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identification of transition scenarios through mathematical modeling. Ecological Modelling 382:33-42
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Baudrot, V. ; Fritsch, C. ; Perasso, A. ; Raoul, F. (2018) Effects of contaminants and trophic cascade regulation on food chain stability: 
identification of transition scenarios through mathematical modeling. Ecological Modelling 382:33-42

Coexistency

2013-2016 – PhD – Trophic interactions and Contaminants

04/24



C
ar

ry
in

g 
ca

pa
ci

ty
 (

K
)

Baudrot, V. ; Fritsch, C. ; Perasso, A. ; Raoul, F. (2018) Effects of contaminants and trophic cascade regulation on food chain stability: 
identification of transition scenarios through mathematical modeling. Ecological Modelling 382:33-42

2013-2016 – PhD – Trophic interactions and Contaminants

Soil concentration (ppm)

Pr
ed

at
or

Pr
ey

Tipping point

From observation of
simple system,
tipping point are
hardly predictable... 

... so in real complex !
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Fernandez-de-Simon, J. ; Baudrot, V. ; Coeurdassier, M. ; Lambin, X. & Giraudoux, P. (submitted) The fine line between predator-prey regulation and 
farmer/poison-pest regulation: Managing rodent pests that are prey of specialists and generalists.
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Implementation of Bayesian 
inference for TKTD models
A way to track the propagation
of uncertainties in 
environmental risk assessment

Virgile BAUDROT
Sandrine CHARLES

Mechanistic models 

Challenge theories    

Application?

2016-2018 – PostDoc – Bayesian TKTD models

“In biology, variability is the main invariant” 
Guiseppe Longo & Francis Bailly (2006)
Mathématiques et sciences de la nature ; la singularité physique du vivant
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Hazard identification

Product  X Species

Hazard & Risk 
characterisation

Risk identification

?

EFSA 2013, ISO and Society for Risk Analysis 2015

Exposure profile
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Hazard identification
Product x Species

Data

● experimental design
● observation (survivors)

Mechanistic models

parameters

Likelihood
Calibration

Point estimators of true parameters
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Hazard identification

Risk identification

Exposure profile

Product x Species

Prediction

Environmental Quality Standards

Lethal Concentration

Multiplication Factor

Data

Hazard 
characterisation

Risk 
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● experimental design
● observation (survivors)

Mechanistic models

parameters

‘Cost’: param. probability structure

Gain: integrates uncertainty

Likelihood
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Posterior

Bayesian inference
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probability structure on the parameter space
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Baudrot, V. ; Preux, S, ; Ducrot, V. ; Pavé, A. and Charles, S. (2018) New insights to compare and choose TKTD models for survival based on an inter-
laboratory study for Lymnaea stagnalis exposed to Cd. Env, Science & Tech. 52(3) 1582-1590.
Baudrot, V. and Charles, S. (2019) Recommendations to address uncertainties in environmental risk assessment using toxicokinetic-toxicodynamic 
models. PCI Ecology (2018) => Scientific Reports. 9(11432)

Uncertainties around Environmental Quality Standard
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Uncertainties propagation over new exposure profiles

Baudrot, V. ; Preux, S, ; Ducrot, V. ; Pavé, A. and Charles, S. (2018) New insights to compare and choose TKTD models for survival based on an inter-
laboratory study for Lymnaea stagnalis exposed to Cd. Env, Science & Tech. 52(3) 1582-1590.
Baudrot, V. and Charles, S. (2019) Recommendations to address uncertainties in environmental risk assessment using toxicokinetic-toxicodynamic 
models. PCI Ecology (2018) => Scientific Reports. 9(11432)
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BriskaR - A spatio-temporal 
exposure-hazard model for 
assessing environmental risk 
of Bt-maize on Non-Target 
Lepidoptera

Virgile BAUDROT
Samuel SOUBEYRAND
Antoine MESSÉAN
Andreas LANG
Stefanescu CONSTANTI

2018-2020 – PostDoc – Spatial Temporal Risk Assessment Model

Cry toxins

Bt-Corn field Non Target Area
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2018-2020 – PostDoc – Spatial Temporal Risk Assessment Model

Walker, E.; Leclerc, M.; Rey, J.-F.; Beaudouin, R.; Soubeyrand, S. & Messéan, A.(2017)  A Spatio-Temporal Exposure-Hazard Model for Assessing 
Biological Risk and Impact Risk Analysis, Wiley Online Library.
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2018-2020 – PostDoc – Spatial Temporal Risk Assessment Model

Mechanistic models
     parameters

    Data
experiment     ; observations
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Mechanistic models
     parameters
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Mechanistic models
     parameters

3. Deposition & Adherence

5. Development

●        : development rate
●   : temperature
●         : upper survival temperature
●            : other parameters to fit 

4. Exposure
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3. Deposition & Adherence

5. Development

Mechanistic models
     parameters

●        : development rate
●   : temperature
●         : upper survival temperature
●            : other parameters to fit 

Larvae sites

RainFall (mm)

Temperature (mean, [min,max])

    Data
experiment     ; observations
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Mechanistic models
     parameters
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6.1 Sublethal on Repro.

6.2 Sublethal on Growth

Mechanistic models
     parameters

egg larva pupa adult

development

reproductionmortality
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Mechanistic models
     parameters
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Mechanistic models
     parameters

     Prediction
 environment    ; inference params.

    Data
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DATA, 
observation/experiment

INFERENCE
 on 

SUBMODEL

SIMULATION
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DATA, 
observation/experiment

INFERENCE
 on 

SUBMODEL

GLOBAL SENSITIVITY ANALYSIS
● 2 unitary tests
● 0 integration test
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1. Aggregation of GM fields (SPATIAL)

2. Overlapping deposition ↔ sensitive stage

3. Loss and Adherence of pollen

Time

3 driving factors of sensitivity (need further investigation)

2018-2020 – PostDoc – Spatial Temporal Risk Assessment Model

Leclerc, M.; Walker, E.; Messéan, A. & Soubeyrand, S. (2018) Spatial exposure-hazard and landscape models for assessing the impact of GM crops 
on non-target organisms. Science of the Total Environment, 624, 470-479 22/24



  

Perspectives of Researches

1. Review/Build/Rebuild a set of model of pest-control strategies
→ Open Agent Based Model/Plateform
2. Assessment of their environmental impact
→ Space, Time, Trophic Link, Evolution
3. Uncertainty analysis (Sensitivity, Bayesian inference)
→ lack of knowledge (inputs, output, latent variables)



  
Big Data

B
ig

 M
od

el

Perspectives of Researches

● 1 compound
● individuals
● Acute toxicity
● Single effect

Optimize gain of knowledge
experiments and observations

Pass uncertainties
on models combination

● Multi compounds
● Food webs
● Acute & Chronic exposure
● Multi-effects
● Others stressors (parasites, ....)

?

1. Review/Build/Rebuild a set of model of pest-control strategies
→ Open Agent Based Model/Plateform
2. Assessment of their environmental impact
→ Space, Time, Trophic Link, Evolution
3. Uncertainty analysis (Sensitivity, Bayesian inference)
→ lack of knowledge (inputs, output, latent variables)



  

Thank you for your attention

1

Goodness of fitting interesting question

Scienc
ehood
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