
NOAA Operational Model Archive and NOAA Operational Model Archive and 
Di t ib ti S t (NOMADS)Di t ib ti S t (NOMADS)Distribution System (NOMADS)Distribution System (NOMADS)

andand

Aggregation of Ensemble DatasetsAggregation of Ensemble Datasets

Jordan C. AlpertJordan C. Alpert jordan.alpert@noaa.govjordan.alpert@noaa.gov
National Centers for Environmental Prediction
Environmental Modeling Center NOAA 2012 Environmental Data Management NOAA 2012 Environmental Data Management Environmental Modeling Center
Camp Springs, MD 20736

gg
Conference Conference 

Data Integration Projects Data Integration Projects 

May 16, 2012May 16, 2012



What is NOMADSWhat is NOMADS

D i d t id l ti d t ti f t i d d t tDesigned to provide real-time and retrospective format independent access to 
climate, ocean and weather model data, and advance the integration of real 
time model data and applications:

A digital archive of NOAA’s operational weather models, and an “innovative A digital archive of NOAA’s operational weather models, and an “innovative 
data access philosophy to promote interoperable access across the geosciences” data access philosophy to promote interoperable access across the geosciences” 
(BAMS, Rutledge et. al., 2006) (BAMS, Rutledge et. al., 2006) 
An integrator of common web services infrastructure to support the discovery, An integrator of common web services infrastructure to support the discovery, 
access and transport of data (NOAA GEOaccess and transport of data (NOAA GEO--IDE Concept of Operations Rept. to IDE Concept of Operations Rept. to 
the DMC, 2005) and “the DMC, 2005) and “Completing the ForecastCompleting the Forecast” (NRC, 2006) Recommendation ” (NRC, 2006) Recommendation 
3 4:3 4:3.4: 3.4: 
Unified Access Framework (UAF) project participant: To build momentum for Unified Access Framework (UAF) project participant: To build momentum for 
implementing NOAA Global Earth Observation implementing NOAA Global Earth Observation -- Integrated Data Environment Integrated Data Environment 
(GEO(GEO IDE) through a phased approach to data interoperability that:IDE) through a phased approach to data interoperability that:(GEO(GEO--IDE) through a phased approach to data interoperability that:IDE) through a phased approach to data interoperability that:

Engages data providers and usersEngages data providers and users
Leverages stable, proven solutions and standardsLeverages stable, proven solutions and standards
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Has a high probability of demonstrable successesHas a high probability of demonstrable successes



NOMADS:  High availability servers from distributed NOMADS:  High availability servers from distributed 
l ti i th t l t di t ib t d l d tl ti i th t l t di t ib t d l d tlocations using the same protocol to distribute model datalocations using the same protocol to distribute model data..

The real time data service is (February 2009) highly available, 24/7, from the The real time data service is (February 2009) highly available, 24/7, from the 
NOAA W b O ti C t (WOC) di t ib ti NOAA’ O ti l M d lNOAA W b O ti C t (WOC) di t ib ti NOAA’ O ti l M d lNOAA Web Operations Center (WOC) distributing NOAA’s Operational Model NOAA Web Operations Center (WOC) distributing NOAA’s Operational Model 
suitesuite
Archives at National Climate Data Center (Separate Operations Implemented Archives at National Climate Data Center (Separate Operations Implemented 
in 2007)in 2007)
Development continues at EMC with servers and nonDevelopment continues at EMC with servers and non--operational data sets.operational data sets.
Other agencies use similar protocol to distribute environmental data, Other agencies use similar protocol to distribute environmental data, egeg., ., 
GFDL, PMEL, NCAR, NASA… and collaborate through organizations like GFDL, PMEL, NCAR, NASA… and collaborate through organizations like 
DMIT GODMIT GO--ESSPESSPDMIT, GODMIT, GO--ESSP,… ESSP,… 
NOMADS open source services use: NOMADS open source services use: 
–– http or fast/partial ftp access: inventory & client script http or fast/partial ftp access: inventory & client script 
–– ftp2/4uftp2/4u (“GRIB filter”), slice, dice and area subset files delivering (“GRIB filter”), slice, dice and area subset files delivering 

k d GRIB filk d GRIB filrepackaged GRIB files repackaged GRIB files 
–– GDS/GDS/OPeNDAPOPeNDAP(DODS), Values from http queries(DODS), Values from http queries
–– pdisppdisp (“Great Displays”) development display program example, and (“Great Displays”) development display program example, and 

other application examples.other application examples.
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Goal:  All the model data from NCEP OperationsGoal:  All the model data from NCEP Operations



NOAA Web Operations Center (WOC)NOAA Web Operations Center (WOC)
NOMADS Commitment NOMADS Commitment (Beginning Feb 15, 2009)(Beginning Feb 15, 2009)

NOAA has committed that the Web Operations Center NOAA has committed that the Web Operations Center 
(WOC) is high availability, 24/7 operations(WOC) is high availability, 24/7 operations
NCEP C t l O ti (NCO) i itt d t thNCEP C t l O ti (NCO) i itt d t thNCEP Central Operations (NCO) is committed to the NCEP Central Operations (NCO) is committed to the 
data flow aspect of NOMADS for data to be present and data flow aspect of NOMADS for data to be present and 
on time from their Operational super computers.on time from their Operational super computers.
NOAA WOC has committed to maintain NOMADSNOAA WOC has committed to maintain NOMADSNOAA WOC has committed to maintain NOMADS NOAA WOC has committed to maintain NOMADS 
servers now and into the future, as well as day to day servers now and into the future, as well as day to day 
operations with costs shared by NOAA and NCEP baseoperations with costs shared by NOAA and NCEP base
A development commitment continues at NCEPA development commitment continues at NCEPA development commitment continues at NCEP  A development commitment continues at NCEP  
Environmental Modeling Center (EMC), a development Environmental Modeling Center (EMC), a development 
division, to keep up with new data sets and create division, to keep up with new data sets and create 
applicationsapplicationsapplicationsapplications
Data review groups, official committees and procedures Data review groups, official committees and procedures 
for moving new data sets and applications from for moving new data sets and applications from 
development to operations follows the existing NCOdevelopment to operations follows the existing NCO
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development to operations follows the existing NCO development to operations follows the existing NCO 
framework.framework.



Home page of WOC NOMADS

Real time GRIB2 data setsReal time GRIB2 data sets
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Number and size 
   of Datasets are 

rapidly growing

WOC servers are 
handling volume of 
h ldi   ll  holdings as well as 
increasing volume 
of users and use.
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MAX 32M

Usage Statistics for ftp 
ftp.ncep.noaa.gov
Summary Period: Last 12 Months
Generated 11-May-2012 09:03 UTC

MAX 54M

Usage Statistics for DODS/GDS/OPeNDAP 
nomads.ncep.noaa.gov:9090
Summary Period: Last 12 MonthsSummary Period: Last 12 Months
Generated 11-May-2012 09:03 UTC

MAX 318M

Usage Statistics for “Gribfilter” 
nomads.ncep.noaa.gov
Summary Period: Last 12 Months
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Summary Period: Last 12 Months
Generated 11-May-2012 09:02 UTC



How it is doneHow it is done

NOMADS i i h i dNOMADS i i h i d

Open Source

NOMADS participants serve their data sets NOMADS participants serve their data sets 
through a clientthrough a client--server relationship.  The data server relationship.  The data 
sets have machine and man readable metadata sets have machine and man readable metadata 
descriptions, GDS/OPeNDAP.descriptions, GDS/OPeNDAP.
Display is done by the client. Display is done by the client. 
Model output files are unpacked cached andModel output files are unpacked cached andModel output files are unpacked, cached and Model output files are unpacked, cached and 
exchange data from many formats using http in exchange data from many formats using http in 
response to user queries.response to user queries.
This means that server data values can This means that server data values can 
appear to the user or client application as a appear to the user or client application as a 
local filelocal file!!
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local filelocal file!!



More details…  More details…  
S t fil A t dS t fil A t dSeparate files are AggregatedSeparate files are Aggregated

Th i f h id biTh i f h id biThe aggregation of the separate grid binary The aggregation of the separate grid binary 
(GRIB2 or other) model output files, over (GRIB2 or other) model output files, over 
forecast time and ensemble component, is part forecast time and ensemble component, is part p , pp , p
of NOMADS of NOMADS 
This means that all the ensemble component This means that all the ensemble component 
files and all the separate forecast files canfiles and all the separate forecast files canfiles and all the separate forecast files can files and all the separate forecast files can 
appear as if they were one dataset appear as if they were one dataset 
A 6A 6--Dimensional data cube!  Ensemble Dimensional data cube!  Ensemble 

t F t ti V ti l lt F t ti V ti l lcomponent, Forecast time, Vertical layer, component, Forecast time, Vertical layer, 
Latitude, Longitude for each of the many Latitude, Longitude for each of the many 
Variables.Variables.

NOMADSNOMADS 99



The The GrADSGrADS--Data Server GDS/Data Server GDS/OPeNDAPOPeNDAP/DODS/DODS

NOMADS participants serve their data sets through a NOMADS participants serve their data sets through a 
clientclient--server relationship.  The data sets have machine server relationship.  The data sets have machine pp
and man readable metadata descriptions.and man readable metadata descriptions.
GDS combines both GrADS, a freeware client (from GDS combines both GrADS, a freeware client (from 
COLA) and DODS (OPeNCOLA) and DODS (OPeN--DAP) server to unpack, cache DAP) server to unpack, cache ) () ( ) p) p
and exchange data from many formats using http in and exchange data from many formats using http in 
response to user queries to create the metadata response to user queries to create the metadata 
descriptions from binary files according to control files.descriptions from binary files according to control files.
DODS/OP NDAP t d b fDODS/OP NDAP t d b fDODS/OPeNDAP requests are made by many freeware DODS/OPeNDAP requests are made by many freeware 
and commercially available high level language clients and commercially available high level language clients 
like GrADS and MATLAB. like GrADS and MATLAB. 
htt i t th DODS t l dd dhtt i t th DODS t l dd dhttp queries to the DODS server can create value added http queries to the DODS server can create value added 
products in addition to the basis of scientific work for the products in addition to the basis of scientific work for the 
public, federal agencies, etc.public, federal agencies, etc.
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All NOMADS Holdings have a MetaData Description

Man or Machine readable

Data location

DescriptionDescription

Extent

Variables, Units…

Geo-spatial
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All NOMADS Holdings have a MetaData Description

GrADS Data Server - info for /gens_bc/gens20110511/gep_all_00z : dds das

Man or Machine readable

OPeNDAP/DODS Data URL: http://nomads.ncep.noaa.gov:9090/dods/gens_bc/gens20110511/gep_all_00z

Description:
bias corrected GEFS member fcsts starting from 00Z11may2011, downloaded May 11 05:40 UTC
Documentation:Documentation: 

Longitude:0.0°E to 359.0°E (360 points, avg. res. 1.0°) 

Latitude:-90.0°N to 90.0°N (181 points, avg. res. 1.0°) 

Data location,   
Description,
Extent, 
Variables  

Altitude:1000.0 to 10.0 (10 points, avg. res. 110.0) 

Time:00Z11MAY2011 to 00Z27MAY2011 (65 points, avg. res. 0.25 days) 

Ensemble:1 to 21 (21 points) Variables:
(total of 13)

Variables, 
Units…,
Geo-spatial,

(total of 13)

hgtprs
** (1000 925 850 700 500.. 250 200 100 50 10) geopotential height [gpm] 
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Using http queries (URLs) to extract data from the GDS serverUsing http queries (URLs) to extract data from the GDS server
Example:  Aggregated Global Ensemble data setExample:  Aggregated Global Ensemble data set

http://nomads.ncep.noaa.gov:9090/dods/gens/gens20110506/gep_all_00z.ascii?tmin2m[0:20][0http://nomads.ncep.noaa.gov:9090/dods/gens/gens20110506/gep_all_00z.ascii?tmin2m[0:20][0

…DODS/OPenDAP/GDS  constrained query:

:21][130:130][255:255]:21][130:130][255:255]

Notice the 5Notice the 5--Dimensional query for each variable (6Dimensional query for each variable (6--D data cube!), D data cube!), e.ge.g, temperature (, temperature (tmpprstmpprs)):  :  
iithth Ensemble componentEnsemble component [0:20][0:20] Lists all 20 Ensemble components at, Lists all 20 Ensemble components at, 
Forecast timesForecast times [0:21][0:21] IC and every 6IC and every 6--hour interval to 5hour interval to 5--days is indicated,                   days is indicated,                   
Vertical levels  Vertical levels  [1:1][1:1] 975Mb indicated, and [0:0] would mean 1000mb,                                975Mb indicated, and [0:0] would mean 1000mb,                                
Latitude,  Latitude,  [129:129][129:129] is measured from SP (0) to NP (for a 1 degree grid)         is measured from SP (0) to NP (for a 1 degree grid)         
Longitude, Longitude, [243:243][243:243] Beginning at the 0 meridian Beginning at the 0 meridian –– we show Baltimore Intlwe show Baltimore Intl

The ordering of the square bracketed values:   The ordering of the square bracketed values:   
[Ens1:Ens2][Fcst1:Fcst2][Level1:Level2][Lat1:Lat2][Lon1:Lon2] [Ens1:Ens2][Fcst1:Fcst2][Level1:Level2][Lat1:Lat2][Lon1:Lon2] 

Units and other information represented in the metadata description file Units and other information represented in the metadata description file 
A stride is also possible [A stride is also possible [start:stride:finishstart:stride:finish] using colon separated values] using colon separated values

Use a nonUse a non--interactive web download program like “interactive web download program like “wgetwget” or” or cURLcURL, and place the URL in a, and place the URL in a croncron
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Use a nonUse a non interactive web download program like interactive web download program like wgetwget  or  or cURLcURL, and place the URL in a , and place the URL in a croncron
scheduler using a scheduler using a cgicgi--bin script to provide user interaction or obtain information for customized bin script to provide user interaction or obtain information for customized 
data flow.  data flow.  



Global Ensembles and Event Probability y
Tools (see Alpert & Wang, 2005, AMS 21 IIPS 17.5)

NCEP ensembles are constructed from many (20) model 
integrations by slightly changing the initial conditions. 
Ensembles attempt to span the space of possible forecastsEnsembles attempt to span the space of possible forecasts 
and ensemble members are equally probable forecasts – if 
not, we can apply a suitable normalization.
P b bilit ti t b d fi d i l thProbability estimates can be defined simply as the 
percentage of forecasts that satisfy a specified weather event 
over the total sample space (total number of components). 
We apply this to weather elements like surface temperature, 
wind speed, or precipitation at a location, at future model 
forecast times.
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Ensemble probability tool: A web based client application that can 
be used to provide threshold information to the user.  The program  
obtains the Global Ensemble Forecast information matrix from theobtains the Global Ensemble Forecast information matrix from the 
server, and returns the information to the user as a display (below) 
to allow the user to determine a proper threshold of their user 
defined weather event

The application 
delivers ensprob 
program “code”

defined weather event.

User determines their
User Selected Threshold…

h i l f f l lprogram code  
in the form of 
the returned  
URL  http//:etc... 

dd f h

User determines their 
threshold (to tolerate  
false alarms) for an 
alert, the application 

as per their tolerance for false alarms

address for the 
user to repeat  
the action by 
copy-pasting it 

pp
sends an alert to email 
and cell phone text-
message when the py p g

into any browser 
or...

threshold is met (next 
slide).

Th i hi “ h k f l ” i ll f h d l lik
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The user can re-issue this “check for an alert” automatically from a scheduler like cron 
using a non-interactive web download command like “wget” with the returned URL.



p _ pp

Like the Ensprob tool, the user 
chooses the location from the 
station list, or enters Lat/Lon and ,
defines the weather event.  

A user selects the threshold of probability by their

2012012320120123 NOMADSNOMADS 1616

A user selects the threshold of probability by their 
experience of false alarms for an alert, and the application
sends an alert to email or cell phone text-message.



Result from the World Bank Example AppResult from the World Bank Example App
---------------- Original Message Original Message ----------------
Subject: Subject: ALERT WEATHER EVENT: ALERT WEATHER EVENT: 
Precip: gt 5 mm/dayPrecip: gt 5 mm/day
Date: Date: Fri, 31 Jul 2009 16:01:39 Fri, 31 Jul 2009 16:01:39 --04000400
From: From: Apache <apache@noaa.gov>Apache <apache@noaa.gov>

Information and communications technologies (ICT), in 
particular, high-speed internet connections, content servers, 
and mobile application services are transforming public 
service delivery of critical information and democratizing

Precip: gt 5 mm/day  > 50%, chance @ ft=Precip: gt 5 mm/day  > 50%, chance @ ft=
2009 aug 01 18Z2009 aug 01 18Z

24 hr fcst24 hr fcst

service delivery of critical information and democratizing 
innovation (McNamara, K. S., “Workshop on Mobile 
Innovations for Social and Economic Transformation”, World 
Bank, September 16, 2009).

M bil l f ( ll h ) i h i lMobile platforms (cell phones) are emerging as the single most 
powerful way to extend ICT opportunities and key services to 
millions of people. Poor access to information and communication is 
an intangible dimension of rural poverty.   

Our goal is to increase smallholder productivity and incomes by 
reducing uncertainty for variables of interest of agricultural 
importance.  In this case we use forecasts from National Weather 
Service (NWS) operational Global Forecast System (GFS) global ( ) p y ( ) g
spectral model ensemble to alert agriculture users if and when their 
selected weather events will occur.  The opportunity and challenge is 
to frame the response as useful and understandable answers to the 
questions that need to be answered. Verification to identify practical 
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q y p
lead times for the economically important variables is a needed first 
step. (See AGU Poster U21A-0007).



Future NOMADSFuture NOMADSFuture NOMADSFuture NOMADS

Including high resolution operational model datasets: Including high resolution operational model datasets: g g pg g p
Ensembles that are calibrated (bias corrected) and other Ensembles that are calibrated (bias corrected) and other 
(NDFD) data sets are implemented into WOC operations(NDFD) data sets are implemented into WOC operations

BUFR/BUFR/NetCDFNetCDF files for Operational Conventional and files for Operational Conventional and 
nonnon--conventional Observations to be served in a similar conventional Observations to be served in a similar 
way to grid fieldsway to grid fieldsway to grid fieldsway to grid fields
NCEP catalog/aggregation server, NCEP catalog/aggregation server, THREEDS/TDSTHREEDS/TDS now now 
running on NCEP development serversrunning on NCEP development servers
Continue development with NCDC archives, NCEP real Continue development with NCDC archives, NCEP real 
time model data and observations for seamless access time model data and observations for seamless access 
of data and to promote useful applications. of data and to promote useful applications. (CFS(R) and (CFS(R) and 
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p ppp pp ( ( )( ( )
ensemble archives)ensemble archives)



NOMADS Servers for NCEP Model DataNOMADS Servers for NCEP Model Data
(High availability Severs)(High availability Severs)

http://nomads.ncep.noaa.govhttp://nomads.ncep.noaa.gov (Model Data)(Model Data)
//// ( )( )http://nomads.ncdc.noaa.govhttp://nomads.ncdc.noaa.gov (Archives)(Archives)

(NCEP Development)(NCEP Development)
http://nomad1 ncep noaa govhttp://nomad1 ncep noaa gov (Data/Applications)(Data/Applications)http://nomad1.ncep.noaa.govhttp://nomad1.ncep.noaa.gov (Data/Applications)(Data/Applications)
http://nomad3.ncep.noaa.govhttp://nomad3.ncep.noaa.gov (Data/(Data/ApplciationsApplciations))
http://nomad5.ncep.noaa.govhttp://nomad5.ncep.noaa.gov (Data/Applications)(Data/Applications)
htt // d 6 dhtt // d 6 d (D t /A li ti )(D t /A li ti )http://nomads6.ncdc.noaa.govhttp://nomads6.ncdc.noaa.gov (Data/Applications)(Data/Applications)

Global ensemble probability threshold alert to a cell phone text message:  
http://nomads6.ncdc.noaa.gov/cgi-bin/var/ensprob worldbank4.plhttp://nomads6.ncdc.noaa.gov/cgi bin/var/ensprob_worldbank4.pl
Global Ensemble probability event display:
http://nomads.ncdc.noaa.gov/Ensprob
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