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THE UNCERTAIN CONTEXT OF FISHERIES

Model

Dats o Experimental platforms
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Observations—Estimations
Few expensive data
Limited understanding
No control on drivers
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Toward Ecosystem-Based Fisheries
Management: Strategies for Multispecies
Modeling and Associated Data Requirements

Considerable effort has been directed in the last decade towards the development of
multispecies, ecosystem-based approaches to fisheries management. One aspect of
this is the development of models that take into account direct and indirect ecologi-
cal interactions among species and their environment. We review four multispecies
modeling approaches that we feel have great potential for use in fisheries manage-
ment: multispecies production models, multispecies virtual population analysis,
Ecopath with Ecosim, and multispecies bioenergetics models. All four can predict
biomass trajectories over time and under various fishing pressures, but with different
spatial, temporal, and biological resolution, quantitative/qualitative nature of the
results, and insight into system function. We present the data requirements of each
model and give examples of field programs that have provided data for model con-
struction and validation. We conclude with a set of issues to consider when designing

Spatially explicit fisheries simulation models for policy a coupled field-modeling research program, including the scale of the problem, appro-

priate sampling platform, and data collection.
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COMPLEXITY AND UNCERTAINTY
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Fig. 1. Plot of articulation index vs, descriptive accuracy index for the models reviewed in this
study, showing the current accuracy frontier.
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Model precision evolves

with complexity
(Costanza and Sklar, 1985)

Fig. 1. Plot of articulation index vs. descriptive accuracy index for the models reviewed in this

study, showing the current accuracy frontier.




COMPLEX MODELS AS DECISION SUPPORT
TOOLS ?

Levins 1966
Guisan and Zimmermann 2000
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Fig. 1. Plot of aruculation index vs. descriptive accuracy index for the models reviewed in this
study, showing the current accuracy frontier.
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Models are not perfect but they are needed

BUILD CONFIDENCE

Through generic, rigorous, transparent
development frameworks .




BUILD CONFIDENCE

MEXICO

AS — Optimisation — Validation
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Through generic, rigorous, transparent
development frameworks '
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SET PRIORITIES FOR PARAMETERIZATION

o Too many parameters, too few data and/or
simulations !




SET PRIORITIES FOR PARAMETERIZATION

o Too many parameters, too few data and/or

simulations !

Sensitivity analysis

I

-’fff::'i) Not sensitive parameters;'_'_;;_::~»

(reference value’

< Sensitive parameters

|

ii) certain value or

univocal information

luncertain valuel

+P(X=x)

a

Still a lot of parameters !
Often correlated...




SET PRIORITIES FOR PARAMETERIZATION

o Too many parameters, too few data and/or
simulations !

Sensitivity analysis

I

-'ffff:_i'i) Not sensitive paramet ~Erg .A-::j,_'_l_?ensitive parameterﬁ
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3 uncertainty: value across sources: alternative and estimation
1 P(X=x) vary in time mutually exclusive values possible
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Lehuta et al. 2013
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ESTIMATE PARAMETERS:
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ESTIMATE PARAMETERS:
HERRING META-POPULATION GULF OF MAINE
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ESTIMATE PARAMETERS : SENSITIVITY ANALYSIS
HERRING META-POPULATION GULF OF MAINE

Total sensitivity indices Biomass Total sensitivity indices Catch
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ESTIMATE PARAMETERS: CALIBRATION
HERRING META-POPULATION GULF OF MAINE
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ESTIMATE PARAMETERS: CALIBRATION
HERRING META-POPULATION GULF OF MAINE

-

\-

scientifiques

~N

Données
campagnes

Logbook

J

Modele de dynamique
de pécherie spatialisé

\fl‘\u
|

iiiii

%
/3 )
my
,/

Algorithme génétique

Record, N. et al. L |
2010, 4\ MathWorks: = 7 g7

Coefficients de la

matrice de migration
C

mg— B H1
mgh

m [
m ; I—
m5—

Distribution

‘ du TAC par
zone et
ﬂm4- saison
3‘
m2h
m1_

[
0.0 0.2 0.4 0.6 0.8

Vision tres différente des
migrations

Eg]_stimation” de M

*:gﬁééHHHH @




Frequen:

F requenc:

F recju

F requenc:

o 4 &8 12

0 5 10

ESTIMATE PARAMETERS:
TWIN EXPERIMENT & ENSEMBLE RUN (20)
HERRING META-POPULATION GULF OF MAINE

------- Real
------- Best
—— DMean
------- CI 95%
M decl-1aZ dec1-1b2
wo o
1 7w | | F oo | I
i 2 = | N | I
£ oo 2 o
; L T T i G T T T ; l i BN T l| T i
0.1 02 03 04 05 0.0 0.2 0.4 08 0.8 1.0 0.0 0.2 0.4 08 0.8 1.0
dec2.32 apri-21a apr1-21b
— -
- | i 5 : I
o o
Eagne | X I |
. | | | o0 N
I T T T T I T T T T 1 I T T
0.0 0.2 04 08 08 1.0 0.0 0.2 0.4 08 0.8 1.0 0.0 02 0.4 08 X 1.0
aug1-21a apr2-21a apr2-21b
| - | 5 o= | |
m | O |
o (o] o [3']
'_‘ [TTT] e 2
T L] T T H T T —5 “oe ,_| ,_" i “ e || T T T — T i
0.0 02 0.4 06 08 10 1.0 0.0 02 0.4 018 08 1.0
apr2-23 apr1-22 apr2-22

4

il b PR E RN P

0.0 0z 0.4 08 [VR:} 1.0 1.0 0.0 0z 0.4 06 0.8 1.0

o 4 812

F ren
F sy




Estimate
parameters

Optimise the

arameterisatiol K % optimisation

AS — Optimisation — Validation

Orient ‘K / fixplore

‘structural

anagement r
realism




5

ESTIMATE PARAMETERS: St
DERIVE LARVAIRE DE LA SOLE DE MER DU
NORD (BARBUT ET AL., IN PREP.)
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ESTIMATE PARAMETERS:
11 PARAMETRES INCONNUS

Metamorphosing larvae

First-feeding larvae

>
Duréedu A
Stade + + +
Mortalité + + Cst

Migration

Périodete Honte

4 10 Continu

1 an de
simulation

+ 1 Discret (8)




ESTIMATE PARAMETERS: T
MULTIPLES OBJECTIFS

Estimation du recrutement (age 1) pour I’ensemble du systéme entre 1995-2006 (Stock assessment in
IV Area ICES)

« Global représente la taux d'écart enfre recrutement prédit et simulé

gy = NyN;jy Ny & Ny: recrutement standardisé total observé et prédit par le modele
pour 'année y

Variations de g(y | 9)

Indicateur d’abondance locale (age 0) entre 1995-2006 (Demersal Younq Fish Survey, ICES)

« Local montre la différence en terme d'anomalie de recrutement dans chacune des
nourriceries (NL, UK, GE, BE).

Données et résultats sont standardisés ( N;|6), et on calcule un taux d’'écart pour

chacune des nourriceries:

Ind iy— Ind iy
lly == N
Ind iy

Ind iy & Ind iy : recrutement standardisé observé et simulé dans Io‘

nourricerie i, I'année y

variations de ;|0 Calibration




ESTIMATE PARAMETERS:
IN SUMMARY

o Discrete and continuous parameters
o Multiple objectives
o Long simulation runs

=> Difficult optimisation problem




ESTIMATE PARAMETERS:

STRATEGY
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ESTIMATE PARAMETERS:

STRATEGY
Etapes Questions
Etape 1:
Analyse de Quels parametres ont une forte

influence sur les prédictions du
modele?

sensibilité

Plan optimisé : 353 simulations * 12h = 176 jours

Etape 2: .

, , Quel est le meilleur modele?
Calibration

méthodes
Plan factoriel
optimisé sur une

année moyenne

Plan complet sur les

parametres
1dentifiés comme
tres 1nfluents sur

toutes les années
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ESTIMATE PARAMETERS:
SENSITIVITY ANALYSIS
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ESTIMATE PARAMETERS:

STRATEGY

Etapes Questions
Etape 1:
Analyse de Quels parametres ont une forte
sensibilité influence sur les prédictions du

modele?

Etape 2 g * Quel est le meilleur modele?
Calibration

* Durée larvaire (continue avec 3 modalités)

» Migration verticale (discret 3 modalités)

* Période de ponte (continue avec 3 modalités)
*  Mortalité (continue avec 3 modalités)

Plan complet sur la période 1995-2006 pour les parametres:

méthodes

Plan factoriel
optimisé sur une
année moyenne

Durée larvaire
Période de ponte
Mortalité

Plan complet sur les
parametres
1dentifiés comme
tres 1nfluents sur
toutes les années




ESTIMATE PARAMETERS:

RESULTATS

‘* Période de ponte: distribution de la valeur absolu du

taux d’erreur entre observeé et simulé
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ESTIMATE PARAMETERS:

RESULTATS
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ESTIMATE PARAMETERS:

STRATEGY

Etapes Questions
Etape 1:
Analyse de Quels parametres ont une forte
sensibilité influence sur les prédictions du

modele?

Etape 2 g Quel est le meilleur modele?
Calibration

méthodes

Plan factoriel
optimisé sur une
année moyenne

Durée larvaire
Période de ponte
Mortalité

Plan complet sur les
parametres
1dentifiés comme
tres 1nfluents sur
toutes les années

Disapointing! '




ESTIMATE PARAMETERS:
DISAPPOINTING!

o We should have planned ahead
o Years were neglected in the first AS
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o AS on the indices and not the FO !
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OPTIMISE THE OPTIMISATION

o Which objective function to use ?
o Objective :

I'I.ETS—FiSh

e reproduce catch at age, each month over ten years

» Estimate catchability parameters

o p arameters L4 Series temporelles des débarguements par groupe d’age
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OPTIMISE THE OPTIMISATION
9 ALTERNATIVE OBJECTIVE FUNCTIONS
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OPTIMISE THE OPTIMISATION
FIND THE MOST SENSITIVE FO TO ALL
PARAMETERS

o LHS 2000 + anova (sans interaction)
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OPTIMISE THE OPTIMISATION
GAIN A FIRST EXPLORATION OF THE

PARAMETER SPACE
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EXPLORE STRUCTURAL REALISM

(S THE MODEL «YALtp-»2
«ASEFUL », «INSPIRING CONFIDENCE, «CONVINCING,
w(LLUAMINATINGs, « SUITABLE FOR A PARTICHAR PURPOSE »

1. INTRODUCTION

System Dynamics modelers are often faulted for their reluctance
to employ formal measures of goodness-of-fit when assessing
the historical behaviour of models. As a result. the validity
of system dynamics models is often questioned even when
their correspondence to historical behaviour is quite good.
This paper argues that the failure to present formal analysis
of historical behaviour creates an impression of sloppiness
and unprofessionalism. After reviewing the theory of validity
in system dynamics, the paper proposes a simple set of summary
statistics appropriate for system dynamics models. The
statistics allow the error due to individual behaviour modes

to be analysed, do not require the use of formal parameter
estimation procedures, and can be conveniently computed. !
4

Sterman,




EXPLORE STRUCTURAL REALISM
CALIBRATION/VALIDATION

o ISIS-Fish model of the Eastern English Channel
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EXPLORE STRUCTURAL REALISM
CALIBRATION RESULTS / SPECIES

o Radar plot %err moyen /sp (par an)

percErr.cod

100%

Id problematic
* species : RedMullet
* Years: 2011, 2013

percErr.ctc

\\
; .
( AN\
N
{ N
, \
\ \\\\
\
0% N\,
\
j N\
1 ) \\\\
L
| | N
\
\ L \Q
\\ ’ \\
\ /
\ /
\
N \\j7 7 percErr.mur
A, = 7
« \°
_ 7’ -
.

5
3
bhbt

percErr.sqz

Fupﬂatiuns

percErr.sol percErr.ple




EXPLORE STRUCTURAL REALISM Time/} Spac
VALIDATION
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Pnpﬂatiuns Mpad
SEASONNAL PATTERNS %ERROR A ot

1500000
1000000

“”“”@ ol Ul .nlilllll.hmlnllln < Linabis m.m“h. % |

e 00T O O D e - D0 e e O e - 00T e O D et - 00T 0 b o D e O - 00T e e 0 e - 00 T e e O e - 00 T e
WWWWWWWWW
oo — o om

SPATIAL PATTERNS / GEAR & YEAR

0
YERROR ABSOLUTE DIFFERENCE
L 5 8 e &
520 — I:rrurUIti
520
2014 g 2008 32 2014 ___ 2008 jj -
515 213 2””9 c15 | 2013 2009
2012 2‘”” 31 2012 2010 31
510 - 510 2011
2057 505 |
500 — 500 —

49.5 —

490 —

49.5
a8
49.0 -



EXPLORE STRUCTURAL REALISM
VALIDATION: METRICS

Nets gillnets trawls | Dredges - beam trawl
MEF 0.41 -3.3 -10

1400000 1 | 0.65 excellent
1200000 - | 0.65-0.5 very good
1000000 4 | 0.5-0.2 good
sooooo - | <0.2 poor
600000 —
400000 —
200000 —
S U —

o gy O o x— oD

o O 09— o = =
o o O o O O O
[ I S T o e B |

Cumulated catches over year
% error per gear
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parameters
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arameterisatiol K % optimisation

AS — Optimisation — Validation
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MANAGEMENT STRATEGY OPTIMISATION
MIXED FISHERIES
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==
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MANAGEMENT STRATEGY OPTIMISATION
MIXED FISHERIES

Feabillaud

==

Fsole
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MANAGEMENT STRATEGY OPTIMISATION
MIXED FISHERIES

Sc. Max : Effort E1 = Effort 1 +Effort 1
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MANAGEMENT STRATEGY OPTIMISATION

MIXED FISHERIES

Sc. Min : Effort E2 = Effort 2 +Effort 2
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MANAGEMENT STRATEGY OPTIMISATION

MIXED FISHERIES

Fueerlan

Feabillaud
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Pretty good yield
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(Rindorp et al. 201 6')




MANAGEMENT STRATEGY OPTIMISATION

MIXED FISHERIES

Search for {quotas} optimal within constrainsts
That minimizes (Catch Sc. Max — Catch Sc. Min)

#mermm

//

v

v

9%
d

D
0 200 400 600 800 1000
Quotas
Pretty good yield

1200

Genetic
algorithm

Ulrich et al. 2016




« [he caations modeler gﬁafb‘&/f(w{@4¢ without w/zaﬁc//y »
Ardca Saltell
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SA-CALIBRATION-VALIDATION FOR
PARAMETERIZATION

P(X=x)

LN

P(X=x)

J\

“X

d

Param 1 : mortalité des oeufs
Param 2 : durée de la ponte
Param 3 : date de migration

= 8 alternative parameterizations

Param 4 : accessibilité
Param 5 : mortalité adultes
= Calibration

.lETS—FiSh

Pécherie pélagique ‘

1 run = 20 min

Lehuta et al. Fish.Res. 2013.




SA-CALIBRATION-VALIDATION FOR
PARAMETERIZATION

P(X=x) .,
Param 1 : mortalité des oeufs iy i \
. , araml |Hypothesis S — Alternative parameterization 1
Param 2 : durée de 1a por}te |Hypothesis 2 ~———————— Alternative parameterization 2
Param 3 : date de migration _ S e
= 8 alternative parameterizations Param2 |Hypothesis1 — ——— Alternative parameterization 3
 x [_Hypothe5|52 = ~ Alternative parameterization 4
P(X=x) d
Param 4 : accessibilité
Param 5 : mortalité adultes
/_\ = Calibration

X

Systematic building
alternative parameterizations
Calibration of continuous

parameters f;‘ ,
SIS-fFish
\ / Pécherie pélagique

Lehuta et al. Fish.Res. 2013.



SA-CALIBRATION-VALIDATION FOR

PARAMETERIZATION

« Systematic building \
alternative parameterizations

« (Calibration of continuous
parameters

« Evaluation of alternative
parameterizations against

\ observations

/

Alternative parameterizations

— Megg1,R2 mighpr
—— Megg1.R2,migJan
Megg1,R1,migApr
Megg1.R1,migJan
Megg2 R2 mighpr
Megg2,R2,migJan
Megg2,R1,migApr
Megg2.R1,migJan

« Model skill assessment »
Multi-variables and multi-criteria
validation and model selection

mse

_ Biomass
Sp. distr.

r
So. dist Biomassc i
Catchly p- QST atchly
R Cage0 R Caged
BolSpanis Cage1 BolSpamQ - Cagef
Cage?
CBol2 Cagez B \L "

CBal1 Cage3
CBol1 Cage3 ° ¢
CPel2 CPell
CPel2 CPelt
MEF
_ Biomass
Sp. distr. Catchly
ﬁ‘ R Cage0
SIS-Fish  sasm
Pécherie pélagique \—
p g q CBol2 CageZ?
CBoal1 Cage3
CPel2 CPell

Lehuta et al. Fish.Res. 2013.




SA-CALIBRATION-VALIDATION FOR

PARAMETERIZATION

« Systematic building \
alternative parameterizations

« (Calibration of continuous
parameters

« Evaluation of alternative

parameterizations against

observations

/

Alternative parameterizations

— Megg1,R2 mighpr
—— Megg1.R2,migJan
Megg1.R1,migApr
Megg1.R1,migJan
Megg2 R2 mighpr
Megg2,R2,migJan
Megg2.R1,migApr
Megg2.R1,migJan

« Model skill assessment »
Multi-variables and multi-criteria
validation and model selection
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Lehuta et al. Fish.Res. 2013.




SA-CALIBRATION-VALIDATION FOR

PARAMETERIZATION

« Systematic building \
alternative parameterizations

« (Calibration of continuous
parameters

« Evaluation of alternative
parameterizations against

« Model skill assessment »
Multi-variables and multi-criteria
validation and model selection

\ observations /

Limits :
Caricature of parameter space to
limit alternatives

Rank of mse
Biomass

r

Biomass
Catchly

Sp. distr. Catchly Sp. distr.
R R Cage0
CBOISp CBO'Sp Cage1
CBol2 CBol2 Cage2
CBol1 CBol1 Cage3
CPel2 CPell

CPel2 CPel1

Sp. distr.

MEF

Biomass
Catchly

F’ R Cage0
SI5-Fish com [/ Yom
Pécherie pélagique ., /A Cage2
CBol1 — Cage3

CPel2 CPel1

Lehuta et al. Fish.Res. 2013.




o Uncertitude et AS
o AS sur FO

o Créer de la connaissance / gérer : Herring/SMAC
metapop : calibration -> orientation

o Fcube

o Sur-parametrage

o Validation POM/ multi variée + sterman
o Precaution !




o Choisir les parametres a calibrer, differentes
natures -> ad hoc solutions

o AS sur la FO (what 1s the question?): selon 1
objectif exclude useless param or build the most
sensitive FO.

o Tester la qualité de 1 optim: twin experiments,
several runs, try different methods (simplex vs.

AG)
o Calibrated 1s not validated (prez IPEM 2017)

o Calibration and management in fisheries : Fcube,
Sole metapop

o Leo modele de derive
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COMPLEXITY AND UNCERTAINTY IN

MARINE MODELS

Medawar zone
(Grimm et al. 2005)

Explanatory power . o
| o Model efficiency evolves
r h"t\ . .
/ : with complexity
# \
2 Y (Costanza and Sklar, 1985)
124 .r" "\
i L]
! oa sitactivensss frontier Yy
/ A
l“ ‘\
¥ %
E ,"J A "n‘
i
2 ;o
R \
I R AN :
- . Says little about
44 A
i % much
I
Says much | s
. i &
about little {4 %
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complexity armicuLation

Fig. 2. Plot of articulation index vs. effectiveness index showing the current effectiveness

frontier.



— Developing management procedures that are robust
“ICl . to uncertainty: lessons from the International
ICES Jourmal of Marine Science (2012), 69(1), 3~7. dot10.1093 ficesjms /fsr179 Wh all ng Cﬂ'm ml 55iﬂ'"
Food for Thought André E. Punt and Greg P. Donovan
Advice under uncertainty in the marine system
32@723 :__ %?Ikgn'e ffdbeﬁl :’p[s)z g(']‘;gal;ue[ Padda’, Christine Rickmann , Je@Qen der Sluijss, :v":il __’; ;’:r;“"g; ﬂm;“;i:::ﬂawﬁfm thas am robust to uncemainty leszons Som the bteational
NATURE|Vol 449|25 October 2007 ESSAY
° o o “Emphasizing
Fishing for certainty whatwe don'
_ _ _ _ _ _ _ _ know often
Science advisers should have confidence in their data, or risk being undermined by more drowns out what
dogmatic and vociferous stakeholders during the policy-making process. "
wedo know.
Andrew A. Rosenberg resources. Exploitation of species such as  depletion are good things; many argue
o S e . £l MANAGEMENT
ad VI ce: Ies So n S from fl S h erles ELSEVIER  Journal of Environmenital Economics and Management 50 (2005) 300-3 I.‘iwwm
John Harwood' and Kevin Stokes® 2003

Fishery management under multiple uncertainty

Gautam Sethi®*', Christopher Costello™', Anthony Fisher®,
Michael Hanemann®, Larry Karp®

#Bard Center for Environmental Policy, Bard College, Annandale-on-Hudson, NY J2504, USA
"Donald Bren School of Environmental Science & Management, University of California, Santa Barbara, USA

7] =1 5y = - u =
Risk” in fisheries management: a review
“Deparment of Agriculural and Resource Economics, University of California ai Berkeley, USA

R.I.C.C. Francis and R. Shotton 1997 Received 21 December 2001
Available online 5 March 20035
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o Trop de parametres, trop peu de données !
o Un peu bien, tout mal !

o Confidence: reproducing the past, reproducing
patterns




ESTIMATE PARAMETERS: CALIBRATION

Model

— Données
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1.0

08
I

- Principal effect
Interaction

.| effect

06

Y = recrutement

04

Sensitivity Index

Etape 1: prédit par le modéle N
Exploratoire ) E
duration [;noaméi:ryto rn;gration year
1995 2003

Parameétrisation:

* Longue durée
larvaire
« Migration

I 108

, , . 1 8
nycthémérale + tidal 0
« Forte mortalité 107 @
* 2
106 e
(Courte durée 105

larvaire
 Migration passive
« Faible mortalité

i .




Etapes

Etape 1:
Exploratoire

Etape 2:
Analyse de
sensibilité

Etape 3:
Calibration

Questions

La variabilité interannuelle a-t-
elle plus d’impact que les autres
parametres?

Quels sont les paramétres les
plus influents?

Quels parametres ont une forte
influence sur les prédictions du
modele?

Quel est le meilleur modele?

méthodes

Non

La durée larvaire

Plan factoriel
optimisé sur une
année moyenne

Plan complet sur les
parametres

1dentifiés co
tres 1nfluents

toutes les années




Parameétrisation testée:

* Migration verticale (discret, 8 modalités)
* Durée larvaire (continue)

* avec 3 modalités * 4 stades
« Mortalité (continue)

* 3 modalités

Etape 2: « Période de ponte (continue)
Analyse de « 3 modalités : estimation +- 15 jours
sensibilité e Délai supplémentaire (continu)

3 modalités
e Pour 'année 2003

s Plan factoriel optimisé d’ordre 2

(353 simulations, obtenu avec la fonction

optFederov (library r AlgDesign) )
Plan complet : 472392 simulations * 12h = 647 ans

Plan optimisé : 353 simulations * 12h = 176 jours




ESTIMATE PARAMETERS

TWIN EXPERIMENT & ENSEMBLE RUN (20)

HERRING META-POPULATION GULF OF MAINE
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