIM
• Online visualization using Web Map Services à ADAGUC WMS
• Single Sign On using OpenId, delegation using MyProxy X509

Real use of open standards and open source software:
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Intro Data Search Visualize Process Download Summary

01001010010
01010010010
10010100100
10010011000

Data standards
Work done on client

Work done on server

Array based data

Graphics
WMS

(de Boer & Plieger, 2014)

Data files
HTTP / FTP

Referenced data
WCS
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Intro Data Search Visualize Process Download Summary

• Robust and distributed
• Index nodes (blue)
• Data nodes (green)
• Global Climate Model Data 

(CMIP5)
• Regional Climate Model Data 

(CORDEX)
• ~3 Petabyte of data
• Security: OpenId and X509
• Search API offered
• OpenDAP data access offered

• Climate4impact builds on and 
contributes to this global 
infrastructure

Earth System Grid Federation

PCMDI
NCI DKRZ

BADC

BCCCSM

DKRZ

FIO BADC

UVIC

U-Tokyo

CEA

E-ENIS CNRM

NOAA

LASG

NASA

NCI

TSINGHUA

NTNU

PCMDI

UCAR

IPSL

CMCC

Climate4Impact
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Intro Data Search Visualize Process Download Summary

• OPeNDAP is the name of the organization and the name of the protocol
• Open-source Project for a Network Data Access Protocol

• Data is stored at remote server

• Data model is similar to NetCDF’s data model (with differences)
• N-dimensional array container, with variables, dimensions and attributes

• Only requested pieces of data are sent
• Accessing small pieces of large files on a remote server can still be quick
• Data is requested based on sub-setting along dimensions

• OPeNDAP resources can be opened locally on your computer as if it were local files using the 
NetCDF library

• Local files versus remote files is transparent

• The concept of a file is gone, an OPeNDAP endpoint can represent thousands of files aggregated 
along a dimension

• E.g. Usually concatenate a large time series observation to one endpoint using the time 
dimension

OPeNDAP – for data access and subsetting

OPeNDAP within ESGF is served using the THREDDS data server
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Intro Data Search Visualize Process Download Summary

Search based on feedback from impact researchers à quick preset of common queries
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Intro Data Search Visualize Process Download Summary

New faceted search

Faceted search allows to drill 
down search results using 
available filters in the federation
Results from a search query are 
treated as a new dataset
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Intro Data Search Visualize Process Download Summary

• Generates visualizations of geospatial data in the form of 2D images, suitable for transfer over the internet (JPG/PNG/GIF)

Web Map Service – for visualizations

• REST based:
– Compose an URL with key value pairs, 

and you will get an image!
• Standard is developed and maintained by the Open 

Geospatial Consortium 
• Generated images are geo-referenced

– Images from several sources can be easily combined
• Images have dimensions 

– Time, elevation, member
• WMS services can be viewed in many web based clients

– OpenLayers, Leaflet, GoogleMaps, ADAGUC viewer, …
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Intro Data Search Visualize Process Download Summary

Geographical visualization framework using open standards and formats: http://adaguc.knmi.nl/

ADAGUC Web Map and Web Coverage server

Users

Images
Time series

GIS

Data Server

DATA WMS/WCS

Climate and Forecast 
Conventions

WMSe.g.:
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Intro Data Search Visualize Process Download Summary

Web Map Services based on OPeNDAP resources

Go to “Data discovery” à
“Explore your own catalogs 
or files” Metadata with variables to 

be visualized is displayed

ADAGUC viewer displaying the WMS

Climate4impact.eu allows for creation of WMS visualizations on OPeNDAP endpoints:
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Intro Data Search Visualize Process Download Summary

EUMETSAT Ocean and Sea ICE SAF from Norwegian Meteorological Institute

http://met.no/Hav_og_is/English/Access_to_data/

Concentration of sea ice for 2014-11-13

Example: Many existing resources with OpenDAP enabled can already be visualized!
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Intro Data Search Visualize Process Download Summary

CMIP5 - global climate models CORDEX - regional climate models

Example: Many existing resources with OpenDAP enabled can already be visualized!
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Intro Data Search Visualize Process Download Summary

Web Processing Service for climate indices calculations
• Uses PyWPS and ICCLIM

• User interface is build automatically based 
on DescribeProcess XML file.

• Interface supports:
– Link to basket
– Comboboxes / select from list
– Strings/text elements

• IS-ENES2 is working on an indices wizard 
for user friendly indices calculation

• Climate4impact WPS can be interfaced to 
other processing packages

• Climate indices calculations have added 
value!
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Intro Data Search Visualize Process Download Summary

Multi member timeseries – created with WPS

Temperature for several ensembles from the ESSENCE dataset
3 months 5 years
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Intro Data Search Visualize Process Download Summary

Indices calculation using ICCLIM – developed in IS-ENES

- Intra-period extreme temperature range [�C] - ETR
- Warm days (days with mean temperature > 90th percentile of daily mean temperature) - TG90p
- Summer days  (days with max temperature > 25 �C)  - SU

Temperature indices

Cold indices

Drought indicesRain indices Snow indices

Humidity indices

Compound indices
ECA&D indicesHeat indices

Python code developed at CERFACS, started in September 2013
Generic and modular approach, can be reused in other environments
C functions called for optimization

I/O interface is structured for optimal performance, with wrapper functions
Some percentile-based indices (TG10p, TX10p, TN90p, etc): OpenClimateGIS

ICCLIM source code and documentation is available via https://github.com/cerfacs-globc/icclim
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Intro Data Search Visualize Process Download Summary

Web Processing Service
Job progress can be viewed from anywhere
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Intro Data Search Visualize Process Download Summary

• By default the basket contains:

– “Remote data” for links

– “My data” for your own data

• Script based download allows to 
select and download multiple files

• Client certificate (x509) is 
embedded in download script

– No need for MyProxy login

– No need for firewall changes

• The basket allows for uploading 
your own files

– Can be used in processing or 
visualization
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Intro Data Search Visualize Process Download Summary

ES-DOC

ESGF-Search API

OpenID, SSO

ESGF Data nodes

(OpenDAP)

MyProxy

X509
PyWPS (WPS)

Impactportal

Java, Servlets, JSP

Impact data node

THREDDS OpenDAP

ADAGUC 

Viewer (WMS)

ADAGUC

Server (WMS)

Postgre
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External Infrastructure

Climate4impact infrastructure

EUPORIAS vocabulary

Google doc

How components fit together
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About the EUDAT Generic Executive 
Framework
§Generic tool to encapsulate calculation using 

docker technology

§Generic -> convenient for all communities 
(Climate, Earth Science or Litterature)

§Community admin can create specific services 
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Generic Executive Framework 
(GEF)

**Figure from GEF github
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ENES Use Case Technical Aspects
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ESGF – IS-ENES – EGI – GEF 
Integration Overview
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DARE and e-infrastructures

The positioning of DARE within the e-infrastructures context.
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Using the DARE Platform as another backend

European Geosciences Union 2018, Vienna, Austria
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IS-ENES/C4I Pilot
Generic Use Case

Objective: Generate a multi-model multi-scenario time series average of the 
surface temperature using CMIP5 data

Scientific Workflow
• Spatially average over Western Europe (continents only)
• Time Period 1950-2100
• RCP 8.5 GES scenario
• All Global Climate Models available
• All members available
• Calculate the average time series
• Calculate the standard deviation
• Extract separate time series of every simulation
• Plot all those time series on a single graph

37
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IS-ENES/C4I Pilot
Generic Use Case

Important Technical Details
• Input files are distributed on multiple ESGF data nodes
• Depending on the climate model, each input file can hold 5 to 10 years’ worth of data
• Each file can have either Daily or Monthly data. Daily data will be used
• Typical input file size is on the order of 1 Gb per 5-year files

Estimation of input data volume
• 30 Gb per model per member, so an estimated size of about 300 Gb for 10 members

Data access
• Data files will be obtained through the C4I platform, which is already equipped with an efficient 

search service
• Authentication/Authorization is done through C4I
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