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U.S. Integrated Ocean Observing System (IOOS)

• 11 regions
• 17 federal 

partners
• 34 core variables
• Buoys, gliders, 

HFR, satellites, 
ship-based 
surveys, coastal 
stations, etc.
• Variety of models
• Federally-certified 

data management

To produce, integrate, and communicate high 
quality ocean, coastal and Great Lakes information 
that meets the safety, economic, and stewardship 

needs of the Nation.



IOOS emphasis on data, models, and products in 
service to end users



Variables relevant to ecological forecasting are routinely 
measured across IOOS regions 

Eco-forecasting, OA, 
HABS, hypoxia 

Ocean acidification 10 X X X - X X X X X X X
HABs 9 X - X X X X X X - X X

Water quality 9 X X X X X X X X X X X
Hypoxia 7 X X X X X X X X - X -

# AOOS CariCOOS CeNCOOS GLOS GCOOS MARACOOS NANOOS NERACOOS PacIOOS SCCOOS SECORA

Fish, Ecosystems, 
Climate
Gliders 11 X X X X X X X X X X X

Ecosystem/habitat 
monitoring

10 X X X X X X X X X X -

Climate data 9 X X X X - X X X - X X
Acoustic/Telemetry data 7 X - X X - X - X X - X

Biological monitoring 7 X - X X X - - X - X X
Fisheries 7 X - X X - X X - - X X

Long-term data 7 X - X - - X X X - X X
Coral 3 - X - - - - - - X - X

Seafloor/seabed 3 X - - X X - - - - - -
MPAs 2 - - X - - - - - - X -

IOOS 2020 survey



Status of measurements relevant to ecological 
forecasting
• Most at only a few locations à research-to-operations stage

• Some measured only within a few regions:
• eDNA 
• HAB toxins
• Ocean sound
• Imaging

• However, all regions aim to expand within Tier 2 budgets, which is work 
within fully fleshed out operations plans that is not currently funded 
(most RAs funded at <50% of award cap)

• Goal is to grow research into routine sustained observations in all regions



“We’re seeing an explosion of 

ways that we can have a look 

at biology in the oceans…New 

technologies are giving us 

unprecedented looks at how 

ecosystems function.”

- Ru Morrison



Tier 1 vs. Tier 2 Projects



Are the data set up for easy access?

• Yes, but accessibility varies among regions and data sets
• Newer and more complicated data types makes management slower 
à plankton ≠ temperature
• Some DAC systems are in development including: 
• SanctSound
• HAB DAC (incl. IFCB images)
• MBON & ATN for tagging & telemetry
• FathomNet for AI/ML

• Data standards and data integration protocols are established within 
individual DACs



Are IOOS regions engaged in integrating physical-
biological-BGC variables for easy analysis by external 
users?

•Yes!

•Here are several, but not all, examples…





J-SCOPE: Upwelling & Other Oceanography



Genomics

Specific Policy & 
Management Applications

Darwin Core
Archive (DwC-A)

OBIS-ENV-
DATA Approach

QA/QC & 
QARTOD

(Semi)Automated
Processing

Methods

Prioritization

Remote
Sensing

Sy
st

em
 Im

pr
ov

em
en

ts

Management
Needs

Legislated
Mandates

Policy & 
Management

Platforms

Performance 
Metrics

Data Archives 
&  Services

ERDDAP

Data 
Provider

Iteration

Ship-
Based

Shore-
Based

In situ -
Fixed

In situ –
Autonomous

Animal-
Bourne

Animal
Telemetry

Acoustics 
& Imaging

Visual 
Surveys

Water & net 
Samples

Funding
Levels

THREDDS
Cloud

Sediment 
Samples

Data Preparation

Adaptation

User-Driven Indicators
of Status & Trend

NMS Condition 
Reports

CeNCOOS, MBON
& ATN Data Portals

IEA Ecosystem 
Status Reports

Curated Data Views 

Infographics

Ecol. Meta. 
Language (EML)

NCEI
DataONE

OBIS

Metadata
Standards

IOOS Core
Variables

ONMS Condition  
Reports & Indicators

IEA Program Focal 
Areas & Indicators

State MPA 
Metrics & Indicators

Observing 
Strategies

M onterey Bay NM S

Central California Current

v
Diversity of All Forage Taxa

Richness of All Forage Taxa

An
nu

al
 S

pe
ci

es
 R

ic
hn

es
s 

(#
 o

f s
pe

ci
es

)
D

iv
er

si
ty

  (
Sh

an
no

n-
W

ea
ve

r)

Biodiversity of ForageA

B

D

C

Status and Trends for 
ONMS Condition Reports

Status and Trends for IEA Program 
Ecosystem Status Reports

ERDDAP

Data Services

NMFS-
SWFSC

NMFS-
SWFSC

MBON – A Systems Approach

Ruhl et al., https://doi.org/10.5670/oceanog.2021.221

https://doi.org/10.5670/oceanog.2021.221


NECOFS



Pelagic Food Webs

Suca et al. 2021

Ross et al. in prep.



SBNMS as Sentinel Site

• Model Calanus abundance in 
SBNMS as a function of 
abundance at upstream (CMTS) 
and overwintering (WBTS) sites, 
mediated by ocean currents.
• Model sand lance abundance 

as a function of Calanus, 
herring, and oceanographic 
conditions.



Are IOOS regions coordinating integration of physical-
biological-BGC variables for easy analysis by external users?

• Somewhat, but limited; e.g., HAB DAC in California, which will extend 
across the Pacific coast, as regionally-relevant libraries are developed

• IOOS is exploring how the cloud might be used to improve cross 
regions access

• IOOS Animal Telemetry Network



Suca et al. 2021

Animal Telemetry Network



What are limitations we are struggling with for collecting 
sufficient physical-ecological-BGC data that if overcome would 
significantly increase our ability to assess and predict the 
ecological states at IOOS sites?

• Funding for Tier 2 activities!

• IOOS RAs are funded at <50% of capacity proposed, and 
much of the ecological & BGC activity is what is not funded

• Notable is that the connections (people, budgets, proposals, 
etc.) to do the work have been made



IOOS RAs:  To fulfill the aim of addressing climate change, we 
are not sufficiently funding ecological forecasting currently.

• IOOS Association-led “Detecting the coastal climate signal” white paper
• A priority includes ecological forecasting

• IOOS-led OceanShot poster for U.S. UN Ocean Decade

http://www.ioosassociation.org/sites/nfra/files/IOOS_CoastalClimateSignal_Final.pdf

http://www.ioosassociation.org/sites/nfra/files/IOOS_CoastalClimateSignal_Final.pdf


How can we work together?
• Do we know enough about what is needed in terms of 

variables, validation, and parameterizing for ecological 
forecasting? 

• Define what is most important and how can we work 
together to highlight, and fund, the observations, 
integration, models, products, etc., of highest priority.

• Develop a stronger use case; e.g., J-SCOPE is used by tribal 
fisheries managers to advise fishers on expected conditions 
and set closures


