Ihe US-I00S Modeling lesthed Cyberinfastructure:
Unstructured Grid Standards and/Standards-Based/ 1i00ls
for;Analysis ofi@cean, Atmosphere & Climate Model Data

Rien Siensll UsSEs Weeels mlels YA
= GOErESSEIVIay A d 20044

links = opensearch(q)

= nc =ncugrid(links.dap{1})
Z = nc.data(‘zeta’,...)
grid = nc.grid(‘zeta’,...)

Z = 26441x1 single

grid =

= lat: [26441x1 single]

lon: [26441x1 single]

time: 730970 (matlab datenum)
connectivity: [52025x3 int32]
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USiIntegrated @cean Opserving|System (IOOS®)

U.S. Intermational
|OOS® Plan defines:
e Global Component
« Coastal Component
= 17 Federal Agencies
= 11 Regional Associations GOOS (ol Ocean

Observing Systern

Integrated Earth
Observing System IEOS



I0OS Modeling liestbed (testhed.sura.org)
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ESTUARINE HYPOXIA - SHELF HYPOXIA CYBER-TOOLS ABOUT THE TESTBED
L

— A Super-Regional Testbed to Improve Models of Environmental Processes for the US

e

| U2 Atlantic and Gulf of Mexico Coasts

» Publication Library

» Presentation Library A &4 milion grant from the National

Oceanic and Atmospheric Administration is
helping SURA evaluate the readiness of
marine forecasts, such as flooding from

» Lessons Learned

storm surge or seasonal dead zones.
Focused along the Atlantic and Gulf of
Mexico coasts, the effort will improve

USER LOGIN

Username: * those forecasts for use by emergency
i ers, scientfic rese ers and the

rsignell managers, -l._l_l'l_.l_ researchers and the
general public.

Password: * ;
: The competitive grant was announced

June 11 by MOAA's Integrated Ocean
Observing System (I005@&)} program for
fiscal year 2010, SURA s working with

» Request new password government agencies and researchers to
advance information technology and
improve understanding of coastal, ocean,
and environmental phenomena.
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Scientists will work to improve the
precision of computer models that forecast
chronic issues of high relevance in the

Atlantic and Gulf regions — such as flooding from storm surge and seasonal depletion of oxygen in shallow waters. They will also
explore methods for effectively delivering model resufts to regional centers, scientists and managers relying on I005. The



|IOOS Modeling Testbed Teams

Testbed
Management

Don Wright, SURA
Liz Smith SURA
Doug Levin, IOOS

Cyber
Infrastructure
25 members

Testbed Advisory
Evaluation Group
9 members

Eoin Howlett, ASA

Rich Signell, USGS

Estuarine
Hypoxia
Chesapeake Bay

21 members

Shelf Hypoxia
Gulf of Mexico

20 members

Inundation
Gulf and East

Coast
24 members

Carl Friedrichs, VIMS
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John Harding, MSU

Rick Luettich, UNC-CH




Analysis lioolboxes for; Scientists

Scientists comparing models want powerful, filexikle
environments fer analysis

Eventually;we want toelbexes in alllcommon; scientific
analysisienvironments: Python, R, IBL, but firstwe
are fecusing on Matian,

Why: Matlalb?.
- Used by 80% ofithe ocean modeling community,

- @an directly;use Java, so toolbox can use NetCbl=-
Java behind/the scenes to enable high level Gk
functionality
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ModellData Interoperability;Schematic

Nonstandard
OutputFiles
(distributed)

Standardized (CF)
Virtual Datasets

NcML

NcML

_EcomM NeML
WRF |

NcML

NcML

NcML

NElVIL, NelCDrE-Java and IAReEDDS Data
server bulit anda supporiedq by unidata

Hnaer Nsr=support

'S )

THREDDS Data Server

Web Services

NetCDF Al ==
OPeNDAP Java

NetCDF-Java
Common Data
Model = CF

NetCDF

Standard
Clients



NECOOLLBOXIorViatial
nttps//code.google:com/p/ncionioX

Pevelopers: Brian Schlinmg (MBARI); AlexcCroshy (ASA)
s CECUE0UalaSEURIE)
s TCValr=RcVanepl e(EWatertenipy);
ot = peveirelitzi(l g2 )
2 ejriel = neveireriel ¢l s 10
2t = 22,¢120),¢1e0 i)l
2 ejrie] =
— |zies [120,¢080) Siiejls|
— lons: [120¢k80 Siiejle|

— 71 [225¢120¢180) ele)ije)] <]
= LM eRvoshoZi(iatiaeyd atenun)

o No model specific code!

e URL can be:local NetCbE, remote NetCE, Grib, Grib2,
NCML, @penAR...
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[Deep \VVater HO i Zon:
Companng s imoedels;on May:29; 20110
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Goalil Alcommoen Gyberinfrastructure
forjaccessing andlanalyzingieceanmodel data

currently:each modeling group: hias: their; own
standards; and teolsets foraccess, analysis and
visualization

_ Unstructured Grid
Structured Grids

Variety of
Stretched
Vertical
Coordinates




Unstructured Gridiiepoelogy,
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ModellData Interoperability;Schematic

Nonstandard
OutputFiles
(distributed)

Standardized (CF)
Virtual Datasets

NcML

NcML

_EcomM NeML
WRF |

NcML

NcML

NcML

NElVIL, NelCDrE-Java and IAReEDDS Data
server bulit anda supporiedq by unidata

Hnaer Nsr=support

'S )

THREDDS Data Server

Web Services

NetCDF Al ==
OPeNDAP Java

NetCDF-Java
Common Data
Model = CF

NetCDF

Standard
Clients



Inundation

Extra-tropical — Gulf of Maine
Tropical — Gulf of Mexico

-4 models: 3 unstructured grid +1 structured grid

- Coupled wave-storm surge-inundation (TWL)

- Consistent forcing, validation and skill assessment using

existing IMEDS tool

-Extensive observational data sets for historical storms

ke, Rita and Gustav in standard formats

-SURA has provided supercomputer resources
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Progress on UGRID standard

o Standard discussed on UGRID Geogle Group
(45 members from EVECOM, SELEE, ADCIRE, ELCIRE,
PDELEISD (Deltares), ICOM moedeling groups,
N@AA/ERID, NOAAPMEL, NOAA/GEDL, USGS,
UNIDATA, @I, I00S, ... )
nttps//BItly/ugrdigreup

o UGRIDIstandards;decument
nttpH/BItly/ugrid chi(Bert Jagers, DELTARES)

o New UGRID class in NetCbE-Java

o [pH/pBitly/ugrnd_git (Kyle Wilcox; ASA)

o New UGRIDclass i Viatiah NEClioeLLBOX
nttps//bit.ly/ugrdl m (Alex:Croshy, ASA)
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Designed to handle existing models; but-also
this: Bert Jagers: complex:grid!




NEHOOLLBOXITorViatial
nttps//code.gosgle.com/p/ncionihoXy

o @hbjective: Make it simple toraccess Ck data
2 e = nevejriel (URE)
s 7 =Gy d ata(fZzetas o)
2 ejriel = rie ejriel Gzt )
s 72— 2Ad XdNSIIGIE
2 ejricl =
— |zt [284 bl Sipjej s
— o [28444hel S]rie)le|

= Omes sy ONimat aerd atenun)
— eoririsativjty: [52029:8 intsZ

o Works identically for: EVCONM, ADCIRE, SELEE,
ELCIRE

e URL can be; local NetCE, remote NetCbf, NCML,
@penbAP Data URL
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UGRIDIIntereperability i Viatial

| Editor - C:\Users\rsigr

D

D box\IOOi_ Testbed_Shared\Ma

ab\ugriditest_cf_ugrid_new.m s
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Test script to read CF-UGRID convention data from
RDCIRC, FVCOM and ELCIRC, and SELFE
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\irtual @cean Glider; Eunction

from NECIHOOLBOX

Salinity from RU22 Glider; Oct 25-MNoy 17, 2010

O'm

“':
-50 -

OBS
oo - 2000102570000 _marcoos_ruZ2? active

[ | | | | | | | |
" —— D

-50 -

ESPresso

-100 -
I |

Ops

-50 - o

HyCOM i
100 - |

L | [ | | | | | | | 385 .
0 a0 100 150 200 250 300 350 400 450 76 755 5

distance (km)




Single peInt:ofiaccess catalogs
are good, but...

ata Choosers Field Selector

Catalogs: |hitp:/iferret.pmel.noaa.govithredds/geoideCatalog.xml Select File...
Data Source Type: |I'm Feeling Lucky = i Unidata IDV - Map View - One Pane

- Edit Displays Data Tools Help
? | GEO-IDE

BER @R G s
Legend f;

pan dn e dl!

J ‘oods Hole THRED
WHOI McGillicuddy Group THREDD
Chen Group THRE

{lon¥Ectaress Vectgr Plon [View 2008-02-08 18:00:007
salt - Isosur{foce Z00B-02-08 1B:00100Z

Memony: 183/200/1065 MB | Latitude: 47.9 Longitude: -67.9 Altitude: 166.6 m




THREDDS nclISO metadata Service
(Habermann, Neufeld) htipi/bit.ly/ncise-group

@ Testbed - App Server

THREDDS Data Server

Catalog http://testbedapps.sura.org/thredds/clean.html

Dataset: NOAA IOOS Testbed THREDDS Server/Estuarine
Hypoxia/CH3D - Synoptic - Agg

e /D: estuarine_hypoxia/ch3d/agg

Access:

. OPENDAP: /thredds/dodsC/estuarine_hypoxia/ch3d/agg.nc

. WCS: /thredds/wcs/estuarine_hypoxia/ch3d/agg.nc

. WMS: /thredds/wms/estuarine_hypoxia/ch3d/agg.nc

. NetcdfSubset: /thredds/ncss/estuarine_hypoxia/ch3d/agg.nc
. NCML: fthreddsfncmlfestuanne hypoxlafchSd;'agg nc




GI-CAY; Catalog
Boldrin;

Service

Nativi

Harvesting THREDDS-NcISO from Testbed and OceanNOMADS TDS servers

Harvester

Distributed Catalog

Profiler;
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Welcome, rsignell Logout My Profile Help About Feedback

Geoportal

HOME SEARCH BEROWSE ADMINISTRATION LAUNCH MAP VIEWER

Search

*salinity” from:2001-01-01T23:00:00 02009123 [gerro My Saved Searches

# Records shown from: I00S Modeling Testbed Results 1-6 of & record(s)

= D Expand results Zoom To Results Zoom To Searched Area

Additional Options UMCESRoms (UMCES) - ROMS

ROMS (TAMU) - ROMS-3.0

WHERE

() Intersecting ") Fully within CBOFS2 (NOAA) - ROMS-3.0

@ Anywhere
Fry t3d_2009123112

CBOFS2-1TDO (NOAA) - ROMS-3.0

UMCESRoms (UMCES) - ROMS

See results through REST
API: GEORSS ATOM HTML FRAGMENT KML 150N

esrie




@pensearch guery: i viatiab

g.endpoint = http://testhedapps.sura.org/gi-
cat/services/opensearchn’;

g.Sstriing text = ‘'sea water. salinity:;
g.Bbox = -82,36,-73,40";

g.time_start = 2000-06-20004:55:45Z;
g.tiime_end = "'2006-08-01M00:00:00Z;
links;params| = epenseanchi(q);

dap = lInks2dap(links);

dapid;

ans =

nttp://testhedapps.sura.org/thredds/dodsE/estuarine
_hypoexia/lch3d/agg.nc

L \’/‘ "j'/



Next: Steps

o Harmonize with ESME Unstructured Mesh format
(Bob @ehmke), OPeNDAPR.org UGRID work
(James Gallagher), GridSpec (Balaj)

o Server-side subsetting with ibs (Rtree-hased
subsetting has been added to NetCbE-Java)

o Server-side regrdding with ibS (ESME?; GridEields?)

o More UGRID methods for NJ/Matlalb; (arbitrany; vertical
Slicing)

o Wewelcome participation!!l (Goeoegle groups, testing,
coding....)

o (@an alse demp later teday; Ifiinterested...
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