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Dynamic oceans and dynamic ecosystems



Our climate impacts species distributions across multiple timescales
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Conservation and management decision-making also
occurs across multiple timescales
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Thus, accurate predictions of distributions across multiple 
time-scales can support climate-ready decision-making
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The northeast Pacific is an ideal testbed:
Many recent heatwaves

Welch et al 2023. 
Nat Comms



Four marine heatwaves Blue whale tagging data
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The northeast Pacific is an ideal testbed:
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Results are 
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as opposed to 
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Marine heatwave impacts on blue whales are surprisingly diverse
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Marine heatwave impacts on blue whales are surprisingly diverse
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Marine heatwave impacts are 
surprisingly diverse

Can’t assume future 
marine heatwaves will 
have the same impact as 
past events

However, marine heatwave 
impacts are highly 
predictable in modeling 
space

And we can predict 
impacts in real-time as 

marine heatwaves unfold
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Marine heatwave impacts are 
surprisingly diverse

Can’t assume future 
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Hurricanes are surprisingly diverse
Can’t assume future 
hurricanes will have the 
same track as past events

However, hurricane tracks 
are highly predictable in 
modeling space

And we can predict tracks 
in real-time as hurricanes 

unfold



WhaleWatch: Near real-time models for dynamic 
management of blue whales in the North Pacific

via ERDDAP

INTRODUCTION

104 tags



WhaleWatch 1.0 to 2.0

AUC = 0.95
AUC = 0.86

Hazen et al. 2017 J. Appl. Ecol

Abrahms et al. 2019 Div. Dist.

https://coastwatch.pfeg.noaa.gov/projects/whalewatch2/



WhaleWatch 2.0 to end-users

Abrahms et al. 2019 Div. Dist.

AUC = 0.95

https://whalesafe.com/

https://coastwatch.pfeg.noaa.gov/projects/whalewatch2/



Nowcasts:
Real-time information

https://oceanview.pfeg.noaa.gov/top-predator-watch/

January 12, 2025

Forecasts:
Forward-looking information



The Habitat Compression Index (HCI)
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Increasing habitat compression
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The HCI has become a valuable 
decision-support tool for the Risk 

Assessment and Mitigation Program 
(RAMP) regarding closures of the 

crab fishery

Nowcast -> Forecast

Increasing habitat compression



Brodie et al 2023. Nat Comms

Observed
Forecast

Habitat Compression Index (1-month forecast)

• 94% of forecasts correctly identified 
high habitat compression Mar 2014–Dec 2016

• HCI forecasts correctly predicted high 
compression during Mar 2014–Dec 2016 up to 
11.5 months in advance

Seasonal forecasts of the HCI



Accurate predictions across multiple time-scales are 
needed to support climate-ready decision-making
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Background Projections
Species Distribution Model outputs

Three high-resolution (~10 km) 
downscaled ocean models under 

the high emissions scenario 
(RCP8.5)

Daily Habitat Suitability (HS)
 (1980-2100)

Changes in 
suitability
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Results 1. Project blue whale distribution
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Lezama-Ochoa et al., 2024 (in prep.)
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Results 1. Project humpback whale distribution
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Results 2. Identify climate refugia & bright spots

Good à bad Good à Good Bad à Bad Bad à Good 



Bright Spot
(suitable habitat emerges)

Climate Refugia
(suitable habitat remains)

Unsuitable
(unsuitable now and future)

Risk of loss
(suitable habitat is lost)

Assessing historic and 
future habitat in NMS for 
fished and protected 
species

Developed for use in 
strategic planning by 
West Coast Sanctuaries

Results 2. Identify climate refugia & bright spots



Marine Spatial Planning

• Spatial closures
(fisheries)

• National Marine 
Sanctuaries

• Chumash designation
planning

• Long term planning & 
development (WEIAs)

• Overlap between
predators-prey

• Informing ecosystem
models

Dan Palance et al., 2024 (in prep.)

+

Applications

Species Distribution Models for 
Targeted and Bycatch Species

Regional Ocean Model

Hazen et al. (2018); Welch et al. (2018)
https://coastwatch.pfeg.noaa.gov/ecocast/

Tracking/Survey Data

Fishery Observer Data



Conclusions
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We can build an integrated portfolio across scales to improve 
our ability to assess climate variability & change.



Box 1.1 - 2021-22 CCIEA Ecosystem Status Report HighlightsSummary and synthesis

Climate variability and change are increasing the 
need for climate-ready tools and management 
approaches

● Nowcasts can provide information on species 
distribution at finer temporal scales (e.g. via ecosystem 
status reports) to help make targeted and responsive 
decisions.

● Forecasts can be used as an early warning indicator for 
management decisions similarly to how we prepare for 
El Niño / La Niña conditions.

● A suite of nowcasts, forecasts, and projections can 
inform multiple management decision targets and can 
serve as climate-ready management approaches as 
species and the humans that depend on them shift



● Population 
Modelers

● Stock 
Assessors

● Risk 
Assessors

● Ecosystem 
Assessors

● EFH 
Assessors

● Impact 
Assessors

● Strategy 
Evaluators

● Scenario 
Planning

● Risk 
Assessments

● Rapid 
Responses

● Consultations
● Management 

Strategies
● Rebuilding & 

Recovery Plans

Decision Support Teams ApplicationsAdvice PathwaysOcean Predictions

Slide from Cisco Werner


