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analysis of the risks present in a 
portfolio of assets or in the ba-
lance sheet of a financial insti-
tution relies on dynamic models 
describing changes in the cha-
racteristics of financial assets 
(yields, interest rates) and those 
of macroeconomic risk factors 
(market indices, GDP) or indivi-
dual risk factors (bankruptcy in-
dicator, account closure, lapse).

these models are used to cal-
culate risk measures, such as 
value at risk (var), or to set 
reserve levels in the framework 
of the new basel 3 or solvency 
2 regulations. as these models 
are usually estimated on histo-
rical data, the measures of risk 
and reserves which are directly 
derived from them correspond 
to standard situations. it quickly 
became necessary to compare 
these results with those of non-
standard, “stressed” situations. 
these sensitivity studies are 
based either on scenarios or 
on analysis of the responses to 
certain shocks. it is important to 
distinguish these two types of 
approach.

Analysis by scenario or analysis 
by response to shocks 

in an analysis by scenario, the 
estimated model is kept unchan-
ged and risk measures are cal-
culated unstressed, that is to 
say, conditional on the infor-
mation on the present and the 
past of the relevant variables, 
and stressed, given in addition 
an unfavourable future develop-
ment of some of these variables. 
this approach was followed, for 
example, in the recent stress 
tests imposed by the european 
central bank.

in an analysis by response to 
shocks, the information used in 
the calculations is unchanged, 
as is the model, but the model 

Modelling risk in stressed 
situations

parameters are altered. the risk 
measures are then compared 
with the initial estimated values 
and those calculated with these 
stressed values.
in modern approaches, the 
shocks can involve error laws 
not being interpreted as innova-
tions or other scalar or functio-
nal parameters of these models. 
For example, some parameters 
may be interpreted as tax rates, 
others as inflation targets in the 
central bank’s key interest rate 
setting behaviour. we can then 
analyse the consequences in 
terms of the risk of these rates 
or inflation targets changing. 
within such a perspective, one 
often looks for shocks on para-
meters having economic inter-
pretations. thus we can look for 
innovations construed as exoge-
nous productivity shocks. when 
shocks affect the parameters 
defining the behaviour of the 
central bank, we will also attempt 
to shock other parameters at the 
same time in order to consider 
alterations in agents’ behaviour 
in response to or in anticipation 
of these policy changes by the 

These shocks are often 
too “macro-economic”

borovicka, j. , Hansen, l. P. and j., Scheinkman (2014) : “Shock elasticities and impulse Res-
ponses”, nbeR 20104.
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central bank. this is the famous 
‘lucas critique’ [lucas (1976)].

it would clearly be possible to 
combine these two approaches 
in order to see the effects of a 
change in economic policy in a 
non-standard situation.

outstanding questions

once the objective is to com-
pare risk measures such as 
var, the calculations can only 
be made in analytical form and 
require generating the future tra-
jectories of the variables. these 
trajectory generators, often mis-
takenly called scenario genera-
tors, are usually easy to identify 
when information concerns only 
the present and past of the va-
riables, but become more tech-
nical when future changes in not 
strongly exogenous variables 
are fixed.

both types of analysis – by sce-
nario and by response to shocks 
– presuppose that the initial 
model is well specified both for 
the past and for the stressed 
environment. they also assume 
that the parameters are identi-
fiable in these two environments. 
thus the analyses may not pro-
vide answers to questions such 
as the development of risk in a 
permanent low interest rate envi-
ronment, or the risks associated 
with Greek exit from the euro. 

with regard to low rates, for 
example, the models usually 
used to describe changes in 
interest rates are incompa-
tible with the stress hypothesis. 
Moreover, even if these models 

find the 

christian gouriéroux’s interview

on www.louisbachelier.org

were modified to obtain compa-
tibility, one would have too few 
comparable past low rate situa-
tions to accurately identify the 
parameters. such questions can 
only be answered by experts’ 
“visions” of the future, with no 
real quantified support, or else 
by giving the same response as 
wiplosz: “wait and see”, that is, 
let’s wait until we have sufficient 
information to be in a position to 
provide reasonable answers.

Adapting shocks to the structure 
of the enterprise

the methods of analysis and the 
trajectory generators are often 
based on methodologies dating 
from the 1980s, without clearly 
distinguishing between the two 
types of analysis discussed 
above, but also without a clearly 
explaining, in the case of portfo-
lios that include derivatives, the 
consistencies or inconsistencies 
between generators subject to 
historical probability and risk-
neutral probability. in addition, 
financial institutions often leave 
it up to service companies to 
perform these tests, and so 
do not really make the effort to 
construct and understand their 
own model. they thus make 
the same mistake as was made 
in the construction of ratings, a 
mistake that was an important 
component of the 2008 financial 
crisis.

with regard to defining the 
shocks to be implemented, 
they are often suggested by 
the european central bank or 
by supervisors from their own 
models, which differ signifi-

cantly from the risk models of 
banks and insurance compa-
nies. Furthermore, these latter 
models may themselves be very 
different from each other. the 
proposed shocks then have 
very different interpretations, as 
well as consequences in terms 
of future risks. whereas the pro-
posed scenarios or shocks are 
“top-down”, the results based 
on individual models are “bot-
tom-up”. lastly, non-standard 
extreme situations depend 
on the environment. this de-
pendence must be taken into 
account and the stresses must 
be regularly updated in a co-
herent way. these non-stan-
dard situations also depend on 
the balance sheet structures of 
companies. the stresses should 
take these into account and dif-
ferentiate between commercial 
banks, investment banks and 
insurance companies. in other 
words, these shocks are often 
too “macro-economic”. this will 
become clear when the stresses 
are applied to property assets, 
where it is well known that price 
changes are very heteroge-
neous, depending on the type of 
property and location.

christian gouriéroux
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risk management is often cen-
tred on major risks. conversely, 
rare events, whose probability of 
occurrence is extremely low, are 
often viewed as too unlikely to 
be worth considering. but recent 
events have contradicted the 
empirical laws of statistics, rede-
fining the boundary between the 
possible and the impossible.

in view of recent crises, risk 
management policies have 
been called into question. they 
now need to take account of 
“rare” events, variously in or-
der to quantify the probability 
of such a risk, to evaluate its 
consequences and to take pre-
ventive measures. but a rare 
event is by definition difficult to 
observe: its probability of occur-
rence is 0.0001. how then can it 
be successfully assessed?

statistical methods for quan-
tifying a probability are based 

on historical observations. 
however, if the event rarely, if 
ever, occurs, statisticians do 
not have any observations for 
its quantification. the paper by 
emmanuel Gobet aims to pro-
vide a methodology that can 
respond to such a situation, 
when one has a model of it.

Sub-dividing rare events 

an event is always the conjunc-
tion of several random phe-
nomena. before the subprime 

rare events: how does one calculate 
the unpredictable?

What do the chernobyl explosion, the fall of lehmann brother and a greek state on the brink of insolvency 
have in common? All these events were unthinkable for many experts. And yet their consequences have 
been far-reaching. Assessment of the risk of extreme events has thus become a problem that calls for the 
development of new mathematical tools.

crisis, for example, observers 
noted an increase in property 
prices in the united states and 
a lack of quality buyers in this 
market. the modelling of these 
phenomena can then be used 
to simulate the event. however, 
very many simulations are nee-
ded before one can generate 
the desired critical scenario. the 
process is time consuming and 
calls for significant computing 
capabilities. to overcome these 
difficulties, advanced Monte 
carlo techniques, known as pre-
ferential sampling, can introduce 
a bias to scenario generation so 
as to increase the occurrence of 
rare events. but using them is 
still very complex.

emmanuel Gobet has therefore 
developed a so-called splitting 
method to simplify the simu-
lation of rare events. the prin-
ciple is simple: breaking down 
a rare event into several non-

Risk assessment of extreme events requires specific methodologies.

The splitting method breaks down a rare event into a series of current and readily observable 
events. it thus facilitates the calculation of its probability and intensity.

by providing information about the origin of a crisis, the splitting method contributes to unders-
tanding rare events, as well as helping to prevent them.

based on an interview with emmanuel gobet and on the paper “Rare event simulation using reversible 
shaking transformations” by emmanuel gobet and gang liu.

If an event has never 
occurred, statisticians 
do not have the 
observations needed for 
its quantification

Key points
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rare events. “to assess the risk 
of a loss of 30 billion euros in a 
portfolio, millions of scenarios 
have to be simulated before one 
observes this particular case,” 
emmanuel Gobet says. “the 
method aims to assess the risk 
of a smaller loss, for example, 30 
million, which is more plausible 
and more easily observable. 
we then select scenarios cor-
responding to the loss we are 
looking for; we alter them (using 
“shaking transformations”), and 
then use them to generate sce-
narios with greater losses. the 
operation is repeated until the 
desired event is reached.” 

Knowing the origin of the event 

Making use of two algorithms, 
one based on ergodic trans-
formation, the other combining 
selections and transformations 
of trajectories, this technique 
allows both the frequency and 
intensity of rare events to be 
quantified. one of its features 
is that it resolves the problem 
of temporality and the choice of 
the sampling frequency of tra-
jectories. other methods calcu-
late the probability of a risk at a 
given frequency: daily, weekly, 
monthly, etc. the choice of this 
frequency is often arbitrary, 
but it is not neutral. opting for 

when a rare event is described by a random trajectory entering into a critical configuration, 
existing work in the literature develops interacting particle systems techniques to evaluate rare 
probability. but this is done on the basis of a Markov hypothesis regarding the process, with an 
important and tricky role for its sampling frequency. in the present study, the authors have eased 
these two constraints, and developed a new methodological framework that functions directly in 
terms of the trajectories. the two resulting algorithms provide excellent numerical results.

Méthodologie

find the 

emmanuel gobet’s interview

on www.louisbachelier.org

a weekly rather than monthly 
frequency can affect the results.

the splitting method developed 
here does not rely on a single 
frequency, but analyses the 
complete trajectory of a scena-
rio: each of them corresponds to 
a new curve. it thus sheds light 
on the origin of the rare event, 
by providing information on the 
chronology that has preceded it. 
it is thus possible to know which 
sector or agent has the greatest 
likelihood of producing such a 
scenario. “it is a monitoring tool 
that allows us, for example, to 
see which bank is the most sen-
sitive in the context of a stress 
test,” emmanuel Gobet explains.

guarding against risks of all 
kinds 

the splitting method can be 
applied to many problems. work 
is thus being carried out to as-
sess losses in a credit portfolio 
and to calculate the risk of joint 
corporate default. the authors 
also use it to test the risk model, 
in other words, to estimate the 
consequences of an inappro-
priate use of a financial model. 
but its applications can go well 
beyond the field of finance. “the 
theme of risk has today become 
transversal,” emmanuel Gobet 

points out. “whether financial, 
economic, environmental or in-
dustrial, risk needs to be quan-
tified and evaluated.”

this splitting method is a further 
tool for understanding extreme 
scenarios, particularly by shed-
ding light on their origin and 
their consequences. such infor-
mation is obviously valuable for 
regulators in defining prudential 
rules and avoiding new crises.

emmanuel gobet



how can regulatory stress tests be made 
relevant ?

The second half of 2014 featured a series of stress 
tests announced by the EBA (European Banking 
Authority). The exercise was conducted on a sample 
of 124 European banks whose businesses cover at 
least 50% of the domestic banking sector in each EU 
Member State concerned. The ECB welcomed the 
results, because “only” 25 banks failed this regulatory 
stress test.

Stress tests as defined by the EBA follow a so-called 
“bottom-up” approach and aim to ensure consistency 
and comparability of results from methodologies 
common to all banks.

Macroeconomic scenarios and market scenarios 
intended to represent a state of crisis were drawn up 
by the ECB. This state of crisis is defined in relation 
to a “normal” state. The macroeconomic scenarios 
concern property prices, the unemployment rate, 
inflation, stock market prices (the CAC 40 in France), 
interest rates and the recession. The market scenarios 
involve implementing shocks on risk factors that affect 
the bank’s various trading books. These scenarios are 

applied to all the banks. Once these scenarios were 
presented, a number of bilateral exchanges took place 
between each bank and representatives of the ECB in 
order to agree on the perimeters and methodologies 
for implementation of the stress tests.

The ECB subsequently paid particular attention to 
these stress tests, by challenging banks and examining 
the results in detail.

Stress test credit risk, counterparty risk and mar-
ket risk

All assets exposed to credit risk and counterparty 
are concerned by this stress test. It is a matter of 
calculating the probability of default (PD) and loss 
given default (LGD) based on the scenarios adopted. 
Specifically, it is necessary to link the time series of 
default rates to the macroeconomic risk factors affec-
ting each portfolio, and then to project these rates 
onto every quarterly time interval over a three-year 
period using ECB data. Models of changes in the 
default rate are mostly based on econometric time 
series models: autoregressive (AR) models, vector 

The regulatory stress tests carried out in 2014 were widely commented on and criticized by observers and 
professionals. After pointing out certain inconsistencies in the scenarios, Omar Mehdi Roustoumi, manager 
and head of the Quantitative Finance division at MPG Partners, proposes ways of improving them through the 
inclusion of systemic risk and the use of new Big Data of the Data Science technologies.

in THe eyeS
of ouR PARTneRS

by omar Mehdi roustoumi
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recoMMendationS

o anticipate the next stress test exercise by the eba and the iMF through the introduction of relevant models 
and methodologies that incorporate systemic risk.

· use “realistic” crisis scenarios.

· improve the reliability of the stress test production process by adopting the new big Data technologies.



autoregressive (VAR) models, vector error correction 
models (VECM), etc.
Market stress tests for a bank involve giving shocks to 
its market risk factors, by replicating stress scenarios 
observed during major crises. Further hypothetical 
shocks are also applied in accordance with “normal” 
and “adverse” scenarios. It is then a matter of calcu-
lating the impacts in terms of profit and loss on the 
bank’s various trading portfolios.

Inconsistent scenarios

As with previous stress tests, this recent series has 
been widely criticized by specialists in the banking 
sector. The case of the French State loan rates is one 
example. The worst scenario proposed by the ECB is 
a borrowing rate of around 4% in 2016. However, 
during the 2008 crisis, the rates reached almost 6%. 
It therefore seems strange to implement a stress test 
with a lower rate than the last crisis. A borrowing 
rate of 7% or 8% would have been more reasonable 
as an extreme scenario, especially as other European 
countries have experienced even higher rates. In 
terms of recession, the worst scenario proposed by 
the ECB is a 2% fall in GDP. But in 2009 it had 
already fallen by 2.5%. These criticisms also apply to 
other macroeconomic scenarios. Regarding market 
stress tests, many  of the relative shocks specified by 
the ECB are inconsistent, such as shocked volatility 
rates of 10,000%. The market scenarios, unlike the 
macroeconomic scenarios, are those of a massive cri-
sis. An effort to homogenize these scenarios and make 
them consistent should be made by the ECB.

Incorporating systemic risk more satisfactorily

In seeking to measure the effects of macroeconomic 
and market scenarios on the exposure of a bank taken 
alone, the contagion effects that can occur when a 
bank fails or a country defaults are not taken into 
account.
In 2008, the bankruptcy of Lehman Brothers trigge-
red a chain reaction that weakened the financial sys-
tem and led to a crisis from which it is still struggling 

to emerge. It is therefore important to examine the 
systemic consequences of the failure of a large bank. 
Some studies based on graph theory provide some 
interesting ways of controlling this Systemic Risk. 
Were JP Morgan to go bankrupt tomorrow, there 
would be disastrous effects on many more than the 
25 banks that failed the stress tests. Without taking 
this risk into account, the implementation of stress 
tests remains incomplete.

Issues around the quality of data

The conditions of production of these stress tests are 
also open to questioning. In general, stress tests are 
modelled and produced by risk teams on data repli-
cated from the front office. The collection and aggre-
gation of data is carried out from a variety of sources, 
at different frequencies and with different techniques. 
The same applies to its storage.
This diversification leads to problems of complete-
ness, reliability and data integrity as well as making 
the calculations very cumbersome. The production 
and certification of data also becomes complicated 
and sometimes impaired. At a time when banks are 
considering industrialising the calculations of stress 
tests and all regulatory metrics, the means of produc-
tion are often of another time, thus calling into ques-
tion the relevance of the results and sometimes even 
the possibility of obtaining results. Few banks are cur-
rently able to apply stress tests on past positions, as 
has been requested by the regulator.
It is high time for banks to benefit from the techno-
logical arsenal offered by Big Data and Data Science, 
in order to optimize the entire stress test production 
process and make it more reliable, as well as all the 
other measures of regulatory or economic risk.

the louis bachelier research review      9

the main requirements in this wave of stress tests consisted of a minimum of 
8% core capital – known as cet1 (common equity tier 1) – which must be 
held in the case of a central macroeconomic scenario. this capital is then 
projected over a period of three years on a quarterly basis for most banks.
the minimum requirement for capital goes down to 5.5% in the case of a 
so-called crisis or “adverse” scenario, also determined by the eba, for each 

country and for all countries together, carried out on a projection horizon of three years (from 2014-
2016).
the exercise involves expressing these scenarios in terms of the cost of risk – the risks covered 
being counterparty risk, market risk, and sovereign risk – and the cost of financing.

find the 

omar Mehdi Roustoumi’s interview

on www.louisbachelier.org

Methodology by omar Mehdi Roustoumi
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studies of systemic risk, and its 
measurement and regulation, 
have multiplied since the 2008 
financial crisis. the regulators 
and central banks, along with 
the academic community, have 
tried to characterize its many 
facets. indeed there are nume-
rous measures of systemic risk. 
these may variously concern 
financial institutions – through 
analysis of market or accoun-
ting data –, financial markets 
and their infrastructure, and 
the degree of interconnection 
between institutions and mar-
kets. all of these measures can 
help identify those players likely 
to contribute most to the pro-
blems faced by a financial sys-
tem in times of crisis.

Measuring the degree of 
contagion …

in his paper, christian robert 
focuses on the systemic risk 
carried by an asset market and 
seeks to measure the extremal 
dependencies between assets 
during a crisis. what is the 
degree of contagion? to what 
extent does the collapse of one 

how can extreme systemic risk in 
financial markets be measured?

The way financial markets are structured is such that an isolated crisis can rapidly become widespread. 
given this situation, can the collapse of a single asset lead to a fall in the entire market? How great is 
the degree of contagion? How can we measure the systemic risk borne by financial markets? christian 
Robert and his co-author have developed statistical tools to provide a fresh look at the measurement of 
such extreme risk.

asset cause a sharp drop in 
other assets? how many pro-
ducts would be affected by such 
a fall? More specifically, the aim 
is to model the joint evolution of 
assets in times of crisis, so as 
to obtain the distribution of the 
number of assets undergoing si-
gnificant losses when the price 
of at least one asset falls. “we 
do not give priority to any one 
financial product over another,” 
christian robert says. “instead, 
we look at the dependencies 
between assets, in the case of 
a loss scenario for at least one 
of the assets. this approach is 
similar to the one developed 
by hartmann, straetmans and 
de vries (Journal of empirical 
Finance, 17, 241-254, 2010) in 

based on an interview with christian Robert and on the papers “Systemic tail risk distribution” (being 
finalized) and “likelihood based inference for high-dimensional extreme value distributions” by Alexis 
bienvenüe and christian Robert.

There is a risk of 
generalized and 
extreme decline of all 
assets

The majority of studies measure the effects of a stress scenario generated by a specific 
asset. The work of christian Robert and Alexis bienvenüe analyses the extreme dependen-
cies that exist between assets so as to represent the market as a whole.

The degree of dependence between two assets changes over time, and may increase in 
times of crisis.

The probability that the market as a whole is impacted by the fall of a single asset is not zero. 
There is a real issue of contagion.

Key points
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the context of foreign exchange 
markets.”

…by taking account of the entire 
market 

various measures have already 
been introduced to quantify the 
consequences of the fall of an 
asset in the market (such as 
contagion var), but they have 
focussed on one or possibly 
two specific assets. the spe-
cificity of the work presented 
here is that it uses the theory 
of extreme values in a high-di-
mensional context to represent 
the market as a whole: around 
a hundred assets are conside-
red in this application. initially, 
the approach adopted, based 
on a caPM (capital asset pri-
cing model), is used to obtain 
a theoretical distribution of the 
affected assets, and then this is 
compared to an empirical distri-
bution calculated from us equi-
ty market data. the two results 
are consistent and point to two 
main conclusions.

it is evident, first, that the de-
pendence between two assets 
changes over time, especially 
in times of crisis, when it may 

the authors study the distribution of the number of assets undergoing significant losses, 
conditional on at least one of the assets suffering a substantial loss. the difficulty stems from 
the large number of assets considered for representing the market (more than 100).
the authors make use of estimation techniques developed in the theory of extreme values 
and apply them to a high-dimensional context. they adopt a maximum-likelihood parametric 
approach to identify the most appropriate structure for the multivariate tail dependence function. 
they begin with a caPM in which the betas are stochastic and the dynamics of market risk are 
given by a Garch process, and thereby construct the dependence function. it can be shown 
that after normalization of stationary distributions, the vector of the betas has an exchangeable 
distribution that can be modelled by an archimedean copula.

Méthodologie

find the 
christian Robert’s interview
on www.louisbachelier.org

increase. this parameter is not 
always included in systemic 
risk calculations.  “the sensiti-
vity of an asset to market risk is 
often left constant in measures 
of systemic risk,” christian 
robert says. “but we show that 
this sensitivity changes in times 
of crisis. risk calculations must 
therefore be based on random 
sensitivity coefficients.”

Risk of generalized decline

the study also found that the 
distribution of assets affec-
ted by the fall of at least one 
asset is distinctive. intuitively, 
it would be plausible that the 
distribution of the number of 
assets affected during a crisis 
event decreases with the num-
ber of affected assets: it would 
then be more likely that one 
asset is affected rather than 
two, two assets affected rather 
than three, and so on. Yet the 
distribution obtained does not 
match this pattern at all. risk 
does not decrease continuous-
ly. on the contrary, it increases 
significantly as one approaches 
the tail of the distribution, and 
takes into account almost all of 
the assets. specifically, these 

results show that the probability 
that the entire market is impac-
ted by the collapse of one asset 
is not zero. there is a risk of ge-
neralized and extreme decline 
of all assets.

by showing the links that exist 
between the assets of a finan-
cial market, and their changes 
in times of stress, the study 
reveals a real contagion issue 
that should probably be bet-
ter integrated into stress test 
construction models. the stress 
tests recently carried out by 
the european central bank al-
lowed the strength of each bank 
considered in isolation to be as-
sessed. but there is a risk that 
all institutions undergo a crisis 
at the same time, and it would 
therefore be useful to aggre-
gate the loss scenarios in order 
to assess the consequences for 
the market of a general fall.

christian Robert
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Politicians, industrialists and 
investors scrutinize estimates 
of growth and make their deci-
sions on the basis of the figures 
released. the quarterly publi-
cation of GDP by iNsee is thus 
eagerly awaited. but if economic 
forecasting is an essential exer-
cise, it is also highly complex.

the calculation of such indi-
cators is based on a mass of 
data, of very different types 
and frequency. it firstly draws 
on macroeconomic data: in-
dustrial production, household 
consumption, etc. this informa-
tion, so-called “hard data”, is re-
leased on a monthly or quarterly 
basis. the calculation of GDP 
also incorporates data from 
surveys, so-called “soft data”, 
such as the business climate, 
planned investment or the level 
of household confidence. this 

data is often published monthly. 
these two categories are sup-
plemented by data on financial 
markets. these latter variables 
are distinctive in being available 
on a continuous basis and being 
extremely volatile. consequently 
they are often ignored by predic-
tion models, although they have 
a genuine impact on the real 
economy.

Handling multiple frequencies 

Predicting changes in econo-
mic conditions thus raises many 

how can economic forecasts be 
improved?

What will happen tomorrow? Will the economy improve? Will consumption pick up? The economic future 
is a matter of major concern variously for government, management and finance, and having reliable 
forecasts is vital for them. clément Marsilli has developed a methodology that estimates the evolution of 
growth by means of the analysis of different frequency data.

issues. how does one intro-
duce data of various types and 
frequency into a single model? 
how does one select the most 
relevant data from the mass of 
information available? within the 
data selected, how does one 
take account of their different 
value in terms of prediction? 
For not all the data selected has 
the same impact on growth. it is 
necessary to weight the data in 
accordance with its varying pre-
dictive power.

in his work, clement Marsilli has 
thus endeavoured to define a 
method capable of selecting 
the relevant variables for econo-
mic forecasting, in the context 
of multi-frequency data. to do 
so, he uses a MiDas model. 
the distinctive feature of this 
model is that it can optimally 
and parsimoniously weight high 

based on the paper “variable Selection in Predictive MidAS Models” by clément Marsilli and on an 
interview with him.l’auteur.

It is always difficult to 
foresee a crisis

estimating gdP growth involves analysing a variety of data with variable characteristics.

The models developed allow multi-frequency data to be managed and the most relevant data 
to be selected.

The quality of forecasts is improved, especially for the very short term. 

but the models have trouble predicting rare events, whether they be periods of strong econo-
mic expansion or of recession.

Key points
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frequency data with a view to 
aggregating it. calculation is 
thus simplified and the results 
are improved because the infor-
mational weight of each set of 
data is better taken into account. 
the MiDas model is then com-
bined with other techniques in 
order to improve the selection of 
variables and hence the quality 
of economic predictions.

improving data selection 

two methodologies have been 
developed: the lasso aug-
mented MiDas model and the 
bayesian MiDas model. the first 
introduces lasso penalization 
into a mixed frequency model. 
this technique has the advan-
tage of introducing sparsity, i.e. 
it has strong variable selection 
power. the second method uses 
the bayesian technique with a 
MiDas model. the introduction 
of parameter distributions helps 
establish the probability of a 
variable being relevant for the 
prediction.

these two methods were then 
applied to us data for the pe-
riod 2000-2012, in order to test 
their predictions. the results 
were then compared with those 

MiDas (Mixed Data sampling) multi-frequency technology, on which the work of clement Marsilli is 
based, was developed by Ghysels and co-authors over the last decade in response to the temporal 
aggregation constraints inherent in economic and financial modelling. MiDas may be seen as a 
functional extension of almon distributed lag models. the models developed by clement Marsilli 
incorporate into the same equation the MiDas regression, which allows predictive analysis, and 
the selection of explanatory variables (using the lasso or the bayesian spike and slab process). 
a cross-validation method of performance over a recent period allows the best indicators to be 
automatically selected. these models thus constitute effective operational forecasting tools.

Méthodologie

find the 
clément Marsilli’s interview
on www.louisbachelier.org

obtained by two “traditional” 
methods.

financial volatility: a key variable 

the lasso and bayesian MiDas 
models prove to be very effec-
tive for forecasting in the current 
period (nowcasting), and also 
for intra-quarterly calculations, 
for example. in general, they get 
good results for forecasts up to 
six months. as well as the quality 
of their forecasts, the advantage 
of these methods is that they 
empirically measure the contri-
bution of each factor in terms 
of growth. the study shows that 
financial volatility has a strong 
influence on the macro-econo-
mic conjuncture. this variable is 
always deemed relevant by the 
MiDas models and seems parti-
cularly important during periods 
of uncertainty. the same applies 
for industrial production and 
consumption.

on the other hand, whatever the 
methodology used, the models 
always have difficulty captu-
ring rare events, whether they 
be stages of rapid expansion 
(high points) or of recession 
(low points). thus, during the 
bursting of the internet bubble 

in 2000 and the 2008 crisis, the 
forecasts made by the models 
tested were far higher than 
reality. anticipating these “non-
standard” periods remains a 
challenge, but apart from these 
peaks, the margin of error of 
forecasts is quite small.
although the calculation of 
macroeconomic indicators is the 
main purpose of the lasso and 
bayesian MiDas models, they 
could also be used for finan-
cial applications. by estimating 
the market closing price from 
intra-day data, or by defining an 
optimal portfolio through antici-
pated changes in asset prices, 
they could be valuable tools for 
investors.

clément Marsilli
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understanding the causes of 
changes in asset prices and 
anticipating these fluctuations is 
one of the most topical research 
issues in financial economics. 
several studies have shown that 
a number of economic variables 
have predictive power with re-
gard to asset returns: analysis 
of their changes can allow future 
returns to be anticipated. For 
equities, this is particularly the 
case for the dividend-price ratio. 
“the price of a stock fluctuates 
more than the amount of expec-
ted dividends,” Julien Pénasse 
emphasizes. “this means that 
the discount rate varies with 
time. shares are long-duration 
assets. even a small change in 
the discount rate thus has si-
gnificant effects. this discount 
rate reflects expectations and 
especially the risk premiums de-
manded by investors. it is these 
risk premiums that are predic-

table, not the returns them-
selves.”

Yet predicting stock returns 
through changes in different 
variables is still a challenge. 
although the predictive nature 
of the dividend-price ratio of 
shares is acknowledged, it re-
mains difficult to detect in prac-
tice. the reason is that since an 
insufficient amount of data is 
available, most analysis is car-
ried out on a country by country 
basis.

are stock returns predictable?

The analysis of certain variables can, to some extent, anticipate changes in asset prices. but this theoretical 
principle is sometimes difficult to apply due to insufficient data. given this situation, julien Pénasse proposes 
that local and foreign information be shared in order to improve the predictability of returns.

A single mechanism for all 
countries 

how then can the field of the 
data be expanded? how can 
the intelligibility of the dividend-
price ratio be facilitated and be 
made more visible? is it thus 
possible to improve the predic-
tability of stock returns? these 
are the issues addressed in 
the work of Julien Pénasse. he 
provides a methodology that 
analyses the predictability of 
returns, through cross-sectional 
information. instead of consi-
dering each country in isola-
tion, he integrates them into a 
single model, denoted as the 
exchangeable model. “the data 
is available, but not used in a 
relevant way,” Julien Pénasse 
says. “we see similar situations 
in most countries. if the same 
economic mechanism accounts 
for the predictability of different 

based on an interview with julien Pénasse and on his paper “Return Predictability: learning from the 
cross-Section”.

The data is available but 
not used in a relevant 
way

investor behaviour, like premium risk formation processes, are relatively similar from one 
country to another.

The same economic mechanism underlies the predictability of different markets.

consequently, international data can provide information on the evolution of assets in domes-
tic markets.

including this data improves the predictability of stock returns and reduces long-term risk. 

Key points
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markets, then information about 
market X also tells us about 
changes in market Y.”

in terms of mathematics, it in-
volves applying the regression 
of stock returns on the divi-
dend-price variable to several 
countries so as to share infor-
mation. Julien Pénasse assumes 
that the processes of different 
countries are random variables 
that have the same distribution 
in common.

the model is applied to the 
equity markets of fifteen oecD 
countries. over the period 1990-
2010, these forecasts are com-
pared out-of-sample with the 
realized returns, to determine 
whether an investor could ex-
ploit predictability in real time.

Relatively homogenous markets 

although the gains are relatively 
modest, in line with the previous 
literature, it appears that the me-
thodology developed has a po-
sitive impact on the estimation of 
yields. Forecasts based on the 
exchangeable model are more 
accurate than those of traditio-
nal approaches, which ignore 
cross-sectional information.

the series of returns and predictors constitute a panel of fifteen countries covering forty years on 
average. with panel data, econometricians generally estimate a model for each country separately. 
they may also process the data as a panel, i.e. assume that the same process generates each 
country’s data. the main innovation involves using a random coefficient model, which means that 
the coefficients of the different countries share the same distribution. to estimate the parameters 
of the France “model”, one can fruitfully make use of the distribution of the parameters in all 
the other countries. the two preceding approaches correspond to particular cases, in which the 
variance of the parameters is either so large that one can analyse the countries separately, or so 
low that one can view them as a single process.

Méthodologie

find the 
julien Pénasse’s interview
on www.louisbachelier.org

the study also analyses in-
vestors’ behaviour, illustrated 
by changes in the risk pre-
mium, to determine whether it 
varies greatly from country to 
country, or conversely, whe-
ther the markets are relatively 
homogeneous. earlier papers 
indicated significant heteroge-
neity between countries. but 
in Julien Pénasse’s view these 
differences are mainly due to 
chance. indeed the findings of 
his study point to a relative ho-
mogeneity between countries. 
the process of investors’ expec-
tations and, therefore, the risk 
premium formation process are 
fairly similar from one market to 
another. Predictability is thus ra-
ther low in the countries studied, 
and risk premiums lie between 
1% and 5%.

except for the united States 

the only exceptions are the 
united states and, to a les-
ser extent, the uK. these two 
countries are distinguished by a 
risk premium and a predictabi-
lity that are well above average. 
in the us, for example, the risk 
premium is nearly 8% – a figure 
that reflects the outperformance 
of the us equity market, as well 

as the greater volatility of risk 
premiums. american investors 
therefore have an incentive to 
invest more heavily in stocks, 
but also to carry out arbitrage 
operations in the market more 
aggressively.

Finally, the fact of incorporating 
international data in the calcula-
tion of expected returns modifies 
investors’ allocation strategies. 
since the expected returns tend 
to be similar from one country to 
another, the level of allocation to 
shares is also comparable.

analysing each market separa-
tely means that much relevant 
information is ignored. indeed 
equity markets have relatively 
similar premium risk formation 
processes. it is in the interest 
of investors, therefore, to in-
clude all available information 
in their analysis of expected 
returns on assets. estimates are 
thereby improved and shares 
consequently become relatively 
less risky. 

julien Pénasse
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