


% Overview

Archive and Distribution System

> Until now there existed no long-term
archive for Climate and Weather models.

> University and Institutional research goes
largely untapped by NOAA scientists. Effort
IS wasted on data receipt and format issues
with no infrastructure to collaborate.

> Retrospective analysis and model
Inter-comparison are necessary to verify
and improve short term NWP models,
seasonal forecasts, climate simulations,
assessment, and detection efforts.

NOAA Data and Information Users’ Workshop



NOMADS

Overview

The NOAA Operational Model
Archive and Distribution System

* To overcome a deficiency In
model data access, some of the
Nations top scientists are actively
engaged In a grass-roots frameworks
to share data and research findings
over the Internet.

e In 2001 NCDC, NCEP and GFDL
Initiated the NOAA Operational
Model Archive and Distribution
System.

 Operational in 2003, NOMADS
IS a distributed data services pilot
for format independent access to
climate and weather models and

data.

Core NOAA NOMADS Collaborators

4 Climate Diagnostics Center (CDC) Boulder, CO

¢ Geophysical Fluid Dynamics Laboratory (GFDL) Princeton, NJ

4 National Climatic Data Center [NCDC) Asheville, NC (Project Lead)

¢ National Centers for Environmental Prediction (NCEP) Camp Springs, MD
4 Pacific Marine Environmental Laboratory (PMEL) Seattle, WA

¢ NOAA Forecast Systems Laboratory (FSL) Boulder, CO

External Core Collaborators

& Center for Ocean-Land-Atmosphere Studies (COLA) (Maryland)

« Department of Energy’s Argonne, Los Alamos, Oak Ridge, Lawrence Berkley,
Livermore National Laboratories & Information Sciences Institute (ISI), University of
Southem California under the Earth System Grid Project
MNational Center for Atmospheric Research (NCAR) Colorado
Unidata Program Center (UCAR/Unidata) Colorado
LLML Program for Climate Model Diagnosis and Intercomparison
MNASA's Global Change Master Directory (GCMD) Maryland
National Coastal Data Development Center
University of Rhode Island (OPeNDAP Consortium)

External Collaborators include

W Center for Earth Observing and Space Research (CEOSR), NASA-GSFC Maryland

B George Mason University (NASA SI-ESIP), Virginia

B National Severe Storms Laboratory (NSSL), Oklahoma/SSEC University of Wisconsin

W Universities of Alabama (Huntsville), California (Santa Barbara), Washington & lowa St.
B National Science Foundation (NSF) Cyberinfrastructure

@
N
NCAR

International Participants

W British Atmospheric Data Center, Oxfordshire, United Kingdom)

B UK's Natural Environment Research Council (NERK DataGrid Project)
Bl Committee for Earth Observing Satellites (CEOS) Grid Project

B Climate Action Partnership (CAP), BOM Australia (US Depts. of Commerce, Energy, State, and EPA)




The NOAA Operational Model Archive and Distribution System

NOMADS &

The NOAA Operational Model NOMADS Goals

Archive and Distribution System

 provide distributed access to models and
assoclated data,

e promote model evaluation and product
development,

 foster research within the geo-science
communities (ocean, weather, and climate)
to study multiple earth systems using

collections of distributed data,

 develop institutional partnerships via
distributed open technologies.

NOAA Data and Information Users’ Workshop




NOMADS €
The NOAA Operational Model Model Data Access

Archive and Distribution System

* The users experience Is often frustrating—

- What data of interest exist?
- Are they going to be useful to me?
- How can | obtain them In a usable form?

e Time and effort are wasted on data access and format
ISSUes.

 As a result atmosphere/ocean/climate data are under-
utilized. Model inter-comparison nearly impossible.

NOAA Data and Information Users’ Workshop
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Archive and Distribution System

Global Mean Surface Temperature: CM2.1 vs. Observed

() LO n g -te rm Steward S h | p Of N WP version: scemrios mimus long-term trends: combined ssvt_ref; masked:; 1381-1920 ref
analysis and forecasts.

e Accurate estimates of future climate
variability and trends

 Improved climate and weather
assessments.

* Promote collaboration of climate
and weather researchers. W be mm _bo b m

NOAA Data and Information Users’ Workshop



NOMADS & Tools for Users

Archive and Distribution System

o Pare down large file sizes of high resolution data and
products.

e (re-) Group different data sets to create needed products
—such as initialization files for model development,
analysis, or by forecast projection.

e Subset the data:
- In parameter space
- In physical space
- In temporal space

NOAA Data and Information Users’ Workshop
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The NOAA Operational Model
Archive and Distribution System

Data Requests-
Individual Downloads
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The NOAA Operational Model
Archive and Distribution System

Distributed Access...

Other Providers: NCEP

N.O.M.A.D.S.

NOAA Operational Model Archive Distribution System

Eeal Tine MOWMADS NCEP Component

Caution: this web server i3 in testing mode. Applications are being developed
and we are using it for lve testing.

Forecasts may not be current and historical data set may not be complete.

Comprehensive forecast archives and reanalysis-2 daily arcluves
on this machine.

NOAA Data and Information Users’ Workshop
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The NOAA Operational Model P FoVi d ers: FS L

Archive and Distribution System

15] | l FSL MOMADS Daka Parkal |

Forecast Systems Laboratory
NOMADS Data Portal

The Forecast Systems Labotatory (FEL) has made avalable the following data as a INNOA L Operational IModel Archive and Distribution Systemn (IO
Data Access Protocol (OPeNDAT (Formetly DiODEY -enabled clients may be used to access and display these data:

+ NMeteorological Assinilation Data Ingest Systern (WMADTSY (restricted)
* 20km Bacloup Bapid Update Cyele (BEITC
+ Coastal Storms Inttative (OS5 (cotning soot)

Forecast Svstems Laboratory (F2L)

NOoA A Operational Model Archive and Distribution Svstem (HOMADE)
DFen source project for Metworlk Data Access Protocol (OFPeIDAT)
Distributed Oceanographlic Data Svstem (DODS)

NOAA Data and Information Users’ Workshop




NOMADS

The NOAA Operational Model
Archive and Distribution System

Providers: GFDL

’geophysical fluid

dynamics

About Ils  Resea

Spotlight on
NOMADS

MOMADS iz being
developed as a
Unified Climate
and Weather
Archive to provide
Web access to
rnodel infarmation
zo that users can
rnake decisions
about their specific
needs, This spans
tirme scales from
davs [(weather], to
rmonths (El Mino],
to decades (global
warrmingl, For
rore, see MCODC's
nomads page.

Spotlight on
ESP

The Earth Science
Paortal (ESP) is a

laboratory

rch Products and = Technical S Meetings and Seminars

gfdl's home page > products and services = data portal

gfdl's data portal

Our Data Portal Services

Public data sets from GFDL are made awvailable through the GFDL Data Portal, The data portal is designed to provide access to:
attributes, and graphical display the data. Download provides "http" access to download complete files, Display of data atiributes
global attributes and the wariables available in the files. Graphical display uses the Live Access Server to graphically display the

Our Public Data Files

Registration for the GFOL Data Files is free, Users are requested to complete the Reaqistration Form for Public Data Files (found o
first beqin using the data portal, Information from this form will be used to provide registrated users with news on when addition
and when corrections are made to existing public data, The information gathered will not be used for any purposes other than to
FPortal Services,

Data Storage

The data flles on the data portal are stcureu:l in netCDF l{netwu:urk Cu:umrru:un Dlata Farm, anu:l can be identified by the suffix ".nc", T

"NOAA Data and Information Users’ ershop



NOMADS

The NOAA Operational Model
Archive and Distribution System

A GCMD Portal to
Model Output

Keyword Search

Agriculture
- Forestry - Soils - more

Atmosphere
- Temperature - Winds - more

Biosphere
- Vegetation - Wetlands - more

Cryosphere
- Sealce - Snow Cover - more

Human Dimensions
- Environmental Impacts -
Human Health - more

Data Sets

Collaborator: NASA GCMD

Mational Partnership for Adwvanced Computational
Infrastructure
Feature Image (3/08,/00)

Land Surface
- Land Use | Land Cover -
Soils - more

Oceans
- Temperature - Circulation -
Coastal Processes - more

Paleoclimate
- Ice Cores - Tree Rings - more

Radiance [ Imagery
- Infrared Wavelengths -
Radar - more

Sun-Earth Interactions
- Solar Activity -
Sunspots - more




s NCDC NOMADS Data

Archive and Distribution System

NWP Model
Global Forecast System (GFS), Model output and Input (SSI) with Restart
North American Mesoscale (NAM, formally Eta)
NOAAPort Rapid Update Cycle (RUC) forecast output (FSL)
NCEP Spectral Statistical Interpolation (SSI) Global Data Assimilation System (GDAS) model input and restart files
NCEP North American Regional Reanalysis (NARR) (Figure 3)
NCEP/NCAR R1/R2 Reanalysis (Climate Data Assimilation System -CDAS)
NCEP Regional Special Model (RSM)
NCEP Global Ensembles
NCEP Climate Forecast System (CFS) coupled climate model.
NCEP Ocean Wave models
NCEP Sea Ice Models
n situ
NCDC Global Historical Climate Network (GHCN) surface temperature and precipitation anomalies (Figure 4)

NCDC Integrated Global Radiosonde Archive (IGRA) upper air reference quality data set (formally the Comprehensive
Aerological Data Set- CARDS)

NCDC Smith-Reynolds Extended Reconstructed Sea Surface Temperatures (ERSST) climatologies (see Figure 5)
c. Satellite and Radar

National Ocean Data Center (NODC) Advanced Very High Resolution Radiometer (AVHRR), Pathfinder Sea Surface
Temperature (SST) analysis datasets provided through a link to NODC

° Other satellite and Radar data are currently being developed with various partners for access to limited Geostationary
Operational Environmental Satellite (GOES), data and the National Aeronautics and Space Administration (NASA)
satellite and other data via OPeNDAP.

Climate: Coupled AOGCM

° GFDL GCM

GFDL CM2.0 and CM2.1 Climate Experiments

GFDL_R15 b - Low resolution (R15L9 atmosphere, 4 degL 12 ocean)
GFDL_R30_c - medium resolution (R30L14 atmosphere, 2 degL18 ocean).

NOAA Data and Information Users’ Workshop



NOAA Access Point for NARR

NOMADS &

The NOAA Operatonal iodel N.A. Regional Reanalysis

Archive and Distribution System

- Create a long-term set of consistent climate data on a
regional scale on a North American domain.

o Superior to NCEP/NCAR Global Reanalysis (GR):
o use of a regional model (the Eta model)
e advances In modeling and data assimilation since
1995 especially:

e Precipitation assimilation
e Direct assimilation of radiances
e Land-surface (NOAH) model updates

NOAA Data and Information Users’ Workshop




NOMADS & .. . .
eyl Sclentific Data Networking

Archive and Distribution System

Advancing Collaborations

« NOMADS simplifies scientific data networking, allowing simple
access to high volume remote data, unifying access to Climate and

Weather models:

e Data access (client) e Data publishing (server)
* Access to remote data in the users * (Can serve data in various formats
normal application e netCDF / GRIB / BUFR / GRIB2
. ;DL/ IDV / sztlab / Fer;et e HDF (3-5) / EOS
rADS (GRIB/BUFR w/ GDS) e SOL / FreeForm
* Netscape / Excel / http (wget) e JGOFS / NeML
* CDAT (PCMDI) ‘
* Any netCDF application Ll
(i.e., AWIPS) * ascil, others...
* Don’t need to know the format in e Spatial and temporal sub-setting and
which the data are stored. host side computations on the fly.

NOAA Data and Information Users’ Workshop
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The NOAA Operational Model_ System Architecture

Archive and Distribution System

NOAAPort
Data Ingest* Data Access
/ \ Obs, Eta, Data Management CEOS-Grid
GFS, RUC . Data & Directory (exploratory)

structures “merged”
* Daily Data Ingest

DAB/NOMADS Ingest Processes

Hi-Res inter-comparison
NCDC ftp GFS, Eta, « QC and Monitoring NOMADS
AAB Ingest Processes NARR and « Index File generation Access
GDAS  Control and DODS
Unidata IDD metadata generation

» CVS Backup (code) DSI 6172

Dual « HDSS/HAS Injection DSI 6173
Redundant DSI| 6174

I ngeSt AAB Archive Processes DSI 6175
* NOMADS provides N@HERB AKPEF TRGEL hHsEES M shop



Advancing Collaborations

e The NOMADS Philosophy

Archive and Distribution System

i, P i IDV, Web browsers or any

Direct Client Access (GrADS, Ferret, MatLab, IDL,
{OPeNDAP enabled client

Web/Grid Catalog

Dual Ingest & QC

THREDDS, GCMD
. Live Access Data /SWEET, DIMES...
Portals

\ Web Interface & ftp
OGC Portal

C EOS'G rl d H""”-'I\E/aﬁana §¥§I@Ml0ﬁ£!g Workshop

Web Browse
& Compute
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The NOAA Operational Model NCDC Web Interface

Archive and Distribution System

Three primary
methods for data
sources | About | Inventories | GetView Dats access:

Model Resources * Web Interface

« GDS OPeNDAP

e ftp w/ on the fly
Grib subsetting

+ About NCDC's Model Resources

+ Model Data Inventories

+ Get / View Model Data

+ Publications

+ Other Model Data Resources On'l ine OI’

Off-line (archive)

sources | About | Inventories | Get/View Data | Publiations | Other Resomces o Server-side data
NOAA DatCOIMPEAEIARAS workshop




Promoting Model Collaborations

NOMADS &
ey NCDC Web Interface (cont.)

Archive and Distribution System

ullm
T w10m

n or model level.

e

hour intervals

NOMADS leverages efforts across the community.

NOAA Data and Information Users’ Workshop
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The NOAA Operational Model | NOMADS “Web Plotter

Archive and Distribution System

Ingests 250K grids PRESsc 1000
day. POR 2002 18220may2004 to 0GZ01m2004
to present. o
e Any one of these
accessible in seconds
Via:. OpENDAP
GDS
ftp
Web Plotter
LAS
mySQL

NOAA Data and Information Users’ Workshop
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Promoting Model to Obs. Intercomparisons

NOMADS @&

The NOAA Operational Model NCDC Reference Datasets

Archive and Distribution System

NCDC reference
And others
datasets also available:

« CARDS (IGRA)
e GHCN

* NARR

e Ocean WAVE

e Accessible via
OPeNDAP

NOAA Data and Information Users’ Workshop
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File Edit Displays Data Help

I DV &_ N O M ADS Data sources Fields Displays

ACCGSS dods:dinomads. necde.noaa.gov: 9090 §§ D corvective vailable poss

'FilesUrls | Gridded data | Image data | Radar Data | Point

Data source type: | Default -

Look in: 7 glenn.rutledge

1 java

1 .jpi_cache

— metapps

] Application Data
1 Cookies

] Desktop

1 Favarites
e

File narme: |

Files of type: | All Files {*.%)

Url:

http:i/nomads.ncdc.noaa.gov9090/dodsMCDC_NOAAR

Farmulas @ 320 grid 2| Contour Plan view

Color-Filled Contour Plan Wiew

& Unidata IDV
File Edit Displays Data Help

“ \iew Maps % | 2003-08-24 00:00:00Z v[|<]<]||4ﬂ||[>||ﬂ[*||l>l>

B=)E

@

€13 e & &)

Shaded Plan Yiew

|I'u'|emury: 30.49/51.93 ME (58%) |Latitude: 42.7 Longitude: -149.2 Altitude: -8568.5 m

e —



Data Transfer: Order Number: 1700

FTP4YOU

FTP4YOT wall FTP raw GRIB files from the NOMADS host computer to a public access FTP server at MCDC where you can use anonymous FIT to retrieve your fles. Select the files and £l out the FTP
infortmation,

Select at least one file (size m bytes)

[ gnb218 pdef 5432136 [ masks.dat 49 7 meso-eta_218_20031229_0000_000 grb 2950519
[ meso-eta_218_20031229 0000 fff etl 1460 [ meso-eta_218_20031229_0000_fidx 5617 [~ meso-eta_218_20031229_0600_000.grb 2924821
[ meso-eta_218_20031229 0600 _fff etl 1460 [ meso-eta_218 20031229 _0600_fffidw 4561 |~ meso-eta_218_20031229_1200_000 grb 305621%
[ meso-eta_218_20031229 1200 fff etl 1459 [ meso-eta_218 20031229 1200 fffidx 2449 |~ meso-eta_218_20031229_hh00_000ctl 1470
[~ meso-eta 218 20031229 Hh00 000 idz 865 [ nomads-order-1700.cfg 476

Tou can also select fles by entermg a string below (*=any-string =1 character). I Selectfies |

Grib Filter

(Grib Fitter: Many times you may only want a section of a huge data flle. Bather than transfernng the entire file, this section will allow you to select some or all (1) levels, (2) vanables, and (3) dates of a GRIB
file. The buttons represent cotnmen choices which may of may not be relevant to the files that you want transferred. For exatnple choosing BH (relatree humidity) would be pointless m fle of sea-surface
temperatures. In addiion, not all possibilities are allowed. For example, suppose vou only want the virual temperature at the tropopause at 012, Too bad because you have to transfer the entire fle.

For GRIB data only.

Select the levels desired:
[Tal " 10mabovegnd [ 2mabovegnd [ MSL [ atmoscol [ sf

Select the varables desired:
[Tall [ ACPCP [ APCP [T CAPE [T CIN [ MSLET [ PRES [ PWAT [ EH [T TMP [T UGRD [ VGED



Enabling private sector access: An example

NOMADS &
The NOAA Operational Model NOMADS Ensemble Access

Archive and Distribution System

TODATY 15: 2004, 08, 09

NOMADS Ensemble Probabilities on the fly

STATION NAME
fASHE\-’ILLE_MUNICIF’AL MNC LIS |

STATION Latitude: [35.43 STATION Longitude: [62.55
Date (HR/DD/MM/YY)GMT 14 Joa o8 Joa

Create an event No need for image generation of ensembles...

™ Temperature:

Wotes: wou can create a temperature event by giving a lowest temperature or a higest temperature or a range of temperature. For example, for freezing event, giving lowest temperature lower than 32F and do not
check the higest temperature.

™ Lowest TEMP: IHigherthan | I UNIT: | K =]
[ Highest TEME: I Higherthan =| I THNIT: I K =]

[ Precipitation

IHigherthan jl
[T Wind Speed

Im I— TINIT: | mfsec j
Click YES to show URL query for ensemble members: OPeNDAP constraint exXp ression
URL is; http://nomad3.ncep.n0aa.qo\s /dods/enshires/archive/ens20040809/ensc0

& MO
© YE3

Event Probability |



http://nomad3.ncep.noaa.gov:9090/dods/enshires/archive/ens20040809/ensc0_

* January Mean 500 Height (1981 to 1989) minus (1990 to 1998)

* Mean & Standard Deviation for all 10 ensembles

* Time required: 60 secs

reinit’

"Idate’

* baseURL = 'http://motherlode.ucar.edu:9090/dods/_expr_'

* GKR 2/13/03 New NCAR URL

baseURL = 'http://dataportal.ucar.edu:9191/dods/"

expr = 'ave(z,t=387,t=483,12)-ave(z,t=495,t=591,12)'

xdim = '0:360'

ydim = '20:90'

zdim = '500:500"

tdim = '1nov1978:1nov1978'

'sdfopen 'baseURL'_expr_{C20C/C20C_A}{'expr’}{'xdim’,'ydim’,'zdim",'tdim}'
'sdfopen 'baseURL'_expr_{C20C/C20C_B}{'expr’}{'xdim','ydim',’zdim','tdim'}'
‘sdfopen 'baseURL'_expr_{C20C/C20C_C}{'expr’}{'xdim','ydim',’zdim','tdim'}'
'sdfopen 'baseURL'_expr_{C20C/C20C_D}{'expr'}{'xdim’,'ydim’,'zdim",'tdim}'
'sdfopen 'baseURL'_expr_{C20C/C20C_E}{'expr’}{'xdim’,'ydim’,'zdim’,'tdim}'
'sdfopen 'baseURL'_expr_{C20C/C20C_F}{'expr’}{'xdim','ydim',’zdim','tdim'}'
'sdfopen 'baseURL'_expr_{C20C/C20C_G}{'expr’}{'xdim’,'ydim’,'zdim",'tdim}'
'sdfopen 'baseURL'_expr_{C20C/C20C_H}{'expr}{'xdim’,'ydim’,'zdim",'tdim}'
'sdfopen 'baseURL'_expr_{C20C/C20C_I}{'expr’}{'xdim','ydim’,’zdim’,'tdim'}'
‘sdfopen 'baseURL'_expr_{C20C/C20C_J}{'expr'}{'xdim’'ydim','zdim’,'tdim}'

‘define resa = result.1'

‘define resb = result.2'
‘define resc = result.3'

‘define resd = result.4'
‘define rese = result.5'

‘define resf = result.6'

‘define resg = result.7'
‘define resh = result.8'
‘define resi = result.9'

‘define resj = result.10'
say 'got data’'

'set lev 500"
'set lat 20 90’

‘define mean = (resa + resb + resc + resd + rese + resf + resg + resh + resi + resj)/10'

‘define d1 = (pow(resa-mean,2))' ; 'define d2 = (pow(resb-mean,2))
‘define d3 = (pow(resc-mean,2))' ; 'define d4 = (pow(resd-mean,2))’
'define d5 = (pow(rese-mean,2))' ; 'define d6 = (pow(resf-mean,2))'
'define d7 = (pow(resg-mean,2))' ; 'define d8 = (pow(resj-mean,2))'
'define d9 = (pow(resi-mean,2))' ; 'define d10 = (pow(resj-mean,2))'
'define stddev = pow((d1 + d2 + d3 + d4 + d5 + d6 + d7 + d8 + d9 + d10)/10,0.5)'

'set gxout shaded'

'set mproj nps'

'display mean'

'draw title January Mean 500 Height (1981 to 1989) minus (1990 to 1998)'
'set string 3 bc 1'

'draw string 5.5 .5 Mean & Standard Deviation for all 10 ensembles:
‘C20C Climate of the 20th Century Folland/Kinter'

*cbarn'

'set gxout contour'

'set ccolor 0'

'display stddev'

'Idate’

At left is the complete script for generating
mean and sdev at 500mb analyzing 20 years of
“Climate of the 20" Century” from NCAR.

Traditional vs. NOMADS method:

100Gb vs. 2Kb
2 days vs. 60 sec

days vs. minutes
1000 vs.50 LOC

Data volume transported:
Time to access data:
Code development:
Fortran based LOC:

January Mean 500 Height (1981 te 1989) minus {1390 to 1998)

B

Mean & ndard Devlafon for all 10 ensembles Climate of the 20th Century Folland /Klnter




% ) INOMADS  ©

The NOAA Operational Model For more information...

Archive and Distribution System

e For NOMADS Program Information see:

e For NOMADS Model Data Access:
NOAA NCDC Main Page = Upper-Air = Data and Products

e Or contact:
Glenn.Rutledge @ noaa.gov

NOAA Data and Information Users’ Workshop
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