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Part I :Risk definitions and modeling in economics 

Part II : Modelisation of risk dependance structure. 
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SCIENTIFIC VS STATISTICAL KNOWLEDGE 
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- Statistical knowledge 
(e.g. Logit-Probit Regressions after identifying the risk 

factors) 
- Scientific knowledge applied to comprehensive clinical 

exams specific to the case. 
- Experts' judgments (physicians or Artery specialists) 
Q : Why do insurance companies do not propose medical insurance for senior 

people ?  R: The risk is assessed by people according to their knowledge 
- for younger people : statistical (common) knowledge dominates private 

knowledge 
- for older people : personal records and private knowledge dominates 

statistical knowledge  
  This leads to adverse selection problems. 
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Modelling Uncertainty and Decisions under Uncertainty 
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Event occurs : state L 

Event does not occur : state H 

Likelihood Assessment 



P. Batteau Mai 2008 Journée Modélisation ECCOREV 
Modélisation risques 

state L 

state H 

Utility if dodging  
 (cost of dodging included) 

dodging action 

Likelihood 
Utility of state L 

Utility of state H 
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Event occurs 

Event does not occur 

dodging strategy 

U1 

U2 

U3 

U4 
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Value 
Value 
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Certainty Equivalent U 
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Problem 1: Likelihood : probability, capacities, scenarii (os), 
fuzzy sets, rankings... 

Problem 2: independence "likelihood - valuation" ?  

Problem 3: tractability (linear algebra, differential calculus, 
probability theory)  
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Utility 

Money 

1/2 

1/2 

VH 

VL 

VH VL 

U(VL) 

U(VH) 

EU 

EV=1/2.(VH+VL) 

EV CE 

risk premium 

U[pVH+(1-p)Vl] > pU(VH) +(1-p)U(VL)         (Jensen's inequality) 
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Most empirical studies in finance, insurance and economics 
exhibit the existence of RISK PREMIA. 

They are evidence of a widespread human attitude toward 
risk, termed "risk aversion" and measured by different 
direct (e.g. Arrow-Pratt measures) or indirect artifacts 
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Founding fathers; 
- John Von Neuman  
- Leonard Savage 
- Jacob Marschak 
- Kenneth Arrow & Gérard Debreu : a way to avoid  
- Maurice Allais : sharp criticism of the founding fathers. 
- Harry Markowitz, William Sharpe : risk in finance 
- Amos Tverski & Daniel Kahneman : the psychologist 
- Mark Machina   the refounders 
- David Schmeidler 
- Itzhak Gilboa 
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- Statistical knowledge about the risk occurence 
- Scientific (specific) knowledge about the driving 

risk factor 
- Experts' Judgments 

Each risk assesment is a mix of the three sources. 
- If scientific investigation is comprehensive enough, no 

need for statistical knowledge. 
- When both statistical and scientific knowledge are weak, 

expert opinions dominate 
- Expert judgments is expression of "tacit knowledge 
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VG /  VB 

VG /  VB 

VG /  VB 
VG /  VB 

VG /  VB 
VG /  VB 
VG /  VB 

VG /  VB 

VG /  VB 

Player 1 

Player 2 

Mother Nature 
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Moral Hazard: risk for a given agent is induced by the 
action of another agents without possibility of monitoring. 

Ex : car insurance : Risk for the insurer depends on traffic 
hazard risk and  risk of misconduct of the driver who 
does not suffer consequences due to insurance 
coverage. 

Adverse Selection: due to asymmetry of information an 
agent who seek to trade with low risk partners attracts 
high risk partners 

Typical example : the Akerlof Model 



P. Batteau Mai 2008 Journée Modélisation ECCOREV 
Modélisation risques 

Opinion expressions: 

 - Comparative Likelihood : binary relationships 
 - Likelihood rankings : complete preorders 
 - Fuzzy sets 
 - Choquet capacities 
 - Probabilities 
 - scenarii (ios) 
  

Pb : Mitigate cognitive biaises.  
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- Modelling information distributed among many agents 
- What is "common knowledge"  (mathematical difficulties : 

e.g. The e-mail paradox) 
- Public knowledge is different than common knowledge. 
- Level of relative knowledge  
- What is "disagreement" ? 
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-Logical difficulties :  
  ex. aggregating probabilities 
  - Agreeing to disagree ? (R. Aumann) 
- Cognitive and psychological difficulties  
  Ex: group influences on risk aversion 

- Bayesian approaches 

- Aggregation via market system 
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Can a financial market predict 
hurricane landfalls 

better than expert risk models ? 
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Hurricane landfall at Location Ls : 1$ 

0 $ 

Bundle of S contracts Exhaustive and Exclusive 
(One will necessarily end up with 1 and all other 

with 0) 
  Initial bundle purchasing price  1$  : fair game 

1 contract for each location s    s  = 1, S  (S can be up to 17) 
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Market Quotes: DEAN 

Date    Contract    Units     $Volume     LowPrice     HighPrice     AvgPrice     LastPrice 

08/14/07     DEA-W 203 113.295 0.2 0.995 0.558 0.995 
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- The finance academic Credo : markets are efficient 
(They rationally aggregate information) 

This implies certain types of stochastic processes 
underlying prices, in particular processes without memory 
(Markovian). 

 Typical examples : random walk, Ito process. 

Mathematical tractability requires (Levy) stable laws (typical 
example : Gauss) 
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   Variables :   (X1,...Xi,...,Xn) = X 
1) Deterministic models with noise 

f(X, ε) = 0 
 ε is a vector of (in general independent) random variables 
 Typical example: regression models 
 X1 = a +b2X2+...+bnXn + ε   (Variable X1 is privileged)  
 X1 = b1.X1+ b2Log(X3) + b4X4

2 + b5X5.X1+ ε (high flexibility for modelling) 

2) Fully Stochatic models 
 X is a random vector f(X) density    F(X) (cumulative) 

probability  
Typical examples :  
X is normal with mean 0 and matrix variance Σ² 

X is student with mean 0 and parameters Σ² and ν   
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Model Y = ax+b+ε      x: beta  and ε:normal 
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Gaussian Dependence 

Elliptic dependence 
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Choosing a distribution leads to set jointly a dependence 
structure and a class of marginal distributions. 

ex: X = (X1,X2) binormal implies: 
  - marginal X1 and marginal X2 normal 
  - elliptic dependence structure  
   



P. Batteau Mai 2008 Journée Modélisation ECCOREV 
Modélisation risques 

(For the sake of simplicity : 2-dimensional variables) 

A copulas is a continuous function C(u1,u2), defined 
everywhere on the square [0,1]² such that: 

C(0,0) = 0 
C(u1,0) = C(u2,0)= 0 
C(u1,1)= u1  and C(1,u2)=u2   for any u1 and u2 in [0,1] 
For (v1,v2) >> (u1,u2) :  
C(v1,v2)-C(v1,u2)-C(u1,v2)+C(u1,u2)≥0 
  

u1 

u2 

v1 

v2 

0 1 

1
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F(x1,x2) bi-dimensional distribution 
F1(x1) : continuous marginal distribution in x1 

F2(x2) : continuous marginal distribution in x2 

F can be written as:  
   F(x1,x2) = C(F1(x1),F2(x2)) 
Where C is a (unique) copula 

This theorem allows to "extract" the dependence structure 
from any distribution and use it with other marginals to 
reconstruct a new distribution. 

Ex : Normal copula, Student copula,.... 
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Copula c(u1,u2) 
contours Marginal X1 

Marginal X2 

0 1 

1 

x1 

x2 contours F(x1,x2) 
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C- C+ 

Max(u1+u2-1,0) Min(u1,u2) 

C-(u1,u2) ≤ C(u1,u2) ≤ C+(u1,u2) 
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   Copula Estimation  
   General method : Maximum Likelihood 

  Copula limits : 
    
  Useful for spatial dependence 
  Difficulty to capture temporal dependence 
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