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Abstract

Modern technologies have huge promise for the future and are rapidly transforming
the society even though those technologies are associated with scientific uncertainty about
potential health and environmental risks. The thesis aims to establish an optimal techno-
logical risk management to ensure hazard reduction of new emerging risks without impeding
the innovation path. The research work contributes to ez-ante and ez-post risk manage-
ment strategies and provides theoretical and empirical evidence to address the management
of new emerging risks. The first part of the thesis examines, from the perspective of Law
and Economics, the effectiveness of the tort liability rule for the situation where the deci-
sion maker is lacking information about the probability of an event to occur. The second
part of the thesis pays particular attention to the environmental energy transition in France
and focus on the insurability of the energy performance in the housing sector. The theo-
retical and experimental findings from the first part of the research convey strong validity
that tort law cannot provide ez-ante optimal incentives when there is lacking information
about the probability of accident. The regime of unlimited and limited liability leads to
overinvestment in prevention in regard to new emerging risks. The empirical results of the
second part of the thesis reveal that 23.75% of households participated in the weatheriza-
tion program "Je rénove BBC" do not achieve the required energy target but the severity
of the energy performance gap is relatively low. The calculated energy savings, the age
of occupants and energy behavior related to domestic hot water consumption significantly
affect the energy performance gap. Though, applying multiple imputation methods render
these results less robust. The findings of the research work imply several policy recom-

mendations to manage new emerging technologies in the future.

Keywords: Tort law; Technological disaster; Laboratory experiment; Risk; Ambiguity;
Energy transition; Energy performance; Insurance; Housing

JEL Classification: K13; O32; C91; D81; Q40; G22



Résumé de la thése

Les technologies modernes sont riches de promesses pour 'avenir et sont en train de trans-
former rapidement la société, méme si ces technologies sont associées a l'incertitude scientifique
sur les risques sanitaires et environnementaux potentiels. La thése vise & établir une gestion du
risque technologique optimal pour assurer la réduction des dangers de nouveaux risques émergents,
sans entraver le chemin de I'innovation. Les travaux de recherche apportent une contribution aux
stratégies ez-ante et ez-post de la gestion des risques et fournissent des données théoriques et em-
piriques pour aborder la gestion des nouveaux risques émergents. La premiére partie de la thése
examine, du point de vue juridique et économique, 'efficacité de la régle de la responsabilité civile
lorsque le décideur manque d’information sur la probabilité d’un événement. La deuxiéme partie
de la thése porte une attention particuliére a la transition énergétique en France afin de se con-
centrer sur I'assurabilité de la performance énergétique dans le secteur du logement. Les résultats
théoriques et expérimentaux de la premiére partie de la recherche attestent d’une forte validité em-
pirique selon laquelle le droit, de la responsabilité civile ne peut pas fournir des incitations optimales
ez-ante en absence d’information sur la probabilité d’accident. Les régimes de la responsabilité
illimitée et limitée conduisent & un surinvestissement dans la prévention par rapport aux nouveaux
risques émergents. Les résultats empiriques de la deuxiéme partie de la thése révélent que 23,75
% des ménages, qui ont participé au programme de rénovation "Je Rénove BBC", ne peuvent
pas atteindre 'objectif d’énergie prévu, mais I’amplitude de I’écart de performance énergétique est
relativement faible. Les économies d’énergie conventionnelles, I’dge des occupants et le comporte-
ment de I’énergie liée a la consommation d’eau chaude sanitaire affectent de maniére significative
I’écart de performance énergétique. Bien que, 'application de la méthode d’imputation multiple
rende ces résultats moins robustes. Les résultats des travaux de recherche impliquent plusieurs

recommandations politiques pour gérer les nouvelles technologies émergentes dans le futur.

Mots clés: Responsabilité civile; Catastrophe technologique; L’expérience en laboratoire; Risque;
Ambiguité; Transition énergétique; Performance énergétique; Assurance; Logement

Classification JEL: K13; 032; C91; D81; Q40; G22
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Motivation and Background

Until the end of the 20th century the classical fundamental assumption in risk
analysis implied that economic agents face decisions in risky environments, where
the consequences of their decisions can be predicted. Under such circumstances, the
agent chooses the decision equalizing the expected marginal costs and the marginal
benefits. This approach represents the well-known, and widely applied cost-benefit

analysis under risk.

Given that in most situations, decisions are irreversible and might bear high conse-
quences in the long-term perspective, it is crucial to anticipate efficiently the chal-
lenges and the needs. In general, decision making is a process of selecting the best
alternative among different possible configurations by evaluating the known advan-
tages and disadvantages of each alternative. Nonetheless, decision makers essentially
face difficulties by weighting up the overall pros and cons of actions when there is
scarce knowledge about the probability of the occurrence of an event (e.g. financial
shock, technological accident, natural disaster, economic crisis, climate change, ter-

rorism).

For this purpose, the management of new emerging risks cannot be investigated with
the above mentioned approach: Evidence, information and knowledge about risks
related to technological innovations are not explicitly known at the time they are
being developed. Nevertheless, the lack of information shall not lead the legislator
to postpone the implementation of new legislations, the banks to refuse financing
new innovative projects, or insurers to exclude technological risks associated with
those projects. Moreover, no firm can be exempted from liability due to the paucity
of knowledge about the risks. This approach reflects the basis of the precautionary

principle and more fundamentally a question of good sense.

It is common knowledge that novel technologies in various fields of application
present new opportunities, bring huge social and individual benefits and are par-
ticularly a driving force for the economic growth, prosperity and wealth. Likewise,
nano- and biotechnology belong to the key emerging technologies of the 21st century
and anticipate groundbreaking contribution in the field of health care, agriculture,
renewable energy, food processing and the environment. On the other hand, these

future technologies are likely to produce toxic substances that menace ecosystems
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and emerge new diseases which can spread rapidly (Mandel, 2009).

Modern technology is associated with emerging risks which differ from other risks
in the sense that we do not currently know the frequency, the direction and the
severity of those risks in the future when we first become aware of it. Governing
emerging risks poses a daunting challenge for regulators as there is lack of knowledge
whether self-driving cars will lead to fewer accidents, whether shale gas extraction
potentially pollutes air and groundwater or what effects nanoparticles will have on

human skin penetration (OECD, 2003; Wansley, 2016).

But also, insurers continue to face difficulties with quantifying the frequency and
the severity of emerging risks characterized by uncertainty. The lack of historical
data and the dynamic changes of relevant scientific evidence and policy regulation
hamper the establishment of insurance in the long term perspective. As a conse-
quence, investors are unwilling to invest in new innovative projects derived from
the lack of insurance to protect them in the future against emerging risks and from

uncertainties related to upcoming legislative and regulatory changes.

In this regard, an example could be given by the application of green technologies to
improve the energy efficiency in the housing sector. One of the European long-term
strategy is to meet the 2020 climate targets by improving energy efficiency in ex-
isting buildings (European Commission, 2010a; European Fuel Poverty and Energy
Efficiency, 2010; Lechtenbohmer and Schiiring, 2010; Lapillonne et al., 2015). In the
meanwhile, higher energy prices and the desire to reduce the carbondioxid (C'Os)

emissions give rise to invest in energy efficiency initiatives.

So far, little is known about the efficiency of energy saving investments in the green
renovation sector. To stimulate investments in energy efficiency measures and pro-
mote eco-friendly technologies, it is of vital importance to facilitate the access to

insurance coverage especially for self-employed and small enterprises (ELIOS, 2008).

In this respect, energy savings insurance play a key role to build investor confidence
in the feasibility of energy efficiency investments (Micale and Deason, 2014). More-
over, the energy savings insurance based on the establishment of an energy per-
formance contract warrant costumers to achieve the projected energy performance
target. The guarantee of the energy performance permits considerably to ensure

bank loans for applicants investing in energy efficiency upgrades.
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Nonetheless, legal uncertainties and the lack of historical data pose difficulties to the

insurance industry to develop energy performance guarantee products (Mills (2003a)

and Mills (2003b)).

Apart from that history confirms that certain emerging technologies caused human
suffering, sever environmental degradation and huge economic costs ( European En-
vironmental Agency, 2001; Hansen and Gee, 2014). The cases of radiation, asbestos,
benzene, sulfur dioxide and chlorofluorocarbons (CFCs) are common examples, to
make visible that the hazards of these useful technologies were not known until the
late discovery of highly negative and irreversible impacts. A very recent case about
the potential carcinogenic risks to humans stems from the application of glyphosate
(most widely used herbicide in agriculture) which has generated considerable atten-
tion and interest in many countries in the world. Scholars and international bodies
reach different conclusions about food safety related to the application of the her-
bicide. Although, scientific controversy is hampering the decision making process
whether it might be reasonable to prohibit glyphosate as the probability of cancer
risks is remaining uncertain. However, how should we proceed in practice to avoid

such failures in the future and what lessons could be drawn from the past?

Until now, several efforts have been undertaken to rethink the adoption of new
emerging technologies by improving risk assessments and integrating public partic-
ipation in the innovation paths. The precautionary principle aims to address the
knowledge gaps of emerging technologies before their implementation by fostering
anticipatory research. UNESCO (2005) reports on common elements, concepts and
definitions in regard to the precautionary principle. The report states that the pre-
cautionary principle should be considerably applied in a situation where the risks
can be characterized by poorly known outcomes and probability. In this respect,
er-ante risk management measures can contribute to reduce potential hazards (ex-
tensive losses) before there is a strong proof of risk exposure deriving from the

application of novel technologies.

At the same time, the achievements of studies from economics, decision making, be-
havioral economics and psychology altogether with the development of novel meth-
ods have contributed to better understand how individuals perceive and manage
risks in certain and uncertain situations. The remarkable works of Anscombe and

Aumann (1963), Kahneman and Twersky (1984) and Ellsberg (1961) laid the foun-
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dations in the mid of 20th century to better understand human behavior, especially
the way how people perceive risk and uncertainty. The following centuries saw many
applications and investigations of many researchers in different fields to further de-

velop the management of new emerging risks.

European Union’s framework program for research and innovation spends an overall
budget of €399,5 million from 2016 to 2017 for research and innovation in future
and emerging technologies (European Commission, 2016). A range of technologies,
including nanotechnology, biotechnology, fracking, solar energy and energy efficiency
technologies are expected by the scientific community to rapidly transform society
even though these technologies are associated with scientific uncertainty and some

of them pose potential health and environmental risks.

In the meanwhile, the evolution of novel technologies challenges the governance of
new emerging risks. Steering the regulation of future technologies is a considerable
task as the potential risks are presently not sufficiently known until the research
about the emerging risks of these technologies makes progress (Székely et al., 2011;
Mandel, 2009; Ludlow et al., 2015). Therefore, the precautionary principle foresees
actions to be implemented in situations of potentially risks to humans and the en-
vironment where there is a need to put in place ex-ante prevention measures before

there is strong proof of harm (European Environmental Agency, 2001).

For these reasons, amongst others, decision making under uncertainty plays a key
role in prevention efforts regarding new technologies. Moreover, understanding firm’s
and individual’s behavior in ambiguous situation is crucial for anticipating future

paths and designing effective policy.

Nowadays, it is key to assess risks in a changing environment by combining knowl-
edge from a wide variety of cross-disciplines (e.g. legal studies, economics, psychol-

ogy, engineering) within a broader perspective (OECD, 2003).

Establishing an optimal technological risk management to ensure the hazard re-
duction of new emerging risks without impeding the innovation path persistently
remain on the agenda of many international bodies and leading universities in a

broad spectrum of disciplines.
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Objective of the thesis

The thesis rethinks the primary approach of managing new emerging risks and
aims to improve recently developed models addressing the paucity of information
about the likelihood of the occurrence of an event. Furthermore, the thesis strives
to evaluate unknown risks related to new emerging technologies, and proposes new
tools to the economic agents (e.g. the firm, the insurer, the legislator) facing deci-

sions in an uncertain ambiguous environment.

The overall purpose of the thesis contributes to establishing new environmentally
sound technologies in a general framework. The thesis provides a broad perspective
on the risk management of novel technologies by focusing on different methodologies
and contributes to the literature on law and economics, behavioral economics and

energy economics.

The first objective of the thesis aims on the economic analysis of tort law in an
ambiguous situation. More precisely, the research investigates the effects of liability
rules on the economic agent’s behavior to invest in prevention in order to reduce the
probability of an accident. In the context of novel technologies, it is postulated that
the economic agent has scarce knowledge about the probability of an accident to
occur. It is crucial to explore theoretically and experimentally whether the behavior

of the economic agent alters due to the exposure to ambiguity.

The second objective is derived from the environmental energy transition and deals
with the management of uncertain risks resulting from the application of green
technologies to improve the energy efficiency of existing buildings. Essentially, it
focusses on the insurability of the energy performance of individual buildings in the
renovation sector. Unfortunately, only a few data are available on the energy per-
formance of individual dwellings in the French renovation sector. Primary data has
been collected by the means of questionnaire to determine empirically the key fac-
tors influencing the energy performance gap, the divergence between the calculated
and measured energy savings. It is the intend to provide information about the fre-
quency and intensity of the non-achievement of the energy performance to establish

energy performance contracts and adequate insurance coverage for purchasers.
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Outline of the thesis and main contributions

The general motivation of the present thesis is derived from a risk analysis ap-
proach by providing theoretical results and empirical evidence to address the man-
agement of emerging risks in the future. The thesis is motivated by ongoing topics
including decision making under uncertainty, the governance and insurance of new
emerging risks, the environmental energy transition toward a more sustainable fu-
ture. Additionally, the thesis pays increasing attention to ez-ante risk management
strategies and ezx-post risk analysis related to novel technologies. The thesis encom-
passes two main parts, including three chapters in each part. The first part deals
with an ez-ante risk management approach and the second part aims on the estab-

lishment of the insurability of new emerging risks.

Part I of the thesis seeks to examine from the perspective of Law and Economics
the effectiveness of ex-ante risk management strategies for a situation where the de-
cision maker is lacking information about the probability of an event to occur (e.g.
shock, accident, disaster). Novel technologies continue to emerge and are used in a
wide field of application, but however incorporate uncertainty about the potential

effects on humans and the environment due to the lack of scientific evidence.

This part of the thesis serves to cope with environmental and technological accidents
by focusing chiefly on ez-ante prevention measures. In this respect, liability rules
may represent an effective economic tool to provide incentives for firms to invest
ez-ante optimally in prevention measures to reduce the likelihood of an event to
occur. In the first part of the thesis, the economic analysis of law is used which
applies a coherent theory of decision making to examine legal rules for technological
and environmental accidents. The first part contains three chapters which focus on
the efficiency of legal rules in the situation of unknown risks related to new emerging

technologies.

Chapter 1 reviews the literature on the relationship between tort law and decision
making under risk and ambiguity. This chapter attempts to explain this interaction
more comprehensively by providing an example from the field of nanotechnology.
This chapter concentrates on the fundamental foundations of the economic analy-
sis of law, summarizes the current state of behavioral law and economic literature,

explains the recent advances in decision making under ambiguity and discuss more
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comprehensively the governance of emerging risks in the case of nanotechnology.
Chapter 1 contributes to identify major lacuna in the governance of new emerging

risks and constitutes a baseline for the following two chapters.

Chapter 2 presents the theoretical model based on Shavell (1986) by focusing on
the performance of liability rules in an ambiguous environment, referring to the
papers of Teitelbaum (2007), Mondello (2013), Chakravarty and Kelsey (2016). In
particular, this chapter models ambiguity by assuming that the potential injurer is
a choquet expected utility maximizer who forms beliefs about accident risk by using
a special kind of capacity, called a neoadditive capacity (Chateauneuf et al., 2007).
The main contribution of chapter 2 refers to the investigation of the effect of limited
liability on the potential injurer’s decision behavior in the presence of ambiguity in
the unilateral accident model. This chapter presumes that the subjective and per-
sonal belief built by the potential injurer depends on her degree of optimism but also
on her investment in prevention. None of the results of risk hold when concurrently
ambiguity matters and prevention affects the subjective beliefs. In particular, the

potential injurer can overinvest in both unlimited and limited liability.

Chapter 3 pursues a twofold objective. First, the chapter discusses the contribution
of laboratory experiments to test the theoretical predictions of chapter 2. In partic-
ular, the experiment of Angelova et al. (2014) is extended by introducing ambiguity
and focusing essentially on the strict liability rule. Second, the chapter uses data
from two distinct studies (between-subject design) to examine whether subjects’ re-
actions to advantageous inequity aversion is impacted by the domain. Advantageous
inequity aversion according to Fehr and Schmidt (1999) model is compared in the
domains of gains and losses. The main contributions of chapter 3 are the investiga-
tion of the performance of strict but limited liability in an ambiguous situation and
the comparison of advantageous inequity aversion by adopting the modified dictator
game in the domains of gains and losses. With respect to the first objective, this
chapter reveals on average high levels of investment under limited liability in the do-
main of risk, consistent with the theory, but lower levels of investment in prevention
in the domain of ambiguity. The empirical results do not demonstrate that subjects’
degree of optimism affect the decision choice albeit there is strong evidence pointing
toward a link associating inequity aversion, fairness and risk preferences with the in-

vestment decision. With respect to the second objective, this chapter demonstrates
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that individuals experience a stronger reaction to advantageous inequity aversion in

the domain of losses than in the domain of gains.

Part II of the thesis devotes particularly attention to ex-post risk management
strategies to cope with realized losses after the risk has materialized. This part of
the thesis takes up the issue of the environmental energy transition in France and
refers essentially to the energy economics literature by focusing on the insurability

of the energy performance of low energy buildings.

The main objective of the second part of the thesis seeks to manage uncertain risks
by focusing on the insurability of the energy performance in the housing sector. It
comprises three chapters and aims to quantify the frequency and severity of the
non-achievement of the energy performance of low energy buildings after carrying
out energy efficiency upgrades. More precisely, this part intends to make the risks
insurable so that investors, energy companies and owners are protected in the future
by purchasing insurance in order to avoid extensive losses. The concrete idea about
the frequency of the risks and the size of realized losses helps establishing insurance
coverage and financial conditions to fund new innovative projects, such as national-
wide energy conservation programs. In particular, this part attempts to grasp the
key determinants, such as building shell properties, household and sociodemographic
characteristics or energy-related behavior affecting the energy performance gap (en-

ergy deficits).

Chapter 4 gives a general background about energy efficiency at the European
and French national level while identifying the emerging risks and the gaps in the
insurance market in the green renovation sector. This chapter links ambiguity to
the energy performance of existing buildings and presents the ex-post risk analysis
to acquire information about the frequency and severity of the non-achievement of
the energy performance of existing buildings after carrying out energy efficiency up-
grades. Furthermore, this chapter concentrates inter alia on a literature review of
the utmost achievements in the field of energy economics. Chapter 4 has a moderate
contribution by proposing a general methodology in order to make new emerging

risks insurable in the green renovation sector in France.

Chapter 5 describes the methodology and the design of the survey conducted to

gather information on billing data, household characteristics and energy-related be-
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havioral attitudes. The survey has been undertaken between April 2015 and July
2016 within the scope of the establishment of an insurance solution of the energy
performance of existing buildings. The survey has been conducted with respect to
the energy conservation initiative "Je rénove BBC", a pilot project supported by
"Energie de France" (EDF) and the " Regional Authority of Alsace" (Région Alsace),
in the upper and lower region of Alsace. Chapter 5 contributes by providing a novel
database, which is unique in France, merging survey information, data from ez-ante
prescribed thermal studies and ez-post billing data according to the French thermal

regulation (Réglementation thermique 2005, 2012).

Chapter 6 addresses empirically the risk management problem by developing an
econometric model. The econometric model is based on the empirical reasoning of
the prebound and rebound effect by considering the problems of sample selection
bias, endogeneity and omitted variable bias. We follow the approach proposed by
Wooldridge (2010) by applying three structural equations including Heckman probit
(Heckman, 1976, 1979) and instrumental variable estimation. To deal with missing
data, this chapter implements predictive mean matching method generated from the
multiple imputation chained equation (MICE) to create complete cases. The main
contribution of chapter 6 refers to a novel concept of estimating the discrepancies
between calculated and measured energy savings before and after energy efficiency
upgrades. Furthermore, this chapter contributes by identifying the key determinants
influencing the energy performance gap (total gross effect) by considering the total
energy consumption (heating, domestic hot water, ventilation, lighting and auxil-
iaries) according to the French thermal regulation. The estimation results show
that the age and the behavior related to domestic hot water consumption affect
significantly and positively the gap between the calculated and measured energy
consumption. Though, applying multiple imputations render these results less ro-
bust. This chapter also reveals that on average the household’s calculated energy

savings from prescribed thermal studies exceeds the measured energy savings.

General Conclusion reviews the previous chapters and opens up new avenues for
discussion on the theoretical, experimental and empirical issues. The limitations of

the research are presented, with prospects and outlooks for future research.
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Motivation et Contexte

Jusqu’a la fin du 20iéme siécle I’hypothése fondamentale classique dans I’analyse
des risques implique que les agents économiques doivent prendre des décisions dans
des environnements risqués, ou les conséquences de leurs décisions peuvent étre
prédits. Dans de telles circonstances, 'agent choisit la décision égalisant I’anticipation
des cotits marginaux et les bénéfices marginaux. Cette approche représente la bien

connue, et largement appliquée analyse cotits-avantages dans le risque.

Etant donné que dans la plupart des situations, les décisions sont irréversibles et peu-
vent engendrer, dans une perspective de long terme, des conséquences élevées, il est
essentiel d’anticiper efficacement les défis et les besoins. En général, la prise de dé-
cision suit un processus de sélection de la meilleure alternative entre les différentes
configurations possibles, en évaluant les avantages connus et les inconvénients de
chaque solution. Néanmoins, les décideurs, principalement, rencontrent des diffi-
cultés en pondérant les avantages globaux et les inconvénients des actions, quand
il y a des connaissances limitées sur la probabilité de la survenue d’'un événement
(par exemple choc financier, accident technologique, catastrophe naturelle, crise

économique, changement climatique, terrorisme etc).

A cet effet, la gestion des nouveaux risques émergents ne peut étre étudiée avec
I’approche mentionnée ci-dessus. En effet, les informations et les connaissances sur
les risques liés aux innovations technologiques ne sont pas explicitement connues au
moment ot ils sont en cours de développement. Néanmoins, le manque d’information
ne doit pas conduire le législateur a reporter la mise en ceuvre de nouvelles législa-
tions, les banques a refuser le financement de nouveaux projets innovants, ou encore
les assureurs a exclure les risques technologiques associés a ces projets. De plus, au-
cune entreprise ne peut étre exemptée de toute responsabilité en raison de ’absence
des connaissances sur les risques. Cette approche refléte la base du principe de pré-

caution et plus fondamentalement une question de bon sens.

Il est de notoriété publique que les nouvelles technologies dans divers domaines
d’application offrent des nouvelles possibilités. Elles apportent d’énormes avantages
sociaux et individuels, et sont une force efficace pour la croissance économique, la
prospérité et la richesse. De méme, les nano- et biotechnologies font partie des

principales technologies émergentes du 21liéme siécle et anticipent une contribution
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révolutionnaire dans le domaine des soins de santé, I'agriculture, les énergies re-
nouvelables, la transformation des aliments et de I’environnement. D’autre part,
les technologies futures sont susceptibles de produire des substances toxiques qui
menacent les écosystémes et de faire émerger de nouvelles maladies qui peuvent se

propager rapidement (Mandel, 2009).

La technologie moderne est associée a des risques émergents qui sont différents com-
parativement a d’autres risques dans le sens ou nous ne savons pas actuellement
la fréquence, la direction ni la gravité de ces risques liés & I'avenir, au moment ou
nous avons pris connaissance de celui-ci. Les risques émergents posent un défi de
taille pour les organismes de réglementation, car il existe un manque de connais-
sances. Par exemple si les voitures d’auto-conduite conduiront a moins d’accidents,
si I'extraction de gaz de schiste pollue potentiellement I'air et les eaux souterraines
ou encore quels effets les nanoparticules auront sur la pénétration de la peau hu-

maine? (OECD, 2003; Wansley, 2016).

De plus, les assureurs continuent de rencontrer des difficultés concernant la quantifi-
cation de la fréquence et la gravité des risques émergents caractérisés par I'incertitude.
L’absence des données historiques, les changements dynamiques de preuves sci-
entifiques pertinentes et la réglementation politique entrave la mise en place de
I’assurance dans une perspective de long terme. En conséquence, les investisseurs
ne sont pas disposés a investir dans de nouveaux projets innovants étant donné
I’absence d’assurance pour les protéger. D’autant plus que ces incertitudes peuvent

également étre liées aux changements législatifs et aux évolutions réglementaires.

A cet égard, un exemple peut étre donné sur l'application des technologies vertes
pour améliorer I'efficacité énergétique dans le secteur du logement. L’une des straté-
gies européennes a long-terme est de répondre aux objectifs climatiques 2020 en
améliorant 'efficacité énergétique dans les batiments existants (European Commis-
sion, 2010b; European Fuel Poverty and Energy Efficiency, 2010; Lechtenbohmer and
Schiiring, 2010; Lapillonne et al., 2015). En attendant, les prix élevés de Iénergie et
le désir de réduire le carbondioxid (CO2) les émissions donnent lieu a investir dans

des initiatives d’efficacité énergétique.

Jusqu’a présent, nous en savons peu sur l'efficacité des investissements dans I’économie

13
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des mesures d’efficacité énergétique et la promotion des technologies respectueuses
de 'environnement, il est d’une importance vitale de faciliter I’accés aux couverture
d’assurance, en particulier pour les entreprises employant des travailleurs autonomes

et les petites entreprises (ELIOS, 2008).

A cet égard, I'assurance d’économies d’énergie jouent un roéle clé pour renforcer la
confiance des investisseurs dans la faisabilité des investissements d’efficacité énergé-
tique (Micale and Deason, 2014). En outre, Passurance d’économies d’énergie en
fonction de la mise en place d’'un contrat de performance énergétique garantie les
clients d’atteindre la cible de la performance énergétique projetée. La garantie de
la performance énergétique permet également d’assurer des préts bancaires pour les

candidats qui investissent dans des améliorations de I'efficacité énergétique.

Néanmoins, les incertitudes juridiques et le manque de données historiques posent
des difficultés a l'industrie de l'assurance pour développer et offrir des produits

comme la garantie de performance énergétique (Mills (2003b) et Mills (2003a)).

Outre le fait que I'histoire confirme que certaines technologies émergentes ont causées
de la souffrance humaine, ont causé la dégradation de I’environnement et ont provo-
qué des coiits économiques énormes (European Environmental Agency, 2001; Hansen
and Gee, 2014). Les cas, de 'amiante, le benzéne, le dioxyde de soufre et les chlo-
rofluorocarbones (CFC) sont des exemples communs, pour rendre visible le fait que
les dangers de ces technologies utiles ne sont pas connus jusqu’a la découverte tar-
dive, enchainant des impacts trés négatifs et irréversibles. Un cas trés récent sur
les risques cancérigénes potentiels pour les humains provient de l'application de
glyphosate (Herbicide le plus largement utilisé dans 'agriculture) qui a suscité une
attention et un intérét considérable dans de nombreux pays. Les chercheurs et les
organismes internationaux parviennent a des conclusions différentes sur la sécurité
alimentaire liée a 'application de I’herbicide. Bien que, la controverse scientifique
entrave le processus de la prise de décision, il pourrait étre raisonnable d’interdire
le glyphosate, étant donné que la probabilité des risques de cancer reste incertaine.
Cependant, en pratique, comment devons-nous procéder pour éviter ces échecs a

Iavenir et quelles lecons peuvent étre tirées du passé?

Jusqu’a présent, plusieurs efforts ont été entrepris pour repenser ’adoption de nou-

velles technologies émergentes en améliorant I’évaluation des risques et 'intégration
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de la participation du public dans la voie de I'innovation. Le principe de précaution
vise a répondre aux lacunes dans les connaissances des nouvelles technologies avant
leur mise en ceuvre en favorisant la recherche d’anticipation. UNESCO (2005) rend
compte des éléments communs, des concepts et des définitions en ce qui concerne le
principe de précaution. Le rapport indique que le principe de précaution doit étre
appliqué dans une situation ou les risques peuvent étre caractérisés par des résultats
et dont la probabilité mal connus. A cet égard, les mesures de la gestion des risques
ez-ante peuvent contribuer a réduire les risques potentiels (de vastes pertes) avant
qu’il y ait une forte preuve de I’exposition au risque découlant de I'application des

nouvelles technologies.

Dans le méme temps, les réalisations d’études de l’économie, la prise de déci-
sion, I’économie comportementale et la psychologie vont avec le développement de
nouvelles méthodes et ont contribué a mieux comprendre comment les individus
percoivent et gérent les risques dans situations certaines et incertaines. Les oeuvres
remarquables de Anscombe and Aumann (1963), Kahneman and Twersky (1984)
et Ellsberg (1961) ont jeté les bases dans le milieu du 20iéme siécle pour mieux
comprendre le comportement humain, en particulier la maniére dont les individus
percoivent le risque et I'incertitude. Le siécle suivant a vu de nombreuses applica-

tions et enquétes ainsi que de nombreux chercheurs dans différents domaines pour

développer d’avantage la gestion des nouveaux risques émergents.

L’Union Européenne pour la recherche et I'innovation dépense un budget générale
de €399.5 millions pour la période 2016 - 2017, en particulier pour la recherche et
I'innovation liées aux technologies émergentes (European Commission, 2016). Une
gamme de technologies, y compris la nanotechnologie, la biotechnologie, la fractura-
tion hydraulique, I’énergie solaire et D'efficacité énergétique, sont attendus par la
communauté scientifique pour transformer rapidement la société. Méme si ces tech-
nologies sont associées a l'incertitude scientifique et certaines d’entre elles présentent

des risques sanitaires et environnementaux.

En attendant, I’évolution des nouvelles technologies défie la gouvernance des nou-
veaux risques émergents. Le pilotage de la réglementation des futures technologies
est une tache considérable, car les risques potentiels ne sont actuellement pas suff-
isamment connu jusqu’a ce que la recherche sur les risques émergents de ces tech-

nologies fasse des progrés (Székely et al., 2011; Mandel, 2009; Ludlow et al., 2015).
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Par conséquent, le principe de précaution prévoit des actions & mettre en ceuvre
dans des situations de risque potentiels pour les humains et I’environnement, dans
lesquels il est nécessaire de mettre en place des mesures de prévention ex-ante, pour
lesquels il existe une forte preuve d’un préjudice (European Environmental Agency,

2001).

Pour ces raisons, entre autre, la prise des décisions dans les moments d’incertitude
joue un role clé dans les efforts de prévention en ce qui concerne les nouvelles tech-
nologies. De plus, la compréhension de I'entreprise et le comportement de I'individu
dans une situation ambigué est cruciale pour anticiper la future voie et la conception

de politiques efficaces.

De nos jours, il est essentiel d’évaluer les risques dans un environnement changeant
en combinant les connaissances a partir d'une grande variété de disciplines croisées
(par exemple des études juridiques, économie, psychologie, ingénierie) dans une per-

spective plus large (OECD, 2003).

L’établissement d’une gestion optimale des risques technologiques pour assurer la
réduction du danger de nouveaux risques émergents, sans entraver le chemin de
I'innovation, reste a 1’ordre du jour de nombreux organismes internationaux et de

grandes universités dans un large éventail de disciplines.

Objectives de la thése

La thése repense I'approche primaire de la gestion des nouveaux risques émer-
gents et vise a améliorer les modéles récemment mis au point portant sur le manque
d’information sur la probabilité de la survenance d'un événement. En outre, la
these vise a évaluer les risques inconnus liés aux nouvelles technologies émergentes,
et propose de nouveaux outils pour les agents économiques (par exemple la firme,
l'assureur, le législateur) devant prendre des décisions dans un environnement am-

bigu.

L’objectif général de la thése contribue a 1’établissement des technologies écologiques
dans un cadre général. La thése fournit une large perspective sur la gestion des
risques des nouvelles technologies en mettant 'accent sur des méthodologies dif-
férentes et contribue a la littérature en économie du droit, I’économie comporte-

mentale et I’économie de 1’énergie.

16



OPTIMAL TECHNOLOGICAL RISK MANAGEMENT

Le premier objectif de la thése vise a analyser en droit et en économie, la responsabil-
ité civile dans une situation ambigué. Plus précisément, notre recherche examine les
effets des régles de la responsabilité civile sur le comportement de I’agent économique
et s’investit dans la prévention afin de réduire la probabilité d’un accident. Dans
le cadre des nouvelles technologies, il est postulé que I'agent économique a des con-
naissances limitées sur la probabilité d'un risque d’accident. Il est crucial d’explorer
théoriquement et expérimentalement si le comportement de 1’agent économique se

modifie en fonction de I'exposition a 'ambiguité.

Le deuxiéeme objectif est dérivé de la transition énergétique et traite la gestion des
risques incertains résultant de I'application des technologies vertes pour améliorer
I'efficacité énergétique des batiments existants. FEssentiellement, il s’intéresse a
I’assurabilité de la performance énergétique des batiments individuels dans le secteur
de la rénovation. Malheureusement, seules quelques données sont disponibles sur la
performance énergétique des logements individuels dans le secteur de la rénova-
tion francaise. Les données primaires ont été recueillies par un questionnaire pour
déterminer empiriquement les facteurs clés influencant ’écart de la performance én-
ergétique et la divergence entre les économies d’énergie calculées et mesurées. Nous
avons l'intention de fournir des informations sur la fréquence et l'intensité de la
non-atteinte de la performance énergétique pour établir des contrats de performance

énergétique et de couverture d’assurance adéquate pour les acheteurs.

Apercu de la thése et les contributions principales

La motivation générale de la présente thése est dérivée d’une approche d’analyse
des risques en fournissant des résultats théoriques et empiriques pour aborder la
gestion des risques émergents dans ’avenir. La thése est motivée par des sujets
d’actualité y compris la prise de décision en situation d’incertitude, la gouvernance
et I'assurabilité des risques émergents, la transition énergétique de ’environnement
vers un avenir plus durable. En outre, la thése accorde une attention croissante a
la gestion des stratégies ex-ante et 'analyse des risques ez-post liés aux nouvelles

technologies.

La thése contient deux parties principales comprenant trois chapitres dans chacune

d’elle. La premiére partie traite d’'une approche de gestion des risques ez-ante dans
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le domaine du droit et de ’économie. La deuxiéme partie vise a la mise en place
de T'assurabilité des nouveaux risques émergents dans le secteur de logement en

France.

La partie I de la thése vise & examiner, l'efficacité des stratégies de la gestion
des risques ez-ante pour des situations ot le décideur a un manque d’information
sur la probabilité d’un événement (par exemple choc, accident, catastrophe). Les
nouvelles technologies continuent d’émerger et sont utilisées dans un large champ
d’application. Cependant elles intégrent une incertitude sur les effets potentiels des

humains et de I'environnement en raison d’absence de preuves scientifiques.

Cette partie de la thése contribue a faire face aux accidents environnementaux et
technologiques en se concentrant principalement sur les mesures de prévention ez-
ante. A cet égard, les régles de responsabilité civile peuvent représenter un outil
économique efficace pour inciter les entreprises a investir ez-ante de maniére op-
timale dans les mesures de prévention pour réduire la probabilité d’un événement.
Dans la premiére partie de la thése, I’analyse économique du droit est utilisée, et ap-
plique une théorie cohérente de la prise de décision en examinant les régles juridiques
concernant les accidents technologiques et environnementaux. La premiére partie
contient trois chapitres qui mettent I'accent sur Pefficacité des régles juridiques de

la situation des risques inconnus liés aux nouvelles technologies émergentes.

Le chapitre 1 propose une revue de la littérature sur la relation entre le droit de
la responsabilité civile et la prise de décision face au risque et a 'ambiguité. Ce
chapitre tente d’expliquer cette interaction de facon plus compléte en fournissant un

exemple dans le domaine de la nanotechnologie.

Ce chapitre se concentre sur les bases fondamentales de I'analyse économique du
droit. Il résume I'état actuel du droit comportemental et de la littérature économique,
explique les progrés récents dans la prise de décision en vertu de I'ambiguité et dis-
cute de la gouvernance des risques émergents dans le cas de la nanotechnologie. Le
chapitre 1 contribue a identifier les lacunes majeures dans la gouvernance des nou-
veaux risques émergents et constitue une base de référence pour les deux chapitres

suivants.

Le chapitre 2 présente le modéle théorique basé sur Shavell (1986) en se con-

centrant sur la performance des régles de la responsabilité civile dans un environ-
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nement ambigu, se référant aux articles de Teitelbaum (2007), Mondello (2013) et
Chakravarty and Kelsey (2016).En particulier, ce chapitre modélise 'ambiguité en
supposant que 'offenseur potentiel maximise 'utilité choquée espérée qui forme ses
croyances sur le risque d’accident en utilisant un type particulier de la capacité,

appelée une capacité néo-additive (Chateauneuf et al., 2007).

La contribution principale du chapitre 2 se référe a 'analyse de l'effet de la régle de
la responsabilité limitée sur le comportement de la décision de 'offenseur potentiel
en présence d’ambiguité dans le modéle de 'accident unilatéral. Ce chapitre suppose
que la croyance subjective et personnelle construite par I'offenseur potentiel, dépend
de son propre degré d’optimisme, mais aussi de son investissement dans la préven-
tion. Aucun des résultats de risque ne tient lorsque, simultanément, 'ambiguité et
la prévention affectent les croyances subjectives. En particulier, I’offenseur potentiel

peut surinvestir dans les deux cas, la responsabilité illimitée et limitée.

Le chapitre 3 poursuit un double objectif. Tout d’abord, le chapitre traite la con-
tribution des expériences de laboratoire pour tester les prédictions théoriques du
chapitre 2. En particulier, I'expérience d’Angelova et al. (2014)est prolongée par
I'introduction de I'ambiguité en se concentrant essentiellement sur la régle de la re-
sponsabilité limitée. Deuxiémement, le chapitre utilise des données de deux études
distinctes (entre sujets de conception) pour examiner si les réactions des sujets face
a 'aversion a l'iniquité avantageuse sont influencées par le domaine dont lesquels
les sujets appartiennent. Plus précise, 'aversion a I'iniquité avantageuse en fonction
de modéle Fehr and Schmidt (1999) est comparée dans les domaines de gains et
de pertes. Les principales contributions du chapitre 3 se basent sur I'analyse de
Iefficacité de la régle de responsabilité limitée dans une situation ambigué et sur la
comparaison de 'aversion a l'iniquité avantageuse en adoptant le jeu du dictateur

modifié dans les domaines des gains et des pertes.

En ce qui concerne le premier objectif, le présent chapitre révéle des moyennes
d’investissement élevés au titre de la responsabilité limitée dans le domaine du risque,
conformément a la théorie, mais indiquent des niveaux d’investissement moyen in-
férieurs dans la prévention dans le domaine de ’ambiguité. Les résultats empiriques
ne démontrent pas que le degré d’optimisme des sujets affecte le choix de la décision
mais pointe vers un lien associant les préférences de I’aversion a I'iniquité, de 1’équité

et du risque avec la décision d’investissement. En ce qui concerne le deuxiéme objec-
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tif, ce chapitre démontre le fait que les individus éprouvent une réaction plus forte

a I'aversion a l'iniquité avantageuse la perte que dans le domaine de gains.

La partie IT de la thése consacre une attention particuliére aux stratégies ex-post
de la gestion des risques pour faire face aux pertes réalisées aprés que le risque eut
été matérialisé. Cette partie de la thése aborde la question de la transition én-
ergétique et environnementale en France et se référe essentiellement a la littérature
économique sur I’énergie en se concentrant sur l'assurabilité de la performance én-

ergétique des batiments de basse consommation d’énergie.

L’objectif principal de la deuxiéme partie de la thése vise a gérer les risques in-
certains en se concentrant sur I'assurabilité de la performance énergétique dans le
secteur de rénovation. Il comprend trois chapitres et vise & quantifier la fréquence et
la gravité de la non-atteinte de la performance énergétique des batiments de basse
consommation d’énergie aprés avoir effectué une amélioration de I'efficacité énergé-
tique. Plus précisément, cette partie a l'intention d’assurer les risques émergents
afin que les investisseurs, les sociétés d’énergie et les propriétaires soient protégeés
(afin d’éviter des pertes importantes), a l’avenir, par I’achat d’assurance. L’idée
concréte est que la fréquence des risques et la taille des pertes réalisées aident a
établir des assurances de couverture et des conditions financiéres pour financer de
nouveaux projets innovants, tels que les programmes de conservation de 1’énergie
au niveau national. En particulier, cette partie tente de saisir les facteurs clés, tels
que les propriétés techniques du batiment, les caractéristiques démographiques des
ménages et des comportements liés a 1’énergie affectant ’écart de la performance

énergétique (déficits d’énergie).

Le chapitre 4 donne un apercu général sur l'efficacité énergétique au niveau eu-
ropéen et au niveau francais en particulier, tout en identifiant les risques émergents
et les lacunes dans le marché de ’assurance dans le secteur de la rénovation verte. Ce
chapitre lie 'ambiguité avec la performance énergétique des batiments existants et
présente 'analyse des risques ex-post pour acquérir des informations sur la fréquence
et la gravité de la non-atteinte de la performance énergétique des batiments exis-
tants, apres avoir effectué des mesures d’efficacité énergétique. En outre, ce chapitre
se concentre, entre autre, sur une revue de la littérature des plus hautes réalisations
dans le domaine de I’économie d’énergie. Le chapitre 4 présente une contribution

modérée en proposant une méthodologie générale en vue d’assurer les nouveaux
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risques émergents dans le secteur vert de la rénovation en France.

Le chapitre 5 décrit la méthodologie et la conception de '’enquéte menée afin de
cueillir des informations sur les données de la consommation d’énergie a partir de
factures, des caractéristiques des ménages et des attitudes comportementales liées a
I’énergie. L’enquéte a été réalisée entre avril 2015 et juillet 2016 dans le cadre de la
mise en place d'une solution d’assurance concernant la performance des batiments
existants. L’enquéte a été menée a ’égard de I'initiative de conservation de 1’énergie
"Je rénove BBC", un projet pilote soutenu par "Electricité de France" (EDF) et
la "Région Alsace". Le chapitre 5 fournit une nouvelle base de données, contenant
des informations sur l'enquéte, des données sur les études thermiques ex-ante et
des données sur la consommation d’énergie basée sur des factures ez-post selon la

réglementation thermique (RT 2005,2012).

Le chapitre 6 adresses, empiriquement, le probléme de la gestion des risques en
développant un modéle économétrique. Le modéle économétrique est basé sur le
raisonnement empirique des effets prébonds et rebonds en tenant compte des prob-
lémes du biais de sélection de I’échantillon, d’endogénéité et du biais des variables
omises. Nous suivons I'approche proposée par Wooldridge (2010) en appliquant trois
équations structurelles, dont Heckman probit (Heckman, 1976, 1979) et 'estimation
de la variable instrumentale. Pour faire face aux données manquantes, ce chapitre
met en ceuvre la méthode de la moyenne prévisionnelle générée a partir de la méthode
d’imputations multiple pour générer une base de données compléte. La contribu-
tion principale du chapitre 6 se référe a un nouveau concept de l'estimation des
écarts entre les économies d’énergie calculées et mesurées avant et aprés la réno-
vation. En outre, ce chapitre contribue en identifiant les principaux déterminants
influengant Pécart de la performance énergétique (effet brut total) en considérant
la consommation totale d’énergie (chauffage, eau chaude sanitaire, la ventilation,
I'éclairage et auxiliaires) selon la réglementation thermique francaise. Les résultats
de I'estimation montrent que 1’age et le comportement lié¢ & la consommation d’eau
chaude sanitaire affectent significativement et positivement ’écart entre la consom-
mation d’énergie calculée et mesurée. Ce chapitre révéle également, qu’en moyenne,
les économies d’énergie calculée par les études thermiques dépassent les économies
d’énergie mesurées. Bien que, en appliquant la méthode d’imputations multiples

rendent ces résultats moins robustes.
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La conclusion générale examinera les chapitres précédents et ouvrira de nouvelles
voies pour discuter des questions théoriques, expérimentales et empiriques. Les lim-

ites de la recherche sont présentées, avec des perspectives et des visions pour la

recherche future.
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Introduction to part I

The first part of the thesis seeks to examine the effectiveness of ez-ante risk
management strategies for a situation where the decision maker is lacking infor-
mation about the probability of an event to occur (e.g. shock, accident, disaster).
Novel technologies continue to emerge and are used in a wide field of applica-
tion, but however incorporate uncertainty of potential effects on humans and the
environment due to the paucity of scientific evidence.

Prevention and mitigation measures which are implemented before the occur-
rence of an event feature ez-ante risk management strategies. The overall aim of
such measures is to prevent the occurrence of an event or to mitigate the effects of
the risks whenever prevention measures are not realizable. Prevention measures
seek to reduce ex-ante the probability and mitigation measures diminish ez-ante
the magnitude of the event on individual welfare when it occurs.

This part of the thesis serves to cope with environmental and technological
accidents by focusing chiefly on ez-ante prevention measures. In this respect,
liability rules may represent an effective economic tool to provide incentives for
firms to invest ez-ante optimally in prevention measures to reduce the likelihood
of an event to occur. In the first part of the thesis, we use the economic analysis of
law which applies a coherent theory of decision making to examine legal rules for
technological and environmental accidents. The first part contains three chapters
which focus on the efficiency of legal rules in the situation of unknown risks related
to new emerging technologies.

In what follows, chapter 1 concentrates on the literature of law and economics
and summarizes the recent advances in decision making under ambiguity. Addi-
tionally, the first chapter states an example about the lack of evidence in the sector
of nanotechnology and explains the impediments for risks governance related to
novel technologies. Chapter 2 presents the theoretical model based on tort law and
decision making under risk and ambiguity. Subsequently, we assess the predictions

of the theoretical model in chapter 3 through conducting laboratory experiments.
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1.1 Introduction

Major environmental and technological disasters not only trigger human losses
and endanger environmental ecosystems but also impact economic stability and
growth. A recent report from the European Environmental Agency (EEA) stress
that in the period between 1998 and 2009 nearly 100 000 fatalities impacted more
than 11 million people and caused economic losses of about EUR 150 billion in
Europe (European Environmental Agency, 2011).

The catastrophic accident in the Italian town of Seveso in 1976 was the trigger
for the adoption of the legislation! by the European Economic Community in 1982
on the control and prevention of such accidents. In the United States, the Com-
prehensive Environmental Response, Compensation and Liability Act? (CERCLA)
encourage industrial operators to hold appropriate financial security to remedy en-
vironmental damage. The legislative provisions also seek to prevent contamination
of future sites by designating strict liability. Since the adoption of the legislations
in Europe and United States, several technological and environmental disasters oc-
curred, such as the toxic waste water spills from mining activities in Spain (1999)
and Romania (2000) or the Gulf of Mexico deep water horizon oil spill (2010) caused
by the British Petroleum company. To put it briefly, these incidents can basically
be attributed to errors or lack of prevention done by injurers (i.e. firms).

Tort and liability rules as an environmental policy instrument pursue to give
injurers an incentive to internalize the social cost of their taken actions ( Brown, 1973;
Calabresi, 1970). In general, liability rules engage injurers to restore or compensate
for damages caused by their activities. An important feature of the literature on tort
law has focused on the efficiency of different liability rules, likewise the negligence
and the strict® (limited and unlimited) liability under the assumption that injurers
know the relevant probabilities. In law and economics, an extensive literature exists
on analyzing theoretically the efficiency of liability rules by comparing the negligence

and the strict and unlimited liability rules under risk. On the other hand, there

'Directive 1982/501/EEC of the European Economic Community on the major-accident hazards of
certain industrial activities.

2The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (42 U.S.C.
9601.9675), commonly known as "Superfund law," consists of Public Law 96510 (Dec. 11, 1980).

#Strict liability is deemed to impose absolute legal responsibilities on the injurer without proof of fault
and under the negligence rule victims must be compensated only if the potential injurer is found negligence
(with proof of fault). Note that we will explain more in detail both liability rules in the following sections
of this chapter.
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exist only scarce studies in the behavioral accident law and economics literature and
empirical work covering liability rules almost non-exist.

In the meanwhile, the rapid growing industrialization of contemporary societies
and new technologies might produce new potential hazards. Policy-makers are en-
acting laws on new emerging technologies, likewise new breeding technology, nan-
otechnology, shale gas or tar sand extraction by taken into account the Precautionary
Principle’ (PP hereafter). For instance, the European Commission, as the regula-
tor initiating and enforcing EU laws, uses the PP to cope with possible risks for
which scientific knowledge is not fully available. UNESCO (2005) reports common
elements, concepts and definitions regard the PP. The report underlines that risks
with poorly known outcomes and poorly known probability is sufficient to foresee
the consideration of the PP. It should be emphasized that the regulator turns the
burden of proof® to the injurer by requiring a sophisticated risk assessment on the
potentially risks of the new emerging technology.

In general, public policy has witnessed an increased pace of technological progress
that nevertheless challenges the governance of new emerging risks. In the mean-
while, a legal framework is needed to design an efficient legal regime for uncertain
risks related to new technologies which should not dissuade potential investors from
investing in new innovative products and at the same time not jeopardize public
consent (World Economic Forum, 2015). For this reason, among others, the incen-
tive effects of tort law is a major focus of technological disaster prevention efforts
and understanding firm’s behavior in ambiguous situation is crucial for anticipating
future paths in decision making and implementing effective policies in this field.

This issue is motivated by the current debate on the performance of liability
rules in sectors using nanotechnologies. In recent years, nanosilver has received
ample attention by regulators because many scholars and scientific committee’s ex-
press concern that the application of nanosilver in consumer and medical products
may have negative impact on human health and the environment. The risk gover-
nance of nanotechnology is impeded through the lack of information on the possible

contribution of nanosilver to environmental and human toxicity.

*Second paragraph of Article 191 of the Treaty on the Functioning of European Union (Maastricht
Treaty).

°In the European law context, the regulator is acting on the basis of the "guilty until proven innocent”
approach. See Van der Belt (2003) for more details. More generally, see Kayikei (2012) on the burden of
proof within the scope of the Precautionary Principle in the international and European context.
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The principal objective of this chapter is to review the literature on the relation-
ship between tort law and decision making under risk and ambiguity. We attempt to
explain this interaction more comprehensive by providing an example from the field
of nanotechnology. This chapter is structured as follows: after introducing the fun-
damental foundations of the economic analysis of law (1.2), the current state of the
behavioral law and economic literature is outlined (1.3), then the recent advances in
decision making under ambiguity (1.4) are discussed and further we provide infor-
mation about nanotechnology and risk governance (1.5). The chapter is concluded

by a few final remarks (1.6).

1.2 Economic Analysis of Law

In this section, we discuss, among others, the following issues: the object of law
and economics, the incentives of investing in prevention related to tort law (1.2.1),
the unilateral accident model (1.2.2) and the related literature (1.2.3).

In general, the economic analysis of law deals with the effects of legal rules on the
behavior of relevant actors and examines whether these effects are socially desirable
under accident, property, contract and criminal law (Shavell, 1987). Since the early
1970s the economic analysis of law was vitalized by five main contributions: Coase’s
(1960) article on externalities and legal liability, Becker’s (1964) article on crime and
punsihment, Calabresi’s (1970) book on accident law, Posner’s (1972) textbook on
economic analysis of law and Shavell’s (2004) general textbook on the fundamental
economic analysis of law. Here, the survey will be analytical and focuses on the
economic analysis of accident law. Tort law governs the legal liability of accidents
and seeks to reduce the risk of harm by deterring potential injurers with having
to compensate victims for the damage they cause. It should be noted that the de-
terrence efficiency is the principal aim of liability rules and not necessary victim
compensation (Faure, 1995). We cover especially in this part how liability rules cre-
ate incentives to reduce large-scale risks and we take up an important topic bearing
on liability: the judgment-proof problem (potential injurer’s wealth constraint in
paying for the harm). In general, there are two basic liability rules: the negligence
rule and the strict liability rule. Under the former rule, the potential injurer must
only compensate victims if she is found negligence (with proof of fault), meaning

that her level of care was less than the standard of care determined by the courts,
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which is also called the level of due care. Under the latter rule, the potential in-
jurer must always pay for the harm she caused with the occurrence of an accident
(without proof of fault). The most prominent rule in Europe and United States is
the negligence rule and the strict liability rule is more applied to certain dangerous
activities related to nuclear energy, toxic and explosive substances and oil pollution
damage.

Depending on the regime of strict liability, the potential injurer might be liable
for the full cost of the damage or for a maximum amount of compensation which
is limited. In Europe, but also in the United States, the liability rule that caps
the financial liability of the injurer to the value of her net assets at the moment
of the accident is widely applied and is the prevailing rule for cooperation: it is
called limited liability. Potential injurers are called, in such a situation, judgment
proof firms. Under the regime of strict but limited liability, the potential injurer
is not exposed to full liability but her liability is capped to an amount which is
lower than the total amount of damage caused by an accident. Therefore, strict but
limited liability is known as being a regime that induces partial risk internalization
by potential injurers and encompasses an ez-post cap payment for the shareholders
(Shavell, 1986). On the other hand, limiting the potential injurers’ liability to their
net, present value amplifies innovation and permits them to levy funds for research
and development. However, Faure (1995) argues that limited liability is not effective
for large-scale risks such as nuclear accidents or oil pollution damage as it leads to
too low compensation for victims and lacks an adequate internalization of full costs.
In contrast, (strict) unlimited liability is often considered as the rule that shall
induce full compensation of victims. Nevertheless, strict and unlimited liability may
also lead to price increases and may push some firms out of the market even though
they took all required precautionary measures (Manning, 1994). A further concern
by scholars is that unlimited liability may hamper the diversification of financial
investments by companies (Leebron, 1991). In the next step, we are considering the

incentive effects of the different liability rules.

1.2.1 Incentives of the relevant actors

Following on the scholarly tradition of tort law, we focus on liability and incen-

tives by considering that two classes of parties, the potential injurer and victims,
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which are not in a contractual relationship, are involved in an accident. For instance,
the potential injurer might be a polluting firm and the victims suffering from the
pollution are residents. We need to distinguish between two types of accident models
in which the potential injurer solely influence the risks of an accident, unilateral acci-
dent and in which the potential injurer and victims can affect the risk of an accident,
bilateral accident model®. We confine the survey to the former case for the sake of
brevity. The potential injurer can affect the risks of an accident by determining their
level of care (safety equipment) or their level of activity (operating time of the plant).
Dari-Mattiacci and De Geest (2005) emphasize that the incentive effects depend on
the precaution technology. Namely, the most dominant type of model applied in the
law and economics literature is called the probability model: the potential injurer
can reduce the probability of an accident but not the magnitude (harm or damage).
For instance, a pilot of an air plane can be more cautious leading to fewer acci-
dents but the magnitude of damage is exogenous. In the case of nuisance, such as
noise, the potential injurer can control the magnitude of the harm but basically not
the probability of the harm (less prevention yields more externalities to residents).
The joint-probability-magnitude model depicts the situation in which for instance a
truck controls the speed by diminishing simultaneously the likelihood of an accident
and the magnitude (noise). The separated-probability-magnitude model portrays
cases in which the potential injurer uses one precautionary measure to reduce the
likelihood of an accident and an additional precautionary measure to diminish the
magnitude of the harm. For example, the owner of a cruise liner invests in advanced
navigation satellite systems to decline the probability of a shipwreck and decides
to increase the amount of lifeboats to reduce the magnitude of the damages to the
passengers.

Moreover, the costs of remedying the environmental damage often exceed the
potential injurer’s ability to pay. A large part of the literature assess whether the
incentive effects seems to be diluted in case of bankruptcy. Shavell (1986) demon-
strates that the potential injurer does always invest less than the social optimal level
in prevention. Especially, this, however, is a central problem for the compensation of
damages caused by nuclear and horizon oil spill accidents. Faure (1995) argues that

limited liability causes a problem of underdeterrence and disruption in the compen-

®See Shavell (2004) and Chakravarty and Kelsey (2016) for more details on the incentive effects of
liability rules for accidents that are in nature bilateral.
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sation mechanism. Indeed, the potential injurer is limited to a certain amount and
thus she will not be exposed to the total accident costs. As a result, the potential
injurer will invest in prevention to avoid an accident with a magnitude equal to the
limited amount. This finding has been recognized by several other scholars, however
they also argue that under specific circumstances the potential injurer might invest
more in prevention than what is socially desirable (Beard (1990), Lipowski-Posey
(1993), Pitchford (1995), Dionne and Spaeter (2003), Dari-Mattiacci and De Geest
(2006a)). This effect can be explained by the fact that it is less expensive today for
the insolvent potential injurer to invest in prevention to reduce the available capital
for tomorrow’s liability (Dari-Mattiacci and De Geest, 2006a).

In other words, the results obtained by the literature are ambiguous, meaning
that under specific conditions (limited liability) the potential injurer invests less or
more in prevention than the social optimal level. The possibility of bankruptcy
affects the choice of the level of prevention and pose serious difficulties to lawmakers
to formulate adequate regulatory policy in many areas (Beard, 1990). This issue is
in particular considered in the following chapters 2 and 3. Next, we are describing
the different legal rules, such as strict liability and the negligence rule under the

probability model for accidents that are in nature unilateral.

1.2.2 Unilateral accident model with the level of care

We assume that both parties are risk neutral and the potential injurer can affect
the risks of an accident by choosing a pecuniary level of care. We denote x as the
expenditure on care and m(x) be the probability of an accident that causes damage I,
where 7 is decreasing and convex in z. Following Shavell (1980), the social objective
is to minimize the total expected costs, z+7(x)l where 2° is the social optimal level.
Under the rule of strict and unlimited liability the potential injurer would invest
socially optimal in prevention since the potential injurer is required to compensate
the damage equal to [. Thus, she minimize x + 7(x)d where d is the compensation
fee which needs to be paid by the potential injurer to the victims in the occurrence
of an accident. Under the negligence rule, it is assumed according to Shavell (1980)
that the level of due care, & determined by courts is set equal to the social optimal
level 2°. In case the potential injurer, who causes damage to the victims, is investing

less in prevention than the level of due care (z < &), the potential injurer will have
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to fully compensate the victims equal to the size of damage [. On the other hand,
the potential injurer does not have to pay any compensation amount in case r > .
The optimal private level of the potential injurer equals the social optimal level
(25 = 2°) under the rule of negligence when the level of due care is set at the
social optimal level. The potential injurer does not have an incentive to invest more
(less) in prevention than the level of due care as it is far more costly (she will be
held liable). Shavell (1980) concludes that both liability rules are leading to optimal
prevention when the probability of an accident is known and the wrongdoer can be
identified. Nonetheless, the courts need to determine the social optimal level to set
up the level of due care correctly. Yet, in most real-world situations, the courts make
errors or it is still not possible to calculate the social optimal level of prevention.
In such a situation, the potential injurer might invest more than social desirable in
prevention to reduce the possibility to be found negligent by the chance of errors
make by courts. Next, we survey more comprehensively the literature about the
performance of liability rules which is subsequently relevant for the chapters 2 and
3. We need to emphasize that the literature on tort law is wide-ranging. For the

ease of reading we restrain the survey to the utmost aspects of the literature”.

1.2.3 Related Literature

Here, we distinguish between two parts of the literature: one considering that
the potential injurer does know the probability of an accident (risky model) and
second that she has inherently scarce information about the likelihood of an accident
(ambiguous model). The literature has mainly based on the former case, while a
few studies exist for the latter case. Note that section 1.4 explains more in detail
the recent advances in modelling decision making under ambiguity.

Several articles examine the effect of potential bankruptcy on the prevention
choice under strict liability in a risky environment. For instance, Beard (1990)
demonstrates by applying a probability model that the potential injurer may over-

invest in prevention relative to the social optimal level, because the prevention is

In case of uncertainty about causation, the legal system foresees an approach of imposing the pro-
portionality rule to the number of total injuries related to their product (Rosenberg, 1984). This means
that a firm with 40% market share of their product would be liable to 40% of the damage in every case
(Shavell, 1985).

"See Landes and Posner (1987), Posner (1992), Shavell (2004) and Miceli and Baker (2013) for text-
books on liability rules, see Jacob and Lovat (2016) for a survey and see the PhD thesis of Jacob (2011)
and Ropaul (2015) on the economic analysis of tort law.
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subsidized through a reduction in the exposure to liability. Lipowski-Posey (1993)
has obtained similar results by considering that the potential injurer determines her
level of prevention and her level of risky activity. Additionally the author concludes
that the truncation of the payment caused by bankruptcy leads to excessive levels
of prevention and lower level of activity by the potential injurer. Both papers do
not allow for the situation that external funds can be borrowed from a bank. The
same results have been obtained by Pitchford (1995), Boyer and Laffont (1997) and
Dionne and Spaeter (2003) which show that under moral hazard, the potential in-
jurer does not always invest less in prevention relative to the social optimal level in
case of the presence of an external lender. Moreover, Dari-Mattiacci and De Geest
(2005) find similar results for a different reason. They explain that the potential
injurer overinvests in probability prevention (leading to a reduction of probability of
facing liability) while saving on magnitude prevention (reduces the amount available
to compensate the victims for the caused damage). They conclude that the potential
injurer does not benefit from the reduction in magnitude since any damage which
exceeds the assets of the potential injurer is borne by the victim but benefits from
the reduction of the probability of an accident. Additionally, Dari-Mattiacci and
De Geest (2006a) notice that over-prevention occurs only in probability models and
is not concerned in magnitude models. On the other hand, Miceli and Segerson
(2003) state that the potential injurer take less prevention than the optimal social
level when prevention is considered as non-monetary® and take more or less pre-
vention when prevention is monetary. This result holds also for risk averse injurers
(Macminn, 2002).

From a different perspective, Endres and Bertram (2006) deal with a more dy-
namic analysis (two period model) of strict liability and the negligence rule by
including technological change. Under ideal conditions, strict liability and the neg-
ligence rule induce optimal investment into improvements of the care technology in
a two period setting. While allowing for distortions in the model in the sense that
the potential injurer knows the technology production function but the authority
does not, thus implies that the authority is not able to set the due care standard
at the social optimal level in the last period. With respect to this more restrictive

form, the incentives of the negligence are distorted compared to strict liability in a

8This result is in line with Shavell (1986) who concludes under the judgment proof problem that
potential injurers take less care and causes higher activity levels.
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dynamic model. In a later theoretical reasoning, Endres and Friehe (2012) examine
firm’s incentives to invest in environmental technical progress under strict liability
and the negligence rule by considering the discount rate as part of the inter-temporal
economic analysis. They assume divergences between the private and social rate of
discount and assess whether it affects the performance of liability law. The main
finding of the paper is that the negligence rule is less sensitive to divergences com-
pared to strict liability. In this regard, Jacob and Spaeter (2016) are developing a
model in which a firm maximizes her expected net value by choosing between two
risky technologies, one is safer but costlier than the other one. They conclude that
limited liability may not lead systematically to partial risk internalization and is
welfare improving when the firm is sufficient capitalized.

In the second part of this survey, we are focusing on the performance of the
liability rules when the potential injurer is lacking knowledge about the probability
of an accident. Most close to the chapters 2 and 3 are the papers of Teitelbaum
(2007)