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The dream of biological prediction

Bjgrn Fridtjof Timing of Cod arrival at Lofoten
Helland-Hansen Nansen in relation to hydrography

Helland-Hansen and Nansen, 1909
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But that’'s about as far as we got ...

Just 15 out of 1250 fish
stocks incorporate
environmental information
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Meanwhile, a revolution is taking place...
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Seasonal-scale forecasting of the
ocean is a reality
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So how do we convert this into biology?
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Working
within our
limitations

............
et
..

Low-hanging
fruit

What can we actually predict?
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What would a predictable biological
response look like?

e Drivers must be predictable e.q.
—Response depends on SST
~Response depends on prey abundancex

e Prefer Mechanistic understanding

e Tight physics-biology coupling
—Coupling is unique and constant

B

> Response

O|IO||®®]|| >

1

Mechanisms

e Good data
—Fish Recruitment x
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Species distributions and migrations
might work..

e Lots of distributional data available \\ | /
— e.qg. Fisheries surveys _
\ 4
e Mechanistic links to environment :v,/

- e.g. due to physiological tolerances

e Well developed tools
—Environmental niche modelling (ENM)

e Particularly promising for pelagic fish
— Ability to influence distribution
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Bluefin tuna case study
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The Sunday Times
3 August 2014

r

Tuna follow global =
warming to Arctic-. <
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Availability of Thermally Suitable Habitat
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e Area of suitable habitat increased by size of France

Could we have predicted this shift?

Seasonal-to-Decadal Prediction of Marine Ecosystems Mark R Payne (mpay@aqua.dtu.dk)




w—
—
N

s

Retrospective Forecast (Hindcast) Skill -
Area of Potential Bluefin Tuna Habitat
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Multi-annual prediction of an ecosystem indicator?
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Bluefin Habitat Forecasts
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The future

Seasonal-to-Decadal Prediction of Marine Ecosystems

=
—
=

i

Mark R Payne (mpay@aqua.dtu.dk)



=
—
—

M

ICES Annual Science Conference 2016

Seasonal-to-Decadal Prediction of
Marine Ecosystems: Opportunities,
Approaches, and Applications

Mark Payne (ICES)
DTU Aqua

Desiree Tommasi (PISCES)
GFDL, Princeton

Alistair Hobday
CSIRO, Australia

Riga, Latvia, September 2016
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Frontiers in Marine Science
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Research Topic — Abstracts due 1 Oct

A

} frontiers

Seasonal to decadal prediction of marine

applications

Authors Impact Comments

About this Research Topic

ecosystems: opportunities, approaches and

VIEWS

22

Topic Editors

Mark R Payne
- Techrcal Universey
: of Derymnark
. Denmark

http://tinyurl.com/frontiersS2D
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Focus on Climate-Services

EU H2020 Project "Blue Action” =
e Climate services for e Co-creation
—Shipping + polar lows - Fishing Industry
— Arctic tourism (skifields) —Scientists (field camp.)
- Oil +gas exploitation in —Management
Russian arctic e Four phases
— Quantify skill

—Valuate skill (€)
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ICES WGS2D =
Working Group on Seasonal-to-Decadal
Prediction of Marine Ecosystems

e First meeting 12-16 June 2017, Copenhagen

e End user-driven process to identify and develop
predictive products

e Aiming at operationalising predictions

¢ Joint activites planned with PICES SG-CEP

—Theme session at Climate Change Impacts Conference
in Washington 20187

—Joint meeting
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Decadal prediction of some elements of
marine ecosystems is possible

Ask not "how do we predict something?”
Ask “what can we predict?”

Seasonal-to-Decadal Prediction

of Marine Ecosystems
A 6+Qf86‘:

dR
Mark R Payne 21 e —{2. 71828182841
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Feel the fear and do it anyway
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Wouldn't it be loverly... if we knew
where the fish were going to be?
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The Challenges of Surveying Mackerel
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Assessing predictive skill

All-data
ENM Model

A

| | | | | | S
| | | | | | |

1992 1995 1998 @@ 2004 2007 2010 2013

Single-Year

ENM Model

Seasonal-to-Decadal Prediction of Marine Ecosystems Mark R Payne (mpay@aqua.dtu.dk)



=
—
—

i

Anomaly Persistence Forecasts

1m lead 3m lead 6ém lead

Single
Year

Temperature

Seasonal
Climatology

v

Month Coefficient of correlation (r) of
seasonal anomalies
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Probability of Observing Eggs

2013.01.16 2013.02.16 2013.03.16 2013.04.16 | 2013.05.16

08
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"Prediction is difficult, especially
if it involves the future

Niels Bohr
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Biological Model Diagram

e Environmental e Response variables
correlates —-Presence-Absence
-SST —-Daily Egg Production
-NPP
-Daylength e Model types
—Bathymetry —~Binomial GAM
—-Zero-inflated Poisson
e Sampling parameters GAM
-Volume filtered ~Random forest

—Gear type
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"Prediction is difficult, especially
if it involves the-future fish”

(with apologies to) Niels Bohr
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Biological Model

e Environmental e Response variables
correlates —-Presence-Absence
-SST —-Daily Egg Production
-NPP
-Daylength e Model types
—Bathymetry —~Binomial GAM
—-Zero-inflated Poisson
e Sampling parameters GAM
-Volume filtered ~Random forest

—Gear type
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What limits predictive skill?

British Isles, decadal mean surface air temperature d
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Seasonal-to-Decadal Prediction of Marine Ecosystems

British Isles, decadal mean surface air temperature

Initialisation

Scenario

20 40 60 80
Lead time [years from 2000]

Hawkins & Sutton, BAMS 2009
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Predictive model skill

Prob. presence pred. correct Prob. absence pred. correct

PPV NPV

1.00-

— Al
S50 - LOO
@ i
> Coin toss
® |n-year
0.25-
Can we use this model for forecasting?
0.00-

1995 2000 2005 2010 1995 2000 2005 2010
Validation Year
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Model Validation

Forecasting Model

Biological
Observations

Environmental
Observations

P —

Random Forest
ZIP GAM

Species

Distribution

Models

Hindcasts of
Observations
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Forecasts of
Distribution
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SST

NPP
Depth
Daylength

Forecasts of
Environment
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Forecast skill

(Probability of presence prediction being correct, Northern Region)
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So what goes wrong?

Presence of

/ Mackerel Eggs «\

Residual
Mpth DaYIength o
Seasonal Interannual
variability variability
Physical
Forecasts

Inter-annual variability in SST

is simply not influential enough
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Essentially,
all models are wrong,
but some are useful

- George E. P. Box




...and verify our hypotheses.
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Higgs Boson
Proposed 1964
Verified 2011-13



The role of prediction in science
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Prediction is practical...

EPRNSEH i 1
LA TR A A TR B

.......................

Map produced by Halley
showing path of predicted eclipse 3 May, 1715

"Halleys Eclipse”



Prediction can inspire us....

Existence of Neptune
predicted by Le Verrier, 1846.
Verified after less
than an hour’s search



Prediction can open our minds....

L)
-
- - Einstein’s Theory of General
x . Relativity predicted bending
T a | of light by gravity, 1915.
“ _ \ Verified 1919

"Cheshire cat” cluster



Continuous Plankton

A
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Recorder (CPR)

Deploying a CPR, 80 years later

Sir Alister Hardy deploying one
of the first continuous
plankton recorders, c. 1928
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Fisheries management has learned to
live with uncertainty

: % |

=
—
=

i

Seasonal-to-Decadal Prediction of Marine Ecosystems Mark R Payne (mpay@aqua.dtu.dk)



=
—
=

i

...and at longer time scales...

Multiyear Prediction of Monthly Mean 1
Atlantic Meridional Overturning osf
Circulation at 26.5°N

Daniela Matei,'* Johanna Baehr,” Johann H. Jungclaus,” Helmuth Haak,'
Wolfgang A. Miiller,” Jochem Marotzke™

Model forecast

T8 Persistence
i g forecast

Seasonal-to-Decadal Prediction of Marine Ecosystems

2 3
Lead time (yr)

Matei et al. Science 2012

Mark R Payne (mpay@aqua.dtu.dk)




Y4

What determines predictive skill?

British Isles, decadal mean surface air temperature

Initialisation

3
:
2
3
5
'§

20 40

Scenario

60

Lead time [years from 2000]
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Hawkins & Sutton, BAMS 2009
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Where does the improved skill come from?
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imrovmnts

Observational
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Mackerel spawning distribution

case study
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NE Atlantic Mackerel Surveys

( Sco'fnber scombrus)

Mackerel Egg Survey (MEGS)
Tri-annual Egg Survey

Jan-June, Gibraltar - Iceland

~ 2000 hauls, 250 Vessel days

Used in stock assessment

€3-5 million per survey

Ensuring full coverage of stock is challenging

Can we forecast the distribution?

Seasonal-to-Decadal Prediction of Marine Ecosystems

l7§amp|ing Distribution
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Model Validation

Environmental Niche Model

Biological
Observations

Environmental
Observations

S —

Random Forest
Z1IP GAM

Environmental
Niche
Models

Hindcasts of
Observations

Forecasts of
Distribution
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SST

NPP
Depth
Daylength

Forecasts of
Environment
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DTU
Predicted Egg Counts =
for MEGS 2016

Seasonal-to-Decadal Prediction of Marine Ecosystems Mark R Payne (mpay@aqua.dtu.dk)



Predictions for MEGS 2016
June (Period 6) Details

2016.06

Suggests
potential refinements
to the design
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The most exciting phrase to hear in
science, the one that heralds new
discoveries, is not ‘Eureka!’ but 'That's
funny...'

- Isaac Asimov
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The quiet revolution in
weather forecasting
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Availability of Thermally Suitable Habitat

2.2

How large is the
area of water
with SST > 11 C
in this box?
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e Area of suitable habitat increased by size of France
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Outline

Prediction Physical Biological Case Future
& Science Predictability Predictability Studies Directions
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...0N the seasonal scale...

Include NMME skill map as a supplement here

NMME Ensemble SST skill, 6 months lead
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But that’s abou

wS\far as we got ...

Reviews in Fish Biology and Fisheries 8, 285-305 (18
When do environm recruitment
work?

RANS . MYERS

went of Biology, Dalhoyay: U
ansom MyersiDal Ca

4J1. E-mail

1

1 out of 49 recruitment-environment
correlations "survived” 10 years

Myers, Rev. Fish Biol. Fish. 1998
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FISH and FISHERIES

FISH and FISHERIES

Ecosystem processes are rarely included in tactical fisheries
management

Mette Skern-Mauritzen’, Gelr Ottersen’-, Nils Olav Handegard”, Geir Huse', Gjert E Dingsor”, Nils C
Stenseth”™ ** & Olav S Kjeshu'

"nstitute of Marine Research and Hjort Centre for Marine Ecosystem Dynamics, P.0O. Box 1870 Nordnes. NO-5817.
Bergen. Norway: “Centre for Ecological and Evolutionary Synthests, Department of Biosclences, University of Oslo, 1,0,
Box 1066 Blindern, NO-0316, Oslo, Norway; ‘Institute of Marine Research. P.O. Box 1870 Nordnes, NO-3817, Bergen,
Norway: *University of Agder. PO Box 422, NO-4604, Kristtansand. Norway

15 out of 1250 fish stocks
incorporate environmental information
in tactical management

Skern-Mauritzen et al, Fish Fish. 2015
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Bluefin Tuna Habitat Predictability
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Multi-annual prediction of an ecosystem indicator?
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