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edito

Partnairs

information in Finance and insurance

the quantification of financial risks and the development of strategies to 
cover them very much depends on the perception of risk by a given investor, 
or more precisely the information he has for assessing it. information is a 
key aspect of financial modelling. in most financial models, the emphasis is 
placed on the choice of pricing measure. the market is assumed to choose 
the measure in an incomplete market context so as not to generate arbitrage, 
and information is assumed to be shared and provided in advance.

Few studies have been conducted to examine the influence of information 
on the evaluation of financial products. During the financial crisis, it was 
revealed that the failure of large corporations had a significant impact on 
companies that were considered to have little or no correlation with the 
business going bankrupt, and that it was essential that information related 
to such bankruptcies should to be taken into account. what is required for 
modelling dependency is therefore an information model. an extreme event 
of low probability can impact modelling, before and after its occurrence, and 
information related to this event is an important element for understanding 
the dynamics of prices. clarifying these relationships is a complex matter.

the “information in Finance and insurance” thematic semester was an opportunity for scientific discussions and 
collaborations between researchers from different fields (financial mathematics, economics, insurance) working on 
this subject. it was structured around the following five themes, the main contributions to which are illustrated in this 
issue of cahiers.

•	 Partial information: modelling, by means of filtering techniques, the impact of incomplete information.
•	 Private information: understanding how access to privileged information changes agents’ behaviour.
•	 Game theory: understanding how access to privileged information changes the possible interactions 

between agents.
•	 asymmetric information and insurance: comparing financial, economical and actuarial points of view 

so as to better identify model risk, with regard both to the choice of model used and to the choice of 
information accessible.

•	 Kyle-back equilibrium models: studying financial equilibria when the agents have different information, 
which may be private or partial.

enjoy your reading!

Caroline Hillairet et Monique Jeanblanc, 
organisers of the “Information in Finance and Insurance” thematic semester.

More information is available on http://www.informationinfinanceandinsurance.org/

Monique 
Jeanblanc

Caroline 
Hillairet

http://www.informationinfinanceandinsurance.org/
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not all economic agents have 
access to the same level of in-
formation. a company’s invest-
ment costs, for example, are 
known to the company but not 
to its competitors. similarly an 
employer cannot permanently 
keep his employees under ob-
servation, and therefore does 
not know exactly how much 
effort each employee is ma-
king. if he wants to create an 
incentive, the only possibility 
is to link the salary paid to the 
company’s earnings.

by formalising the interac-
tions between agents (termed 
players), game theory models 
seek to define equilibria in the 
information problem context. in 
other words, they try and deter-
mine which strategies best sa-
tisfy all players. indeed players 
are both strategic, in that they 
aim to optimize a specific crite-
rion (generally their hoped for 
payment or utility), and ratio-
nal, in that they have the ability 
to solve complex optimization 
problems.

how much is private information 
worth?

the study of equilibria in these 
models is tricky and raises 
various questions of interest 
for research. a number of 
these questions have been 
addressed in the “information 
in Finance and insurance” the-
matic semester, such as the 
value of private information or 
the strategic use of such infor-
mation.

Jérôme renault has studied 
the value of private informa-
tion in a zero-sum game, i.e. a 
game where the interests of the 
players are totally opposed. 
in a situation of incomplete 
information, the value of this 
information corresponds to the 

how does private information affect 
players’ behaviour?

optimal payment that Player a 
can make in the game. this 
approach allows different infor-
mation structures to be orde-
red according to their quality 
(or value) from the standpoint 
of Player a, but also to be 
quantitatively differentiated, 
i.e. it allows the exact effect 
of a change in the information 
structure on value in the game 
to be measured.

bluffing in order to optimize one’s 
information 

apart from the intrinsic value 
of information, a number of 
studies have focussed on the 
optimal way of using it. the 
player’s aim here is to control 
how his information is revea-
led to the market, so as to 
maximize his gain. it is there-
fore very much in his interest 
to bluff, in order to conceal 
his information. For example, 
if a player knows the value of 
variable X (say, 0 or 1), which 
is positively correlated with the 
quality of a risky project, and 

The player’s aim is to 
control how his information 
is revealed

it is in the interest of a player with access to private information to bluff, so as to not reveal his 
information to other players.

he then introduces a random element into his decision-making.

the strategic use of information has an impact on the market, with regard both to price fluctua-
tions and to the evaluation of assets.

based on a text by Fabien gensbittel and the papers cited in the bibliography.

many academic studies have analysed the impact on the market of information disequilibria. by means of 
game theory, they address in particular the topic of the strategic use of private information.

Key points
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Fabien Gensbittel has been assistant professor in applied mathematics in the 
Toulouse School of Economics, University of Toulouse 1, since September 
2011, after obtaining a PhD in mathematics at the University Paris 1 in 2010. 
His research work focuses on the mathematical aspects of game theory and 
in particular on information problems in dynamic games.

decides to invest in the project 
in the first stage of the game 
only if X =  1, observation of 
his behaviour fully reveals his 
information. introducing an 
randomness into the invest-
ment decision (for example, 
investing with probability 3/4 if 
X = 1 and 1/4 if X = 0) clouds 
the issue and allows greater 
room for manoeuvre.

the strategic use of private 
information has implications 
for the market. bernard de 
Meyer thus shows how these 
strategies partly account for 
price fluctuations. he consi-
ders a market consisting of 
two agents: one a large-scale 
player who benefits from pri-
vileged access to information, 
the other a less well informed 
smaller player. the main agent 
knows that his behaviour is 
being observed. he will the-
refore adopt a strategy to 
conceal his private informa-
tion and introduce randomness 
into his actions. Price changes 
are therefore explained by the 
optimal behaviour of the infor-
med player, and not as the 
consequence of independent 
random shocks.

even though highly simplified, 
this model is able to show the 
impact of information on prices 
and to provide a method for 
evaluating assets based on 
this fact. 

evaluating options with 
asymmetric information 

information problems also 
have an impact on the valua-
tion of assets, including op-
tions. Fabien Gensbittel has 
studied the assessment of 
so-called israeli options, i.e. 

options which the issuer may 
withdraw at any time subject 
to paying compensation to the 
purchaser. this is still a zero-
sum, since the issuer and the 
buyer have opposing interests. 
the decisions of both parties 
are stopping times: cancel-
lation for the issuer, exercise 
time for the buyer. it is quite 
natural in this type of problem 
to consider that information on 
the quality of the underlying as-
set is asymmetric. and again, 
the optimal strategies require 
introducing randomness into 
decision-making, and no lon-
ger operating beyond a certain 
predetermined threshold, as is 
often the case in stopping pro-
blems with complete informa-
tion. concretely, in problems 
with symmetric information, the 
issuer withdraws his offering 
above a certain known and 
predetermined price threshold. 
information asymmetry encou-
rages the players to bluff: the 
issuer will not stop at a fixed 
price threshold but at a “ran-
dom threshold”.

non-zero-sum games with 
incomplete information 

Problems of incomplete infor-
mation also exist in non-zero-
sum games, i.e. games where 
the interests of the players are 
not necessarily opposed.

in such cases, a form of coo-
peration between players is 
possible. how, then, is private 
information used? a classi-
cal result is the existence of 
so-called joint-plan equilibria, 
that are similar to contracts 
between the two players when 
private information is used only 
once at the beginning of the 
game.

this type of equilibrium ope-
rates somewhat on the threat 
principle. rules are defined 
at the beginning of the game. 
if a player does not adhere to 
them, he will be penalized by 
the other players in the course 
of the game.

Joint-plan equilibria are, howe-
ver, not the only equilibria, be-
cause one can construct other 
examples where information is 
gradually revealed throughout 
the game.

Fabien gensbittel

bibliography

b. De Meyer and G. Four-
nier (2015 ) Price dynamics 
on a risk averse market with 
asymmetric information, 
https://halshs.archives-ou-
vertes.fr/halshs-01169563/

F. Gensbittel and c.Grün 
(2015) Zero-sum stopping 
games with asymmetric 
information, http://arxiv.org/
abs/1412.1412

F. Forges, (1992) repea-
ted games of incomplete 
information: non-zero-sum, 
in: r. aumann and s. hart, 
handbook of Game theory 
with economic applica-
tions, chapter 6.

Find the Fabien gensbittel’s 

full article on

www.informationinfinanceandinsurance.org

https://halshs.archives-ouvertes.fr/halshs-01169563/
https://halshs.archives-ouvertes.fr/halshs-01169563/
http://arxiv.org/abs/1412.1412
http://arxiv.org/abs/1412.1412
http://
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the question of the equilibrium 
price is fundamental in econo-
mics, and many studies have 
tried to formalize it. Kyle’s mo-
del addresses this problem, by 
making a link between price 
formation, established by sup-
ply and demand, and the infor-
mation available, which may 
differ from one agent to another. 
a local investor, for example, is 
likely to know the market better 
than a foreign investor. how may 
the available information, or dif-
ferences in the level of informa-
tion between agents, influence 
the activity of financial markets? 
how is this information included 
in the price? what are the bene-
fits obtained from insider infor-
mation? is the equilibrium price 
changed? these are just some 
of the questions Kyle’s theory 
addresses by modelling the im-
pact of information on the liqui-
dity and price of an asset.

a strategic insider trader 

Kyle considers a market in which 
a risky asset is sold. three types 
of agent are involved in trading: 

an “insider” trader, a liquidity tra-
der and a market maker.

the insider trader has private 
information about the value of 
the asset. he knows its value at 
the time t1 and thus the poten-
tial sale or purchase price at that 
date. the informed agent is stra-
tegic and seeks to maximize the 
profit he can make from his infor-
mation. he therefore takes into 
account the impact of his order 
on the market price, and carries 
out his trades in such a way that 
the information he possesses is 
disclosed to the market as late 
as possible. For example, in or-
der to prevent a fall in prices, he 
will not sell all of his assets in a 
single trade. however, through 

Kyle’s model: the impact of 
information on the equilibrium price

some investors benefit from insider information, enabling them to better assess the value of an asset. how 
does this information impact market equilibrium? What advantages does it offer? Kyle’s model provides 
answers to these questions.

his purchase or sale transac-
tions, he necessarily provides a 
signal to the market, and part of 
his information is transmitted to 
the price of the asset.

For their part, liquidity traders 
do not have information as to the 
value of the asset. they provide 
liquidity by engaging in trades, 
but do not give a signal to the 
market and so have no impact 
on the price.

lastly, market makers observe 
the flow of transactions, wit-
hout distinguishing orders by 
informed traders from those of 
liquidity traders. they set prices 
according to the overall demand 
for the asset at time t and their 
estimate of its expected return. 
there is no jump just before the 
announcement of the price. the 
market correctly incorporates 
information and pricing is fair.

determining the equilibrium 
price 

Kyle’s model is thus different 
from the Merton model, a 

the Kyle model examines the impact of information on the liquidity and price of an asset.

From a price at time t, it enables the change in the equilibrium price over time to be calculated.

it also shows that insider information is especially valuable when the market is liquid or noisy. 
the return also increases when the variance of the price at time t is high.

based on a text by Kerry back and the papers cited in the bibliography.

The more liquid the 
market, the greater the 
advantage to the insider 
agent

Key points
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Kerry Back is the J. Howard Creekmore Professor of Finance at Rice 
University’s Jones Graduate School of Business and a Professor of Economics 
in the Rice University School of Social Sciences. He previously served on the 
faculties of Northwestern University, Indiana University, Washington University 
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frequently used model of market 
equilibrium which assume sym-
metric information. Moreover 
the Kyle model views agents as 
being neutral as regards risk and 
having an impact on the market, 
hence the desire of the insider 
trader to carry out his transac-
tions “discreetly”. the Merton 
model, on the other hand, views 
agents as risk averse and ha-
ving no impact on the price.

the aim of the Kyle model is to 
determine how the insider tra-
der’s information is transmitted 
to the price, and thus to define 
the equilibrium price v. the 
price v1 of the asset at time t1 is 
known. on the basis of this infor-
mation, how can the price v be 
estimated over time? the model 
shows that when the price v1 
follows a Gaussian distribution 
(determined solely by the mean 
and the variance), the formula is 
explicit and easily calculable.

information of varying degrees of 
value 

the model also sheds lights 
on the returns stemming from 
the possession of private infor-

Kyle’s model is an equilibrium model in which a risk-neutral informed agent, i.e. an agent who 
knows the price at the end date, uses this information to maximize his expected gain. in contrast, 
the market maker, who sets the market price, has less information and in particular cannot observe 
the informed agent’s action because liquidity traders have made it noisy. using stochastic control 
tools and filtering, the effect of information on equilibrium prices is explored.

Methodology

mation. these returns can be 
boosted in various ways.

First, the informed agent’s re-
turn is all the greater when the 
market is liquid. in other words, 
the more rapidly the market 
responds to information, the 
greater is the advantage to the 
insider trader. his profit is also 
increases with market noise. 
the greater the noise, the later 
private information will be revea-
led to the market, and the more 
the agent will benefit.

Finally, the greater the variance 
of price v1, the more likely it will 
be that the values of the equili-
brium price v are wide. it is then 
more difficult for uninformed tra-
ders to correctly estimate v. the 
gain for the insider agent is the-
refore higher.

the Kyle model has various 
extensions. For example, there 
are formulas that include seve-
ral informed agents, or just one 
informed agent, but these do not 
exactly know the price v1. other 
formulas consider a price v1 that 
does not follow a Gaussian dis-
tribution, or consider a market 

composed of a risky asset and 
a derivative. whatever the varia-
tions, the Kyle model in any case 
is a step forward in understan-
ding the role of information in 
markets and the formation of the 
equilibrium price.

Kerry back

bibliography
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Find the Kerry back’s 

full article on
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the u.s. sec (securities and 
exchange commission), the fe-
deral agency for regulation and 
supervision of financial mar-
kets, defines insider trading as 
“buying and selling a security, 
in breach of a fiduciary duty or 
other relationship of trust and 
confidence, while in possession 
of material, non-public informa-
tion about the security. insider 
trading violations may also in-
clude tipping such information, 
securities trading by the person 
tipped, and securities trading 
by those who misappropriate 
such information.”

although this definition is clear 
enough, insider trading is ne-
vertheless difficult to prove and 
therefore penalize. could ma-
thematical modelling provide a 
better understanding of the be-
haviour of offenders, and thus 
help to detect them? a number 
research studies have been 
conducted on this topic.

no profit without risk?

the modelling process is based 
on the concept of information. 
one can thus propose that a set 
of events, termed Ft, represents 
all public information, available 
at time t, regarding the financial 
market. an insider has, by defi-
nition, private information about 
an event that is not part of this 
set. he may, for example, be 
an investor who has knowledge 
concerning the progress of cli-
nical trials of a new drug. his 
set of observable events then 
becomes greater than the Ft 
reference set.

combatting insider trading through 
modelling 

on the basis of private information, an agent can make significant profits for minimum risk. by providing 
a better understanding of the use of such information, modelling helps in the fight against insider trading. 

traditionally, models are 
constructed on the principle 
of no-arbitrage. that is, they 
consider it impossible to make 
a profit without taking on some 
risk. Zero risk does not exist. 
but it may happen that private 
information creates arbitrage 
opportunities, or at least situa-
tions very similar to arbitrage. in 
this case, if an investor knows 
in advance that a company will 
be marketing a new drug, his 
chances of making a profit are 
very high, with minimal risk.

taking advantage of private 
information 

the insider can thus benefit 
from his information in several 
ways. in the above-mentioned 
example, the simplest solution 
is clearly to buy, or sell, shares 
in the pharmaceutical company, 
on the basis of the results of the 
trials. but information can also 
guide the purchase of deriva-

based on a text by Philip Protter and the papers cited in the bibliography.

An insider agent can 
make virtually risk-free 
profits

an insider trader has a larger set of information than other agents. this additional information 
changes his perception of the market and his assessment of the price of an asset. 

the model allows the use of this private information to be optimized. by analysing the devia-
tions of prices compared to a reference value, it enables the agent to know whether a security 
is under or over-valued. 

the model is also useful to the regulator for better understanding the behaviour of insiders, 
and thus better fighting against these practices.

Key points
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Professor Protter is a Fellow of the I.M.S., the Associate Editor of nine re-
search journals and is on two editorial boards, and is the former editor-in-chief 
of Stochastic Processes and their Applications.
Philip Protter’s primary research interests include mathematical finance (capi-
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tives or options. the latter gives 
the right to buy or sell a stock in 
the future at a fixed price. used 
well, an option can thus gene-
rate large profits for a modest 
investment, over a short period 
of time.

additional information has an 
impact on the estimation of the 
price of an asset. an agent 
evaluates the future flows of an 
asset, by means of the set of 
information available. if his set 
becomes larger, his percep-
tion of the market is altered: 
the price estimate changes, 
as well as the evaluation of the 
likelihood of a particular event, 
for example the occurrence of 
insolvency.

detecting a non-normal security 

the author examines a model 
that calculates the “fair value” 
of an asset and its properties 
(variance, standard deviation, 
etc.) by taking into account the 
information available, modelled 
for an insider trader by filtration 
expansion. it is thus possible 
to analyse deviation of prices 
with respect to this fair value. 
Filtration here models insider 
information and shows how 
agents benefit from it. the agent 

Public information available on the market over time is represented by a filtration. the information 
of an insider, who possesses privileged information, is thus modelled by an expansion of this 
filtration of the market. this leads to an evaluation of the probabilities of different events occurring 
for an insider compared to a standard investor. in particular, his evaluation measure (known as a 
risk-neutral measure) of assets is changed.

Methodology

is in a position to determine 
when an option is under or over-
valued. he therefore adjusts his 
investments accordingly, the-
reby increasing considerably 
his likelihood of gain. the model 
can also quantify the advantage 
obtained by the insider through 
his privileged information

Moreover, understanding, 
through mathematical analysis, 
how some people use private 
information can help the regu-
lator detect insider trading and 
prosecute offenders. indeed, 
by evaluating the normal value 
of the asset, the model in a way 
quantifies an alert level: if a 
trade is made at a price too far 
from the normal value, it may be 
the result of insider trading.

combatting insider trading is es-
sential for ensuring the smooth 
flow of financial transactions. 
the market must appear fair. 
otherwise, if it is perceived as 
failed or corrupted, few inves-
tors will be willing to engage in 
trading. agents lose confidence 
and liquidity is reduced. the 
role of government is therefore 
to ensure the proper functio-
ning of the market, by reducing 
the information asymmetry and 
fighting against insider trading.

Philip Protter
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technologies such as connec-
ted devices, GPs, medical 
monitoring systems and mobile 
robots play a key role in our 
day-to-day lives, and their use 
is likely to be further strengthe-
ned by on-going digitization. all 
these systems have one thing 
in common: they function dyna-
mically with a signal output that 
constantly changes over time. 
consequently prediction of the 
signal is more complex and 
requires appropriate mathema-
tical tools.

the technique of filtering pro-
vides an answer to this problem. 
thorsten schmidt, professor at 
the university of Freiburg, gives 
an overview of this methodology 
with multiple applications. what 
is a filtering problem? how is 
this technique developed? what 
solutions can it offer?

unlike classical statistics, filte-
ring is designed to evaluate a 

dynamic signal whose observa-
tion is disturbed by noise. how 
does one make an accurate 
estimate despite noisy obser-
vation? consider the problem of 
defining the position of a robot 
that moves over time. since the 
robot is not in the owner’s field 
of vision, it is not directly obser-
vable. however, the owner has 
access to GPs data, which here 
corresponds to a noisy obser-
vation. the aim is to optimize 
the information provided by 

how can we overcome lack of 
information by filtering?

Filtering is a modern statistical approach that can solve many problems due to imperfect information. it 
has numerous applications, in contexts such as connected devices, satellite navigation and calculation 
of risk in finance.

the GPs so as to calculate the 
robot’s position at current and 
previous points in time.

the Kalman filter

the theory of filtering originated 
in the 1940s, under the impetus 
of andrey n. Kolmogorov and 
norbert wiener. Kolmogorov 
first studied the problem in dis-
crete time, and while wiener did 
consider the case of continuous 
time. it was not until the 1960s 
that further progress was made 
with rudolf e. Kalman.

the Kalman approach serves as 
a benchmark for filtering. based 
on Gaussian distributions, the 
model establishes a linear rela-
tionship between information 
and the signal. the information 
consists of noisy observations: 
prices, data, etc. the main ad-
vantage of this method is that it 
provides an explicit formula for 
calculating the signal, thereby 

based on a text by thorsten schmidt and the papers cited in the bibliography.

The main advantage of 
the Kalman method is 
that it provides an explicit 
and low-dimensional 
formula

Filtering is designed to evaluate a dynamic signal whose observation is noisy.

the Kalman model establishes a linear relationship between information and the signal. it 
provides an explicit and low-dimensional formula for calculating the signal, thus simplifying the 
process.

For nonlinear cases, numerical methods can be used.

Filtering has a wide field of application in finance,electronics industry, medical applications, 
roboting and many others.

Key points
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Heath-Jarrow-Morton models and affine processes.

simplifying the process subs-
tantially.

one of the most celebrated, and 
oldest, uses of the Kalman filter 
dates back to the apollo mis-
sion. the model was used to 
prepare neil armstrong’s trip to 
the moon and his return, and in 
particular to determine exactly 
when the rocket should re-enter 
the atmosphere.1 it is now used 
in most satellite navigation tools, 
as well as in smart phones and 
video games.

the Kalman filter can, however, 
only be used for linear cases. 
some authors have thus ex-
tended the linear framework by 
using approximations at a local 
level. 

the particle filtering method 

numerical methods have been 
developed for nonlinear pro-
blems that cannot be solved 
either by the Kalman filter or 
by its extensions. one such 
method is particle filtering. this 
method estimates signal dis-
tribution through a statistical 
reduction process known as 
“discretization”, which involves 
cutting up a series of data into a 
number of classes, represented 
by particles. like the Monte 
carlo method, this approach is 
based on the law of large num-
bers and simulation of repeated 
experiments. initially, the values 
are estimated using available 
observations. each value used 
is linked to a particle weight. 
then with each simulation, the 

weights are adjusted in accor-
dance with the results obtained. 
Meanwhile the particles are al-
lowed to evolve dynamically with 
regard to the underlying dyna-
mics. this is possible, because 
the location of each particle is 
known precisely. the estimate 
is obtained by averaging over 
the particle’s positions using the 
computed weights.

a wide field of application

Filtering techniques are valuable 
tools for overcoming imperfec-
tions of information. these pro-
blems are common, especially 
in the financial field. whether it 
be a matter of estimating the ca-
libration of a model, valuing an 
asset portfolio or defining hed-
ging strategies, the data used 
is always incomplete. Filtering 
allows this type of issue to be 
tackled. in particular it is used 
to calculate credit risk: a com-
pany is deemed to be insolvent 
when its fundamental value is 
too low. but this information is 
obviously not known to market 
participants. the observations 
are noisy, since they are not 
fully available. Filtering can then 
be used to estimate the credit 
risk on the basis of the various 
sources of information available. 
combining data from quarterly 
reports, stock prices and option 
prices allows the probability of 
a company defaulting to be as-
sessed.

Filtering models thus have a 
wide field of application and 
provide answers to many pro-

blems. there is no doubt that 
research on these methods and 
algorithms will continue, so as to 
increase their performance and 
thereby enable them to take on 
new challenges.

thorsten schmidt
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asymmetric information 
and insurance

Information Asymmetry between Us and 
Mother Nature 

Whenever we have to deal with the quantification 
of insurance risk (and this is necessary for the deter-
mination of fair premiums, formulation of robust 
risk management strategies and the determination 
of necessary solvency capital requirements), we face 
the losses as an unknown outcome of the future. 
Letting aside the (to some extent philosophical) 
question whether uncertainty about the future (in 
this context the occurence and sizes of claims) is due 

to lack of sufficient information about the physi-
cal processes and their current states at all scales or 
whether there is intrinsic and per se unpredictable 
inherent randomness, we typically face in any case 
the following workflow:

UNCERTAINTY i RISK i DATA i MODELS

A popular distinction (brought forward by the eco-
nomist Frank Knight) between uncertainty and risk 
is that the latter can be quantified, i.e. one can in 
principle obtain a probability distribution for the 

It is in the very nature of any insurance activity that there is only limited information available 
about the risk under consideration, and additional information is always desirable. This is 
obviously true for reinsurance as well. Reinsurance is insurance purchased by an insurance 
company (the ”cedent”) from another insurance company (the ”reinsurer”), and hence it 
is first of all an insurance activity. However, in addition to some common features there are a 
number of structural differences between first-line insurance and reinsurance, some of which 
particularly concern the information structure about the underyling risks of the policies. With 
several involved entities in the process, it is clear that asymmetry of information of market 
participants is an important aspect to consider. The discipline deals (directly and indirectly) with 
this asymmetry in various different ways, and in the following I would like to highlight some of 
them, considering these items from the particular perspective of degree of available information:
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outcome under consideration. After deciding which 
aspects of the unknown quantities fall under this 
category, the step of identifying the odds for the 
”risks” crucially relies on some sort of experience, 
typically historical data points. The decision which 
data points are relevant (and to which extent) for 
a particular risk is a classical problem of actuarial 
science (see e.g. credibility theory). An additional 
challenge in this context is the fact that the nature 
of the risks may change over time, and besides exter-
nal knowledge about such changes that may stem 
from concrete side information (such as changes of 
contract specifications, of environmental conditions 
etc.), one also has to consider statistical techniques 
to possibly detect such non-stationarities from the 
data.

The experience gained over the years as to which risks 
can be categorized in certain patterns and whether 
there are causal justifications for particular choices, 
leads to the development of models, which them-
selves are then starting points for the assessment of 
somewhat related risks at a later point in time.

Despite the fact that modellers are typically well 
aware of the limits of the modelling procedure, the 
driving motivation behind such an approach is the 
idea that it actually is possible to quantify the risks, 
and the imperfectness of a resulting model is mainly 
due to insufficient data and (more generally) insuffi-
cient information about the nature of the risks (and 
the relations among them). In that sense one could 
describe the development of models for insurance 
risk in general as an attempt to reduce the asym-
metry of information that is available altogether and 
the one available to us.

Information Asymmetry between 
Policyholders and Insurer

When a policyholder and the insurer agree on a 
contract to exchange a deterministic premium pay-
ment against the payment of a possible loss as speci-
fied in the policy, there are obvious different infor-
mation patterns on the two sides, but the asymmetry 
of information is both ways: the insurer typically 
has much more experience (i.e. suitable models) 
available for the risk that the policyholder faces, and 
hence (together with the principle of pooling) this 
risk can be managed much more efficiently by the 

insurer. However, for certain products policyholders 
would prefer more transparency, see e.g. [12].

At the same time, in most lines of business, the in-
sured may have much more information available 
on the actual risk profile than what he discloses to 
the insurer (and may even have ways to influence 
the outcome by his behavior). A typical example is 
health insurance, where there is a natural asymmetry 
of information about the actual current state of the 
policyholder and correspondingly questions of mo-
ral hazard arise (see e.g. [22]). For recent research 
on asymmetry of information of certain kinds in life 
insurance, see e.g. [19, 21]. Such asymmetry can 
also arise from regulation, cf. unisex pricing [23]. 
In car insurance, there is a long tradition to reduce 
the asymmetry of information in terms of the risk 
profile of the insured through bonus-malus systems, 
which at the same time provides incentives for a 
more cautious driving behavior. Recently, this deve-
lopment is going much further with collecting de-
tailed telematics data of the actual driving behavior, 
see e.g. [18, 6]. The latter is a prominent example 
of how a plethora of additional data (i.e. informa-
tion) can and will be used for the design of future 
contracts (a trend that is sometimes coined Big Data 
in Insurance). This also includes a detailed analysis 
of lapse behavior of customers [16, 20], and how to 
use the respective knowledge for business purposes 
(see e.g. [17]).

Information Asymmetry between Insurer 
and Reinsurer

As loss data are something that insurers are very 
reluctant to share, for many non-proportional rein-
surance contracts, not the entire relevant data set 
available to the insurer is passed on to the reinsu-
rer, but only those claims which touch the layer of 
the contract (or are close to it). This asymmetry of 
information leaves the reinsurer with the challenge 
of modelling with censored data (see e.g. [2] for an 
overview). In practice, this is then often to be com-
bined with collected data experience from related 
portfolios (sometimes gained through a propor-
tional reinsurance contract for risks with a similar 
exposure). Depending on the type of contract and 
method used, there are many subtle issues to consi-
der for the modelling and the pricing of reinsurance 
risk (experience rating vs. exposure rating etc. [1]). 
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Another source of information asymmetry is that 
claims of the past are often reported in terms of their 
incurred values (i.e. the paid amount up to now plus 
a reasonable estimate for the outstanding liability), 
which can differ substantially from the ultimate va-
lues. In lines of business where the claim settlement 
takes a number of years it may easily be the case 
that one can not rely solely on the available ultimate 
claim payments, but has to consider the available 
incurred values for the modelling procedure as well. 
This leads to interesting statistical challenges, and 
there is little academic research on this aspect avai-
lable up to now (cf. [2]).

Information Asymmetry between Insurer 
and Investor

Potential and current shareholders of an insurance 
company often base their investment decisions on 
business figures and performance measures, but 
these will typically not completely reveal the full 
risk structure of the company. In view of required 
solvency capital, a company has to take into account 
the cost of organizing and holding that capital, and 
this cost will have an effect on a number of business 
decisions, including the need for reinsurance. The 
cost of capital rate is a quantity that is influenced not 
only by the risk profile, but also by the information 
structure. In view of the latter, this rate is a result of 
demand and supply in the market, but there are also 
some guidelines for such a rate that influence deci-
sions on the technical provisions in particular with 
respect to loss reserves. For a discussion of actuarial 
aspects in this context, see e.g. [5, 14].

Another active field of research that deals with prac-
tical aspects of information asymmetry is securitiza-
tion of insurance risk, in particular catastrophes and 
more recently also longevity. Securitization transfers 
insurance risk to the large capital markets and hence 
is a particularly useful tool for risks with potenti-
ally large magnitude and strong correlations, where 
classical reinsurance contracts become less econo-
mical, in view of huge capital costs. The history of 
securitization products is a fine example for how the 
different attitude towards information asymmetry 
(namely between the issuer and the investor) over 
time has changed products and their popularity 
(from triggers defined on the individual loss expe-
rience, over an industry index towards parametric 

triggers often based on some measurable physical 
quantities of catastrophes, like wind speed, air pres-
sure etc.). Whereas such triggers reduce the asym-
metry of information (which for company-specific 
triggers had been quite substantial before), they 
increase basis risk, which is the risk that the trigger 
in fact does not reflect the actual loss experience of 
the issuer, reducing the effectiveness of the product 
for the latter. Correspondingly, this branch has seen 
volatile business volumes over time, with substantial 
increases particularly in periods when the classical 
reinsurance market can not cover the demand for 
this type of insurance (see e.g. [9, 11] for general 
accounts on the topic). The valuation of these pro-
ducts is at the intersection between insurance and 
finance, and is an interesting research field also from 
the academic side, see e.g. [7, 15, 4, 8] and [10, 24] 
for a recent survey.

Information Asymmetry between 
Competing Insurers

Finally, as in other types of business, in insurance 
there is also competition between different compa-
nies for a finite set of policyholders, and there is a 
natural asymmetry of information concerning the 
risk profile, attitude and assessment of the mar-
ket between competitors. Among some recent ap-
proaches there has been an analysis based on game-
theoretical ideas in setting insurance premiums, 
which includes anticipation of the premium policy 
of competitors, lapse behavior of customers and 
capital constraints, see [13], and under incomplete 
information [3].

The purpose of this short chapter was to point 
out a number of actuarial research fields in 
which asymmetry of information plays, ex-
plicitly or implicitly, a particular role. Even 
if such a list can clearly not be exhaustive, 
it may give an indication of how important 
appropriate modelling of information is in 
this field, which is underlined by the many 
on-going research activities as well.

Find the hansjörg albrecher’s 

full article on

www.informationinfinanceandinsurance.org

http://


the louis bachelier research review      15

bibliography
[1] h. albrecher. reinsurance. in: encyclopedia of Quantitative Finance, pages 1539-1543, 2004.

[2] h. albrecher, J. beirlant, and J. teugels. reinsurance: actuarial and statistical aspects. wiley, chiches-
ter, in preparation.

[3] h. albrecher and D. Daily-amir. on competitive non-life insurance pricing under incomplete informa-
tion. Proc. sixth int. conference on risk analysis, barcelona, May 26-29, pages 76-81,2015.

[4] h. albrecher, J. hartinger, and r. F. tichy. QMc techniques for cat bond pricing. Monte carlo Methods 
appl., 10(3-4):197-211, 2004.

[5] P. artzner and K.-t. eisele. supervisory insurance accounting: mathematics for provision| and solvency 
capital requirements. astin bull., 40(2):569-585, 2010.

[6] G. M. ayuso, M. and a. Perez-Marin. time and distance to first accident and driving patterns of young 
drivers with pay-as-you-drive insurance. accident analysis and Prevention, 73:125-131, 2014.

[7] s. h. cox, J. r. Fairchild, and h. w. Pedersen. economic aspects of securitization of risk. astin bull., 
30(1):157-193, 2000.

[8] s. h. cox, Y. lin, and h. Pedersen. Mortality risk modeling: applications to insurance securitization. 
insurance Math. econom., 46(1):242-253, 2010.

[9] c. culp. structured finance and insurance - the art of managing capital and risk. wiley, chichester, 
2011.

[10] D. cummins and P. barrieu. innovations in insurance markets: hybrid and securitized risk-transfer 
solutions. in: handbook of insurance, ch.20:547-602, 2013.

[11] D. cummins and P. trainar. securitization, insurance and reinsurance. Journal of risk and insurance, 
vol.76(3): 463-492, 2009.

[12] c. Donnelly, M. Guillén, and J. P. nielsen. bringing cost transparency to the life annuity market. insu-
rance Math. econom., 56:14-27, 2014.

[13] c. Dutang, h. albrecher, and s. loisel. competition among non-life insurers under solvency constraints: 
a game-theoretic approach. european J. oper. res., 231(3):702-711, 2013.

[14] K.-t. eisele and P. artzner. Multiperiod insurance supervision: top-down models. eur. actuar. J., 
1(1):107-130, 2011.

[15] P. embrechts. actuarial versus financial pricing of insurance. the Journal of risk Finance, 1(1):17-26, 
2000.

[16] s. Fier and a. liebenberg. life insurance lapse behavior. north american actuarial Journal, 17(2): 
153-167, 2013.

[17] l. Guelman, M. Guillén, and a. M. Pérez-Marin. a survey of personalized treatment models for pricing 
strategies in insurance. insurance Math. econom., 58:68-76, 2014.

[18] t. ippisch. telematics Data in Motor insurance: creating value by understanding the impact of acci-
dents on vehicle use. Dissertation, university of st. Gallen, 2010.

[19] t. Moenig and D. bauer. revisiting the risk-neutral approach to optimal policyholder behavior: a study 
of withdrawal guarantees in variable annuities. review of Finance, to appear, 2015.

[20] J. Pinquet, M. Guillén and M. ayuso. commitment and lapse behavior in long-term insurance: a case 
study. Journal of risk and insurance, 78(4): 983-1002, 2011.

[21] n. Zhu and D. bauer. coherent pricing of life settlements under asymmetric information. Journal of 
risk and insurance, 80(3): 827-851, 2013.

[22] P. Zweifel and w. Manning. Moral hazard and consumer incentives in health care. handbook of health 
economics, 1:409-459, 2000.

[23] h. schmeiser, t. störmer, and J. wagner. unisex insurance Pricing: consumers’ Perception and Mar-
ket implications. the Geneva Papers on risk and insurance – issues and Practice, 39(2):322-350, 2014.

[24] J. lorson and J. wagner. the Pricing of hedging longevity risk with the help of annuity securitiza-
tions: an application to the German Market. Journal of risk Finance, 15(4):385-416, 2014.




