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Calibration of a complex population dynamics model : a long

process

Disciplinary skills

Computer skills

i

Debugging, optimising

Mathematics skills
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Calibration of a complex population dynamics model : a long
process

@Iimry@ Model designing =

del
oping

< How to decrease the number of iterations?

Model exploration

‘ sensitivity, calibration

Interpreting results
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How many eels are killed by hydropower plant turbins
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How many eels are killed by hydropower plant turbins
in France ?
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How many eels are killed by hydropower plant turbins
in France ?

Hydrographic network:
>900 river basins
>280 000 km

To know how many eels die, | need to know:
L how many eels are in basins
where they are with respect to hydropower plants
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Abundance estimates + sd through
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8531 operations
from 1990 to 2009




How many eels are killed by hydropower plant turbins
in France ?

Hydrographic network:
>900 river basins
>280 000 km

Objective: Calibrate a model to estimate yearly abundance
and location of eels using electrofishing data

Abundance estimates + sd through
electrofishing monitoring
8531 operations
from 1990 to 2009
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Tabasco a random walk model
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Tabasco a random walk model

]

1/2 1/2 0 0 0 0 0 0

/3 0 1/3 1/3 0 0 0 0
1/3 0 1/3 0 1/3 0 0
1/3 1/3 0 1/3 0 0 0

From 180 000 reaches to 225 000 => bigger matrices => large increase
in computation time
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Tabasco objective function

Likelihood function

f(Y = 0) ~ Binomial(0)

f(Y=x | Y>0) ~ Gamma(0)
f(Y=0) = PGamma(1,0)
f(Y=X]Y>=1) ~ Gamma(0)

- f(y=X) = PGamma(X+1.96 sd) —
Pgamma(X-1.96 sd)
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Tabasco - unknown parameters
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Tabasco objective function

* Model in C++

— Computation time depends on b !l

— Largest sparse matrices 55893 x 55893... impossible to
decompose?

* Parallel computation

— By river basin :

* Not ideal since there are large basins (Loire River) and very
small basin => most cores are not working waiting for large
basins

— By simulation :

* Not ideal since computation time depend on b => many cores
wait for simulations with large b
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Tabasco exploration

* LHS
- 31 parameters S
- 1000 simulations CHonool
GAM model to Slslelerstote
& e

- Quantify the sensitivity to BOBBCCHOOR0CON

parameters => choosing year ~oomEac: Coonna000m

1998 and Rhone as intercept Seeie s

) (]
- Choose plausible initial values OEEO060: 00000 00000
— Check concurvity 000000 ..m “Ses o
s see s e et ser s
@ ® @ @

0 0 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.03
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Tabasco calibration

First tests with BOBYQA

— Local search through quadratic
approximation

L: —min{ f}

— No need of derivatives
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Tabasco calibration

| forst et et f = s £, o, axis ratio
T T

* First tests with BOBYQA _ _

— No need of derivatives

Nfide = ming f)

- Fast... but sensitive to starting points

% std
[ std

» Lesingm 17245 gaERS13275

[ ] C MA_ ES (Hansen, 2006) = pyt h O n 0 1000 o0 %0 o =000 E 0 = 2000

— Metaheurstic local sampling

Object Variables (curr best, 27-D, popsize=-14)
T T

— Several tests »

{22)=3 1R58845345442195
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=2 ZRIBBOOEAEEE02E
=1 8]57011788740654

* Modifications of starting points
* Size of population CMA-ES
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— Converge (almost always to the same
solution) 1
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Tabasco calibration

* First tests with BOBYQA

Local search through quadratic approximatior
No need of derivatives

Fast... but sensitive to starting points

CMA'ES (Hansen, 2006) ~ python

— Converge (almost always to the same solution)

Metaheurstic local sampling

Several tests
* Moadifications of starting points
* Size of population CMA-ES

* Coupling with Autodif
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Tabasco postcalib

S |

o ]0.0.05]
© (0.05,0.1]
o (0.1,05]
e (051]

e (1,5]

e (5.10]

e =10

* Check traces of CMA-ES

[0,0.05]
(0.05,0.1]
. (0.1.0.5]
e (0.5, 1]
— (1,5]
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Tabasco postcalib

Check traces of CMA-ES

Check Hessian matrix from
Autodif
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Tabasco postcalibration

-0

o 10,0.05]

© (0.05,0.1]
o (0.1,05]
e (051]

e (1.5]

e (5.10]

e =10

* Check traces of CMA-ES

* Check Hessian matrix from
Autodif

* Check patterns in outputs =>
selection of most relevant
model structure
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(0.5,1]
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Repeatability? Transfering?

Disciplinary skills
athematics skills
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Mexico: ODDO and decision trees

Mahévas, S., Picheny, V., Lambert, P., Dumoulin, N., Rouan, L., Soulié, J.-C., Brockhoff,
D., et al. 2019, December 19. A Practical Guide for Conducting Calibration and Decision-
Making Optimisation with Complex Ecological Models. Preprints.
https://www.preprints.org/manuscript/201912.0249/v1

) Time pcr modd run
Pertormance
:g parallelisation

= b

o Question of Optimisation = longuage
& E Model development Data collection Trevclopment Imipkementation of the
E =2 ODDO preparation ‘ ] : opimisation algerithm
w =
e e T F—

o - 8 v Wadel

* .
“ ! Problem formulation % Question
1
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Dhaia

L Listin arameters I = Probibem Frrmu kafinn y -
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Building the objective function e ﬁ L“'I":I' shicotive fucting
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' Dimension reduction - — =
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1 Fill ODDO
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------------------------------------------------------ R Description-Justification

Selecting the optimisation algorithmand setting controlling parameters

Changes in { he albprerithm

Algorithm

*
-
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PER SE
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Implementation and run of the algorithm

| Converpence
Orptimum properties
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HResidual analysis
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Fill ODDO

------------------------------------------------------

Convergence analysis ' e T 7 =
: Stop criteria, globalllocal Identifiability ‘ | Residuals analysis
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Multiple objectives analysis
H Fill ODDO
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