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Abstract. In France, levees remain most of the time badly maintained; these long linear structures show signs of 
weaknesses on numerous occasions. Only incomplete information is usually available. The general lack of data 
describing the behavior of the infrastructure during unwanted events led to estimate their safety mainly from expert 
judgment. Thus the ability of the expert to predict the level of functioning of an infrastructure for a type of hazard and 
its intensity is crucial. An error of judgment can have very serious consequences and the production of reliable 
information requires the ability of the expert to report accurately the uncertainties in its estimations, as well as 
associated confidence. In order to meet this need, our research within Incertu project (French Ministry of Ecology 
funding) aims to produce relevant scientific approaches and tools for the collection and processing reliable experts� 
statements or combined with a confidence level in the context of uncertain information and input data. 

1 Introduction  
Levees of protection against flooding have a major 

role in the security of property and people. Unfortunately, 
disasters, those occur regularly in France and abroad, 
demonstrate whenever these structures are not infallible. 
The brutal characteristic of hazard aggravates the impact 
of flooding on people and other infrastructures. 

In France, the park of levees remains unclear. The 
structures are poorly documented and data acquisition 
across the linearity is complex and expensive, due to the 
age and heterogeneity of most levees. Currently, the 
evaluation of the performances of these structures is 
made with expertise, based on knowledges about their 
structural condition and on hazard that could be affected. 
In practice [1], the engineer / expert evaluates 
qualitatively the performance of structures, usually 
without an explicit formalization of his reasoning. 
Considering challenges associated with these structures, 
French regulations, via risk studies, now request the 
probabilistic risk assessment of failure of these structures 
for several scenarios of flooding. Therefore the engineer 
must make a subjective assessment of failure probability 
of the structure, in the absence of complete physical 
model and absence of enough statistical series to be 
usable in terms of reliability. 

However, the direct expression of the numeric data by 
the expert can sometimes lead to biased values [2, 3, 4]. 
These biases may be related to different factors. The 
judgments made by individuals based on heuristics [2], 

that means informal reasoning, allowing the expert to 
quickly arrive at an evaluation or estimate, without the 
need of being really optimal. In a given situation, and to 
answer a specific question, the information by an expert 
can be a major source of information, but on the other 
hand it also leads to the necessity of developing 
approaches for the identification of bias, and if possible, 
to reduce them. Several approaches are described in 
literature concerning the familiarization with expert 
handling of probabilities in specific steps of elicitation or 
implementation of calibration procedures experts [5, 6]. 

Our scientific goal is to help identifying and reducing 
the biases that may affect the expert assessments of 
levees safety. We propose to answer to many scientific 
questions: 
- What are the biases that can occur during the expert�� 
evaluation of levees safety level? 
- How to apply a calibration approach as proposed by 
Cooke and Goossens [6] in the context of levees, and 
what would these contributions be? 

The studies of Vuillet [12] and Vuillet et al [1] 
propose some procedures to reduce bias that can occur 
when assessing the performance of levees. They are the 
starting point of our research in this project. Also, we��� 
present a brief summary of previous studies on the 
assessment of the safety level of operation of river levees 
and data imperfections typologies used to assess the 
safety of river levees. We��� also present a short summary 
of previous studies on the assessment of the safety level 
of operation of river levees and the typologies of 
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imperfections of data used to assess the safety of river 
levees. Then, we��� present a summary of experts' bias 
and approaches described in the literature proposing to 
reduce them. ����	
 ����� present the application of the 
calibration model of Cooke [5] in the field of levees by 
interviewing experts on the permeability of various 
commonly constituent materials for embankments. 

2 Methodologies for Assessment the 
Safety of Levees and Work of Vuillet et 
al  

Several approaches exist for assessing the safety of 
levees. Fauchard and Mériaux [16] present a synthesis of 
classical steps constituting levees diagnosis: preliminary 
studies including analysis of the levees� history, 
topographical surveys, and detailed visual inspection. 
Geophysical and geotechnical knowledges are used to 
estimate the internal characteristics of the levees by 
studying variations of a physical field measured by 
longitudinal profiles. Numerical modeling is needed to 
calculate levees safety coefficients for certain failure 
mechanisms for profiles being the subject of substantial 
geotechnical knowledges. The qualitative assessment of 
levees by homogenous sections comes true by cutting 
linear units of incorporation and homogeneous loading. 
These diagnostic methodologies used primarily 
qualitative and do not take into account uncertainties 
remained of used data, nor aware of their impact on the 
determined safety level. 
The assessment data of the security level of levees are 
subjected to many imperfections: uncertainties of 
longitudinal and transverse representativeness of an 
incomplete survey in the absence of observation levees in 
flood, etc. These imperfections, combined with the 
variability of the phenomena of levees degradation, 
prevent the vast majority of cases the engineer / expert to 
commit a precise estimate of the actual behavior of the 
structure subjected to more or less strong hydraulic 
solicitation. The term of imperfection generally describes 
the concepts of quality and quantity of available data. 
Typically there are three main types of data 
imperfections: uncertainty, vagueness and 
incompleteness [17]. 

In our context of levees, the uncertainty can be a 
random or an epistemic one [4]. Random uncertainties 
are related to natural variability of material properties, 
epistemic ones are related to the dissemination of 
investigations along linear and representativeness of the 
available data [1]. Inaccuracies are related to the 
measures of physical phenomena, conditions and format 
for the visual inspection of the structures. The 
inaccuracies of investigative materials or assumptions are 
based on geotechnical testing [1]. Incompleteness instead, 
is related to the fact that levees are still generally poorly 
known structures. The lack of construction plan, the rarity 
of critical flood and lack of work monitoring, and the 
absence of the levee manager recognizing lead in general 
to deficit of information. 

Vuillet et al [1] propose a model for evaluating the 
performance of levees taking into consideration the 

uncertainties in probabilistic format, it providing support 
to engineers for the diagnosis of structures for the main 
known failure scenarios. This model is intended to be 
used by a specialist engineer in rapid diagnostic status, by 
valuing all available data. The model provides support to 
the engineer for: identifying homogeneous portions of a 
linear of levees, to evaluate the performance of structures 
for different failure mechanisms and to specify the level 
of uncertainty of the produced results based on imperfect 
data available. Research process has three steps: (1) 
development of a functional model of the levees failure 
mechanisms, built from methods from Dependability and 
Qualitative Reasoning; (2) development of a support 
model deterministic decision including performance 
indicators for each failure mechanism levees, according 
to a method of construction of unique synthesis criteria; 
(3) development of a probabilistic performance 
assessment model including a method for taking into 
consideration the uncertainties of input information and 
results of the model in the context of subjective 
probabilities. 

In this approach, the engineer intervenes to assess the 
implementation of the functions assigned to the 
components levees on a semi quantitative performance 
scale from 0 to 10. He gives his most likely evaluation 
together with a range of uncertainty, as a modal value and 
interquartile interval [5%; 95%], that allow to construct 
probability density functions that can be successively  
spread through Monte Carlo simulation until a level of 
performance of the segments considered accompanied by 
margins of uncertainty. 

The approach also provides a path on processing 
through heuristics, mainly via a particular elicitation 
process and consulting a manual for handling subjective 
probabilities. In this state, these remain partial and still 
not possible to give some concrete elements to the biased 
nature of the valuations of an expert considering a 
particular area. Also, we present in the following sections 
the biases identified as likely to occur in the evaluation of 
the safety of levees and contribution of Cooke calibration 
model for quantified characterization of experts through a 
field of interest. 

 
 

 
Figure 1. Uncertainty propagation criteria by Monte Carlo 

simulations for internal erosion performance indicator [1]. 
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3 Judgment Experts and Bias  
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