
 

Ocean, Atmosphere & Climate  
Model Assessment for Everyone 

Rich Signell 
USGS Woods Hole, MA 

Unidata 2014 DeSouza Award Presentation  
Boulder, CO : Sep 15, 2014 

 



2 



US Integrated Ocean Observing System (IOOS®) 
 
 IOOS® Plan defines: 
• Global Component 
• Coastal Component 

 17 Federal Agencies 
 11 Regional Associations  



How well do models simulate events? 
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Hurricane Sandy, Ocean Grove Pier - 
New Jersey, October 29, 2012 - 
Photograph by Bob Bowné 

Deepwater Horizon Oil Spill, Northern 
Gulf of Mexico, May 24, 2010.  Image 
from MODIS on NASA’s Terra Satellite.  



IOOS Core Principles 

• Adopt open standards & practices 
 
 

• Avoid customer-specific stovepipes 
• Standardized access services implemented at 

data providers 
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Issue: Ocean grids are not regularly spaced! 

Stretched 
surface and 
terrain 
following 
vertical 
coordinates 

Curvilinear orthogonal  
horizontal coordinates 



Unstructured (e.g. triangular) grid 



Time Series, Trajectories 

Meteorology and Wave Buoy in the Gulf 
of Maine.  Image courtesy of NOAA. 

Ocean Glider.  Photo by Dave Fratantoni, 
Woods Hole Oceanographic Institution 



NetCDF Climate and Forecast (CF)  
Conventions provide a solution 

Groups using CF: 

GO-ESSP: Global 
Organization for Earth 
System Science Portal  

IOOS: Integrated Ocean 
Observing System 

ESMF: Earth System 
Modeling Framework 

OGC: Open Geospatial 
Consortium (GALEON: 
WCS profile) 

 



UGRID Conventions on GitHub 



Example NcML (on StackOverflow) 



IOOS Model Data Interoperability Design 

ROMS 

ADCIRC 

HYCOM 

SELFE 

NCOM NcML 

NcML 

NcML 

NcML 

NcML 

Common 
Data Model 

  OPeNDAP+CF 

 WCS 

NetCDF Subset 

THREDDS Data Server 

Standardized  
(CF-1.6, UGRID-0.9)  
Virtual Datasets 

Nonstandard 
Model Output 
Data Files 
 

Web Services Matlab 

Panoply 

IDV 

Clients 

NetCDF
-Java 

Library 
or Broker  

 WMS 

 ncISO 

ArcGIS 
NetCDF4
-Python 

FVCOM 

Python ERDDAP 

NetCDF-Java 

 SOS 

Geoportal Server  

GeoNetwork 

GI-CAT 

Observed data 
(buoy, gauge, 
ADCP, glider) 

Godiva2 

CKAN/pyCSW NcML 

Grid 
Ugrid 
TimeSeries 
Profile 
Trajectory 
TimeSeriesProfile 

Nonstandard 
Data Files 
 

Catalog 
Services 



WMS Browsing with THREDDS/ncWMS 



Matlab NCTOOLBOX 
https://github.com/nctoolbox 

• Objective: Make it simple to access CF data 
• Example function: 
• [t, geo]=nj_tslice(URL,’temp’,1); 
•  t  =  22x120x180 single 
• geo =  

– lat: [120x180 single]   
– lon: [120x180 single] 
–  z: [22x120x180 double] 
– time: 733582 (matlab datenum) 

• nj_tslice works identically for ROMS, POM, ECOM, 
WRF, Wavewatch3  

• URL can be: local NetCDF, remote NetCDF, NcML,  
OpenDAP Data URL 



Matlab NCTOOLBOX 
https://github.com/nctoolbox 

nc = ncugrid(dap_url) 
ncvar = nc.uvariable(‘zeta’) 
z  =  ncvar.data(itime,:) 
grid = ncvar.grid(itime,:) 
 
z = 26441x1 single  
grid =  

lat: [26441x1 single]   
lon: [26441x1 single] 
time: 730970 (matlab datenum) 
connectivity: [52025x3 int32] 

  
 



Comparing Models with Data in Matlab 

Model 1: UMASS-ECOM Model 2: UMAINE-POM Data: SST  2008-Sep-08 07:32 



Skidaway modena glider (Sep 11-23) 

 



compare_secoora_model_sections.m 
(using nc_genslice.m) 





test_cf_ugrid3.m 



3D visualization of data with IDV 



NetCDF Subset Service to CSV 





CSV Time Series from Subset Service 

CSV request  is a “RESTful”  URL: 
http://geoport.whoi.edu/thredds/ncss/grid/coawst_4/use/fmrc/coawst_4_use_best.ncd?var
=Hwave&latitude=39.5&longitude=-69.5&time_start=2014-08-
27T01:00:00Z&time_end=2014-08-28T00:00:00Z&vertCoord=&accept=csv 



Accessing the CSV data in Excel 



Access the CSV data in Python, R, etc 



Iris Python tools from the UK Met Office 



ESPreSSO model (Rutgers) 



Global RTOFS (NOAA) 



IOOS Models Notebook on Wakari 

 



60 minutes to serving your data 

1. Install Sun/Oracle Java (10 min) 
2. Install/configure Tomcat (15 min) 
3. Install/configure the Thredds Data 

Server  (15 min) 
4.Put NetCDF (or HDF4, Grib1, Grib2, 

HDF5 files) in a directory (5 min) 
5.Add NcML (XML) files for CF 

compliance and aggregation (15 min) 



Adding data to THREDDS 

rsignell@gam:/usgs/data0/bbleh/tidal$ ls *wide* 
… 
his_bbleh_wide_0048.nc  his_bbleh_wide_0100.nc  his_bbleh_wide_0152.nc 
his_bbleh_wide_0049.nc  his_bbleh_wide_0101.nc  his_bbleh_wide_0153.nc 
his_bbleh_wide_0050.nc  his_bbleh_wide_0102.nc  his_bbleh_wide_0154.nc 
his_bbleh_wide_0051.nc  his_bbleh_wide_0103.nc  wide.ncml 
 
$more wide.ncml 
 
<netcdf xmlns="http://www.unidata.ucar.edu/namespaces/netcdf/ncml-2.2"> 
  <aggregation dimName="ocean_time" type="joinExisting"> 
         <scan location="." regExp=".*wide.*_[0-9]{4}\.nc$"/> 
  </aggregation> 
</netcdf> 
 
 





Browsing WMS with Godiva2 



GI-CAT catalog broker service architecture 
 

Searching for Data 





IOOS System Test  

Project Lead: Derrick Snowden 
Notebooks: Kyle Wilcox, Andy Bird, Bob 
Fratantonio, Kelly Knee, Will Koeppen, 
Hannah Dean 
https://github.com/ioos/system-test 





Automated model comparison 



SECOORA Model Assessment 

Nbviewer link 

http://nbviewer.ipython.org/github/ioos/secoora/blob/master/notebooks/inundation/inundation_secoora.ipynb


Project Lead: Vembu Subramanian 
Notebook: Filipe Fernandes 
URL: https://github.com/ioos/secoora 



Python & Matlab notebook 

 



Unidata Challenges 

• Community THREDDS Data Servers robustness 
• Support as popularity increases 
• UGRID incorporated into Unidata NetCDF-Java 
• Aggregation of large collections of NetCDF files 
• Met/Ocean tools developed for Python on top of 

CF/Ugrid conventions (Iris, libCF) 
• IDV-like client built on top of Python tools 
• Participation in standards (e.g. OGC) 
• Managing community development 



Community Development 

 



Community Development 

 



Why do I promote Unidata technologies? 

• Powerful 
• Flexible 
• Easy to install 
• Free 
• Supported 
• Driven by community of users 
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Summary (1 of 2) 

• Common data models for “feature types” 
(structured and unstructured grids, time series, 
profiles, swaths) (Unidata CDM) 

• Standard web services for delivering these data 
and metadata (OGC, Unidata) 

• Tools to access and process these services in 
common analysis environments:  R, Matlab, 
Python, ArcGIS, JavaScript 



Summary (2 of 2) 
• It’s easy (1 hour) to deploy free, supported systems 

that allow for standards-based delivery of aggregated 
data from native model grids that put little effort on the 
data provider 

• What  do you get?   
– Lots of choices for data access (Browser, Matlab, Python, 

Excel, IDV, R, IDL) 
– More usage of model results by more people 
– Faster feedback to modelers, leading to improved models 
– Shared code base in the community 
– Increased community support for standards-based access 
– Less time wasted messing with data, more time spent on 

ecosystem based management 
• What should you do? Encourage providers to use 

these standards, and develop tools that use 
standardized access 
 



More at: Github.com/rsignell-usgs 
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