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1. SCIENTIFIC DESCRIPTION OF THE RESEARCH PROJECT

The scientific project of MME-DII pursues two majasearch objectives. The first one is to develop
innovative fundamental models of economic behavitie second one is to apply these models to
various economic and social problems. The firseécioje occupies a central position in the MME-DII
project and is centered on interactions betweerhenadticians, economists and physicists. It is
described in Part | below. Applications are covareBart II.

PART |: CORE MODEL S OF INDIVIDUAL BEHAVIORS AND INTERACTIONS
[-A. Models of uncertainty and decisions

Uncertainty is a pervasive aspect of economic IEEonomic agents evolve in an uncertain
environment, where they make crucial decisions autfknowingex antethe future consequences of
their decisions. Part of this uncertainty is idiessatic and markets have a crucial role to play in
diversifying these risks. However, aggregate uadetyt is often important and may have significant
effects on the well-being of individual agentinderstanding how modern societies are affected by
uncertainty requires improved models of individdatisions under risk, as well as better stochastic
models of aggregate uncertainty. These topicstdtedeart of this research axis.

1- Models of individual choices

Individual decision under uncertainty is at theecof many models in economics and finance. Both in
applied academic work and in practical applicatidhe reference model in this field remains the
expected utility theory (EUT) (von Neumann and Mersgtern, 1944; Savage, 1955). The prevalence
of this model is striking, given its empirical faik revealed and emphasized by the famous Allais
(1953) and Ellsberg (1961) paradoxes. These paeadbave triggered a vast theoretical literature
offering alternative decision-making models. Selveesearchers in THEMA and LEM have made
significant contributions to these debates. Howevar dominant model has yet emerged. The
objective of the research projects, in this fieddto develop new models of individual behaviorttha
combine theoretical innovation, empirical accurang tractability.
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Among the various topics that will be investigatedsearch will in particular explore models of
decision making under ambiguity. The notion of agulity has been introduced by Schmeidler (1989)
to designate situations of unknown risk (uncertastbout the probability distribution governing the
outcomes) as opposed to (known) risk. Situationde@p uncertainty (as occurring e.g. in the issues
related to climate change) typically entail thignfioof ambiguity. To quantify uncertainty, it is
necessary to develop measures similar to thoser uisie but emphasizing low-probability extreme-
outcome events. To understand individual behavimden uncertainty, it is crucial to model the
process of belief formation under ambiguity, il@w decision makers use and aggregate objective yet
imprecise information into subjective beliefs. Mduadamentally, this raises the issue of the value
information to economic agents. While this notiswiell understood in a Bayesian framework, this is
no longer the case in more general models.

In sufficiently complex environments, ambiguity cgime rise to indecisiveness. Models of incomplete
preferences can be used to capture agents, wh@taweal and consistent as long as they can rank
alternatives, but are subject to psychological dsashen indecisive. This analysis bridges the gap
between the ultra-rational economic paradigm angiecal reality, while conserving tractability and
empirical testability.

This analysis delivers policy implications relat@dinformation provision by central authorities and
provides guidelines for the creation of institusayoverning the flow and quality of information.

Highly relevant for the modeling of “individual” eferences is the so-called collective model of
choice. Many economic decisions are embedded iticpkar social contexts and involve several
individual agents, in a way that cannot be satiefdg modeled by the standard microeconomic
approach. Household decisions offer a good exarRaeent research has focused on decision-making
resulting from household members' interaction. Tioistext raises a number of issues that are usually
neglected in the more traditional literature arat thill be investigated in the project. Researghd®
include: the nature of the goods consumed (publiprivate), altruistic attitudes, cooperation and
balance of power within households, derivation asftable restrictions of the collective model, and
identification of the structural determinants obtes and behaviors.

These different topics are highly cohesive and keanselves to research at the interaction of skver
research programs. For instance, research willobduwcted at the intersection of collective decision
models and decision theory, focusing on househetdstbns under risk. The approach will combine
microeconomic modeling and a behavioral approachni empirical project that is closely connected
to the research conducted in mathematical finandeaiak management, which is developed below.

While this program on the modeling of individuakferences is largely theoretical, it is connected t

several empirical projects in experimental econagmmBuch projects, whose objective is to empirically
elicit key features of individual behaviors, prefeces and strategies, have been and will be caaluct
on a variety of topics including cooperation withgouples, couples’ preferences under risk, trust
building when hiding behind probabilities or cooration games. These projects will greatly benefit
from the current development of a laboratory fagilat ESSEC, for experimental behavior analysis.

This research agenda is of course strongly condéctthe research in mathematical finance discussed
below but other connections can be underlinedt,Rine development of adequate models requires a
mastery of advanced mathematical techniques (coamalysis, lattice, probability theory, functional
analysis). Second, there is also room for concégtxzhange. For instance, Billot plans to transpose
concepts borrowed from quantum physics, such asltsimeous plurality and counterfactuality belief
formation, within an Aumann-Bacharach model of &lormation.

2- Stochastic processes for economics, financeiakananagement

Assessing the consequences of uncertainty foriohails and societies also requires adequate models
of the underlying stochastic processes. Severahrekers in the MME-DII project, in AGM, LAGA
and MODALX are focusing on the study of these psses, in particular their asymptotic properties,
and their applications to economics, finance, ngnagement and physics. Here, we briefly mention
the most salient ones.

» Random walksre one of the founding subjects of probabilityottyeResearch will investigate
the behavior of pure random walks, as well as s¢gEneralizations such as random walks in
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random environment or non-Markovian models invalvimemory of the past trajectory
(cooky random walks, reinforced random walks).

« Continuous-time diffusions and Markov processes havenumerous applications. One of the
main issues of this field is the evaluation of thte of convergence to equilibrium. Research
will focus in particular on diffusion processes gachp processes in both reversible and non-
reversible settings, as well as on self-interactiffysion processes. Research in probability
will also explore fundamental properties of coatgs® and fragmentation models.

Applications of these models to mathematical fimaae potentially numerous. Before turning to their
discussion, it is worth stressing that there aldsterery strong interaction potentials in otheldis of
economics as discussed in the next section.

In mathematical finance, stochastic processesdiratt applications in portfolio valuation and apti
theory. Several researchers in THEMA, ESSEC and A4 involved in this field that lies at the
intersection of economics and applied mathematied began withthe theory of speculation
(Bachelier, 1900). Option pricing and hedging tlyebave been intensively developed from the
seminal Black and Scholes (1973) and Merton (19@Bhula. Since the fundamental theorem of
arbitrage-free pricing (Harrison and Kreps, 1978 main mathematical tools used in this research
field are the stochastic calculus and the martangadory.

Advances in this research area require the combinaif three main ingredients: more relevant
models of individual preferences under risk; mooeuaate, yet tractable stochastic processes to
capture market uncertainty and dynamics; more stialimodels to quantify main financial risks
(credit, market, and operational risks). Reseamidacted in this area in MME-DDI will incorporate
all these aspects. Next, we provide some flavoliiseotype of research that will be conducted.

New developments in portfolio choice theory areuiss to better account for investor attitudes
towards risk and uncertainty. This can be donenbpducing richer models of individual preferences
in optimal portfolios models. One example could tbeintroduce progressive random utilities in
pricing theory or to study portfolio optimizatioim a Tversky and Kahneman framework, with rank-
dependent expected utility and/or with ambiguitycl$ problems are connected to the developments
of the previous block. They are also connected¢ontew stream diehavioral financewhich seeks

to provide experimental foundations to models dividual preferences under uncertainty. The notion
of "forward utility" (Musiela and Zariphopoulou, @R) offers yet another example of the type of
extensions that will be conducted.

Another line of research is the incorporation iptrtfolio optimization models of more relevant
stochastic models, in particular for continuousetiprocesses. This draws heavily on advanced
probability theory. It also makes use of advancegstimation procedures and adapted numerical
methods. Another example of research interacti@baden probability theory, mathematical finance
and econometrics is credit risk management, wiictt the basis of the recent financial crisis. 8esi
continuous time processes, a complementary appredtibe developed based on general point
processes, which represent a useful method thes tédky asset fluctuations into account. Theywallo
for instance to involve exogenous factors such asraeconomic variables. Note also that such
processes are crucial to deal with insurance pnahlén accordance with Solvency Il (EU directive
that codifies the EU insurance regulation).

Research will also be undertaken to better take aucount salient features of the organization of
financial markets. Among these features, it is ing@ to model the existence of transaction casts a
liquidity constraints. Short-selling constraint§esfanother example. The relevance of such a fepic
further enhanced by projects aimed at introducingxaon financial transactions or regulating sales.
Adequately incorporating such constraints in optip@atfolio models requires adequate mathematical
tools from functional analysis, convex analysig] atochastic control.

To summarize, the research program in mathemdtieaice and risk management conducted under
MME-DII will present a balanced combination of mentmatical sophistication and economic
innovation conducted jointly by specialists in $tastic calculus, finance experts and economists. Th
represents in our eyes a valuable specificity ef phoject, compared to the research programs in
finance of several concurrent research centeggiticular in mathematics.

3- Statistics and econometrics
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Adequate statistical methods are essential foidéetification and validation of relevant models fo
stochastic processes. Such methods will be extgsstudied by statisticians taking part in the
project.

A large part of the research program in statistrtsfocus on the stochastic dynamics of time-sgrie
processes. These processes are highly relevanb$h economic and financial applications. At the
center of the research program in statistics caeduicn MME-DII, lies the issue of time dependence.
This encompasses many forms of dependencies iretBstme series (when observations are made
according to discrete epochs like years or secaus) the case of time indices, e.g. stock exahang
meteorological data), continuous time processeadam fields (for instance in the case of
observations of geographic data or observationkedinthrough graph relations) or space-time
processes (i.e. combining geographic and time whBens as in the case of fish in the sea). Adeguat
models of dependence are required, in particularoperly model the occurrence of extreme risks,
conditional on current conditions. An immediate ihstep, following the development of adequate
models, is to work out the required tools of stai#d inference.

Two concurrent approaches can be followed for amadytime dependence. The first one assumes a
non-stationary time process. The second approacklafess an analysis of dependence within the
context of stationary time-processes. Both appresdbad to different inference problems and both
will be investigated. Work on this topic will gréatbenefit from previous extensive research
conducted by researchers in AGM, MODALX and LAGAorRnstance, Doukhan has focused on
dependence in stationary processes, including wlegkendence, heavy tailed times series and long
range dependence.

The research projects that will be conducted itisttes will cover estimation problems pertainirg t
both discrete and continuous time-processes:

« For discrete processes, estimation problems thltfwst concentrate on the estimation of
measures of dependence (e.g. Markov structure a&stim) semiparametric estimation of the
Hurst coefficient of long range dependence, inversblems). Weak dependence also raises non-
standard estimation problems, such as the estimafidhe limit variance or the estimation of
guantiles for specific statistics of interest. Tdneifferent issues can be analyzed in terms of sub-
sampling techniques. Bootstrap methods are ofquéati relevance in this context. Sparsity is
another research area, for instance in data asalysin the sample size is much smaller than the
dimension of the data.

« Estimation issues for continuous processes inctiatriness of fit tools for diffusion processes,
and non-parametric estimation problems for mulireinsional diffusion models. Specific
estimation problems will be addressed in the canéx évy-diffusions and the so-called Lévy-
flights. Extensions of estimation to other continsdime models are an essential objective for
future researches.

Besides estimation problems, the analysis and egijin of advanced time-processes requires
innovative techniques. For continuous data probjemamerical solution techniques have become an
essential tool and require the development of nigarighms, such as Monte-Carlo (MC), quasi-MC
or randomized quasi-MC. Developing relevant simatattechniques for rare events is another
important and challenging topic that will be inugated.

Applications of these researches to estimationlpnad are numerous, in particular in finance and in
forecasting in general. Several researchers, iticpbar at THEMA and ESSEC, have focused their
research on estimation problems encountered imdinh econometrics. A thematic cycle is being
organized on “Non-stationarity in statistics anskrmanagement”. The cycle's detailed program is
provided in the appendix. This cycle demonstrates important interaction potential between
statisticians, economists and finance specialistths topic. More generally, it is a good illusioa

of the way research interactions will be fosteréithiw MME-DII.

Beyond the specific estimation problems discussédve more general synergies between
statisticians and applied economists should alsostbessed. Many researchers, in particular at
THEMA, develop applied empirical research and resora wide range of econometric methods
(panel data, qualitative variable, duration andntodata, estimation by simulation, instrumental
variables, program evaluation, etc, in a parametma non-parametric perspective). Stronger
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integration of the research of applied economeingiand statisticians will undoubtedly boost the
techniques used in econometrics and stimulate rdsea new estimation problems. In particular, the
strong development of computers and more receritlglaud computing has made possible the
exploitation of huge databases in various sciengfieas such as genomics, ecology, food security
issues or finance, where high frequency analysshaven to be crucial. Statistical learning me#jod
random matrices, analysis in large dimension, dtifractal analysis witness a strong interest idesr

to understand mathematically these huge sets af e LabEx MME-DII has a research expertise in
such domains and will contribute to the dissennmadf relevant material for future researchers and
R&D stakeholders in economics and finance.

I-B. M odels of interactions and dynamics

The second research axis focuses on the develomheaote models of interactions and coordination
of heterogeneous agents, in a dynamic environnvemich represents a central topic in economic
analysis.

1- Models of individual interactions

Coordination of interacting agents is a dominapidon economics. Traditional models offer polar
descriptions of interactions. On the one hand, gémeguilibrium theory offers a very rich settiruat

has been applied extensively but interaction isrearized by a price vector and ignores strategic
interactions. On the other hand, the generic norfoah game explicitly accounts for strategic
interactions but most economic applications relyamiditional stringent assumptions, imposed by
tractability issues (small number of players, syrmmnenomogeneous agents...). The objective of the
research on interactions conducted in the LabEa déevelop new models of interactions that address
the shortcomings of standard game theory models.

Emphasis will be put on the modelling of strateigteractions among heterogeneous agents. In most
existing models analyzing the coordination of egnimoagents, the information and behaviour of a
large population of agents is summarized by “sithpbathematical objects (like the average signal
observed by agents or the average action playediurther study coordination issues in games, there
is a need to develop models where the informatiwh ldehaviour of agents is described by more
sophisticated mathematical objects (like distritmsi of actions) and to analyze the dynamics of such
objects.

Research will first focus on agents’ coordinatiorgames. The key issue addressed is how agents end
up (or not) interacting in a “satisfactory” waydin the perspective of both the players and theakoci
planner). A first example of such models is givgndbobal games that have received significant
attention recently. This approach seeks to extdm dtandard framework of interactions by
incorporating small degrees of uncertainty in ttey@rs’ decision problem. The study of these games
needs considerable exploration. A related topihiésimpact of strategic uncertainty in dynamic and
static games, where uncertainty refers to otheyepta behavior and not the fundamentals. The
guestion here is to understand the conditions atig\ior a correct prediction by every player ofath
players’ behavior. Dynamic game models also desspexific attention because they allow for
repeated interactions, learning, experiments, amdnwunication over time among other features of
economic relevance. Although there is already aeHiigrature about learning, many questions are
still open. In particular, dynamic global games én@o far only been developed in very restrictive
settings (since it is particularly difficult to date the evolution of the information structuretlhese
games). More generally, asymmetric informationadtrces some heterogeneity that cannot always
easily be incorporated. To handle this, many modsks shortcuts such as assuming that there is a
“representative agent” or that a given player redotthe mean action of others. Breaking some of
these technical limitations will allow to betterderstand the interplay between private and public
information, and the interaction between fundamentd strategic uncertainty.

A complementary approach will focus on situatiamsvhich interactions extend beyond the realm of a
small set of well-identified strategically interangf entities. A promising model of interactions is
offered by the theory of mean-field games (MFG, rikaand Lions). This theory provides an
innovative framework by combining tools from stttial physics and dynamic control theory for
modelling strategic interactions among large seéegyents. In this approach, the strategy of eaentag
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is influenced by the distribution of positions astthtegies of other players (i.e. the mean fiedy in
turn influences the mean field. These models irv@wvide range of mathematical tools (stochastic
control, stochastic differential games, existenod atability of solutions of deterministic partial
differential equations). Until now, these models/dhdeen developed mostly by mathematicians.
Potential economic applications are manifold, wagety of fields such as the labor market, portfol
management, the oil market, academic production, Ete development of these applications and
relevant extensions of the basic model is one ®@fdtisearch fronts that will be explored in MME-DII,
in particular in CEPN, LAGA, AGM and THEMA.

Models of game theory have long been a privilegexh af interactions between mathematics and
economics. The challenge of developing increasimglyplex and yet tractable models makes the
collaboration of economists and mathematicians ewene necessary. For instance, mathematical
models developed to study convergence in repeatethction systems- a topic that is well studied at
AGM- appear highly relevant for the study of cooation dynamics. Further insights can also be
gained from models developed in physics to desctiitee behaviour of large sets of interacting
particles. Besides the example of mean-field gamery, applications of other models to economics
can be fruitfully explored. The Ising model, anslilumerous extensions, offers a rich framework that
allows modelling of local and global interactiofihis appears particularly relevant for modelling
issues such as social interactions, the formatiggraferences or the diffusion of norms, to nans ju

a few applications. This model, however, has bé#e éxplored in social sciencéOther models of
interest in this area include Poisson Point Proaass percolation models which represent challepgin
and competitive topics in modern probability. Phisgts and probabilists of the MME-DII partners
have considerable expertise in these models, whighiesents a precious asset for developing
alternative interaction frameworks.

2- Optimization and applications

The development of new models, in economics ananfia, often raises challenging mathematical
problems that reach well beyond the standard toblthe economist’s toolbox. Very often, these
problems involve complex and non-standard optinopaprograms that need to be solved in order to
derive theoretical results. Complementarities betweconomists and mathematicians in this domain
are strong. On the one hand, economists may lalgglgfit from the expertise of mathematicians. On
the other hand, economists may help define infegestodeling problems.

A significant share of the research programs of AGMGA and MODALX in partial differential
equations (PDES) is connected to optimization gnolsl Researchers in these teams have developed
outstanding expertise in fields such as controbmhecalculus of variations, ergodic theory and
stochastic processes. Combination of the methoad®mtrol theory and probability on one side and
homogenization techniques on the other has prodsoesk remarkable insights in the theory of
turbulence. Variational techniques have been deeelaand successfully applied in many problems
like the existence of ground states or more gereggallibrium or steady states. Many aspects of the
linear and non-linear analysis of PDEs are alsestigated, including existence, stability, and oaint

of solutions for stationary and evolution equatiohile most of these topics have been investigated
with applications to physics in mind, the room &monomic applications is considerable and will be
explored in the MME-DDI projectn particular, it will be applied to the real optianalysis, which is
the modern tool in corporate finance theory to tamd/estment choices of firms (Dixit and Pindyck,
1994).

Optimal transportation models offer a very goodnepke of the type of interactions that MME-DII
may foster. Optimal transportation represents & aetive field of research in mathematids lies at
the interface of the fields of optimization, pdrtdifferential equations, and dynamical systems in
finite and infinite dimensions. Initially developday Monge (1746-1818), thbasic problem of
optimal transports to find the optimal plan for transferring massnfi a set of origin locations to a set
of locations Such plans turn out to be generated by solutiossitable PDEs.

! One of the rare exception, in a simplistic framskyis the Schelling model of discrimination.
2 The Fields medal award to C. Villani is partly matied by his research in this field.
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Applications of optimal transport theory to econorproblems are multiple. In general terms, the
mapping of arrival and destination points studigdoptimal transport theory is very similar to the

pervasive problem of matching in economics. Cladsixamples include the matching of workers
with heterogeneous skills to firms with heterogamea@haracteristics on the labor market, and
problems of assortative mating on the marriage etarknalyzing the process of matching is a key
step toward understanding the functioning of marlaid, in the examples given, the dynamics of
social and economic inequality. In economics, matgimodels have gained popularity over the last
two decades but the theoretical framework develggmedhr is still restricted to very specific cases.

Typical models can only be solved in the case @-dimensional heterogeneity, transferable utility
and under the assumption of no informational frictiOptimal transportation theory offers powerful

tools to solve optimal matching in more generaksa&urthermore, studying the inverse problem may
help identify the matching constraints at work.

Optimal transport can also be applied to contrebtty in a multidimensional setting for problems
such as optimal taxation, nonlinear pricing, optinegulation of natural monopolies. A key featufe o
such problems is that the implemented allocatiaukhbe incentive compatible: no agent type should
wish to select an outcome that is intended for sother type. In the one-dimensional case, the
literature assumes the Spence-Mirrlees conditiorhicliv allows to fully characterize the
implementable allocations using only local inceatigompatibility constraints. These constraints
imply the monotonicity of the decision variable lwitespect to the agent’s unobservable type. The
original complex maximization problem then meltswdoto a straightforward optimal control
program. However, many applications involve muttidnsional heterogeneity (e.g., multi-product
nonlinear pricing, multi-product monopoly regulatjanulti-characteristic optimal income taxation).
In this case, a condition such as the Spence-MBsri®ndition is meaningless as there is no simple
complete ordering of a multidimensional Euclidegrace. Substantial technical difficulties have
limited the scope of the problems solved by ecostsmiintil now. A few pioneers, however, have
made inroads (Rochet and Stole, 2003, and theerafes therein). Remarkably, it can be shown that
an incentive compatible allocation is the solutddran optimal transportation problem between the se
of types and the set of implemented decisions.

Applications of optimal transportation theory tooromics are still in their infancy (Ekeland, 2010
and references therein) but they represent a phognfeeld of interactions between economists and
mathematicians. The team gathered under the MMBalject is in a good position to stimulate the
development of such applications. On the econosidis the research topics outlined above occupy a
central place in the research agendas of THEMA BB&EC. On the mathematics side, some
researchers in MODALX are already active in thédfigf transport theory and the research programs
of AGM and LAGA offer a strong interaction potemti@r the hiring of a specialist of optimal
transport theory. One of the research chairs in MMH will be opened on this topic.

3- Models of aggregate dynamics

Macroeconomic dynamics studies the evolution ofreggte economic variables (e.g. capital,
employment and consumption) over time. The needréevant general equilibrium models of
aggregate dynamics appears particularly acuteangtbbalized and financialized economy. On the
one side, markets are increasingly connected goadteal equilibrium view turns out to be misleading
On the other side, it is urgent to understand thasmissions mechanisms between the financial
sphere and the real economy.

Dynamic (Stochastic) General Equilibrium (D(S)GEpduls offer the reference framework for
research in this area. Current models suffer a eundf important limitations. Individual and
informational heterogeneity is not sufficiently ¢k into account. Market imperfections and, in
particular, credit market imperfections are notfisigntly microfounded. Strategic interactions
between agents are left aside.

The limitations of available model affect both thability to explain aggregate dynamics and their
capacity to provide good forecasts and inform eagogolicy. To a large extent, these limits mirror
the limitations of theoretical models of individua#havior, interactions and coordinations, disalisse
in previous sections of this scientific project.tBhey also reflect mathematical limitations to the
resolution of adequate models. Hence, the developrok new models of aggregated economic
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dynamics requires combining innovative economiothevith adequate mathematical instruments.
Research in this area in particular will bring tthge researchers from EPEE, THEMA, AGM and
LAGA.

A first area of research will concentrate on theeligpment of models that take into account the
heterogeneity in agents endowments and preferesce®ll as in firm’s technologies. Individuals are
also heterogeneous with respect to information.eMoformed individuals may extract a rent that is
inefficient from a social point of view, for instem on financial markets. Models incorporating such
heterogeneity are necessary to explain macroecenweoiatility, to model the trade-off between
inequality and growth or to assess impact of gliahtibn on welfare. From a mathematical point of
view, to prove the existence of a general equiiriwith heterogeneous agents requires more
sophisticated fixed-point arguments (Le Van andak#s, 2003). The bifurcation analysis is also non-
standard because of the role of the initial distidn of wealth (functional analysis and the theofy
global bifurcations are required to address ttgse$. Furthermore, solving DSGE models numerically
with heterogeneous agents requires sophisticatgodimation methods, especially when the
economy is disturbed by aggregate shocks.

A second area of research will be the introductibfinancial imperfections in DSGE models. Current
models of credit markets imperfections (asymmaetriormation and financial constraints) are crude.
The same holds for the bubbles in GE models (Tirdl@85; Weil, 1987). The frontier of
contemporary models is to incorporate bubble foiwnain a Ramsey model with and without
borrowing constraints (Bosi). The challenging psifitom a mathematical point of view are the
application of non-standard topological argumer@silé and MasColell or Florenzano fixed-point
arguments). In such frameworks, the first welfédmesrem no longer applies and the standard Negishi
technique no longer works. Concerning the bubbid@amsey models, a key point is to try to provide
better characterizations of the transversality @¢@mm Concerning the modeling of the financial
markets imperfections, a challenging issue is titeoduction of incentive constraints in a DGE
framework.

A third research area will answer the need to thio@ more strategic interaction between agents in
DGE models. In the real world, agents are not gmpice-takers but take in account also the
behavior and the best reply of the others. A sysisheetween the general equilibrium and the game
theory, and new concepts of Walras-Nash equilibrdwenrequired. Strategic interaction can also help
to better understand how players react in the @immmarkets and contribute to understand herd
behaviors and speculative attacks. From a matheahgoint of view, standard fixed-point arguments
a la Brouwer-Kakutani are no longer useful to préke existence of a strategic DGE (strategic
Ramsey). One needs new tools such as supermodaiaesy lattice theory and Tarski fixed-point
arguments. These new tools will be explored, afribv@ier of economics and mathematics.

PART [I: APPLICATIONS

The relevance of the innovative models of uncetyaand interactions developed in part | largely
relies on their ability to shed light on the keyoeemic and social issues of our time. Economists
involved in the project, in particular in THEMA ardSSEC, have a long experience in applied
research that combines relevant theoretical matelseconometric tools to explore a variety of tepic
in economics and finance. Given space constrawts,only emphasize here two domains of
applications: finance and risk management, andipeslonomics. Furthermore, it is only possible in
each case to give a flavor of the research thatb@iconducted. Both domains require a combination
of models of decision and uncertainty and modelsitefactions and dynamics. They demonstrate the
relevance of the applied research that will be cotetl in MME-DII, ranging from the development
of practical tools with direct applications in matkfinance to theex postevaluation of public
intervention.

I1-A. Applicationsto finance and risk management
1- Financial engineering

Research in financial engineering will considerevaht extensions of portfolio optimization to a
variety of new problems, using the tools developeaxis I-A. A first investigation will consider
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portfolio strategies for long-term horizons whenéerest and inflation rates should be considered as
stochastic. Applications will also be conductegxamine the benefits of portfolio diversificatidar
instance in real estate, commodity markets or dorénvestment. The incorporation of constraints
such as portfolio insurance or other constraintsviigy from market regulatioris introduced to
improve investors’ protection will also be more gsely analyzed. Research will also consider the
development of long-term portfolio management tdbit may take into account different economic
factors, such as those reflecting macro-econongoaios. This would offer institutional investors a
way of interconnecting macroeconomic forecast,mfieoduced internally by their forecast division,
with portfolio allocation models.

2- Risk measure and management

Risk management and risk regulation are other itaportopics in applied finance that will be
investigated. The inadequacy of the risk managemendels developed in the 1990s has been
revealed by the recent financial crisis. In pattcuthe crisis has revealed their inability to quistely
account for market frictions, liquidity problemsprtagion effects due to risk interdependence,
discrete-time rebalancing portfolio... This led toinadequate assessment of risks. Risk management
is tightly connected to risk regulation, througkemmational standards, such as Basel 2 and 3aiimat

at preventing major bank collapses and guaranteetogomic stability, by requiring rigorous risk
management and capital protection. Assessing tphadtrof these regulations at the micro-level also
requires accurate models of risk, together witiable mathematical tools and relevant financial
economic models. This is obviously a privileged &igh-stake domain of applications of the models
of section I-A. Research will seek to provide nemd amproved (theoretical) risk measures and to
develop adequate statistical tools for the emgiasaessment of these risk measures.

3- Strategic interactions in financial markets aswhtagion models

From a more analytical perspective, new researeitsis necessary to better understand coordination
and interdependencies between agents on financakeats. A most striking form of these
interdependencies is given, in the evolution otlstprices, by the dramatic episodes of bubbles and
crashes that are mostly determined by expectatorfsiture behavior. Understanding the conditions
of emergence of such phenomena and the room feemtige regulation is still largely an open issue.
Similarly, contagion and the diffusion of financidéfault is an important area of investigation.Bot
issues are an important domain of application efrttodels of global and local interactions that will
be developed under axis I-B.

4- Corporate finance

A third direction of research deals with corporfit@nce issues. In addition to the real option tiieo
already mentioned, several topics will be invesédaElaborating on the acknowledged divergence of
objectives between shareholders and managers,st dinject will examine the role of large
shareholders in corporate governance. If size afesghip plays an important role, the nature of the
shareholder is another important feature that &b be investigated in future research. The second
important source of conflicts of interests in firmsbetween shareholders and creditors: Firms might
take unjustified risks which may in turn negativelifect their borrowing capacity and jeopardize
good investment projects. This calls for an inggdton of the financing constraints faced by small
and medium enterprises (SME) and how they affect fierformance. Of related interest is the role of
credit ratings agencies and firms’ credit qualityan international trade context. A last importapic

of corporate finance is the influence of bankrupteyvs on performance, the occurrence of
bankruptcies and their outcomes.

I1-B. Applicationsto public economics

The applications of core models to public economidfer an integrated approach of public
intervention, from normative analysis of collectiecision procedures to the empirical evaluation of
policy interventions in various fields such as téotaor industrial policy.

1- Social choice

3 See for instance the EU directive entitled “Maskiet Financial Instruments Directive” (MIFID).
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Policy intervention requires the definition of @tive objective functions, which aggregate indixad
preferences, and collective decision mechanisnifowiog on the seminal work of Arrow (1951), the
analysis of these mechanisms has received conkldeatiention in the social choice literature. This
literature is tightly connected to the analysisletision under risk, as illustrated by Harsanyitsded

of impartial observer. Although the properties e¥eral collective preference aggregators have been
well studied, existing research is often unabl@rimvide guidance to public decision in situatiofis 0
deep uncertainty. This is an important area ofriute@search. Investigating the aggregation pragerti
of voting procedures and exploring issues of sffatgoting are other topics of political and social
importance. These issues can be adequately taokied developments in models of interactions.
“Large” games, where each agent interacts withrgeland uncertain number of other players offer an
example in the case of strategic voting. These iegimns closely echo the topics of research
conducted by researchers of MME-DII.

2- Implementation

An important problem in public policy - that invels a combination of strategic interactions modeling
and optimization problems - is the issue of impletagon and mechanism design. The objective of
mechanism design is to understand how a playerptineipal, for instance a government) can lead
the other players to act in a certain way or teatvheir private information by having them playia
game with well-chosen rules (which is the “mechandesigned” by the principal). At the heart of
mechanism design theory are incentive constrairggonal players must be given appropriate
incentives to play in an appropriate way. Severskarches of MME-DII are investigating these issues
and considering various extensions: situationsotifision between agents; situations where the kocia
planner is uncertain about the relevance of hisesgmtation of the agent’s behavior or information;
design problems, where the rejection of the medmamioes not end the strategic interactions between
the potential participants of the mechanism. Tkisearch program has direct application on topics
such as fiscal and competition policy.

3- Taxation and redistributive policy

A large amount of research projects will be devdtethe analysis of fiscal and redistributive pglic
which represents both a major field of public im&rtion and an important topic of public economics.
This research program will mainly investigate tmeperties of different tax policies in terms ofithe
distortionary and redistributive effects and seekdéesign optimal taxation schemes. Research on
indirect taxation will seek to extend the referefireenework offered by the Ramsey (1927) taxation
rule in order to incorporate several key aspectscwfent fiscal debates, in particular the EC
constraints on applicable indirect tax rates. Retean income taxation will seek to define optimal
tax schemes in situations where, contrary to theldés framework, agents differ in several relevant
dimensions. Estimation of household response talfigolicy is also a crucial issue in order to asse
the effectiveness of various fiscal policies anduiees a combination of taxation theory and
microeconometric tools. Measuring the redistribeigffect of taxes is also an important concern from
a social and political perspective. In this respatiention will also be devoted to policies aimaig
equalizing opportunities across individuals. Theaahes beyond the realm of pure fiscal policy and
also involves educational and health policy.

4-Industrial regulation in open economies

A last domain of policy intervention that will bex@ored is competition policy and industrial
regulation. Research will focus on how market dtme; in a general sense, including in particular
industry composition and firm’s internal organipatj is affected by all sorts of market constraints
including market size and degree of competition,rkeia regulations, as well as social and
geographical constraints. This important issue bandealt with from a variety of approaches.
Competition policy represents a first natural appto in industrial organization and strongly
emphasizes the conditions for achieving efficieegutation. However, the question of market
structure and industry organization is a partidylaalient issue in two other important contexteeT
first one is the case of developing countries, wham organization and industry structure will be
influenced by a variety of market constraints iway that may condition development prospects and
industry dynamics. The second one is the casedofiny structure and specialization in the conbéxt
open economies taking part in international trddeese two connected issues cannot be dealt with in
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isolation, given the importance of internationalde in economic development. The objective of this
research is to offer an integrated approach of @oin development, firm organization, industry

structure and market regulation in an open econddinedding light on these issues requires the
development of relevant models at the interseatiimdustrial organization, international trade and
macroeconomics that are tightly linked with thdet#nt models explored in section .

2. PARTNERSHIP

Composition of the partner ship

Research center Affiliation AERES| Number of researcher
evaluation | and graduate student
involved in the project

n h

THEMA research center Université de A+ 47 researchers (inc. 8
(laboratoire Théorie économiqueCergy-Pontoise ESSEC faculty)
modélisation et applications,and CNRS 24 PhD students
UMR CNRS-UCP 8184)
AGM research center Université de A+ 30 researchers
(laboratoire Analyse, Géométrie Cergy-Pontoise 17 PhD students
Modélisation, UMR CNRS-UCP and CNRS
8088)
LAGA research center Université  Paris A+ 21. researchers
(laboratoire Analyse, Géométrie, 13 and CNRS 16 PhD students
Applications, UMR CNRS-UP13
7539)
MODALX research centgr Université  Paris A 17 researchers
(laboratoire Modélisation Ouest la Défense 4 PhD students
aléatoire EA 3454 UP10)
ESSEC resear ch center ESSEC Business not 18 researchers (of

School available | which 8 THEMA

members)
15 PhD students

LPTM research center Université de A 12 researchers
(laboratoire de Physique Cergy-Pontoise

Théorique et Modélisation, UMR  and CNRS
CNRS-UCP 8089)

LEM research center Université A 9 researchers
(laboratoire d’Economie Panthéon-Assas 1 PhD student
Moderne, EA 4442))

CEPN research center Université Paris B 13 researchers
(centre d'économie de Paris- 13 and CNRS 15 PhD students
Nord, UMR CNRS- 7234)

EPEE research center Université Evry B 11 researchers
(centre d'Etudes des Politiques Val d’Essonne 6 PhD students

Economiques, EA 2117)

e THEMA

THEMA is a research center in economics, finanatrmanagement jointly operated by UCP and the
CNRS. It was founded in 1993 and became a CNRS “UMiR1997. Today it gathers a total of 61
permanent faculty members affiliated with UCP, @RS or ESSEC, 47 of which are involved in the
project. THEMA rapidly emerged as one of the magsearch centers in economics in the greater
Paris area. THEMA was graded A+ by AERES. Accordimgarious rankings, THEMA ranks in the

4 UMR stands for unite mixte de recherche.{oint research unit) and is the highest degreenadlvement and recognition
for a CNRS research center.
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top five among research centers in Frah€elEMA is characterized by a large degree of iratiomal
openness. One third of its faculty held a positiwrnwas trained in a foreign university. THEMA
faculty has collaborations with various academagtiiations in Europe and North-America.

Several THEMA faculty members received a scientiistinction that rewards their academic
excellence and testify to their strong researclemal. R. Renault (industrial organization) and A.
Lefranc (labor and public economics) are junioloigk of the Institut Universitaire de France (IUF).
THEMA gathered a total of four IUF members over ldt 10 years. A. Guerdjikova (microeconomic
theory) was awarded @haire d’excellence junioby ANR. Two past members of THEMA were
awarded the CNRS silver and bronze medal (Forgg¥anssler) for their contributions in theoretical
microeconomics.

Over the last five years, THEMA researchers hawnbavolved in eleven research projects funded
by the ANR, or similar projects. There are curngitiur distinct ANR being conducted in THEMA:
TRANSINEQ (Lefranc), ITACE (Belan); TIPI (Donni); GBITER (Martin). THEMA researchers
have also recently been involved in two large-soatiegrated European project funded under the FP6
and FP7 schemes.

The scientific production of THEMA mostly consistsresearch, applied and theoretical, leading to
publication in peer-reviewed international journafl the highest standards. The last four-year
inventory of publications, undertaken for the pdrig®05-2008 counted a total of 276 refereed journal
publications, 48 academic books or contributionbdoks and 173 working papers. This publication
record corresponds to a period when THEMA facuftglided only 40 members. Over the recent
years THEMA researchers recently have publishddgh-ranked generalist and field journals (AER,

ReStud, JET, REStat...).

The research conducted at THEMA covers all fieltleamnomics but reveals a strong emphasis on
microeconomic modeling and applied econometrice fEsearch program in economics is structured
around the following research axes: theoretical rogiconomics; industrial organization; public
economics; labor economics; international trade dexkelopment. THEMA also develops a strong
research program in finance. Two specificities wm@th mentioning. First, research in finance is
strongly connected to the research conducted inauis, e.g. in financial market microstructure and
in decision theory. Second, research also inclugleprogram in financial econometrics, with
researchers like A. Heinen and J.-L. Prigent wheelig specific tools for the analysis of financial
time-series, in order to shed light on portfolidiopzation and risk management issues.

Given its research agenda, THEMA occupies a cepasition in the economics and finance research
program of MME-DII and will contribute to all reseh axes.

The complementarities of the research conducteHEMA with that of other research partners
within the LabEx project are strong. In particulagst of the research conducted at THEMA relies to
various extents on mathematical modeling. Beyorgldberall mathematical common ground, several
specific research areas at THEMA would greatly fieriom the enhanced integration with the
researchers in mathematics that the LabEx aimschiewdng. This is particularly the case in
mathematical finance — for which important colladi@ns already exist — and game theory which has
traditionally been a major field of interaction the frontier of mathematics and economics. Other
application field of mathematics is the analysisesbnomic equilibrium in dynamic models and
decision theory, optimal transport theory.

THEMA is also deeply involved in higher educationparticular at the master and doctoral level, and
gathers every year about 25 students conductingi@ & THEMA. It has also initiated the
development of interdisciplinary training prograimg&conomics and mathematics.

* AGM

AGM (Analyse, Géométrie et Modélisation) laboratisyan UMR of CNRS and UCP dedicated to
research in pure and applied mathematics with esiploan Partial Differential Equations, Analysis,

5in particular Kalaitzidakist al, 2003, Journal of the European Economic Associatimd the more recent ranking of
Tilburg University,https://econtop.uvt.nl/

12/19



DOCUMENT SCIENTIFIQUE B /
2011 SCIENTIFIC SUBMISSION FORM B

Geometry, Mathematical Physics, Probability andiStes. Created 20 years ago, the staff of the
laboratory has increased substantially in receatsyand currently consists of 32 permanent faculty
and CNRS members. Among them, two are CNRS Resdairelators and two CNRS Research
Fellows. Two of the Assistant Professor positioresd@ the type “Chaire-MCF”. Besides research, the
laboratory is strongly involved in higher educatisith 19 students conducting a PhD, 2 post-doctoral
positions, and 4 ATER.

AGM obtained the highest grade A+ at the last exadnn by the AERES in 2008. The number of

publications of the members of the lab in the pkr&®05-2008 exceeds 200, including research
monographs and book chapters, with more than 1Téf@reed journals. The number of publications
in the period 2009-2011 exceeds 150. Many of thppeared in prestigious journals (Ann. of Maths.,

Adv. in Maths., Inventiones, Duke Math. J., etc).

The scientific achievements of AGM professors haeen honored by prices and other scientific
distinctions: Bécher Memorial Prize (F. Merle, 2D0OSNRS Silver Medals (F. Merle, 2005), Prize of
the French Academy of Sciences (E. Hebey in 1996 FanMerle in 1998), Prize of the Annales
Institut Henri Poincaré (F. Merle, 1997; N. Tzvetk@004). Elisabeth Logak has been a one-year
fellow of the Radcliffe Institute of Advanced Stu(®010-2011).

At present, two AGM professors are junior IUF felly) F. Germinet (2007) and N. Tzvetkov (2010),

and P. Doukhan is senior IUF fellow (2011). Beftirem F. Merle (1998), E. Séré (1999), E. Vasserot
(2003) enjoyed the same distinction. A major achieent occurred in June 2010: two distinct ERC
Starting Grants have been attributed for 5 yearghigy European Research Council to M. Lewin

(MNIQS) and N. Tzvetkov (DISPEQ).

The AGM team researchers actively participate ireotypes of research contracts, most notably with
ANR. Currently five AGM members are leaders of ANRojects: T. Banica (GALOISINT, since
2007), F. Germinet (EMTMD, since 2008), E. HebeA@E, since 2009), M. Lewin (NoNAP, since
2010), A. Shirikyan (STOSYMAP, since 2011). Otheamples of such contracts are the research
project MIT-France fund coordinated by E. Hebeyhwit Colding (MIT) and the project Long-time
behaviour of solutions for stochastic Navier-Stokegsiations coordinated by A. Shirikyan (CNRS-
Royal Mathematical Society convention).

Members of AGM are editors of mathematical journalsgreat value: Discrete and Continuous
Dynamical Systems, International Journal of Difféi@l Equations, International Mathematics
Research Notices, International Mathematics Reke®apers, Journal of Hyperbolic Equations,
Nonlinearity, Potential Analysis, Stochastic Praessand Their Applications, etc.

Most of the members of the AGM research team haeehing duties at all university levels, in
particular, in Master 2 and PhD programs. The maptegram involves two directions: pure
mathematics and applied mathematics, includingnante concentration developed in partnership
with ESTI, an engineering school of Cergy-Pontoidgis makes all together about 30 students each
year. About one fifth of mathematics students camitheir studies at the doctoral school “Economie,
Mathématiques et Management — Cergy”. There are 1®wWhD students conducting research in
various fields of mathematics.

The scientific activity of the AGM laboratory foes mainly on the development of concepts and
tools of analysis in a very broad sense, the padifeerential equations (PDE) being the unifying
theme. These research interests cover many asgfatis linear and non-linear analysis of dispersive
and elliptic equations, including existence, stghiland control of solutions for stationary and
evolution equations. Major advances have beenzezhlin the blow-up theory for various PDEs of
dispersive and elliptic type modeling physical @ldgical situations. Researchers in the AGM team
have developed an outstanding expertise in fieldd sas control theory or calculus of variations:
variational techniques have been developed andessidly applied in many problems of physical
interest such as the existence of ground statesooe general equilibrium and steady states forelarg
systems. Aspects of probability and mathematicatistics, dynamical systems and ergodic theory
were also developed in connection with PDE techesqfor the description of flows of nonlinear
dispersive equations or for the study of randondscéd PDEs. On the purely probabilistic side,
several remarkable results have been obtainedelotiy and short-range dependence properties in
probability and statistics and on their applicasioto finance, industry, ecology and biology.

13/19



DOCUMENT SCIENTIFIQUE B /
2011 SCIENTIFIC SUBMISSION FORM B

Significant results, potentially relevant in Finarend Economics, have been obtained in the thdory o
random walks and Markov processes. Important pesghais been realized in the study of random
operators, a theory at the crossroad of varioushenadtical theories (spectral analysis, PDEs,
probability, stochastic processes) with concepigirmating in the physics of disordered condensed
matter and which considers systems of a great aatp] similar to that of recent economic
problems.

More generally, the methods developed these lasttinwyears are highly relevant for the economic
and financial problems that lie at the heart of ME's research and training program. The interest
in these issues is clearly revealed by the fadt FhaDoukhan is at the same time professor in the
Economy Department and member of the AGM reseagamt Moreover, E. Taflin, a member of
AGM working on mathematical finance (bond marketsl aoptimal portfolio theories), is also
professor at EISTI. Reinforcing such links is aopty for the AGM team, as denoted by the attempts
to hire on a professor position an expert in optitmasport theory.

e LAGA
LAGA is an UMR of CNRS and UPN and is headed byreaue HALPERN

The research program of LAGA is organized into semsearch teams: (1) Arithmetic and algebraic
geometry (coordinator J. Tilouine); (2) -Mathematior Information and Image Processing (C. Carlet,
F. Dibos); (3) Modeling and Scientific Computing {Feissler); (4) Mathematical Physics and Partial
Differential Equations (J-M. Delort); (5) Probabjliand Statistics (Y. Hu); (6) Ergodic Theory and
Dynamical Systems (J. Barral); (7) Algebraic Togyd¢G. Powell)

Among the seven research teams of LAGA, four vdlitigipate, fully or partially to the LabEx project
(“Mathematical Physics and Partial Differential Btjons”; “Probability and Statistics”, “Modeling
and Scientific Computing”, “Ergodic theory and Dymiaal Systems”). This involves 21 researchers
(out of a total of 84 permanent faculty members).

The laboratory has been evaluated A+ by AERES. DAGA has a significant scientific output,
measured by the number of articles in refereedngar (over 300 in 4 years), and PhD and
Habilitation diplomas, invitations to seminars aimternational conferences, scientists awards and
distinctions. LAGA enjoys a reputation of reseaesttellence in France and abroad as evidenced by
the awards received by a number of its membersQtRS bronze medal, prize of the Academy of
Sciences, appointments to IUF), as well as indtei to international conferences such as the
prestigious International Mathematical Union. THUAGA is an attracting lab for international
scientific visitors and for post-doctoral studer@ the other hand, it has intensively developsd it
international relations at the institutional lewelparticular through its participation in FP Eueap
projects.

LAGA members participate or coordinate ANR contsacindustrial contracts, international
conventions (currently fifteen). They organize orarganizing conferences (over 40 in the last three
years) and seminars. The laboratory budget is gheayeally between stable budgets and contracts.

LAGA has a steady inflow of CNRS researchers (tw@®010, one in 2011) and regular professor
hirings (Two new professors and 7 new assistarfepsors in 2011). Moreover the University of Paris
13 has assigned to the LAGA a Chair of Excellefref( Kapranov and Prof. Zworski are invited for

2010-2011). Recent recruitments were made with dbeble concern to maintain the high-level

research potential in pure mathematics, and torsifyethe research themes by opening to other
disciplines of application, in particular in economand finance, biology, cryptography, images,
climatology, etc.

Several key fields of LAGA’s research program clpsmnnect to MME-DII's research program, in
particular probability, statistics and PDEs. Onddlthese topics, LAGA has developed collaboration
with AGM. Furthermore, LAGA has already developegbiat-research program with economists at
CEPN, in the fields of financial modeling and MFGIhese represent key stepping-stone toward a
broader integration in MME-DII.

The LAGA is heavily involved in higher educatiororR2 years, LAGA has offered 5 thematic courses
for the Graduate School of Galilee Paris 13 (gréslsahool combining science and medicine). LAGA
is also involved in the department of engineerind &arious Masters on Paris13 (Economics and
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Finance, Images and Networks). LAGA heads the Madatenathematics and computer science at
Institut Galilée. It is also deeply involved in dokal training and LAGA PhDs are recruited in
excellent laboratories, or in large industrial sesé centers at the end of their studies. To erdhdsc
attractiveness to Master 2 students, LAGA has dgesl funds M2 scholarships on its own funds for
highly qualified students. Over the last few yedrSGA has developed cooperation at the master’s
level with Vietham (Hanoi, Ho Chi Minh City). Fidglthe LAGA is involved in the creation of the
University of Science and Technology (USTH) in Haaad will participate in the master ICST
(courses will be held in Hanoi) beginning in 2012.

e MODALX

MODALX is a research center in mathematics founaed994. It is mainly focused on stochastic
modeling. It gathers a total of 25 permanent fgcatembers (7 full professors and 18 assistant
professors), 17 of which are involved in MME-DII.

This relatively young research group has been grgwi the recent years, to become one of the major
research centers in France dedicated to probaliiépry and mathematical statistics. It is also
involved in higher education with the master ISIFARI an average of 6 PhD students over the years.

The overall grade awarded to MODALX by the last AERevaluation session in 2007 was A.

The scientific production of MODALX mostly consists research, both applied and theoretical
leading to publication in peer-reviewed internatibjpurnal of the highest standards. The last four-
year inventory of publications, undertaken for trexiod 2004-2007 counted a total of 94 refereed
journal publications. Note that this publicatiocaed corresponds to a period when MODALX faculty
was fewer and included around 20 members. An uddatklisting of MODALX production can be
found at http://hal.archives-ouvertes.fr/lab/modal\

With an average age of 41, MODALX is younger thamstiresearch centers in France. This is partly
explained by the success of our young membersttimggromoted. During the last three years, four
of our assistant professors obtained a professsitigo. Moreover, many former faculty members
retired during the last ten years, so that the péithe faculty staff has been replaced by young
dynamic researchers. During the three last yedwes, center hired 8 assistant professors and 4
professors.

MODALX is characterized by a large internationalenpess. During the 4 last years, about 30
professors from 17 different countries visited tie@ter for a period of one month. Since 2007, about
10 international scientific events were organized supported by the center. Their list can be faaind
the website of the lab: www.u-paris10.fr/modalx.

To illustrate the research achievement of MODALXgeaould mention the following contributions.
In mathematical statisticd®. Bertail revitalized the bootstrap method itinestion theory by adapting

it in the framework of Markov chains. P. Souliar,d highly cited paper published in Econometrica,
introduced new tools for estimating the parametériong memory in stochastic volatility models.
Being based in a social and human sciences uniyetise research center has always been motivated
by statistical applications. Several members (Be@heze, Genolini, Hardouin, Soulier) are invalve

in developing quantitative tools for exploring lardata sets and explaining complex phenomena in
presence of uncertainty which are commonly encoadtén economics, finance and insurance. In
probability theory N. Enriquez solved a long-lasting problem in #énea of random walks in random
environment, by deriving an explicit formula for amnstant which characterizes the asymptotic
behavior of the walk. The introduced tools are rcmmmonly used in related fields. C. Léonard, in a
pioneering work, linked large deviation theory d@rahsport inequalities. In a seminal work with M.
Benaim, O. Raimond built up a theory of self-atirag diffusion processes. The interest of theseehr
topics for the LabEX is explained in the scientioject.

All of these topics occupy a central position ia flist axis of the MME-DII research project.

MODALX members are involved in six ANR projects (ABST&Risk, GeMeCoD, MAGNUM,
MEMEMO?2, Randymeca).

MODALX is engaged in the success of the masteraeedEIFAR which is specialized in value-at-
risk. Despite the present economic crisis, alldfuelents are getting a job rapidly, mostly in ficar
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insurance industry. A present ambitious projedbisbtain the enabling act for graduate students to
work as an actuary (an occupation the access tchvifiprotected by a quota) with this master degree
This will make the diploma even more attractivelfoth students and employers.

» ESSEC

ESSEC stands out among French business schoolamitistitutional culture that strongly promotes
research. ESSEC Research Center comprises 12@nfallprofessors in all areas of Economics and
Management. Although there has been no officialuaten, ESSEC is recognized for the quality of
its research. As an example, a recent study byt&@aur Hayek, Rimbaud and Zhu concludes that
ESSEC Business School occupies the third positidfrance (after INSEAD and HEC) for research
in Management.

Researchers directly involved in the LabEx belamd tacademic departments; Economics, Finance,
Decision Science, Marketing and Operations Managéme

Several faculty members received distinctions inogaition of their academic excellence. For
example, Celik was awarded the EU Marie Curie egjrdtion grant in 2010, Lamiraud received the
prize for the best paper in Health Economics in72@harléty the prize for the best paper in Finance
in 2005, Bemmaor received an award from the Frdviarketing Association for his “Outstanding
Contribution to Methodology” in 2000. ESSEC facuityembers regularly publish in top journals.

In line with the LabEx, fields of interest of thé® ZSSEC researchers cover Mathematics and
applications to Finance (Extreme Values, Pricingriiatives, Risk Analysis, Energy and Commodity
Finance,...), Corporate Finance (M&A, Economics ofnBaptcy, Corporate Governance,...),
Econometrics (Time Series Econometrics, Forecgstimgicroeconomics (Mechanism Design,
Industrial Organization, Labor economics, ConsuBehavior), Macroeconomics (monetary policy,
empirical macroeconomics). As testified by theiblioigraphic scores, several professors are
references in their field (e.g. Martel for Econosnaf bankruptcy, Poncet for Monetary finance and
Portfolio theory).

As a Business School, ESSEC has close ties with jablic and private actors. LabEx researchers
participate regularly in various contracts. To ey a few, Lamiraud is the co-investigator of a
research project (financed by the Swiss Nationaérse Foundation) which aims at assessing
competition in Swiss health insurance markets. EharChevillon, Souam and Potin currently work
on a research project on “shareholder voting” whih financial support of the European Institute of
finance (EIF). EIF also financed two projects ofnBet on “optimal benchmarking” and “the
predictability of asset returns” in 2006 and 2007.

ESSEC professors also sit in various official cotteais as the Scientific Committee of the Bank of
France’s Research Foundation (Poncet), the Sae@dmmittee of the French Security Exchange
Commission and the French Institute of Directordigi@®ty). Vranceanu served as an Economic
Affairs Officer for the UN Economic Commission fBurope (Geneva, Switerland).

ESSEC Business School offers various programseagrididuate and post-graduate levels, in particular
at the doctoral and masters levels. Since theioreat 1974 of a doctoral program, more than 170
doctors have been trained at ESSEC. More recemjflyint PhD Program in Economics (2006) and a
joint Doctoral School, EM2C (Economie, ManagemeniMathématiques de Cergy, ED 405) (2010)

were created in collaboration with UCP. A PhD indfice was launched in 2011.

ESSEC offers advanced master's programs which fevg, Sntensive and career-oriented. Each of
them focuses on a particular area of managemedniiness sector. LabEx researchers are particularly
involved in the Master’s degree in Finance whiclaigeted to a career in the actuary field and that
was ranked 3rd as Best Master in Finance PrograheiVorld by the Financial Times in 2011.

The research center of ESSEC, CERESSEC, was creaat2863. CERESSEC is managed by a
professor who is elected by his peers for a thes-jerm as the Dean for Research. It providestdire
support and incentives for research. CERESSECowiitribute financially to the LabEx by funding

6 J-M Courtault, N. Hayek, E. Rimbaud and T. Zhu, Redem Economics and Management in France: A hibéitsic study
using the h-indexjournal of Socio-Economic89, 2, pp. 329--337.
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participation to conferences, providing for reshaassistants and data acquisition, funding visiting
professors.

e LPTM

Founded in 1992 as a Research Group in Stati®icgsics, LPTM became an UMR of CNRS and
UCP in 1998. It specializes in theoretical physicsthe last decade, two members have won the
CNRS Bronze Medal for Physics. In 2009, it has ioletha CNRS position on the topic "Mathematics
for Physics” —. In 2010 a CNRS endowed Maitre daf@@nces - chair of Physics has been awarded.
The unit was rated A by the National Research AgehERES in 2008 and continues to thrive
towards excellence by hiring a first class spestiali combinatorial analysis, author of a prootio#
so-called Razumov-Stroganov conjecture.

Out of a total of 21 members, 20 are steadily pcody published works according to the national
French standard. Their publicatioins internationally refereed physics journals arstributed as
follows: 44 in 2009 and 34 in 2010.

This unit is dedicated to the theoretical study vafrious physical phenomena with potential
technological applications. A vast spectrum of eys centered on many-body physics with mutual
interactions is handled: strongly correlated systecomplex systems, stochastic systems and their
applications in physics, biological systems, fratgd spin systems, etc. A strong emphasis is put on
Monte-Carlo simulations for reaching reliable carsobns in complex cases. Moreover sophisticated
approaches have been developed in the area dftistatand statistical mechanics which are relevant
for physical problems. Finally some transport peoi are dealt with the modern approach of inverse
methods combined advanced mathematical techniques.

The topics and research methods explored in LPTMren strong resonance with the scientific
project of MME-DII. In particular models of partelinteractions developed in physics could be
explored to produce new models of individual intéians, in particular in a non-homogenous setting.
The mean-field approach to particle-environmengriattion is very tightly connected to the mean-
field approach to strategic interactions. Numericegthods used in theoretical physics are of wide
applicability to problems such as financial optiatisn or the modeling of aggregate system
dynamics.

Researchers in LPTM are already in close contattt thie mathematicians of AGM and to some
extent, with the finance specialists at THEMA. Theill develop broader interactions within MME-
DIl, with other mathematics teams, as well as it economics and finance research centers. In
particular, they will fully take part in the varisuresearch and training activities of the LabEx
(monthly seminars, bi-annual conferences, speeidlizourses at the doctoral and post-doctoral
training, thematic school, and thematic semester).

e LEM

LEM is a young research center in economics of URAyathers a total of 12 permanent faculty
members. The recruitment policy is very active:amerage, one assistant or full professor is being
hired every year, resulting in a doubling of fagudize since 2005.

LEM researchers received several scientific awanod distinctions. In particular, A. Billot was

appointed IUF senior fellow in 2011 after havingebeappointed junior fellow He was also awarded
the CNRS Bronze Medal (1989). L. Ménager was awhrithe Best Young Researcher Prize in
Economics from the Banque de France (2011). O.vizas awarded two grants from the European
Science Foundation (2009) as well as a Marie Cigilewship from the European Commission
(2008).

LEM was involved in more than 15 applied researchtiacts with the European Commission, the

French Office of Foreign Affairs, the Commissaf&néral au Plan, the Office of Foreign Affairs and

British Council, the Ministry of Labor, the Caisdes Dépodts et Consignation and the Economics
Watch of Defense. Next year, a fellow of LEM hasdasignated as invited speaker at the Mission
Climat of the Caisse des Dépots et Consignatioadiase on the future market for carbon emission
trading.
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LEM demonstrates a high degree of internationainopss: on average 10 renowned international
scholars come as visiting professors every year.

Research at LEM covers two main fields: economeoti and public economics. The economic
theory group covers many areas of economics: foomatf preferences, decision theory, game theory,
social choice, mechanism design and behavioral@oms. Work in this domain often lies at the

frontier between economics, psychology and matheméatrough both theoretical and experimental
contributions. The public economics’ group develapplied models and empirical analysis for the
analysis of labor market policy, educational poliad the internal organization of firms.

On both topics, the research interests of LEM mebeas are highly convergent with the objectives of
the MME-DII project.

LEM is also involved in the training of student®v8n students are currently involved in a PhD at
LEM. LEM is also involved in an interdisciplinary &dter’s degree in Sciences and Economics.

* CEPN

The CEPN (Centre d’Economie de Paris Nord) is anRUbMf CNRS and UPN. It gathers 52
permanent lecturers, 4 CNRS researchers, and 9G®idents.

The research project of CEPN covers a broad rahgeamomic issues. Research conducted at CEPN
traditionally emphasizes an institutional and hist&l approach. Researchers of CEPN involved in the
MME-DII project focus on industrial organization,acroeconomics and public economics. Lastly, a

more recent research group, which brings togettema@nists and mathematicians, has focused on the
application of a new mathematical tool (the Meagld-Game Theory) to economic problems, notably

in finance, growth theory and industrial economics.

In its areas of expertise, the laboratory has obthian important number of research grants: ANR
PANIC, ANR PROPICE, Cost ISO 902 (European Coojmmah Science and TechnologpaUGUR

(an international research project of the SevendmEwork Program of the EU). In 2009, the CNRS
has assigned to the CEPN a Chair of Excellencarfassistant professor (J. Vauday, member of this
project).

Since 2009, the development of the Mean Field Gtdeery is a strategic axis of the laboratory that
has received a strong support from CNRS and UPM Support is demonstrated by the recruitment
of two mathematicians by the CEPN. In 2009 the datooy recruited one assistant professor in
mathematics (specialized in mathematical finanicepefited from a grant to fund a multidisciplinary
doctoral thesis and received a substantial grangfplication of MFG to economics and finance. In
the near future, CEPN intends to recruit a fullfessor in mathematics specializing in mean field
game theory. This important research axis of CEP#8rbngly associated to the MME-DII project.

Another active research field with strong connadiwith the MME-DII project is the development of

mathematical and statistical tools for risk manageti(risk measures, default risks, sovereign risks,
exchange rates). This research field is also roatedarious complementary research projects in
corporate finance, industrial economics and maaoeaics (in particular computable general

equilibrium).

CEPN researchers involved in MME-DII also take partraining programs as well as valorization

activities. At the master’s level they are invohediwo training programs “Ingénierie Financiere et

Modélisation“(professional curriculum) and “Econ@minternationale, Finance et Reégulation »
(research curriculum). CEPN has also developedilmothtions with firms of the financial sectors

(Risk Data, BNP ParisBas, Société Générale, Amu@dnerali and Thomson Reuters...) on new
research projects concerning the measures and sraeag) of risks.

e EPEE

EPEE Centre d’Etude des Politiques Economiques de I'elsivé d’Evry is a research center in
economics founded in 1995. It is attached to the/BJEThe laboratory has been evaluated B by
AERES. EPEE gathers 20 faculty members affiliatéth whe University of Evry, 11 of which are
involved in MME-DII.
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EPEE is founding member of the CNRS research faéder@ravail, Emploi et Politiques Publiques
(FR CNRS n° 3126) and is member of the researclwankt T2M (Theory and Methods in
Macroeconomics) chaired by M. Guillard (professbeconomics at the University of Evry). EPEE
support the research network M3Dligthématiques et Decision pour le Développementabler—
Mathematics and Decision for Sustainable Develogmen

A key research area of EPEE is macroeconomic nmagllli is also a strategic development axis for
EPEE. Last year, two professor specialized in meswoomic dynamics has been hired (L. Ragot, S.
Bosi). The research program in macroeconomics ®E=fdcuses on the development of innovative
dynamics models to analyze a broad range of magnoegic issues such as labor market dynamics,
monetary and fiscal policy, aggregate fluctuaticared their origin (endogenous or exogenous
fluctuations, role of financial bubbles), managemeari pension funding taking account of
macroeconomic and demographic constraints, envieotaheconomics, etc.

Most members of EPEE are involved in training paogs at the master’s level and four members of
the research team organize a seminar dedicatetietadctoral training of the PhD students in
economics. The master's program includes two areasnaster in finance and a master in
environmental economics (B2D2Bioéconomie, Biodiversité et Développement Dunable
Furthermore, EPEE is strongly involved in the doat@rogram of the University of Evry in social
sciences (Ecole Doctoraxiences de la Socig¢td here are around 6 or 7 PhD students in ecorsomic
and most of the doctoral dissertations defendedratke field of macroeconomic dynamics. Every
year, two PhD students on average joint the rekaasm.
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