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à l'origine...

BUGS (Bayesian inference Using Gibbs Sampling) project is
concerned with �exible software for the Bayesian analysis of
complex statistical models using Markov chain Monte Carlo
(McMC) methods. The project began in 1989 in the MRC
Biostatistics Unit, Cambridge.
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winBUGS

1989-2007: "Nous étions heureux" ( E. Parent 2019 à l'EC
BioBAYES)



Burn-in vs Warmup

Google trends
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BUGS et ses rejetons

Nom algorithme
BUGS Gibbs, MH, slice
JAGS Gibbs, MH, slice, etc.
ADMB automatic di�erention model builder + Laplace approx.
nimble McMC, SMC, etc.
Stan HMC, etc.
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Andrew Gelman's Juju

https://www.youtube.com/watch?v=pWow8Qe1snQ

https://www.youtube.com/watch?v=pWow8Qe1snQ
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et les autres...

Nom algorithme
ELFI ABC, HMC

Edwards many available
Birch SMC
INLA Laplace approx.
Greta HMC, MH, Slice (utilise Tensor flow)
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Ressources

I BUGS: https://www.mrc-bsu.cam.ac.uk/software/
bugs/the-bugs-project-winbugs/

I JAGS: http://mcmc-jags.sourceforge.net/

I AMBD: http://www.admb-project.org/

I INLA: http://www.r-inla.org/

I ELFI: https://elfi.readthedocs.io/en/latest/

I nimble: https://r-nimble.org/

I Stan: https://mc-stan.org/

I Edwards: http://edwardlib.org/

I Birch: https://birch-lang.org/

I Greta: https://greta-stats.org/

https://www.mrc-bsu.cam.ac.uk/software/bugs/the-bugs-project-winbugs/
https://www.mrc-bsu.cam.ac.uk/software/bugs/the-bugs-project-winbugs/
http://mcmc-jags.sourceforge.net/
http://www.admb-project.org/
http://www.r-inla.org/
https://elfi.readthedocs.io/en/latest/
https://r-nimble.org/
https://mc-stan.org/
http://edwardlib.org/
https://birch-lang.org/
https://greta-stats.org/
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Que de choix ...
"Statistical Ecology Comes of Age" Gimenez et al. (2014) :
"we detect a recent rise in statistical awareness, manifested in
various ways"

'burn-in' ou 'warmup'?
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'burn-in'

http://users.stat.umn.edu/~geyer/mcmc/burn.html

"Burn-in" is a colloquial term that describes the practice of

throwing away some iterations at the beginning of an MCMC run

http://www.catb.org/jargon/html/B/burn-in-period.html

1. A factory test designed to catch systems with marginal

components before they get out the door;

2. A period of indeterminate length in which a person using a

computer is so intensely involved in his project that he forgets

basic needs such as food, drink, sleep, etc.

Warning: Excessive burn-in can lead to burn-out.

http://users.stat.umn.edu/~geyer/mcmc/burn.html
http://www.catb.org/jargon/html/B/burn-in-period.html
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'warmup'

https://www.merriam-webster.com/dictionary/warmup

a preparatory activity or procedure

https://www.merriam-webster.com/dictionary/warmup
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Pourquoi cette di�érence?

I 'burn-in' : on jette;

I 'warmup' : on ne jette pas vraiment → phase adaptative
des algorithmes modernes
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Qu'est-ce qu'un algorithme?

Pour Wikipedia
"Un algorithme est une suite �nie et non ambiguë d'opérations
ou d'instructions permettant de résoudre une classe de
problèmes."

Et pour un écologiste?
glm, gam = algorithme (par exemple Hallgren et al., 2019 )
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SDM - Species Distribution Models

I 'The goal of SDM is to link the location of species
presences to some number p of environmental variables'
(Renner & Warton, 2013) ;

I 'SDMs relate observations of a species to environmental
characteristics or spatial location to better understand

the processes that determine where a species occurs'
(Paci�ci et al., 2017) ;

I 'SDMs are statistical methods that relate species
information (either presence-only or presence-absence) to
environmental variables to infer spatially explicit habitat
suitability (Zurell et al., 2020) .
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SDM
Predire à partir de p covariables (xk∈[1:p]) la distribution ou
l'abondance (Y ) d'une espèce

E[Variable Réponse] = f (Variables Environnementales)

Un SDM = formule mathématique (une "spéci�cation") de la
Fonction d'Espérance Conditionnelle:

1. reg. linéaire FEC: E[Y |X ] = β0 +
∑p

k=1
βk × xk

2. reg. logistique FEC: E[Y |X ] =
1

1 + e−β0−
∑p

k=1
βk×xk

3. modèle additif généralisé FEC:
E[Y |X ] = β0 +

∑p
k=1

sk (xk )

4. etc...
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SDM

Flux de travail
Données

→ Modèlisation → Prédictionstempst
(Long, Lat)obs
Occurrence

↘

FEC
↗

Spatiale
Habitat (Long, Lat)pred
Abondance

↗ ↘
Temporelle

Inputs (x1, .., xp) timet+1
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SDM - Species Distribution Models

En 2006, 'publication' de MaxEnt ('Maximum Entropy') pour
estimer des distributions d'espèces à partir de données de
détections (Y = {1, 1, . . . })
→ application java

Présentation de MaxEnt comme la méthode la plus
performante et juste, en opposition à toutes les autres
méthodes d'estimation;

Adoption rapide et multiplication des cas d'études
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Google trends
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Lozier et al. (2009)
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Lozier et al. (2009)
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SDM - Species Distribution Models
Royle et al. (2012)

"We are critical of the routine application of the software
package MaxEnt as applied to species distribution modelling.
We speci�cally object to the pervasive views in the MaxEnt
user community that one should avoid characterizing species
distribution by occurrence probability, that occurrence
probability is not identi�able and that one should instead
obtain indices of species occurrence probability by using
MaxEnt."

"In our view, poorly motivated and justi�ed technical elements
of MaxEnt distract from understanding the central inference
problem of species distribution modelling."'



Burn-in vs Warmup

SDM - Species Distribution Models
Royle et al. (2012)

"We are critical of the routine application of the software
package MaxEnt as applied to species distribution modelling.
We speci�cally object to the pervasive views in the MaxEnt
user community that one should avoid characterizing species
distribution by occurrence probability, that occurrence
probability is not identi�able and that one should instead
obtain indices of species occurrence probability by using
MaxEnt."

"In our view, poorly motivated and justi�ed technical elements
of MaxEnt distract from understanding the central inference
problem of species distribution modelling."'



Burn-in vs Warmup

SDM - Species Distribution Models

Royle et al. (2012)

"We consider a formal model-based approach to analysis of
presence-only data. We emphasize the critical assumption
required for statistical inference about species occurrence
probability from presence-only data, which is random sampling
of space as a basis for accumulating presence-only
observations. In addition, the estimator we devise here is most
relevant only when species detection probability is constant."

'Nouvelle' méthode : MaxLike
?
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La guerre...

Fitzpatrick et al. (2013) : MaxEnt vs MaxLike

"the relative suitability index estimated by MaxEnt often was
poorly correlated with the probability of occurrence estimated
by MaxLike, suggesting that the two methods are estimating
di�erent quantities."

Renner & Warton (2013) établissent que ce que fait MaxEnt est
d'estimer les paramètres d'un Processus (ponctuel) Poissonien
non-homogène (IPP);

Gimenez et al. (2014) "Important innovations include the use
of point processes to �t SDMs to presence-only data and the
mathematical equivalence of MaxEnt to glms"
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Un exemple: n = 500, p = 4
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MaxLike

Vraisemblance Bernoulli, estimation avec optim

β1 β2 β3 β4
vraie valeur 0.14 0.00 0.20 −0.35
estimation 0.16 0.04 0.20 −0.30
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MaxEnt

Vraisemblance IPP, estimation avec glm

β1 β2 β3 β4
vraie valeur 0.14 0.00 0.20 −0.35
estimation 0.17 −0.03 0.22 −0.33
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MaxEnt

Vraisemblance IPP + regularisation ('horseshoe', Carvalho
et al., 2010), estimation avec Stan

β1 β2 β3 β4
vraie valeur 0.14 0.00 0.20 −0.35
estimation 0.16 −0.02 0.21 −0.32
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IPP avec stan
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Vraie carte
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SDM - Species Distribution Models

Le programme de recherche en écologie sur les SDMs

est confus

I MaxEnt est un modèle, pas un algorithme

I MaxEnt est un modèle, avec des choix discutables mais
obscurs pour la plupart des écologistes

I Fithian & Hastie (2013) "'in�nitely weighted logistic
regression': we can use logistic regression as a device

for using glm software to maximize the IPP
log-likelihood."

I estimer le modèle supposé par MaxEnt est possible avec
glm... ou Stan!
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SDM - Species Distribution Models

Le programme de recherche en écologie sur les SDMs

est confus

I Hallgren et al. (2019) (Ecological Modelling) 'comparent'
MaxEnt, glm, gam, etc. et concluent 'SDMs can be highly
sensitive to algorithm con�guration'

I 'MaxEnt and glm have fewer con�guration settings, but
also showed less sensitivity to their settings. This can

be explained since these approaches are more

model-based.'
I 'This sensitivity con�rms that the samples are not
exhaustive of the complex environment, and sampling
e�ort was uneven'
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Comment sortir de l'ornière?

I Présenter un modèle comme un algorithme ne rend pas
service

I confusion entre le modèle et comment en estimer les
paramètres

I → empêche de situer correctement les problèmes

I est-ce le modèle? sont-ce les données?
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Un exemple: n ≈ 2, 500, p = 4
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Où voir des dauphins dans le Golfe de Gascogne?

Côte Talus Inclinaison Profondeur
β1 β2 β3 β4

MaxLike −1.03 −1.57 0.12 0.62
MaxEnt + glm −0.56 −1.01 0.01 0.34
MaxEnt + Stan −0.56 −1.01 0.01 0.33



Burn-in vs Warmup

Où (ne pas) voir des dauphins dans le Golfe de

Gascogne?
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Où voir le(s) problème(s)?

Les modèles sont cohérents entre eux: même signe et même
rang pour les di�érents e�ets...

inférences fausses!!

Le problème vient de l'échantillonnage (des données, donc):
Botella et al. (2020)

We modelled species occurrences and observation process as a
thinned Poisson point process.
We conclude that none of the methods are immune to
estimation bias.
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E�ort homogène
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A standard protocol for reporting SDMs

Zurell et al. (2020)

I 'Explanation' (also termed inference) regards detailed
analyses of species-environment relationships and aims to
provide or test speci�c hypotheses.

I 'Mapping' (also termed interpolation) means that the
estimated species-environment relationships are used to
map (or interpolate) the species distributions in the same
geographic area and time period in which the model was
calibrated.
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A standard protocol for reporting SDMs

Zurell et al. (2020)

I 'Transfer' (also termed forecast or projection; but these
terms are less precise)

I 'algorithmic uncertainty'

I 'We de�ne model complexity as the �exibility of the �tted
biodiversity-environment relationship'

I Trop de focus sur les 'algorithmes', trop peu sur les
données et leur collecte...
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Coming of age...?
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Divaguations

I bannir la 'pornographie algorithmique ?'

I qu'apprend-t-on en soumettant un jeu de données
empiriques à une batterie de
méthodes/modèles/algorithmes en l'absence d'un
standard ?

I quel progrès depuis 2006 si chaque nouvel article en
écologie récapitule une comparaison de tout ce qui est
disponible sur le marché?

I quel dialogue avec les statisticiens quand on utilise les
mêmes mots pour recouvrir des concepts di�érents?
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Merci de votre attention
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