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1. NTRODUCTION

Assupercomputersincrease the temporal and spatial
resol ution of models and demands for on-line access to
large-array data increase, current communication
technologies and data management techniques are
inadequate. Rapid development in communications
technol ogies over the last decade has been essential to
provide significant gains in our ability to access data
archives and other data sets. These technologies have
been expected to enable collaborative research between
institutionsto rapidly grow. However, the difficultiesin
achievingaccessbility and interoperability havedelayed
the realization of these potential gains. Itisclear that it
is no longer sufficient for any one national center or
laboratory to develop its data services alone. Both
researchers and policy-makers alikenow expect national
data assets to beeasily accessible and inter operable with
each other, regardless of their physical location. As a
result, an effective interagency distributed data service
requires coordination of data infrastructure and
management extending beyond traditional organi zational
boundaries. Weather service Operations can al so benefit
from these advances and still maintain operational
reliability and security in data movement.

The NOAA Operational Model Archive Distributed
System (NOMADYS) is an agreement between agencies
who participate, to have common data and observation
distribution software, format independentand description
methodology, documentation and organization
framework, forums to plan, organize and coordinate
funding activitiess. NOMADS provides a service to
federal agencies, the scientific and university
community, and the public by fostering a common
framework and
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protocol for serving environmental data sets from
NOAA and other organizations. These groups benefit
from an active forum for the participants to plan and
coordinate software policy decisions and promote
growth and development of data access technologies.
The customers of NOAM DS are university scientists,
students, federal, public and commercial agencies and
organizations who need an access mechanism to the
data sets that are disseminated.

2. NOMAD PARTICIPANTS

NOMADS offers a collection of tested and widely
used software servers and client examples to
participants who embrace the protocols.
They canthensay "NOMADS inside' on .
their servers and participate and?
influence the future development of
NOMADS guiddines. There are 8
active NOA A participants: National Climate Data
Center (NCDC), Pacific Marine Environmental
Laboratory (PMEL), National Centers for
Environmental Prediction (NCEP), Geophysical Fluid
Dynamics Laboratory (GFDL), Forecast Systems
Laboratory (FSL), Climate Diagnostic Center (CDC),
Program for Climate Model Diagnosis and Inter-
comparison (PCMDI), and US Global Ocean Data
Assimilation Experiment (USGODAE) serving data
under the NOMADS framework. A number of
participants are outside NOAA and many NOAA
projects, who are suppliers of data, have expressed an
interest in using NOMADS servers. For example, the
NCEP/DOE re-analysis project serves data using
NOMAD S software. Weshow that the National Digital
Forecast Database (NDFD) operations may be served
by NOM ADS to increase efficiency, utilize resources
and solve dissemination problems. A public
organizationthat has made significant contributions to
NOMADS' isthe Centerfor Ocean Land Atmospheres
(COLA). For example, COLA had provided their open
source software and integrated it with the Distributive
Ocean Data System (DODS), one of the primary
conduitsof NOMAD Sservers. TheNational Center for




Atmosp heric Research (NCA R) is another organization
that has made contributions on display and
dissemination. These participating groups meet from
time to time to report on their progress and create the
direction and guidelines for NOMADS.

3. NOMADS NCEP REAL TIME COMPONENT

The NCEP component project, cdled "Real Time
(RT)NOMADS", goal isto provide aservice to federal
agencies, the scdentific and university community, and
the public by serving environmentd data sets from
NOA A and other organizations.

A goal of the RT-NOM ADS project is to specify
operational 24/7 servers for NOAA Operations in
forecast officesaswell asaworking prototypefor public
use. The serving technology employed in NOMADS,
called the Data Applications Protocol (DAP also known
as DODS), can effectively provide part or all of the
NOAA datasets to the public and federal agencies. The
framework can bu used for serving Weather Forecast
Offices(WFO) from aweaher servicenational center or
regional officeasif the datawasfrom local disk storage.

Distributed System Architecture Prototype

For this report, we consider that applications are
clients that draw on the server for data and
computational resources. Clients can also run on the
server. Examples of afew clientapplicationsthat run on
the RT-NOM ADS server is a web based file transfer
protocol (ftp) known as the fip2u client, and pdisp
(knownas“ Great Displays”) whichisagrid analysisand
display application. NOMADS participants serve up
their data sets through a client-server relationship. The
data sets are internet ready and their display is done by
the client.

In the case of fip2u, the client pares down large file
sizes of high resolution model results and re-groups
different files to create needed products, such as
initialization files for model development. Users can
obtain subsets of thedatain parameter space (variables),
physical space (longitude, latitude, height level), and
over time.

The pdisp client will display selected parts of the
data base in a large number of views including time,
hovmoeller diagram, cross sctions and other maps
across selectable 5 dimensions (time, height, longitude,
latitudeand parameter space). Theseclient programsare
executed on the server with direct access to the data base
or they run equally well accessing the DODS server and
gaining access to the data base over network resources.

Network band width is of importance in client
applications.  Internet-2 bandwidth is now available
with bandwidth speeds that are similar to commonly
used direct disk access. Anoperational weather service
server could be populated from data sources at NCEP
centersor physically located at the Telecommunications
Operations Center (TOC), and Regional offices.
WFO’scan useexisting display clientsto view datasets
from these servers and maintain quality control,
seclurity and other preferences. Inthisway NOMADS
is a service that encourages NOAA projects and
operations to distribute data records for NOAA, for
science, and the public.

The RT NOMADS prototype is a collection of
servers at NCEP and NCD C which have real time data
bases, weather service operational suite of model
products, forecast information for model comparisons,
operational initialization and observations. The
NOMADS programing staff maintain the codes,
organize documentation, create and maintain utilities
for data manipulation and grid transformation and sub-
setting. The RT-NOMADS prototype serves as a
transferpointto NCDC for NOMADSarchiveof reruns
and retrogpective model cases as the A inNOMADS
standsfor archive NCEP historical casesfor rerun and
retrospective case studies of ocean, atmosphere and
climate are in great demand in the meteorological
scientific community. AsNCEPreal time model output
is stored & the NCDC NOMADS archive, there is a
seamless access to these important data sets. At this
time, NCEPreal timemodel run history iscarried about
2 months to 1 year before it is queued for transfer to
NCDC archives. Resources are planned for a 2-5 year
archiveof thehighresolution model datasets. Currently
for the Global Forecat System (GFS), the resolution is
1x1degree every 3-h out to 7 ¥ day foreasts, and the
meso Etais posted at 12 km every hour to 36 hours and
3-h intervals thereafter on a Lambert conformal
(NMC#218) grid. Low resolution data sets are also
maintained for quick access and to serve a historical
service records. A number of data sets with different
characteristics are also kept such as the re-analysis-I
and |l data sets. The type and extent of data sets
changewithtime. NOM ADS attemptsto keep data sets
in the form that they had when produced utilizing
server-client software to make needed conversions.

Distributed Adinistradion and Support

NOMADS tests and creates benchmarks to
characterize system loads in order to determine costs
and give NOAA administration theinformationit needs
to triage data resources. The NOMADS model is a



distributed one and recommends programming resources
be distributed. NOAA projects and agencies already
budget lineitemsfor information technology. T he costs
for NOM ADS should be shared equally between base
and project funded information technology budgets.
NOMADS success, as the success of any project,
depends on ad equate support.

NOMADS overcomes the barriers for
interoperability by using established and emerging
technologies and data transport conventions, but most
importantly- partnerships are needed to access and
integrate model and other data stored in geographically
distributed repositories in heterogeneous formats. As
pointed out in “Fair Weather: Effective Partnership in
Weather and Climate Services” by the National Research
Council (2003), recommendation 5, that NOAA should
provide: wider information dissemination through web
pages and other avenues, a frame work to create
specialized and value added products, facilitate
communication among commercial, public, research
community and federal agencies. NOMADS is the
solution for recommendation 5 as it makes data and
products available in internet-accessble digital form for
creation of value added products (VAP) and can be used
by value added retailers (V AR).

4. NOMADS IS A SERVER

An important aspect of NOMADS is the use of
DODS protocol which wutilizes meta-data file
descriptions, readable by machine or man. A server-
client relationship means that users (read clients) can
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Plots, Data, Points of Contact

access the NOM ADS data sets as if they were on the
userslocal disk! T he server data base can be accessed
by the client applications running on the NOMADS
server or the DODS server may be accessed by a client
operati ng on the users personal computer. The results
will be the same. The RT-NOMADS prototype client
examples can be accessed by users and is run on the
server. To access the data base, for example, the re-
analysis data base, we show an excerpt of the RT-
NOMAD dataset lig in Table1l. Thedataset nameis
shown in column 1. The frequency column indicates
the time period of the data set, either the number of
daily cycles or the time averaging involved. The plot,
ftp, doc and gds labeled columns provide which client
should be used to access thedatabase. That is, the user
selects a client, either plot (pdisp or Great Displays),
for making data displays, ftp, for fip2u used to “slice
and dice” and download digital data, doc, for
documentaionlinks, or gds for DODSserv er meta-data
file descriptions and URL information and addresses.
Points of contact and other informationare listed to the
right (not shown).

W e have already mentioned the clients pdisp and
ftp2u which are similar to existing client applications
that existon many web pages. A user client gpplication
accessinga NOMADS server to obtain a data request
with appropriate congraints is a new concept now
available. For example, retailers can add value to their
products by utilizing the data they need from weather
service operations. Many scientific studies and
educational data requests can be satisfied efficiently
using DODS serv er requests.

First, an example of a NOM ADS DODS access
using the open source client GrADS (Graphical

The following table list several data sets. By clicking on the appropriate command, you can (1) make plots, (2) FTP the | H H H
2) obtain documentation, At this time, some options are not available (N/A). BTW, we know that plots can, at times, be A nal yS| S and D | S)l ay SyStem‘ aval l d)l e from COL A)

with a dataset form the NCEP re-analysis. An excerpt

DataZet | freq iplot| ftp ‘doc | gds ‘ contact 1
NCEP/DOE Reandlysis (Reanalysis2) fromthe GDS/DODS meta-datadescriptor fileisshown
Reanalysis-2 pressure level Az dail |plot | ftp2u |doc [DODS Wesley Ebisnzaki@noas.gov . . . .
Reanalys?:Q noi-pressure level Az dai; iM ﬁ & @ Wesle:Ehlsnzakl@maa znv in Fi g 1 and can aj SO be 4 eWed at the Web ste:
Reanalysis-2 spectral sigma analyses dxdaily  [N/A[fp2u ftp doc [ /A Wesley Bbisuaeki@nae gov ht’[p://nomad 1. ncep.noaa.gov: gogoldods/reana|ys| S-
Reanalysis-2 sfcanl (to run model) Az daily MN/A| ftp |doc | N/A |Wesley Ebisnzski@noas gov
Reanalysis-2 pressure level monthly mean |plot | fip2u | doc [DODS Wesley Ebisuzaki@noas gov 2/6h r/ng/hgt that iS, the 4X/day preSSUre GRIB
Reanalysis-2 non-pressure level ‘ monthly mean |plot | fip2u | doc |DODS Wesley Ebisnzaki@noaa.gov

geopotential height. Asthe meta-datain Fig 1 indicate,
this data set contains data from 1979 (Jan) through
2003 (Aug) extending from 1000 hPa to 10 hPa over
the globe on a 2.5 degree longitude/latitude equally

Reanalysis-2 diabatic heating etc ‘ monthly mean }m fip2u  |doc [DODS Wesley Ebisnzaki@noas.gov
MNCEP/DOE Reanalysis (Reanalysis-2) Rotating Archive, latest analyses

Reanalysis-2 pressure level 4z daily rotating @ [Erp2u ftp [doc [DODE [Wesley Ebisuzaki@nuas gov

Reanalysis-2 non-pressure level l4x daily rotating [plot [frp2u ftp [doc [DODSE [Wesley Ebisnzaki@noas gov

Reanalysis-2 model init conditions 1z daily rotating iN/‘A ftp2u fip | doc |DODS [Wesley Ebisnzaki@uoaa.gov

CDAS-NCEP/NCAR Reanalysis

N/ Reanalysis pressure level \ Az daily \pE fip2u  |doc DODS [Wesley Ebisnzaki@neas.gov Spaced grl d GrA DS IS an eXampl € Of a hl gh l eVel
N/N Reanalysis pressure level monthly mean N/A doc [DODS [Wesley Ebisuzaki@noas gov

language that can be used to analyze data and display

I S G o vl ooy oen Ml M s BTN pesilits over time and space or obtain values for other
calculationsontheserver! For example, the command

group shown in Fig 2 would display 3 years of 500 hPa
height fields consecutively, thus, animatingthem. The
sdfopen command in Fig. 2, connects and opens the
NCEP data set on the users personal computer to
access, in this case, the re-anaysis data set. Note that

EEE

Table 1. Excerpt of the RT-NOMAD data set list from
http://nomadl.ncepnoaa.gov/incep data/index. html




the URL target of the sdfopen command is the same as
that listed on the metadata file description mentioned
above. One is not limited to only one connection but
may open multiple data sets at once. No resources are
used until a query ismade. The example scriptin Fig 2
initializes a time counter to 1 and sets the display to
produce color fill mapsinlines2and 3. The while |oop
will continuefor many dayseach display including atitle
with the date from the next 3 lines. T he ‘d(isplay) hgt’
displaysthe height field and a col or bar is show n beneath
themap. The counter isincremented and the while loop
ends.

GrADS-DODS Server - info for /reanalysis-2/6hx/pgh/hgt : dds das

DODS URL: httpeéfnomad] neep noas gov:9090/do dsfreanalysis-2/6heipgh/hgt

Description: NCEF/DOE Reanalysis (RB-2) 4x daily pressure-level analyses
Docwmentation: none provided

Longitude: 0°E to 357 5°E (144 points, avg res 2.5%)
Latitude: Q0°N o 90°M (73 poinrs, avg. res. 2.5%)
Altitude: 100010 10 (17 points, swg. res. 61.88)
Time: 00Z01TAN19789 to 18Z31 AUG2005 (36036 points, avg res. 60 honrs)
Variahles: (total of 1)

hgtprs ** geopotental height [gpm]

Fig 1. Excerptfrom the GDS/DODS meta-data descriptor
file is shown in Fig 1 at the web site URL:
http://nomad1.ncep.noaa.gov:9090/dods/reanalysis-
2/6hr/pgb/hgt

sdfopen \
http://nomadl.ncep.noaa.gov:9090/dods/reanalysis-
2/6hr/pgb/hgt
t=1
'set gxout shaded'
while(t <= 1000)
'sett't
'q time'
date=subwrd(result,3)
'draw title hgtprs'date' 't
'd hgtprs'
'lhome/wd23ja/grads/lib/cbarn.gs'
t=t+1
endwhile

Fig 2. command group ion Fig 3 would display 3 years
of 500 hPa height fields consecutively, thus, animating
the fields.

The script is elementary GrADS commands
however, the important idea is that the sdfopen URL
address gives access to the NOMAD S DODS data
server and any GrADS commands can be applied. The
NOMAD S server expends computer resources locating
the correct parts of the file requested from the users
query (d hgtprs) defaulting to the 1979 GRIB data set.
The servers response includes unpacking the WMO
standard GRIB file and any other constraints from the
users request. Once the results arrive at the users
personal computer, instruction for the display are
handled locally.

If one does not have the GrADS client one can
accessthe DODS server by URL addressed queries and
constraints. These can be used in creating VAPs or for
usersto directly receivetheinformation they need. For
example, a weather service VAR, like the Weather
Channel or providers of information to federal agencies
and private concerns, obtain environmental data form
large and often cumbersome files. NOMADS offers a
way for customers to get what they need. We choose
for this example the GFS and show surface temperature
for a single model point, say at the North Pole, lat:
90.00N, Lon: 0.00 W for 00Z,Oct 20,2003. TheURL
address including the query for the 2-dimensional 2-
meter tem perature field, tmp2m, looks like:

http://nomad1.ncep.noaa.gov:9090/dods/gf s/gf s20031
020/gfs 00z.ascii?tmpwm[0:0][180:180][180:180]

A program to create URL addresses and query lines
like the one above from the GFS or meso-Eta model,
for initial conditions (the present) and forecasted high
and low temperature is located at the web site
http://noamdl.ncep.noaa.gov/cgi-bin/va/try.pl

A VAR might need to present, on its own web
pages, thelatest temperatureforecast. WithNOMADS,
a constraint query, like the one above, is al that is
needed to retrievedata from the oper ational NWS data
sets including GRIB or GRIB-2, NETCDF and BUFR
station data formats. The command, “.ascii” in the
above URL constraint query will deliver valuesin ascii
after unpacking GRIB files on the server and selecting
the, “?tmp2m”, 2-meter surface temperature variable,
a 2-dimensional field, since itis only at the surface.
The constraint part of the query isin square brackets, “[
1". Thefirst [0:0] means the “initial condition” or 00-h
forecast. If onereplaced thiswith other values such as,
forexample, [0:10], theresult form the constraint query
would be thefirst 10, 3-h , GFS forecasts starting with
theinitial condition. Thefirst [180:180] constrainsthe
server to 180 degrees north of the south pole and the
last bracked [180:180] showsthe point 180 degrees east



of the Greenwich meridian in this case the special point,
North Pole. The server returns the data requested in the
query. It also returns the described location and
dimension of the data, tha is, the time, latitude and
longitude. One does not need a browser to initiatethe
query but can obtain the data inside user web programs.
The temperature returned in this case was 266.6 K.
Commercial clients such as MATLAB, IDL and open
source VISAD are afew examples of clients that us the
DOD S protocol.

4. APPLICATION TO THE NDFD

The N ational Digital Forecast database (ND FD) is
a collection of high resolution 5 km data sets which
can be served in the same way the above mentioned
model output files are served. For the case where
subsets of the data set are needed for use in creating
VAPs, NOM ADS data servers can respond to
constrain queries customized by forecasters at W FO’s.
The forecastersdisplay sysem may beused to show
the dataresults. The protocol is based on the most
common web technology and language. Security fire
walls can be made to allow data population by one
protocol (say, secure shell) from source machines at
TOC or NCEP while allowing server requests from
ports at WFO'’ s through allowed ports providing
firewall security.

5. SUMMARY AND FUTURE WORK

NOMADS is an agreement between participants to
adhere to a set of guidelines for the purpose of serving,
disseminating and documenting data sets. NOM ADS is
a service to distribute N CEP’s operational data set to
researcher and the public and to provide server software
to NOAA projects who need to serve their data through
web services. NCEP RT-N OM ADS istheintermediary
between NCEP operational computers and NCDC
NOMADS archive servers for a seamless real time and
archivedatabase of atmosphere, ocean and climate data.
RT-NOMADS provides the framework for long term
support to be available to keep up with modeling
advances.

The NOMADS server has software tools and
provides clients/users with access to common data
formats or mitigates between the most commonly used
data sets in many formats. Data appears to clientsand
usersas alocal filein astandard format.

NOMAD Sisaconcept that can take advantage of the
increased bandwidth opportunity at regional centers to
use NOMA DS to transfer operational data to regional
officesserverswhichin turnwould servedatato WFO's.

It satisfies recommendation 5 of “Fair Weather:
Effective Partnership in Weather and Climate
Services”.
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6. REAL TIME-NOMADS WEB SITES

Datafrom NOMAD S clients or DODS servers
are available at the web sites:

http://nomad2.ncep.noaa.gov
http://nomad1.ncep.noaa.gov






