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Risk of biological invasion

Risk that an harmful organism present in an area A 

enters, establish and spread in an area B (where
the organism is absent) and has some negative

impacts.









Many sources of uncertainty in biological

invasion risk assessment



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 assessment 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





Fusarium oxysporum f. sp. Cubense

An invasive species with potentially high impact on bananas

« TR4 is decimating Cavendish monocultures 
[the main banana cultivar] in southern Asia and 

would affect 85% of global production were it
disseminated more widely. »

Ploetz and Chruchill (2011) 10.17660/ActaHortic.2011.897.73 

Race TR4 is very harmful









Entry

Establishment

Spread

Impact



Entry

Establishment

Spread

Impact

Pathways from the origins (soil, vitroplants, tourisms etc.)

Incidence of the pathogen where it is present

Methods of control
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Climatic conditions

Vectors

Detection techniques

Speed of dissemination

…
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Disease control efficacy

Prices

Sociological conditions

Sensitivity of cultivars…



Entry

Establishment

Spread

ImpactMany sources of 

uncertainties !



Different attitudes towards uncertainty

• Ignore it

• Qualitative uncertainty analysis

• Quantitative uncertainty analysis
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Kuhn (1962) : « the discovery begins with the awareness of 

an anomaly » 

Anne Fagot-Largeault : the researcher's ethics are based on 

« respect for the facts and lucidity on the degree of validity of 

the results ».

EFSA (2016) : « assessors need to inform decision-makers

about scientific uncertainty when providing their advice »

« Ignore it »

An untenable position for scientists
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Item Risk level Uncertainty

Entry Very likely Moderate

Establishment Very likely Low

Spread High Low

Impact Very high Low

from ANSES (2018)
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Risk level Uncertainty

Natural spread by insects Very low Low

Natural spread by water Moderate Low

Natural spread by soil Low High

Human spread by soil (intentional) Moderate High

Human spread by plants High Low

Human spread by irrigation High Low



« Qualitative Uncertainty Words Are Not Sufficient » 

Morgan (2014)





How to make expert-based uncertainty

analysis more reliable? 



Probabilistic expert elicitation

• Elicitation consists in carrying out a synthesis of the 

knowledge of an expert (or a group of experts) on a 

quantity of interest for which there is an uncertainty due to 

a lack of available data. 

• The result of an elicitation is in the form of a probability

distribution reflecting the expert's knowledge and level

of uncertainty. 



What is the probability of entry? 

Expert 1

https://licite.fr/licite/

















Different attitudes towards uncertainty

• Ignore it

• Qualitative uncertainty analysis

• Quantitative uncertainty analysis
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Probabilistic uncertainty analysis

i. Identification of uncertainty sources

ii. Description of uncertainties using probability
distributions

iii. Propagation of uncertainties through a quantitative 

model to obtain the distribution of the output of 
interest

iv. Communication of results
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Model computing the wetness duration 
requested for fungal infection 

(Magarey et al., 2005)

ModelT W

W = requested wetness duration (h)

T = man air temperature ( C)

Parameters
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Citrus black spot

Phyllosticta citricarpa
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Simulated values of W with estimated parameter values for 

pycnidiospores of Phyllosticta citricarpa

Tmin= 10 C, Topt= 25 C, Tmax=35 C, Wmin=12 h, Wmax= 35 h
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ModelT W

Parameters

Tmin= 10 C, Topt= 25 C, 

Tmax=35 C, Wmin=12 h, Wmax= 35 h

10 C < T < 35 C
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Probabilistic uncertainty analysis

i. Identification of uncertainty sources

ii. Description of uncertainties using probability
distributions

iii. Propagation of uncertainties through a quantitative 

model to obtain the distribution of the output of 
interest

iv. Communication of results



Probabilistic uncertainty analysis

i. Identification of uncertainty sources
• Parameters

• Input variables

• Equations

ii. Description of uncertainties using probability

distributions

iii. Propagation of uncertainties through a quantitative 
model to obtain the distribution of the output of 

interest

iv. Communication of results
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Min Max

Tmin ( C) 10 15

Topt ( C) 25 30

Tmax ( C) 32 35
Wmin  (h) 12 14

Wmax (h) 35 48

Ranges of parameter values defined by the experts 

of the « Panel on Plant Health EFSA » (2008) 

Incertainties in parameter values 
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Independent or correlated parameters?

Parameter 2

Parameter 1

Description of uncertainties using probability distributions



N=1000 (uniform & independent)





Copula; a powerful tool to deal with non-

independent variables

Let F be a p-dimensional distribution function with margins

F1, . . . , Fp. 

Sklar (1959) first showed that there exists a p-dimensional

copula C such that for all x in the domain of F,

F(x1, . . . , xp) = C{F1(x1), . . . , Fp(xp)}.







Probabilistic uncertainty analysis

i. Identification of uncertainty sources

ii. Description of uncertainties using probability
distributions

iii. Propagation of uncertainties through a 

quantitative model to obtain the distribution of 
the output of interest

iv. Communication of results
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Different attitudes towards uncertainty

• Ignore it

• Qualitative uncertainty analysis

• Quantitative uncertainty analysis
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Advantages of probabilistic uncertainty analysis

- Transparent

- Quantitative

- Combine several sources of uncertainties

- Allow sensitivity analysis



Critical issues

-Carefully define probability distributions

-Eliciting expert knowledge

-Classical statistical methods

-Bayesian statistical methods

-Copulas

- Deal with computation times

- Efficient coding/parallelization

- Meta-modelling (use of emulators)



L'incertitude des événements, toujours plus difficile 

à soutenir que l'événement même 

The uncertainty of events, always more difficult to 

sustain than the event itself

Jean-Baptiste Massillon ; Maximes et pensées (1742)

79


