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• Not mathematics per se, but models

(mathematical and simulation)

• Not public per se, but regulatory authorities 

(regulators)

• Risk assessment of pesticides 

• Ecological models (cream-itn.eu)

➢TRACE documents

➢Three screening questions (general)

➢Tiered approach to communication

Context and content
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• For pesticide registration, elaborate tests 

according to guidance documents have to be 

performed

• European Food Safety Authority (EFSA), UK: 

Health and Safety Executive (HSE)

• Risk quotient = Exposure / Toxicity [e.g. LD50} 

• Below threshold: risk acceptable

• Uncertainty: safety factor (10, 100, 1000)

• Tiered approach: from lab to field experiments

Ecological risk assessment of pesticides
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Uncertainty: safety factors (10, 

100, 1000) are fully arbitrary

Ecological models: translate 

lab effects on individuals to 

realistic effects on populations

Increasing ecological realism

www.beehave-model.net
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The problem

Modeller

Decision maker
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Decision making – risk assessment

• Models are simplified representations 

to answer specific questions

• Models leave out many factors, and 

represent others in a much simplified 

way 

Why should I base any decision 

affecting the real world on the output 

of a simplified, and possibly 

inappropriate representation?
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What do we need to base decisions on models?

• What IS the model? Conceptually and 

formally

• Why has it been designed this way?

• Has it been correctly implemented?

• Has it been thoroughly analyzed?

• Are the main effects well understood?

• How sensitive is model output to changes 

in parameters and model structure? How 

uncertain is model output?

• What are the indicators that the model is a 

sufficiently good representation of its real 

counterpart?
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Decision makers – risk assessors

How can they answer all those questions about a 

model used in a dossier (among 1000s of pages)?

• No training in ecological/mechanistic effect 

modelling

• No time to check every model in detail from scratch

• No clear idea how to assess a model, its analysis, 

and its predictions

➢ Just reject model-based risk assessments?

➢ Just accept model-based risk assessments, 

if others did it before, or if it looks OK?
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How to solve the communication problem

• Models are presented as static entities

• >95% of what modellers do remains 

undocumented

• We need a standard way of documenting (and 

planning) model development and testing

• What IS the model? Conceptually and 

formally

• Why has it been designed this way?

• Has it been correctly implemented?

• Has it been thoroughly analyzed?

• Are the main effects well understood?

• How sensitive is model output to changes 

in parameters and model structure? How 

uncertain is model output?

• What are the indicators that the model is a 

sufficiently good representation of its real 

counterpart?
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LINKING TRACE AND EVALUDATION

TRACE documents: 

• A standard format for organizing 

and documenting the elements of 

model evaludation

• A means to and end: documenting 

to what degree and how good 

modelling practice was followed

EVALUDATION:

‘The entire process of establishing 

model quality and credibility throughout 

all stages of model development and 

application’ (Augusiak et al. 2014)
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TRACE
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TRACE TEMPLATE

In your paper/report/dossier you refer to the TRACE 

document:

“In the Supplementary Material, we provide a TRACE 

document (“TRAnsparent and Comprehensive model 

Evaludation”; Schmolke et al. 2010; Grimm et al. 2014; 

Augusiak et al. 2014) containing evidence that our model 

was thoughtfully designed, correctly implemented, 

thoroughly tested, well understood, and appropriately 

used for its intended purpose. A summary of the TRACE 

document is given in Table <..>.”/
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TRACE TEMPLATE
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Template: 1. Problem formulation



Good examples of trace documents exist

• The template works quite well

• Typically 20-30 pages

• Can also be much longer (Daniel Ayllón: 110 

pages)

• TRACE: “TRAnsparent and Comprehensive 

model Evaludation”

Readers know where to find what kind of 

information. TRACE provides supporting 

evidence and thereby increases a model’s 

credibility



But .. 

• TRACE is for those who, in principle, have to 

evaluate models

• What about those who have to make

decisions but who are not expected to go 

into details (media, politicians, managers, 

“the public”)?

Recent example: Covid-19 pandemic, which 

lead to a flood, if not tsunami, of models

➢Our approach: TRACE includes the 

answers, but what are the right 

questions to ask?



Three questions to ask 
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Screening questions
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Time for a new standard quote

“All models are wrong, but some are useful” 

(George Box, 1978)

➢ Right, but this misses a key point for 

model communication

“All models look right, but how do we know?” 

(Volker Grimm, 2023)

➢ Create a culture of asking the right 

questions about models!

➢ Communicate the answers before these 

question are asked!!!
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Summary: Tiered approach

• Start from screening questions

Create sensitivity towards purpose, model 

assumptions/structure, and evidence for 

realism

• Make sure the answers can easily be found 

(TRACE or similar)

• Compare and assess different models 

addressing the same question/system in a 

more systematic way

Thank you for your attention!
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Mathematical and simulation models
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Models for application: a challenge
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This TRACE element provides supporting information 

on: 

• How model predictions compare to independent data 

and patterns that were not used, and preferably not 

even known, while the model was developed, 

parameterized, and verified. 

By documenting model output corroboration, model 

users learn about evidence which, in addition to model 

output verification, indicates that the model is 

structurally realistic so that its predictions can be trusted 

to some degree. 

Template: 2. Model output corroboration


