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Nonlinear estimation

Biologi
al systems are typi
ally nonlinear

Growth

Mortality

.

.

.

so the models should be nonlinear

Haley Frater Nonlinear estimation April 10, 2018 2 / 10



Nonlinear estimation

A relatively simple problem, ADAPT

The ADAPT assessment model
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where M is �xed and the 
at
hes, C

ay

are given as numbers by age and

year.

But the weighting fa
tors w

ay

need to be spe
i�ed.
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Nonlinear estimation

Gadget biologi
al 
omponents

Core: Parametri
 forward simulation model

Consumption: Suitability fun
tions

Mortality: Due to predation or other natural or �shing

Growth: Can depend on 
onsumption. Several growth update implementations

Migration: Through migration matri
es

Maturation: Move from immature to mature sto
k 
omponent

Spawning: Lose weight and generate year
lass

Symmetri
: All spe
ies implemented in same way - �eet is also a predator
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Nonlinear estimation

Data are typi
ally not Gaussian

Length distributions

Survey indi
es

.

.

.

Data from a normal distribution are a
tually very rare in �shery s
ien
e.

Obvious modi�
ations to assumptions su
h as the multinomial typi
ally

does not improve anything.
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Nonlinear estimation

Nonlinearity is not an issue per se

Use nonlinear minimisation algorithms for estimation

Can handle a lot of unknown parameters

Can in prin
iple estimate varian
es using Hessian matri
es or

bootstrap
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Nonlinear estimation

Consider ea
h data set

Look at single data sets and try to estimate true varian
es in ea
h

Compare point estimates from ea
h data set

Try to test formally whether results di�er
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Nonlinear estimation

Diagnosti
s for likelihood fun
tions

Most likelihood fun
tions 
an be veri�ed, e.g. using Kolmogorov-Smirnov

tests.

One should not be happy with a model whi
h is reje
ted!
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Nonlinear estimation

Likelihoods - Assumption

Take 50 �sh from ea
h station - 
ompare

with binomial

Most assumptions fail - take multinomial
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Nonlinear estimation

Parsimony and �exibility

If data sour
es indi
ate di�erent out
omes then the model is wrong!

Data are just data - they are not wrong.

Example: Cat
hability may vary in time and �eets may in
rease their


at
hability.

Need to add parameters until model is appropriately �exible. Notably add

time series parameters...
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