What absurd fellows you are, both of
you! I wonder who it was defined man as a rational animal. It was
the most premature definition ever given. Man is many things, but
he is not rational. I am glad he is not, after all.
−Oscar Wilde, in The Picture of Dorian Gray.
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The Red and the Green,
Essays on the economics of information in the sustainable habitat market.

Abstract
A decade ago, Energy Performance Certiﬁcates have been introduced by the European
Union to bridge the energy-eﬃciency gap. As informational failures are blamed for plaguing
the development of greener buildings, energy labels could ﬁx these failures by reducing
both uncertainty on energy quality and information asymmetry between sellers and buyers.
However, economic research has shown that information is a complex economic good, often
imperfectly used or valued by real economic agents. This dissertation investigates the value
of information in the context of the economics of green buildings, by combining theoretic,
empirical and experimental approaches.
First, the perception of Energy Performance Certiﬁcate is studied through an artefactual
ﬁeld experiment on a representative sample of the French population. We point up a mixed
cognitive eﬃciency for the label. A signiﬁcant part of the population ignores it, however
attentive subjects do use the label to revise their prior beliefs on energy quality. Second,
we provide evidence of the capitalization of this information into real estate prices over
two French regions. Low-consumption houses exhibit, ceteris paribus, a signiﬁcant green
premium that matches with techno-economic estimations of associated renovation costs.
However, despite this ‘green value’, the pace of energy renovations remains slow in the
French market: the energy label information does not reduce uncertainty on the outcomes
of the renovation process. In a third time, we show through a strategic option model that
the lack of reliable information about renovation quality can delay investment decisions,
and even inhibit their diﬀusion. Recently, several innovations have opened the possibility
of producing reliable information on quality in the building industry. Then, fourthly, we
explore with a laboratory experiment people’s Willingness-To-Pay for information. Its magnitude is evidenced as signiﬁcantly higher than information theoretic value. Nonetheless,
pricing information has overall mixed eﬀects on behaviors, inducing more strategic thinking but also some cognitive biases. A careful design of information markets is thus required.

Keywords: Information, Behavior, Energy eﬃciency, Innovation.
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Le Rouge et le Vert,
Essais sur l’économie de l’information dans le marché de l’habitat durable.

Résumé
Aﬁn de combler le ‘fossé’ de l’eﬃcacité énergétique, l’Union européenne a introduit les
Certiﬁcats de Performance Énergétique. Face aux multiples défaillances informationnelles
entravant le développement de bâtiments plus sobres en énergie, cette étiquette énergie
permettrait de réduire d’une part l’incertitude sur la qualité énergétique et d’autre part
l’asymétrie d’information entre vendeurs et acheteurs sur le marché immobilier. Cependant, l’information demeure un bien économique complexe, imparfaitement utilisé par les
agents économiques réels. Cette thèse examine la valeur de l’information dans le marché de
l’habitat durable, en combinant des approches théoriques, empiriques et expérimentales.
Tout d’abord, la perception du Diagnostic de Performance Énergétique est étudiée à travers
une enquête sur un échantillon représentatif de la population française. Nous mettons en
évidence une eﬃcacité cognitive nuancée pour l’étiquette. Une partie de la population
l’ignore, mais les sujets attentifs utilisent bien l’étiquette pour réviser leurs croyances sur
la qualité énergétique. En second lieu, nous apportons la preuve de la capitalisation de
cette information dans les prix de l’immobilier sur deux régions françaises. Les maisons à
basse consommation énergétique présentent, ceteris paribus, une prime verte signiﬁcative
qui correspond aux estimations technico-économiques des coûts de rénovation associés.
En dépit de cette ‘valeur verte’, le rythme des rénovations énergétiques reste lent sur le
marché français : l’information véhiculée par l’étiquette énergie ne réduit pas l’incertitude
sur les résultats des opérations de rénovation. Dans un troisième temps, nous montrons
à travers un modèle d’options stratégiques que cette incertitude peut retarder les décisions d’investissement, voire empêcher leur diﬀusion. Ainsi, quatrièmement, nous étudions via une expérience en laboratoire la disposition-à-payer des individus pour obtenir
de l’information, mettant en évidence qu’elle pourrait dépasser largement sa prédiction
théorique. Néanmoins, les eﬀets positifs d’une information payante pourraient être annihilés par plusieurs biais cognitifs, nécessitant une régulation des marchés de l’information.

Mots Clés : Information, Comportement, Eﬃcacité énergétique, Innovation.
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General Introduction
In The Red and the Black (1830), Stendhal chronicles the life of Julien Sorel, a son of carpenter who strives to upgrade his social class. In this psychological novel, Julien pursues
with consistency his own interest, using a clever blend of intelligence and deception. Nevertheless, both his lack of knowledge about high society’s customs and his impulsive nature
will prove fatal to him. In economic words, Julien Sorel’s utility maximization is constrained
both by information asymmetry and by his own cognitive failures. The present dissertation
aims precisely at deciphering how people interact with information, speciﬁcally regarding
energy eﬃciency in the real estate market. Our research thus applies concepts drawn both
from information economics and behavioral economics to the issue of sustainable habitat.
Whereas we evidence that energy classes ranking can structure green buildings economics,
we also spotlight several failures related to information, deriving both from rational behaviors and from cognitive biases.

The economics of information
The seminal article published by Hayek (1945) emphasized the key role of information in
optimizing the use of resources in society through signaling by the price mechanism. Since
then, an extensive part of the economic literature has gained interest in the economics of
information. In his landmark article "The Economics of Information", Stigler (1961) focuses
more speciﬁcally on the consumers diﬃcult search for information about products. While his
article targets the task of gathering information on existing sellers and their prices, Stigler
already warned economists about the thorny issue of products’ quality in his conclusion:
"The search for knowledge on the quality of goods, which has been studiously avoided in this
paper, is perhaps no more important but, certainly, analytically more diﬃcult. Quality has
not yet been successfully speciﬁed by economics, and this elusiveness extends to all problems
in which it enters". If the research piece of Arrow (1963) gives some intuitions on the issue of
uncertain quality (within the speciﬁc subject of medical care), the question raised by Stigler
was more generally addressed nine years after his publication by two others contributions.
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A ﬁrst but partial answer was brought out by Nelson (1970), who initiated the distinction
in economic analysis between a search and an experience good. On the contrary to a search
good, which quality can be easily evaluated by consumers before purchasing it, an experience
good’s quality will be assessed by consumers upon their consumption of the good. If the
purchase price is low enough, like for food, consumers will tend to ‘buy and try’ products.
But if the purchase price is higher, making choice is more costly and complicated. It is the
point of the second answer to Stigler, published by Akerlof (1970).
Akerlof takes the example of used cars to enlighten the failures of markets with asymmetric
information between sellers and buyers. In this key contribution to the economic literature,
Akerlof evidences that a market suﬀering from quality uncertainty might collapse. With
this article, Akerlof modelizes an older economic concept, the Gresham’s law stating that
‘bad money drives out good money’. He considers buyers in the used cars market: when
facing a car, agents cannot a priori know if its quality is good, i.e. the car is a ‘peach’,
or bad, i.e. the car is a ‘lemon’. As sellers’ discourse on used cars quality cannot be
trusted, and in the absence of any credible certiﬁcation, uncertainty will lead buyers to
only accept paying a price below the true value of a ‘peach’. Progressively, peaches will
then be removed from the used car market, which will only be left with the bad quality
cars, i.e. the lemons. Solutions to this adverse selection phenomenon cover all measures
aiming at delivering information to buyers. With an increasing level of reliability, we can
mention branding, licensing and guarantees for instance. In the decade following Akerlof’s
work, Michael Spence and Joseph Stiglitz published several major contributions on the
analysis of markets with asymmetric information, highlighting two mechanisms which can
reduce information asymmetry, namely signaling and screening.
The concept of signaling is introduced for the ﬁrst time by Spence (1973) in his analysis of
the job market. Indeed, hiring a new employee is an uncertain investment for a company,
as it is in a situation of asymmetric information about the prospective employee productive
capacities. Spence’s paper develops a model where potential employees signal their skills
by acquiring education degrees. As this acquisition is more costly for less skilled people,
employers will accept to pay higher wages to candidates with higher degrees as they will
be statistically more productive. The signaling theory thus describes how an information
asymmetry can be reduced by a costly information disclosure. The agent (i.e. the seller in
Akerlof’s model, who beneﬁts from an informational advantage) voluntarily incurs a cost
to reveal some relevant information to the principal (i.e. the buyer in Akerlof’s model, who
lacks information about quality).
In his introduction to a symposium on the economics of information, Spence (1976) also
highlights a second kind of solutions to adverse selection: the theory of screening. Stiglitz
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(1975) also uses the example of education for screening strategies. The key idea of screening
is that principals force agents into revealing their private information. The buyer, who
lacks information, can oﬀer a menu of contracts to the seller. When the seller chooses the
contract, he reveals some of his private information. For instance, an employer ignoring the
productive capabilities of an employee can oﬀer to him two diﬀerent contracts: a ﬁrst one
with a ﬁxed level of wage, and a second one with a lower base salary but with important
potential bonuses if the employee is productive. If we consider that prospective employees
know their level of productivity, then eﬃcient ones will select the second contract while
ineﬃcient ones will choose the stable and certain wage. As underlined by Spence (1976),
screening and signaling are "opposite sides of the same coin". While signaling refers to a
strategy undertaken by the more informed agent, screening refers to an action engaged by
the less informed agent. But both of those approaches aim at solving the adverse selection
phenomenon occuring for the ‘lemons’ of Akerlof (1970).
Stiglitz following contributions highlight the importance of informational failures across
various markets. Among others, we can cite Rothschild and Stiglitz (1976) who focus on the
insurance market screening processes, Grossman and Stiglitz (1980) about the ineﬃciency
of capital markets when information failures are present, and Stiglitz and Weiss (1981) on
credit rationing. Stiglitz (1985) synthesis underlines that the emergence of the economics
of information since the 1970s reshapes the way economists analyze markets. This new
research ﬁeld for economic science, ushered by Akerlof, Spence and Stiglitz, has also given
birth to several important branches of modern economic analysis, such as mechanism design
or contract theory.
In his retrospective on the economics of information in the twentieth century, Stiglitz (2000)
gives clues to economists interested in markets’ informational failures about the way forward. From a methodological point of view, he emphasizes the need to extend empirical
works on the role of information within markets, and to integrate more closely other social
sciences. Stiglitz speciﬁcally mentions psychology, which could contribute to enlighten how
individuals process information, but also sociology, to study the creation of social knowledge. From a theoretic point of view, Stiglitz draws attention on two areas. First, the
dynamics of information should be more thoroughly explored, especially to understand how
new information is absorbed and modiﬁes behaviors. Second, economists should investigate
how diﬀerent institutional designs aﬀect the creation and use of information. The present
dissertation focuses on the economics of information applied to energy eﬃciency in the
housing market, and attempts to draw recommendations for a faster transition to ‘greener’
buildings.
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Behavioral and experimental economics
While the previously mentioned literature evidences that asymmetric and imperfect information can plague the functioning of markets where rational agents interact, it actually
underestimates the extent of ineﬃciencies due to informational failures. Indeed, in parallel
with the development of information economics, started the fruitful collaboration between
Amos Tversky and Daniel Kahneman. Applying the methods and results of cognitive psychology to standard economics, these pioneer scholars spotlighted how numerous reasoning
biases of real economic agents lead to important deviations in observed behaviors compared
to the theoretic rational ones.
In their ﬁrst seminal contribution, Tversky and Kahneman (1974) evidence three heuristics
that are used by people when making decisions under uncertainty. Heuristics are judgmental
shortcuts, simple information-processing rules, commonly used by people to ease the making
of many decisions. While heuristics have several advantages which explain their widespread
use in every-day life, such as reducing the cognitive eﬀorts and fastening decisions, they
sometimes induce errors. Interestingly, several of these errors induced by heuristics appear
to be systematic: these are cognitive biases. It means that, beyond producing noise in
economic behavior, which was expected by economists, cognitive failures can trigger oﬀ
regular behaviors which patterns diﬀer signiﬁcantly from the one of the ‘homo economicus’,
i.e. a perfectly rational agent. A common feature of the three heuristics named by Tversky
and Kahneman in their article is that they highlight cognitive biases related to the misuse
of information by people. The ﬁrst one, representativeness heuristic, drives people to rely
on archetypes to form their beliefs on the likelihood of an event or a characteristic. The
bias lies in the fact that people overestimate the relevance of relying on such archetypes.
The second heuristic identiﬁed is the availability heuristic. When forming a decision on
a subject, people tend to rely too much on the ﬁrst memory related to this subject that
will come easily into their mind. People then give too much importance to more recent
information for instance. The third heuristic is anchoring: people overweight the ﬁrst piece
of information oﬀered in comparison to the following information received.
Together with the key article on prospect theory by the same authors (Kahneman and
Tversky, 1979), "Judgment under uncertainty: Heuristics and biases" marked the irruption
of psychology in modern economic analysis. The development of behavioral economics
is especially key in the ﬁeld of information economics as it evidences that people do not
use information fully rationally. This point is underlined in the ﬁrst book published by
Richard Thaler (1992). Gathering his series of publications in the Journal of Economic
Perspectives entitled "Anomalies", Thaler describes how real economic behaviors deviate
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from the predictions of standard economic theory. He emphasizes that "The new theory
will retain the idea that individuals try to do the best they can, but these individuals will
also have the human strengths of kindness and cooperation, together with the limited human
abilities to store and process information". Intrinsic limits of human mind in the treatment
of information have since been increasingly studied, not only to tackle the important failures
it can induce in markets with tiny transaction costs, but also as an opportunity to induce
better decision-making at a low cost compared to traditional public policies. This is the
concept of nudge, which won its spurs with the publication of the eponymous book by Thaler
and Sunstein (2008). The key idea of Thaler and Sunstein is that we can signiﬁcantly modify
both individual and collective decisions through small changes in the choice architecture.
As many human decisions rely on the cognitive shortcuts we previously mentioned, and
more thoroughly detailed by Kahneman (2003, 2011), we can use heuristics and cognitive
biases to help people make ‘better’ choices, for themselves and/or for society.
The traditional example of nudge is to modify position of salads and fries in school cafeterias.
To improve the choice of healthy food, one can highlight it by putting it in front compared
to pizzas for instance. A nudge does not compel people to change their choice, it suggests it.
As underlined by Thaler and Sunstein (2008), "To count as a mere nudge, the intervention
must be easy and cheap to avoid. Nudges are not mandates. Putting fruit at eye level counts
as a nudge. Banning junk food does not". Virtues of this so-called ‘Libertarian Paternalism’
are nonetheless heavily discussed by numerous scholars as nudges can be seen as a kind of
psychological manipulation, raising the question of their philosophical legitimacy. Energy
eﬃciency remains an interesting ﬁeld of experimentation for behavioral interventions as
its beneﬁts are not very controversial, either for households or for society. Allcott (2011)
for instance evaluates the eﬀects of a randomized natural ﬁeld experiment, where treated
households received reports of energy use of their neighbors. This ‘social comparison’ nudge
signiﬁcantly reduced those households’ energy consumption.
Some governments have today set up ‘Nudge Units’ to develop the use of behavioral approaches in the design of public policies. A main example is the United Kingdom, which
set up in 2011 the Behavioural Insights Team (BIT). Houses energy consumption is its pet
subject. One of the ﬁrst recommendation of BIT was about facilitating loft insulation, by
proposing to households a combination of services (cleaning the attic and insulating it).
Even though this supplementary service had an additional cost for households, a threefold
increase of insulating decisions was observed within weeks. Since then, this Nudge Unit has
also proposed an improvement of Energy Performance Certiﬁcates design, and conducted
another ﬁeld experiment on default options in heating control systems1 .
1

See https://www.bi.team/
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Behavioral economics, using empirical evidences based on many and various experiments,
have shown in the past decades the importance of information design in decision making by
real economic agents. This means that, when one tries to improve a market by removing
some informational failures, one should pay attention to the real behaviors induced by
the new information disclosure. If badly designed, response to the market failure might
just replace it by a behavioral failure. However, a well designed informative device could
signiﬁcantly improve decisions of people, even if it does not ﬁx completely the information
asymmetry or imperfection.
The present dissertation attempts to keep this balance through the analysis of green building economics. Energy eﬃciency looks indeed as an interesting playground for behavioral
information economics, as literature has underlined that the associated markets suﬀer both
from information asymmetry and from some ‘alleged’ behavioral failures. Which are the
informational failures preventing the development of more energy eﬃcient houses? How do
policy-makers try to ﬁx these failures?

Energy efficiency: the gaps and the role of information
The numerous advantages of energy eﬃciency investments have long been underlined by
policy-makers but their achievement has become a pipe dream. Indeed, energy eﬃciency
could trigger oﬀ beneﬁts in many dimensions to society. First, energy savings for households
would translate into a higher purchasing power. Second, a smaller energy consumption
would mean a lower dependency on exporting countries for the government. Last but not
least, environmental externalities could be curbed by a reduction in fossils consumption.
However, despite the development of eﬃciency technologies, their adoption rate, or at least
their take-up rate, is considered as too low.
This chronic underinvestment has been observed by economists for a long time. Early
contributions attribute this surprisingly low level of investment to the use of relatively high
implicit discount rates by households. Hausman et al. (1979) for instance elicited discount
rates about 20%, even though recognizing a large heterogeneity among households. The
review on ‘anomalies’ in observed inter-temporal choices by Loewenstein and Thaler (1989)
also underlines important variations in the discount rates used by households, based on
various evidences. Discount rates vary according to many factors, such as the time delay,
the magnitude and sign of the discounted amount of money, the framing of the choice...
Sutherland (1991) adds that the use of high discount rates could be justiﬁed as energy
eﬃciency investments are illiquid, thus implicitly referring to an irreversibility eﬀect (Henry,
1974; Arrow and Fisher, 1974) and to real options (Dixit et al., 1994). However Loewenstein
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and Thaler mention themselves limits to this explanation for low adoption rate of energy
eﬃciency measures, by acknowledging the existence of information failures regarding energy
eﬃciency. Sutherland adds that even though high discount rates could be justiﬁed from
an individual point of view, the social perspective justiﬁes the use of lower discount rates
to compute the beneﬁts of energy eﬃciency, and then advocates for State intervention to
foster more investments in conservation measures. Sutherland mainly mentions the ‘external
costs’ of energy consumption and production, referring both to energy security issues and
to environmental ones, even though, by the early nineties, global warming was not yet a
major concern for policy-makers.
The conceptual framework to analyze the diﬀerence between observed and theoretic optimal adoption of energy conservation measures was drawn by Jaﬀe and Stavins (1994). In
the present dissertation, we will prefer the terminology ‘energy eﬃciency gap’ to ‘energy
paradox’ which is also used in the literature. Indeed, the deﬁnition of the latter is quite
ambiguous as an economic paradox refers to a situation which cannot be explained by classic economic theory, whereas we saw previously that important discount rates could explain
a low uptake rate of energy conservation measures. By contrast, the energy eﬃciency gap
is a more appropriate denomination of the divergence between hypothetic energy eﬃciency
investments and actual ones. Several theoretic optimums of energy eﬃciency can be targeted. Forecasted energy conservation level could thus either be the one simply proﬁtable to
their adopters (private optimum), the one predicted by an engineer’s approach (technologic
optimum), or even the one wished by economists who want to correct for environmental
externalities (social optimum).
By distinguishing between the diﬀerent kinds of obstacles to the accomplishment of the
full energy eﬃciency potential, Jaﬀe and Stavins pave the way for future research. They
underline that the energy eﬃciency gap can be explained by several important failures of
the energy eﬃciency technologies markets, but also by modeling ﬂaws of the engineer’s
approach which neglect heterogeneity in individuals’ preferences, and by failures in the
energy supply market (which for instance does not internalize environmental externalities
of energy production). As shown by Gerarden et al. (2017), in their extensive review of the
literature that followed the seminal contribution of Jaﬀe and Stavins (1994), this conceptual
framework remains highly relevant in today’s analysis of the energy eﬃciency gap. The only
concept missing in 1994, which has been introduced since then, is the role of behavioral
failures.
On Figure A we propose a simpliﬁed visualization of these diﬀerent failures undermining
energy eﬃciency, as inspired by the previously cited articles. The ﬁrst gap between energy
eﬃciency investments in the business-as-usual scenario and an ideal one is due to various
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failures of the energy conservation market. Most of them are linked with informational
issues. Asymmetric and imperfect information indeed plague the energy eﬃciency market.
For instance, in the real estate market it is diﬃcult for the buyer to know the energy eﬃciency of a house before living in it. This is typically the ‘lemons’ issue that was spotlighted
by Akerlof. As the buyer will not accept to pay a surplus for an energy eﬃcient house if
he does not have guarantees, homeowners have a disincentive to invest in an energy retroﬁt
of their house. Agency issues, moral hazard and adverse selection deriving from information asymmetry thus cap investments in energy eﬃciency. Other market failures can also
limit the upgrade of energy eﬃciency, such as informational externalities (learning-by-using,
learning-by-doing, which can delay adoption) and capital market failures (mainly liquidity constraint for households, as some energy eﬃcient technologies require an important
upfront investment). Fixing market failures of energy eﬃciency markets can thus improve
both energy eﬃciency and economic eﬃciency for agents, this is the ﬁrst "private optimum".
The second gap that could be bridged by policy interventions lies in some behavioral failures.
As discussed previously, cognitive shortcuts of human’s mind can lead to systematic errors
in the decision making process. As underlined by Gillingham et al. (2009), heuristic decision
making by agents can lead them to choices that violate some axioms of rational choice, even
when they are perfectly informed. Experiments lead by Kempton and Montgomery (1982),
and by Kempton et al. (1992) especially show that consumers make systematic errors in the
computation of energy needs and potential savings, leading both to an underinvestment in
energy eﬃciency and to an overconsumption of energy. Another obstacle to rational choice
is the status quo bias (Hartman et al., 1991), which can prevent households from switching
to a more eﬃcient technology, even in the absence of transaction costs. Just as for energy
eﬃciency market failures, ﬁxing behavioral failures can thus improve both energy eﬃciency
and economic eﬃciency for agents. We call this new theoretic optimum the "rational agent
optimum".
A third gap can be deﬁned as the one separating the level of energy eﬃciency of this
"rational agent optimum" to the one theoretically computed by a pure engineer’s approach.
Indeed this last method to calculate energy eﬃciency investments that should be proﬁtable
to agents neglect several rational explanations of lower than expected investments. Like
Gerarden et al. (2017), we will call them modeling ﬂaws, as they ignore the economic
rationale behind using higher discount rates, neglect heterogeneity between consumers’
preferences, hidden costs, rebound eﬀects, but also forget that energy eﬃciency investments
present an option value which can justify to postpone them. This "technologic optimum"
achieves a higher level of energy eﬃciency but is less eﬃcient from an economist perspective.
The three ﬁrst gaps of energy eﬃciency we deﬁned above were limited to the analysis of
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Nonetheless, designing eﬃcient public interventions to improve energy eﬃciency is today a
major challenge as most of them seem to have limited impacts. The large ﬁeld experiment
conducted by Fowlie et al. (2015) evidences that even powerful public programs oﬀering to
households an entirely funded renovation of their house have a low take-up rate. Authors
underline the importance of non-monetary costs in the adoption of energy conservation
technologies. The contribution of Jacobsen (2015) also stresses the limits of the price
signal to trigger oﬀ investments in energy eﬃciency. Common feature among those recent
contributions lies in shifting economists attention towards other type of policies. Gillingham
and Palmer (2014) outlines three main type of policies that should be more thoroughly
explored: information programs, behavioral interventions and targeted policies.
First, information programs are necessary as the energy eﬃciency market is plagued with
asymmetric information. For instance in the case of housing, there is an information asymmetry between the buyer and the seller on the energy quality of the house to be traded,
which can cause adverse selection (the lemons issue). But there is also asymmetric information between a household and a craftsman: quality of the warmth insulation performed by
the latter cannot be observed by the former, leading to a moral hazard situation. Even the
split incentives issue occurring between landlords (who are in charge of energy retroﬁtting
but do not pay energy expenditures) and tenants (who cannot renovate but have to pay for
energy bills) could be solved if reliable information was disclosed to both parties, as proposed by Gillingham et al. (2012). Lastly, informational externalities which slow down the
development of new technologies (Bollinger and Gillingham, 2012) could also be reduced
with information programs. But the introduction of informational tools is not always eﬃcient, and Dharshing and Hille (2017) show the importance of consumers’ perception in the
evaluation of labels.
The second type of policies which should be an area of research, and which are not disconnected from information programs, are behavioral interventions. In recent years they
have been increasingly more studied in the context of energy eﬃciency and recent studies
have proved the great potential of some nudges. Newell and Siikamäki (2014) evidence
that diﬀerent design of the same information regarding energy eﬃciency imply diﬀerent
choices. Furthermore Gillingham and Tsvetanov (2018) highlight that nudges are strongly
cost-eﬀective and constitute eﬃcient policies to increase adoption rate of energy eﬃciency.
The third area to which researchers should pay more attention, and which is also connected
to information programs and behavioral interventions, is the design of targeted policies.
Indeed, all previously mentioned studies point out signiﬁcant diﬀerences among the population in the response to information programs and nudges. This is consistent with the
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results of Newell and Siikamäki (2015) who spotlight the importance of individual discount rates, heavily dependent on individual characteristics, in the attitude towards energy
eﬃciency investments.
As regards buildings eﬃciency, warmth insulation could enable important energy savings,
both for households and ﬁrms but also, at the macro-scale, for countries. Energy savings
would be associated to important cuts in CO2 emissions. Indeed, worldwide, the building
sector accounts for 36% of ﬁnal energy consumption, and for nearly 40% of total direct
and indirect greenhouse gas emissions2 . This share is even higher in Europe, where buildings account for 40% of ﬁnal energy consumption. Over two-third of this consumption
is dedicated to space heating (European Commission, 2017). In order to address the climate change challenge and insure energy security and competitiveness, the European Union
attempts, since the early 2000s, to signiﬁcantly improve energy eﬃciency. Following the
European directive 2002/91/EC of the European Parliament, Member States had to implement Energy Performance Certiﬁcates, which should be made available when buildings are
constructed, sold or rented out. This directive was transposed in Member States legislations, and came into force by 2008 for most countries. This regulation aims at enabling any
investor, household or company, to evaluate a building’s energy quality. In the long-run,
this policy is expected to favor green buildings by a diﬀerentiation in real estate prices
according to energy-eﬃciency. Such a diﬀerentiation would testify that the ‘lemons’ issue is
at least partly solved, as information about quality is conveyed to buyers. Nonetheless, it
does not necessarily mean that the energy eﬃciency gap is bridged. To say it in a nutshell,
in the light of the literature review above, credible information about energy quality is
necessary to bridge the gap but might be not suﬃcient.
The present dissertation precisely aims at studying the informational failures of the sustainable habitat market, some of which are addressed by Energy Performance Certiﬁcates,
and some of which need further interventions. Chapter 1 studies the perception of Energy Performance Certiﬁcates by households, while Chapter 2 investigates their eﬀect on
real estate prices. Whereas those two ﬁrst chapters evidence a signiﬁcant impact of this
informational tool, take-up rates of deep renovations remains low. Chapter 3 proposes the
analysis of another informational failure which could slow down energy renovations, through
the option value of these uncertain investments. In order to close this ‘informational gap’,
third-party producers of information could be included in the market, but this raises the
issue of households Willingness-To-Pay for more information, and of their ability to handle
this supplementary information. Chapter 4 details a laboratory experiment conducted to
examine these points.
2

https://www.iea.org/topics/energyefficiency/buildings/
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Perception of information
Energy Performance Certiﬁcates were introduced a decade ago in France. Yet, as far as
we know, no large scale study has assessed their perception by households. The previous
literature has mainly attempted to assess eﬃciency of energy labels through their eﬀect on
market prices, but results are puzzling. Nevertheless, little eﬀect on market prices does not
mean that Energy Performance Certiﬁcates are ineﬃcient. As discussed above, the energy
eﬃciency market is undermined by numerous market failures, including other informational
failures. It is then important to estimate the eﬀect of energy labels upon their primary goal,
namely enabling people to discriminate labelled goods. A weak eﬀect on people’s perception
of energy quality could indeed explain the low uptake of energy eﬃcient renovations, and
request a complete overhaul of this information device. But a stronger eﬀect would indicate
a need to undertake other policies to induce more investments in energy eﬃciency.
The Energy Performance Certiﬁcate (EPC) is a complex informational tool. Although it
aims at providing an objective information, the primary energy consumption of the house,
this highly technical information is not very salient to households. Indeed, it is very complex
to translate it into energy bills. Anticipating this challenge, European policy-makers have
given a very speciﬁc design to the EPC, dividing typical energy consumptions into several
classes. From the least eﬃcient to the most eﬃcient buildings, these classes are characterized
using colors (from red to green), letters (from G to A), and arrows of diﬀerent sizes. Each
Member State in Europe has selected its own details, specifying diﬀerently the eﬃciency
of a house. For instance, in the United-Kingdom, EPC also indicates which class could
be easily achieved for the dwelling through a cheap renovation, and the ranking given to
the building is based on a mark from 0 to 100. In France, the information displayed is
the primary energy consumption, in [kWh/m2 /year], and classes do not cover equivalent
ranges of consumption. When classes get greener, the range of consumptions covered gets
narrower. We display an example of the French EPC versus the English one in Figure B.
One should not disregard the important eﬀect of this visual speciﬁcation. As discussed
above, the framing of information is important and might have implications in the way
people appropriate this information.
The originality of our evaluation of energy label’s eﬃciency lies in this cognitive approach.
How do people treat the information conveyed by this complex design? In Chapter 1, we
study this perception through an artefactual ﬁeld experiment on 3,000 French subjects.
The experiment consisted in the presentation of a real estate advert where the EPC has
been randomized, followed by a questionnaire. By studying both attention subjects paid to
the EPC and how EPC modiﬁes their perception of the house energy quality, our results
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The in-depth analysis of subjects perception of energy quality through this energy label evidences that people base their judgment on the deceptive visual design of EPC rather than
on its intrinsic information. They follow the ‘nudge’ rather than the objective information
to make up their opinion on the energy quality. However, we also highlight that EPC information is not perceived as perfect. Subjects have a Bayesian reading of EPC: they use the
label information to partially revise their prior beliefs on energy quality, but some uncertainty remains. EPC are thus eﬃcient in the reduction of information asymmetry between
sellers and buyers, but people do not blindly believe this label which credibility is often
questioned. A resulting interrogation is whether this conveyed information is capitalized in
real estate prices. Chapter 2 addresses this question through an empirical investigation on
two French real estate markets.

Capitalization of information
To what extent is the information conveyed by EPC capitalized into real estate prices?
While several studies on various European countries evidence a capitalization of Energy
Performance Certiﬁcates into home prices, these studies disagree on the magnitude of this
green premium. Moreover, they also diverge from engineer’s estimations of theoretic green
values. Thus, understanding the capitalization of EPC in real estate prices requires more
than the traditional hedonic estimation, it involves a comparison with associated renovation
costs and expected savings for households. This is the research question addressed by
Chapter 2 in the present dissertation.
We investigate the green value of French houses over two regions, Lyon metropolis and
Brest area, in order to see the impact of market tightness. The Lyon metropolis is a densely
populated and urbanized zone, whereas Brest area in Brittany is mostly rural with a much
lower density of inhabitants. In a ﬁrst step, the traditional hedonic analysis of transactions
in those regions is coupled with Geographic Information Systems to regress prices on the
intrinsic characteristics of dwellings and on the distance to various public amenities, such
as parks, city center or public transport facilities. A spatial econometric model is estimated
to control for unobserved spatial heterogeneity. Results evidence a signiﬁcant green value
in both areas. Relative premium turns out to be much higher in Brittany, amounting to
29% of a house price, while representing only 11% in Lyon.
This large diﬀerence in the capitalization between rural areas and dense cities was already
evidenced before. The present contribution to the literature lies in the fact that we selected
those two regions because they share similar heating needs and energy prices. Consequently,
savings on the energy bill associated to a greener EPC class are comparable in the two

General Introduction

15

areas. Consistently, switching to absolute terms the green premiums previously mentioned
evidences tantamount green values for each level of eﬃciency in the two regions, reaching
about 35,000e for low consumption houses. This result underlines that the green value
should be considered as an absolute component of a house value.
Then, we use in Chapter 2 a dataset on warmth insulation costs together with a thermal
model of energy consumption for space heating. Renovation investment costs required to
upgrade an ineﬃcient house to a higher EPC class are computed and compared with the
premiums empirically evidenced by the hedonic analysis. We ﬁnd that empirical estimations
of the green premiums lie for each EPC class within the range of associated renovation
costs. Green value is thus consistent with the capitalization of renovation costs. A potential
explanation of these very close estimates is that a Bertrand-type competition occurs between
home sellers on the energy quality component of the house value. Indeed, the production
cost of energy eﬃciency, i.e. the required investment to turn an ineﬃcient house into a
more eﬃcient one, is homogeneous over France. For instance, let’s consider a seller of
an eﬃcient house who tries to charge more than the investment cost that is required to
renovate this house. Then, ceteris paribus, the potential buyer will prefer either choosing
an equivalent house with the same label, for which the seller proposes a lower price, or
buying an ineﬃcient house and invest by herself in the renovation. Equilibrium premium
of an EPC class will then be the investment cost required to convert an ineﬃcient house
into this class.
Chapter 2 also compares green premiums with expected energy savings. Beyond the smallest renovation, from the F-class to the E-class, green premiums appear to be substantially
higher than expected savings. Indeed, reduction of the heating bill could match green premium for low-consumption houses only if households’ time preferences are strongly oriented
to future gains, with discount rates smaller than 5% and time horizons over 20 years. However such time preferences of households are usually discarded by the empirical ﬁndings
of economic literature, which evidences shorter time horizons and higher implicit discount
rates. We can thus guess that ancillary advantages of low-consumption houses, especially
improved thermal comfort, constitute an important part of the beneﬁts that households
derive from an eﬃcient house.
Nonetheless, if Chapter 2 highlights that French households do value energy eﬃciency, the
pace of housing energy renovation in France remains too slow with regard to public policy
objectives. Over three years (2014-2016), a recent survey by the French National Agency
for Environment and Energy Management (ADEME, 2018) has found that, even if over
5 millions houses were renovated, less than 5% of those were concerned by deep energy
renovations. It corresponds to less than 90,000 houses per year. As policy-makers aim at
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turning all buildings into low consumption ones by 2050, the pace required to meet public
objectives is then ﬁve times superior to the current one.
This large report on the renovation of French houses also gives insights on the drivers and
obstacles to the renovation decision in France. In accordance with ﬁndings of Chapter
2, households appear to value both energy savings and thermal comfort. But this survey
also underlines that the missing keystone to scale-up renovations is the conﬁdence in their
results. As energy renovation contracts today rely on an obligation of means and not of
results, households might wait for positive feedbacks from their relatives before launching a
renovation. Households action on energy eﬃciency thus heavily depend on ‘word-of-mouth’
processes. This is an informational externality.

Dynamics of information
In Chapter 3 we investigate potential outcomes of uncertainty and informational externalities on households behavior. Even though the added-value of an eﬃcient house is recognized by the market, the renovation process is hazardous. Numerous defects due to poor
workmanship plague construction industry in France, and threaten energy performance
post-renovation. On the one hand, moral hazard can lead to poor workmanship in energy
renovation, as evidenced by Giraudet et al. (2018): as long as there is no ex-post measure
of energy eﬃciency, quality of craftsmen work is unobservable by households. On the other
hand, beyond moral hazard, craftsmen training in installing eﬃciency devices is not satisfactory, which also lead to faulty works (CGDD, 2015). Asymmetric information thus lead
to uncertainty in renovation quality, undermined by adverse selection (asymmetric information regarding craftsmen skills) and by moral hazard (asymmetric information regarding
craftsmen eﬀorts). As the decision to invest in energy renovation can be delayed, in Chapter
3 we choose to model this investment under uncertainty as a real option problem.
When people face uncertainty, sociologists underline the importance of word-of-mouth processes. Social inﬂuence, herding behavior, informational cascades... Following the early
contribution of Rogers (1962), the idea that innovation diﬀusion, and its standard representation of the S-shape curve, depends on information sharing has spread across all social
sciences. In a context of uncertainty, people make their decisions upon information they
can gather from sources they consider as reliable, whether it is their relatives, rating websites or consumers or professional associations. In this social learning perspective, positive
feedbacks are critical in order to induce adoption. The previously mentioned survey by
ADEME on French renovations emphasizes the importance of positive feedbacks to trigger
the renovation decision: word-of-mouth is underlined as the key driver of households action.
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Nonetheless, in this perspective, the adopter becomes also a part of the process. When
she adopts a new practice or product, she produces knowledge on its quality. Is it eﬃcient
or not? Her knowledge is something she will share with her relatives. Then, information
about innovation quality can be seen as a public good. While information is a by-product
ensured by costly private decisions, information consumption is free and can be enjoyed by
all agents. This strategic stake is embodied in Chapter 3: agents who choose to exercise
their option (i.e. invest in the renovation) costlessly produce public messages about result’s
quality. But agents also anticipate that they will beneﬁt from messages produced by others
if they postpone their decision. A free-rider problem thus arises.
However, information is not perfect, i.e. its production is noisy. If we consider that, in
theory, a renovation is an eﬃcient way to improve the energy performance of a house, it is
still possible to receive a negative message regarding the quality of renovation outcomes.
This error in the nature of the message can be due to two kinds of factors. Either the
renovation really was ineﬃcient, and the negative message is consistent with it, or the
renovation was eﬃcient but the message is inconsistent.
On the one hand, previous sociologists’ ﬁeld investigations, like the ones of Renauld-Giard
(2014), underline the lethal eﬀect of faulty works on the diﬀusion of inventions in the
building industry, even when those inventions are eﬀective and useful. The enlightening
example of solar boilers is described by Renauld-Giard (2015). This green technology
enables energy savings for households and reduces greenhouse gas emissions thanks to the
use of solar energy. But the implementation of this technology at the beginning of 2010
in France was not a success, due to early failures. These failures were due to a too short
training of craftsmen. As the ﬁrst solar boilers were badly installed and did not work
well, they got quickly a bad reputation and sales of solar boilers collapsed. This is an
example of the ‘teething troubles’ that can encounter inventions. Broadly speaking, both of
the previously mentioned informational failures regarding craftsmen (adverse selection and
moral hazard) can signiﬁcantly increase the probability that the renovation fails to achieve
a high energy performance. On the other hand, even a performant renovation can trigger
a negative message, again due to the lack of objective measure on house energy quality.
For instance, a dissatisﬁed household can send a negative message even though renovation
quality is good, either because the household expected higher energy savings or it faced
delivery delays.
Whether it is the renovation that has failed or it is the household that is being picky about
it, information regarding the beneﬁts of energy retroﬁtting is not perfect. Thus, several
messages are required to help the household in making its decision. Consistently with

18

General Introduction

Chapter 1 ﬁndings, which suggest that people update their prior beliefs thanks to public
information, we include in the strategic option model a Bayesian learning.
Chapter 3 model can be more broadly applied to any innovation diﬀusion, in the construction industry or in other sectors. We exemplify in Chapter 3 several stylized facts to
underline how our framework can be applied to the analysis of other new products or services. We develop a dynamic game where heterogeneous agents have the option of adopting
an invention of uncertain quality or postponing their decision to beneﬁt from others’ experience through Bayesian learning. Information produced by adopters about the invention’s
nature is public but the messages sent are noisy. Our modeling thus departs from standard
real option models (Dixit and Pindyck, 1994) by its Bayesian basis and the role of strategic behaviors. We give microeconomic foundations to the S-shaped innovation diﬀusion
curves, informational externality inducing strategic delay in agents’ behavior. Moreover,
consistently with stylized facts, noise can nip in the bud the diﬀusion of inventions with
intrinsically high quality. The model thus highlights how ‘teething troubles’ may inﬂuence
the fate of inventions. Numerical simulations underline a bi-modal distribution of steady
states for the diﬀusion path of inventions of intrinsically high quality. They may be either
stillborn or fully developed, bringing to light a reputational valley of death for inventions.
This result is robust to an endogenization of the choice of its price before the ﬁrm launches
the invention on the market.
In our model, the only way agents can become more informed is by delaying their decision, i.e. waiting for more information. The production of information is unintended and
suboptimal. We then explain waiting strategies, due to the free-riding and teething troubles. Such informational externalities could signiﬁcantly delay the renovation decision, and
enlighten the slow pace of renovations observed today in France. This lack of information
raises the question of information production by a third party. But how much is the value
of information on the quality of a product? Are people ready to pay for information, and,
if so, how will they use it? Those are the questions we attempt to address in the fourth
and last chapter of this dissertation.

Value of information
Currently, several innovations are under development in the construction industry to enable
a reliable evaluation of buildings energy quality. We can cite at least two technologies in
France: the QUB method designed by Alzetto et al. (2018), and the ISABELE method
developed by Thébault and Bouchié (2018). Contrary to the current method used to assess
buildings eﬃciency (the 3-CL method, more thoroughly detailed in Chapter 2), which relies
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on a theoretic estimation and upon which is made the Energy Performance Certiﬁcate,
those disruptive inventions enable experimental measures of buildings energy performance.
This shift from an estimation-based method to a measure-based one will provide a much
more reliable information, whereas today’s EPC suﬀers from many errors as underlined by
Hardy and Glew (2019).
The emergence of these technologies will enable the inception of ex-post check-ups on renovation quality for instance. They will also facilitate thermal audits and more eﬃcient
targeting of energy conservation measures. Obviously, future implementation of these informational tools will probably spur development of new kinds of contracts regarding energy
renovations, and be a game changer in the building industry. But before these add-ons, some
upstream questions deserve economists’ attention. Indeed, this reliable information will imply more important production costs than the traditional Energy Performance Certiﬁcate.
We choose then to investigate in Chapter 4 people’s Willingness-To-Pay for information on
quality and to compare it with information theoretic value.
In order to test both the Willingness-To-Pay for information and behavioral eﬀects of information arrival, we choose an experimental approach. In Chapter 2, green premiums of
energy eﬃciency are estimated using the hedonic method popularized by Rosen (1974). In
this framework, the implicit price function derives from how agents value and bid for each
characteristic of the house. However, if most of characteristics are objective and perfectly
known by potential buyers before making their bid for the house (living space area, number of rooms, distance to environmental amenities, distance to city centre...), this is not
the case for energy eﬃciency. They have some information about a house’s energy performance, either drawn from public information (the EPC class of the house for instance) or
from some ‘private’ expertise they can have. For example, it may be their own experience
of living in roof-insulated dwelling that make them aware it is the most eﬃcient way to
reduce heating bills, or they may have noticed when visiting the house that windows frame
was poorly airtight. Nevertheless, if energy performance of the house is uncertain, it creates
the same added-value to all potential buyers, as underlined in Chapter 2. Consistently with
this hedonic approach, we choose a framework to study people’s bidding behavior when
the auctioned good has a common value to all bidders but this value is imperfectly known.
Moreover, as some inventions previously mentioned oﬀer a reliable estimation of energy
performance, we include this possibility of acquiring more information about the common
value. We thus build a laboratory experiment where participants play a Common Value
Auction (CVA) game obtaining the opportunity to bid for additional information about the
intrinsic value of the auctioned good.
A classic outcome of CVA games, where the quality (i.e. the value) is common but uncertain
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to buyers, is the Winner’s Curse (WC) phenomenon. This paradox is especially interesting
in our analysis as it lies in the irrational use of information by real economic agents. Since
the concept of winner’s curse was ﬁrstly discussed by Capen et al. (1971), many economic
studies have studied this phenomenon, but their early example remains a relevant way to
explain WC principle. In the two decades preceding their publication, authors of the 1971
study ﬁnd that Gulf of Mexico oil ﬁelds have paid oﬀ less than the local credit union, while
those petroleum deposits’ leases were acquired through a sealed competitive bidding. How
do behavioral economists explain this puzzling result? Let’s suppose several oil companies
are interested in buying the drilling rights of an area suspected of harboring an oil ﬁeld.
If considered companies have equivalent extraction technologies, then the value of the oil
ﬁeld will be substantially the same to them. Nonetheless, the true value of this oil ﬁeld
is imperfectly known as the size of the deposit is uncertain. Each company will use its
own experts to evaluate the volume of hydrocarbons, and the subsequent value of the oil
ﬁeld. As evaluations will vary, companies’ bids for the land will be diﬀerent as well. Of
course, it is the company which experts have made the largest prediction that will place the
highest bid and win the auction. However, this winner is likely to be a loser, as its estimate
will probably be too high in regards to the true value of the oil ﬁeld. Either the winning
company is cursed through a smaller proﬁt, as its high bid remains below the true value,
or in the worst case scenario the proﬁt can even become negative if it turns out that the
oil ﬁeld’s value is below company’s bid. Many experimental and empirical proofs of this
phenomenon have been since brought out across various CVA. It is today manifest that the
key error of bidding behavior which leads to winner’s curse lies in the imperfect treatment
of information. More precisely, in those CVA, bidders do not take into account the fact
that winning the auction is informative. When a bidder wins the bid, it probably means
that she has a higher signal about auctioned good’s value, and she should then signiﬁcantly
shade her bid ex ante.
At ﬁrst sight, the winner’s curse could be considered as something we do not want to avoid
as it could increase the green premium of eﬃcient houses. Reality is more complex. When
digging into at how the WC modiﬁes bidding functions, it appears that this phenomenon
could actually limit the diﬀerentiation between poorly and highly eﬃcient buildings. Indeed,
as shown by Holt and Sherman (2014), the ‘naive’ bidding function that is adopted by real
economic agents, i.e. optimal bids when subjects do not take into account the fact that
winning is informative, is much ﬂatter than the Nash equilibrium bidding function. The
reaction of the bidder to information is suboptimal, as she does not shade enough her
bid when her signal on the auctioned good worsens. Therefore, the gap between bids for
ineﬃcient houses and performant ones will be much smaller, making the green premium
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money will be needed, diﬀerent craftsmen with various skills will have to work for several
weeks, and the house might be uninhabitable for some time. Transaction costs of a highly
eﬃcient renovation are then more important than the ones associated to a small renovation,
and could justify a premium beyond investment costs for low-consumption houses. Those
two points advocate for a potential stronger diﬀerentiation of green houses than the one
empirically observed today in France. This diﬀerentiation could be achieved through a
more reliable information on energy performance, especially if providing more information
reduces the Winner’s Curse.
In the light of the previous discussion, we want to investigate three speciﬁc questions in
our experiment. First, regarding the winner’s curse, we want to investigate if being more
thoroughly informed could change subjects’ bidding behaviors and bring them closer to a
Nash equilibrium that would translate into higher premiums for high quality goods. Second,
we have underlined the appearance of new information tools, and we want to test people’s
Willingness-To-Pay for more information on the quality of a good. Third, regarding the
price of information, it is interesting to compare the arrival of a free information compared
to a costly one. Indeed today’s EPC is freely available to the buyers as it is mandatory and
paid by the seller. Does putting a price on information change the way it aﬀects subjects
behaviors?
In our CVA game, groups of 2 bidders obtain free and private information about the true
value of a Prize and should bid repeatedly for buying it as additional information may
be provided throughout the bidding process. In a benchmark treatment, free information
occurs and could result in various information structures for bidders. In the other ‘Buy’
treatment, after obtaining some free information, participants bid for buying an additional
signal before bidding again for the good. This treatment implies in particular that information asymmetry may be endogenously created between bidders, while it is exogenously
created in the benchmark. We had 260 participants for which we control for cognitive
abilities and risk aversion. We observed the Winner’s Curse (WC) phenomenon consistently across the diﬀerent information structures. Overbidding occurs both for the Prize
but also for costly information. We give statistical evidence for explaining overbidding as
the consequence of various well-known behavioral biases.
Results of the experiment evidence that pricing information helps subjects understanding
information value and acting more strategically with it, which reduces the winner’s curse.
However this eﬀect comes along with three new cognitive failures in the bidding behavior
for the good: a sunk cost fallacy, a placebo eﬀect, and a second-level winner’s curse on
information. Subjects Willingness-To-Pay for information appears to be much higher than
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information theoretic value. Those cognitive failures overshadow subjects’ behavioral improvements, and thus the treatment does not improve overall proﬁt of subjects. As regards
disclosure of more and better information about energy quality, various solutions can be
formulated in the light of Chapter 4. While it is useful to make households pay to signal
them that information has a value, this price should be regulated by policy-makers. A ﬁrst
possibility is to allocate information production to a public authority. A second option is to
set a ﬂat rate pricing to energy audits, and to let private actors produce information. These
insights on the behaviors of real economic agents under imperfect and asymmetric information can be useful to design more eﬃcient policies, not only regarding energy eﬃciency,
but also about many markets that can suﬀer from informational failures.

***
«Le style doit être comme un vernis transparent : il ne doit pas altérer les couleurs, ou les
faits et pensées sur lesquels il est placé.»
−Stendhal.
***

Chapter 1
Green, yellow or red lemons?
Artefactual field experiment on
houses energy labels perception
***
Labels are increasingly popular among policy-makers, companies and NGOs to improve consumers awareness, especially about environmental footprints. Yet, the eﬃciency of these
informational tools is mostly assessed as their ability to shift behaviors, whereas their primary goal is to enable people to discriminate labelled goods. This chapter studies how
the complex information displayed by Energy Performance Certiﬁcates, energy labels introduced by the European Union for housing, is processed by real economic agents. Through
a randomized artefactual ﬁeld experiment on 3,000 French subjects, we test the impact of
these labels on people’s perception of a home energy performance.
Results evidence that 24% of subjects did not pay attention to the energy label. We isolate a
few socio-demographic characteristics which are decisive in this changing attention, namely
gender and the owner-occupant/tenant status.
Among attentive subjects, beta regressions show that energy labels’ eﬃciency to transmit
information is mixed. Subjects do identify separately each label’s grade, but their judgment
is based on the deceptive visual design of the label and blurred by idiosyncratic features.
Aggregated reading is then interpreted as Bayesian: subjects use the label information to
revise their beliefs on energy quality.
***
This Chapter is an adaptation of a collaboration with Nathaly Cruz.
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Introduction

In his seminal article "The market for lemons", Akerlof (1970) brought out how products of
uncertain quality could be unfairly valued by economic agents. Half a century later, labels
and certiﬁcates have spread to tackle these informational failures: information imperfection
and asymmetry plague eco-friendly consumption as underlined by Cason and Gangadharan
(2002) and Kulsum (2012), and deepen the energy-eﬃciency gap identiﬁed by Jaﬀe and
Stavins (1994). In that respect, the European Union has introduced a mandatory certiﬁcation of energy-consuming goods: the Energy Performance Certiﬁcate. This is key in
the real estate sector, as buildings account for 39% of Europe ﬁnal energy consumption,
and even slightly more in France, Germany, Italy and in the United-Kingdom, where they
respectively reach 42%, 41%, 41% and 40% of those countries ﬁnal energy consumption
(European Commission, 2017).
Following the European directive 2002/91/EC of the European Parliament and of the Council of 16 December 2002, Member States had to implement energy performance certiﬁcates
(designated as EPC or energy label in the present dissertation), which should be made
available when buildings are constructed, sold or rented out. This directive was transposed
in Member States legislations, and came into force by 2008 for most countries. This regulation aims at enabling any investor, household or company, to evaluate a building’s energy
quality. In the long-run, this policy is expected to favor green buildings by a diﬀerentiation
in real estate prices according to energy-eﬃciency. However, this instrument eﬀectiveness is
challenged in several countries, both by industrials (like the Royal Institution of Chartered
Surveyors in the United Kingdom) and by households (like UFC, the national association
of consumers in France). Firstly its eﬀect on prices is questioned. Secondly, EPC itself
is contentious. If it reduces information asymmetry between the buyer and the seller, it
suﬀers from several weaknesses. On the one hand, EPC is poorly reliable, as this indicator
is not measured but estimated. Diagnosis is either drawn from a theoretic calculus, which
output is publicly known to be volatile, or from the tenant energy bills, which are heavily
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reliant on agents heating behavior. On the other hand, EPC design itself is criticized. Using
colors, letters and arrows of diﬀerent sizes, it aims at inducing a heuristic judgment, but
its intrinsic information is a complex expert knowledge - the estimated average primary
energy consumption in kWh per meter-squared and per year. Technical seriousness and
psychological salience of this label then undergo severe attacks, but until now there is no
academic study aiming at understanding how houses energy labels are actually perceived
by households.
The purpose of this chapter is precisely to evaluate if Energy Performance Certiﬁcate is an
eﬃcient tool to enable households to diﬀerentiate houses according to their energy quality.
This is a prerequisite for the emergence of a green value, i.e. for capitalization of energy
performance. In the second section we review the academic research interested in labels
eﬃciency: while a growing number of studies focus on labels’ eﬃciency to induce a shift
in agents’ behavior, this review underlines a lack in the understanding of the cognitive
processes at work when households face an energy label. This second section enables us to
formulate three conjectures through which we analyze the eﬃciency of Energy Performance
Certiﬁcates. The third section describes our experimental design and our econometric
strategy: we displayed a real estate advert with a randomized energy performance certiﬁcate
to a representative sample of the French population, and we mined their perception of the
house’s energy quality. Results are presented in the fourth section: subjects exhibit uneven
attention to the label, depending on gender and owner-occupant/tenant status. We ﬁnd
out that Energy Performance Certiﬁcates are eﬀective, subjects relying substantially on
the grade indicated to modify their beliefs on energy quality. However this perception
of energy quality remains asymmetric regarding label’s grades, which prevents a clear-cut
diﬀerentiation of the greenest buildings. Moreover, we evidence that age and experience
with the real estate market engender skepticism towards EPCs, underlying some of the
weaknesses of this public policy instrument. Section ﬁve deepens our analysis on the reading
of the EPC: we show that subjects follow the visual design of the label to judge the energy
quality of the house, whereas this design is deceptive in the favor of ineﬃcient dwellings.
Nonetheless, subjects do not perceive EPC as perfectly informative, their reading is more
based on a bayesian approach. Section six concludes with our main ﬁndings.

1.2

Literature review: labels efficiency

In this section, we review the recent literature in behavioral economics underlining the
necessity of having a cognitive approach of information when dealing with labels. If this
approach is widely spread in the literature on food labels, we show that the literature on
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houses energy labels still lacks a cognitive analysis in the treatment of energy eﬃciency
information by households.

1.2.1

Why do we need a psycho-economic analysis of labels?

In order to achieve eﬃcient environmental policies, where multiple goals intertwine, several economic instruments are used nowadays by governments, following the well-known
rule stated by Tinbergen (1952). Those instruments are split into three broad categories
by Stavins (2003): charge systems, tradable permit systems, and policies reducing market
frictions. The last category includes programs that aim at enhancing information. Labels
belong to this category. A large strand of literature has since studied which of those instruments should be used and how they should be combined in order to achieve signiﬁcant
improvements in eco-production and eco-consumption: on the speciﬁc issue of energy eﬃciency, see contributions of Olsen (1983), Sardianou (2007), Kern et al. (2017), Collado and
Díaz (2017). The contribution of Santos et al. (2006) is especially interesting as it proposes a
strategy relying both on theory and on stakeholders participation to design diﬀerent instruments: their paper evidences that ecolabelling has a great potential among environmental
policy instruments, giving back power to consumers in the choice of sustainable products
and favoring a healthy competition between ﬁrms to increase environmental quality of their
services.
However, as labels use spreads, both recent theoretical and empirical economic research
underline their behavioral limits. Papers modeling the presence of multiple eco-labels,
like the ones of Ben Youssef and Abderrazak (2009), Brécard (2014), Baksi et al. (2017)
and Brécard (2017), forebode limits in consumers’ ability to discriminate diﬀerent labels’
information. They underline the need for a psychological approach when dealing with
labels. This conclusion is also favored by empirical evidence: in their vast econometric
analysis of wholesale used-car transactions, Lacetera et al. (2012) demonstrate the heuristic
thinking of consumers: even when buying a high-value durable-good, people use heuristics
when processing information, and these cognitive shortcuts can lead to large amounts of
mispricing.
In "Maps of Bounded Rationality: Psychology for Behavioral Economics", Kahneman (2003)
explains that there is not one but three cognitive systems which can be involved with
information treatment: perception, intuition and reasoning. While perception and intuition
share a lot of characteristics in the process of information, reasoning refers to a signiﬁcant
mental eﬀort. This distinction is important when designing labels: is the information
displayed going to get a lot of attention from consumers, or will they use heuristics to
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process this information quickly? It will depend on the amount of other information they
have to process and on the time they have in order to make a decision. A good illustration
of this duality between fast and slow thinking can be found in the article by Miller et al.
(2016). They conducted a ﬁeld experiment in a Florida school on the selection of healthy
diet by students. They demonstrate that both an incentive to use the reasoning system, by
pre-ordering lunches, and an incentive to guide intuition, a nudge when pre-ordering, can
signiﬁcantly improve a healthy diet choice among treated students compared to the control
group.
In this context, the role of label is twofold: providing information to consumers and inducing
speciﬁc intuitions. The design of labels has then to be relevant to both convey information
and set up good heuristics. Therefore, the cognitive salience of labels is paramount to their
eﬃciency. A badly designed label could have counterproductive eﬀects, as shown by LaVoie
et al. (2017) in their psychological analysis of graphic cigarette warning labels. These
authors ﬁnd out that these labels could have negative eﬀects on the reduction of tobacco
smoking, due to the psychological shortcuts of perception and intuition. Dealing with ecolabels, Teisl et al. (2008) points out the importance of "well-designed labeling practices as
they signiﬁcantly impact individuals’ perceptions".

1.2.2

Labels: the case of food

Economic literature on food labels has grown much faster than the one dealing with its
twin issue, energy labels. Two main lessons drawn from food labels studies are useful
for our research. First, studies on eco-labelling food evidence that the impact of labels is
strongly reliant on consumer’s type. The work published by Panzone et al. (2016) shows that
socio-demographic characteristics have a great importance in people’s choices of sustainable
consumption. Moreover, Brécard et al. (2009) and Steiner et al. (2017) underline that these
characteristics have a signiﬁcant impact in people’s relation to labels. Last, the importance
of prior beliefs is highlighted by Shewmake et al. (2015). But this part of eco-labels’
literature is not yet interested in cognitive salience of food labels, and this issue is raised
by academics concerned with nutritional labels. Those are trapped in a thorny issue to sort
out which would be the best front-of-pack labelling strategy: Guideline Daily Amount or
Traﬃc Light? Hodgkins et al. (2012), Crosetto et al. (2016), Muller and Prevost (2016) and
Enax et al. (2016) use ﬁeld or lab experiments to understand how salient nutrition labels
may help consumers to choose healthy diets.
The literature on food labels explicitly highlights the importance of people’s characteristics
and cognitive salience to have an eﬃcient label. However these conclusions should not be
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directly duplicated into our research object. Indeed food labels aim at inﬂuencing people
while they are buying multiple low-value and non-durable goods, whereas energy labels
target purchases of high-value and durable goods, especially in the case of real estate.

1.2.3

Labels: the case of energy

As shown in the articles of Schley and DeKay (2015) and Santarius and Soland (2018),
when dealing with energy eﬃciency it is necessary to consider the cognitive shorcuts used
by consumers as they have a decisive impact on their energy conservation behaviors. Energy
labels have mostly focused on the speciﬁc case if home appliances: refrigerators, light bulbs,
washers, tumble dryers... The early study of Verplanken and Weenig (1993) on refrigerators
choices started to get interested in the cognitive response of consumers to graphical energy
labels. However the main psychological limit studied is time pressure. Min et al. (2014)
demonstrated the impact of labeling light bulbs energy costs on implicit discount rates in a
ﬁeld experiment, giving also clues on the psychological consequences of labels. A ﬁeld study
conducted by Stadelmann and Schubert (2018) tests the eﬀect of diﬀerent label designs on
purchases of appliances by households, and Andor et al. (2016) investigated in a discretechoice experiment the role of EU energy labels for refrigerators in the heuristic thinking of
consumers. The recent empirical analysis from Houde (2018) evidences that according to
the consumer you are looking at, labels eﬃciency in shifting behaviors varies.
But all these studies consider the eﬃciency of EPCs as their ability to change consumers’
behaviors, whereas the primary function of energy labels is to enable consumers to diﬀerentiate goods according to their energy performance. A very limited number of research
papers study the inﬂuence of energy labels on consumer assessments of products, whereas it
is the primary role of these labels. Waechter et al. (2016) conduct a very interesting study
on diﬀerent designs of energy labels for home appliances (refrigerators and coﬀee machines),
suggesting to modify the current design of EU energy labels for these products. However
this sparse literature on cognitive salience of energy labels is only dealing with home appliances. As far as we know, there is not until now any cognitive analysis of houses energy
labels. Recently, there has been numerous studies dealing with the green value of buildings
that is supposed to derive from energy labels: see Fuerst and McAllister (2011) for oﬃce
buildings in the United States, Brounen and Kok (2011) for dwellings in the Netherlands,
Hyland et al. (2013) for homes in Ireland, Kahn and Kok (2014) for houses in California,
or Fuerst et al. (2015) for residential buildings in England. Meta-analysis computed by
Ramos et al. (2015) highlights the contrasted results of this literature. A recent article
from Olaussen et al. (2017) wonders if energy labels really do have an impact. A potential
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limit on these analyzes could be their assumption that energy labels are perceived as perfect
information by households.
Our research innovates from the literature described above on two aspects. First, we study
perception of houses energy labels, while previous studies on energy labels perception exclusively focused on appliances, which characteristics are much less diverse than those of
houses. Second, we assess eﬃciency of energy labels on their fundamental function, enabling
households to diﬀerentiate homes according to their energy performance, and not on the
second or third generation of consequences expected as they are usually assessed.

1.2.4

Conjectures

Consistent with the literature, we formulate several conjectures on the role of EPC in
the perception of a house energy quality. As highlighted by academic papers published
on food labels, socio-demographic characteristics could play a key role in the importance
subjects attribute to energy labels. Indeed, the importance given to the intrinsic information
displayed by the EPC could vary among individuals, and the design of EPC could be
unequally salient to them. We investigate this research question by testing the attention
subjects pay to the EPC, as stated in conjecture 1.
Conjecture 1. Attention to the Energy Performance Certiﬁcate is heterogeneous among
subjects.
Besides, EPC is not a new policy instrument, since it was enforced by law in France in
2007. We underlined in the introduction that its reputation among French citizens is heavily
challenged by consumers associations. However, as academic literature exhibits that energy
labels have an impact on houses market value, and then makes the hypothesis that EPC
information is used by households, we want to test the conjecture 2.
Conjecture 2. The Energy Performance Certiﬁcate aﬀects subjects’ perception of energy
eﬃciency.
The literature which investigates buildings’ "green value" systematically represents the EPC
as a categorical variable in their hedonic prices models, i.e. each grade of the EPC is a
separate level of the energy quality. This modeling choice relies on two assumptions: ﬁrstly
that reading of Energy Performance Certiﬁcate is based on their visual design and not
on the intrinsic information conveyed; secondly assumption is that EPC is interpreted as
perfectly informative on energy quality by households. We formulate these assumptions in
the conjectures 3 and 4.
Conjecture 3. Energy Performance Certiﬁcate reading is based on its visual design.
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Conjecture 4. Energy Performance Certiﬁcate is treated as perfectly informative.

1.3
1.3.1

Experiment, data and empirical methods
Experimental design

In order to measure EPC impact on perception of houses’ energy quality, our experiment
was administrated through an online survey on a sample of 3,000 individuals, representative
of the French population. Experiment was tuned with pre-tests, ﬁrstly with thorough faceto-face interviews with a limited number of subjects, then with a ﬁrst experiment online
with 300 participants. If we refer to the classiﬁcation made by Harrison and List (2004), our
experiment can be described as an artefactual ﬁeld experiment: the task and information
given to participants are standardized like in a conventional lab experiment, but the subject
pool is a representative sample of the French population.
The protocol was chosen to ﬁt French housing market context: in France, energy performance certiﬁcates have to be displayed on real estate adverts since 2007, both for renting or
selling, and is given to the new dweller at the signature of the purchase/rental agreement.
However, as signature occurs after making real estate bid, the key moment when EPC can
alter consumer’s decision is when he takes a look at the real estate advert.
The experiment started with a welcoming message announcing that people were participating to a survey on the real estate market. This preliminary message did not mention that
survey’s topic was energy labels. Experiment was then split into 5 steps. In the ﬁrst step,
one out of eight real estate adverts was presented randomly to the subject. All adverts
presented the same house, and only diﬀered by the energy performance certiﬁcate. The real
estate advert was built as a typical french house ad1 . Among the eight adverts, one control
advert did not display any energy label. The seven others were treatment ads, displaying
the oﬃcial energy performance certiﬁcate; each treatment indicated one of the seven categories of energy labels, from A to G. Instruction given to the subject was: "Thanks for
devoting a little time to carefully observe this real estate ad. Then please click on next to
start the questionnaire". Participants were not time constrained, but once the questionnaire
started they could not go back and see again the real estate ad or change previous answers.
An example of these real estate ads can be found in appendix 1.A. Each subject only faced
one treatment; mean survey ﬁlling time was 12 minutes.
1
Real estate ads displayed a title specifying price, living area, number of floors and approximative
location, followed by several pictures of the house and, finally, a short paragraph describing house’s characteristics as the description of the neighborhood, the number of bedrooms and bathrooms, the presence
of a parking box, the heating system, and the window frames and glazing.
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The experiment’s second step consisted in questions about the diﬀerent pieces of information displayed on the real estate ad, to observe which characteristics were more minded by
participants. In the third step, participants had ﬁrst to evaluate the energy performance
of the house by a rating on a scale ranging from 0 (Very poor energy performance) to 100
(Excellent energy performance). This is the main dependent variable studied in following
sections, to understand energy labels reading. In the fourth step, participants were asked
which was the energy performance expressed by the energy label: it was a free expression space, which results will be used in the section 4.2 to investigate the determinants of
subjects’ attention to energy label.
The ﬁfth step of the experiment consisted in several questions to evaluate subjects experience of real estate market and their understanding of houses energy performance. Sociodemographic characteristics of respondents were also collected in that section.

1.3.2

Data analysis

The 3,000 participants were on average 47.7 years old, and 47.6% of them were men. 66%
of respondents declared owning their housing. These ﬁgures are in line with the French
population over 18 years old: 49.4 years old and 47.7% of men, Insee (2018), two-thirds
of owner-occupied dwellings according to Eurostat (2015). As the eight adverts (treatments and control) were randomly allocated among participants, each advert was globally
presented between 363 to 396 times.
Data analysis is split in four parts. First one describes data through box-plots and density
distributions of energy ratings for each treatment.
In a second part, we investigate the determinants of being attentive to the EPC, in response
to the conjecture 1. Kolmogorov-Smirnov tests are applied to subjects who declared in the
experiment not remembering anything about the energy label displayed on the ad they
watched. Then a probit econometric model is built by using an ascendant stepwise method
of optimization based on the Akaike Information Criterion. This probit investigates factors
driving the attention to the energy label.
In a third part, we analyze EPC perception to test the conjecture 2. The KolmogorovSmirnov test is applied to pairs of ratings distributions to assess if perception of various
grades is signiﬁcantly diﬀerent. In order to control for socio-demographic variables and
to understand EPC impact, we investigate econometrically ratings given by subjects who
received a treatment and declared remembering something about the energy label, i.e. attentive subjects. As this group is a subset of treated subjects, we control in our econometric
analysis for a selectivity eﬀect using the two-steps Heckman correction. In order to take
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performance expressed by the energy label?". One quarter of treated subjects declared not
remembering anything about the energy label which was displayed on their advert, even
though remembering it was present. In order to test if energy labels had an unconscious
impact on rating for these respondents, we replicate on the subset of these subjects the
analysis of the previous section (see appendix 1.C for the corresponding distributions). In
Table 1.1, the Kolmogorov-Smirnov test shows that we cannot signiﬁcantly diﬀerentiate
ratings given by subjects submitted to diﬀerent treatments but who reported they did
not take heed of the energy label. These tests demonstrate that there is no signiﬁcant
unconscious inﬂuence of energy labels. When subjects declare they did not pay attention
to the energy label, their energy ratings of the house are unbiased by the energy label, and
are not signiﬁcantly diﬀerent from the ones of respondents in the control group.
Table 1.1: Labels induced no signiﬁcant diﬀerence between ratings of inattentive subjects
Kolmogorov-Smirnov test
D statistic

Label A
Label B
Label C
Label D
Label E

Label A

Label B

Label C

Label D

Label E

Label F

Label G

No Label

0

0.12545

0.068709

0.070445

0.084915

0.076165

0.054945

0.13198

0

0.11771

0.095571

0.091038

0.12382

0.11033

0.14819

0

0.057523

0.11977

0.071055

0.11178

0.13692

0

0.11743

0.055414

0.092423

0.12909

0

0.11405

0.094905

0.078321

0

0.07907

0.16583

0

0.11872

Label F
Label G
No Label

0

Note: ∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

A relevant point for public policies is to estimate if some socio-demographic characteristics
of subjects have an impact on the probability of being attentive to the energy label. To
answer that question, we built a probit model, with a stepwise procedure minimizing the
Akaike Information Criterion; we control the goodness of ﬁt with the McFadden statistics
and we check the relevance of explanatory variables using the Wald test. Selected variables
are signiﬁcant with a level of conﬁdence of 90% or higher. Coeﬃcients of the model can be
found in Table 1.2.
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Table 1.2: Determinants of the attention to the energy label
Binary dependent variable:
Attention to the Energy Label
Gender: Woman

−0.292***

Owner-occupant

0.157***

(0.055)
(0.058)
0.112**

Housing search after EPC introduction

(0.056)
Region:
Auvergne-Rhone-Alpes

−0.155
(0.120)

Bourgogne-Franche-Comte

−0.082
(0.157)

Bretagne

−0.098
(0.151)

Centre-Val-de-Loire

−0.238
(0.157)

Grand-Est

0.071
(0.132)

Hauts-de-France

−0.108
(0.127)
−0.212*

Ile-de-France

(0.110)
Normandie

0.014
(0.155)

Nouvelle-Aquitaine

−0.039
(0.128)

Pays-de-la-Loire

−0.076
(0.146)

Provence-Alpes-Cote-d’Azur

−0.112
(0.130)
0.781***

Constant

(0.110)
Observations

2,609

Log Likelihood

−1,430.782

Akaike Inf. Crit.
Note:

2,891.564
∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

Four socio-demographic characteristics have a signiﬁcant impact on the attention given to
the energy label: gender, owner-occupant/tenant status, the fact of having been involved
or not in a housing search since the introduction of EPC, and the region where lives the
subject. Factors which appear not being signiﬁcant deserve some comments: age, socioprofessional category, revenue and education level do not exhibit a signiﬁcant impact on
the attention to energy labels (in Appendix 1.D we list all tested variables).
Among the four characteristics having a signiﬁcant impact on attention, a ﬁrst small eﬀect,
signiﬁcant at 5% type I error, is linked to subjects’ experience. When subjects have not been
facing the real estate market recently, they are less attentive to the energy labels, a result
which was expected as houses energy labels have been introduced a decade ago in France.
Secondly, only one region exhibits a signiﬁcant eﬀect at a level of 10% on the attention to
the energy label: it’s "Ile-de-France", the region of Paris. We interpret it as a market eﬀect:
this region’s real estate market is under pressure, with prices two to three times higher
than other regions. As energy prices do not depend if housing market is tense or not, the
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relative importance of energy costs in Ile-de-France is lower: a lower attention to EPC in
that region is then understandable, as subjects from that area could be "desensitized" to
this stake. This is consistent with the paper by Fuerst et al. (2015) investigating the green
value in England: authors ﬁnd no signiﬁcant impact of energy labels on houses market price
in London’s area, while identifying one in the rest of England.
The eﬀect of the owner-occupant status, in comparison to the tenant status, is interesting
and signiﬁcant at a level of 1% type I error. Subjects being owner-occupants were more
attentive to the energy label. While tenants cannot take actions to improve the energy
eﬃciency of their home, in France they have to pay for the energy bills. These split incentives
in residential energy consumption are well described by Gillingham et al. (2012): authors
show that tenants paying energy bills tend to consume less energy compared to tenants
whose energy bills are paid by landlords. Whereas EPC eﬀect on households expenses is
as important for the tenants as for the owner-occupants, unexpectedly we evidence that
tenants pay less attention to it. This weakens the hypothesis of a "use value" vision for
energy eﬃciency: the EPC is not interpreted as an indicator of future savings on the energy
bill. We suggest then that French households conceive information on energy eﬃciency as
more relevant for the "patrimonial value" of their home rather than its "use value".
The most signiﬁcant variable is not one of those previously mentioned: gender. This characteristic is signiﬁcant with a 99.9% conﬁdence level. When running the regression with
control variables (revenue, age, education level, socio-professional category, age, size of the
household), gender variable role does not weaken. In our sample, whereas women represented 52% of subjects facing a real estate ad with an energy label, they represent 62% of
inattentive subjects. Gender diﬀerences have been well documented in the academic literature, for instance in terms of attitude towards ethics, risk, competition and environmental
quality. But gender diﬀerences in the attention to energy labels have not yet been reported
in the literature as far as we know, and interpretation is not obvious. A ﬁrst sociologic interpretation that could explain a lower attention of women would be a ‘traditional’ distribution
of tasks in couples, allocating the decisions related to energy to men. There are some evidences in the literature towards this hypothesis (Bartiaux, 2003). However, when crossing
the gender variable with the marital status, we do not ﬁnd any diﬀerence between women
living in couple or by themselves. We lean then more towards a psychological explanation.
Roots of diﬀerences in genders’ psychology have been widely explored by psychologists,
sociologists and by clinicians, all of them acknowledging the role of both biological factors
and socio-cultural ones. In order to investigate this diﬀerence in the information selection,
we resort to the selectivity hypothesis, a theory developed and supported by various scholars working on consumers psychology and especially on advertising responses. This model
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owes a lot to the seminal work of Meyers-Levy (1986), who has also published recently a
review on related works in the past twenty years, see Meyers-Levy and Loken (2015). The
selectivity model posits that genders process information diﬀerently: females tend to be
more comprehensive information processors, while males are more selective processors who
tend to rely on heuristics and informations highly salient. Various empirical studies have
strengthened this theory: many experiments are described in the papers of Meyers-Levy and
Maheswaran (1991), Meyers-Levy (1994), Darley and Smith (1995), Miquel et al. (2017),
and the meta-analysis of Putrevu (2001) and Wolin (2003).
In our case, this stream of research is highly relevant. Gender diﬀerences in information
processing arise under two conditions: ﬁrst when the volume of information is important,
and second when information has diﬀerent levels of accessibility and saliency. This is consistent with real estate adverts: on the one hand they exhibit informations highly available to
the public, such as price, living area and location which are displayed in the title, pictures
of the house or ﬂat, and the energy eﬃciency label with colors. On the other hand they give
precise information less easily available, as multiple details about the dwelling speciﬁed in
the written description.
We identify three features of energy labels design which could induce this gender diﬀerence in the attention to the label. First the saliency of the design: using colors, letters
and arrows of various sizes, it makes information about energy-eﬃciency easy to process so
that males will tend to select more that kind of information than females. Secondly, the
information design rely on a comparative analysis (the dwelling is positioned on a scale of
energy performance), which increases males involvement, whereas females have been found
to be less inclined to comparative informations, as shown by Chang (2007). Thirdly, the nature of information conveyed by the energy labels may as well have a gender-diﬀerentiating
role: indeed the energy labels displays an information about the typical consumption of the
dwelling, expressed in kWh per meter-squared and per year. This kind of highly technical
information has been shown to appeal more male subjects than female ones, for instance
see Putrevu et al. (2004); furthermore, this technical information is poorly handy in itself,
as its translation in terms of energy bills or thermal comfort is almost impossible, which
makes it less attractive to female subjects.
The speciﬁc design of energy labels is then favorable to male subjects, which will tend to
select more this information when evaluating the dwelling.
Several socio-demographic characteristics have a signiﬁcant impact on subjects’ attention to
energy labels. Channels of this varying attention are attributed to diverse features, design
of the EPC on the one hand and economic situation of the subject on the other hand. These
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results lead us to reject the conjecture 1.
Result 1. Conjecture 1 is not supported by our experiment: socio-demographic characteristics disturb attention to the Energy Performance Certiﬁcate.

1.4.3

Evidences of EPC impact

Beyond the attention to this informational tool, we want to analyze how subjects’ cognitive systems "digest" it once they have paid attention to this information. Using the
non-parametric Kolmogorov-Smirnov test, we check in subsection 4.3.1 if each grade is statistically perceived diﬀerently. In order to understand energy labels reading by attentive
subjects, we use an econometric strategy based on beta regressions. We aim at explaining
how both EPC and socio-demographic characteristics aﬀect energy quality perception and
how they interact. Both the fact that energy eﬃciency ratings were conﬁned in a ﬁnite
interval and the skewness of labels’ ratings distribution justify this approach. In subsection
4.3.2 we detail this strategy, while subsection 4.3.3 presents the results of our regressions.
1.4.3.1

Statistical evidence of EPC impact

As descriptive data underline that all distributions overlap, and that several distributions
have almost the same means and close modes, a legitimate question arises: are these distributions signiﬁcantly diﬀerent? In order to answer it, we use the nonparametric KolmogorovSmirnov test on attentive subjects. Results shown in Table 1.3 exhibit that all energy ratings
distributions drawn from the treatments are signiﬁcantly diﬀerent. However distribution
derived from attentive subjects who received the treatment "label D" is not signiﬁcantly
diﬀerent from that of the control group.
Table 1.3: Signiﬁcance of the diﬀerence between ratings of attentive subjects
Kolmogorov-Smirnov test
D statistic

Label A vs Label B

0.2007∗∗∗

Label B vs Label C

0.2391∗∗∗

Label C vs Label D

0.1759∗∗∗

Label D vs Label E

0.2088∗∗∗

Label E vs Label F

0.3294∗∗∗

Label F vs Label G

0.2899∗∗∗

Label D vs No Label

Note:

0.0855

∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
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Those results demonstrate that each level of EPC induces a signiﬁcantly diﬀerent perception. Label A is perceived diﬀerently from label B, which is perceived diﬀerently from label
C, etc. Nevertheless, label D did not induce a signiﬁcantly diﬀerent perception from the real
estate advert without label, evidencing that central label D is used as a reference category.
While some policy-makers advocate for reducing the number of classes of energy labels,
arguing that seven classes are too many and that consumers gather good classes on the one
hand and bad classes on the other hand, our results tend to demonstrate the opposite point.
Even if distributions overlap, they are signiﬁcantly diﬀerent. As this test is univariate, we
extend the analysis with beta regressions.
1.4.3.2

Beta regression model

Beta regressions are used to identify the main factors driving the behavior of a variable
following a beta distribution. The beta distribution is a family of continuous probability
distributions deﬁned on the interval [0,1] parametrized by two positive shape parameters,
usually denoted by α and β. Moments such as the mean and the variance of a beta
distribution depend on both of these shape parameters and are then linked. Beta regressions
proposed by Ferrari and Cribari-Neto (2004) use this principle of two separated but linked
moments: the ﬁrst one represents the mean of the distribution µ, while the second is a
precision factor Φ. Those moments are parametrized as µ =

α
α+β

and Φ = α + β. For any

variable y following a beta distribution, this parametrization enables a new writing of the
classical moments of the distribution.
α
=µ
α+β
0
αβ
µ(1 − µ)
V ar[y] = E[(y − E[y])2 ] =
=
(α + β)(α + β + 1)
1+Φ
E[y] =

Z 1

yf (y; α, β)dy =

(1.1)
(1.2)

A strength of these beta-regressions is that parameters µ and Φ can be explained by diﬀerent
sets of regressors. We use a regression that follows the same α and β values that describe the
distribution, and obtain then two diﬀerent sets of regressors associated to each parameter
µ and Φ. In the selection of the ﬁrst set of regressors, we focus on the mean, assuming the
precision parameter constant. Once this ﬁrst set of variables driving the mean identiﬁed,
we look for variables aﬀecting the precision parameter. That strategy enables to correct the
heteroskedasticity issues intrinsic to the beta distributions. Estimators2 maximize the loglikelihood function and explain moments of the distribution while not making the hypothesis
of homoskedasticity.
2

See contributions by Espinheira et al. (2008) and Simas et al. (2010).
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We implement the beta regressions proposed by Cribari-Neto and Zeileis (2010) in an ascendant stepwise applied to our two groups of subjects, isolated thanks to the previous section.
The ﬁrst group gathers subjects whose real estate ad did not display an energy label, i.e.
the control group. The second group gathers subjects who did face an energy label and
were attentive this information : we call them "attentive subjects". The ﬁrst group counts
391 subjects, the second group counts 1,968 subjects. Tables 1.4 and 1.5 present beta regression results when we authorize 10% level of type I errors in the selection of explanatory
variables. Tested variables are the ones used in the previous section and presented in Table
1.D1 (see Appendix 1.D).
1.4.3.3

Econometrical evidence of EPC impact

We apply beta-regressions to two groups of subjects: the control group, who faced not any
EPC, and attentive subjects in the treatments (who faced an EPC and paid attention to
it). Table 1.4 presents regressors selected for their signiﬁcance in the mean model for the
control group. No signiﬁcant variables were found for the precision model applied to the
control group. Two variables exhibit signiﬁcant impacts on subjects rating of the house
energy performance: education level of the subject and the climate indicator of his county.
Education level has an impact for one category: subjects with the highest level of education
tend to underrate the energy performance of the house, while subjects with lower education
levels (e.g. bachelor levels) or subjects with an education level below the baccalaureate
do not rate diﬀerently the house energy quality. The climate indicator, depending on the
county where the subject lives, corresponds to the annual need for heating due to the
climate, expressed in degrees. The negative coeﬃcient for this variable means that when
subjects live in colder counties, they tend to underrate the energy quality of the house
all other things being equal. However the explanatory power of this model is quite low:
pseudo-R2 is evaluated at 5.5%. These two eﬀects are then not suﬃcient to explain the
centered symmetric distribution of energy performance ratings made by subjects in the
control group (see appendix 1.C). This heterogeneity in ratings does not result exclusively
from the systematical biases identiﬁed (education and climate) but also from idiosyncratic
reading of the real estate ad: each subject perceives and treats diﬀerently the various pieces
of information (as the pictures and information about heating system and windows).
A similar procedure is applied to subjects exposed to an energy label and attentive to it.
However, there is a non-random selection for this group, as we have shown in Table 1.2
that some variables have a signiﬁcant impact on the probability of paying attention to the
energy label. We use the Heckman correction in two steps to control for this selection
bias: the inverse Mills ratio is calculated from the probit model discussed in section 4.2 and
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Table 1.4: Factors inﬂuencing the mean of energy ratings for subjects in the control group
Dependent variable: House energy rating
Mean model
Education level:
Below baccalaureate (CAP, BEP)
Baccalaureate
Baccalaureate + 2 years (BTS, DUT)
Baccalaureate + 3 years (Licence)
Baccalaureate + 5 years and more (Master, PhD)
Climate indicator
Constant

0.169
(0.120)
Reference
−0.162
(0.117)
−0.108
(0.135)
−0.269**
(0.121)
−0.00001**
(0.000)
0.441*
(0.246)

Observations
Pseudo-R2
Log Likelihood
Note:

Precision model

5.8390***
(0.387)
391
0.055
106.758

∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

used as a control variable. Results are reported in Table 1.5. The EPC displayed on the
real estate ad and the age category of the subject are both signiﬁcant at a 1% level, the
dummy for having been looking for housing since the introduction of EPC is signiﬁcant at
a 5% level in the mean model. In the precision part of the model, only EPC is signiﬁcant.
The inverse Mills ratio does not exhibit signiﬁcance at common levels, we then reject the
hypothesis of a sample selectivity eﬀect. Analysis of these regressions is threefold: EPC
is highly informative and its reading is consistent with the design, but older generations,
more exposed to this label, might be more skeptic. Moreover, label A perception stands
out as noisier.
Firstly, EPC is highly informative for attentive subjects: the EPC grade is the main driver
of energy ratings. Moreover, variables which were inﬂuencing the mean of energy ratings
of the control group (see table 1.4) are cleared out for attentive subjects. Indeed in table 1.5, education level and climate show no inﬂuence on subjects’ perception of energy
quality. Hereof we can consider houses energy labels as eﬃcient: when they are processed,
subject characteristics which inﬂuenced their perception are pushed aside. When giving a
look at model’s coeﬃcients, results evidence a reading consistent with the design. As labels worsen, the mean of energy ratings decreases, while upgrading labels increases energy
ratings. Together with results of section 4.3.1, we can validate the conjecture 2.
Result 2. Conjecture 2 is supported by our experiment: Energy Performance Certiﬁcate is
eﬀective in changing subjects perception of energy quality.
Secondly, the model reveals that age category and temporal proximity of a real estate research have an impact on labels reading. Age seems to evidence a generational eﬀect in
energy performance certiﬁcates reading. Subjects in the mid-life and superior age categories (35-49 years old, 50-64 years old, and over 65 years old) exhibit a lower perception
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Table 1.5: Factors inﬂuencing mean and precision of energy ratings for attentive subjects
Dependent variable: House energy rating

Energy Performance Certificate:
Label A
Label B
Label C
Label D
Label E
Label F
Label G
Age category:
18-24 years old
25-34 years old
35-49 years old
50-64 years old
Over 65 years old
Housing search after EPC introduction
Inverse Mills Ratio
Constant
Observations
Pseudo-R2
Log Likelihood

Mean model

Precision model

0.522***
(0.084)
0.536***
(0.067)
0.223***
(0.061)
Reference

−1.371***
(0.107)
−0.378***
(0.110)
0.046
(0.111)
Reference

−0.393***
(0.069)
−0.530***
(0.077)
−0.719***
(0.086)

−0.330***
(0.114)
−1.022***
(0.107)
−1.212***
(0.111)

Reference
−0.110
(0.077)
−0.329***
(0.072)
−0.217***
(0.075)
−0.198**
(0.078)
−0.108**
(0.047)
−0.258
(0.237)
−0.235*
(0.136)

−0.251
(0.327)
1.975***
(0.156)
1,968
0.213
468.302

Note: ∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

of energy quality indicated by the EPC. They tend to rate lower the energy quality of the
dwelling when an energy label is displayed. This eﬀect stands out as particularly strong for
subjects between 35 and 49 years old. A potential explanation of this eﬀect roots in the
conjunction between inception date of EPC and the age of buyers on the real estate market.
These certiﬁcates were introduced in France in 2007; the 35-49 years old generation have
faced them in their ﬁrst acquisition of a house or an apartment, as mean age to become
an owner-occupant in France is 38 years old. This negative eﬀect might then be linked
to a bad experience with those certiﬁcates: the French national consumer association has
been criticizing the credibility of houses energy labels numerous times since their introduction, as stated in their fourth and more recent study on the subject "Energy Performance
Certiﬁcates: Stop the lottery" by UFC (2017). Our result is consistent with this study:
subjects which have been dealing with energy performance certiﬁcates are more skeptical
about them. The negative eﬀect of the variable "Housing search after EPC introduction"
strengthens this explanation.
A third lesson from our econometric analysis comes from coeﬃcients analysis. In Table
1.5, coeﬃcients point out a peculiar treatment of the top-graded EPC, the A-label, obvious
at all signiﬁcance levels. Given the proximity of A-label and B-label estimated coeﬃcients
in the mean model, we test the signiﬁcance of the diﬀerence between all labels coeﬃcients
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by building instrumental variables. It appears that {A;B} is the only pair of labels which
coeﬃcients are not signiﬁcantly diﬀerent in the mean part of the beta regression, while
remaining strongly signiﬁcantly diﬀerent in the precision part of the beta regression. If
labels A and B are perceived diﬀerently by subjects, in terms of mean the label A is not
perceived as better than the label B, while in terms of dispersion label A reading is much
less precise than label B reading. This stronger dispersion of energy ratings for the Alabelled EPC could either be due to a noisier perception of this grade, and/or to a weaker
conﬁdence in this grade. A potential explanation of this phenomenon is the relative scarcity
of A-labelled houses in the French real estate market, which may raise skepticism among
subjects when they see this speciﬁc label in view of the house’s pictures displayed on the
ad.

1.5

Treatment of Energy Performance Certificate information

We demonstrated in the previous section that EPC has an impact on energy quality perception. However, while EPC’s grades are built following an absolute thermodynamical value
(typical primary energy consumption in kW h/m2 /year), visual design of these grades is
deceptive as it suggests that all of them cover the same ranges of absolute values, whereas
they do not. In this section we explore the hypothetical readings of EPC and compare
them with experimental results to reﬁne our understanding of the cognitive treatment of
the energy label.

1.5.1

Hypothetical readings of EPC

If we follow the hypothesis made by the usual modeling of energy performance certiﬁcates in
the economic literature on the green value, we can compute the counterfactual distributions
of energy ratings which would derive from diﬀerent readings of EPC.
In view of the information given by Energy Performance Certiﬁcates, two alternative pure
readings can be considered, either based on the thermodynamic value or based on the grade.
Intrinsic information of EPC is expressed in primary energy (kW h/m2 /year), and grades
correspond to diﬀerent intervals of primary energy. However, the visual design suggests that
all grades represent same length intervals of primary energy whereas they do not: as labels
get "redder", they cover larger intervals of primary energy. For instance, the B-labelled EPC
gathers thermodynamic values ranging from 51 to 90 kW h/m2 /year, while the F-labelled
EPC goes from 331 to 450 kW h/m2 /year.
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EPC is based on the label design and not on the intrinsic information on primary energy
conveyed by it.
Result 3. Conjecture 3 is supported by our experiment: Energy Performance Certiﬁcates
reading is based on their visual design.
Nevertheless, we observe that ratings distributions are not conﬁned to their hypothetical
intervals: on the opposite they overlap each other largely and dwell on the whole scale. This
observation weakens the conjecture 4 which stated that EPCs were treated as perfectly
informative. In Table 1.6, we compute the part of ratings made by attentive subjects
belonging to the three kinds of previously built intervals: empirical intervals based on the
stochastic dominance criteria, energy-based intervals built according to an hypothetical
reading of EPC following its intrinsic information, and design-based intervals consistent
with an hypothetical reading of EPC following its visual design.
Table 1.6: Dominance intervals cover a minority of actual ratings
Proportion of attentive subjects ratings belonging to the interval
Empirical interval

Energy-based interval

Design-based interval

Label A

24%

24%

26%

Label B

47%

8%

40%

Label C

39%

9%

35%

Label D

44%

18%

36%

Label E

43%

19%

24%
18%

Label F

30%

16%

Label G

33%

48%

46%

Overall

37%

20%

32%

Overall, empirical intervals gather 37% of the ratings corresponding to their grade, while
it is 32% for design-based intervals and only 20% for energy-based intervals. Empirical
intervals systematically gather less than 50% of subjects ratings, no matter which treatment
is considered. Together with the precision model of the beta-regression presented in Table
1.5 (which shows that when labels get more extreme, the ratings tend to be more disperse),
this result evidences that EPC are not perfectly informative for subjects. We hypothesize
that these distributions could be explained by a bayesian inference of EPC information.

1.5.2

Simulation of a Bayesian reading of EPC

Bayesian inference describes an updating process of prior beliefs thanks to an informative
message. As messages are not perfectly informative, i.e. they are noisy, beliefs a posteriori
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will not necessarily be concentrated on the signal.
In our experiment, prior beliefs are described by the ratings distribution of the control
group. Indeed those subjects face the same real estate advert as treated subjects, except
that control group does not observe any EPC. Various information present on this ad enable
subjects to form prior beliefs on the house energy quality, in both ways of a good or bad
performance. For instance, the description of the house specify that heating system is
based on a gas boiler and that windows have double glazing, clues that indicate generally
an overall good energy performance. But at the same time, pictures suggest that the house
was neither recently built or retroﬁtted, as the decoration for example is not a ‘modern’
one. The pictures then do not suggest a house beneﬁtting from the state-of-the-art energy
eﬃciency technologies. Those diﬀerent information lead, together with subjects’ personal
experience, to the ratings distribution of the control group, i.e. the prior beliefs.
Treated subjects observe the same set of information from the real estate advert, plus
an EPC grade. If, as we hypothesized, EPC is perceived as informative but imperfect by
subjects, then ratings distribution of treated subjects should match with a Bayesian revision
of prior beliefs. In order to test this hypothesis, we simulate a Bayesian inference of EPC
information in subjects prior beliefs.
We start by estimating the parameters that describe best the ‘beta distribution’ of ratings
in the control group. Overall, those ratings mean is 45.5, meaning that control group
belief is slightly shifted towards bad quality. Shape parameters estimated to describe this
empirical distribution are α = 2.466926 and β = 3.037094. We compute the corresponding
probability density function, the "prior" noted f prior . Updated probability density function,
posterior to the observation of label i, is written fipost . With x being a level of energy
quality on the rating scale, P rx (i) is the probability of having observed the label i when
the energy rating given is x. We compute posterior beliefs (i.e. Bayesian revision of beliefs
thanks to the observation of the label i) as follows:
fipost (x)

f prior (x) ∗ P rx (i)
= R 1 prior
(t) ∗ P rt (i) dt
0 f

We deﬁne di (x), distance of x to the domain of label i, as the absolute value of

(x−xsup
)+(x−xinf
)
i
i
,
2

sup
where {xinf
i ; xi } are the lower and upper bounds of the dominance design-based interval

deﬁned in the previous section. K is the set of possible EPC grades {A; B; C; D; E; F ; G}.

The probability of having observed the label i given the energy quality rating x is then
written:
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Conclusion

As far as we know, this is the ﬁrst experimental study on the perception of houses energy
performance. With a sample of 3,000 subjects representative of the French population, our
protocol involved a control group and seven treatments to test the impact of Energy Performance Certiﬁcate on the perception of dwellings’ energy quality. Our ﬁndings evidence
that a signiﬁcant part of the population, although still a minority, could be ignoring energy
labels displayed on real estate adverts. Among socio-demographic characteristics, gender
exhibits an unexpected inﬂuence on this diverse attention to energy labels, which can be
explained by the speciﬁc design of energy performance certiﬁcates. On the other hand, we
evidence an attention gap between tenants and owner-occupants. It could be explained by
a "patrimonial value" vision of energy eﬃciency, rather than a "use value" spotlighted by
the sponsors of thermal renovations, who usually emphasize expected savings on the energy
bill.
We use a speciﬁc econometric strategy based on beta regressions to evidence the label
impact. We show that the energy label is eﬃcient and that its perception is consistent with
the label design: each level of the energy certiﬁcate is perceived diﬀerently and gradually
by the aggregated population. However it seems that EPC presents some characteristics of
an experience good: we evidence that older subjects, more likely to have experienced real
estate transactions with EPCs, tend to be more skeptic about the displayed information.
The case of the top-level label, corresponding to low-consumption houses, shows up with
a higher dispersion of subjects’ judgements, which strengthens the hypothesis that the low
credibility of EPC jeopardizes the emergence of a strong green value. Finally, we show that
subjects cognitive reading of the EPC is mostly based on the deceptive design where label’s
grades seem to represent regular intervals of eﬃciency; however they do not consider that it
is perfectly informative but more probably infer the signal into their prior beliefs on energy
quality, suggesting that reading can be considered as bayesian.
This chapter approach is novel by treating information as continuous: subjects are neither
perfectly informed or totally ignorant, they have a signal which is processed into usable
information for the economic decision. We open the debate on the limits such a perception
could cause to the green value of buildings: further research could focus on how to improve
the design to transmit a more operational information, such as energy costs instead of
primary energy consumption, and how to make EPCs more reliable.
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1.D

Tested variables
Table 1.D1: Tested variables for econometric analyzes
Label
Age
Gender
Income
Education level
Socio-economic status
Region
Climate indicator
Owner-occupant/Tenant status
Household size
Number of real estate transactions achieved
Housing search after EPC introduction
Individual/Collective heating status
Heating energy
Dwelling’s area

***

55

***
«Je voudrais savoir si le château est logeable, et si les environs sont aussi jolis qu’on le dit.
Il y a tant de réputations usurpées !»
−Stendhal.
***

Chapter 2
Capitalization of energy labels versus
Techno-economic assessment of
energy renovations.
***
While a growing number of studies evidence the existence of a green value associated to
energy labels, these studies disagree on the magnitude of this green premium and lack
comparison with associated renovation costs and expected savings for households. This
chapter investigates the green value of French houses in two regions: one urban area, the
Lyon metropolis, and one rural are, the Brest area in Brittany. In a ﬁrst step, the traditional
hedonic analysis of transactions in those regions is coupled with Geographic Information
Systems to regress prices on the intrinsic characteristics of dwellings and on the distance
to various public amenities, such as parks, city center or public transports. A spatial
econometric model is estimated to control for neighborhood eﬀects. Results evidence a
signiﬁcant green value in both areas. If relative premium is higher in Brittany, switching
to absolute terms evidences tantamount green values for each level of eﬃciency in the
two regions, reaching about 35,000e for low consumption houses. In a second step, using a
dataset on warmth insulation costs, the chapter highlights that green premiums match with
the investments required to improve energy eﬃciency. Green value is thus consistent with
the capitalization of renovation costs. Comparison with expected energy savings suggests
that households’ time preferences need to be strongly oriented for the future, with implicit
discount rates smaller than 5% and time horizon over 20 years, to favor low-energy houses.
***
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Introduction

Since the introduction of real estate energy labels during the last decade, economic literature
has regained interest in the application of hedonic methods to the housing market. Indeed,
if those labels meet their goal, namely reducing information asymmetry between buyers
and sellers on energy quality of traded houses, we should be able to observe a capitalization
of the energy savings associated to a ‘greener’ house. The Energy Performance Certiﬁcate
(EPC), progressively introduced in the European Union since 2002, is especially interesting:
on the contrary to Energy Star label or LEED certiﬁcation in the United States, it has to
be realized for any building sold or rented out. The EPC, which came into force a decade
ago for most Member States, ranks dwellings into seven classes, each of them identiﬁed by
a letter, from A for almost zero-energy buildings to G for energy-greedy ones.
Most of recent hedonic investigations have found a signiﬁcant green premium for energyeﬃcient buildings. In the United States, Eichholtz et al. (2010) found increased selling
prices for energy-eﬃcient oﬃce buildings. Kahn and Kok (2014) also evidenced a small
premium for green-labelled houses in California. In Europe, hedonic analyzes have been
applied in several countries that have adopted the EPC, estimating the sales premium at a
few percents of a house price: Brounen and Kok (2011) identiﬁed a premium of 3.7% in the
Netherlands, Hyland et al. (2013) found a premium of 9% in Ireland, just as Fuerst et al.
(2015) in England. In Germany, Cajias and Piazolo (2013) estimated that a 1% increase
in energy eﬃciency lead to a 0.45% increase of the market value. In France, a working
paper by Leboullenger et al. (2018) identiﬁes also a premium between 1 and 3% for green
houses. However those hedonic approaches of the green value lack a detailed description of
associated costs and savings. Indeed the ‘engineer’s approach’ of the green value suggests
that the premium should be more important, and is generally calculated in absolute terms
rather than in percentage of the market value, as stressed for instance the techno-economic
optimization of renovations made by Ferrara et al. (2013).

Chapter 2 − Capitalization of energy labels

61

The present research innovates from the existing literature on two aspects: ﬁrst it analyzes
separately two diﬀerent real estate markets with strongly diﬀerent levels of prices, one
densely populated (the Lyon metropolis, center of France) and one with low density and
vast rural spaces (the Brest region, in Brittany). Second, it couples the analysis of the
green premium with a dataset on renovation costs, and with a thermal model enabling
the estimation of associated energy savings. Results evidence that the ‘green premium’
should be considered in absolute terms rather than relative to the house price. Indeed,
absolute premiums associated to each grade of the EPC are closely similar in the two
regions investigated, despite the important diﬀerences between each market. Moreover,
those premiums are consistent with corresponding renovation costs, suggesting that green
value results from a Bertrand-type competition between sellers. Lastly, comparison of each
label premium with its associated energy savings underlines the importance of taking into
account households’ time preferences to design eﬃcient public policies and meet energy
goals of the building stock.
Section 2.2 details the hedonic method implemented and the speciﬁcation used for the spatial error model. Summary statistics of the datasets used are also presented: characteristics
of traded houses, material and labor costs for warmth insulation and energy costs. A thermal model is also built to assess renovation costs to upgrade a house and associated energy
performance. Section 2.3 presents the econometric results and the estimates of the green
premium. The green value of a B-labelled house compared to a F-labelled house ceteris
paribus is estimated at 29.7% of the price in the Brest region, against 11.1% of selling
price is the Lyon metropolis. In absolute terms, both green premium amounts to 34,000e.
Section 2.4 evidences that this consistent green value in both regions corresponds to the
required investments to upgrade a house from the F-class to the B-class. A comparison
with expected energy savings follows, discussing the importance of time preferences in the
renovation decision. Section 2.5 concludes with the main ﬁndings and potential extensions.

2.2
2.2.1

Data and methods
Hedonic regression and spatial error model

A hedonic model is used in order to evaluate the eﬀect of Energy Performance Certiﬁcate
on house prices. Hedonic regression is a widespread method to evaluate the determinant
characteristics of complex goods pricing. Indeed, as goods with multiple and heterogeneous
characteristics oﬀer various services to consumers, pricing of a given good depends on the
level of each service it can provide. Following the seminal contribution of Rosen (1974),
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this method has been extensively used to estimate the role of various characteristics in
housing prices, as underlined by the review of Sirmans et al. (2005). Indeed, dwellings vary
by multiple intrinsic characteristics (such as size, number of rooms, presence of a pool...)
but also locational advantages (proximity to the city centre, to environmental amenities,
attractiveness of the neighborhood...). More recently, this method has also been used in
papers addressing the issue of the green value in the residential sector.Brounen and Kok
(2011), Hyland et al. (2013), Kahn and Kok (2014), Fuerst et al. (2015) or Ramos et al.
(2015) are illustrative of this kind of literature.
To test the impact of energy label’s various classes on the price of a houses, the natural
logarithm of transaction price is regressed on houses’ characteristics as speciﬁed in the
following equation:
ln(Pi ) = α + β ∗ Xi + γ ∗ Li + δ ∗ EP Ci + ξi

With ξi = λ ∗ W ∗ ξi + ǫi

(2.2.1)
(2.2.2)

In equation 2.2.1, Pi is the transaction price of house i. Xi and Li are respectively vectors of
intrinsic characteristics (size, number of rooms, construction period, etc.) and of locational
variables (distance to city centre, to the nearest underground station, to the seaboard, etc.)
of house i. EP Ci is a categorical variable indicating to which Energy Performance Certiﬁcate class the dwelling i belongs. Those variables are either available in our transactions
dataset (for Xi and EP Ci ) or built using Geographic Information Systems (for Li ). α, β,
γ and δ are vectors of coeﬃcients to be estimated. δ is our interest vector of coeﬃcients.
ξi is a spatially correlated error term, whereas ǫi is an i.i.d. Gaussian random term (see
equation 2.2.2). W is the spatial weights matrix, which terms are deﬁned as follows:
exp(−distij )
k6=i exp(−distik )

wij = P

The Euclidian distance between i and j is expressed in kilometers. This spatial speciﬁcation
of errors in our model aims at capturing the eﬀects of unobserved spatial variables, such as
neighborhood eﬀects. This log-lin model can be easily interpreted: an increase of 1 unity of
a variable z contributes to increase the price by a percentage corresponding to the estimated
coeﬃcient of the variable z.
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Transaction prices, houses characteristics and geographic
variables

The model detailed in the previous section is estimated separately for two French regions:
ﬁrst the Brest area in Brittany, gathering about 430,000 people over 2,100 km2 , and second
the Lyon metropolis, gathering almost 1,400,000 inhabitants over 553 km2 . The ‘Pays
de Brest’ is a mostly rural area, while ‘Grand Lyon’ is a dense and urban area. Those
two regions were speciﬁcally chosen in order to compare the green value in two real estate
markets unevenly tense, but with similar heating needs. Indeed the Dh.ref , a climatic
indicator which measures the number of degrees-hour needed to heat a dwelling during a
Lyon
Brest
= 54000 K,
= 55000 K and Dh.ref
year, are similar in those regions: respectively Dh.ref

while Dh.ref ranges from 30, 000 to 71, 000 K in France (the kelvin K is the base unit of
temperature in the International System of Units).
Another advantage of treating those areas is that their respective local authorities have made
publicly available an important volume of geographic data. It enables a detailed geographic
analysis of the role of various environmental and public amenities in the formation of prices.
Transaction details were obtained through the French association of notaries, PERVAL.
Those datasets include the precise dwelling location, transaction price, and many characteristics of the house, including total ﬂoor area, garden area, number of rooms, construction
period, presence of a swimming pool, presence of a parking, month of the transaction, and
the Energy Performance Certiﬁcate of the dwelling. Our dataset covers more than 70%
of the transactions realized in 2016 in the two areas of interest. Transactions of "exceptional properties", such as castles, are removed from the sample. We restrict this analysis
to houses, which represent 60% of dwellings in France. We choose this market as a houseowner can independently choose to renovate her house, while a condominium-owner have
to agree on the renovation process with the homeowners association. In the end, the Brest
sample gathered 1,242 houses transactions, with a mean price of 160,636e, and the Lyon
one 1,094 houses transactions with a mean price of 365,481e.
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Figures 2.23 and 2.24 indicate the EPC grades of observed transactions. On the contrary to
prices, which were heavily dependent on location in the Lyon metropolis, we do not observe
strong spatial correlation for this variable. This varying spatial distribution of interest
variables justiﬁes the use of a spatial econometric model. Locations are used to compute
several geographical variables for each house. Datasets on public amenities are available on
the websites of the two local authorities, respectively https://geo.pays-de-brest.fr/
for the Brest region and https://data.grandlyon.com/ for the Lyon metropolis. Using
the R software and Quantum GIS, a geographic information system, Euclidian distances
(in kilometers) or travel time through the street/road network (in minutes), according to
which is the more relevant, have been computed. When the public amenity presents more
than one point of interest, the closest one to the dwelling is selected: for instance, the travel
time to the underground in Lyon is the travel time to the nearest metro station.
Tables 2.21 and 2.22 describe statistical distributions of the samples key variables. As
expected, the housing market is more tense in the urban area, with transaction prices
over two times superior on average in the Lyon metropolis than in Brest region. One
can note that the distributions of energy labels in the two areas are similar, and that Alabelled houses represent a very small part of the samples (3 in Lyon and 3 in Brest). The
construction period variable has some missing values (7% of the sample in Lyon, 4% for
Brest), other key variables are complete. Two variables describe the house size, respectively
the total ﬂoor area and the number of rooms. Regarding geographic variables, in both areas
the travel time to the city center (indicated by the city Hall) are computed. Travel time
to the nearest train station and to the nearest tramway station are also computed for both
areas. For Lyon speciﬁcally, travel time to the nearest park and metro station have been
added. For Brest, distance to the seaboard, distance to the nearest wind turbine and travel
time to the nearest hamlet are used as additional geographic variables.

2.2.3

Renovation costs and expected energy savings

In order to compare costs and beneﬁts of energy eﬃciency, a technical-economic analysis
is implemented using a description of typical French houses, a thermal model, a dataset
on mature technologies and their costs for thermal renovations, and energy costs. This
approach enables an estimation of the investment required to perform a warmth insulation
of a house and upgrade its EPC class. The techno-economic analysis also provides estimates
of energy savings associated to those insulation improvements.
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Table 2.21: Summary statistics, key variables for Brest region (N = 1,242)
Continuous variable
Price
Total floor area
Total land area
Number of rooms
Travel time to Brest center (min)
Travel time to the nearest tramway station (min)
Travel time to the nearest train station (min)
Distance to the seaboard (km)
Distance to the nearest wind turbine (km)
Travel time to the nearest hamlet (min)

Mean

St. Dev.

Min

Max

160,636
110.501
1,053
5.465
26.974
19.081
19.645
3.262
7.932
3.890

61,766
32.143
1,346
1.387
13.060
13.364
11.020
2.768
4.016
2.683

16,000
34
28
1
3.000
1.100
0.200
0.000
0.788
0.000

520,000
252
13,674
12
65.800
60.200
46.300
11.727
19.476
13.200

Categorical variable

Categories

Number

Construction period

Unknown
Before 1850
1850 / 1913
1914 / 1947
1948 / 1969
1970 / 1980
1981 / 1991
1992 / 2000
2001 / 2010
2011 / 2020
A
B
C
D
E
F
G

53
0
18
119
318
315
148
63
194
14
3
32
189
455
382
132
49

Energy performance Certificate

Table 2.22: Summary statistics, key variables for Lyon metropolis (N = 1,094)
Continuous variable
Price
Total floor area
Total land area
Number of rooms
Travel time to Lyon center (min)
Travel time to the nearest metro station (min)
Travel time to the nearest park (min)
Travel time to the nearest tramway station (min)
Travel time to the nearest train station (min)

St. Dev.

Min

Max

161,135
43.167
718.665
1.434
5.010
5.761
3.078
6.887
4.911

100,000
39
27
1
9.400
0.400
0.200
0.400
0.100

1,387,300
300
5,757
12
35.500
27.600
17.700
28.700
25.000

Categorical variable

Categories

Number

Construction period

Unknown
Before 1850
1850 / 1913
1914 / 1947
1948 / 1969
1970 / 1980
1981 / 1991
1992 / 2000
2001 / 2010
2011 / 2020
A
B
C
D
E
F
G
Yes
No

83
4
15
124
206
202
169
113
151
27
3
27
304
390
259
76
35
181
913

Energy performance Certificate

Swimming pool

2.2.3.1

Mean
365,481
123.777
802.237
5.207
23.634
13.132
7.517
11.471
8.346

Typical houses

An archetype of French house is deﬁned using Insee (2015) statistics. Architectural characteristics and initial eﬃciency of each component of this typical house are described in
Table 2.23. Architectural characteristics are assumed homogeneous within one period of
construction. The thermal performance of the house is estimated through the mean U-value
of its envelope. Envelope covers 4 components: external walls, roof, ground ﬂoor and windows of the house. The U-value is the heat transfer coeﬃcient, expressed in [W.m−2 .K −1 ].
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A component’s U-value is then a measure of the quantity of heat leaked by this material.
This measure is the key indicator on which the EPC is estimated (see Appendix 2.A for
more details). When insulating a component, its U-value decreases. As thermal norms have
become more demanding since their appearance in 1974, the U-values of building materials
have become smaller, inducing less heat losses for more recent houses, hence smaller energy
consumptions and better initial EPC classes. For instance old houses built before 1974 and
not retroﬁtted have a mean U-value about 2.5W/(K.m2 ), which corresponds to a primary
energy consumption over 400kW h/(m2 .an) and an EPC class F. On the contrary, recent
houses built after the introduction of 2005 French thermal norms have a mean U-value of
0.6W/(K.m2 ), and consume about 100kW h/(m2 .an) for space heating (the corresponding
EPC class is C).
Table 2.23: Architecture and performance of French typical houses
Value

Total floor area

112m2

Number of floors

2

Height per floor

2.5m

Percentage of external walls covered by glass

30%

Construction period

<1974

74-81

82-89

90-2000

2001-2005

2006-2014

Share of the housing stock

53.29%

11.2%

10.3%

11.2%

5.9%

8.1%

2.5

1

0.8

0.5

0.47

0.36

4

3

3

3

2.3

2.1

Uroof

2.5

0.5

0.32

0.26

0.25

0.2

Ufloor

1.2

1.2

0.74

0.5

0.36

0.27

Uwalls
Uwindows

2.2.3.2

Characteristic

Dataset on material and labor costs for renovation

To evaluate investment costs for dwelling thermal renovation, we use Bâtiprix (2015), a
French data base on prices in construction, including both material and labor costs, and a set
of academic articles and oﬃcial reports dealing with the costs of renovation (Lechtenböhmer
and Schüring, 2011; Ferrara et al., 2013). We select mature technologies, widely available on
the French market. All available options and associated costs are presented in Table 2.24.
Costs are given with a VAT of 5.5%, which is the VAT applicable in France for thermal
renovations, and include both material and labor costs.
For walls, the main technologies available are interior thermal insulation (ITI), using various
thicknesses of glass wool, and exterior thermal insulation (ETI), using various thicknesses
of rock wool or expanded polystyrene with coating. Interior insulation is less expensive,
but also less eﬃcient. The best solution for wall insulation is a combination of interior and
exterior insulation. There is also the possibility of not acting on the walls (statu quo) : the
price is then zero and the U-value is not modiﬁed. For windows, four options are available,
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including the statu quo: double-glazed windows, double-glazed windows with argon, and
triple-glazed windows. Prices are signiﬁcantly higher for these technologies. For the ﬂoor,
the technology is an insulation with diﬀerent thicknesses of rock wool, typically used on
the underside of ﬂoor slabs. For the roof, house attics can be considered as uninhabitable
or convertible, inducing higher insulating costs in the latter case. The main technologies
available for uninhabitable attics are rolls of mineral wool (with various thicknesses) and
blown granulated rock wool. For converted attics, the main technology is mineral wool
between herringbones.
Table 2.24: Mature technologies for warmth insulation
Component
Walls

Windows

Roof

Floor

2.2.3.3

Technologies

U-value (W/m2 .K)

Prices (e/m2 )

Statu Quo

Unchanged

0

ITI Glass wool 4cm

0.77

71.74

ITI Glass wool 6cm

0.5

73.85

ITI Glass wool 8cm

0.38

75.96

ITI Glass wool 10cm

0.3

78.07

ETI Exp. Polyst. with coating 14cm

0.27

180.405

ETI Exp. Polyst. with coating 15cm

0.26

183.57

ETI Rock wool with coating 16cm

0.23

200.45

ETI(rock 20cm) + ITI(mineral 10cm)

0.11

288.015

Statu Quo

Unchanged

0

4/16/4 double-glazing

2

380

4/16/4 double-glazing argon

1.7

420

4/16/4/16/4 triple-glazing

1.2

480

Statu Quo

Unchanged

0

Mineral wool rolls 20cm

0.2

20.045

Mineral wool rolls 30cm

0.13

22.155

Blown rock wool 20.5cm

0.22

34.815

Blown rock wool 29.5cm

0.15

53.805

Mineral wool between herringbones 10cm

0.35

85.455

Mineral wool between herringbones 12cm

0.29

86.51

Mineral wool between herringbones 16cm

0.22

87.565

Statu quo

Unchanged

0

Rock wool slab underside 10cm

0.34

128.71

Rock wool slab underside 12cm

0.29

133.985

Rock wool slab underside 14cm

0.25

139.26

Minimized renovation costs

For each construction period, an eﬃcient cost function of thermal performance is computed by ranking the diﬀerent technologies in increasing order according to their ratio
U-value/Price and by cumulating their costs. The obtained curve is convex, consistent
with decreasing marginal gains of eﬃciency when investments grow. Figure 2.41 in section
2.4 gives this eﬃcient cost function.
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2.2.3.4

Heating energy prices

Table 2.25 gives the distribution of the various energies used for space heating in French
houses, and their associated costs (CEREN, 2018). The average energy cost in e/kWh
of houses built before 1974 is lower than the global average cost for French houses: this
is explained by a smaller share of those houses heated by electricity, in favor of natural
gas and heating oil. In order to compare expected energy savings between a theoretic
consumption and the real one (including a ‘rebound eﬀect’), the thermal model described
in Appendix 2.A also includes a behavioral adaptation through the intermittence factor. In
theory this factor is supposed to be constant regardless of the energy performance of the
house. In reality, households living in poorly eﬃcient houses limit their own consumption,
while households living in eﬃcient houses consume more than the theoretical prediction.
Table 2.25: Heating energy of French houses and associated costs in 2016
Energy

Share of all houses

Share of houses built before 1974

Natural gas

34.5 %

41.1%

6.96

Electricity

39.1 %

23.8%

16.48

Heating oil

9.17

18.1 %

26.4%

Wood

7.4 %

7.8%

5.8

Heating coal

0.4 %

0.7%

17.0

Urban heating

0.5 %

0.2%

10.31

11.1

9.8

-

Weighted average of energy costs

2.3

Costs (Cts of e/kWh)

Econometric evaluation of the Green Premiums

Table 2.31 presents results from the estimation of the two spatial econometric models. Linear regression models estimated with the same variables present fair explanatory powers
(pseudo-R squared between 63 and 65%), but the Moran’s test evidences spatial autocorrelation of residuals both for Lyon and Brest. Geographical variables used are thus not
suﬃcient to control for spatial eﬀects, justifying the use of a spatial error model. In Table
2.31, we can distinguish the eﬀects of three kind of variables: the ones describing the intrinsic characteristics of houses, the ones related to their location, and the interest variable,
namely the Energy Performance Certiﬁcate.
First, both in the Brest region and in the Lyon metropolis, we ﬁnd as expected a strong
signiﬁcance and a positive impact of size variables: the total ﬂoor area, the total land
area but also the number of rooms and of ﬂoors increase the price. Moreover in Lyon,
the presence of a basement and especially swimming-pool increases the price. Among
the intrinsic characteristics of houses, we also control for the construction period. It is
important to control for this variable as it may be linked to the energy performance of the
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house. Indeed, after the ﬁrst oil shock in 1974, the French government enforced thermal
norms, which have been gradually tightened since then. Thus, as houses get more recent,
they are naturally more eﬃcient. However, the age of houses also captures other eﬀects. For
instance it might be a proxy for the house general condition. Identiﬁed eﬀects are consistent
with this hypothesis: houses built since the eighties are gradually more expensive, while
houses built before the seventies are less. Nevertheless, this eﬀect is not systematically
stronger as houses get older, probably due to a ‘vintage eﬀect’.
Second, geographical variables also appear to have an important impact on the price of
houses in both areas. The travel time to the city center impacts negatively the price,
evidencing a premium for houses nearer to the city center, even though this eﬀect is less
signiﬁcant in Lyon. The negative eﬀect of the travel time to the nearest metrostation is
stronger in Lyon. An alternative indicator of the presence of various services in the Brest
region has a more unexpected eﬀect: it is the travel time to the nearest hamlet. When
this time increases, house’s price increases as well. This suggests that in this rural zone,
households value more houses located out of small town centers when keeping the same
distance to the bigger city center. This is a probably due to the fact that when living in a
rural zone, households have to take their car for almost any shopping activity. The travel
time to the nearest rail station has a positive eﬀect on prices in both areas, meaning that
households prefer to be further from a train station. If this eﬀect can be counter intuitive at
ﬁrst sight, the ambiguous eﬀect of rail station on real estate prices has been deeply studied
by Bowes and Ihlanfeldt (2001). They show that positive eﬀects of train stations, such
as reduced commuting costs or attraction for some retail activity, can be oﬀset by several
negative externality: primary the noise, and secondly an increase in criminality in the
direct neighborhood. In those two particular cases, we can hypothesize that positive eﬀect
of reduced everyday commuting time can be small. Indeed those areas are well connected by
various public transports (many bus lines are available for instance), and then those train
stations are more used to travel out of the region. However, the noise externality associated
to trains remains important, and might explain this overall negative eﬀect of distance to
the nearest train station. This rationale is especially relevant for the Lyon metropolis,
and consistent with the hedonic result. The travel time to the nearest tramway station
has a poorly signiﬁcant eﬀect: in the Lyon metropolis this eﬀect is not evidenced, in line
with some literature results about the impact of tramway on prices (see Papon et al. 2015
on the associated gains of light rail line for real estate in Paris). In the Brest region, this
eﬀect is signiﬁcantly positive, meaning that households value more houses which are further
from tramway stations. Similar drivers of the impact of train station can be summoned to
explain this eﬀect. One could shade this explanation by underlying that this eﬀect could
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be diﬀerent for houses and ﬂats: indeed, tramways installation in cities takes up space on
roads previously dedicated to cars. Households owning a car, as most households living in
houses, might then fear an increase in travel time by car in the surroundings of tramway
stations.
Regarding environmental amenities, interpretations of travel times are more straightforward, as a smaller distance to the seaboard is associated to a greater price in the Brest
area, and a smaller travel time to a park is also associated to a greater price in Lyon. The
last geographic additional variable in estimation for the Brest area (distance to the nearest
wind turbine) evidences a highly signiﬁcant and positive eﬀect on price: households penalize
houses close to wind farms. This eﬀect is consistent with the results of Gibbons (2015) who
showed that wind turbines impact negatively housing sales prices in England and Wales.
Last but not least, estimation results highlight a signiﬁcant eﬀect of Energy Performance
Certiﬁcate class on the price of houses in both areas. The D-label is used as a reference
category. On the one hand, lower classes (namely E, F and G labels) have a signiﬁcantly
negative eﬀect on price, with a stronger eﬀect as the label worsens. On the other hand,
classes better than D gradually increase the price of houses, with the exception of the Alabelled houses which stands out in both areas. In the Brest region, the A-label does not
have a signiﬁcant eﬀect compared to the D-label, and its eﬀect is even negative in the Lyon
metropolis. This eﬀect roots in two possible sources. First our sample of A-labelled houses
is extremely small (3 in both areas). Second, and more importantly, the French law allows
to estimate the Energy Performance Certiﬁcate upon energy bills of the occupier for old
houses. UFC, the national association of consumers in France, has shown that in some
cases, poorly insulated houses have got an A-label as they were not occupied, and then
energy bills were equal to zero.
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Table 2.31: Hedonic spatial estimation for the Brest region and the Lyon metropolis
Dependent variable: log(Price)
Brest region

Lyon metropolis

−0.010

−0.335**

Energy Performance Certificate
Class A

(0.145)

(0.115)

Class B

0.116**

0.036**

(0.048)

(0.022)

Class C

0.032*

0.012

(0.022)

(0.016)

Class D

Hold-out

Hold-out

Class E

−0.090***

−0.055***

(0.018)

(0.016)

Class F

−0.145***

−0.069***

(0.026)

(0.026)

Class G

−0.280***

−0.073**

(0.041)

(0.036)

Total floor area

0.005***

0.003***

(0.0003)

(0.0002)

Total land area

0.00004***

0.0001***

Number of rooms
Presence of a basement
Presence of a swimming-pool

(0.00001)

(0.00001)

0.016**

0.035***

(0.007)

(0.005)

0.029

0.035**

(0.018)

(0.014)

0.078

0.143***

(0.102)

(0.017)

Construction Period
Unknown
Before 1850

Hold-out

Hold-out

-

−0.192*
(0.101)

1850 / 1913
1914 / 1947
1948 / 1969
1970 / 1980
1981 / 1991
1992 / 2000
2001 / 2010
2011 / 2020
Travel time to Brest/Lyon center
Travel time to the nearest hamlet (Brest) / Metrostation (Lyon)
Travel time to the nearest train station
Travel time to the nearest tramway station
Travel time to the seaboard (Brest) / nearest park (Lyon)
Distance to the nearest wind turbine (Brest)

−0.003

−0.035

(0.069)

(0.056)

−0.047

−0.062**

(0.042)

(0.029)

−0.061

−0.070***

(0.038)

(0.027)

0.040

0.009

(0.038)

(0.027)

0.146***

0.009

(0.041)

(0.028)

0.245***

0.034

(0.048)

(0.030)

0.276***

0.071**

(0.040)

(0.028)

0.387***

0.052

(0.077)

(0.047)

***

−0.006*

−0.014

(0.005)

(0.005)

0.013***

−0.016**

(0.004)

(0.006)

0.004**

0.012***

(0.002)

(0.004)

0.008*

0.008

(0.004)

(0.005)

−0.017***

−0.009**

(0.005)

(0.004)

0.009***

-

(0.003)
Constant

11.314***

11.952***

(0.080)

(0.122)

Not significant

Significant **

Significant *

Significant *

Other control variables
Month of the transaction
Number of floors
Observations
Log Likelihood
σ2

1,242

1,094

−32.929

195.213

0.061

0.039

147.859

−304.426

Wald Test

50.284∗∗∗ (df = 1)

1,590.116∗∗∗ (df = 1)

LR Test

45.138∗∗∗ (df = 1)

323.638∗∗∗ (df = 1)

Akaike Inf. Crit.

Note: Standard deviations of estimated coefficients are reported within brackets

∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
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To estimate the green premium of eﬃcient houses, the B-label is considered as the Energy
Performance Certiﬁcate of ‘green houses’. This is a legitimate assumption as policy-makers
in France have set the B-label as the 2050 target for the whole housing stock, designing
both A and B-labelled houses as low consumption buildings. Owners of B-labelled houses
comply then with the most demanding norms for energy eﬃciency for the next decades.
The ‘red’ reference (i.e. ineﬃcient houses) chosen for estimating the green premium is
the F-label rather the G-label. The before last label is chosen for two reasons, even if
it reduces the estimated green premium (as G-label is in both regions less valued than
F one). First, classes of the Energy Performance Certiﬁcate cover varying intervals of
estimated primary energy consumption (see Appendix 2.B). The case of the G-label stands
out as it has no upper limit on consumption, and G-labelled houses can then present
important heterogeneity in their respective performances. The second reason leading to the
choice of the F label roots in the theoretic primary energy consumption of typical houses
built since 1974. As shown in the following section, a typical French house built before
the introduction of thermal norms should not have a performance worse than F. The G
label then indicates the presence of important defects or architectural characteristics not
referenced in our database and aﬀecting the energy quality of the house, such as a pierced
roof or a glass canopy. Measuring the green premium from this category of dwellings would
be deceptive, capturing other eﬀects than house insulation.
In relative terms, the green premium associated to the B label compared to the F label
amounts to 29.7% in the Brest region and to 11.1% in the Lyon metropolis. However,
energy costs are homogeneous between our two regions of interest: in France the price of
electricity is the same across the country for households thanks to tariﬀ equalization, while
heating oil and natural gas prices are closely similar in the two regions (price diﬀerences are
respectively below 1% and 2%). As the two regions share similar heating needs (see section
2.2.2), energy bills and expected savings associated to a more performant house should be
similar as well, even if the urban market of Lyon is tighter than the rural one of Brest. It is
then more relevant to estimate the green premium in absolute terms. Switching to absolute
values, it appears that the green premium in Brest amounts to 35, 300e, while in Lyon it
equals 32, 300e. Those two real estate markets, structurally diﬀerent but sharing similar
heating needs and costs, reveal close capitalizations of the green label. This result also
holds when estimating the green premiums of intermediary classes. Keeping the reference
as the F-label, the premium of more eﬃcient houses, respectively in Brest and Lyon, is
6, 500e and 4, 100e for the E-label, 20, 600e and 18, 100e for the D-label, and 24, 200e
and 23, 400e for the C-label.
This kind of result is consistent with the engineer’s approach of the green value, which

Chapter 2 − Capitalization of energy labels

75

compares investment costs and expected savings associated to energy renovations. The
following section mixes this hedonic estimation of the green value with a techno-economic
assessment of energy renovation.

2.4
2.4.1

Techno-economic analysis of energy renovation
Renovation investment costs

Using the description of thermal and architectural characteristics of a French typical house
built before 1974 (over the half of France housing stock), a dataset on material and labor
costs for renovation, and the thermal model described in Appendix 2.A, the optimized
renovation curve of F-labelled houses displayed on Figure 2.41 is obtained. On the abscissa is
represented the level of investment in the thermal renovation. On the ordinate is represented
the primary energy consumption which can be achieved by a renovation of this investment
level. The range of the various energy classes of the Energy Performance Certiﬁcate is also
displayed in order to highlight investment levels enabling to upgrade the energy label. The
initial performance of the house corresponds to an investment level of 0e, meaning that
the house has not been retroﬁtted and consumes over 400kW h/m2 /year of primary energy.
This consumption lies in the range of the F-label. As investment level grows, primary energy
consumption decreases. We can observe some important steps which correspond to the point
where increasing the energy performance requires to insulate another component of house’s
envelope, or to switch to a more eﬃcient but also expensive technology. The merit order of
renovation actions starts with the insulation of the roof. Indeed, the roof is responsible for
approximatively 30% of heat losses, and insulation technologies are relatively cheap. Then
follows the internal wall insulation and ﬂoor insulation. Replacement of windows by doubleglazed ones only occurs in the fourth position of the merit order, and the last technology to
be chosen is external wall insulation, highly eﬃcient but also much more expensive. Smaller
steps of the renovation curve indicate that the same set of components are insulated, but
with gradually more eﬃcient technologies (e.g. switching from double-glazed windows to
double-glazed with argon windows).
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can be explained by a Bertrand type competition on energy quality, next section explores
the associated energy savings that households can expect from more eﬃcient houses.

2.4.2

Discounted energy savings

In order to ease comparison, energy savings and green premiums are plotted against on
Figures 2.42, 2.43, 2.44 and 2.45 (respectively for an E, D, C and B-labelled house). Energy
savings are computed as the sum of discounted savings on the energy bill (in e) which are
expected by living in a house more eﬃcient than the typical not retroﬁtted house built before
the thermal norms of 1974. Using the thermal model, two cases can be distinguished. First
the case of a household forecasting energy savings only on the basis of the theoretic energy
consumption (dotted curves). Second, the case of a household taking into account the
rebound eﬀect (solid curves). The rebound eﬀect can be decomposed in two sub-eﬀects
cutting excepted savings: ﬁrst households living in poorly eﬃcient houses restrict their
energy consumption, second households living in low-consumption houses over-consume
energy compared to the theory. Expected savings on the energy bill are then less important
when the rebound eﬀect is taken into account. Two time horizons which could be used by
households to compute expected savings are also considered. The ﬁrst one, 15 years (red
curves), corresponds to the expected time the household will live in the house (our dataset
provides this information, revealing a mean period of ownership of 13 years in Brest and of
14 years in Lyon). The second time horizon chosen, 30 years (blue curves), corresponds to
the expected lifetime of energy eﬃciency technologies (technologies lifetime are available in
the dataset on renovation costs). Obviously, a longer time horizon implies a more important
sum of expected savings today.
On Figures 2.42, 2.43, 2.44 and 2.45, the abscissa represents the discount rate, and the
ordinate represents the sum of discounted energy savings. Each of those ﬁgures also displays
the empirical premium associated to its label by an horizontal line. For a given discount rate
and time horizon, as label gets ‘greener’, the sum of energy savings will be more important,
but also the premium associated. The intersection between savings curve and premium
associated thus gives the implicit discount rate that equalizes for homebuyers the expected
energy savings and the surplus paid to buy this house in comparison to a less eﬃcient house.
If the household’s discount rate is below, then it gains a net positive surplus from buying
this labelled-house. But if its discount rate is higher, the surplus would be negative: ceteris
paribus, the household would choose the less eﬃcient house.
For the E-label (Figure 2.42), matching the empirical premium with energy savings suggests
that implicit discount rate used by households would be at most between 7 to 12% for an
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to pay the important premium of B-labelled houses probably have a marked preference for
the future, with longer time horizons and smaller discount rates than other households.
A second and complementary interpretation of this gap between premiums and expected
savings is supported by the study of ADEME (2018). This survey was conducted on an
important sample of French house owners who proceeded to a warmth insulation between
2014 and 2016. It highlights that beyond energy savings, the thermal renovation presents
important other advantages for households. Three main beneﬁts can be cited to explain
this green value beyond energy savings. First ancillary beneﬁts, such as improved thermal
comfort, reduced exposition to external noise and moisture issues, were targeted by the
study of Jakob (2006) who hypothesizes that they could represent utility gains of the same
order of magnitude than energy savings. Results of the present chapter could be consistent
with this hypothesis: co-beneﬁts could be as much valuable as energy savings for households.
Second advantage of owning a house labelled as ‘low-consumption’, or at least labelled C
or D, lies in the protection against future changes in public policies. French policy-makers
have set the target for the whole building stock to be labelled as ‘low-consumption’ at the
2050 horizon. This target is not legally binding for now, policy-makers favoring rather
incentives such as subsidies and zero-interest loans to motivate owners. However, a ﬁrst
attempt was made to make renovations mandatory for ineﬃcient houses (labelled below
D) in the 2015 French law for the energy transition. Whereas this article of the 2015 law
has been censored by the constitutional council due to imperfect speciﬁcations1 , it remains
an important signal that policy makers might, in the next decade, enforce a legislation on
this topic to constrain owners of poorly eﬃcient houses to invest in renovation. Therefore,
buying a house already labelled D or higher is an eﬃcient way to protect one’s investment
from the regulatory uncertainty. Third, a last potential root of the green premium is
the ‘moral value’ of living in a more environmentally friendly house. Brounen and Kok
(2011) showed in the case of Netherlands that the proportion of green voters in a given
neighborhood modiﬁes households’ behavior regarding the Energy Performance Certiﬁcate,
suggesting that the Willingness-to-Pay for energy eﬃciency could vary among households
according to their environmental beliefs.
In their large study on the French renovations, ADEME (2018) also found that, whereas
many French house owners retroﬁtted their houses in the 2014-2016 period, most of warmth
insulations were limited to small interventions, such as the one enabling to upgrade from
the F-label to the E-label. This observation on the French market strengthens the hypothesis that most of implicit discount rates used by households are too high to favor
low-consumption houses (i.e. B-labelled ones), despite the fact that they constitute the
1

See https://www.conseil-constitutionnel.fr/decision/2015/2015718DC.htm
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target of French policy-makers. Until today, French public policies trying to incentivize
energy retroﬁtting have mainly rely on tax credits rather than zero-interest loans. Given
the capitalization of renovation investments in houses prices and the future preferences required to favor those investments, one could recommend to develop the use of interest free
loans. For instance, a relevant measure could be to extend their repayment time, today
constrained at 15 years, as we evidenced that this time horizon might be too short.

2.5

Conclusion

Existing literature on energy eﬃciency has often opposed the economic approach and the
engineer approach. This opposition has been extensively documented in the studies on the
energy eﬃciency gap and on the energy paradox, underlining diﬀerences between technologists’, economists’ and social optimal level of energy eﬃciency (Gerarden et al., 2017). This
chapter suggests that the two approaches are not irreconcilable. Using a dataset on houses
transactions in two French regions, it evidences that ‘low-consumption’ houses beneﬁt from
of a signiﬁcant green premium on the real estate market. Capitalization of energy label information is more important in relative terms in the rural area, but in absolute terms rural
and urban green premiums are similar, reaching about 35,000e for low-consumption houses.
These tantamount absolute green values correspond to the required investment in mature
technologies to improve energy eﬃciency. A legitimate assumption is that a Bertrand-type
competition occurs between sellers on the energy quality component of houses, preventing
them from selling a low-consumption higher than its renovation cost. On the buyer side,
our results highlight that this green value can only be fully explained by discounted energy savings if households preferences are strongly oriented towards the future. This result
advocates for the development of zero-interest loans. The remaining green value, beyond
energy savings, could be explained by various co-beneﬁts of energy-eﬃcient houses, such
as improved thermal comfort or protection against regulatory uncertainty. Those ancillary
advantages could be important motives to emphasize in order to trigger more investments
in energy renovations.
Relevant extensions of this work could focus on disentangling the relative importance of
the various co-beneﬁts that could explain the ‘green surplus’ of eﬃcient houses. Moreover,
the dynamic dimension of the renovation decision should also be studied: as underlined by
ADEME (2018), households decision rely heavily on word-of-mouth processes. Lastly, the
extension of the use of free-interest loans raises other questions about energy labelling of
houses, as this policy device involves a more advanced but also more expensive thermal
audit than the Energy Performance Certiﬁcate.

Appendices of Chapter 2
2.A

Thermal model

On the basis of a thermal model inspired by the 3CL-DPE method, a French oﬃcial method
to estimate building energy consumption for space heating (MEDDE, 2009, 2012) and using
the PhD thesis realized by Allibe (2012), the performance of the envelope (represented by
the mean U-value = UG ) is linked to the primary energy consumption for space heating:
Conspeh expressed in [kW h/(m2 .an)]. This conventional consumption in primary energy
for heating is the value used to attribute an EPC class to a house. The corresponding
relation is stated in Eq. (2.A.1).
Conspeh (UG ) = Kf inal→primary ∗

UG ∗ Aenvelope ∗ Dh.ref ∗ I
Boilef f ∗ Ls

(2.A.1)

In the previous equation, UG is the mean U-value, and main variable, of the building
[W/(K.m2 )]. It is calculated by an algorithm on the basis of the architecture and materials
of each building.
Other parameters are ﬁxed. Aenvelope is the total area of the building envelope [m2 ]. It is
calculated by the program thanks to information on building’s architecture. Ls is the total
ﬂoor area [m2 ]. In order to estimate the need per m2 , the total living space area in the house
needs to be provided. Boilef f refers to the boiler eﬃciency. It depends on the particular
heating system of the dwelling. The eﬃciency of a regular boiler is usually between 0.85
and 0.95 ; for this dissertation we will assume that this eﬃciency is equal to 0.9 for all
houses. Kf inal→primary is computed as the mean standard transformation coeﬃcient of ﬁnal
energy into primary energy. Given the distribution of heating energies in the French houses
stock, we use K = 1.6. For more details on heating energy in French houses, see ADEME
(2013).
Dh.ref is the number of degrees - hour needed to heat up the space during a year (depending
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on the climate) [K.h]. The 3CL-DPE method2 provides Dh.ref for all French metropolitan
departments ; these numbers are computed under the assumption that a temperature of
18o C with the heating system is targeted, considering that other contributions (lighting,
biological heat) will be enough to reach the setpoint temperature of 19o C. In the model
the average value across French metropolitan departments of Lyon and Brest, which have
similar heating needs as detailed in section 2.2.2, is used. The Dh.ref is thus set at 54500
K.h.
I is the factor of intermittence. As a house is not continuously occupied during the year,
especially during working hours, heating systems can be turned oﬀ. The factor of intermittence is between 0 and 1, the reference value for houses is I0 = 0.85. Contrary to the
conventional consumption prediction model (Constheoretic
, which is used to estimate the
f eh
) integrates the
EPC class of the house), the behavioral consumption model (Consbehavioral
f eh
behavior of households by allowing the variation of intermittence. On the one hand, when
UG is high, the intermittence is lower: households adopt strategies to reduce their consumption (decrease temperature setpoint in bedrooms, or turn oﬀ heating at night). But
on the other hand, when UG is small, the intermittence will be close to 1: a better insulated
dwelling allows to choose a higher temperature setpoint higher. This is the "rebound eﬀect":
a gain in energy eﬃciency implies a lower cost for the same energy service and then demand
for that service may increase. The expression of this I = f (UG ) is inspired by Allibe (2012):
I(UG ) =

I0
1 + 0.1 ∗

( UUGG
0

∗

Aenvelope
Ls

∗

Hc0
Hc

− 1)

(2.A.2)

Where Hc is the ceiling height per ﬂoor (in [m]). Hc0 = 2 m and UG0 = 1 W/(K.m2 ) are
references values. This thermal model is used to estimate the theoretical and behavioral
consumption of a typical house. When comparing these consumptions to the average observed consumption in France (RAGE, 2012), it appears that the behavioral model gives a
fair estimation of real consumption rates.
For instance, the prediction of total French energy consumption for residential heating is
30.6M toe. This estimation is obtained by combining the thermal model with the description
of the French housing stock (see Tables 2.23 and 2.25). According to oﬃcial ﬁgures given by
CEREN (2018), residential energy consumption in 2016 for space heating was 28.1 M toe in
France. The real energy consumption is then 8% inferior to the calculated one. Two main
factors explain this over-estimation. Firstly, already refurbished buildings are not taken
into account. Secondly, in the last thirty years, the average area of houses has strongly
2

https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000026601023&
See
categorieLien=id
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increased, from 96m2 in 1984 to 112m2 in 2014 (see Insee, 2015). But this evolution is not
represented in the model, resulting in an overestimation of the total area of old houses,
which consume more, and an underestimation of the total area of recent houses, which
consume less. This gap between predicted and real consumption is still signiﬁcantly smaller
than the ones found in the literature until now for space heating in France (22% for Mata
et al. 2014, 18% for Ribas Portella 2012).

2.B

Energy Performance Certificate design

Figure 2.B1: EPC classes cover various ranges of energy consumption

***

***
«La tyrannie de l’opinion, et quelle opinion ! est aussi bête dans les petites villes de France
qu’aux États-Unis d’Amérique.»
−Stendhal.
***

Chapter 3
The Fate of Inventions: What can we
learn from Bayesian learning in a
strategic option model of adoption?
***
We develop a dynamic game where heterogeneous agents have the option of adopting an
invention of uncertain quality or postponing their decision to beneﬁt from others’ experience
through Bayesian learning. Information produced by adopters about the invention’s nature
is public but the messages sent are noisy Our model thus gives microeconomic foundations to
the S-shaped innovation diﬀusion curves, informational externality inducing strategic delay
in agents’ behavior. Moreover, consistently with stylized facts, noise can nip in the bud
the diﬀusion of inventions with intrinsically high quality. The model thus highlights how
“teething troubles” may inﬂuence the fate of innovation. Numerical simulations underline a
bi-modal distribution of steady states for the diﬀusion path of innovations of intrinsically
high quality. They may be either stillborn or fully developed, bringing to light a reputational
valley of death for inventions. This result is robust to an endogenization of the choice of its
price before the ﬁrm launches the innovation on the market.
***
This Chapter is an adaptation of a collaboration with Marc Baudry.
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Introduction

Schumpeter (1911) deﬁned innovation as "the market introduction of a technical or organizational novelty, not just its invention", shedding light on the gap existing between a
well-functioning invention, which can provide beneﬁts to its adopters, and the actual market diﬀusion of this invention. In his book "The Fate of the Edsel", Brooks (1963) describes
for instance how the eponym Ford car, launched in the late ﬁfties, failed to bridge this gap,
despite the strong ﬁnancial commitment of the company.
The challenge of an invention entering a market is to prove its value : when facing an
invention, economic agents (households, ﬁrms or even governments) are in a situation of
uncertainty. If the invention is eﬀective and well-working, its adoption will generate proﬁts
or well-being ; but if the invention turns out being only a gizmo which beneﬁts do not cover
adoption costs, agents will loose their investment. Economic agents are then constantly on
the lookout for information on these new products. As the most reliable information on
invention quality is the experience of its users, agents rely on informational hubs, such as
consumer associations, professional unions, private networks or one of the numerous rating
websites, to exchange information and learn from others’ feedback.
Information production by agents is then key to the full development of an invention. In
this setting, information has the characteristics of a public good, and, consequently, the free
rider problem arises. Each agent has an incentive to postpone her adoption of the invention
to beneﬁt from information generated by others’ adoption. Thus, free riding delays adoption
decisions and spreads over time the production of information. This strategic behavior leads
only a few agents to adopt the invention at the time of its entry on the market, and then
only a limited number of messages on the performance of innovation are generated.
However, when an invention enters a market, it often meets start-up problems. Even an
eﬀective invention can lead to failures in its ﬁrst stages of development, by early mishaps,
misuses or misunderstandings. These failures are commonly known as "teething troubles"
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and generate noise in the information produced by early adopters. This noise can put
shade on the invention true quality and nip in the bud the development of a socially good
invention. A recent article from The Economist (2015)1 presents the example of frugal
innovation, and attributes its delayed development to early mishaps which created people’s
mistrust.
The present chapter gives a rational framework to analyze this phenomena. We focus on
agents’ behaviors on the demand side, i.e. adopters’ behaviors as a prerequisite to the
analysis of inventors’ behaviors. The research develops a microeconomic model enabling
the analysis of an informational externality threatening the diﬀusion of an innovation. In
the second section we expose some of the market-based examples which motivate our research question and modeling choices. The third section reviews the academic literature
on innovation diﬀusion models, from holistic models of technological diﬀusion to informational cascade and social learning models. The fourth section describes the framework of
our model, which consists in a strategic option representation of the invention adoption
decision, in a context of Bayesian learning. We ﬁrstly study the interaction between two
agents and then extend the model to n agents. Results from numerical simulations using
this model are described in the ﬁfth section, underlining the bimodal distribution of the
steady state caused by the informational externality. The last section evidences that this
result is robust to an endogenous determination of invention’s price. We conclude by arguing that our model highlights some reputational investment decisions by ﬁrms that aim at
avoiding falling due to a bad fate.

3.2

Stylized Facts

We present in this section two empirical economic facts which evidence both the importance
of early reputation in an invention diﬀusion with the case of the Edsel car, and the variability
of diﬀusion paths for similar inventions with the case of wind tubrines.

3.2.1

The Fate of the Edsel

In September 1957, on the "E Day", the Ford company launched its Edsel model which was
one of the ﬁrst large sedan car commercialized at an aﬀordable price for most American
households. With this new model, the Ford company was pursuing a vertical diﬀerentiation
in the car market. But whereas the Ford Company had invested $250 Million on Edsel
development, manufacturing and marketing, the car is today a symbol of commercial failure
1

https://www.economist.com/business/2015/01/22/cheap-and-cheerful
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(Bonsall, 2002). While various reasons are used to explain it, like the controversial design of
its front grille, an interesting reading is the national survey conducted by Popular Mechanics
when the car entered the market: this survey of Railton (1958) was published only six
months after the "E Day". In this survey, 1,000 Edsel owners throughout the U.S. have
been asked about their thoughts regarding the car. If owners enjoyed performance and
ease of handling, surprisingly this survey emphasized one frequent complaint, about poor
workmanship in assembly. More than 16% of the owners surveyed listed that default. In
the report, Arthur R. Railton, the magazine’s journalist in charge, underlines aptly that
this kind of defaults does not show up in usual road test, and was unusual coming from
a well-known brand. This poor workmanship in the ﬁrst models which came out of the
factory is explained by the Edsel industrial production management: the Edsel did not get
its own assembly lines in Ford factories. It was assembled alternatively on lines of other
Ford company cars, such as the Mercury, and then often unﬁnished (Brooks, 1963).
This illustrates why, when the Edsel entered the market, a joke on its name quickly spread:
"Edsel stands for Every Day Something Else Leaks". Despite a powerful launching campaign, information produced and shared by consumers about poor workmanship plagued
the reputation of the Edsel, and contributed to its historical failure: the Ford Motor Company lost about $300 million and stopped the production less than two years after Edsel’s
launch.

3.2.2

Turbines in the wind

More recently, the importance of new products early reputation has also been exhibited in
the sector of low-carbon innovations, as illustrated by the peer-eﬀect and social spillovers in
solar panels adoption by Rode and Weber (2016). We chose to investigate the case of wind
turbines, using TheWindPower database: it gathers technical information about 1,580 wind
turbines from 219 diﬀerent makers. The database also lists wind farms installed across the
world, counting 26,869 farms. In Germany, this database covers about three quarters of
the total wind power installed in 2017. We chose to study the diﬀusion of two speciﬁc wind
turbines on the German market: the E-82 from Enercon and the V-90 from Vestas. We
picked those two turbines for several reasons enabling their comparison. Firstly, they share
almost exactly the same power performance (see power curves compared in annex 3.A) and
rated power. Secondly, they were both introduced on the market in 2002. Thirdly their
respective constructors, Enercon and Vestas, are comparable, as shown by Hau and von
Renouard (2003): they both develop and produce all their turbines’ components, both of
them are major players in the wind turbines market with close market shares for Enercon
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Sarja and Halonen (2013) investigated the determinants of new turbines adoption in Finland: their ﬁndings underline that reputation was the key driver leading to the choice of
a wind turbine over other ones, ahead of other classical factors such as turbine’s technical
performance or costs. The second driver identiﬁed is the volume of electricity generated,
which is similar for E82 and V90 as demonstrated on the power curves (annex 3.A). Costs
are only listed as the third factor, and in these costs the turbine’s price is poorly cited by
the interviewees, strengthening our hypothesis that turbines with similar power have converging prices, at least in Europe, and then that prices do not strongly aﬀect commissioning
decision. In their survey, Sarja and Halonen underline that the reputation was not referring
to production statistics, but "interviewee’s own past experiences and by sharing information
with other companies", which emphasizes the role of public information that accrues from
private decisions made by farm owners.

3.3

Literature review: information and innovation diffusion

Whereas the S-shaped diﬀusion curves of innovation have been identiﬁed by economists in
the ﬁfties, and while this stylized-fact has for long been attributed to an information eﬀect,
we evidence in this section that the economic literature still lacks models based on rational
agents decisions to explain this phenomenon.

3.3.1

Holistic models of innovation diffusion

Since Griliches (1957), many empirical analysis have highlighted the S-shaped curve of
innovations diﬀusion. The Bass diﬀusion model, ﬁrstly exposed in Bass (1969), provides a
good description of this dynamics phenomena, and has been widely applied to the diﬀusion
of innovations in the last ﬁfty years, including works on the diﬀusion of renewables, such
as the one by Rao and Kishore (2010) and by Jenner et al. (2013). Nevertheless, these
analyzes are holistic and lack microeconomic foundations, whereas social sciences widely
recognize the key-role of information in this logistic diﬀusion of innovation, by word of
mouth processes for instance as shown by the early contribution of Rogers (1962). Indeed
microeconomic approaches on innovation diﬀusion focus either on network externalities
(where frameworks similar to the one of Cabral (1990) have numerous applications for
ICT) and on learning curves, as in the study by Beck et al. (2018). Our framework of social
learning with an informational externality is linked to the concept of learning curve: indeed
the invention adoption by some agents reduces the adoption costs (in terms of uncertainty)
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for the following adopters; this link was underlined by Baudry and Bonnet (2019). Those
studies all suppose that in the end, after the S-shaped diﬀusion, an innovation always
reaches its full potential development. By contrast, the aim of the present work is to
build a microeconomic model eliciting the role of information in technology adoption and
innovation diﬀusion. One of the main lessons from this model is that imperfection of
information can randomly cap the diﬀusion of an innovation below its optimal level.
A ﬁrst theoretic microeconomic model, taking into account the role of information and the
agents’ trade-oﬀ between adopting an innovation with uncertain outcomes and waiting for
more information, was proposed by Jensen (1982). This model evidences that information
could be a driver of the S-shaped curve of innovation diﬀusion, but still relies on an exogenous arrival of information. As shown in Hall (2004) and Peres et al. (2010), the economic
literature still lacks models representing the rational choice of agents in interaction with
their environment. As the individual decision rooting innovation diﬀusion is either to adopt
immediately the invention or to postpone the adoption in the aim to obtain information
arising from others’ adoption, it is relevant to look at this decision as a real option problem.
Moreover, as the action of an agent has an impact on the choice of others, and reciprocally,
it requires a game theoretic approach, leading to our choice of a strategic option model.

3.3.2

Real options and game theory

Irreversible discrete decisions of investment in a situation of uncertainty have been ﬁrstly
analyzed by Henry (1974). This analysis was then extended to the precautionary principle
in a continuous choice framework by Gollier et al. (2000). Simultaneously to Henry’s contribution, another seminal paper on irreversible decisions in a context of uncertainty was
published by Arrow and Fisher (1974), where information arrival stochastic process left
room for various interpretations, mainly Markov process and Bayesian learning. The ﬁrst
interpretation is privileged by the literature on real options theory, mainly known through
thetextbook by Dixit et al. (1994). The Bayesian interpretation has been applied to climate
economics by Kelly and Kolstad (1999) for instance, and the synthesis of real options theory
with Bayesian learning applied to the precautionary principle is realized by Baudry (2008).
However those works focus on the precautionary principle for policy-makers at a global
level, avoiding the strategic dimension which has to be taken into account when focusing
at the level of states, and a fortiori at the level of individuals.
Indeed, beyond the use of options to analyze choices under uncertainty, the invention adoption problem we described in the previous section requires to introduce strategic interactions
between agents. Investment decision in an innovation becomes subject to a waiting game:
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by delaying adoption, agents can learn from others’ experience. A more recent literature
has focused on strategic options: in the wake of Lambrecht and Perraudin (2003) and Smit
and Trigeorgis (2006), research works such as the ones of Thijssen (2010), Mason and Weeds
(2010) and Thijssen et al. (2012) have started modeling strategic behavior of ﬁrms facing
an investment with uncertain outcomes, especially in the context of R&D. But, by focusing on the decision of inventors to develop and market their invention, their works exhibit
situations where preemption strategies become dominant, whereas our model is interested
in situation where potential adopters’ waiting strategies are reenforced: agents are interested in others’ experience. Such behaviors are usually described in models of herding and
informational cascades.

3.3.3

Informational cascades, herding and social learning

Two seminal papers, independantly published the same year, exposed the fundamentals of
informational cascades: Banerjee (1992) and Bikhchandani et al. (1992) describe a sequential decision model where each decision maker looks at the decisions taken previously. Herd
behavior derives from the fact that some individuals have private information on the good
decision to make, but can decide rationally to ignore their private information to mimic
others’ behavior. But these models rely on an exogenously determined order of arrival,
which are made one by one. These restrictions were exposed by Shiller (1995), who outlines
the limits of the sequentiality and the ﬁrst movers’ issue, namely the removal of strategic
interplay. Gale (1996) underlines the issue of endogenous sequencing as one of the main
limits of informational cascades models, but also outlines an important feature of informational cascades: the ﬁrst best could be unreached due to the informational externality. In
their article, Chamley and Gale (1994) implement an endogenous timing of decisions, but
still rely on agents diﬀering by their private information, whereas our problem relies on the
public nature of information.
There is a wide brand of literature dealing with the social aspects of innovation diﬀusion.
They usually acknowledge the key role to information sharing. Review made by Young
(2009) evidences three types of models in the economic literature: contagion ones, where
innovation spreads like epidemics, social inﬂuence ones, where innovation spreads thanks
to a conformity motive (also called peer eﬀects) and lastly social learning. The two ﬁrst
categories of informational eﬀects are dug into by Xiong et al. (2016), but this research
does not investigate the strategic aspect of delaying adoption. The last category, social
learning, is underlined as the most relevant for economic analysis, as decisions made by
actors are rational, people waiting for empirical evidence before adopting a new product.
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However, Young (2009) does not introduce the notion of "teething troubles" which is key to
us to explain some less evident diﬀusion patterns, and does not either explicitly model the
waiting game in which agents could engage in. Our aim is then to ﬁll this gap by modeling
rational agents having the option of adopting the innovation immediately or postponing
their decisions to beneﬁt from social learning. As information transmission is not perfect,
noise is introduced in our model, evidencing an alternative aborted diﬀusion path for new
products.

3.4

Model Description

In the lights of the models reviewed above, we innovate on several aspects. We consider a
framework where N agents face an invention of uncertain quality, and share information
about this invention.
Agents are free to adopt the invention immediately or to postpone the decision to the
following period. They diﬀer by their preference for quality θ, and are in asymmetric
information on others’ preferences, that they treat as uniformly distributed between the
minimal preference θm and the maximum one θM . Economic agents are rational, risk-neutral
and in strategic interaction; moreover, they are one-period forward looking to capture intertemporal choices. At each period, each agent decides to invest if and only if her expected
gains from immediate adoption are greater than expected gains of postponing the decision
to the next period.
Invention is a durable good of uncertain quality: eﬀective Qsup , or counter-productive Qinf
(with Qsup > Qinf ), with a price P ﬁxed by a ﬁrm that is assumed to have a monopoly
power on it due to patenting or secrecy. Adoption is irreversible: the irreversibility arises,
for instance, from a "market for lemons" in the case of product innovation, or from the
speciﬁcity of assets mobilized in the case of other types of innovations.
Belief (Xt ) in the invention nature is common and shared among agents, i.e. information
about invention quality is public. This belief is revised by Bayes’ rule according to messages
produced by adopters: each time an agent adopts the invention, she produces a message
on its nature, but information transmission is not perfect (e.g., adoption of an invention
of eﬀective quality can give birth to a negative message, and conversely for an invention of
counter-productive quality). Noise is multi-sourced (teething troubles, measurement issues,
Chinese whispers...), and captures the phenomena exposed in introduction.
Expected gains then incorporate the possibility of receiving messages of both types, and
the possibility of postponing adoption if expected gains are negative. As they are in an
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information asymmetry, agents give a common probability p to other agents to invest, and
they adopt a strategic behavior. Our game theoretic framework is solved recursively in pure
strategies.

3.4.1

A basic two agents - two periods model: proof of concept

3.4.1.1

Framework of the game

We use the basic model of vertical diﬀerentiation developed by Shaked and Sutton (1982).
The utility ﬂow ui of agent i is written ui = θi ∗ Q + Y ; her budget constraint is Y + P = Ri ,

where θi is the marginal rate of substitution of the agent i between the aggregate good and

the diﬀerentiated good, Q is the quality of the diﬀerentiated good, Y is the quantity of the
aggregate good, P the price of the diﬀerentiated good and Ri the revenue of the agent i at
each period. Each agent is supposed to buy only one unit of the diﬀerentiated good, and we
consider our good as a durable one2 . By substitution, we obtain the following expression
for agent i’s utility ﬂow:
ui = θi ∗ Q − P + Ri

(3.4.1)

We consider 2 agents A and B who are facing the decision to adopt a same product.
Quality preferences of the two agents are respectively θA > 0 and θB > 0 ; each agent
knows her preference, but it is private information. Agents do not know the preference
of their partner, they only know that quality preferences are in the range [θm , θM ]. Prior
adopting the invention, quality is normalized to Q = 0 obtained at price P = 0. Invention
quality is Qsup if the invention is eﬀective, and reciprocally Qinf if the the invention is
counter-productive, with Qsup > Qinf > 0. Then, for agent i ∈ {A, B}, willingness to pay

for the invention is Qsup ∗ θi in the good quality scenario, or Qinf ∗ θi in the bad quality
scenario. Initial common belief that the invention is counter-productive is X0 and, thus,

belief in the good scenario is 1 − X0 , with X0 ∈ [0, 1]. Subsequent belief at t = 1 is denoted

X1 . We deﬁne the expected quality:

Qexp (Xt ) = Xt ∗ Qinf + (1 − Xt ) ∗ Qsup for t ∈ {0, 1}

(3.4.2)

The discount rate used by all agents is ﬁxed at r ≥ 0.
2

The model could alternatively be presented as a decision to adopt a process, managerial or marketing
invention by two firms. P would then denote the sunk cost of investing in the invention, whereas Q would
be the multiplicative impact on gross profit θi of the resulting change on total factor productivity of the
firm. Accordingly, the net profit in case of adoption would be: Πi = θi ∗ Q − P + Ri , where Ri is the
unaffected source of profit of firm i.
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When an agent decides to invest at the ﬁrst period, she produces a message which will reevaluate X0 into X1 . Reliabilities of messages created are deﬁned as follows: ppos > 0.5 is
the probability to receive a message compliant with a positive scenario (probability that the
message is positive when the invention is eﬀective); pneg > 0.5 is the probability to receive a
message compliant with a negative scenario (probability that the message is negative when
the invention is counter-productive).
As ppos and pneg are common knowledge, from above we can deﬁne rational expectations
of agents on the receipt of positive messages from t = 0 to t = 1, and respectively on the
receipt of negative messages: P robpos,0 is the probability of receiving a positive message
if the other player adopts the invention at t = 0, respectively P robneg,0 the probability of
receiving a negative message if the other player adopts the invention at t = 0.












P robpos,0 = ppos ∗ (1 − X0 ) + (1 − pneg ) ∗ X0

P robneg,0 = (1 − ppos ) ∗ (1 − X0 ) + pneg ∗ X0

(3.4.3)

P robpos,0 + P robneg,0 = 1

As a message will be incorporated in the common belief on the nature of the innovation,
Bayesian re-evaluation will give the following X1,+ (respectively X1,− ) if the message is
positive (respectively negative). If no message is received between t = 0 and t = 1, then
X1,∅ = X0 .
















1 − pneg
∗ X0
P robpos,0
pneg
X1,− =
∗ X0
P robneg,0
X1,∅ = X0 .
X1,+ =

(3.4.4)

As we have ppos + pneg > 1, then X1,− > X0 > X1,+ and then Qexp (X1,+ ) > Qexp (X0 ) >
Qexp (X1,− ) where Qexp (Xt ) is deﬁned in (0).
With λ the probability each agent gives to the other one to invest at the ﬁrst period, we
analyze agents’ strategic choices. As in this ﬁrst framework only two agents are interacting,
the analysis of two periods is suﬃcient. Indeed, reasoning recursively, there is three possible
states of nature at the second period:
• Both agents have adopted the invention at the ﬁrst period. Then further analysis is
not needed.
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• None of the agents has adopted the invention during the ﬁrst period: as information
is endogenously produced in this game, it means that beliefs on invention nature
(eﬀective or counter-productive) have not been revised, and then option problem is
similar to the one of the ﬁrst period, and rationally, each agent will keep her strategy
of postponing. By recurrence, in this case no agent will ever adopt the invention, and
the two periods game is suﬃcient to analyze strategies.
• A third possible state of nature is that only one of the two agents has adopted the
invention. Then, for the remaining agent with the option of adopting, belief on
invention nature has been revised according to the message produced by the agent
who has adopted the invention. Remaining agent can then make her decision to adopt
or postpone the adoption, but if she postpones, she is in reality giving up deﬁnitely
as no more information can be revealed about invention nature. Again, a two periods
game captures all possible strategies of the two agents.
Thus there are only two relevant periods of analysis for our game. The option problem in
the ﬁrst period is to decide between adopting immediately the invention or postponing the
decision to the second period. If the expected utility derived from immediate adoption is
easy to calculate with the initial belief on invention nature, expected utility of postponing
is more complex as it embodies both the possibility that the decision to adopt or not will
be enlightened by the adoption of the other agent during the ﬁrst period (with probability
λ) and the alternative state of nature where no more information will be disclosed (with
probability 1 − λ). If she receives a message, agent i can rationally anticipate the evolution

of expected utility if this message is positive or negative. Accordingly, the option problem
writes as follows:

Fi = M ax





































Utility of immediate exercise of the option:
θi ∗ Qexp (X0 ) + Ri
Ui,adoption = θi ∗ Qexp (X0 ) + Ri − P +
1+r
(3.4.5)
Utility of postponing:
M ax{θi ∗Qexp (X0 )+Ri −P ;Ri }
1+r
P robpos,0 ∗M ax{θi ∗Qexp (X1,+ )+Ri −P ;Ri }+P robneg,0 ∗M ax{θi ∗Qexp (X1,− )+Ri −P ;Ri }
1+r

Ui,delay = Ri + (1 − λ) ∗
+λ ∗

The linearity of ui implies that Ri has no inﬂuence on the exercise rule of the option.
Depending on parameters initial values, three cases have to be considered:
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• If 0 > Ui,adoption ⇔ P > θi ∗ Qexp (X0 ) ∗
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: agent i systematically delays, no matter

how the other agent behaves. Indeed, the value of immediate execution is negative,
whereas the value of report is always superior or equal to 0, because the agent is
never forced to adopt the invention. The strategic interaction has no inﬂuence on the
agent’s decision in this case.

• If P < θi ∗ Qexp (X1,− ) : agent i always decides to exercise her option immediately

and to adopt the invention. Indeed, even with a negative message, expected net gains
resulting from the adoption will be positive. Then the information hypothetically
earned through waiting will not change agent’s decision, whereas waiting has a cost
for the agent, through the discount rate. The strategic interaction never inﬂuence the
agent’s decision in this case.

> P > θi ∗Qexp (X1,− ) : expected net gains from immediate exercise
• If θi ∗Qexp (X0 )∗ 2+r
1+r

is positive for the agent, but if a negative message is received between the ﬁrst and
the second period, expected net gains become negative. Then in the second period
the agent will not choose to adopt. The optimal decision relies on the probability λ
confered to the other agent to invest. Finding λ is a prerequisite to solve the option
problem.

3.4.1.2

Solving the 2 agents model with strategic delay

2+r
> P > θi ∗ Qexp (X1,− ). We
We consider the third case presented above: θi ∗ Qexp (X0 ) ∗ 1+r

can rewrite the option problem as follows:

Fi = M ax



































Utility of immediate exercise of the option:
Ui,adoption = (θi ∗ Qexp (X0 )) ∗

2+r
1+r

−P
(3.4.6)

Utility of postponing:
θi ∗Qexp (X0 )+Ri −P
1+r
P robpos,0 ∗(θi ∗Qexp (X1,+ )+Ri −P )
+λ
1+r

Ui,delay = (1 − λ) ∗

+λ ∗

∗

P robneg,0 ∗Ri
1+r

Where λ belongs to the interval [0, 1]. By deﬁnition, λ is the probability that the value of
immediate exercise is superior to the value of postponement for the other player: it is an
anticipation made by agents on the probability that others adopt. As agents are rational,
share of adopters observed at the end of the period has to be consistent with the adoption
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probability used by agents in their economic rationale.
λ = P r{Ui,adoption > Ui,delay }

(3.4.7)

Substituting in equation (3.4.7) the expression of Ui,adoption and Ui,delay given in (3.4.6), this
is equivalent to:
λ = P r{θi > P ∗

r + λ ∗ P robneg,0
}
(1 + λ + r) ∗ Qexp (X0 ) − λ ∗ P robpos,0 ∗ Qexp (X1,+ )

(3.4.8)

Solving this inequation requires to speciﬁy the belief agents have on the marginal rate of
substitution of others. For computational convenience, we use a uniform distribution of θ
on the interval [θm , θM ]. Equation (3.4.8) then becomes:

λ=

θM − P ∗

r+λ∗P robneg,0
(1+λ+r)∗Qexp (X0 )−λ∗P robpos,0 ∗Qexp (X1,+ )

(3.4.9)

θM − θm

This equation in λ can be conveyed into the second-order polynomial stated in equation
3.4.10:
0 =λ2 ∗ (θm − θM ) ∗ (Qexp (X0 ) − P robpos,0 ∗ Qexp (X1,+ )) + λ ∗ (θM ∗ (Qexp (X0 )

(3.4.10)
− P robpos,0 ∗ Qexp (X1,+ )) + (θm − θM ) ∗ (1 + r) ∗ Qexp (X0 ) − P robneg,0 ) − P ∗ r

As shown in Appendix 3.B, we can easily prove that this polynomial admits a unique
positive solution in λ, noted λsol , and that this solution is strictly positive. The solution of
the option problem is denoted by λ∗ and may depart from λsol . If λsol > 1 then the corner
solution λ∗ = 1 is obtained and agents will both adopt the invention at the ﬁrst period.
In this case, the option value of waiting is not high enough in comparison to the expected
loss due to discounting. But if λsol < 1, then λ∗ = λsol , the adoption at the ﬁrst period
is not systematic anymore. A suﬃcient condition ensuring λ∗ < 1 is θm <

P
Qsup

∗

1−ppos
.
r+ppos

This condition is not limiting for our analysis: it simply means that an agent might have a
quality preference low enough to prevent him from ever investing in the invention.
Proposition 1. In a two agents game, the probability that an agent aﬀects to the other
exercizing her option to adopt immediately the invention has a unique solution λ∗ ∈]0; 1]

which depends on ppos , pneg , θm , θM , Qinf , Qsup , X0 , P and r.
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3.4.2

Generalization: N + 1 agents and up to N + 1 periods

3.4.2.1

Framework of the game

We now consider N +1 agents, A1 , A2 , ..., AN +1 who can adopt the same invention. As in the
previous section, their quality preferences are respectively {θ1 , θ2 , ..., θN +1 } ∈ [θm ; θM ]N +1

and are private information of each agent. Willingness to pay for the invention of agent i
is θi ∗ Qsup if the invention is eﬀective, or θi ∗ Qinf if the invention is counter-productive.
Initial common belief in the bad scenario is X0 , and respectively initial belief in the good
scenario is 1 − X0 , with X0 ∈ [0, 1]. We deﬁne expected quality at period t as Qexp (Xt ) =
Xt ∗ Qinf + (1 − Xt ) ∗ Qsup . The discount rate used by all agents is ﬁxed at r ≥ 0.

The expected utility gain of the agent i when adopting at period t is then written:
ui,t = θi ∗ Qexp (Xt ) − P + Ri

(3.4.11)

Agents’ rational expectations on positive and negative messages at period t are written
following the same lines than in the previous section (two players game):












P robpos,t = ppos ∗ (1 − Xt ) + (1 − pneg ) ∗ Xt

P robneg,t = (1 − ppos ) ∗ (1 − Xt ) + pneg ∗ Xt

(3.4.12)

P robpos,t + P robneg,t = 1

Unlike the previous model, multiple messages can now be incorporated in the revision of
common belief from date to date. Indeed we do not limit the number of agents who can
choose to adopt the invention at each period - contrary to most informational cascades
models. Bayesian re-evaluation will give the following Xt = Revα,β (Xt−1 ) common belief

3

on the nature of invention at a given period t, given that α positive messages and β negative
messages have been received since the previous date t − 1. The function Revα,β (.) gives the

belief on invention nature revised bayesianly with those α positive and β negative messages.
pneg β
1 − pneg α
)
∗
(
) ∗ Xt−1
ppos
1 − ppos
Revα,β (Xt−1 ) =
1 − pneg
pneg β
1 − Xt−1 ∗ (1 − ( pos )α ∗ (
) )
p
1 − ppos
(

(3.4.13)

Demonstration of equation (3.4.13) is given in Appendix 3.C. We consider an agent Ai facing
the decision of investing immediately or postponing for one period to gather information
3

We operate a change from previous section’s notations: here X1,+ becomes Rev1,0 (Xt ).
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from other agents on the invention’s nature. We generalize the option problem ﬁrstly
presented in equation (3.4.5) at a period t ≥ 0, when there are still n other agents who

have not adopted the invention yet (n ≤ N + 1). As the information produced about the
invention is public, all agents share with Ai the same belief on invention nature. Moreover,
as preferences are private information, all agents aﬀect the same probability λt of investing
at the period t to other agents. For computational convenience, agents are only one-period
forward looking. Therefore, the value function of their decision is:

FAi ,t = M ax





































Utility of immediate exercise:
Ui,t,adoption = θi ∗ Qexp (Xt ) + Ri − P +

θi ∗ Qexp (Xt ) + Ri
1+r
(3.4.14)

Utility of postponing:
Ui,t,delay = Ri
+

Pn

k=0

[(n
∗λkt ∗(1−λt )n−k ∗
k)

Pk

j=0

[(kj)∗P robjpos,t ∗P robk−j
neg,t ∗M ax{θi ∗Qexp (Revj,k−j (Xt )−P +Ri ;Ri }]]
1+r

With Revj,k−j (Xt ) common belief on the nature of invention when j positive messages and
k − j negative messages have altered the belief Xt .
3.4.2.2

Solving the N + 1 agents game

Like in the two agents-two periods model, we assume that belief each agent has about other
agents’ preferences for quality can be represented by a uniform distribution of θi on the
interval [θm , θM ]. Hence, by the following rationale, we deduce the (n + 1)-order polynomial
representing the option: (P n+1 ). To obtain this polynomial, we calculate θagent,t , threshold
of θ separating agents who choose to invest at period t and those who choose to postpone
at period t + 1. But, unlike the 2 agents-2 periods model, in this n + 1 agents framework
we have to take into account that, at each period, agents who have already adopted the
invention quit the game. Over periods and adoptions, there are fewer and fewer agents in
the game, and the remaining rational agents take this demographic eﬀect into account in
their expectations of new messages. More precisely, as the ﬁrst agents to invest are the
ones with the highest preferences for quality, θM decreases with the number of adopters.
We thus switch to the notation θM,t , with θM,0 = θM and θM,t+1 = θagent,t .
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By deﬁnition, λt is the probability that an agent j invests at the period t:
λt = P r{θj > θagent,t }
θM,t − θagent,t
=
θM,t − θm
⇔ θagent,t = θagent,t−1 − λt ∗ (θagent,t−1 − θm )

(3.4.15)

By proceeding along the same method than in section 2, and using jointly the value function
(3.4.14) and the equation (3.4.15), we write (Ptn+1 ):
(Ptn+1 ) =(1 + r) ∗ (Qexp (Xt ) ∗ (θM,t + λt ∗ (θm − θM,t )) − P )
+ Qexp (Xt ) ∗ (θM,t + λt ∗ (θm − θM,t ))
n
X

!

n
∗ λkt ∗ (1 − λt )n−k
[
−
k
k=0

∗

k
X

j=0

[

(3.4.16)

!

k
∗ P robjpos,t ∗ P robk−j
neg,t
j

∗ M ax{(θM,t + λt ∗ (θm − θM,t )) ∗ Qexp (Revj,k−j (Xt )) − P ; 0}]]
According to the sign of the polynomial (Ptn+1 ) for λt ∈ [0; 1], three cases have to be

envisioned:

• If (Ptn+1 )(λt ) < 0 on [0; 1]: all the (n + 1)-agents delay the adoption at period t, there
is no adoption of the new product. The solution to the option problem is then λ∗t = 0
and the diﬀusion stops.
• If (Ptn+1 )(λt ) > 0 on [0; 1]: all the (n + 1)-agents decide to exercise their option at
period t and to adopt the invention. The solution to the option problem is then λ∗t = 1
and the diﬀusion over all the population is completed.
• If (Ptn+1 )(λt ) switches its sign on [0; 1]: only of fraction of agents will adopt the
innovation at period t. This is the most interesting case. The ﬁx point value of λ∗t
associated with the option problem is then the polynomial root between 0 and 1.
Proposition 2 states the unicity of the solution.
Proposition 2. In a N + 1-agents game, the probability that an agent who has not yet
adopted the invention at period t optimally decides to adopt immediately is unique.
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Proof. Proposition 2
Existence: Immediate from the discussion on the sign of polynomial (Ptn+1 ) (see equation (3.4.16)
above).
Uniqueness: Immediate if (Ptn+1 )(λt ) does not switch sign on [0; 1]; if it does, we make proof by
contradiction. Assume that there is more than one solution to (Ptn+1 )(λt ) = 0 between 0 and 1. (Ptn+1 )(λt )
is a n + 1 degree polynomial, it has a finite number of solutions. Let consider two successive different
solutions (λa , λb ) ∈ [0; 1]2 . Being distinct, λa and λb admit an order relation. We arbitrarily posit that

λa < λb . According to equation (3.4.15), their associated quality preference frontiers admit the opposite

order relation θa > θb . We can then choose a quality preference verifying θa > θx > θb . As θ’s distribution
is continuous and uniform among agents, we can find the corresponding agent x.
As θa > θx , the optimal decision of agent x is to postpone rather than exercising immediately.
As θx > θb , the optimal decision of agent x is to exercise immediately rather than postponing.
From the two previous statements we deduce that the option value of agent x is the same if she immediately
exercises or if she postpones: then λx associated to θx is also a solution of (P n+1 )(λ) = 0. Yet λa < λx <
λb , which is impossible as we have taken two successive solutions of the polynomial.
Thus the solution λ∗t of the equation (Ptn+1 )(λt ) = 0 is unique.

Proposition 2 is the theoretic foundation of the invention progressive diﬀusion: λ∗t is not
necessarily equal to 0 or 1, it lies in this interval and diﬀusion is progressive.

3.5

Bimodal distribution of steady state

If an analytical solution is computationally complex to establish, numerical simulations
enable an insightful illustration of the model. Indeed, the objective is to evidence some
eﬀects on diﬀusion paths unprecedented in the economic literature. Especially, numerical
simulations highlight that steady states exhibit special characteristics.

3.5.1

Calibration

In order to further analyze the micro-founded model of adoption diﬀusion, and more specifically its properties, we parametrize the model as follows. There are N = 101 agents in
strategic interaction. These agents can all either adopt a new brand product with uncertain
quality, or postpone their decision at the following period. If the invention is eﬀective, its
quality will be Qsup = 1.If it is counter-productive, its quality will be Qinf = 0. Quality
preferences of agents are uniformly distributed between θm = 10 and θM (t = 0) = 110. The
common initial belief on the invention is X0 = 0.9. Noise parameters are ﬁxed at ppos = 0.6
and pneg = 0.65. The price of the product is constant over time and ﬁxed at P = 19 ; this
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price is the one maximizing the ﬁrm’s proﬁt, as further discussed in subsection 5.4. The
discount rate of agents is r = 0.05. We ﬁx the time limit of the game at 101 periods, since
the maximum number of learning periods equals the number of agents.
The model is solved recursively, subtracting to n at period t+1 the number of agents having
adopted the product at period t. We compute λ∗ (t) given the current belief Xt obtained
with Bayes rule. As agents are rational, they anticipate that those adopting ﬁrst are the
ones with the highest preferences for quality. Then, on the basis of how many agents have
adopted the invention, they are able to revise the maximal preference for quality of agents
still playing as follows:
θM,t+1 = θM,t − λ∗ (t) ∗ (θM,t − θm ).

(3.5.1)

At each period t, once the number of agents a(t) who choose to invest in the invention,
whereas they have not already, is determined, we make a random draw from the binomial
distribution deﬁned either by ppos or pneg (depending on which scenario we exogenously
impose) to determine how many positive and negative messages are emitted. The shared
common belief on the nature of the invention among the agents still in the game is revised
on the basis of these messages.

3.5.2

S-shape of the diffusion curve and steady state

In this subsection, we present our simulations results in the case of an eﬀective invention,
with the aim to highlight how an "intrinsically good" invention can be doomed due to
informational externalities. Given the calibration of parameters detailed in the previous
subsection, if the invention is eﬀective, its optimal diﬀusion is 99% among our population,
which corresponds to 100 agents4 .
Figure 3.51 displays the result of one of our one-shot simulations, when the real nature of the
invention is eﬀective. We can observe in this case that after 5 periods, the full development
of the invention is reached in the population of 100 agents. Besides, the diﬀusion path
follows the S-shaped curve generally observed empirically, as detailed in Section 2.
4

Indeed, population is made up of 101 agents, but given the quality of invention and their preference
quality, only 100 agents would derive a positive utility from invention adoption.
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where information on the invention nature becomes a public good produced by private actions. We demonstrate that informational externality is a suﬃcient condition to induce an
endogenous S-shaped diﬀusion curve. Moreover, we show that noise derived from teething
troubles can nip in the bud the diﬀusion of an eﬀective invention, and curse its fate. We believe that our analytical framework can be useful to explain cases of innovations developing
unevenly over various markets, especially when reputational damages are identiﬁed. Firms’
strategies to overcome this reputational valley of death can also be analyzed through our
model. Three diﬀerent strategies could be envisioned by the ﬁrm oﬀering a new product
to answer this issue: the ﬁrst strategy would be to act on the price, for instance by discriminating early adopters and oﬀering them a lower price P in order to produce enough
messages on the invention quality in order to trigger the virtuous circle of information: a
"launch price" strategy. The second strategy would be to set up larger informational hubs,
for instance by introducing a rating website for consumers or by organizing meetings with
early adopters. Both of these two ﬁrst strategies aim at scaling up the number of messages
gathered by potential adopters on invention’s quality. The third ﬁrm’s strategy could be
to make information production about its invention more reliable, for instance by oﬀering
tools to estimate faithfully the beneﬁts derived from the invention, a solution which seems
especially relevant for inventions related to energy-eﬃciency. The "Dieselgate" enlightened
recently the risk of unfair assessment of quality, and the response of the European Commission roots in this third strategy: new certiﬁcations and quality control standards are set
up to provide a better information for the consumer.
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a can be rewritten as follows :
a = (θM − θm ) ∗ (Qsup ∗ (1 − X0 ) ∗ (1 − ppos + Qinf ∗ X0 ∗ pneg )

(3.B.3)

Our framework hypotheses imply that a > 0 and c < 0. As we deﬁne ∆ = b2 − 4 ∗ a ∗ c,

then ∆ > 0. There exists then two real roots
√ of equation (3.B.1) of opposite signs.
∆
−b
+
. We look for a condition ensuring λ+ ≤ 1
Let consider the positive root λ+ =
2
∗
a
√
∆
⇔ −b+
≤1
2∗a
⇔ 0 ≤ 4 ∗ a ∗ (a + b + c)

⇔ 0 ≤ (a + b + c)

⇔ P ≥ θm ∗

Qsup ∗(1−X0 )∗((1+r)−(1−ppos ))+Qinf ∗X0 ∗(1+r−pneg )
(1−ppos )∗(1−X0 )+pneg ∗X0
pos

r+p
Then a suﬃcient condition to ensure λ+ ≤ 1 is P ≥ θm ∗ Qsup ∗ ( 1−p
pos ).

3.C

Bayesian re-evaluation in N + 1 agents game

In order to compute the belief evolution after α positive messages and β negative messages,
we deﬁne the likelihood ratio:
Zt = ln

Then we deﬁne ∆Z+ = Z1+ − Z0 = ln
(3.4.3) and (3.4.4).

By computation, we obtain ∆Z+ = ln (

Xt
1 − Xt

(3.C.1)

X1+
1 − X0
∗
and we introduce expressions
1 − X1+
X0

1 − pneg
).
ppos

pneg
).
Similarly, we can compute ∆Z− = Z1− − Z0 = ln (
1 − ppos
Hence, after α positive messages and β negative messages, we have:
1 − pneg
pneg
Zt = Z0 + α ∗ ln ( pos ) + β ∗ ln (
)
p
1 − ppos
Using the exponential function, we ﬁnally get the Bayesian revision of belief after α positive
messages and β negative messages :

pneg β
1 − pneg α
) ∗ X0
( pos ) ∗ (
p
1 − ppos
Xt = Revα,β (X0 ) =
1 − pneg
pneg β
1 − X0 ∗ (1 − ( pos )α ∗ (
) )
p
1 − ppos

(3.C.2)

***
«De tout temps et dans toute espèce d’avantages, on met plus de passion à obtenir ce qu’on
n’a pas qu’à conserver ce qu’on a.»
−Stendhal.
***

Chapter 4
Is the Cure Worse than the Disease?
Willingness-To-Pay for Information
and Winner’s Curse in a
Common-Value Auction
***
We build a laboratory economic experiment where participants play a Common Value Auction (CVA) game obtaining the opportunity to bid for additional information about the
intrinsic value of the auctioned good. In our CVA game, groups of 2 bidders obtain free
and private information about the true value of a Prize and should bid repeatedly for buying
it as additional information may be provided throughout the bidding process. In a benchmark treatment, free information occurs and could result in various information structures
for bidders. In the other ‘Buy’ treatment, after obtaining some free information, participants bid for buying an additional signal before bidding again for the good. This treatment
implies in particular that information asymmetry may be endogenously created between
bidders, while it is exogenously created in the benchmark. We had 260 participants for
which we control for cognitive abilities and risk aversion. We observe the Winner’s Curse
(WC) phenomenon consistently across the diﬀerent information structures. Overbidding
occurs both for the Prize but also for costly information. We give statistical evidence for
explaining overbidding as the consequence of various well-known behavioral biases.
***
This Chapter is an adaptation of a collaboration with Laurent Denant-Boemont.
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Introduction

In 2010, a huge fraud was discovered in Germany, as forgers sold to famous buyers, including the Metropolitan Museum in New York, false paintings of Max Ernst or Fernand Léger,
for a total value of 34.1 millions of US$. An expert ﬁnally discovered that some tickets
at the back of fake paintings were not authentic. In the ﬁeld of public utilities, the public
service delegation process for water, energy or transport imply competition among tenders
for obtaining the contract for a mid-term duration (from 6 to 10 years, see Saussier and
Tirole, 2015). One important criteria, among others, in the company selection stage, may
be the lowest price for a level of service that is ﬁxed and publicly announced by public local
authorities at the call stage. In this case, the insider ﬁrm that compete with outsider has
more information about operating costs and revenues for the public service. Long durations
can also lead to foreclosure of the market. Asymmetric information, reputational eﬀects
and learning-by-doing grant incumbents a relative advantage in the rebidding stage, particularly for highly specialised contracts, discouraging rivals to participate (OECD, 2014).
Klemperer (2007) illustrates these dominance eﬀects with the example of tendering for the
U.K. National Lottery: while there were eight bidders in the ﬁrst auction, the winning concessionaire acquired substantial incumbency advantages over the seven-year term and there
were only two bidders for the second tender. These examples illustrate the problems raised
by auctions procedures when the economic value or the economic beneﬁt may be the same
for all bidders but remains uncertain at the time when bidders compete to obtain goods
or rights to operate. This problem would be especially relevant when ex ante information
about the potential value may be diﬀerent between, let’s say, an expert or an incumbent
ﬁrm compared to less informed bidders or new entrants that compete together.
In a Common Value Auction Game, the unknown value of the auctioned item is the same
to all bidders, but bidders have diﬀerent private information about its actual value. In
such situations, it had been extensively shown that bidders are prone to the "winner’s
curse" (Wilson, 1969, 1977). The Winner’s Curse (hereafter, WC) is a situation where the
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highest bidder tends to be the one with the most optimistic estimate of the item’s value and
neglects the fact that winning the auction is itself informative (Holt and Sherman, 2014)
in the sense that if the bidder wins, other bidders’ value estimates were relatively low. As
a consequence, the WC may result in very small payoﬀ or oven in negative ones. This is
puzzling since the optimal bid in a game theoretic equilibrium solution setting could not
result in negative payoﬀ. Therefore, Winner’s Curse may derive from overbidding behavior.
There had been an extensive experimental literature about Winner’s Curse in CommonValue Auction games (see the extensive review by Kagel and Levin, 2002 and Kagel and
Roth, 2016)1 .
Most of these economic experiments were based on a simultaneous sealed-bid First-Price
Auction (FPA) where each bidder ﬁrst obtain a signal about the true value of the item
that is to be computed as the average (or the sum) of all bidders’ signals. Then, sealed
bids are compared and the highest bidder wins the true value, pays his bid, and gets a
payoﬀ as the diﬀerence. Losing bidders get nothing. In most cases, these economic experiments consider (i) symmetric players, which does not imply that all bidders have identical
information, but rather than each draws his private signal for the the same distribution
conditional of the true value of the item (Hausch, 1987), and (ii) no common uncertainty
(i.e., each bidder knows privately one diﬀerent component of the value). To our knowledge,
the only experimental paper that considers both asymmetric information structures and
common uncertainty is Grosskopf et al. (2018). Authors studied a 2-bidders CVA game,
the item value being randomly chosen in a uniform distribution and implement in particular
a treatment where one bidder gets a signal when the other gets nothing. They observed
that, compared to Nash equilibrium bidding, informed bidders tend to overbid when, on
the contrary, uninformed bidders tend to underbid. In short, Grosskopf et al. (2018) conclude that having no information is some kind of blessing for the winner. Actually, our
experimental results give some additional evidence about this result, as our participants
tend to overbid when being more informed. What we also observe is that they also tend
to overbid for buying additional information about the item value. One strong originality of our experiment is to introduce endogenous information asymmetry, as bidders could
buy more information during the auction process. In our design, information asymmetry
may be either exogenous, depending on a random process (our benchmark treatment) or
endogenous, depending on a bidding process about costly information to be acquired (our
"Buy" treatment). Moreover, inspiring upon Brocas et al. (2015), we consider a rich set of
information structures that may be possible, as we consider an item for which the value is
1

In fact, as Kagel and Levin wrote: "The winner’s curse has been such a pervasive phenomenon in
the laboratory that most of these initial experiments have focused on its robustness and the features of the
environment that might attenuate its effects".
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made of four signals (components). As a consequence, we have information structures where
some private signals may be known by both bidders, which is not the case in Grosskopf et al.
(2018) or even Brocas et al. (2015). Experimental evidence had shown the relevancy of WC
phenomenon in CVA contexts, especially in the case of inexperienced bidders (Kagel and
Roth, 2016). For these experiments, participants obtain (or not) a signal, then bid and the
outcome of the competition is revealed. It is therefore a question of interest to wonder if a
more dynamic information acquisition over the bidding process could magnify or decrease
the WC phenomenon. For answering this question, we build a design where bidders could
accumulate information about the true value of the good and bid repeatedly for it as private
information may grow. Considering also that actual bidders are prone to be exposed to WC
in the case of CVA, what may happen under dynamic information acquisition? There is a
clear trade-oﬀ for the bidder: on the one hand, additional signal is reducing the uncertainty
about the common value and therefore should reduce the payoﬀ uncertainty associated to a
given bid. Moreover, given that WC is partly due to the lack of strategic thinking, making
information acquisition costly for the bidder should trigger more sophisticated decisionmaking process, being constrained to weigh carefully the expected beneﬁt of information in
the competition with other bidder, and therefore induces more strategic reasoning. But, on
the other hand, if information cost occurs before its revelation, it implies some expectation
about the true value of the information for the bidder. We conjecture that, if the value
of information is uncertain for the bidder, buying it before observing the signal during the
bidding process may trigger some second-order winner’s curse. Bidders who decide to buy
additional information may pay too much for a signal that happens ex post to be worthless.
In order to study this problem, we build a laboratory economic experiment where participants propose simultaneously and repeatedly sealed bids for a Common Value good under
various information dynamics. More precisely, in our CVA game, groups of 2 bidders obtain
free and private signals (information) about the true value of the good and should bid in
a First-Price Auction (FPA) repeatedly for the good as additional information is observed
during the bidding process. In a benchmark treatment, information is always free and could
result in various information structures for bidders. In the other treatment, after obtaining
free information, participants could also bid for buying an additional signal before bidding
again for the good. This treatment implies in particular that information asymmetry may
be endogenously created between bidders, while it is exogenously created in the benchmark.
For each treatment, the CVA game is repeated during 24 periods. As it has been shown
by Casari et al. (2007), some personality traits may intervene strongly in bidding strategies of participants. In order to provide a control for these traits, we measure cognitive
ability for each participant thanks to a simpliﬁed Raven’s test (Raven, 1941, 1960) and
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elicit risk preferences at the individual level. To preclude our main experimental results,
we observe Winner’s Curse (WC) - i.e., a situation where overbidding behavior occurs compared to Nash equilibrium bidding - consistently across the various information structures.
We evidence that costly information acquisition through the buying process is associated
to more strategic behavior of participants, compared to the benchmark treatment where
they behave in a more “naïve” way. However, if the ﬁrst order WC - that is, bidding too
much for the good - is reduced thanks to costly information acquisition, buying information triggers also several cognitive biases which may cancel out its beneﬁts, in some case
reducing ﬁnal payoﬀs for participants compared to the benchmark. Indeed, we document
evidence for three behavioral failures arising from costly information acquisition. First, the
second order WC appears in players’ bids: subjects’ Willingness-To-Pay for information
is signiﬁcantly higher than its theoretic value. Second, participants are exposed to sunk
cost fallacy. Participants who actually pay for additional information raise subsequently
their bids for the item in order to increase the probability of winning, which ﬁnally reduce
payoﬀs. Lastly, a "Price-as-Quality" eﬀect appears for information buyers (that is, paying
for information makes it more useful), whom consider the costly information they buy as
more relevant for choosing their bids compared to the free information they obtain.
This last chapter is organized as follows. Section 4.2 is dedicated to the theoretical background. Section 4.3 describes our experimental design and procedures, and following section
details experimental results. Our last section is for concluding comments.

4.2

Theoretical Background & Predictions

Likewise Brocas et al. (2015), we consider a single good made of four components. Each
component i ∈ {1, 2, 3, 4} has a value xi independently drawn from a uniform and continuous

distribution on [0, 50]. The total value of the good is the sum of its components values
Xtot = x1 + x2 + x3 + x4 . Two risk neutral players A and B bid for this good in a ﬁrst price
sealed bid auction with no reserve price. Before bidding, the player A observes the ﬁrst r
components of the good {x1 , ..., xr } and the player B observes the last s components of the

good {x4−s+1 , ..., x4 } with {r, s} ∈ {1, 2, 3}2 . Winner of the auction is the player with the

highest bid: winner gets the totality of the four components of the good and pays its bid.
The player who loses does not get the good and does not pay its bid. If both players bid
the same amount, the winner is randomly drawn between them with a probability 1/2. The
information structure of the auction is perfectly known by players: each player knows which
components are exclusively known by her and which are exclusively known by the opposite
player (the distribution of private information). Each player also knows which components
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are known by both of them (i.e. public information) and which are known by none of them
(i.e. common uncertainty). We study ﬁve diﬀerent informational structures that can arise
in this auction:
1. Symmetric private information of the players with common uncertainty: A observes
{x1 }, B observes {x4 }, no player observes {x2 , x3 }.
2. Symmetric private information of the players with no uncertainty: A observes {x1 , x2 },
B observes {x3 , x4 }.

3. Symmetric private information of the players with public information: A observes
{x1 }, B observes {x4 }, both players observe {x2 , x3 }.
4. Asymmetric private information of the players with common uncertainty: A observes
{x1 , x2 }, B observes {x4 }, no player observes {x3 }, or conversely for A and B.
5. Asymmetric private information of the players with public information, A observes
{x1 , x2 }, B observes {x4 }, both players observe {x3 }, or conversely for A and B.
While Brocas et al. (2015) concentrated on symmetric information structure, we investigate
optimal bidding functions when the volume of private information of each player is unequal.
Symmetric structures refer to cases where r = s. Asymmetric structures refer to cases where
r = s ± 1. For our analysis, we introduce the following notations:
• XAr =
• XBs =

Pmin(r,4−s)
i=1

P4

i=max(r+1,4−s+1)

• E[X∅r,s ] =
• XPr,sub =

xi : total private information of player A,

P4−s

i=r+1

Pr

i=4−s+1

xi : total private information of player B,

E[xi ]: expected common uncertainty when r + s < 4,
xi : public information when r + s > 4,

r
• br,s
A (XA ): bidding function of A when the information structure is (r, s),
s
• br,s
B (XB ): bidding function of B when the information structure is (r, s),

• F r (XAr ) the cumulative distribution and f r (XAr ) the density function for total private
information of player A,
• F s (XBs ) the cumulative distribution and f s (XBs ) the density function for total private
information of player B.
Symmetric equilibrium bidding functions are detailed and demonstrated in section 4.2.1,
along the same method used by Brocas et al. (2015). For asymmetric cases, equilibrium
bidding functions are demonstrated in section 4.2.2.
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Symmetric information structure

Proposition 1 states the bidding functions when information structure is symmetric.
Proposition 1. When information structure is symmetric (i.e. r = s), the unique equilibrium
bidding function of player j is:
• brj = E[X∅r,s ] + Xjr when r=1
• brj = Xjr when r=2
• brj = XPr,sub + Xjr when r=3
(The proof of propositions are given in Appendix 4.A).

4.2.2

Asymmetric information structure

Proposition 2 states the bidding functions when information structure is asymmetric.
Proposition 2. When information structure is asymmetric (i.e. r 6= s), the unique equilib-

rium bidding functions of players A and B are:
1. When r = 2 and s = 1
•

br,s
A

=

E[X∅r,s ]

+



 2

3


 2

3

r,s
• br,s
B = E[X∅ ] +

s
XB
2

∗ XAr
∗

r −150)(X r )2
125000+(XA
A
r)
r
5000+(XA −200)(XA

q

+5

if XAr ≤ 50

if XAr ≥ 50

s
XB
2

2. When r=3 and s=2
•
•

br,s
A
br,s
B

=
=

XPr,sub
XPr,sub



 2

+

+

3

 2
3

s
XB
2

∗ XAr
∗

r −150)(X r )2
125000+(XA
A
r −200)(X r )
5000+(XA
A

q

+5

if XAr ≤ 50

if XAr ≥ 50

s
XB
2

See Proof in Appendix 4.A.

4.2.3

Optimal bidding functions

On ﬁgure 4.21 we represent optimal bids corresponding to the Nash equilibrium for the
auction in which A and B interact, in function of the signals they observe. The optimal bids
evidence that in an asymmetric informational structure, players optimally should strongly
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bids to observe {x3 }, while B observes {x3 , x4 } and bids to observe {x2 }. Both players bid

to acquire a component which is already observed by the opponent, and which can become
then public information. In both cases, the theoretic value of information will be equal to
the increase of expected utility of the player and will then vary according to the components
she already observes. Theoretic value of information is then computed using optimal bidding
functions previously demonstrated. Section 4.2.4.1 explicits information value when players
can acquire common uncertainty components, and section 4.2.4.2 explicits information value
when players bid to observe an information component of their opponent.
4.2.4.1

Theoretic value of common uncertainty

We consider the ﬁrst initial information structure, where r = s = 1. For player A, the value
of information is the gain of expected utility if she can bid while observing two components
of the good (i.e. x1 and x2 ) rather than only one (x1 ). As when player A bids for observing
the second component she obviously does not observe it yet, information value will be the
integration of this diﬀerence over the possible values of x2 . However, two cases can occur:
indeed as player B can also bid for information, player A has to incorporate the possibility
that player B will also observe a second component of the good when making her bid in the
second step. The probability that player B acquires the observation of another component
of the good, and then observes not one but two components of the good, will be written
P1→2 (B). Then the theoretic information value for player A (i.e. the gain in expected
utility from observing the second component x2 of the good, written IAx2 ) is:
IAx2 (x1 ) =

Z 50
0

+

f r (x2 ) ∗ (P1→2 (B) ∗ (UAr+1,s+1 (x1 , x2 ) − UAr,s+1 (x1 , x2 ))) dx2

Z 50
0

f r (x2 ) ∗ ((1 − P1→2 (B)) ∗ (UAr+1,s (x1 , x2 ) − UAr,s (x1 , x2 ))) dx2

A Becker-De Groot-Marschak (BDM) procedure, with ymin = 0 and ymax = 50 as bounds
for the picked number yi , is applied to each player after in order to determine if their bids for
information will enable them to buy another information component (see section 4.3.2.2).
Then the probability that player B acquires the observation of another component is:
E[IBx3 (x4 )] − ymin
ymax − ymin
1 Z 50 r
f (t) ∗ IBx3 (t) dt
=
50 0

P1→2 (B) =

As player A and B are symmetric, we have IBx3 ≡ IAx2 . In order to ease the reading of
following equations, we introduce the following notations:
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• γ(x1 ) =
• δ(x1 ) =

R 50
0

(UAr+1,s (x1 , x2 ) − UAr,s (x1 , x2 ))f r (x2 ) dx2

1 R 50
(UAr+1,s+1 (x1 , x2 )−UAr,s+1 (x1 , x2 )−UAr+1,s (x1 , x2 )+UAr,s (x1 , x2 ))f r (x2 ) dx2
50 0

We can then rewrite information value for player A as follows:
IAx2 (x1 )

= γ(x1 ) + δ(x1 ) ∗

Z 50
0

f r (t) ∗ IAx2 (t) dt

By deriving the previous equation we can get the diﬀerential equation in IAx2 , which general
solution is:
IAx2 (x1 ) = δ(x1 ) ∗ (K +

Z x1
0

(γ(t)δ ′ (t) − γ ′ (t)δ(t)) dt)

The constant K is determined by reinjecting the general solution in the initial equation,
leading to the solution for the theoretic value of information, which depends on the ﬁrst
component observed by the player A:
IAx2 (x1 )

=

γ(x1 ) + δ(x1 ) ∗

R 50
0

δ(u)f r (u) ∗ ( xu1 (γ(t)δ ′ (t) − γ ′ (t)δ(t)) dt) du
R
1 − 050 δ(u)f r (u) du
R

The theoretic value of purchasing an information belonging to common uncertainty is then
fully determined: indeed γ(xi ) and δ(xi ) are known using analytical solutions of Nash
equilibrium bids (both in symmetric and asymmetric information structures) demonstrated
in the previous section. Figure 4.22 represents the evolution of this information value for a
player according to the component she observes. It evidences that information value grows
from 0 to 14 when the ﬁrst component value increases from 0 to 50. This expansion of
information with the ﬁrst component is consistent: when a player observes a larger value,
her optimal bid will be greater, raising the probability of winning the auction but also the
probability that the bid is superior to the good value. Then probability of important losses
will grow. On the contrary, a smaller signal in the ﬁrst component will lower player’s bid,
reducing both the probability of winning the auction and the potential excess of the bid
regarding the actual value of the good.
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Figure 4.22: Information value over common uncertainty

4.2.4.2

Theoretic value of adverse private information

The same method is used to ﬁnd the theoretic value of information in the case where
both agents initially observe two components of the good (r = s = 2). However, in
this setting, the two components observed have to be considered separately as they have
diﬀerent strategic implications. Indeed, let’s take for instance player A: if initially her two
observed components are private information, x2 might become public information as player
B might observe a supplementary component, while x1 will remain private information.
The probability density function of one component of the good, either initially observed or
potentially added is then f r−1 (xi ), as r = s = 2 and only one component can be discovered
by bidding for information. The theoretic value of information acquisition for player A,
(i.e. observing the component x3 ) is then written IAx3 :

IAx3 (x1 , x2 )

=

Z 50
0

+

f r−1 (x3 ) ∗ (P2→3 (B) ∗ (UAr+1,s+1 (x1 , x2 , x3 ) − UAr,s+1 (x1 , x2 , x3 ))) dx2

Z 50
0

f r−1 (x3 ) ∗ ((1 − P2→3 (B)) ∗ (UAr+1,s (x1 , x2 , x3 ) − UAr,s (x1 , x2 , x3 ))) dx3

In this case, the probability that player B acquires the observation of a third component
(for this player, x2 ) is:
P2→3 (B) =

E[IBx2 (x3 , x4 )] − ymin
ymax − ymin
50

1 ZZ x2
IB (t, u) ∗ f r−1 (t) ∗ f r−1 (u) dt du
=
50
0
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Previous easing notations are extended to this case where players observe initially two
components of the good:
• Γ(x1 , x2 ) =
• ∆(x1 , x2 ) =

R 50
0

(UAr+1,s (x1 , x2 , x3 ) − UAr,s (x1 , x2 , x3 ))f r−1 (x3 ) dx3

R 50
0

r,s
r+1,s+1
r,s+1
r+1,s
(UA
(x1 ,x2 ,x3 )−UA
(x1 ,x2 ,x3 )+UA
(x1 ,x2 ,x3 )−UA
(x1 ,x2 ,x3 ))f r−1 (x3 ) dx3
50

Hence the writing of theoretic information value for a third component, which is similar to
the one of section 4.2.4.1:

IAx3 (x1 , x2 )

= Γ(x1 , x2 ) + ∆(x1 , x2 ) ∗

50
ZZ
0

IAx3 (t, u) ∗ f r−1 (t) ∗ f r−1 (u) dt du

Likewise the previous section, the general solution is obtained through the resolution of a
diﬀerential equation, obtained by deriving according to x1 .

IAx3 (x1 , x2 ) = ∆(x1 , x2 ) ∗ (K +

Z x1
0

(Γ(t, x2 ) ∗

∂∆
∂Γ
(t, x2 ) −
(t, x2 ) ∗ ∆(t, x2 )) dt)
∂x1
∂x1

We introduce another notation for this partial derivation:
• ω(x1 , x2 ) = Γ(x1 , x2 ) ∗

∂∆
(x1 , x2 )
∂x1

−

∂Γ
(x1 , x2 )
∂x1

∗ ∆(x1 , x2 )

Reinjection of the general solution in the initial equation allows the determination of the
constant K, and yields the result:
Γ(x1 ,x2 )+∆(x1 ,x2 )∗(

IAx3 (x1 , x2 )

=

50
RR

∆(u,t)f r−1 (u)f r−1 (t)∗(

0

1−

50
RR

Ru
0

ω(v,t) dv−

∆(u,t)f r−1 (u)f r−1 (t) du dt

R x1
0

ω(v,x2 ) dv) dt du)

0

Likewise for section 4.2.4.1, the theoretic value of purchasing an information belonging to the
opponent is then fully determined, as Γ(xi , xj ) and ∆(xi , xj ) rely on the Nash equilibrium
bids previously demonstrated.

4.3

Experimental Design and procedures

From October to November, 2018, we ran 14 experimental sessions, each session being made
of 20 participants, at the Laboratory for Economic Experiments of the University of Rennes,
Department of Economics (LABEX-EM), Rennes, France. Our 260 subjects were recruited
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via ORSEE (Greiner, 2015) and all the experiment was computerized using the z-Tree
software (Fischbacher, 2007). In a given session composed of 20 participants, subjects are
engaged in three experimental phases. The ﬁrst one consists in an individual setting eﬀort
task where participants complete a Raven’s test. The second phase is the auction game
where pairs of participants interact repeatedly to purchase a good. The third phase consists
in a lottery-choice experiment. All phases are incentivized. The experiment ends with the
usual post-questionnaire phase and, when the payments are made, the experimental session
is completed.
Our main experimental auction game inspires upon Brocas et al. (2015, 2017) where pairs
of bidders compete for purchasing a common value good and receive signals that give them
additional information about the true value for the good. Compared to Brocas et al.
(2015), the main diﬀerence is that we introduce the possibility for participants to purchase
additional information regarding the true value of the good. Purchasing information consists
in an auction procedure, that is information price is endogenous.
Our experimental design aims at assessing how individual willingness-to-pay for the common
value might be aﬀected by information levels a bidder could obtain within a purchasing
sequence. As a consequence, within a purchasing period, each bidder obtain 2 opportunities
to make bids, depending on his information level.

4.3.1

The Situation Game

4.3.1.1

Observing signals and bidding for the good

Participants are randomly matched into pairs for a given period and participate to 24
periods (or matches). At each period, each bidder obtain a role (Yellow Bidder or Blue
Bidder). The game closely followed the setting described in Section 2. Subjects within a
pair had to bid in a ﬁrst-price sealed bid auction for a good made of N = 4 components.
Each component i ∈ {1, ..., 4} contained xi tokens drawn from a uniform distribution in

[0, 50] (to simplify computations, we restricted xi to integer values). The total value of
the good, V , was common to both bidders and equal to the sum of the four components,
V =

P4

i=1

xi . Visually, each component was represented by a box on the computer screen

(see Figure 1). The number of tokens inside each of the four boxes was drawn at the
beginning of the match and did not change during the match.
It was clearly and repeatedly explained to all participants that the colors for boxes were to
be considered carefully, i.e., that yellow boxes were known by the yellow bidder, that blue
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4.3.2

Experimental Treatments

4.3.2.1

The benchmark treatment

In the benchmark treatment, participants made 24 successive matches where signals are
obtained without any cost all along the match in two successive sequences where purchasing
bids for the good are to be made for each sequence. Participants are initially endowed with
300 tokens in the Benchmark treatment and accumulate gains or losses during the entire
auction game. A certain order for information structures have been initially randomly
determined for the 24 matches and is implemented in the same order for all our sessions,
for all treatments.
4.3.2.2

The ’Buy Information’ treatment

In this treatment, participants also made 24 successive matches and are confronted to the
same procedure as in the benchmark. The only change is that before the second sequence
of auctioning, participants are asked to make a bid for buying an additional signal (i.e.,
obtaining the value of an additional single box). The possible bid for buying signal, pi , is
to be between [0,...,50] and this bid is to be compared to a randomly picked number yi in
the same interval. If pi > yi , then the participant obtain the additional signal information
and pays it yi . In the contrary case, he does not obtain additional signal information and
pays nothing. This setting corresponds to a Becker-De Groot-Marschak (BDM) procedure.
In order to cope with the additional cost of information purchasing and obtaining similar
average payoﬀs between treatments, we slightly increase the endowment of participants in
this treatment: 400 tokens (compared to 300).

4.3.3

Behavioral Conjectures

Clear theoretical predictions assuming risk-neutrality had been given in the theory section
about Nash equilibrium bids and information value. We develop now behavioral conjectures
given the speciﬁcities of our experimental design based on previous experimental evidence.
Several behavioral conjectures could be made about information impact on bidding behavior.
• The ﬁrst one is that Winner’s Curse is a frequent result in Common Value Auction
(see Holt and Sherman 2014; Brocas et al. 2015). Bidders tend to pay too high prices
compared to intrinsic ex post value for the common value good that could result in
monetary losses for them. Does information acquisition over the bidding process an
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increasing or a decreasing factor of winner’s curse? Does costly information acquisition
magniﬁes or lessens winner’s curse?
Conjecture 1. Costly information acquisition modiﬁes subjects’ bidding behavior for
the common value good.
• The second one is a possible sunk cost fallacy due to information pricing. As information is to be paid whatever the bidding process outcome about the common value
good, not winning the bidding process for the good might entail a direct loss, as the
loosing bidder gains 0 and should pay the price for information. As a consequence, a
successful information buyer might increase his bid for the good in order to increase
the probability of winning, which might, in fact, reduce potential payoﬀ and could
even provoke some looses.
Conjecture 2. Subjects suﬀer from the sunk cost fallacy, increasing their bids proportionally to information cost.
• The third conjoncture is that participants could grant a value to the signal just because
it is costly compared to a situation where it is free. If participants consider that
paying for information is a signal for its quality, then we should observe that they
are ready to bid higher all things being equal for the good in the costly information
treatment compared to the free-information treatment. They would hence reveal
their beliefs about the positive association between pricey information and its quality
(called "Placebo eﬀect" by Shiv et al. 2005, or "non-Budgetary Constraint" price eﬀect
by Heﬀetz and Shayo 2009).
Conjecture 3. Subjects are ready to bid higher for the good when information is costly
compared to when it is free.
• The last one is that if information is costly and price being endogenously determined
by bidders, we could have a second-order winner’s curse, that consists in paying too
much for a signal that is not very useful. As a consequence, if information value is
less than information price, the bidder might regret to have this additional signal over
the good value.
Conjecture 4. Subjects willingness-to-pay for information is higher than information
theoretic value.

4.3.4

Additional Controls

It has been noticed in the experimental literature that both risk-aversion and cognitive
abilities may inﬂuence bidding strategies as well as possibility to experience a winner’s
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characteristics. We process a linear regression on the second round bid for the common
value good for subjects who have observed a supplementary box between the two rounds.
Table 4.41: Bids made post-acquisition of information
Dependent variable: Second round bid for the CV good

‘Costly information’ treatment

All subjects

Free information

Costly information

−5.348***

N.A.

N.A.

Reference

Reference
−3.723

(1.280)
Information structure:
Symmetric private
Private advantage + common uncertainty

Reference
−1.150

−0.156

(1.296)

(1.400)

(2.539

Private advantage + public information

−13.045***

−12.199***

−13.738***

(1.455)

(1.572)

(2.827)

Symmetric private + public information

−12.233***

−12.462***

−13.538***

(1.391)

(1.338)

(3.339)

Value of private box(es)

0.746***

0.815***

0.625***

(0.026)

(0.029)

(0.049)

Value of public box(es)

0.857***

0.856***

0.841***

(0.045)

(0.043)

(0.102)

−0.011

−0.013

0.021

(0.043)

(0.044)

(0.087)

−0.205

−0.899***

0.484

(0.159)

(0.172)

(0.296)

Value of the supplementary box
Raven score
Risk Aversion
Period
Gender: Man
Age
Price paid for the supplementary box

0.392

−0.469

1.650***

(0.274)

(0.296)

(0.508)

0.016

0.047

−0.075

(0.064)

(0.067)

(0.122)

−3.193***

−1.983**

−3.640**

(0.917)

(0.953)

(1.800)

−0.115

0.399***

−1.022***

(0.076)

(0.080)

(0.149)

0.300***

N.A.

0.373***

42.035***

38.666***

49.499***

(3.127)

(3.402)

(5.895)

(0.072)
Constant

(0.087)

Observations

2,478

1,536

942

R2

0.408

0.535

0.337

Adjusted R2
Residual Std. Error
F Statistic
Note:

0.406

0.531

0.329

22.041 (df = 2464)

18.234 (df = 1524)

25.845 (df = 929)

131.5∗∗∗

159.1∗∗∗

39.37∗∗∗

∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

First insight from Table 4.41 is the treatment eﬀect: the ‘costly information’ treatment
lowers subjects bids, which is a positive eﬀect on subjects behavior as they bid too much
for the good. Indeed, when gathering all control and treated subjects together, the dummy
variable for the ‘Costly information treatment’ is highly signiﬁcant, evidencing lower bids
for subjects who paid information. When estimating the two groups separately, we can
observe that the inﬂuence of private and public boxes, which are treated as equivalent in
the free information treatment, are treated diﬀerently in the costly information treatment,
with a lower coeﬃcient for private boxes. This means that in the ‘Buy’ treatment, subjects
have a better understanding of the strategic value of information. In the theory section,
the predictions indicated that when players have an informational advantage, they should
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increase their bids proportionally to public information, but that bids’ increase should be
less than proportional to their private information. This diﬀerence in the reaction to public
vs. private information is only observed in the ‘Costly information’ treatment (coeﬃcient
of private boxes is signiﬁcantly lower than the one of public boxes, whereas it is not in the
‘Free information’ treatment). This treatment eﬀect conﬁrms our ﬁrst conjecture, as stated
in result 1.
Result 1. Conjecture 1 is supported by our experiment: costly information acquisition
modiﬁes bidding behavior of subjects by inducing a more strategic rationale.
When running the regression on the two treated groups separately, we observe that the
treatment plays through multiple channels on subjects’ behavior. We can identify especially
four variables which eﬀects vary from the benchmark to the treatment, namely Raven score,
risk aversion level, gender, and age. The Raven score, which lowered bids in the benchmark,
doesn’t exhibit a signiﬁcant eﬀect on bidding behavior in the treatment. The risk aversion
level raised bids in the treatment while it had no eﬀect in the benchmark. Gender eﬀect
is reinforced: men bid less than women in the benchmark, and bids gap is widened in the
treatment. Finally, while older subjects bided more than younger ones in the benchmark,
this eﬀect reverses in the treatment as older subjects tend to bid less. Those diﬀerent eﬀects
of the treatment are not self-evident and will be detailed in the next section.
Nevertheless, the last variable in Table 4.41 deserves attention. Indeed, the price paid
for the supplementary box between the two rounds has an impact on subjects bids in the
treatment, as about 37% of this price is conveyed in the bid for the common value good.
This is a sunk cost fallacy: subjects increase their bids when they have paid for information,
while this information is already paid and should not be involved in the bidding decision
for the good. This conﬁrms conjecture 2:
Result 2. Conjecture 2 is conﬁrmed by experimental results: a sunk cost fallacy appears
in the ‘Costly information’ treatment, subjects increasing their bids of about a third of
information cost.

4.4.3

Pricing information plays both ways on winner’s curse

In the previous section, we evidenced that the costly information treatment lowered bids but
that it also changed subjects bidding behaviors through other multiple channels. In order
to have a better understanding of these eﬀects, we analyze the determinants of overbidding
(i.e. winner’s curse) in the second round both for the control subjects and for the treated
ones. Results are shown in Table 4.42.
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Besides controlling for the informational structure eﬀect on the winner’s curse, we gather
changing eﬀects of the variables between the ‘Free information’ and the ‘Costly information’
treatment in three groups. First, variables that evidence a reduction of the winner’s curse
thanks to the treatment (informational structure of the auction, values of private box(es)
and public boxes seen by the player, period of the game). Secondly, variables evidencing
that the treatment triggers also various cognitive biases (value of the supplementary box
seen by the player and price paid for the this box). Thirdly, individual characteristics
inﬂuence is altered by the treatment, either reinforcing, cancelling or reversing their eﬀects
on the WC (namely Raven score, risk aversion level, gender and age of the subject).
Table 4.42: Winner’s curse in both treatments
Dependent variable: Overbid = Subject bid - Nash equilibrium bid
Benchmark: Free information

Treatment: Costly information

Reference

Reference

−34.359***

−32.425***

Information structure:
Symmetric private
Symmetric private + common uncertainty
Private disadvantage + common uncertainty
Private disadvantage + public info

(1.277)

(1.348)

−11.501***

−12.550***

(1.566)

(1.692)

−4.770**

−9.286***

(1.868)

(2.254)

Private advantage + common uncertainty

−6.511***

−12.799***

(1.489)

(1.942)

Private advantage + public info

−8.494***

−19.538***

Symmetric private + public information
Period
Value of private box(es)
Value of public box(es)
Value of the supplementary box
Price paid for the supplementary box

(1.657)

(2.199)

−20.443***

−35.431***

(2.177)

(3.926)

0.015

−0.159**

(0.054)

(0.063)

−0.031

−0.119***

(0.022)

(0.025)

0.053

0.103

(0.039)

(0.063)

0.011

0.111**

(0.034)

(0.054)

NA

0.313***
(0.077)

Raven score
Risk Aversion

−1.067***

0.357

(0.135)

(0.152)

−0.747∗**

0.607**

(0.235)

(0.259)

Gender: Man

−1.579**

−3.158***

(0.758)

(0.902)

Age

0.350***

−0.759***

(0.063)

(0.096)

35.795***

43.472***

(2.806)

(3.308)

Observations

3,072

3,168

R2

0.272

0.216

Adjusted R2

0.269

0.212

20.486 (df = 3057)

24.451 (df = 3152)

81.751∗∗∗ (df = 14; 3057)

57.732∗∗∗ (df = 15; 3152)

Constant

Residual Std. Error
F Statistic
Note:

∗

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

The ﬁrst group of variables evidence a better understanding of the strategic value of information in the auction in the ‘Costly information’ treatment. Indeed, while in the benchmark
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private information and public information were treated as similar by players, in the treatment they use private information more strategically (the value of private box(es) has a
negative eﬀect on overbids). Moreover, for several information structures, the level of winner’s curse is more decreased in the treatment than in the benchmark: in a symmetric
private information structure, levels of winners’ curse are globally equivalent in both treatments (on average 26.2 for the benchmark and 26.5 for the ‘Buy information’ treatment).
The WC level is reduced in all other information structures compared to this ﬁrst one.
Overbid reductions are similar for benchmark and treatment for two information structures
(symmetric private information with common uncertainty, and private information disadvantage with common uncertainty). But for the four other information structures, winner’s
curse is signiﬁcantly lower in the ‘Buy information’ treatment. Lastly, while the game was
repeated for 24 periods, in the benchmark the period did not have an eﬀect on overbidding
level. On the contrary, in the treatment, the winner’s curse diminish gradually as the game
is repeated: this is a learning eﬀect, which occurs only in the ‘Buy information’ treatment.
In our understanding, those three eﬀects are consistent: the treatment makes subjects more
attentive to information structures and more strategic. Through these variables, we evidence that making subjects pay for information is an eﬃcient way to signal that information
has a ‘value’.
But the second group of variables evidences a backﬁre eﬀect of making subjects pay for
information. Indeed, we trigger two new cognitive biases by trying to cancel out one, the
winner’s curse. First, the sunk cost fallacy which was already identiﬁed in the previous
section in subjects’ bids, is also present in the overbid: the more subjects have paid for
information, the more they suﬀer from the winner’s curse. But another bias appears: the
value of the supplementary box, which does not have an eﬀect in the benchmark, increases
winner’s curse in the ‘Buy information’ treatment. This "over-reaction" to the supplementary signal is then only present when this signal had a price. While bought information
should be treated either as private information or public information according to its nature,
subjects give additional weight to this costly information on this information, weighting it
too much compared to information initially known for free. A possible explanation is the
‘Placebo eﬀect’ (Shiv et al., 2005), where a pricey item is associated to a bigger economic
value than the same but free item, as price may be incorrectly perceived as a quality signal.
Shiv et al documented this eﬀect thanks to a marketing experiment, where consumers informed about the price of an energy drink should report their perceived eﬃcacy regarding
its ability to increase participant’s performance to real-eﬀort tasks. Discounts in price were
associated to lower eﬃcacy by consumers (see also Plassmann et al. 2008, for neuroeconomic
evidence of this eﬀect on wine consumption). Using both laboratory and ﬁeld experiment,
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Heﬀetz and Shayo (2009) also report evidence for what they called ‘Non- Budgetary Constraint’ eﬀect on price elasticity of demand (price variation being associated to a same sign
variation for individual demand), even if this eﬀect was marginally signiﬁcant and smaller
compared to the more usual ’Budgetary Constraint’ eﬀect (price variations being associated
to opposite variations in individual demand). This eﬀect is stated in result 3
Result 3. Conjecture 3 is supported by our experiment: subjects ‘overreact’ to costly information compared to free information.
The treatment eﬀect on the third group of variables (individual characteristics) is more
ambiguous. First, the Raven test score, indicator of subject cognitive ability, reduces the
WC in the benchmark but does not have a signiﬁcant eﬀect in the treatment. We interpret
this changing eﬀect as a co-result of the ﬁrst group of variables: treatment makes all subjects
more attentive and strategic towards information. Subjects with more cognitive capacities
may have already partially integrated the strategic value of information in the benchmark,
but the treatment put subjects on a level playing ﬁeld and then cancel out the advantage
of subjects with important Raven scores. Secondly, the risk aversion level, which lowers
the winner’s curse in the benchmark, signiﬁcantly increases it in the ‘Buy information’
treatment. This eﬀect can be interpreted as a co-result of the second group of variables,
linked with the sunk cost fallacy. Indeed, this bias results from the fact that a successful
information buyer increases his bid for the good to increase the probability of winning: risk
averse subjects being more averse to potential losses due to the cost of information, they
increase even more their bids to increase the probability of winning, which in fact reduces
potential payoﬀ. Thirdly, the gender eﬀect is reinforced in the treated subjects: consistently
with results from Table 4.41, which shows that men bid less than women in both treatments,
and that is bidding gap is wider in the ‘Buy information’ treatment, Table 4.42 evidences
that WC is smaller for men, and even smaller in the treatment. This result is consistent
with Casari et al. (2007), who found that women are more susceptible to the winner’s curse
than men. Lastly, the age variable changes its sign between the two treatments: while
older subjects were more susceptible to the winner’s curse in the benchmark, they are less
aﬀected by the WC in the ‘Buy information’ treatment.
To say it in a nutshell, pricing information enables to make subjects understand information
value and to act more strategically with it, reducing the winner’s curse. However this eﬀect
comes along with two new cognitive failures, a sunk cost fallacy and a placebo eﬀect, which
overshadow subjects’ behavioral improvements.
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Table 4.43: Drivers of information’s winner’s curse
Dependent variable: Overbid for information
Subject bid - Nash equilibrium bid
Value of the observed box

−0.240***

Raven score

−0.527***

(0.020)
(0.097)
Risk Aversion

−0.267
(0.167)

Period

−0.250***

Gender: Man

−2.238***

(0.039)
(0.580)
0.430***

Age

(0.061)
16.081***

Constant

(1.985)
Observations

1,584

R2

0.156

Adjusted R2
Residual Std. Error
F Statistic
Note:

4.5

0.152
11.161 (df = 1577)
48.439
∗

∗∗∗

(df = 6; 1577)

p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

Concluding comments

In this laboratory experiment, we give additional evidence that Winner’s Curse is a strong
empirical stylized fact in Common Value Auctions under various settings. In our novel situation, where costly information enables participants to reﬁne endogenously their expectation
about the true value of the good, participants fall prey to WC.
One important debate about auctions mechanisms is the ability that prices may correctly
aggregate information in a competitive environment (Kremer, 2002). Wilson (1977) was
the ﬁrst to show an important result regarding information aggregation in CVA: under
appropriate conditions on the structure relating value to signals, price converges in probability to the true value of the object as the number of bidders goes to inﬁnity. Pesendorfer
and Swinkels (1997) generalize this result of full-information aggregation to the case where
the number of objects goes to inﬁnity. In a subsequent paper, Pesendorfer and Swinkels
(2000) also show that this full-information aggregation conveyed by equilibrium also ensures
allocative eﬃciency.
To say the least, even in a dynamic setting where information grows over the competitive
auction, this convergence of bids to the true value of the good is seldom observed. This
experimental result could be related to the small number of bidders or to this single-item
auction setting, and, consequently, an interesting follow-up of our experiment would be to
assess the impact on WC occurrence when group size is to be increased. Indeed, there
is actually a positive eﬀect of costly information that limits exposure to WC. On the one
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hand, participants being more aware of the item’s value tend to decrease their bids for
it, as information helps them to limit overbidding behavior that causes WC. In a sense,
additional costly information implies more strategic players in that they tend to reduce
their bids for the item, and are therefore less prone to overbidding behavior that causes
subsequent WC. This is a result already observed by Goeree and Oﬀerman (2002): eﬃciency
of a ﬁrst-price auction procedure is higher and WC less pronounced when uncertainty about
the common value object is reduced. This result is consistent with theoretical models of
auctions. Persico (2000), considering costly information acquisition in a InterdependentValue model (for which our pure CVA is a special case), showed that under a FPA, learning
with higher accuracy has two eﬀects: ﬁrst, the information about the own valuation becomes
more precise and second, bidders obtain a better estimate of the signals of other bidders.
The latter eﬀect does not longer exist in a Second-Price Auction (SPA). As a consequence,
there is a stronger incentive to acquire information in FPA compared to SPA.
But, on the other hand, paying for information acquisition conveys other individual biases
that raise the probability participants fall prey to WC. The ﬁrst one is a sunk cost fallacy
eﬀect, participants having actually paid for information increasing their bids to increase
the probability of winning the auction. The second one is the incorrect belief that paying
for information might make it more useful compared to free information, price being perceived as a signal of information quality. The last and more important eﬀect is what we
called a ’second-order WC’ on information. Participants were ready to pay too much for
information compared to its intrinsic economic value. In fact, combined with the former
biases, this informational WC makes the usual WC (paying too much for the auction item)
even stronger. These results are in line with the ones obtained by Charness et al. (2019),
who showed that WC exists even in the case where information is public and identical to
all players. At the end, they concluded that WC comes both from inadvisable bidding
behavior and from considerable variation in the estimates for the auction item value.
This gives way to additional explanations for cognitive processes at play in economic
decision-making. As underlined by Gabaix et al. (2006), dealing with experimental results
involving costly information acquisition in complex problems could be better explained by
using boundedly rational models.

Appendices of Chapter 4
4.A

Proofs for propositions of the theory section

Proof. Proposition 1
As in Brocas et al. (2015), we can treat players as symmetric. We prove the result in the
case when r = s = 1, the second and third part of the proposition is demonstrated along the
same lines. We restrict the attention to monotonic bidding strategies that are diﬀerentiable.
r,s
r,s
s r,s
s
r
The expected utility of player A is UAr,s = P r(br,s
A ≥ bB (XB )) ∗ (XA + E[X∅ ] + E[XB |bA ≥
r,s
s
br,s
B (XB )] − bA ) which can be rewritten:

UAr,s

=F

s

−1 r,s
((br,s
B ) (bA ))

∗

(XAr

+

E[X∅r,s ]

−

br,s
A )

+

Z (br,s )−1 (br,s )
B
A
0

XBs f s (XBs ) dXBs

The ﬁrst order condition is given maximizing the expected utility of A and using the symr,s
r
metry property br,s
A = bB = bj . Hence:

(2XAr + E[X∅r,s ])f r (XAr ) = F r (XAr )(brj )′ (XAr ) + brj (XAr )f r (XAr )
By integrating both sides and using the cumulative distribution F r (XAr ) =
density function f r (XAr ) =

1
,
50

r
XA
50

and the

we get brj = E[X∅r,s ] + Xjr .

Proof. Proposition 2
We prove the result in the case when r=2 and s=1, the second part of the proposition
is demonstrated along the same lines. We restrict the attention to monotonic bidding
strategies that are twice diﬀerentiable. Expected utility of the players A and B are rer,s
r,s
r,s
r,s
s
s r,s
s
r
spectively UAr,s = P r(br,s
A ≥ bB (XB )) ∗ (XA + E[X∅ ] + E[XB |bA ≥ bB (XB )] − bA ) and

r,s
r,s
r,s
r,s
r
r r,s
r
s
UBr,s = P r(br,s
B ≥ bA (XA )) ∗ (XB + E[X∅ ] + E[XA |bB ≥ bA (XA )] − bB ). Using the cumu-

lative distribution and the density functions enables the rewriting of the expected utility of
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each player as a function depending only on its bid.








UAr,s
UBr,s

=F

s

−1 r,s
((br,s
B ) (bA ))

=F

r

−1 r,s
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∗

(XAr
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XBs f s (XBs ) dXBs

B

0

XAr f r (XAr ) dXAr

We get the ﬁrst-order condition by maximizing expected utilities of each player with respect
to their respective bids. In order to ease the reading of following equations, we introduce
these notations:
r
−1 r,s
• α = (br,s
B ) (bA (XA )) which can be interpreted as the value of the signal B needs to

observe in order to bid as much as A when A observes XAr . Then α ∈ [0, 50].
s
−1 r,s
• β = (br,s
A ) (bB (XB )), which can be symmetrically interpreted as the value of the

signal A needs to observe in order to bid as much as B when B observes XBs . Then
β ∈ [0, 100].
• φ(.) ≡ br,s
B (.), the function which associates to a signal in [0, 50] the optimal equilibrium bid that player B would make.

• χ(.) ≡ br,s
A (.), the function which associates to a signal in [0, 100] the optimal equilibrium bid that player A would make.

Rewriting the ﬁrst-order conditions using the previous notations gives us:






(χ−1 (φ(α)) + α + E[X∅r,s ]).f s (α) = F s (α).φ′ (α) + φ(α).f s (α)

(φ−1 (χ(β)) + β + E[X∅r,s ]).f r (β) = F r (β).χ′ (β) + χ(β).f r (β)

⇔







s

(α) ′
φ (α) + φ(α) − α − E[X∅r,s ])
φ(α) = χ( Ff s (α)
r

(β) ′
χ (β) + χ(β) − β − E[X∅r,s ])
χ(β) = φ( Ff r (β)

Cumulative distributions and density functions of signals are diﬀerent for each player as
their information volumes are not symmetric:
• Player B observes only one signal, then, when α ∈ [0, 50], we have f s (α) =
F s (α) =

1
50

and

α
.
50

• Player A observes two signals; using the Irvin-Hall distribution we calculate cumulative distribution and density when the sum of the two signals, i.e. β, belongs to
[0, 50] and [50, 100]:
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→ When β ∈ [0, 50]







→ When β ∈ [50, 100]
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β
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f r (β) =
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2∗502

Hence we ﬁnd second-order diﬀerential equations for φ(.) and χ(.):
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r

(β) 2
(β) ′ F (β)
χ′′ (β).( Ff r (β)
) + χ′ (β).( Ff r (β)
) .( f r (β) ) − χ(β) −
s

φ′′ (α).α2 + φ′ (α).2α − α =

F r (β)
f r (β)

+ β + E[X∅r,s ]) = 0

(α) ′
φ (α) + φ(α) − α − E[X∅r,s ])
F r ( Ff s (α)
s

(α) ′
φ (α) + φ(α) − α − E[X∅r,s ])
f r ( Ff s (α)

In order to explicit the analytical solutions to these equations, we need to evidence the
border solutions of A and B bidding functions. A rationale on the Nash equilibrium when
both players face their respective maximal signals (i.e. M ax(XAr ) = 100 and M ax(XBs ) =
r,s
s
r
50) imply that br,s
A (M ax(XA )) = bB (M ax(XB )) = bmax .

Lemma 1. The Nash equilibrium bid bmax for player A, resp. player B, when she faces its
maximal signal M ax(XAr ), resp. M ax(XBs ), is bmax = M ax(XBs ) + E[X∅r,s ].
Proof. We can cap bmax by looking at the expected utility of player B when XBs = M ax(XBs ).
By writing PAM ax for P rob(XAr = M ax(XAr )), expected utility of player B is her probability
of winning the auction multiplied by expected proﬁt diminished of the bid bmax :
UBr,s (M ax(XBs ), bmax ) = (1 −

M ax
PA
)
2

∗ (M ax(XBs ) + E[X∅r,s ] + E[XAr ] − bmax )

As UBr,s (M ax(XBs ), bmax ) > 0, we get bmax < M ax(XBs ) + E[X∅r,s ] + E[XAr ].
We prove the equality bmax = M ax(XBs ) + E[X∅r,s ] by contradiction. Let’s suppose that the

Nash equilibrium bid bmax < E[X∅r,s ] + M ax(XBs ). Then, for any ǫ > 0, expected utility

of player B bidding bmax must be strictly superior to expected utility of the same player

bidding bmax + ǫ.
UBr,s (M ax(XB ), bmax ) > UBr,s (M ax(XB ), bmax + ǫ)
⇔ (1−

M ax
PA
)∗(M ax(XBs )+E[X∅r,s ]+E[XAr ]−bmax )
2

⇔ǫ>

M ax
PA
2

> M ax(XBs )+E[X∅r,s ]+E[XAr ]−bmax −ǫ)

∗ (M ax(XBs ) + E[X∅r,s ] + E[XAr ] − bmax )

As M ax(XBs ) + E[X∅r,s ] + E[XAr ] − bmax > 0, there exists an ǫ > 0 which yields

UBr,s (M ax(XB ), bmax + ǫ) > UBr,s (M ax(XB ), bmax ), which is a contradiction. Indeed player
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B beneﬁts from deviating unilaterally its own strategy by bidding above bmax as it strictly
increases its expected utility. Then bmax < E[X∅r,s ] + M ax(XBs ) cannot be a Nash equilib-

rium.

Let’s now suppose that the Nash equilibrium bid bmax is strictly superior to E[X∅r,s ] +

M ax(XBs ). For any ǫ > 0, expected utility of player B bidding bmax must be strictly
superior to expected utility of the same player bidding bmax − ǫ. We get:
∀ǫ > 0, UBr,s (M ax(XB ), bmax ) > UBr,s (M ax(XB ), bmax − ǫ)
With:












UBr,s (M ax(XB ), bmax ) = (1 −

M ax
PA
)
2

∗ (M ax(XBs ) + E[X∅r,s ] + E[XAr ] − bmax )

UBr,s (M ax(XB ), bmax − ǫ) =(1 − PAM ax ) ∗ (M ax(XBs ) + E[X∅r,s ]

+ E[XAr | XAr < M ax(XAr )] − bmax − ǫ)

As E[XAr | XAr < M ax(XAr )] < E[XAr ], we get the following inequality:
ǫ>

M ax
PA
M ax )
2(1−PA

∗ (M ax(XBs ) + E[X∅r,s ] + E[XAr ] − bmax )

As M ax(XBs ) + E[X∅r,s ] + E[XAr ] > bmax , there exists an ǫ > 0 which yields

UBr,s (M ax(XB ), bmax − ǫ) > UBr,s (M ax(XB ), bmax ), which is a contradiction. Indeed player B

beneﬁts from deviating unilaterally her strategy by bidding below bmax as it strictly increases
its expected utility. Then bmax > E[X∅r,s ] + M ax(XBs ) cannot be a Nash equilibrium.

Thus bmax = E[X∅r,s ] + M ax(XBs ). Given our parameters, bmax = 75. This initial condition,
together with the continuity of χ(β) and χ′ (β) in β = 50, yields the results of the proposition
2:
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 2
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if β ≤ 50

if β ≥ 50

***
«Je tremble toujours de n’avoir écrit qu’un soupir, quand je crois avoir noté une vérité.»
−Stendhal.
***

General Conclusion
This dissertation has investigated the role of information on energy eﬃciency in the development of the sustainable habitat market. The two ﬁrst chapters study the eﬀects of
the main informational tool set up by policy makers in the European Union, namely the
Energy Performance Certiﬁcate. Both its perception by households and its capitalization
by the real estate market are examined, using an artefactual ﬁeld experiment for the ﬁrst
and a hedonic estimation for the latter. In the following chapters, we extend the analysis
of information value to its strategic dimensions. The third chapter proposes a theoretic
analysis of behaviors when information is both public and noisy, while the fourth chapter
explores the Willingness-To-Pay for information through a laboratory experiment.
The approach adopted in the ﬁrst chapter to evaluate the eﬃciency of energy labels is new
as it proposes to assess the performance of this informational tool towards its primary goal,
namely informing people, and not towards its expected second-generation consequences on
the real estate market. Three main lessons can be drawn from this experiment. First,
attention to the label is not constant across the population, and some socio-demographic
variables appear to have an important impact on this changing attention. Second, the
reliability of the EPC could be enhanced, as it appears that people who have in the past
dealt with the label have a lower conﬁdence in it. Third, and more interestingly, subjects
seem to draw information on energy eﬃciency from the design of the EPC rather than from
its intrinsic information. Nonetheless, this information is not used directly but combined
with prior beliefs to shape posterior beliefs of subjects regarding energy eﬃciency. We
draw two main recommendations from these results, which could both be used to improve
labelling of energy eﬃciency and to enlighten the development of others informational tools
to drive consumers’ choices. On the one hand, the visual design matters, potentially more
than the intrinsic information on which it is based. It aﬀects both the cognitive salience
of a label, and the heuristic that will be used by people to treat this information. On the
other hand, reliability of an informational tool is key to induce a signiﬁcant shift in people’s
perception.
The second chapter provides estimates of the green premium of the diﬀerent energy classes
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in two French real estate markets. The contribution to the literature lies in the demonstration that the green value should be considered in absolute terms rather than relative
ones. The gradual green premiums identiﬁed for the various energy classes match with a
capitalization of the corresponding renovation costs. Nonetheless, on the buyer side, the
estimates of discounted energy savings are too low to explain fully those green premiums.
A ﬁrst explanation could be that households choosing eﬃcient houses diﬀer from the whole
set of buyers due to strongly future-oriented time preferences, such as a time horizon beyond 20 years and discount rates below 4%. A second and complementary explanation
roots in the ancillary beneﬁts of energy renovations, such as improved thermal comfort and
protection against regulatory uncertainty. These encouraging ﬁndings show that the energy
labels are able to reduce adverse selection regarding eﬃciency of housing. A challenge of
the renovation market then lies in the energy renovations dynamics. To speed the uptake
rate, targeted behavioral interventions that pull time preferences towards the future and
emphasize co-beneﬁts of energy renovations could be more eﬃcient than uniform and costly
subsidies.
The third chapter deepens this analysis of the renovation dynamics by spotlighting another informational failure that could hinder renovation decision. Uncertainty on warmth
insulation outcomes can create a free rider problem: households postpone their renovation
decision to beneﬁt from other’s experience. Teething troubles of energy eﬃciency devices
could then lead to important delays in housing energy performance improvement. While
Chapter 1 and 2 underlined the importance of information reliability to foster a green differentiation of low consumption houses in the real estate market, Chapter 3 highlights the
key role of reliable information to prevent the freezing of renovations at a low uptake rate.
Two main lessons can be drawn for policy-makers. First, consistently with the recent literature recommendations on energy eﬃciency, targeted policies might be more eﬃcient than
uniform ones (see Gillingham and Palmer, 2014). Second, as information production is suboptimal in this framework, the development of reliable information regarding outcomes of
renovation should be favored. This information production could be provided by third parties, as some recent technological inventions could soon oﬀer a measure of energy eﬃciency,
much more reliable than today’s estimation method of Energy Performance Certiﬁcates.
The fourth and last chapter of this dissertation investigates people’s Willingness-To-Pay
for information on quality, and the eﬀect of this information on behaviors. The laboratory
experiment tested subjects’ behaviors in a common-value auction game. A well-known cognitive failure associated to CVA games is the Winner’s Curse, which could, in the speciﬁc
context of energy eﬃciency for housing, cap the green diﬀerentiation of low consumption
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houses. Comparing a free information arrival to a costly one, we ﬁnd that pricing information can eﬃciently signal information value to subjects and make them use it more
strategically. However, pricing information through a bidding process also leaves room to
several cognitive biases, which lead subjects to largely overpay information. The magnitude
of this "informational winner’s curse" is of such importance that it annihilates the strategic
gains of information pricing, at least in our framework. It is complex for subjects to understand the true value of information, and as production of reliable information is important
to foster the development of greener buildings, this justiﬁes public intervention. In order to
prevent some welfare loss among households, who could pay too much for energy eﬃciency
expertise, policy makers might consider the introduction of a ﬂat rate pricing for energy
audits. This subject deserves particular attention from the public authorities as Energy
Performance Certiﬁcates, which were until now purely informative, will become enforceable
by the buyer (or tenant) against the seller (or landlord) in 2021 in France1 . This new
regulation together with technologies enabling the measurement of energy performance will
probably have important eﬀects on the sustainable habitat market. Further research on this
topic could be useful to understand and propose innovative ways to contractualize energy
performance.
More broadly, the present dissertation demonstrates that informational interventions are
required to enable the development of sustainable habitat. While information disclosure
is powerful, the related instruments must be carefully designed and implemented to be
fully eﬀective given the limits of human mind in treating complex and miscellaneous information. As environmental externalities related to energy production are increasingly well
documented and go beyond climate change, we know that pricing carbon will not be enough
to engage the ecological transition. But the important social opportunity costs of public
funds advocate for the development of smart and targeted policies rather than scattering
subsidies to energy eﬃciency.

1

https://www.legifrance.gouv.fr/eli/loi/2018/11/23/2018-1021/jo/article_179
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