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ESG

The Earth System Grid

http://www.earthsystemgrid.org

U.S. DOE SciDAC funded R&D effort

Build an “Earth System Grid” that enables
management, discovery, distributed access,
precessing, & analysis of distributed terascale
climate research data

A “Collab%ot Project”
Buila U@ME- EIGlobus Toolkit™  DataGrid

cljnolbg'ies; 'ah'd”dgp(oy _
Potentiallbroad applicatjpﬁfo other areas
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Primary ESG Servers

Mass storage,
disk cache,

and computation / Web and applications-
based access to
management, discovery,
analysis, and

NCAR: Climate visualization

change

prediction and ANL:
data archive Globus
and grid
applications
LBNL/NERSC:
Climate ORNL:

data archive Simulation

and climate

LLNL: Model fil data archive
diagnostics and |

inter-comparison

- iy

USC/ISI: b | =X
Globus, grid & LANL (Future); .

applications, and  Climate and ocean
metadatabases data archive




A Global Coupled Climate
Model

Jan Model year 0
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Baseline Numbers

T42 CCSM (current, 280km)
/.5GB/yr, 100 years -> .75TB

T85 CCSM (140km)

29GB/yr, 100 years -> 2.9TB
T170 CCSM (70km)
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Capacity-related Improvements

Increased turnaround, model development, ensemble of runs

Increase by a factor of 10, linear data

Current T42 CCSM
/.5GB/yr, 100 years -> .75TB * 10 = 7.5TB
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Capability-related Improvements

Spatial Resolution: T42 -> T85 -> T170
Increase by factor of ~ 10-20, linear data

Temporal Resolution: Study diurnal cycle, 3 hour data
Increase by factor of ~ 4, linear data

e a———
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Capability-related Improvements

Quality: Improved boundary layer, clouds, convection, ocean
physics, land model, river runoff, sea ice
Increase by another factor of 2-3, data flat

Scope: Atmospheric chemistry (sulfates, ozone...),
biogeochemistry (carbon cycle, ecosystem dynamics),
middle Atmosphere Model...

Increase.‘rgr factor of 10+, linear data
. ~x‘-*~¥‘"~%« | _ L

S o ' ’:.,"u‘

%G Scientific Discovery
~ . through Advanced
. The Earth System Grid ol




Approaching Mesoscale (1.e.
“weather’’) Resolution
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Model Improvements cont.

Grand Total:

Increase compute by a Factor O(1000-
10000)
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We Will Examine Practically Every Aspect of the Earth
System from Space in This Decade

Longer -term Miss10ns - Observation of Key Earth System Interactions

' Terra-

EXplOI'atOI'y Explore Specific Earth System Processes and Parameters and

Demonstrate Technologies ?
Triana

PICASSO | =2 i’:‘,ﬁ i
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ESG: Challenges

Enabling the simulation and data
management team

Enabling the core research community in
analyzing and visualizing results

Enabling broad multidisciplinary communities
to access simulation results

We need integmmwork environments that enable
smooth WORKFLC i knowledge development: computation,
col tion & 'éollabomt'oriﬂ,,(lata lz.zgnagement, access,
distribu w?z,‘hnalysis, and visualiz.qtion.
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ESG: Strategies

Move data a minimal amount, keep it close to

computational point of origin when possible
Data access protocols, distributed analysis

When we must move data, do it fast and with

a minimum amount of human intervention
Storage Resource Management, fast networks

Keep track of what we have, particularly
what's on .Q%age
Meta@’%n jea Catalogs Fos
qﬁ% nEsa el federationtorf sites; web portals
*b‘us JODIKIt -> The Eqrt/?g ystem Grid -> The

% U/ Lr aData Gf /d Scientific Discovery
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Storage/Data Manag
L

Tera/Peta-scale
Archive

Tools for reliable
staging, transport,
and replication

Tera/Peta-scale
Archive

Client

Selection
(@e]g]uge]

- Monitoring




HRM aka “DataMover”

Running well across DOE/HPSS systems

New component built that abstracts NCAR
Mass Storage System

Defining next generation of requirements
with climate production group

usage

= A\Y /4
First “real
“The bottom line i s fines and is over 100 times faster than
what I was doiﬂgfb‘eh‘éigl rtant as two orders of magnitude increase in

throughput is,-mateﬂimpbftantiy I c? see a path that will essentially reduce

my o nt on file transfers 10 zero inhe development of the climate
model database” — Mike Wehner, LBNL*§
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OPeNDAP

An Open Source Project for a

NetwodPaia Access Protocol
: (bri‘g'}?]’éle ) [‘)!S, e Distribtted
M@c‘eanographlcwlja'té System)

ESG
&




OPeNDAP-g
-Transparency

ACCESS -Performance

-Security

PPEQ &9&9'3 Distributed Application -Authorizgtion

-(Processing)

A
OPeNDAP OPeNDAP
data Via Via
http Grid

Data Py ! !

(local) '

Data Big Data
(remote) - (remote)
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ESG: Metadata Services

ESG CLIENTS API PUBLISHING BEBANALYSIS & VISUALIZATIO
2 USER INTERFACE
SEARCH & DISCOVERY ADMINISTRATION BROWSING & DISPLAY

HIGH LEVEL METADATA SERVICES
METADATA METADATA METADATA & DATA METADATA METADATA
EXTRACTION ANNOTATION REGISTRATION BROWSING QUERY
METADATA METADATA METADATA METADATA
AGGREGATION VALIDATION DISPLAY DISCOVERY

CORE METADATA SERVICES

METADATA ACCESS SERVICE TRANSLATION
i del LIBRARY

mirror
Dublin Core
\/ ile
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Metadata Status
Co-developed NcML with Unidata

CF conventions in progress, almost done
Developed & evaluated a prototype metadata system
Finalizing a specific schema for PCM/CCSM

Addressing interoperability with federal standards
and NASA/GCMD via the generation of DIF/FGDC/ISO

Addressing interoperability with digital libraries via

the creation of:Bublin Core

Workingﬁwm»ience on schema:sharing

EXpERMERLING Wi ~hl,rel%tional and native XML™
‘1\ ) - "

B C g@:bﬁéesﬂ

“Exploratory work for first-géneration ontology.
Scientific Discovery

G Catalog population begins this menth™ o A
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ESG: NeML Core Schema

For XML encoding of metadata (and data) of any generic netCDF file
Objects: netCDF, dimension, variable, attribute

Beta version reference implementation as Java Library
(http://www.scd.ucar.edu/vets/luca/netcdf/extract_metadata.htm)

r

nc:dimension nc:VariableType

m i nc:attribute

nc:variable

nc:values

nc: attribute
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Person LEGEND
0,1] firstName Institution
EO,I} lastName worksFor [0.1] name AbstractClass
[0.1] contact [0,1] type

[0.1] contact

inheritance
—p association

- Project
Activity [0,n] topic type=

[0,1] name S
[0,1] description [0,1] funding

[0,1] rights

[0.n] date type=

[0,n] note

[0,n] participant role= Service

[0,n] reference uri= [0,1] name
[0,1] description

iSA , :
isA Campaign
serviceld
Investigation

Simulation
[0.n] simulationInput type= & & ==
‘ [0,n] simulationHardware T - Dataset
‘ [0,1] type
[0,1] conventions
[0.n] date type=
[0.n] format type= uri=
[0.1] timeCoverage e
[0,1] spaceCoverage Scientific Discovery
through Advanced

Computing




ESG Web Portal

SC2002 Prototype Technology
' .,*onstration
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SC2002 Demonstration

HPSS
High Performance
Storage System openDAPg
server

CAS-enabled ; .
SRM Striped-gridFTP Striped gridFTP CAS-enabled

client Striped-gridFTP
Storage Resource server server

Management

gridFTP
server openDAPg
MyProxy server
server

CAS-enabled GRAM
Striped-gridFTP MyProxy client gatekeeper
server

openDAPg
server MCS client TOMCAT
Servlet engine
RLS client

SRM
Storage Resource

Management gridFTP

server gridFTP

LAS

SRM Live
Storage Resource Access
Management Server

MSS
Mass Storage System




Collaborations & Relationships

CCSM Data Management Group
The Globus Project

Other SciDAC Projects: Climate, Security & Policy
for Group Collaboration, Scientific Data
Management ISIC, & High-performance DataGrid
Toolkit

OPeNDAP/DODS (multi-agency)

NSF National Seience Digital Libraries Program
(UCAR.&: U@@EDDS Project)

U.K. e-SCIence‘"and fitish. Atmospheric'Data Center

NOBANOMADS and CEOS- il

(I’Earth Science Portal grouB (multl agency, NNl osoery
\Fé The Earth System Grid ' rhmughcii;n: ﬁ:




Immediate Directions

Broaden usage of DataMover and refine
Build data catalogs with rich metadata

Release “real” ESG portal
Search, browse, access

Alpha version of OPeNDAPg

Test and evaluate with three client applications
(ncview, CDAT & NCL)

MoVEsohtY MWebrportals intosthe
hands of Serious; usgs and get feedback!

ﬁﬁemOGSA Server- “tle aﬁhlyﬂs
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Closing Thoughts

Building an environment for the long-term
Difficult, expensive, and time-consuming
But a worthwhile investment

Team-building is a critical process
Collaboration technologies really help

Managing, all the collaborations is a challenge

Buti ex aﬂ%@
Good pr ess, first reaI usage

'1
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fpublic access)

Home
Che s
People
Calendar

Public Documents

Contact Us

{registration required)
under construction

Mew User Registration
Login
Data Discovery

Extract Metadata

Browse Data Catalog

Metadata Sniery

= c!% @" D Transferring data from www earthsystermgrid org..,

THE EARTH SYSTEM GRID
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The Earth System Grid II:

Turning Climate Model Datasets Into Community Resources

The Earth System Grid II (ESG) is a new research project sponsored by the WS, DOE Office of Science under the
auspices of the Scientific Discovery through advanced Computing program (SciDAC). The primary goal of ESG s fo
addres=s the formidable challenges associated with enabling analysis af and knowledge development from global Earth
System models. Through a combination of Grid technologies and emerging community technology, distributed
federations of supercomputers and large-scale data & analysis servers will provide a seamless and powerful
environment that enables the next generation of climate research.

Project Abstract

High-resolution, long-duration simulations performed with advanced DOE SciDaAC/MCAR climate models will produce
tens of petabytes of output. To be useful, this output must be made available to global change impacts researchers
natiomwide, both at national laboratories and at universities, other research laboratories, and other institutions, To
this end, we propose to create a new Earth System Grid, ESG-II - a virtual collaborative environment that links
distributed centers, users, models, and data, ESG-II will provide scientists with wirtual proximity to the distributed
data and resources that they require to perform their research. The creation of this environment will significantly
increase the scientific productivity of LS, climate researchers by turning climate datasets into community resources,
In creating ESG-II, we will integrate and extend a range of Grid and collaboratory technologies, including the DODS
remote access protocols for environmental data, Globus Toolkit technologies for authentication, resource discovery,
and resource access, and Data Grid technologies developed in other projects, We will develop new technologies for
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THE EARTH SYSTEM GRID
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ESG LOGIN

INSTRUCTIONS: please log into the ESG system through one of the authentication methods below,

ANONYMOUS MYPROXY LOGIN Creates anonymous proxy on dataportal.ucar.edu with two hours lifetime

ANONYMOUS USERNAME: [ESGuser ANONYMOUS PASSWORD: [ 9

AUTHEMNTICATED MYPROXY LOGIN Retrieves delegated credentials from specified MyProxy server

|
MYPROXY USERNAME: MYPROXY PASSWORD: HDST:[NC@HH (dataportal) ~| @

AUTHENTICATED GLOBUS PROXY LOGIN Loads previously created Globus proxy from dataportal.ucar.edu

elipe

[ r
= A2 S E] | Document: Done (1002 secs) =) (=i
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Data Search and Discovery

| ESG Data Discovery

Thiz integrated application allows Identification of data (logica!
files and replica locations) based on a query to the ESG
Metadata Catalog ahd Replica Catalog, display of logical files
and logical collectiohs metadata, and transfer of files,

| Browse ESG Data Catalogs

Hisrarchical browsing of E5G Data Catalogs in THREDDS
format, and display of assoclated metadata,

[ Query ESG Metadata Catalog

Query of static anhd user defined atiributes associated with
logical collections or logical files in the ESG Metadata Catalog,

Data Management

| Data Transfer

Webh interface to HEM (Rerarchical Resource Manager), HEM

aliows high speed, reliable, paraliel streams, multinle flles

transfer between permanent storage systems ahd ESG nodes,
[ Metadata Extraction

Weh Sarvice for the altomatic extraction of metadata In Mol
format from any nebwork retrievable netcdf fils,

Data Analysis and Yisualization

| DODS

Access to the ESG DODS servers,
I LAS

Access to the £5G LAS servers,
| CDAT

Access to the ESG CDAT servers.

ESG System

[ Monitor Status
Monitor the status and avallability of the resources comprising
the ESG syster.

[ Query Logs

Interactive query of log fles recording ESG access and usage.

KNOWLEDGMENTS: ESG applications are based on a variety of computing and information technologies. In particular, we wish to acknowledge

2 use of Globus technology and related COG {(Commodity Grid Kit) toolkits,

=l g% B EJ | Document: Done (3,195 secs)
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ESG DATA DISCOVERY

STRUCTIOMNS: This interface allows search and discowvery of data through associated metadata, Using the user filled parameters, a query is first
rformed to the MCS {Metadata Catalogquing Services) to retrieve all matching logical files, Then a second query is performed to the RLS
splica Location Services) to find all registered replica locations, sizes, and access services for each logical file. The user may select replicas on
k or remote storage (HPS8S, MSS) and transfer them with the SRM {Storage Resource Manager); or the user may select and access replicas
~wed by distributed striped gridFTP openDAP servers. Optionally, the user may also view the metadata {stored in the MCS) associated with a
lical collection or logical file. Please note that currently the query supports only a limited number of parameters,

QUERY FORM
LOGICAL COLLECTION NAME | FChM/B06 20/atm | trequired) | DISPLAY COLLECTION LEVEL METADATA
VARIABLE NAME | ~| (aptional)

START YEAR |198|J (required)
STOP YEAR hBEEI (required)

9 SUBMIT QUERY

SESION ID: O0DAFCAZEY0ASYFDIELSY2092004F16BEE PROXY TIME LEFT: 7107 secs

M CH=proxy, CH=proxy, CHl=proxy, CN=Globus User,OU=Network Engineering and Technology Section, OU=Scientific Computing Division, O=National
Center for Atmospheric Research,O=Globus,C=us

= A2 S E] | Document: Bone (0271 secs) :-:IEZ =]
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QUERY RESULTS
MNUMBER OF RESULTS FOUND: 5

LOGICAL FILE /PCM/BOGE,20/atm//BO06.20, atm.1980.ncC
SILE 263722384
REPLICAS & /raid/f1/ESG_SC2002/PCK/BOG.20/atm/B06.20,atm. 1920.ne [ DISKatNCAR DODSatNCAR |
" /dataportal.ucar. edu/PCM1 Apcm/BO6,. 20/3tm/B06. 20, atm. 1980.nc [ MSSatMNCAR ]
T Jhpss.cos.oml.gov/homesasimsesg/sc2002 /pomy b6, 20/3tm/B06,.20.atm. 1980.nc [ HPSSatORML ]
0 Jarchive.nersc.gov/nersc/gcs/asim/esg/sc2002/pem,b06. 20/atm/BO6,20.atm. 1980.nc [ HPSSatLBMNL ]
" jdata/esg/sc2002/PCM/BO6.20/atm,/B06.20,atm. 1980.nc [ DISKatLENL DODSatLBNL ]

| DISPLAY METADATA

LOGICAL FILE /PCM/BOG.20/atm,/B0S6.20,atm.1981.nc
SIZE 322401920
REPLICAS (" /raid/f1/ESG_SC2002/PCM/BO6.20/3tm/B06.20.atm.1981.nc [ DISKatNCAR DODSatNCAR ]
& /dataportal.ucar.edu/PCM1/pcm/BO6.20/3tm/B06.20.atm. 1981, ne [ MSSatMCAR ]
 /hpss.cos.ornl.gov/home/asim/esg/sc2002/pem/b06, 20/3tm/B06.20.atm. 1981.nc [ HPSSatORML ]
T Jarchive.nersc.gov/nersc/gcs/asimyiesg/sc2002/pocm/b0e, 20 /atmAB06. 20.atm. 1981 .nc [ HRSSatLBHL ]
« Jdatafesg/sc2002/PCM/BOG.20/3tm,/BO06.20.atm. 1981 . nc [ DISEatLBMNL DODSatLEMNL ]

| DISPLAY METADATA

LOGICAL FILE /PCM/BO6.20/atm/B06.20,.atm. 1982 . nc
SIZE 322461920
REPLICAS Sraid/fL/ESG_SCE002/PCMABDE. 20/atm,/BO06. 20, atm. 1982.nc [ DISKatNCAR DODSatNCAR ]
g Jdataportal.ucar.edu/PCML/pem/BO6.20/3tm/B06. 20, 3tm. 1982, ne [ MSSatHCAR ]
® /hpss.cos.ornl.gov/home/asim/esg/sc2002/pem/hi6. 20/atm/B06.20.atm. 1982 . nc [ HPSSatORML ]
" /archive.nersc.gov/nersc/goS/asim/esg/sc2002/pom/b0e,. 20/atm/B06.20,atm. 1982.nc [ HPSSatLBML ]
¥ Jdatasesg/sc2002/PCM/BOG. 20/atm,B06.20.8tm. 1982 .nc [ DISKatLBMNL DODSatLBMNL ]

| DISPLAY METADATA

| LOGICAL FILE /PCM/BOG. 20/atm,/BOG.20,atm. 1983 .nc |

= A BE] | Crocumnantt Done (1,813 secs) | |Zm== =x] |
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ESG METADATA CATALOG QUERY

ISTRUCTIONS: This page allows to retrieve all types of metadata associated with a given logical collection or logical file in the ESG Metadata
Catalog., Metadata in the MCS can be stored in the form of static attributes, user-defined attributes, or XML,

QUERY FORM

OBJECT TYPE | Logical File |
OBIECT NAME [/PCM/B0B.20/atm/B06.20.atm.1984.nc
METADATA TYPE | xML R4

QGET METADATA

QUERY RESULTS

XML
fuml wersion="1.0" encoding="UTF-8"7=
o netedf xmins:no="http: /fwowrw ucar edudschemas/netcd ™ xmins: xsi="http: AQwonew w2 arg/200 1/ =MLSchema-instance”
="/PCM/BOG.20/3tm,B05.20.atm. 1984 . nc" xsiischemalocation="http: /fwww . ucar. edu/schemas/netcdf
AprAfwennwe ucar edusschemas/netodf xsd =
znc: dimension length="128" name="lon" /=
znc: dimension length="18" name="lev" /=
znc: dimension length="19" name="ilev" /=
znc: dimension length="64" name="lat" /=
znc: dimension length="81" name="nchar" /=
znc: dimension isUnlimited="trug" length="12" name="time" /=
znciwariable name="ntrk" type="int"=
<nc: attribute name="long_name" type="string" value="spectral truncation parameter K" /=
=/ncivariables
znciwariable name="PRECSC" shape="time lat lon" type="float">
<nc: attribute name="long_name" type="string" value="Convective snow rate {water equivalent)" /=

= A BE] | I&)n.:uc;_llme;'ut: Crone (2.41"4 secs] |:m:|
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HRM WEB INTERFACE

STRUCTIOMNS: Please check all physical files that vou wish to transfer. The HEM {Hierarchical Resource Manager) is a product of the Scientific

ta Management FEesearch Group at the Lawrence Berkely National Labaratory. HRM allows fast, reliable, tunable transfer of files to/from disk and

note storage (HPSS, MSS) through the gridF TP protocol and implementation. This prototype web interface is being developed by the Earth

stem Grid collaboration.

INPUT FILES:

OUTPUT DIRECTORY
USER ID

gridFTP PARAMETERS:

DATA TRANSFER FORM

PHYSICAL FILE SIZE SERYICE
F || fraid/f1/ESG SC2002/PCM/B0G. 20/atm/B06.20. atm, 1920.nc 2R0722384 || DISKatNCAR
I+ ||/dataportal.ucar.edu/PCM1/pem,B06.20/atm/B0O6.20,atm. 1981.ne 322451980||MSSatMNC AR
~ ||/hpss.cos.oml.gov/home/asim/esg/sc2002/pomAb06, 20/atm,B06, 20, atm, 1982.nc 322461980 (|HPSSatoORML
I ||/archive.nersc.gov/nersc/goS/asimfesg/sc2002/pem,/b06.20/atm,/B06. 20, atm. 1983 .nc||222461980| HPSSatLBMNL
I ||/datafesqg/sc2002/PCMABOG. 20/atm/B06 . 20.atm. 1984 nc 3224651930(|DISKatLBML
: ‘/scratn:hfsc?ﬂﬂ&"tmp,"
: Iesguser (user@host)
Block size: 1000000

TCP buffer size!

1000000

Mutrmber of streams:

148

9 SUBMIT REQUEST

e RESET FORM

Transferring data from dataportalucaredu,.,
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& Earth System Grid - Netscape E|_ E]
| 1
: ;ﬂ M; ! CURRENT GRAM J0B
e | (this screen will refresh automatically every & seconds untill the job is cg
atl I
{ ID : hitps: /fdataportalucar.edu: 457 14/2235/ 1047335915/
STATUS : ACTIVE
ERROR : O
STDOOUT :
STRUCTI Client Callback CONFIGUERATICN
ta Manags bage: esguser
oA source[0]= gsiftp://dataportal.ucar.edu/raid/f1/E3G 3C2002/PCH/BO6. 20,/ atm/BO6. 20, atm. 193
ct ppnlEi target[0]= file:/scratch/scZ002/twps /BOG6. 20, atm. 1980. ne

sizse[0]= 268722384
gource[1]= hrm://dataportal.ucar.edu: 6191 /HEMServerNCAR/ dataportal . ucar . edu/PCH1 poms BO4

target[1]= file:/scratch/scZ00Z/twp/ /BOG.20.atm. 1981 .nc

size[l]l= 322451980
gource[Z2]= hrm://=2leepy.cos.ornl.ogov: 6191 /HEMServer ORNL hpss.cos.ornl . gow/ home fasim esg

target[2]= file:/scratch/scZ002/twps/ S /BOG.20.atm. 1982 . no

gizge[Z]= 322451980
gource[3]= hrm://datagrid.lbl.gowv:6l191/HENServerLBNL/archive .. herac . gov,/ nersc/gos/asims eg

target[3]= file:/scratch/scZ00Z/twps/ BOG.20.atm. 1983 . no

size[3]= 3224951980

gource[4]= gsiftp://datagrid. lbl.gov/data/esg/scZ002/PCH/BOG. 20/ atw/BOG .20 . atm. 19584 . nc
target[4]= file:/scratch/sc2002/ twmps /BOG. 20, atm. 1984 . ne

Tl = = o S e o

e Scientific
rorm disk and
e Earth

ER¥ICE
bl atMCAR
SatMCAR
SSatoORML
SatLBML

R atLBNL

OUTPUT DIRECTORY: ‘/s cratch/sc20024mp/

USER ID: Iesguser fusen@host)

Block size: 1000000

gridFTP PARAMETERS: ||TCP buffer size: 1000000
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Mutrmber of streams:

e SUBMIT REQUEST e RESET FORM
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¢ » 3 =

" A A
Faload : 4 kbps: ) dataportal ucar edu G443 lesglLAS lasConfig. js i CI‘ Search Printied &

, EdMal B AIM E Home &y Radio BlNetscape Sl Search () Shop Bookmarks % ACD S CHNM S5 ESG S GAZZETTA %% GLOBUS % METS %% SCD % VETS S5 UCAR

[ " Earth Systemn Grid ]

THE EARTH SYSTEM GRID
Scientific Discovery
threugh Advanced

Computing

ESG LAS CONFIGURATION INTERFACE

INSTRUCTIONS: Submitting this form will regenerate the configuration file of the local LAS server. This process may take a little time. Please
select all files that you will want to be accessible by LAS,

LAS DATA FILES
v /scratch/sc2002/tmp/B06.20.atm, 19200
¥ /scratch/scz002/tmp/BO6.20.atm. 1931.ne
v fscratch/scZO002/tmp/B06. 20.atm. 1982, ne
v /scratch/sc2002/tmp/B06.20.atm. 1983 .nC
Jscratch/sc2002/tmp/B0G. 20, atm, 1984, nc

@ SUBMIT {configuration may take a little time...)}

SESIOMN ID: D0AFCAZEYOAQYFDAESYZ2903D94F 16EBER PROXY TIME LEFT: 6521 zecs
M CH=proxy, CH=proxy, CH=proxy, CN=Globus User,OU=Network Engineering and Technology Section, OU=Scientific Computing Division, O=National
Center for Atmospheric Research,O=Globus, C=us
B A2 S E] | Transferring data from dataportalucaredug, ==




Edit %ew Go Bookmarks Tools  Window  Help

2 w A =

Backll F Faload bt 4 htkp:ffdataportal ucar, edufesg-lasmain. pl? f 'cl‘ﬁearch Printid ‘:I

, EdMal B AIM E Home &y Radio BlNetscape Sl Search () Shop Bonkmarks S ACD S¢ CHN 5 ESG 5 GAZZETTA S GLOBUS % METS % 5CD %% VETS % UCAR

[ 4 Live Access ko Climate [iaka ]

THE EARTH SYSTEM GRID

Scientific Discovery

E ( C . threugh Advanced
- :) G I = Computing
— ™ e

et BOB.20.atm 1980 .nc
iata Sets Average of Cloud when omegais <0 {up)
| Isetect view [y (afion) slice <]

B0 20.atm. 1980 .nc o Select & single vanable O companson (Go] | Full Region #
Average of Cloud when omega is = 0 {up) B e P —— '
Awerage of Omega when omega is <0 {up)
BEWAP
BTRAM
CHAWME
Clearsky net longwave flux at surface
Clearsky net longweave flux at top
Clearsky net salar flux at surface
Clearsky net saolar flux at top
Cloud fraction

g7.58635000

\180.0 W 1800 E

g7.86358000

Sootn In | Soopn Ot |

CO2WMR

camvective adjustment tendency of water

Labet [ select depth -

Carwective precipitation rate elect aep !4.BD92999458313 Bl I4.BI392999458

Convective snow rate (water equivalent) IE"Jl‘P-"Ct time l 05-Mar-1980 = IEIE—MELH 980

Counter-gradient coefiicient on surface Select product = T I
e i produ | Shaded plot (GIF) i | BO0EO0 | indow
Dl

East-west gravity wave drag surface stress
Effective cloud fraction
F11%hiR
F12%hR
= c!% @"D | Document: Done (0,13 secs] :-:IEZ =] |

L4l




Edit Yiew G4

. File Edit

Wigww G0 Bookmarks Tools  Window Help

. 4 » 3 = d L@
= BackQ sl Reload g print Qg
y B mal ‘ﬂ i .j [ S http:fidataportal.u.. =&kargetURL=Rskate= ] HCAR
[ Q,x Live Access b
TIME : 05-MAR—1980 00 DATA SET: BOE.20.0tm. 1980, no
Help ™
ptions i v
| D500
107200
Met solar flux : o
Met solar flux 407N — T
Marth-south g I P
strass £ [y—
OSVMR : 101200
acean (11, lan A -
OCHNFRAC E o =
FEBL height 5 -
Fercentage o s
Perturbation = BBAI0
FEL) awn
Perturbation t4 4075 — p—
L tendency - PLAL
=18a0 o
QBDT BFEI0
CIDRA o
QIMFL B
CIOWVER sk
Randaorm ovetl
amount LOMNGITUDE
Reference hei
B Sea level pressure (Pa)
RS
Sea level preslll Modify plot

=olar heating
malar ingolatic

charifie b

= A _

:;m::j«g!





