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1.  Overview
To address a growing need for retrospective numerical weather prediction and global climate models, the National Climatic Data Center (NCDC), along with the National Centers for Environmental Prediction (NCEP) and the Geophysical Fluid Dynamics Laboratory (GFDL), initiated the NOAA Operational Model Archive and Distribution System (NOMADS) (URL link #1 below) project.  NOMADS addresses model data access needs as outlined in the U.S. Weather Research Program (USWRP) Implementation Plan for Research in Quantitative Precipitation Forecasting and Data Assimilation to "redeem practical value of research findings and facilitate their transfer into operations."  The NOMADS framework was also developed to facilitate model and observational data inter-comparison issues as discussed in documents such as the Intergovernmental Panel on Climate Change (IPCC 1990, 1995, 2001) and the U.S. National Assessment (2000).  NOMADS is the first long-term digital Numerical Weather Prediction (NWP) archive in the U.S.    

2.  Project Summary
NOMADS is a highly-collaborative, grass-roots pilot of data servers using established and emerging technologies to access and integrate model and other data stored in geographically distributed repositories in heterogeneous formats.  The “O” in NOMADS represents a real-time component at NCEP, (NCEP URL link #2) while the “A” represents the active archive now operational at NCDC (NCDC URL link #3).  Beyond access to models, NOMADS strives to promote the sharing and inter‑comparing of model results and is a major collaborative effort, spanning multiple Government agencies and academic institutions with a growth expectation to broadly serve the ocean, weather, and climate communities.  One of the main successes of NOMADS is the leveraging of partnerships to build an operational system at NCDC now serving over 4Tb of NWP and related observational and reanalysis per month.   
3.  NOMADS Goals
The short-term goals of NOMADS will:

· improve access to NWP and GCM(s, 

· improve the linkages between the research and operational modeling communities, 

· foster collaborations between and among both the climate and weather communities, and 

· provide the observational data and model analysis initialization products for Regional models; and for verification of forecast and climate models.  

The long-term goal will:
· promote product development and collaborations within the geo-science communities (ocean, weather, and climate) to study multiple earth systems using collections of distributed data under a sustainable system architecture. 

The NOMADS data management vision is to make model data and information services uniformly available to all elements of NOAA Data Centers and Laboratories, as well as to external communities, thus providing seamless provision of, and access to, model data, independent of how and where they are collected and stored.  NOMADS has been developed as a (Unified Climate and Weather Archive( that provides Web access to information so that users can make decisions about their specific research, operational, and educational needs.  This on time scales from days (weather), to months (El Nino), to decades (global warming).   

4.  Distributed Access

A new paradigm for sharing data among climate and weather modelers is evolving.  It takes advantage of the Internet and relatively inexpensive computer hardware.  In this new framework, scientists put their data unto a computer on the Internet.  Software running on the computer allows outside users to see not only their local data but also data on other computers running this same software and data format descriptions.  NOMADS participants serve their data sets through a client-server relationship, that is, the data sets are internet ready and the display is done by the client.  NOMADS uses the GrADS Data server (GDS) that combines both GrADS, a freeware client (from the Center for Ocean Land and Atmosphere (COLA url link #2 below)) and the OPeNDAP (url link #3) server to subset and exchange data in many formats with http:
· This means that data appears to the user or client application as a local file!

· Like a network file system over the web!
· OPeNDAP requests are made by many freeware and commercial high level language clients. 
· This includes GrADS, Ferret, IDV, IDL, Matlab and others.
· Simple http queries to the OPeNDAP servers can create value added products such as specific values (precip, temp thresholds etc.), or displays of ensemble probabilities over the internet with just one query.  
· Clients such as Unidata’s IDV can easily access the NOMADS archive for advanced distributed analysis and 4-dimensional plotting (see Figure 1).  

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

· Data access (client)

· Provides access to data in the users normal application

· IDL / IDV / Matlab / Ferret

· GrADS (GRIB/BUFR w/ GDS)

· Netscape / Excel / http (wget)

· CDAT (PCMDI) 

· Any netCDF application      (i.e., AWIPS) 
· Data publishing (server)

· Can serve data in various formats

· netCDF / GRIB / BUFR / GRIB2 

· HDF (3-5) / EOS

· SQL / FreeForm 

· JGOFS / NcML

· DSP

· ascii, others...
· Provides spatial and temporal sub-setting and host side computations on the fly.

NOMADS also provides catalog access for both the Unidata THREDDS system, and for the Global Change Master Directory (GCMD) and under the FGDC metadata schema.  
5.  Data Availability 

The data (NOMADS link #2 below) currently available at NCDC and NCEP include:

· Real-time and retrospective NCEP Numerical Weather Prediction (NWP) forecast output,  (both NOAAPort and NCEP grids)

· NCEP Spectral Statistical Interpolation (SSI) assimilation system model input and restart files (see NOMADS site for complete listing), 
· NCEP Ocean Wave models, 
· The new North American Regional Reanalysis (NARR- see upcoming BAMS paper published jointly with NCEP); 
· Reference quality surface and upper-air data sets

· SST Climatologies from NCDC
· NCEP/NCAR R1/R2 Reanalysis

· NCEP Ensembles

· NCEP Sea Ice Models

· NCEP Climate Data Assimilation System (CDAS)  
· AMIP Eta/GFS

For a complete listing of NOMADS data availability see Table 1 (see table embedded below (should be a link?)).  Various coupled climate models and simulations are available at the GFDL NOMADS. 
6.  Coping with Model Data Output

NOMADS is built around the idea that users can select specific models, times, or variables and pull required data.  NOMADS also provides browsing and server side computational capabilities using the GrADS Data Server (GDS).  This allows users to download or view only the data they need, not an entire model run or data they are not interested in using.  NOMADS accommodates users of both large and small volume requests however.  Data can be ftp’ed, and using the cgi scripts originally developed at NCEP (2002, Ebisuzaki, et al.,) users can download subsets of the raw GRIB data, either manually, or in an automated manner to receive real-time forecasts on a regular basis.  
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Table A
	
NOAAPort Numerical Weather Prediction Models

Available on NCDC NOMADS



	Model
	Grid
	Domain
	Resolution
	Cycles
	Forecasts
	Levels and [variables]

	Global Forecast System

Aviation

(GFS-AVN)


	201
	Northern Hemisphere
	381.0 Km
	6 Hours
	6 Hrs. to 120.
	10 Pressure Levels [6],

Tropopause [5], and basic surface variables [7]

	
	202
	North America
	190.5 Km
	6 Hours
	6 Hrs. to 120.
	10 Pressure Levels [6], Surface variables [14]

	
	203
	North Pacific
	190.5 Km
	6 Hours
	6 Hrs. to 120.
	10 Pressure Levels [7], Tropopause [5], and basic surface variables [10]

	
	211
	United States
	81.27 Km
	6 Hours
	6 Hrs. to 180.

12 Hrs. to 240
	29 Pressure Levels [7], Tropopause [5], mb above ground [4], and surface variables [15]

	
	213
	North America
	95.25 Km
	6 Hours
	6 Hrs. to 120.
	10 Pressure Levels [7], Tropopause [4], and surface variables [19]

	Global Forecast System

Medium Range Forecast

(GFS-MRF)
	201
	Northern Hemisphere
	381.0 Km
	Daily 00z
	12 Hrs to 240
	7 Pressure Levels [6],  and basic surface variables [9]

	
	202
	North America
	190.5 Km
	Daily 00z
	12 Hrs to 240
	7 Pressure Levels [6],  and basic surface variables [9]

	
	203
	North Pacific
	190.5 Km
	Daily 00z
	12 Hrs to 240
	7 Pressure Levels [6],  and basic surface variables [9]

	
	205
	Atlantic Basin
	190.5 Km
	Daily 00z
	12 Hrs to 240
	7 Pressure Levels [6],  and basic surface variables [9]

	
	
	
	
	
	
	

	Early-ETA
	212
	United States
	40.64 Km
	12 Hours
	3 Hrs. to 60
	13 Surface Variables

	NAM

(Meso-ETA)
	211
	United States
	81.27 Km
	12 Hours
	6 Hrs. to 60
	19 Vertical Levels [6], Layered variables [5], and 17 surface variables including convective parameters [17]

	
	212
	United States
	40.64 Km
	6 Hours
	3 Hrs. to 60
	29 Pressure Levels [6], Layered variables [2], Surface variables [10], and others [2]

	
	215
	United States
	20.31 Km
	6 Hours
	3 Hrs. to 60
	Layered variables [5], and surface variables including convective parameters [27]

	
	218
	United States
	12.19 Km
	6 Hours
	3 Hrs. to 84
	Surface variables including convective parameters [14]

	
	
	
	
	
	
	

	RUC
	211
	United States
	81.27 Km
	Hourly
	3 Hrs. to 12
	19 Vertical Levels [6], Tropopause [4], Layered variables [4], basic surface variables [7], and others [6]

	RUC2
	236
	United States
	40.64 Km
	Hourly
	1 Hr. to 9, 

then 12
	19 Vertical Levels [6], Tropopause [4], surface variables including convective parameters [29], and others [5]

	
	
	
	
	
	
	

	Model
	Grid
	Domain
	Resolution
	Cycles
	Forecasts
	Levels and [variables]

	
	
	
	
	
	
	

	
NCEP High Resolution Models

Available on NOMADS



	NAM MESO-ETA
	218
	United States
	12.19 Km
	6 Hours
	3 Hrs. to 60
	141 total variables, with 39 Vertical Levels [8]

	GFS-AVN
	003
	Global
	1 degree

Lat/Lon
	6 Hours
	3 Hrs. to 180
	139 Total variables, with 26 Vertical Levels [8]

	
	
	
	
	
	
	

	
North American Regional Reanalysis

Available on NOMADS



	NARR
	221
	North America
	32.46 Km
	3 Hours
	None
	29 Vertical Levels [8], with 187 Total Variables

	NARRMON
	221
	North America
	32.46 Km
	Monthly
	None
	29 Vertical Levels [8], with 187 Total Variables

	NARRMON

3hr
	221
	North America
	32.46 Km
	Monthly:

3 hr Diurnal Divisions
	None
	29 Vertical Levels [8], with 187 Total Variables


Table B

	Period of Record for NOMADS Datasets at NCDC
As of November 05, 2004



	Model System
	Grid
	Online Availability
	Availability from deep archive

	GFS-AVN
	ALL
	June 01, 2003 to Present
	May 01, 2002 to May 31, 2002

	GFS-MRF
	201
	June 01, 2003 to Present
	May 01, 2002 to May 31, 2002

	
	202
	
	

	
	203
	July 01, 2003 to Present
	January 17, 2003 to May 31, 2003

	
	205
	
	

	Early-ETA
	212
	June 01, 2003 to Present
	July 27, 2002 to May 31, 2003

	NAM

Meso-ETA
	211
	June 01, 2003 to Present
	July 27, 2002 to May 31, 2003

	
	212
	
	

	
	215
	
	

	
	218
	June 01, 2003 to Present
	October 02, 2002 to May 31, 2003

	RUC
	211
	June 01, 2003 to Present
	July 27, 2002 to May 31, 2003

	RUC2
	536
	June 01, 2003 to Present
	July 27, 2002 to May 31, 2003

	

	NAM

MESO-ETA High Resolution
	003
	May 02, 2004 to Present
	March 01, 2004 to May 01, 2004

	GFS-AVN
High Resolution
	218
	June 01, 2004 to Present
	March 01, 2004 to May 31, 2004

	

	North American 
Regional Reanalysis
	221
	January 01, 1979 to December 31, 2003
	This dataset is completely online

	

	WAVE-WIND Models
	All
	March 24, 2004 to Present
	This dataset is completely online

	

	ERSST
	N/A
	January 1854 to Present month
	This dataset is completely online

	GHCN
	N/A
	January 1880 to Present month
	This dataset is completely online


These datasets are made available to Unidata Integrated Data Viewer (IDV) users by the NOMADS Grads Data Server (GDS) using metadata tags specified with Unidata UDUNITS compliant parameters.  GDS#1 (http://nomads.ncdc.noaa.gov:9090/index.html) Contains the NOAAPort datasets, and GDS#2 (http://nomads.ncdc.noaa.gov:9091/index.html) Contains the High Resolution NCEP models and the North American Regional Reanalysis (NARR), derived from the ETA model analysis.

All parameters with vertical levels (See rightmost column in table B), are capable of being displayed in 3 Dimensions using IDV.  These variables include temperature, geopotential height, relative and specific humidity, U and V wind components, vertical velocity, cloud water, and absolute vorticity.  This is a generalization as some models may contain additional 3D parameters and others models may contain less or none at all.  In addition to the 3D parameters, the NOMADS models contain a few hundreds 2 dimensional variables plotted on various surfaces including but not limited to tropopause, surface, max wind level, zero degree Celsius (freezing) level, and layers of height (in both meters and millibars) above and below the surface.

Loading a 3 dimensional NARR field into IDV requires approximately 800 mb of memory.  The High Resolution ETA and GFS, NOAAPort ETA, RUC, GFS-AVN, and GFS-MRF respectively require less memory to load.

Other Datasets Hosted by NCDC/NOMADS

	
NCEP WAVE Models
Available on NCDC NOMADS



	Model
	Grid
	Domain
	Resolution
	Cycles
	Forecasts
	Levels and [variables]

	WAVE-

WIND


	233
	Global
	1.25 deg. lon 1.00 deg. Lat
	6 Hourly
	6 hrs to 72

84, 96, 120
	Wind Wave, Primary and Secondary Direction and Speed

Wind Wave Height,

Surface U and V winds

	
	238
	Northwest Atlantic
	0.25 deg

Lat/Lon
	6 Hourly
	6 hrs to 72

84, 96, 120
	

	
	239
	Alaska
	0.5 deg. lon

0.25 deg. lat
	6 Hourly
	6 hrs to 72

84, 96, 120
	

	
	244
	West Atlantic
	0.25 deg.

Lat/Lon
	6 Hourly
	6 hrs to 72
	

	
	253
	Northeast Pacific
	0.25 deg.
Lat/Lon
	6 Hourly
	6 hrs to 72

84, 96, 120
	


Note:  WAVE WIND model is currently not available on GDS and IDV.

	
NCDC Climate Datasets
Available on NOMADS



	Dataset
	Domain
	Resolution
	Cycles
	Forecasts
	Levels and [variables]

	Smith-Reynolds

Extended Reconstructed SST's
	Global
	2 Degree 

Lat/Lon
	Monthly
	None
	Sea Surface Temperature and Climatology

	Global Historical Climate Network
	Global
	5 Degree 

Lat/Lon
	Monthly
	None
	Min, Mean, Max Temperature Anomalies, 

Precipitation Anomaly


URL’s for embedded links:

1) NOMADS Overview/Project

http://www.ncdc.noaa.gov/oa/climate/nomads/nomads.html
2) NCEP Data Access

http://nomad2.ncep.noaa.gov/
3) NCDC NOMADS Data Access

http://nomads.ncdc.noaa.gov/data-access.html
4) COLA

http://grads.iges.org/home.html
5) OPeNDAP

http://opendap.org/
and Unidata’s listing? (DODS servers)

6) THREDDS

http://my.unidata.ucar.edu/content/projects/THREDDS/index.html
7)  GCMD

http://gcmd.gsfc.nasa.gov/
8)  GFDL

http://nomads.gfdl.noaa.gov/












[image: image1]