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From pile of files to interoperability

Raw Dataset files

Standardized
Search and
Browse

&l nganju@gam: /usgs/data0/bbleh/spring2012

nganju@gam: /usgs/data0/bbleh/spring2012$

nganju@gam: /usgs/data0/bbleh/spring2012%

nganju@gam: /usgs/data0/bbleh/spring2012$

nganju@gam: /usgs/data0/bbleh/spring2012$

nganju@gam: /usgs/data0/bbleh/spring2012$ 1s

00_dir_ roms.ncml his _bbleh 0018.nc his_bbleh 0036.nc his_bbleh 0054.nc
his_bbleh_000l.nc his bbleh 0019.nc his_bbleh 0037.nc his_bbleh_ 0055.nc
his bbleh 0002.nc his bbleh 0020.nc his _bbleh 0038.nc his_bbleh 0056.nc
his bbleh 0003.nc his bbleh 0021.nc his_bbleh 0039.nc his_bbleh 0057.nc
his bbleh 0004.nc his bbleh 0022.nc his_bbleh 0040.nc his_bbleh 0058.nc
his_bbleh_0005.nc his bbleh 0023.nc his_bbleh 0041.nc his_bbleh 0059.nc
his bbleh 0006.nc his bbleh 0024.nc his _bbleh 0042.nc his_bbleh 0060.nc
his bbleh 0007.nc his bbleh 0025.nc his bbleh 0043.nc his_bbleh 0061.nc
his bbleh 0008.nc his bbleh 0026.nc his_bbleh 0044.nc his_bbleh 0062.nc
his_bbleh _0009.nc his bbleh 0027.nc his_bbleh 0045.nc his_bbleh 0063.nc
his bbleh 0010.nc his bbleh 0028.nc his _bbleh 0046.nc his_bbleh 0064.nc
his bbleh 001l.nc his bbleh 0029.nc his _bbleh 0047.nc his_bbleh 0065.nc
his bbleh 0012.nc his bbleh 0030.nc his_bbleh 0048.nc his bbleh 0066.nc
his_bbleh 0013.nc his bbleh 0031.nc his_bbleh 0049.nc his_bbleh 0067.nc
his_bbleh 0014.nc his bbleh 0032.nc his_bbleh 0050.nc his_bbleh 0068.nc
his bbleh 0015.nc his bbleh 0033.nc his bbleh 0051.nc his_bbleh 0069.nc
his bbleh 0016.nc his bbleh 0034.nc his_bbleh 0052.nc his_bbleh 0070.nc
his_bbleh 0017.nc his bbleh 0035.nc his bbleh 0053.

nganju@gam: /usgs/data0/bbleh/spring2012$ r

In [16]:

model = '
url = '
var =
lev

icube = var_lev_date(url=url, var=var, mytime=mytime, lev=lev, subsample=1)
map_plot(icube, model=model)

slice retrieved in 48.000320 seconds

USGS/COAWST: potential temperature: 2015-07-09 12:00:00

Standardized
Data Access

DATA CATALOG
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Ocean grids are often not regularly spaced!

Stretched surface and terrain
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CF Conventions for met/ocean models

float temp(ocean_time, s_rho, eta_rho, xi_rho) ;
temp: standard_name = “sea_water_potential _temperature”
temp: units = "Celsius"
temp: coordinates = "lon_rho lat rho s _rho ocean_time"

double s_rho(s_rho) ;
s_rho: long_name = "S-coordinate at RHO-points" ;
s_rho: positive = "up”
s_rho: standard_name = "ocean_s_coordinate_g1" ;
s_rho: formula_terms ="s: s rho C: Cs_r eta: zeta
depth: h depth_c: hc ™

Some of the groups using CF:

OGC: Open Geospatial Consortium

ODIP: Ocean Data Interoperability Platform

IOOS: Integrated Ocean Observing System

CMIP Coupled Model Intercomparison Project (supporting IPPC)

MOS



|IOOS Model Data Interoperability Design

THREDDS Data Server

Nonstandard

Model Output NetCDF-Java

Data Files Standardized Library Clients
(CF-1.6, UGRID-1.0) : or Broker
Virtual Datasets Web Services

NetCDF

Trajectory
NcML TimeSeriesProfile m

Nonstandard Catalog
Data Files Services GeoNetwork

GI-CAT

FVCOM

ROMS _

-Java IDV
?igr::d:lSeries m ERDDAP

Profile

Fvcom N

CKAN-pycsw

Geoportal Server

Observed data
(buoy, gauge,

ADCP, glider)
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Matlab NCTOOLBOX
https://github.com/nctoolbox

« Objective: Make it simple to access CF data
« Example function:
* [t, geo]=nj_tslice(URL,’ temp’,1);
« t = 7x800x160 single
° geo =
— lat: [800x160 single]
— lon: [800x160 single]

— z: [7x800x160 double]
— time: 735169.0208 (matlab datenum)

* nj_tslice works identically for COAWST/ROMS, WREF,
HYCOM, Delft3D, Wavewatch3

« URL can be: local NetCDF, NcML, OpenDAP Data
URL
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Catalog Search

< NOAA

SEARCH

DATA CENTER (NGDC)

BROWSE

Search

Search metadata content, including title, abstract, and keywords

(NECOFS OR SOS) AND *temperature*

[#] Records: NOAA National Geophysical Data Center

Select site or configure search.

Advanced Search Options

Anywhere ® Intersecting Fully within

NATIONAL GEOPHYSICAL

Results 1-4 of 4 record(s)

) Expand results

2

Forecast

Latest forecast from the FVCOM Northeast Coastal Ocean Forecast System

using an newer, higher-resolution GOM3 mesh (GOM2 was the preceding
mesh)

Details Metadata Download OPeNDAP Zoom To

r_d NOAA NDBC SOS - sea_water_temperature
The NOAA NDBC SOS server is part of the I00S DIF SOS Project. The
stations in this dataset have sea_water_temperature data. Because of the

nature of SOS requests, requests for data MUST include constraints for the
longitude, latitude, time, and/or stati...

Details Metadata Download Zoom To

L

National Data Buoy Center SOS
(o] i il

&) NECOFS Massachusetts (FVCOM) - Massachusetts

Latest forecast from the FVCOM Northeast Coastal Ocean Forecast System
using high-resolution mesh coIering the Massachusetts coastal region
Details Metadata Download OPeNDAP Zoom To

See results through REST
API: GEORSS ATOM HTML FRAGMENT KML JSON CsV

Maintained by NOAA's National Geophysical Data Center. Please read the Disclaimer and Privacy or Contact Us.




Matlab NCTOOLBOX
https://github.com/nctoolbox

Current Folder z Figures - Figure 1 ® x IZ Editor - whoi_hf_radar.m [ﬁ Variables - geo

IS 10-Dec-2012 i) geo x|
| Figurel * ' ' ' R [£] 1x1 struct with 4 fields

Field ~ Value

HH 1at 800x160 double
H 1on 800x160 double

z 800x160 double
HH time 735213

~

-744 743 -74.2

Command Window
Workspace >> url='http://geoport.whoi.edu/thredds/dodsC/clay/usgs/users/zde
>> [t,geol=nj_tslice (url, 'temp',2112,7);
>> pcolorjw(geo.lon,geo.lat,t);
colormap (jet) ;colorbar

1x1 struct . .
title (datestr (geo.time))

800x160 double
'http://geoport.whoi.edu/thredds/dodsC/clay/u...




compare_secoora_model sections.m
(using nc_genslice.m)

B Figure 1
File Edit View Insert Tools Desktop Window Help
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Approach for Small Research Groups
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Abstract. Work over the last decade has resulted in standardised web services and tools that can significantly improve the efficiency
and effectiveness of working with meteorological and ocean model data. While many operational modelling centres have enabled
query and access to data via common web services, most small research groups have not. The penetration of this approach into the
research community, where IT resources are limited, can be dramatically improved by (1) making it simple for providers to enable
web service access to existing output files; (2) using free technologies that are easy to deploy and configure; and (3) providing
standardised, service-based tools that work in existing research environments. We present a simple, local brokering approach that
lets modellers continue to use their existing files and tools, while serving virtual data sets that can be used with standardised tools.
The goal of this paper is to convince modellers that a standardised framework is not only useful but can be implemented with
modest effort using free software components. We use NetCDF Markup language for data aggregation and standardisation, the
THREDDS Data Server for data delivery, pycsw for data search, NCTOOLBOX (MATLAB®) and Iris (Python) for data access, and Open
Geospatial Consortium Web Map Service for data preview. We illustrate the effectiveness of this approach with two use cases
involving small research modelling groups at NATO and USGS.

~ Short summary

A collection of tools and
techniques are described
which allow small research
groups to deliver...
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Deployment at NATO

Figure 2
File Edit View Insert Tools Desktop Window Help

PRL- S DE|eD

REP14:Model:30CIB:WMOP:Regular Grid:sea_water_salinity:15-Jun-2014 18:00:00
+ + + + 38.5

REP14:Model:NRL long-range forecast:sea_water_salinity:15-Jun-2014 18:00:00

File Edit View |Insert Tools Desktop Window Help

REEEILIR PRA- |02 =D

REP14:Model:MFS:sea_water_salinity:15-Jun-2014 18:00:00

7 7.5 g 8.5
BES N RATDE L2 DE v DT

REP14:Model:Mercator:sea_water_salinity:15-Jun-2014 15:00:00




Automated model comparison

I P [y]: N ote b 00 k IOOS_inundation Last Checkpoint: Mar 15 16:08 (autosaved)

File Edit View Insert Cell Kernel Help

O xx &1 B 4o ¥ > H C Code E|CelITooIbar: None E' A

In [45]: for df in obs_df:
df .plot (figsize=(14, 6) ,title=df.name)|
ylabel ('m")

Sandy Hook, NJ

Observed Data
ROMS ESPRESSO Real-T ||
NECOFS GOM3 (FVCOM)
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Observed Data
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Catalog Search

= DATA.GOV

DATA CATALOG

A/ Map Viewer

Layers -
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£ curren!—indueed. bottom v-momentur;
=l current-indueed, bottom u-momentun
<o s poniat inteorated oo

IMPACT APPLICATIONS DEVELOPERS CONTACT

TOPICS ~

Py— °

QEHAQAY v ¢

®©

GréenBay
\
(o el Milwaukee o bw",”
troit
Omaba @mcam@, ~Cloveland
fLake CRY o} Indianapolis
Denver
® United Kaneas Chty
States
Oklahoma City .
Albugquerque ® @Momphh

Clarksvile
@

@

enix o oo
llas

ueson g paso ® @J”“m

) a\
ma Tomecn ™ é
Cutiacan® ;

Mexico
- -
@Colrn. QMob\‘

Acapuico
(O]

G
At MapQuest

Catalog services can be federated via
OGC CSW (Catalog Service for the Web)

A N\ (C
) Y)

15



WMS Browsing with THREDDS/ncWMS

€ > C' [} geoportwhoi.edu/thredds/godiva2/godiva2.html?server=http://geoportwhoi.edu/thredds/wms/clay/usgs/users/zdefne/ru

| Auto-zoom on sel £ Layer: WHCMSC Sediment Transport Group = USGS Barnegat Bay 2 December, 2012
uto-zoom on select | Refresh | Model for Hurricane Sandy : run076 > -

Ly ; ~ sea_water_potential_temperature =
J:‘VHCMSC Sediment Transport Group ' Units: degree_Celcius Sun Mon Tue Wed Thu Fri Sat
—..USGS Barnegat Bay Model for Hurricane Depth ():| 0.07142857142857142 ¥ 1

Sandy : run076

) . Date/time: 10 Dec 2012 \ 00:00:00 v |UTC first frame last frame
--wet/dry mask on V-points

- barotropic_y_sea_water_velocity

----- bottom v-momentum stress

----- bathymetry at RHO-points , 4 30 31
Fit layer to window Select date
----- Coriolis parameter at RHO-points _ 15

- curvilinear coordinate metric in Xl

--curvilinear coordinate metric in ETA
--angle between Xl-axis and EAST
---mask on RHO-points
--sea_water_potential_temperature

--sea_water_salinity

...suspended noncohesive sediment,
size class 07

...suspended noncohesive sediment,
size class 02

...suspended noncohesive sediment,
size class 03

_..suspended noncohesive sediment,
size class 04

--density anomaly

10.00

boxfill v
linear v |
@ vy .dlg auto
lock

5.000
- wet/dry mask on RHO-points

--sea_surface_height_above_datum  «

User quide

Reading
e-Science
Centre

testimaae Overlay opacity:| 100% v |




WMS Browsing with
CMG Oceanographic Portal

USGS Home
Contact USGS

Search USGS

)

\)

a USGS

science for a changing world

Coastal and Marine Geology Program

¥ Legend

USGS Bamegat Bay Model for Hurricane
Sandy : run076
potential temperature

rik=) il 15

0 3.75

e
Selected time: 2012-12-09 19:00 EST

Selected depth: -0.071
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A © Time control
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NetCDF Subset Service to CSV

. USGS WHCMSC Sediment Transport Group

science for a changing world THREDDS Data Server

Catalog http://geoport.whoi.edu/thredds/catalog/coawst_4/use/fmrc/catalog.html

Dataset: coawst_4 use/Best Time Series

e Data format: netCDF

e Data type: GRID

o Naming Authority: gov.usgs.er.whsc

e ID: coawst_4/use/fmrc/coawst 4 use best.ncd

Documentation:

e summary: Best time series, taking the data from the most recent run available.
e summary: ROMS USE Output from COAWST

o Carolinas Coastal Change Program

o ReadMe.txt

Access:

. OPENDAP: /thredds/dodsC/coawst_4/use/fmrc/coawst 4 use_best.ned

. NetcdfSubset: /thredds/ncss/grid/coawst_4/use/fimrc/coawst_4_use_best.ncd
. WMS: /thredds/wms/coawst_4/use/fmrc/coawst 4 use_best.ned

. ISO: /thredds/iso/coawst 4/use/fmrc/coawst 4 use best.ned

. NCML: /thredds/ncml/coawst_4/use/fmrc/coawst 4 use_best.ned

. UDDC: /thredds/uddc/coawst 4/use/fmrc/coawst 4 use_best.ned




€ > C A [ geoportwhoiedu/thredds/ncss/grid/coawst_4/use/fmrc/coawst_4_use_bestncd/pointDatasethtml
P2 Gmail - Inbox (... # Bank of Americ... (=] Enphase Energy... Calendar @& WHSC Intranet (3 Rich Signell's W... »

i Apps

v B (g

(2 Other bookma

NCSS Grids As Point Data ( Gridded Dataset )

unidaTa

THREDDS data server NetCDF Subset

Service

Dataset: /thredds/ncss/grid/coawst_4/use/fmrc/coawst_4_use_best.ncd ( Gridded Dataset
Description )

Base Time: 2012-06-25T01:00:00Z

You must select at least one Variable and a Lat/Lon location.

Select Variable(s):

00000000 O

angle = angle between XI-axis and EAST
f = Coriolis parameter at RHO-points

h = bathymetry at RHO-points

mask_psi = mask on psi-points

mask_rho = mask on RHO-points

mask_u = mask on U-points

mask_v = mask on V-points

pm = curvilinear coordinate metric in XI
pn = curvilinear coordinate metric in ETA

Variables with Time coordinate time

0000000000000 0O0®m O

Dwave = wind-induced wave direction

Hwave = wind-induced significant wave height

Lwave = wind-induced mean wavelength

Pwave_bot = wind-induced bottom wave Period
Pwave_top = wind-induced peak surface wave Period
Uwave_rms = wind-induced bottom orbital velocity
Uwind = surface u-wind component

Vwind = surface v-wind component

Zo_app = apparent bottom roughness length

Zo_def = default bottom roughness length
bed_wave_amp = bed wave excursion amplitude
bedload_Usand_01 = bed load flux of sand in U-direction,
bedload_Usand_02 = bed load flux of sand in U-direction,
bedload_Usand_03 = bed load flux of sand in U-direction,
bedload_Usand_04 = bed load flux of sand in U-direction,
bedload_Usand_05 = bed load flux of sand in U-direction,
bedload_Usand_06 = bed load flux of sand in U-direction,

size class 01
size class 02
size class 03
size class 04
size class 05
size class 06

Latitude: 395

Longit:ude'sg-5

Within Bounding Box:

west -101.7498

Choose Lat/Lon Location:
: "'r .

north
48 4639

south

-53.2530 east
11.8884

Choose Time Subset:
Time range Single time
Starting 2014-08-27T01:00:00Z

Ending: 2014-08-28T00:00:00Z
reset to full extension

Choose Vertical Level:

Level:

Choose Output Format:

Format: €SV

v



CSV Time Series from Subset Service

date, lat [unit="degrees north"],lon[unit="degrees east"],Hwave[unit="meter"]
2014-08-27T01:00:00Z,39.5,-69.5,1.273842692375183
2014-08-27T02:00:00Z,39.5,-69. .3142027854919434
2014-08-27T03:00:00Z,39.5,-69. .3615976572036743
2014-08-27T04:00:00Z,39.5,-69. .398990273475647
2014-08-27T05:00:00Z,39.5,-69. .419392704963684
2014-08-27T06:00:00Z,39.5,-69. .426921010017395
2014-08-27T07:00:00Z,39.5,-69. .4251813888549805
2014-08-27T08:00:00Z,39.5,-69. .4150882959365845
2014-08-27T09:00:00Z,39.5,-69. .406528115272522
2014-08-27T10:00:00Z,39.5,-69. .4104422330856323
2014-08-27T11:00:00Z,39.5,-69. .4303393363952637
2014-08-27T712:00:00Z,39.5,-69. .4648756980895996
2014-08-27T13:00:00Z,39.5,-69. .5110485553741455
2014-08-27T14:00:00Z,39.5,-69. .5633442401885986
2014-08-27T715:00:00Z,39.5,-69. .6074210405349731
2014-08-27T16:00:00Z,39.5,-69. .6265686750411987
2014-08-27T17:00:00Z,39.5,-69. .6184144020080566
2014-08-27T18:00:00Z,39.5,-69. .5933209657669067
2014-08-27T719:00:00Z,39.5,-69. .5608850717544556
2014-08-27T20:00:00Z,39.5,-69. .527510643005371
2014-08-27T21:00:00Z,39.5,-69. .5050616264343262
2014-08-27T22:00:00Z,39.5,-69. .5094025135040283
2014-08-27T23:00:00Z,39.5,-69. .5698728561401367
2014-08-28T00:00:00Z,39.5,-69. .7087903022766113

OO OO o GG Gy GO 0 G On
NN N N N N N N N N N N N N N N N N N NS NSNS

R e e e e T e e T S o R e e B e B e e e

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

@l [= I = coawst_4_use_best.ncd [Read-Only] - Microsoft Exce
Home Insert Page Layout Formulas Data Review View Acrobat Team

\—t—'b * Calibri v 11‘ v ‘ General v E] Conditional Formatting ~ g*= Insert ~ DIRR %? fﬁ
B3~ B 7 U~ A & $ ~ 9% s (% Formatas Table ~ & Delete | [@] ~ '
Pafte < 4 S - A - iE 5= g ;00 ) cell styles ~ ) Format - | 2 ~ ?::tr:raf ;;T:d&v
Clipboard & Font [ Alignment | Number @& Styles Cells Editing
Al v (- = ‘ date
A B C D E
date lat[unit="degrees_north"] lon[unit="degrees_east"] = Hwave[unit="meter"]
2014-08-27T01:00:00Z 39.5 -69.5 1.273843
2014-08-27T02:00:00Z 39.5 -69.5 1.314203
2014-08-27T03:00:00Z 39.5 -69.5 1.361598
2014-08-27T04:00:00Z 39.5 -69.5 1.39899
2014-08-27T05:00:00Z 39.5 -69.5 1.419393
2014-08-27T06:00:00Z 39.5 -69.5 1.426921
2014-08-27T07:00:00Z 39.5 -69.5 1.425181
2014-08-27T08:00:00Z 39.5 -69.5 1.415088
2014-08-27T09:00:00Z 39.5 -69.5 1.406528
2014-08-27T7T10:00:00Z 39.5 -69.5 1.410442
2014-08-27T11:00:00Z 39.5 -69.5 1.430339
2014-08-27T712:00:00Z 39.5 -69.5 1.464876
2014-08-27T713:00:00Z 39.5 -69.5 1.511049
2014-08-27T714:00:00Z 39.5 -69.5 1.563344

W R N A WN =




Access the CSV data in Python, R, etc

Qv @ (B

€ - C A B https//www.wakari.io/sharing/bundle/rsignell/RESTful_model_assessment
i Apps P Gmail - Inbox (.. % Bank of Americ... (=) Enphase Energy... Calendar B WHSC Intranet Rich Signell's W... » [J Other bookma

RESTful_model_assessment

& Wakari
View Other Bundles by rsignell Download Entire Bundle Download This Notebook Run/Edit this Notebook

VAL T OOMAALL LUMTS T 0L MLIULYLILUKS T 0L X LLUS _ D LGL LT 0D LLuS ST 0D |

% (var,lat,lon,start,stop)

@ 10

vertCoord=&accept=csv'
print (url)

http://geoport.whoi.edu/thredds/ncss/grid/coawst_4/use/fmrc/coawst_4_ use best.ncd?var=Hwaves&l
de=42.801000&longitude=-70.169000&time start=2014-08-23T16:01:13Z&time_end=2014-08-28T16:01:1

rtCoord=&accept=csv

#load model data CSV into Pandas DataFrame

In [11]:
df mod = pd.read csv(url,index_col='date',6parse_dates=True)

Plot the time series

In [12]: fig, ax = plt.subplots(figsize=(12, 4))
ax = df mod['Hwave [unit="meter"]'].plot (ax=ax,
df obs['wvht'].plot (ax=ax, legend=True)

ax.set_title('Wave Height at Station %s'

legend=True)

$ station):;

Wave Height at Station 44098

— Hwavelunit="meter"]
— wvht




Service-based Framework Components

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

« Standard web data services for delivering these
common data model “feature types” (OPeNDAP, SOS)

« Standard catalog services for the metadata

 Tools to search, access and process these services in

common analysis environments: R, Matlab, Python,
ArcGIS, JavaScript
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Getting model data connected

* Find someone with a THREDDS Data Server or

* Drop your files in a directory, and add an NcML file that
starts with “00_dir” (e.g. “00_dir_roms.ncml’) to
aggregate, standardize and describe the dataset:

 If you want your data to end up in the portal, add
“CMG_Portal” to the “project” attribute:
<attribute name="“project”value="CMG Portal”/>

 If you want your datasets to be discoverable, edit the list
of thredds catalogs on CMG github repo, submit PR

 Full instructions on the
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Framework benefits

 [Lots of choices for data access
(Browser, Matlab, Python, R, Excel)

 Less time wasted messing with data,
more time spent on science

* Less time responding to data requests
« Easy development of portals
 More usage of products

* Faster feedback to modelers, improved
models
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It’s all on Github

€ - C |8 GitHub, Inc. [US]| https://github.com/rsignell-usgs wl v
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Popular repositories Repositories contributed to

dap2arc cf-convention/cf-convention.git...
Python tools for bridging the gap between OP._.. sources for website cf-conventions.org

notebook ioos/conda-recipes
ipython notebooks conda-recipes for IOOS packages

seagrid . ECM/ECM14
Orthogonal curvilinear grid creator for Matlab 14th Estuarine and Coastal Modeling Confere...

Rich Signell ocean map sgrid/sgrid
rsignell-usgs Code for creating ocean streak maps like at:h... Staggered Grid (SGRID) Conventions

ipython-notebooks USGS-CMG/yami2ncml

W USGS Rich Signell's ipython notebooks Generate NcML that standardizes and aggreg...
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