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RISK ASSESSMENT OF CHEMICALS 

 The protection goal in most directives 
are sustainable populations: 

 “does not have any long-term repercussions for the 
abundance and diversity of non-target species” (EU 
Dir 91/414). 

 Population-level effects of chemicals 
depend on: 

•  Exposure and toxicity 
•  Ecological factors:  

 Life history characteristics, population structure, 
density dependence, exposure patterns, 
landscape structure, interactions 
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ECOLOGICAL RISK ASSESSMENT (ERA)  

„Ecological risk assessment is a 
science-based process that can be 
used to evaluate the likelihood that 
adverse ecological effects can 
result from exposure to stressors 
in the environment.“  

 Munns (2006) 
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CURRENT RISK ASSESSMENT (RA) 

•  Focussed on individual in the lab  
•  Hard to extrapolate to population 

level 
•  What are effects on populations? 
•  Will populations recover? 
•  Current RA includes little ecology 
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EMPIRICAL APPROACHES: LIMITATIONS 

Mesocosm experiments and field studies 
•  Extrapolation to other species? 
•  Extrapolation to other environments? 
•  Number of replicates: significant effects? 
•  Understanding: controlled experiments 
•  Usually, scales too large and complexity 

often too high 
•  Interactions? 
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POPULATION MODELS  

•  Purposeful, simplified representations of 
real populations 

•  Try to capture essential structures and 
mechanisms 

•  Often are implemented as computer 
simulations 

•  Once they are sufficiently validated, they 
can be used to overcome limitations of 
standard tests and experiments 
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POTENTIAL OF POPULATION MODELS  

•  Virtual laboratory 
•  Understanding: controlled experiments 
•  Extrapolation from individual to 

population 
•  Extrapolation to other species? 
•  Extrapolation to other environments 
•  Interactions 
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CURRENT MODELLING PRACTICE  

•  Many scientific papers 
•  Most of them unsuitable for regulatory risk 

assessment 
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CURRENT MODELLING PRACTICE  

•  Little testing: so why should trust these 
models? 
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CURRENT MODELLING PRACTICE  

•  Most endpoints considered are unsuitable for 
risk assessment 
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CHALLENGES 

Modellers (academia): 
•  How can I publish my model? 
•  Would there be regulators who know modelling? 
•  What do regulators need, want, or expect? 

Industry: 
•  Should we invest in modelling and modellers? 
•  Do we need to be prepared for increasing 

demand for ERA? 
•  Will effect models and ERA make things easier 

or more complicated? 
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CHALLENGES 

Regulators: 
•  How can we understand the model? 
•  What is the model? 
•  How uncertain is it? 
•  Why so many different model types? 
•  How could we assess the suitability of models for 

ecological risk assessment? 
•  Can models lead to better RA? 
•  Why should we trust models? 
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TWO OBSTACLES TO WIDER USE OF MODELS 

•  The lack of a framework for 
developing mechanistic effect 
models in a regulatory context in a 
coherent and transparent way  

•  The lack of researchers that are 
well-trained both in ecological 
modelling and risk assessment. 

LEMTOX 
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Mechanistic Effect Models for  
Ecological Risk Assessment of  

Chemicals 

Marie Curie Initial Training Network (ITN) 
European Commision (7th FP) 

September 2009 – August 2013 
http://cream-itn.eu 
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AIMS AND SCOPE OF CREAM 

1.  Train young researchers in modelling and 
chemical risk assessment 

2.  Develop and test models for chemical risk 
assessment 

3.  Develop guidance for good modeling 
practice in chemical risk assessment with 
regulators, industry, and academia 
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TRAINING NETWORK 
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23 FELLOWS – 13 PARTNERS – 9 ASSOCIATED PARTNERS 
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GOOD MODELLING PRACTICE: REVIEW 

We evaluated 41 publications: 
•  Species management/conservation biology (11) 
•  Fisheries and marine ecosystem managment (4) 
•  Forest and land use management (5) 
•  Natural resource management (9) 
•  Pest management (2) 
•  Chemical risk assessment (5) 
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Schmolke A, Thorbek P, DeAngelis DL, Grimm V. 2010. Trends in Ecology and Evolution 25: 479-486  
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CONVERGENT ISSUES 

Elements of the modeling process that were considered 
critical for the role of ecological models for supporting 
environmental decision making  

 13 convergent issues 
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LESSONS FROM REVIEW 

•  Elements of Good Modelling Practice are all 
there and well-known, in principle 

•  Very good attempts to provide guidance already 
exist (EPA; also in hydrological modelling) 
 THE REAL PROBLEM IS 
•  NOT so much defining (guidance for) Good 

Modelling Practice 
•  BUT getting this practice – into practice 
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WHY IS THIS SO? 

•  Lack of inclusion of stakeholders 
•  Lack of incentives for modellers to 

follow good practice 
•  Inconsistent terminology 
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BASIC IDEA 

Instead of: 
 Do the right thing! 

 Document the right thing! 
 Establish a standard for 
documenting models, their 
development, and their analysis 
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We are familiar with such standards 

Title 
Abstract 
Introduction 
Materials and Methods 
Results 
Discussion 
Conclusions 

Scientific articles 
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Benefits of standards 

•  Increase efficiency and coherence 
• Do things in a more systematic 

way 
• Provide checklists 
•  Facilitate communication 
•  Facilitate design 
Standards must not: 
•  Impose designs 
•  Limit creativity 

Scientific articles 
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BASIS OF STANDARD: THE MODELING CYCLE 
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EXAMPLE MODEL: COMMON SHREW 

Developed by Magnus Wang (RifCon, Germany) 

•  Landscape: grid cells (5m), 100x100 
•  Grid cells: habitat type and quality (resources) 
•  Individuals: age, sex, stage, reproductive 

status, ID of home range 
•  Home range: list of grid cells, ID of owner 

Wang & Grimm (2007) Ecological Modelling 205: 397-409 
Wang & Grimm (2010) Environmental Toxicology and 
Chemistry 29: 1292-1300. 
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Individual-based model 

Follow life cycle and behaviour of each individual 
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Key behaviour 
Territoriality → spatially explicit model 
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Example: Patterns for testing and validation 
Size, distribution, and dynamics of territories 
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Example: Added value of using models 

Common shrew model: 20% mortality on April 1 
every year 
Wang & Grimm (2010). 
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CAN THIS MODEL BE USED FOR ERA? 

•  We as scientists belief that this is a fairly 
good model 

•  Still difficult to assess by regulators 
•  Other models still look completely different 

(matrix, ODE, hypercomplex ABMs) 
•  What to do? 
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TRACE’s basic idea 
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TRACE 

•  Independent of 
•  Species or system 
•  Specific question 
•  Model type used 

•  Documentation of model 
and modelling process 
always follows the same 
terminology and structure 
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AGAIN: WHY NO G.M.P. SO FAR? 

•  Lack of inclusion of stakeholders  
•  Inconsistent terminology  
•  Lack of incentives for modellers to 

follow good practice 



PAGE 43 / 30 

TRACE 

•  To be used as „modelling notebook“ 
•  Just document, on a daily basis, what you did 

using the terminology and structure of TRACE 
•  From that, generate Appendices for dossiers and 

scientific publications 
•  Incentive for modellers: organize your work, 

checklist of important tasks, transparency and 
comprehensiveness 
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TRACE 

•  To be used as a checklist for modellers and 
model users/decision makers 

•  To be used as a framework for developing 
acceptance criteria:  
•  „To accept the model-based risk assessment, 

validation needs to include…, uncertainty 
analysis needs to include…, documentation of 
testing needs to include…“ 
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ROADMAP FOR ESTABLISHING TRACE 

•  Establish TRACE first 
•  Then, start using it as a framework for 

discussing „good modelling practice“ itself 
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FURTHER CREAM APPROACHES 

1.  The Modeling Cycle  TRACE 
2.  ODD protocol for describing IBMs plus 

extension to other model types 
3.  Rigorous model evaluations, e.g. 

verification, sensitivity analysis, uncertainty 
analysis, validation 

4.  Combining different model types 
5.  Peer review of model/ling documentations 
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RIGOROUS MODEL EVALUATIONS 



PAGE 48 / 30 

PATTERN-ORIENTED MODELING 

1.  Provide state variables so that multiple 
patterns observed in reality in principle 
also can emerge in the model 

2.  Contrast alternative sub-models of 
certain adaptive behaviours 

3.  Use multiple patterns to determine entire 
sets of unknown parameters („inverse 
modelling“) 
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SUMMARY 

•  Ecological risk assessment 
•  Potential of ecological models 
•  Aims and scope of CREAM 
•  The modelling cycle 
•  Standard documentation format TRACE 
•  Good modelling practice 
•  “Well, I should use TRACE…” 
•  “Well, they might expect TRACE…” 

 http://cream-itn.eu 


