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IT Challenges of Climate Change Research

 Supporting scientific research on climate change involves non-trivial IT 
challenges:

 Multiple data sources
 Model output (CMIP5, CORDEX)
 Heterogenous observations (obs4MIP)

 In-situ, satellites, vertical profiles, … 
 Reanalysis data (ana4MIPs)

 Very large, ever increasing data volumes
 Current archives are in PB (e.g. CMIP5 is planned to have 2.5PB)

Increasing to EB in the next 5 years!!
 Next generation satellites will collect many TB/day

The study of the climate change is one of the most critical scientific 
problems of our time: causes, predictions, and effect on Earth 

ecosystem and human society



IT Challenges of Climate Change Research

 Data are stored and managed at many sites around the world

 Must serve multiple communities (scientist, politicians, educators, 
private sector)

 Data must be analized al multiple scales (global, regional and local)

ESGF aims at facilitating climate change research by addressing 
and solving these challenges



ESGF Introduction

 Started with DoE Earth System Grid project
 Expanded to include groups and instititions that are involved 

in management of climate data around the world
 Recently evolved into a next generation arquitecture Peer-

to-Peer (P2P) system
 Recommendation from the WCRP to be supported 

operationally and as a facto standard for future MIPs

The Earth System Federation  (ESGF) is a 
multi-agency, international collaboration of 
people and institutions working together to build 
an open source software infrastructure for the 
management and analysis of Earth Science 
data on a global scale



ESGF System Arquitecture

ESGF is a system of distributed and federated Nodes that interact 
dinamically through a Peer-to-Peer (P2P) paradigm

 Distributed
 Data and metadata are 

published, stored and served 
from mutiple centers “Nodes”

 Federated
 Nodes interoperate

 Common services, 
protocols and APIs

 Establishment of mutual 
trust relationships

 Dynamic
 Nodes can join/leave 

federation dinamically



ESGF Node Arquitecture
Internally each ESGF node is composed of services and 
applications that collectively enable data and metadata 
access and user management

Software components are grouped into four areas of functionality 
(a.k.a. Flavours):

 Data Node: 
 Secure data publication and access

 Index Node: 
 Metadata indexing and searching
 Web portal UI to drive human interaction
 Admin dashboard
 Model metadata viewer plugin

 Identity Provider:
 User Authentication and Group membership

 Compute Node:
 Analysis and Visualization



Purpose: enable access to distributed data resources by implementing 
local  authentication and authorization policies

 ESGF Security Highlights

 Based on standards:
 OpenID, SAML, SSL, X509

 Language neutral
 Java and Python implementations

 Non intrusive‐
 Filters and libraries

 Requires digital trust relationships among Nodes

ESGF Security Infrastructure



ESGF Security Infraestructure

 Single-Sign-On the ESGF
 OpenID for browsers
 X509 certificates for 

desktop clients (PKI)

 Distributed access 
control
 XML registry tracks 

security services 
endpoints

 User atributes are 
propagated as digital 
SAML statements
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Browser Support

Firefox 7+ Safari 5+

Chrome 16+

In some ESGF sites 
could fail to display the 
login page



Register

 Primary Nodes
 PCMDI

   http://pcmdi9.llnl.gov/
 BADC

http://esgf-index1.ceda.ac.uk
 DKRZ

http://esgf-data.dkrz.de
 NCI

http://esg2.nci.org.au

http://pcmdi9.llnl.gov/
http://esgf-index1.ceda.ac.uk/
http://esgf-data.dkrz.de/
http://esg2.nci.org.au/




Register
 Name
 Email
 User Name

 Can contain only digits and numbers
 Password

 Must contain at least one letter and one number
 At least 6 characters long. 

 Organization
 City
 State
 Country





Register
 An OpenID account is assigned

 Can be used to login through the whole ESGF
 URL string: 

https://pcmdi9.llnl.gov/esgf-idp/openid/MariaFerGon
 Registration is effective immediately

 No confirmation email



Register
 An OpenID account is assigned

 Can be used to login through the whole ESGF
 URL string: 

https://pcmdi9.llnl.gov/esgf-idp/openid/MariaFerGon
 Registration is effective immediately

 No confirmation email



 ?



Enroll in CMIP5 Group
 There is no direct way to do it

 To enroll in a group is necessary to try to download 
restricted data

 And then... 

 A menu of groups that are allowed to access the data 
is shown: 
http://esg-datanode.jpl.nasa.gov/thredds/fileServer/esg_dataroot/obs4
MIPs/observations/atmos/husNobs/mon/grid/NASA-JPL/AIRS/v20110608/husN
obs_AIRS_L3_RetStd-v5_200209-201105.nc

http://esg-datanode.jpl.nasa.gov/thredds/fileServer/esg_dataroot/obs4MIPs/observations/atmos/husNobs/mon/grid/NASA-JPL/AIRS/v20110608/husNobs_AIRS_L3_RetStd-v5_200209-201105.nc
http://esg-datanode.jpl.nasa.gov/thredds/fileServer/esg_dataroot/obs4MIPs/observations/atmos/husNobs/mon/grid/NASA-JPL/AIRS/v20110608/husNobs_AIRS_L3_RetStd-v5_200209-201105.nc
http://esg-datanode.jpl.nasa.gov/thredds/fileServer/esg_dataroot/obs4MIPs/observations/atmos/husNobs/mon/grid/NASA-JPL/AIRS/v20110608/husNobs_AIRS_L3_RetStd-v5_200209-201105.nc




Index

 Introduction
 Setting up an account
 Searching and accessing

 Free text search
 Faceted search
 Results selection

 Download
 Advanced features



Searching and accessing

 The search returns datasets, no returns files
 Dataset are divided into files

 There are two search operations (not mutually 
exclusive)
 Free text search

 Entering arbitary words
 Rich search syntax: logical ops and wildcards

 Faceted search
 Using the pre-defined search categories 
 May select more than one category



Faceted Search

Free Text Search

To search datasets 
on the ESGF select 
"Search All Sites" 



Free text search
 Logical operators AND and OR (by default 

multiple words are combined as OR)
 >> air AND temperature

 Quoted text matches the exact phrase
 >> “air temperature”

 Search for specific metadata field with 
field:word

>> project:CMIP5 AND variable:hus

 The wildcard * matches a portion of a word, in 
all fields or a specific field

>> id:*IPSL* AND variable:hus*





Faceted search
 Results can be filtered giving values for the 

following CMIP5 facets in “Search categories”:
 Project
 Institute
 Model
 Submodel
 Instrument
 Experiment Family
 Experiment
 SubExperiment
 Time Frequency

 Product
 Realm
 Variable
 Variable Long Name
 CMIP Table
 CF Standard Name
 Ensemble
 Data Node

 Selected facets values are displayed in “Current 
selections”





Results selection

 Clicking on a search result will show dataset 
metadata



Results selection

 Datasets to be downloaded must be added to 
the Data Cart clicking on “Add to data cart”
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Download

 To download data is available a "Data cart " 
similar to  the e-commerce "shopping-cart"
 Datasets may be access restricted

 Access data options
 All datasets can be accessed by:

 HTTP
 Some datasets can be accesed by:

 OPeNDAP
 LAS
 GridFTP

 Tutorial: https://www.youtube.com/watch?v=5hsRw4GELCE

https://www.youtube.com/watch?v=5hsRw4GELCE


Data Cart
 The "Data cart" tab shows dataset selected

 To view individual files associated with a dataset 
clicked in "expand" link



Data Cart

 To hide individual files clicked in “Collapse”



Data Cart

 To hide individual files clicked in “Collapse”



Data access options

 Download dataset - Wget script (All datasets)

 to download dataset selected clicked in "WGET All 
Selected"

 to download one dataset clicked in “WGET”
 The script is downloaded to the end user's local 

machine



Data access options

 Download files - HTTP (All datasets)

 to download individual files associated with a 
dataset clicked in HTTP after to expand dataset

 GridFTP download - Globus Online



Data access options

 OPeNDAP (Some datasets)

 Provides remote access to individual variables 
within datasets in a form usable by many tools

 After to expand dataset clicked in “OPeNDAP”









Data access options
 LAS - Data Analysis Integration

 Highly configurable web server designed to 
provide flexible access to geo-referenced 
scientific data.
 Ferret is the default visualization application used by 

LAS
 LAS enables the web user to

 Visualize data with on-the-fly graphics
Rrequest custom subsets of variables in a choice of 
file formats

 Access background reference material about the 
data (metadata)

 Compare (difference) variables from distributed 
locations







Downloading with wget scripts

 Pre-requisites

 WGET (version 1.12 or later)
 compiled with the OpenSSL libraries (normally it is) 

and java 1.5+, and available in their execution PATH

 Be member of a group authorized to access the 
data that will be downloaded



Running wget scripts

 Files that are created and managed 
 $HOME/.MyProxyLogon 

Shared with the MyProxy gui stores MyProxy server 
access data

 $HOME/.esg/getcert.jar
Java program to retrieve credentials from a given 
OpenID and without a gui

 $HOME/.esg/certificates
Retrieved federation CAs

 $HOME/.esg/credentials.pem
Retrieved credential 



 On a Linux System:

 Place the script in the folder where you want to 
download dataset

 Give execute permissions to the script

            chmod +x wget_script.sh 

 Run the script
            ./wget_script.sh

 If the credentials are invalid
Authentication will be requested by the 

terminal

Running wget scripts





Running wget scripts

 Can be interrupted
 The download will restart at the point where it 

stopped in next running

 When download is completed 
 The script will verify the checksum of each file 

to avoid errors

 To find the start date and the end date of the 
validity of credential 
   >> openssl x509 -in $HOME/.esg/credentials.pem -dates
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Advanced search in browser

Temporal search



Geospatial search

 This geospatial or temporal constraints are added to 
“Current Selections” section



RESTful API

 ESGF Search Services API is meant to be used by 
the following actors:
 Humans using a web browser interface, 

interacting with the interface in real time

 Humans using a rich desktop client, or a 
command line utility, interacting with the 
client in real time

 Batch Jobs executing data discovery at 
regular intervals 



RESTful API

 Syntax
 Where <base_search_URL> is the base URL of the 

search service 

 All parameters (keyword and facet) are optional

 The value of all parameters must be URL-encoded

http://<base_search_URL>/search?
   [keyword parameters as (name, value) pairs]       [facet 
parameters as (name,value) pairs]



 More explicity 

http://<base search url>/? 

   [query=...]      

   [offset=...]

   [limit=...]        

   [type=...]

 [format=...]

 [facets=...]

 [fields=...] 

 [lat,lon,radius,polygon,location=.. 

 [start,end=...]

 [from,to=...]

 [facet1=value1][facet2=value2][...]

Keywords parameters

CMIP5 Facet parameters



 Default Query
 If no parameters at all are specified, the search service 

will execute a query using all the default values, 
specifically:

query=* (query all records)
distrib=true (execute a distributed search)
type=Dataset (return results of type "Dataset") 

 Example:

   http://esg-datanode.jpl.nasa.gov/esg-search/search

RESTful API

Base search URL

http://esg-datanode.jpl.nasa.gov/esg-search/search


Determine all the allowed facet names and 
values at a specific site: esg-datanode.jpl.nasa.gov

http://esg-datanode.jpl.nasa.gov/esg-search/search?facets=*&limit=0&distrib=false

   search?facets=*&limit=0&distrib=false

search all facet values and 
their count

By default, a query to the search service 
will return the first 10 records matching 
the given constraints.

Limit and offset changes this default 
value

In this case limit=0 -> shows all results

Execute local query

RESTful API

http://esg-datanode.jpl.nasa.gov/esg-search/search?facets=*&limit=0&distrib=false


In Free Text upper case "OR" is the same as using simply a blank space

RESTful API

Free Text and Facet Query
                       http://esg-datanode.jpl.nasa.gov/esg-search/search?query=airs%20AND%20humidity&cf_standard_name=air_temperature&project=obs4MIPs

   search?
    query=airs%20AND%20humidity
         &cf_standard_name=air_temperature
              &project=obs4MIPs

CF Standard Name = air temperature
Project= obs4MIPs

Free text search datasets that contains “air” and “humidity”

http://esg-datanode.jpl.nasa.gov/esg-search/search?query=airs%20AND%20humidity&cf_standard_name=air_temperature&project=obs4MIPs


For more: http://www.esgf.org/wiki/ESGF_Search_REST_API

RESTful API
 Output Format

 The keyword output can be used to request results 
in a specific output format

    - Solr/XML (default)
    - Solr/JSON.

Example:
Default query in JSON format 
http://esg-datanode.jpl.nasa.gov/esg-search/search?format=application%2Fsolr%2Bjson

?format=application%2Fsolr%2Bjson

http://www.esgf.org/wiki/ESGF_Search_REST_API
http://esg-datanode.jpl.nasa.gov/esg-search/search?format=application%2Fsolr%2Bjson


Wget Scripting
 The same RESTful API that is used to query the ESGF 

search services can also be used to generate a wget 
script to download all files matching the given 
constraints. 

 http://<base_search_URL>/wget?
[keyword parameters as (name, value) pairs]
[facet parameters as (name,value) pairs]

 where <base_search_URL> is the base URL of the 
search service at a given Index Node.  corresponding 
shell scripts for bulk download of files.



Wget Scripting
 Syntax differences 

 Keyword type is not allowed, as the wget URL always 
assumes type=File.

 Keyword format is not allowed, as the wget URL always 
returns a shell script as response document.

 Keyword limit is assigned a default value of limit=1000 
(and must still be limit < 10,000). 

A typical workflow pattern consists in first identifying all 
datasets or files matching some scientific criteria, then 
changing the request URL from "/search?" to "/wget?" 
to generate the corresponding shell scripts for bulk 
download of files.



Wget Scripting

 Example:

Download all observational files with variable hus 
http://esg-datanode.jpl.nasa.gov/esg-search/wget/?variable=hus&project=obs4MIPs&distrib=false

/wget/?variable=hus&project=obs4MIPs &distrib=false

Search variable hus
Obs4MIPS project

Search on local node

For more: http://www.esgf.org/wiki/ESGF_Search_REST_API

http://esg-datanode.jpl.nasa.gov/esg-search/wget/?variable=hus&project=obs4MIPs&distrib=false
http://www.esgf.org/wiki/ESGF_Search_REST_API


RSS feed
 ESGF provides extremely powerful notification services 

based on the popular RSS technology


 By subscribing to an ESGF RSS feed, a user can keep track 
of newly published datasets, or of new versions of already 
published datasets

 RSS feeds are simply web sites (a.k.a. URLs) that deliver 
their content in XML format

 Many applications exist that are capable of displaying 
the content of an RSS feed in a human-readable 
fashion 

For more: http://www.esgf.org/wiki/ESGF_Search_REST_API

http://www.esgf.org/wiki/ESGF_Search_REST_API


RSS feed

 This feed includes all most recent datasets in the entire ESGF 
federation.

    http://<esgf.host.name>/esg-search/feed/nodes.rss
http://esg-datanode.jpl.nasa.gov/esg-search/feed/nodes.rss
 

 This feed is node specific, and includes all the most recent 
datasets from that node only

 http://<esgf.host.name>/esg-search/feed/node.rss

http://esg-datanode.jpl.nasa.gov/esg-search/feed/node.rss

http://esg-datanode.jpl.nasa.gov/esg-search/feed/nodes.rss
http://esg-datanode.jpl.nasa.gov/esg-search/feed/node.rss


RSS feed

 This syntax feed includes all the most recent datasets that match a 
given search category (facet), name and value, across the whole 
federation

http://<esgf.host.name>/esgsearch/feed/<facet_name>/

    <facet_value>.rss

Includes all most recent datasets that contain Air Temperature, across all 
sites
http://esg-datanode.jpl.nasa.gov/esg-search/feed/cf_standard_name/air_temperature.rss

Includes all most recent observational datasets for CMIP5, across all sites

http://esg-datanode.jpl.nasa.gov/esg-search/feed/project/CMIP5.rss

  

For more: http://www.esgf.org/wiki/ESGF_Search_REST_API

http://esg-datanode.jpl.nasa.gov/esg-search/feed/cf_standard_name/air_temperature.rss
http://esg-datanode.jpl.nasa.gov/esg-search/feed/project/CMIP5.rss
http://www.esgf.org/wiki/ESGF_Search_REST_API
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