THE STATE OF THE ART FOR ECOLOGICAL
FORECASTING AT SHORT-, MEDIUM- AND LONG-
TERM TIME FRAMES

??

Observations

m
=
a

Decadal

PNW
predictions

HAB Bulletin)
Real-time

(climate);

Observation$; |nitial valu
Early Warnirlg problem

Systems
L -

e e e e E—

day  week month season year decade century
Weather Seasonal to Long term climate
predictions interannual change projections
predictions s
Future

Isaac Kaplan?, Vera Trainer!, Michael Jacox?, Samantha Siedlecki?
INOAA Northwest Fisheries Science Center
2NOAA Southwest Fisheries Science Center
3University of Connecticut

Qv va ;) The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018
e oF & INTEGRATED ECOSYSTEM ASSESSMENT



OUTLINE

Introduction: The forecasting toolbox u

Part 1. Short-term forecasts: ‘real-time’ to 1 month

Part 2: Seasonal ocean forecasts: 1-12 months

Part 3: Medium-term forecasts: 1-20 years

Part 4: Long-term forecasts: Decades ' I

The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018

> INTEGRATED ECOSYSTEM ASSESSMENT



OUTLINE

Introduction: The forecasting toolbox

Part 1. Short-term forecasts: ‘real-time’ to 1 month
Part 2. Seasonal ocean forecasts: 1-12 months
Part 3: Medium-term forecasts: 1-20 years

Part 4. Long-term forecasts: Decades

Sy
V] A The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018
INTEGRATED ECOSYSTEM ASSESSMENT



THE FORECASTING TOOLBOX
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INTRODUCTORY POINT 1: TAILORED FORECASTS
o Forecasts on any timescale should be tailored for, and
delivered to, clients.

o Pacific Fishery Management Council has unique needs for
short-term, seasonal, and long-term forecasts.
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INTRODUCTORY POINT 2: SKILL ASSESSMENT

o Model skill and performance metrics are essential (e.g.
anomaly correlation coefficient)

o Model skill and performance usually best for ensembles

o Model skill and performance should be evaluated for ocean
conditions relevant to PFMC fisheries and species
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INTRODUCTORY POINT 3. SOURCES OF UNCERTAINTY

o The main source of model uncertainty depends upon the
timescale of the forecast

o Uncertainty arises from model spread, internal variability,
emissions scenario

Sources of uncertalnty in pro;ected global mean temperature
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INTRODUCTORY POINT 3. SOURCES OF UNCERTAINTY

o The main source of model uncertainty depends upon the
timescale of the forecast

o Uncertainty arises from model spread, internal variability,
emissions scenario

o Important coastal processes not resolved with typical
spatial resolutions: downscaling required
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North Pacific surface temperature anomalies
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2015 Pseudo-nitzschia bloom impacts ~ Sheifisn closures,
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Data integration & interpretation:
Fuca Eddy »

Toxin & cell monitoring at coast
Offshore boat sampling at hotspots
Weather predictions
Models (cell transport & Columbia River plume)
Climate change indicators
Facilitates management decisions:
Selective harvest at safe locations

Pre emptlve Increase in harvest limit
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7 f\lcleddauephqu) inkion blooms this summer.
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Research has shown that toxic HAB events off WA and
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1 .

’ ua ‘r‘ The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018
INTEGRATED ECOSYSTEM ASSESSMENT



Foundation of the forecast — phytoplankton & shellfish monitoring

« Weekly 80
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Tribes, WA SeaGrant, UW, Evergreen College, volunteers
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Recreational crabbing closed for

Live Ocean Model Oregon Coast
Nov 2016: threat to OR beaches

. Surface Salinity and 0 day Tracks
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Skill assessment of Live Ocean model in hindcast mode
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Tallored Forecasts
PNW HAB Bulletin

evolution since 2007

Feedback from managers

« Explanatory key

* Long-term forecast

« More “traffic light” graphics

New features

Live Ocean

« Offshore samples at “hotspots”
« ESP

 QOcean indices

« Glider flights
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Seasonal forecast: - .
. . Scientists: Clam toxin,
Pseudo-nitzschia blooms warmer ocean go together
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Key Messages
Short-term forecasts: Pseudo-nitzschia
blooms

« Blooms signal environmental stress
« Tailored forecasts enable management action

« Model skill is assessed using mooring &
monitoring data

« Short-term bloom conditions inform long-term
projections

The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018



OUTLINE

Introduction: The forecasting toolbox

Part 1: Short-term forecasts: ‘real-time’ to 1 month
Part 2. Seasonal ocean forecasts: 1-12 months
Part 3: Medium-term forecasts: 1-20 years

Part 4: Long-term forecasts: Decades

1 \
¢ 1 Ln The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018
INTEGRATED ECOSYSTEM ASSESSMENT



INTEGRATED ECOSYSTEM ASSESSMENT

WWW.Nnws.noaa.gov

. National Weather Service LA,

(,\j Climate Prediction Ceng

Site Map Organization
IOME > NMME Forecasts of Monthly Climate Anomalies

The North American Multi-Model Ensemble

Welcome to the North American Multi-Model Ensemble home!

NMME/SubX Science Meeting: Posters and presentations

3-month mean spatial anomalies
1-month mean spatial anomalies

Nifo3.4 Plumes
International MME
Experimental: Probability forecasts
Preview: additional variables
Real-time verification (preliminary)

NMME Realtime Forecasts Archive
*%* Data Access **¥

About the NMME
Join the NMME mailing list

or additional information, contact Qin Zhang (Qin.Zhang@noaa.gov) or Emily Becker
Emily.Becker@noaa.gov)

INOAA/ National Weather Service Disclaimer Privacy Policy
INOAA Center for Weather and Climate Prediction Information Quality Freedom of Information Act (FOIA)
Climate Prediction Center Credits About Us
5830 University Research Court Glossary Career Opportunities
College Park, Maryland 20740

Page Author: Climate Prediction Center Internet Team

Page last modified: March 12, 2012

http://www.cpc.ncep.noaa.gov/products/NMME/
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January Forecasts of ENSO Conditions

NMME Forecast for Nino 3.4 (scaling) IC= 201801
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January Forecasts of Spring (April-May-June) Sea Surface Temperature
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Forecast Skill Assessment for the California Current
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Anomaly Correlation Coefficient

Forecast Skill for California Current Sea Surface Temperature
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Jacox et al., Climate Dynamics (2017)
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What mechanisms generate predictability?

Wind Stress (N/m?) Upwelling (m/day) SST(°C) Pycnocline Depth (m)
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JISAO’s Seasonal Coastal Ocean Prediction of the Ecosystem
(J-SCOPE)

CFSR

60E 120 180 120W 60W  C
Habitat Models and Indices
Sardine (Kaplan et al., 2016)
Hake and Crab
(Malick, Hunsicker, Norton, in prep.)

B e

Climate Forecast System (CES)

~200 km atmospheric resolution
~50 km ocean resolution

UW Coastal Modeling Group

Reqgional Ocean Model (UW Cascadia)
~1.5 km resolution
Physics and biogeochemistry
(temperature, salinity, chlorophyll, nitrate, oxygen, pH, aragonite saturation state)
http://faculty.washington.edu/pmacc/cmg/cmg.html; Giddings et al. (2014)
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JISAO’s Seasonal Coastal Ocean Prediction of the Ecosystem
(J-SCOPE)
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Forecast Validation — Skill Assessment
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Siedlecki et al., Sci. Rep., 2016
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Olympic Coast National Marine Sanctuary

WA Oceanographic Buoys
National Data Buoy Center

py~
V] A The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018
INTEGRATED ECOSYSTEM ASSESSMENT

Bottom Oxygen (mg 1)

10+

Forecast Validation - Moorings

o

i

— an Forecast
= Apr Forecast
= Qbservations, CEQ42

T

Febh Mar

- r T T T T T
Apr May  Jun  Jul  Aug Sep Oct  Nowv
Year 2017

Dec

Jan



Forecast Validation — Shipboard Data

Depth of the Q Saturation Horizon
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Forecast Validation — Uncertainty from Model Ensemble

uI-A_u »

Sep-Oct
P S

L 48 i

_47_

_46_
- 45 - 15

44 - - 44 - L 44 -
o

-126 -124 -126 -124 -126 -124 -126 -124

Coefficient of variation (as %) of SST in 3-member ensemble

pyn
WA A The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018
INTEGRATED ECOSYSTEM ASSESSMENT



EcoCast: An Eco-informatic Tool for Fisheries Sustainability
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Fishery Observer Data

EcoCast Product

0.5

Hi

Hazen et al., in review
Welch et al., in review

& EcoCast

An Eco-informatic Tool for Fisheries Sustainability
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An Eco-informatic Tool for Fisheries Sustainability
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Key Messages: Seasonal Ocean Forecasts

Opportunities and Benefits

Manage fisheries based on dynamic rather than static ecological assessments
Inform fisheries management with environmental information

Exploit predictable climatic forcing on seasonal timescales

Collaborate with industry and managers, and leverage a real-time
observational network

Technical Aspects

Builds on seasonal weather forecasting

Applications of ensembles of seasonal climate forcing

Detailed skill assessment

Understanding of mechanisms of predictability (e.g., persistence, ENSO
variability)
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OUTLINE

Introduction: The forecasting toolbox

Part 1: Short-term forecasts: ‘real-time’ to 1 month
Part 2. Seasonal ocean forecasts: 1-12 months
Part 3: Medium-term forecasts: 1-20 years

Part 4: Long-term forecasts: Decades
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California Current Salinity
(10 years later)
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OUTLINE

Introduction: The forecasting toolbox

Part 1: Short-term forecasts: ‘real-time’ to 1 month
Part 2. Seasonal ocean forecasts: 1-12 months
Part 3: Medium-term forecasts: 1-20 years

Part 4. Long-term forecasts: Decades
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Long-term forecasts: Potential effects of ocean
acidification on the California Current food web and
fisheries

Activities ‘f)\‘ ‘

7/

Ocean drivers are largely dependent on basin-scale forces that ultimately affect

local production and the quality of the many habitat types that groundfish use

over the course of their long and diverse life histories. Circulation patterns and
pwelling affect iness of food and ion of pelagic larval and juvenile

g fish, and upwelling also pring/ production. Tempera-

ture affects metabolic rates and growth. In some areas, strong productivity may

produce excess phytoplankton, which settles to the bottom and can lead to

hypoxia due to high microbial respiration. 7,

% NOAAFISHERIES

Northwest & Southwest
Fisheries Science Centers
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Ocean
- | Acidification

carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification
A7 WY - N Y
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Functional group

Approach: Ecosystem projections under scenarios for
oceanography and pH sensitivity

Oceanographic Model

Atlantis Ecosystem Model
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e
Questions

What are the effects of forecasted 2060 pH levels on:

G Biomass of organisms directly sensitive to pH?
@ Indirect effect on biomass of their predators/prey?

‘ Effects on fisheries revenue?
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Scenarios for ocean conditions:
continuation of present conditions, or IPCC scenario RCP8.5 in 2063
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Scenarios for 109
biological ~—=—"

sensitivity to pH
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Economic responses to pH sensitivity
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K.N. Marshall et al. (2017) Global Change Biology
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Economic responses to pH sensitivity (via
IOPAC model)

Revenue Income Employment

Strongest economic impacts in US northern ports (reliance on
Dungeness crab), though biological impacts stronger in south.

f$ " E.E. Hodgson et al. (in review)

2

:
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Key Messages
Long-term forecasts: Potential effects of
ocean acidification

* Direct effects of acidification on invertebrates

 Strong indirect effects expected on demersal fish, sharks,
and epibenthic invertebrates (including Dungeness crab)

« Strong effects on nearshore state-managed invertebrate
fisheries and the groundfish fishery.

« Strongest effects in the north (due to dependence on
Dungeness crab)

» Pelagic community was much less influenced by future pH

« Scenarios for long-term projections, and steps toward skKill
assessment

The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames | February 1, 2018



From Physics to Fisheries: A Social-Ecological Management Strategy Evaluation
for the California Current Large Marine Ecosystem

Integrated Ecosystem Assessment

-

INTEGRATED ECOSYSTEM ASSESSMENT
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From Physics to Fisheries: A Social-Ecological Management Strategy Evaluation
for the California Current Large Marine Ecosystem

Integrated Ecosystem Assessment
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From Physics to Fisheries: A Social-Ecological Management Strategy Evaluation
for the California Current Large Marine Ecosystem

Integrated Ecosystem Assessment

e

Multiple Ecosystem Models
for sardine, albacore, swordfish,
and bycatch species

Downscaled Ocean Projections
for the California Current System
(1980 - 2100)
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From Physics to Fisheries: A Social-Ecological Management Strategy Evaluation
for the California Current Large Marine Ecosystem

Management Strategy Evaluations
(e.g., SpatiaI/temporaI Closures, Integrated Ecosystem Assessment

harvest guidelines) l i i

5-7

Multiple Ecosystem Models l u

for sardine, albacore, swordfish,
and bycatch species

Downscaled Ocean Projections
for the California Current System
(1980 - 2100)
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From Physics to Fisheries: A Social-Ecological Management Strategy Evaluation
for the California Current Large Marine Ecosystem

Management Strategy Evaluations Socio-economic Analyses
(e.g., spatial/temporal closures,m (community reliance and
harvest guidelines) _ < vulnerability, economic

impacts of distributions shifts,
changing abundance, etc.)

| Target and bycatch [
SDMs for sardine

C~( swordfish fishery
_

Multiple Ecosystem Models
for sardine, albacore, swordfish,
and bycatch species

\_‘L// Downscaled Ocean Projections

| S 1| for the California Current System
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Summary

We are entering an era of rapid ocean change, and forecasts help us see what is on
the horizon

« Short-term forecasts, e.g. Pseudo-nitzschia blooms: should | harvest next week?

« Seasonal ocean forecasts: Will hake migration reach Canada? Will crab season be
delayed? What is turtle bycatch risk off Central California?

* Long-term forecasts (decades): What are the risks of global change to the ecosystem
and particular fisheries and ports?
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Summary

We are entering an era of rapid ocean change, and forecasts help us see what is on
the horizon

« Short-term forecasts, e.g. Pseudo-nitzschia blooms: should | harvest next week?

« Seasonal ocean forecasts: Will hake migration reach Canada? Will crab season be
delayed? What is turtle bycatch risk off Central California?

* Long-term forecasts (decades): What are the risks of global change to the ecosystem
and particular fisheries and ports?

Gaps

« Mid-term forecasts from 1-10 years.
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Summary

We are entering an era of rapid ocean change, and forecasts help us see what is on
the horizon

« Short-term forecasts, e.g. Pseudo-nitzschia blooms: should | harvest next week?

« Seasonal ocean forecasts: Will hake migration reach Canada? Will crab season be
delayed? What is turtle bycatch risk off Central California?

* Long-term forecasts (decades): What are the risks of global change to the ecosystem
and particular fisheries and ports?

Gaps

« Mid-term forecasts from 1-20 years.

Next steps

« Tailored forecasts for PFMC and other partners
« Skill assessment

» Scenarios (e.g., “Physics to Fisheries”) and ensembles (e.g., EcoCast, J-SCOPE)
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Questions?
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Questions for you!

 What ocean conditions matter most for your
fisheries and species?

e What are PFMC needs for short-term,
seasonal, and long-term forecasts?
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