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U.S. IOOS:  Program Overview
Environmental sample processor for marine 

Global Component
Coastal Component (EEZ to 
the head of tide)

bacteria monitoring etc. 

)

Ob i
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Observing
Systems12

7 Goals, 1 System
Improve predictions of climate change and weather
Improve the safety and efficiency of maritime operations
Improve forecasts of natural hazards

Systems
p

Improve homeland security
Minimize public health risks
Protect and restore healthy coastal ecosystems
Sustain living marine resources
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Enhances science and improves decision making
g
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ICES survey (WGOOFE) Berx et al. 2011)y ( ) )
WG on Operational Oceanographic products for Fisheries and Environment
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CURRENT METHODS FOR DATA INTEGRATION STORING 
AND ACCESSING BIO. / ECO. DATA

D t i t tiData integration: Jones et al 2006 (NCEAS).

Matching up and combining information from different sources, 
ideally in ways that are meaningful and useful` ``

Highly structured, 
vertically integrated 
data (Federated Data 

Metadata-Driven Data 
(Data Collections)-
Loosely structured

y y g
Spreadsheets Soft
Relational database 
Systems such as (

schema)
(e.g. GenBank, VegBank, 
and TreeBase, OBIS.. 

Loosely structured 
collection of project-
specific data sets 
accompanied by 

y
MSAccess or Statistical 
package such as SAS, R

Network distributed 
access to data from a 
number of compatible 

( GBIF t )

structured metadata 
about each of the data 
sets. (metadata content 

f

Note: Difficult to share 
databases and spreadsheets 
with colleagues

servers (e.g. GBIF etc.) specifications e.g. 
Ecological Metadata 
Language (EML), NBII 
Biological Data Profile
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Biological Data Profile 
(BDP)  etc.) 
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Data collections created to promote data sharing and long-
term preservation of ecology and biology data Jones et al. 2006
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Interoperability of Original Data: 
IOOS Terminology

Metadata Standards, Content and Access
Metadata: information used to document and interpret data

Biological Data Contents

• Record

Semantics

IOOS Biological Data

Data Mapping

Original

Metadata AccessMetadata Contents

• Identification / 
Att ib ti

• Purpose
Native FGDC xml via http://

Observation
(e.g. Point Data)

Species Presence - Absence  and 
Species Abundance

IOOS Biological Data 
Terminology

IOOS 
Terminology

Original 
DataFGDC

Document 
of Record

Attribution

• Discovery

• Understanding

• Referral

Native FGDC xml via http://

Converted ISO xml via http://

Tools transform FGDC for

• Record Identity / 
Citation

• Spatial-Temporal-
Reference

• Details
“Mapping 

Document”
•Align originator 
definitions with 

“Fallout”
and 
Resolu-
tion

Darwin 
Core

IOOS-
specific 
terms

CF

Referral

• History / QA

• (Details of 
Mapping to 
Terminology)

Tools transform FGDC for 
other formats and 
methods of access; tools 
by project team and 
external.

Reference

• Taxon / 
Identification

• Observation 
Details

Dublin 
Core

IOOS terms

Metadata 
Development

FGDC i th P i F t

Terminology)

• Content Standard ncISO on 
ERDDAP

Details

• Sampling Details

Core

Web Service

FGDC is the Primary Format
• ISO and ncISO Supported
• Multiple Interface Methods

FGDC & 
ISO; html, 
xml, text
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Courtesy of Philip Goldstein (OBIS-USA)Credit to OBIS-USA, PIFSC , NPS, PMNM and PacIOOS team



BDP data services and next plans?

• Data Terminology and exchange standards
- Data Model XML
http://www.ioos.gov/schema/ioosbiology/0.9/ioosbiologicalterminology_vpoint9.xsdp g gy g gy_ p
-Terminology Schema
http://www.ioos.gov/schema/ioosbiology/0.9/ioos_biological_terminology_vpoint9d.x
ml
-Data Access services
http://pacioos-mapserver2.ancl.hawaii.edu/erddap/index.html

Metadata Standards
http://oos.soest.hawaii.edu/cgi-
bin/get_metadata.pl?id=PACN_FISH_TRANSECT&format=fgdc
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Matlab - The two URLS below were used to read the Fish 
species (Oxyjulis) data and productivity data from 
satellites directly into Matlab

Google Earth - Same URL with one change reads Oxyjulis 
data into Google Earth

Google Earth - With both transect and satellite dataR - Erik Franklin used the same technique to read some of 
the Hawaii transect data directly into R and then into 
ArcGIS

A ERDDAP i

satellites directly into MatlabArcGIS.

Access ERDDAP service 
using Preferred userhtt // f / d t /EDC/using Preferred user 

Applications
http://www.pfeg.noaa.gov/products/EDC/
or
http://www.asascience.com/software/arcgistools/edc.shtml

(E g MatLab ArcGIS R etc)
Eoin Howlett, Kelly Knee

ASA (E.g. MatLab, ArcGIS, R, etc)
http://coastwatch.pfeg.noaa.gov/erddap/tabledap/erdCinpKfmFT.mat?
longitude,latitude,station,Oxyjulis_californica_Adult

http://coastwatch.pfeg.noaa.gov/erddap/griddap/erdPPbfp1mday.mat?productivity[(2007-12-http://coastwatch.pfeg.noaa.gov/erddap/tabledap/erdCinpKfmFT.kml?

Roy Mendelssohn, Cara Wilson

NOAA/NMFS
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p p g g p g p p y p y[(
16T12:00:00Z):1:(2007-12-16T12:00:00Z)][(0.0):1:(0.0)][(31.8):1:(35.05)][(238.6):1:(242.6)]

Courtesy :Roy Mendelssohn 

longitude,latitude,station,Oxyjulis_californica_Adult
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Courtesy Erik Franklin (UH/HIMB)



http://www.ioos.gov/biological_observations/welcome.html
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Next IOOS BDP plan

FY12‐ implementation in SECOORA  
and GCOOS RAand GCOOS‐RA. 

FY13‐14‐ Implement in all IOOS RAsp
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A True Partnership effort  

U.S. Census of Marine Life (Michael Feldman)

NOAA Fisheries
o Pacific Islands Fisheries Science Ctr. (Rusty Brainard , Anntte DesRocehrs, Troy Kanemura et al)( y y )
o Southwest Fisheries Science Ctr. (Roy Mendelssohn)
o Office of Science and Technlgy. (Jim Sargent, Becky Shuford)

NOAA Sanctuaries/Monument (Randy Kosaki, David Graham, Steve Turner )

University of Hawai’i
o PacIOOS (Jim Potemra, Chris Ostrander)
o HIMB (Jo-Ann Leong, Erik Franklin)

USGS and USA-OBIS (Mark Fornwall, Phillip Goldstein)

NOAA IOOS Program (Charly Alexander, Hassan Moustahfid)
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Animal Telemetry Obs 

Two projects  to reconcile animal telemetry data 
standards 

‐ Project 1: partnering with TOPP and ONR to enable 
ocean modelers  access to  oceanographic observations 
collected from sensors on marine animals (e.g. Seals  and 
Sharks);  

– Project 2:   Partnering with POST and NOAA Fisheries 
IOOS RA bli h i d detc+ IOOS RAs to establish a community standards 

for representation and access for animal acoustic 
telemetry datatelemetry data. 
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Courtesy of Dan Costa UCSC



3rd GLOBEC OSM

Courtesy of Dan Costa, UCSC
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TOPP Oceanographic Data Servers: Developing TOPP Oceanographic Data Servers: Developing 
Capacity for SpatialCapacity for Spatial--Temporal Habitat MappingTemporal Habitat Mapping
& D li f O Ob ti D t& D li f O Ob ti D t

Animal Sampled 
Environment

& Delivery of Ocean Observation Data& Delivery of Ocean Observation Data

TOPP Central 
Database(s)

Live Access Server

Animal Oceanography
Database(s)

Stanford, , UCSC, NOAAStanford, , UCSC, NOAA

Integrated Data View with 
Environmental DataTime Series Data

Meta Data

Predator 
Movement 

Meta Data
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Animal Borne Sensors to Ocean Models 

ERDDAP

16
CF conventions
DwC terms US IOOS   BDP ATN  TOPP POST   ACOUSTIC CHALLENGES



TOPP Real Time Data System

NOAA/NCEP 
US NAVY/NAVOCEAN

Global 
Telecommunication 

System (GTS) 
WMO Format

TOPP DataBase
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Animal Acoustic Sensors to Fisheries models

US IOOS   BDP ATN  TOPP POST ACOUSTIC CHALLENGES



Seagliders: for testing, targeted searches, investigating 
temporary phenomena

Real Time via cell 
phone sys 
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Fully Integrated TagsFully Integrated TagsBioprobesBioprobes y g gy g g
-- Send/Receive POST codesSend/Receive POST codes
-- GeolocationGeolocation

BioprobesBioprobes
EcosystemEcosystem--based Managementbased Management

-- Physics/Chemistry  Physics/Chemistry  
-- Acoustic downloadAcoustic download

1) I’m here . . .1) I’m here . . .

3) I’ve been to . . .3) I’ve been to . . .
4) It was cold…4) It was cold…
5) I met…5) I met…
6) I ate…6) I ate…

DataData
LoggerLogger

2) Where have you been?2) Where have you been?

300 m300 m

20Holland, Holland, www.soest.hawaii.edu/PFRP/biology/dagorn_business_tags.htmlwww.soest.hawaii.edu/PFRP/biology/dagorn_business_tags.html



• A single observation can range from cm’s to km’s in space and tenths to tens of seconds 
in time

Active Acoustic Data
in time

Kongsberg Simrad ME70 Multibeam Sonar
What makes this novel is the capability to simultaneously collect water column and 
seafloor calibrated backscatter

Kongsberg Simrad MS70 Multibeam Sonar

• Multiple observations can range over 1000’s of km and months
seafloor calibrated backscatter

Multibeam sonar and side scan images 
of the sea bed and objects on the sea 
bed

(Images from Kongsberg Simrad)
(Horne et al. 2010) 48‐hour echogram

• Acoustic measurements are made from many platforms
• Vessels, AUVs, ROVs, buoys

(Image from H. Singh, WHOI)

(I f NOAA SWFSC)

( ) g
with time on the x‐axis, left to right 
vs. depth (900 m).

(Image from Kongsberg Simrad)

(Image from NOAA SWFSC)

(Image from Bluefin Robotics)
NOAA FRV Delaware II Retractable keel with EK60 transducers 

on NOAA FSV HB Bigelow



Verification and Biological Sampling: Verification and Biological Sampling: 
Midwater TrawlMidwater Trawl
Tow speeds 4 Tow speeds 4 –– 5 knots5 knots



Courtesy of Joseph D. Warren 
(Stony Brook University)



FRV Delaware II

EK60 18

FSV Bigelow (18, 38, 70, 120, 200 k



Which data model fit this type of data? 

NetCDF (Network Common Data Form) may 
be a better format for storage of final acousticbe a better format for storage of final acoustic 
output data.
Sv (Acoustic Volume Backscatter) final data file is well suitedSv (Acoustic Volume Backscatter) final data file is well suited 
to array-oriented acoustic data.
Further, metadata contained in the NetCDFFurther, metadata contained in the NetCDF 
files can be automatically harvested to 
facilitate ready discovery of the data.facilitate ready discovery of the data. 
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(2) Platform(1) Mission

Calibration(3) Instrument D t fl h f

Raw 
digital count

Instrument 
Digital 
echosounder

Raw 
Converted to Sv

Sv.ESdata
Echosounder output 

data files

Calibration
offsets

( )Data flow schema for 
production of mean 
Sv data with 

digital count

(4) Processing

Black pixels 
d t j t d d t

Unprocessed                   data Quality controlled               data

associated metadata 
levels

Ra
ng

e

Quality control 
and corrections

denote rejected data

Time

Echointegration

Calibration
offsets

(5) Dataset data and variable level

Contains Echointegrated mean

Sv per cell  (        )and 

High level metadata 
information

Merge data + metadata

(5) Dataset, data and variable level

26

coordinate variables of Time, 
Latitude and Longitude

(netCDF)

Merge data + metadata 



Example. Data variable for volume backscatter and ancillary data quality variable

Sv                          
Size:       120x2154
Dimensions: DEPTH,TIME
Datatype:   double
Attributes:

name                = 'Sv'
long name = 'mean volume backscatter coefficient'long_name           = mean_volume_backscatter_coefficient
units               = 'm‐1'
_FillValue          = 1e+04
valid_min           = 0
valid_max           = 1
ancillary variables = 'Sv quality control'y_ _q y_
Sv_quality_control          
Size:       120x2154
Dimensions: DEPTH,TIME
Datatype:   int8

Attributes:
long_name = 'quality flag for mean_volume_backscatter_coefficient'
quality_control_set         = 1
quality_control_conventions = 'IOOS standard flags'
_FillValue                  = 99
valid_min                   = 0
valid max = 9valid_max                   = 9
flag_values                 = [0 1 2 3 4 5 6 7 8 9]
flag_meanings               = 'No_QC_performed, Good_data, Probably_good_data, 
Bad_data_that_are_potentially_correctable, Bad_data Value_changed, Not_used, Not_used, 
Not_used, Missing_value
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Three Take Home points

• US IOOS is a partnership 
across the US, that also 
operates in a global 
context

• Data Integration critical 
focus. IOOS BDP is 
establishing DMACestablishing DMAC 
requirements for Biological 
data and related.data and related. 

• Data integration  requires 
engagement by allg g y
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Thank You

Dr. Hassan Moustahfid
Hassan Moustahfid@noaa govHassan. Moustahfid@noaa.gov

301/427-2447
ioos.gov



IOOS Biological Data Extensibility
What Did We Solve? and How Did We Solve It?

IOOS 
Biological 
Data

General,
Abstract

What did we solve?
1. Biogeography
2. Web Service Access

How did we solve it?
1.Technical Web 
Service StandardsData 2. Web Service Access

3. Taxonomic Resolution
4. Spatial-temporal 

resolution
5. Data Documentation, 

Q lit & Ri h

Service Standards
2.Global Standards for 
Data and Metadata
3.Scientists’
Requirements
4 IOOS S ifi

QuantificationMore specific 
b ill

Quality & Richness
6. Interoperability

4.IOOS-Specific 
Requirements

What did we solve?
1 Serve TDS Sampling

How did we solve it?
• (same as above)

Towed Diver

but still 
general (!?)

What did we solve? How did we solve it?

1. Serve TDS Sampling 
Details

• (same as above)

Towed-Diver 
Survey

Very specific What did we solve?
1. Serve TDS Sampling 

Details

How did we solve it?
• (same as above)

Credit to Philip Goldstein (OBIS-USA)



IOOS Biological Data Project
What Did We Solve? (Agency View)

ImplementedImplemented 
Biological 
Standards

Showed 
originators 
how to

Made data 
use easier 
and more

Sources Apps 
how to 
expose data

and more 
reliable

Credit to Philip Goldstein (OBIS)



IOOS® Core Variables

1. Temperature
2. Salinity
3 Water level

14.Bathymetry
15. Ice distribution
16 Contaminants3. Water level

4. Currents
5. Surface Waves
6 S f Wi d

16.Contaminants
17.Stream flow
18.Dissolved nutrients
19 O ti l ti6. Surface Winds

7. Ocean color
8. Dissolved oxygen

19.Optical properties
20.Total suspended matter
21.Colored dissolved organic matteryg

9. pH
10.pCO2

11 Heat flux

g
22.Fish species
23.Fish abundance
24 Zooplankton species11.Heat flux

12.Bottom character
13.Pathogens

24.Zooplankton species
25.Phytoplankton species
26.Zooplankton abundance

list could be expanded based on identified needs...
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33Jones et al 2006


