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Risk 
 
A futur event that may have negative consequences 



Risk of biological invasion 
Risk that an harmful organism present in an area A enters 
in an area B (where the pest is absent) and has some 
impacts 



Chrysomèle du maïs (Diabrotica virgifera) 





Octobre 2013 



Biological invasion results from a 
succession of events 

• Entry of a pest in a given area 

• Establishment of a pest in a given area 

• Spread of a pest in a given area 

•  Impact of a pest on some hosts or on the environment 



Pest risk analysis aims at analyzing these 
events 

• Currently done by national and international agencies 

• ANSES in France, USDA in USA, EFSA and EPPO in Europe 

• Resuls of these analyses are used to define official 
regulations concerning the movements of plant materials 
-  Prohibition 
-  Test of presence in imported commodities 
-  Treatment of commodities  



Why could models be useful? 
• Computing probability of pest entry in a geographical area 

• Computing probability of pest establishment in a 
geographical area 

• Predicting the spread of a pest in a geographical area 

• Predicting the impact of a pest on a crop 

•   Assessing the effectiveness of different methods of pest 
controls 



A great diversity of approaches for assessing 
risk of invasion 

• Qualitative approaches 
Require risk assessors to choose from categorical ratings e.g 

very low, low, moderate, high, very high   

• Quantitative approaches 
Can be used by risk assessors to obtain numerical quantities 

(e.g., probabilities)  



§  Risk rating methods  

§  Widely used  

§  Issues related to definition and combination of ratings 

Qualitative approaches 



EFSA scheme for Pest Risk Analysis (2010)  



Sub-elements Ratings 
Quantity imported annually Low, Med., High 

1, 2, 3 
Survive post harvest treatment Low, Med., High 

1, 2, 3 
Survive shipment Low, Med., High 

1, 2, 3 
Not detected at port or entry Low, Med., High 

1, 2, 3 
Moved to suitable habitat Low, Med., High 

1, 2, 3 
Contact with host material Low, Med., High 

1, 2, 3 

USDA Guidelines for Pest Risk Assessments 



Problems related to qualitative approaches 

§  Ratings not always clearly defined. 
  

§  No consensus on method for combining ratings. 
 



Quantity of commodity imported annually 
Low (1 point): < 10 containers/year 
Medium (2 points): 10 - 100 containers/year 
High (3points): > 100 containers/year 

Examples of definitions of ratings 

from USDA Guidelines 



Examples of definitions of ratings 

§  Negligible = 0 (no potential to survive) 

§  Low = 1 (potential to survive on a third or less of the range of 
hosts in the PRA area) 

§  Medium = 2 (potential to survive on a third to two thirds of the 
range of hosts in the PRA area) 

§  High = 3 (potential to survive throughout most or all of the range 
of hosts in the PRA area) 

from Canadian Food Inspection Agency: establishment potential 
rating guidelines (2002) 



Difficult to make generic definitions 

Appropriate definitions may depend on pests and areas 

 

 



No consensus on methods for 
combining scores 



Sub-element Ratings 
Quantity imported annually Low, Med., High 

1, 2, 3 
Survive post harvest treatment Low, Med., High 

1, 2, 3 
Survive shipment Low, Med., High 

1, 2, 3 
Not detected at port or entry Low, Med., High 

1, 2, 3 
Moved to suitable habitat Low, Med., High 

1, 2, 3 
Contact with host material Low, Med., High 

1, 2, 3 

USDA Guidelines for Pest Risk Assessments 

Cumulative  

risk rating 

(6-18) 

6-9 à Low 

10-14 à Med. 

15-18 à High 

  



Biosecurity Australia 



What is the best method for combining scores?  

from Hennen (2007) 



A great diversity of approaches for assessing 
risk of invasion 

• Qualitative approaches 
Require risk assessors to choose from categorical ratings e.g 

very low, low, moderate, high, very high.   

• Quantitative approaches 
Can be used by risk assessors to obtain numerical quantities 

(e.g., probabilities).  



§  Many types of models 

§  Issues related to 
o   model choice 
o   parameter estimation 
o   transparency of complex models 
o   uncertainty of the model outputs 

Quantitative approaches 



A great diversity of models.  

§  Statistical models (Poisson, binomial, logistic…) 

§  Machine learning 

§  Climate-based systems (NAPPFAST, CLIMEX).  

§  Pathway models 

§  Population ecology model (Leslie matrix…) 



 
 

    

Important types of  
generalized linear models 

 

Type Deterministic 
part 

Stochastic 
part 

R function 

Binomial logit logit link  Binomial 
distribution 

glm(Y~X,  
family=binomial(link = "logit")) 

Poisson log linear  log link  Poisson 
distribution 

glm(Y~X, 
poisson(link = "log")) 

Gaussian linear Identity link  Gaussian 
distribution 

glm(Y~X, 
gaussian(link = "identity")) 
 



•  Consider the experiment of Myers et al. (2009) on the effect of heat treatment 
on the insect species Agrilus planipennis, a pest of ash (a tree species)  

•  Ash wood were treated at five different temperatures (45, 50, 55, 60, 65°C ) 
during 30 min  

•  The number of surviving insects were counted after each heat treatments  

Temperature Nb of insects (for 1 m2 of wood) 
45 51 
50 35 
55 12 
60 0 
65 0 
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Wetness	
  model	
  (Magarey	
  et	
  al.,	
  2005)	
  

Model	
  T	
   W	
  

W = leaf wetness duration requirement for successful fungal infection (h) 
T = average temperature (°C) 

Parameters	
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f (T )
,  and W ≤Wmax
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Parameter values estimated for pycnidiospores of Guignardia 
citricarpa Kiely , and associated response of W to temperature (from 

EFSA, 2008)  
 

Tmin= 10 °C, Topt= 25 °C, Tmax=35 °C, Wmin=12 h, Wmax= 35 h 
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 CLIMEX index of establishment suitability for Phytophthora ramorum 



 Estimated probability of establishment of the western corn rootworm 
(Diabrotica virgifera virgifera) 



Dupin et al. (2011) 
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Pathway model for estimating probability of entry 
from Stansbury et al., 2002 

Number of successful entry of Tilletia indica in Australia 



Population ecology model for estimating the probability of establishment of 
the Asian longhorned beetle (Anoplophora glabripennis)  

from Bartell & Nair (2003). 

Eggs 

n1 

Larvae 

n2 

Pupae 

n3 

Adults 

n4 

s1 s2 s3 

f4 



Major problems related to the use of 
quantitative models 

o   Model choice 
o   Parameter estimation 
o   Transparency of complex models 
o   Uncertainty of the model outputs 



Model choice 

• Difficulties in comparing models as: 
• Deep involvement needed to learn how to use all the 

models and associated softwares 
• Model performance depends on the estimated 

parameter values 
• Several quantitative criteria could be computed, but 

each one has its own limitations 
• Need of large amount of reliable data, difficult to find 
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Ennaïfar, Makowski, Meynard, Lucas. 2007.  



Major problems related to the use of 
quantitative models 

o   Model choice 
o   Parameter estimation 
o   Transparency of complex models 
o   Uncertainty of the model outputs 



 Parameter estimation 

•  Numerous methods 
-  Expert knowledge 
-  Manual adjustment 
-  Frequentist methods 
-  Bayesian methods 

•  Influence of experts and of data on model outputs 



Yonow et al., 2004 



 Estimation of fecundity rate 

θ (eggs/adult/month) 

Prob. density 

14            32                   90 

from Bartell & Nair (2003). 



 Expert elicitation: the MATCH tool 

http://optics.eee.nottingham.ac.uk/match/uncertainty.php# 

David E. Morris, Jeremy E. Oakley, John A. Crowe, A web-based tool for 
eliciting probability distributions from experts, Environmental Modelling & 
Software, Volume 52, February 2014, Pages 1-4 









Probability of establishment of Diabrotica virgifera virgifera 
Model ES fitted to 1955 presence data 



Probability of establishment of Diabrotica virgifera virgifera 
Model ES fitted to 1980 presence data 



Major problems related to the use of 
quantitative models 

o   Model choice 
o   Parameter estimation 
o   Transparency of complex models 
o   Uncertainty of the model outputs 



 Analysis of uncertainty 
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Parameter values estimated for pycnidiospores of Guignardia 
citricarpa Kiely , and associated response of W to temperature (from 

EFSA, 2008)  
 

Tmin= 10 °C, Topt= 25 °C, Tmax=35 °C, Wmin=12 h, Wmax= 35 h 
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Uncertainty	
  about	
  the	
  model	
  parameters	
  
Guignardia	
  citricarpa	
  Kiely	
  	
  

    Min  Max   
 

  Tmin  (°C)  10  15 
  Tmax  (°C)  32  35 
  Topt  (°C)  25  30 
  Wmin  (h)  12  14 
  Wmax  (h)  35  48 

Panel	
  on	
  Plant	
  Health,	
  from	
  EFSA	
  (2008)	
  



Uncertainty analysis 
Its purpose is to answer the following question: 

« What is the uncertainty about y(z) resulting from the uncertainty about z ? » 

z1 

y(z) 

We have 

We want to compute 

z2 

and  



How to choose between qualitative and quantitative 
approaches? 

§  Advantages and disadvantages of each approach for 
the assessor, decision makers and stakeholders. 

§  How to assess the accuracy of different pest risk 
assessment methods?  



Qualitative approaches 
§  Easy to understand. 

§  A qualitative PRA can be done quickly.  

§  Problems of consistency due to  
  - inaccurate definitions of ratings, 
  - methods used for combining scores. 

 
§  Explicit definitions needed.  

§  Training workshops could be organized to improve the 
consistency of the assessments made by experts. 

§  Another option: provide evidences only (no ranking). 



Quantitative approaches 

§  Time and resources can be problematic. 

§  Model choice is difficult 

§  Complex models are not transparent 

§  Data not sufficient. Expert knowledge often required for 
estimating parameters.  

§  Uncertainty can be taken into account using probability 
distributions.  

 
§  Models can be used to combine probability of entry and 

probability of establishment.  

§  Models can be used to identify important knowledge gaps.   


