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1 Introduction et résumé de la these

1.1 Introduction

L’eau est une ressource indispensable pour la conservation et la croissance de toute
communauté. Son impact sur 1'économie, 'environnement et le bien-étre humain est
bien varié. Au cours des siecles 'humanité a mis au point de procédés plus efficaces et
développé des nouvelles technologies afin d’améliorer I'exploitation de I'eau et sa

gestion.

Pendant les derniers soixante ans, la demande d’eau a augmenté de maniére
considérable, a cause d’'une forte croissance démographique et de l'usage croissant de
I'eau dans les processus de production industrielle et d’énergie (Brown Weiss et al,,
2005; Griffin, 2006) : un phénomene sans précédent, qui a attiré l'attention non
seulement sur le fait que l'eau, dans certaines circonstances, est limitée, mais aussi
qu’elle est a considérer une ressource épuisable plutét que renouvelable (Savenije,
2002). Par exemple, le taux d’extraction de I'’eau des aquiferes est normalement plus
haut que celui du filtrage de I'eau elle-méme, c’est-a-dire que I'eau potable tirée des

aquiferes peut représenter 'utilisation d’'une ressource épuisable.

Sa nature de ressource indispensable, son role de facteur productif et sa rareté ont attiré
|'attention des économistes qui ont adressé en particulier le management de I'eau. A ce
propos, la Conférence de Dublin sur I'Eau et 'Environnement de 1992 a déclaré que
I'eau est un bien économique, a savoir que dans son allocation et gestion il faut
appliquer une logique économique. Selon certaines théories (Briscoe, 1996), cette
définition implique que le prix de I'eau soit fixé a sa valeur économique et que les
marchés doivent en amener 'allocation. Selon d’autres modeles, le fait que 'eau soit un
bien économique signifie seulement que son allocation doit se baser sur l'analyse cofit-

bénéficie intégrée, plurisectorielle et multi-intérét (Green, 2000).

Quelle que soit I'école de pensée, de nos jours I'opinion répandue est de reconnaitre que
I'accés a l'eau et son management comptent parmi les enjeux les plus importants de

notre siecle (Hanemann, 2006).



Dés I'an 2000, les Nations Unies ont commencé un programme phare, nommé ‘World
Water Assessment Program’ (WWAP), dont le but est de signaler 1'état des ressources
mondiales d’eau douce et de formuler un rapport sur le progres atteint vis-a-vis
'objectif de développement établi pour I'eau - Millennium Development Goal - qui
prévoit qu'avant 2015 la proportion de population qui n’a pas acces a I'’eau potable et a

des conditions d’hygienes adéquates soit réduite de moitié.

Aussi bien que d’autres initiatives globales, le WWAP est bien conscient que I'acces a
I'eau et son management entrainent des arbitrages parmi différents facteurs, tels que
I'alimentation, I'énergie, I'environnement. Ici encore, quelle que soit I'école de pensée,
I'on peut étre d’accord a dire que I'’économie est la discipline la plus habituée a aborder
les arbitrages. Et c’était bien un arbitrage qui a suscité mon intérét de recherche : j'ai
découvert la complexité écnomique liée a I'eau en travaillant sur un projet sur les
énergies renouvelables. Cela explique pourquoi trois des quatre articles que je présente
ici étudient l'interaction entre la production d’énergie, I'eau et I’environnement. En
outre, les services intégrés de l'eau que j’ai pris en considération dans le quatrieme
article partagent certaines caractéristiques de base concernant la distribution d’énergie,
dont les prestations et la régulation sont bien plus avancées. Par conséquent, bien que
cette thése soit centrée sur I'’économie de I'eau, il est facile d’y reconnaitre en arriere-

plan ma formation d’économiste de I'énergie.

La these est structurée autour de quatre articles. Elle est idéalement partagée en deux
parties: la premiere, composée d'un article seulement, comprend une analyse
d’efficience du secteur de l'eau intégré italien; la seconde partie, ou convergent les trois
autres articles, est une section thématique qui étudie la production hydroélectrique en

termes de génération de rente et d'impact sur 'environnement.

1.2 Premiére partie: les services intégrés de I’eau en Italie

Le premier article - What determines efficiency? An analysis of the Italian water sector -
offre une évaluation d’efficience du plus grand échantillon d’entreprises italiennes dans
le secteur de I'’eau qui ait jamais été rassemblé. Cela sur un horizon temporel de quatre

ans.



La logique derriere cet article vient de la récente réforme qui a conféré a I’Autorité pour
I'Energie et le Gaz (AEEG) italienne le pouvoir de régulation du secteur de I'eau. L’AEEG
est sur le point de réformer complétement le systeme des tarifs. Par conséquent, il est
important d’étudier l'efficience des entreprises et son évolution au fil du temps. Aussi ai-

je examiné les déterminantes des résultats d’efficience.

L’analyse montre qu’'en dépit d’'un niveau moyen d’efficience satisfaisant, pendant la
période considérée les avancées en terme de prestations ont été limitées. Cela pousse la
nécessité d’introduire une régulation plus stricte pour augmenter l'efficience qui soit
fondée sur la performance. En plus, les résultats démontrent que soit la structure de la
propriété que la politique ont un impact sur I'efficience des entreprises : en particulier,
I'actionnariat publique et des gouvernements locaux de centre-droite ont des
répercussions négatives sur leur performance. Ce dernier est un autre argument qui
supporte 'implémentation d'une régulation plus efficace qui puisse atténuer la pression

politique sur la décision des tarifs.

L’échantillon étudié est composé par 54 entreprises qui operent en situation de
monopole locale réglementé dans la fourniture des services intégrés. Ces operateurs ont
été sélectionnés parmi les entreprises a qui les autorités de régulation locales italiennes
ont confié la gestion de service de '’eau. Compte tenu de la perspective temporelle de
I'étude et de la nécessité de recueillir des données pour les mémes entreprises sur une
période de 4 ans (2007-2010), les operateurs qui étaient inactifs en 2007 ou qui le sont
devenus plus tard - en raison de fusions ou des changements de leur encadrement local -

ont été exclus de l'analyse.

Le tableau 2-1 (page 31) décrit les principales caractéristiques des operateurs de
I'échantillon, par rapport a la liste complete des opérateurs italiens, tel que rapporté par
CoNVIRI (2009). Malgré la couverture partielle, les entreprises sélectionnées sont
représentatives de l'industrie de l'eau italienne en ce qui concerne l'emplacement

géographique, la taille, la structure de propriété, le type d'entreprise et les clients servis .

La situation géographique est cruciale pour évaluer I'efficience des entreprises, car dans
I'Italie septentrionale et centrale les riviéres et lacs sont abondants; au contraire, dans

les régions du Sud (iles comprises) l'eau est rare et les irrégularités sont plus



susceptibles. En effet, selon les plus récentes évaluations par I'ISTAT (le Bureau de
statistique italien), tandis que moins de 6% des clients souffre d’irrégularités dans la
distribution de l'eau dans les régions du Nord, un client sur 3 a subi de graves
irrégularités de services (avec rationnement susceptible d'eau surtout en été) dans les
régions du Sud. L'échantillon comprend des entreprises situées dans toutes les zones
géographiques du pays, avec 26% des entreprises dans le Nord-ouest, 26% dans le

Nord-est, 28% dans le Centre et 20% dans le Sud (y compris les iles).

En ce qui concerne la propriété, j'ai fait la distinction entre les entreprises publiques,
mixtes et privées. La premieére catégorie comprend les operateurs publics qui sont
entierement sous le controle des entités locales; au contraire, les derniéres sont celles
qui sont entierement gérés et exploités par des privées, alors que le deuxieme groupe
considére entreprises ou les parties publiques et privées coexistent. Donc, en ce qui
concerne la propriété, 56% des entreprises sélectionnées sont publiques, 24% sont
mixtes et les 20% restantes sont privées. Ces chiffres correspondent a la structure
italienne du secteur de l'eau ou presque 60% des services sont aujourd'hui gérées et
exploitées par les autorités locales. Les données sur les actions détenues par
l'actionnaire principal ont été recueillies aussi bien pour analyser, a coté de l'effet de la
participation du secteur privé sur l'efficacité relative des entreprises, I'impact de la
fragmentation de l'actionnariat sur l'efficacité, une question qui n'a jamais été prise en

compte dans les différentes études précédentes sur ce méme theme.

J'ai aussi classé les entreprises en fonction du nombre de consommateurs résidentiels
servi. Une entreprise sera donc définie comme grande, moyenne ou petite si elle compte
respectivement plus de 250.000, entre 50.000 et 250.000, soit moins de 50.000 clients.
Les grandes entreprises dominent, a la fois dans I'échantillon (60%) et en Italie. Firmes
moyennes (30%) et petites (10%) suivent. Bien que l'on puisse voir un biais dans
I'échantillon qui prend en compte 76% des grandes entreprises cotées en CoNViRI
(2009), tout en laissant de c6té environ 80% des petites entreprises, la répartition de
clients servis confirme que les données sont représentatives et entierement compatibles
avec la segmentation des clients au niveau national. En fait, selon CoNViRI (2009), alors

que 42 grandes entreprises sont responsables de la fourniture de services de 'eau a



presque 87% des clients, 32 petites entreprises ne fournissent de l'eau a qu'a environ

19% des utilisateurs.

Enfin, du point de vue méthodologique, j'ai opté pour une approche en deux phases: j'ai
utilisé 'analyse d’enveloppement des données (AED) pour estimer le score d’efficience
des entreprises du secteur de I'eau qui composent 'échantillon proposé et apres j'ai

utilisé ce scores en tant que variables dépendantes dans de différentes régressions.

L’AED ne fait aucune hypothese quant aux formes fonctionnelles: c’est une approche
non-paramétrique de 'évaluation de la performance. Avec I'analyse d’enveloppement, le
benchmark par rapport auquel la performance relative des compagnies peut étre
mesurée est la frontiere d’efficience. Compte tenu d’'un échantillon de firmes donné,
toutes les firmes devraient étre capables de fonctionner a un niveau d’efficience
optimale, déterminé par les firmes efficaces de I’échantillon. Ces firmes efficaces sont en
général appelées « firmes pairs » et déterminent la frontiére d’efficience. Les
compagnies qui définissent la frontiere d’efficience utilisent une quantité minimale
d’'intrants pour réaliser la méme quantité de production. La distance par rapport a la

frontiere d’efficience donne une mesure de l'efficience ou de son absence.

L’avantage principal de cette méthode est sa capacité a prendre en compte une
multiplicité d’intrants et de productions. Elle est également utile car elle prend en
compte les rendements d’échelle dans le calcul de l'efficience, intégrant la notion

d’efficience croissante ou décroissante selon la taille et les niveaux de production.

Toutefois les résultats sont potentiellement sensibles a la sélection des intrants et des
productions, si bien que leur importance relative doit étre analysée avant le calcul. Or, il
n’existe aucune maniere de vérifier si ces résultats sont appropriés. Le nombre de
compagnies efficaces se trouvant a la frontiere a tendance a augmenter avec le nombre
de variables d’intrants et de productions. Quand il n’existe aucune relation entre les
facteurs explicatifs (au sein des intrants et/ou des productions), '’AED considere chaque
firme comme étant unique et pleinement efficace et les notes d’efficience sont tres

proches de 1, la méthode perdant alors son pouvoir d'analyse.



Les estimations économétriques inversent certaines conclusions précédentes sur la
distribution d'eau italienne, qui réclamaient soit des scores plus élevés d'efficacité pour
les entreprises publiques ou que la propriété n'influence pas 1'efficience. En regardant
'efficience dans une perspective dynamique, les estimations montrent que les
entreprises publiques obtiennent des résultats légerement pires que leurs homologues
mixtes et privées, au moins en période de ralentissement économique. Dans le méme

temps, l'analyse confirme l'importance de certaines variables exogeénes, a savoir la

situation géographique et de la densité de population.

Par conséquent, je pense que dans la nouvelle structure tarifaire serait approprié
d'introduire un mécanisme basé sur la performance différenciée, afin de tenir compte

des différents niveaux de qualité et d’emplacement géographique des operateurs.

1.3 Deuxieme partie: hydroélectricité

La deuxiéme partie de la thése est consacrée a l'analyse de l'interaction parmi la
production hydroélectrique, le marché électrique et I'écosysteme fluvial. La logique
derriére cette partie thématique découle du plan de renouvellement de la concession de
beaucoup de centrales hydroélectriques qui bientot se produira en Italie et en France, ce
qui a fait ressortir l'arbitrage entre la profitabilité et le respect de I'’environnement.
Aussi bien en Italie qu’en France la mise en concurrence des concessions sera structurée
sur une offre au triple volets énergétique, environnemental et économique, ou les
enchérisseurs doivent présenter une offre d’amélioration technique et
environnementale aussi bien qu'un pourcentage pour la redevance proportionnel au
chiffre d’affaires de la concession dont le bénéfice reviendra a I’Etat et aux collectivités

locales.

A présent soit I'ltalie, soit la France n’ont pas encore issu les détails techniques des
procédures de leurs mise en concurrence. Il est quand méme facile d’imaginer qu'’ils
devront étre concgus de facon a respecter les criteres de la Directive Cadre sur I'Eau
(DCE, anglais Water Framework Directive, 2000/60/EC). La DCE, inter alia, exige que

tout consommateur paie le cofit total du préléevement de I'eau.

En particulier, I'article 9.1 spécifie que les colits de I'’eau doivent comprendre les coflits

environnementaux et des ressources, en accord avec le principe que tout



pollueur/consommateur doit payer (anglais polluter/user pays). En plus, l'article 9
demande que la politique de pricing de I'eau doit étre tirée d’'une analyse économique
qui va se traduire dans un schéma de prix a mesure de garantir aux consommateurs des
primes d’encouragement a utiliser les ressources hydriques de maniéere efficiente pour
que l'objectif environnemental de la Directive, c’est-a-dire un état écologique adéquat

pour tout organisme hydrique européen avant 2015, soit atteint.

Le premier article compris dans cette section thématique - Hydropower rent in Northern
Italy: economic and environmental concerns in the renewal procedure - a deux objectifs:
le premier est d’estimer la rente de 'hydroélectricité en Italie, ce qui n’a jamais été
intenté auparavant; le seconde est d’analyser le trade-off entre 'appropriation de la
rente et les améliorations environnementales. En fait, a cause des contraintes
budgétaires, les autorités locales considerent le renouvellement de la concession une
bonne opportunité pour augmenter leur part dans le secteur hydroélectrique au moyen
d’'une rémunération de 30% sur les revenus. Cependant, une rémunération si haute
pourrait réduire 'engagement a imposer des critéres environnementaux stricts, car les

opérateurs manqueraient d’argent pour investir dans des mesures de mitigation.

Les opérateurs de la province de Sondrio n'ont pas donné des informations sur leurs
colts de production de I'énergie hydroélectrique. Pourtant, j'ai pu construire une base
de données sur les variables techniques liées aux concessions des centrales
hydroélectriques actuellement exploitées dans la province de Sondrio, en combinant le
registre hydroélectrique détenu par la Province et les données présentes dans les
contrats de concession. La base de données ainsi construite comprend des informations
sur 'emplacement, 1'année de construction, I'année de la remise en état, le débit d'eau
moyen, la hauteur de chute nette, la capacité nominale, la capacité installée, la société

qui exploite l'usine et la production annuelle hydroélectrique de chaque usine.

Pour estimer les colits d'investissement et les colits opérationnels, j'ai opté pour des
approches paramétriques. J'ai calculé le coilt d'investissement (CAPEX) comme de
overnight cost pour un projet entierement nouveau. Cela donne la possibilité de prendre

en compte, pour I'estimation de la rente, les colits d'investissement de long terme. Dans



les formules paramétriques, tous les composants nécessaires a la mise en place d'un

projet hydroélectrique sont inclus:

e Projet et licences;

e Barrages ou réservoirs (méme les centrales au fil d’eau, dans la province de
Sondrio, ont au moins une capacité de stockage de 24 heures);

e Prises, conduites forcées, les chambres de surtension et les systémes
d'évacuation;

e Turbines, générateurs, transformateurs et de puissants travaux de génie civil

connexes.

Apres avoir estimé les colits de production, j’ai estimé la chiffre d’affaires pour chaque
concession. J'ai fait deux estimations extrémes: dans la premiere, les recettes ont été
calculées en multipliant la quantité produite par le prix zonale moyenne; dans le second,
au contraire, j'ai multiplié la quantité par le prix zonal maximale moyenne de la bourse

de 1'électricité.

Comme 'on s’attendait, les résultats montrent des estimations tres hautes pour la rente
hydroélectrique, qui se stabilise en moyenne dans l'intervalle 42,3 €/MWh a 70,8
€/MWh. Ces hautes valeurs expliquent pourquoi la tendance actuelle des autorités
locales et centrales par rapport au mécanisme de partage de la rente (rent sharing) est
de ne pas le considérer satisfaisant, puisqu’elles retiennent seulement moins du 50% de
la rente méme. Au contraire, l'introduction de 30% de taux de redevance meénerait a
I'augmentation du pourcentage total, de sorte qu’aux autorités reviendrait jusqu’au 90%
de la rente. Au méme temps, l'article montre que le taux de redevance entraverait
I'implémentation par les opérateurs de mesures de mitigation, ce qui réduirait de
maniere significative les altérations de flux pour améliorer I'intégrité de I’écosysteme.
En effet, ces mesures comportent des investissements significatifs qui augmentent, par
conséquent, les colits du capital, réduisant en méme temps la possibilité de payer un tel

pourcentage sur taux de redevance.

En tant que recommandation de policy, je montre qu’au lieu du 30% de taux de
redevance proposé, une taxe sur la ressource (resource rent tax) réduirait le trade-off

entre I'appropriation de la rente et la protection de I'’environnement, car elle garantirait



aux opérateurs la récupération des coflits et aux autorités locales et centrales un

pourcentage satisfaisant.

Dans les deux derniers articles, je réalise une estimation de la valeur monétaire des
impacts environnementaux générés par la production d'hydroélectricité. Pour le cas
[talien, I'estimation monétaire sera utilisée comme input pour la détermination d’'une
redevance environnementale; dans le cas Frangais, I'estimation monétaire sera utilisé
pour évaluer 'attitude des gens vers la restauration de l'environnement du gave Aspe,

au moment de renouvellement de concessions hydroélectriques.

L'analyse économique prévue dans les directives sur l'eau se déroule en trois étapes

distinctes :

o Etape 1: caractériser et analyser I'eau dans la situation actuelle;
. Etape 2: identifier la conformité a la régulation environnementale;
o Etape 3: identifier les mesures correctives possibles et évaluer les cofits et les

bénéfices de ces mesures.

Les deux articles contribuent a 'analyse économique envisagée par les directives de I'UE
et mettent l'accent sur un ensemble réalisable de mesures correctives pour les rivieres
dont le niveau de pollution est régulé. Pour ce faire, j'ai utilisé une méthode qui permet
d'estimer comment les principales caractéristiques (ou "attributs") environnementales
sont percues par la population. L’analyse permet donc aux décideurs d'avoir une

appréciation monétaire des bénéfices environnementaux.

J’'ai réalisé les études basées sur la méthode connue en économie de l'environnement
comme «choice experiment» (CE), c'est a dire une enquéte par questionnaire dont
I'objectif est de mesurer le consentement a payer de ménages pour obtenir une

amélioration de I'environnement.

Du point de vue méthodologique, la modélisation des choix fait partie de la famille des
méthodes d’évaluation contingente. L’évaluation contingente consiste a interroger
directement les individus par le biais d’enquétes. Il s’agit d’évaluer, a I'aide de questions
appropriées, combien les individus sont préts a payer ex ante pour une modification

donnée (quantitative ou qualitative) d’'un bien environnemental. Dans la mesure ou
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cette modification est évaluée alors qu’elle n’est pas réalisée, les individus sont placés
dans une situation hypothétique et les réponses obtenues sont des intentions. Cette
situation se présente sous la forme d'une transaction sur un marché hypothétique entre
un individu et, généralement, un décideur public. On se doit alors de décrire un marché

hypothétique « aussi crédible que possible » (Pearce et al., 2006).

Pratiquement, on construit un scénario qui décrit I'ensemble des informations
nécessaires a I'individu pour que sa déclaration traduise ce qui pourrait résulter pour lui

d’un choix effectif face a une transaction sur un marché.

Dans, la modélisation des choix le bien environnemental est représenté a travers ses

caractéristiques plus significatives.

Donc, premierement, il faut identifier les attributs (caractéristiques) qui décrivent le

mieux l'environnement fluvial qui fait I'objet des enquétes. Ces attributs devront étre:

1. pertinents pour les principaux acteurs locaux;

2. liés a certains indicateurs environnementaux connus ou a une évaluation qualitative
(par exemple, un attribut tel que "la qualité de I'eau” peut avoir deux niveaux, a savoir
baignable ou pas baignable, selon le niveau de concentration de certains indicateurs
chimiques);

3. affectés par la production hydroélectrique (dans la mesure ou différentes modalités
de fonctionnement des centrales ont un impact, direct ou indirect, sur le niveau des

attributs).

Une fois les attributs choisis, il est nécessaire, avec l'aide des experts et des acteurs qui
pourront avoir intérét a I'enquéte, de définir une échelle discrete et limitée de leurs
valeurs, ou "niveaux" (par exemple, le débit a la portée Z peut varier entre x et y, la
population de salmonidés peut passer de sa valeur potentielle P a un minimum M si
I'ensemble du systéme hydraulique est opérationnel). Ces niveaux pourront étre établi
de fagon qualitative/subjective, selon le dire des experts, ou quantitative, des lors que

des données empiriques seront disponibles.

Les modélisations des choix se focalisent sur les arbitrages entre les différents

attributs/caractéristiques du bien ou service considéré, et non pas uniquement ou en
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premier lieu sur les prix ou paiements. En plus, Les modélisations des choix permettent

une construction des préférences et peuvent donc étre utilisés pour se débarrasser de

I'influence des heuristiques employées par les enquétés et pour révéler des informations

fournies par un contexte réel d’arbitrage.

Cette méthode a plusieurs avantages :

D’abord, il est souvent plus simple d’estimer la valeur d’attributs pris
individuellement caractérisant un bien environnemental tel qu'un paysage plutot
que la valeur du bien dans son ensemble. Ce point est essentiel lorsque les enjeux
de gestion posent la question d’'un changement dans le niveau de ces attributs et
non pas celle d'un gain ou d’'une perte a I’échelle du bien environnemental pris
comme un tout;

Encore, la modélisation des choix permette d’identifier les valeurs marginales
correspondant  a des changements qualitatifs ou quantitatifs
d’attributs/caractéristiques du bien considéré. C’est pourquoi cette expérience a
davantage d’intérét que les évaluations contingentes en termes de transferts de
bénéfices, dans le cas ou le bien environnemental puisse étre décomposé en
attributs mesurables dont la valeur monétaire est estimée et si les variables
socio-économiques explicatives ont été incluses dans le modele;

En plus, les modélisations des choix évitent en général le probleme du « yes-
saying » ('enquété répond « oui » sans tenir compte de la question) propre a
I'analyse contingente a choix dichotomiques, puisque les enquétés ne sont pas
face a un choix de « tout ou rien » ;

Encore, la modélisation des choix évite les biais d’inclusion, que I'on rencontre
souvent dans I’évaluation contingente ;

En suite, I'approche d’échantillonnages répétés permet une cohérence interne
des tests (et donc des tests interne plus robustes), au sens ou les modeles
peuvent étre ajustés a des sous-catégories dans les données ;

Enfin, dans les cas ou lI'enquété n’est pas habitué aux contextes des choix, la
modélisation des choix peut étre plus adaptés: la description du choix peut étre

réalisée de maniere a ce que cela devienne, apres plusieurs étapes répétées, un
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arbitrage familier (mise en situation comme dans un choix « réel » avec des

photos, dessins représentant les attributs et leurs niveaux).

Une fois expliqué la méthode que j’ai utilisé, ci-dessous je présente le résumé des deux

derniéres articles.

Le deuxiéme article - Estimating a performance-based environmental fee for hydropower
production: a choice experiment approach - développe une redevance basée sur la
performance environnementale a mesure non seulement d’internaliser les colits
environnementaux que ’hydroélectricité détermine, mais aussi d'inciter les producteurs
a aller au dela de la régulation environnementale existante : de cette fagon, ils payent

moins.

La logique de cet article dérive de la 1'modélisation des choix discrete qui suggere
I'adoption d’instruments économiques pour atteindre les objectifs environnementausx.
Une redevance environnementale est une rémunération congue pour réaliser un effet
environnemental bien défini avec minimum de charge. Contrairement a d’autres formes
de taxation, si la redevance environnementale est pensée de maniere optimale son
revenu doit étre nul, car en termes économiques il est mieux d’atteindre I'objectif
environnemental plutét que payer la redevance. En général, I'application d'une
redevance environnementale exige la monétisation du dommage environnemental, afin
de comparer le colit de la redevance et le bénéfice monétaire de ne pas encourir dans ce
dommage. Avec une redevance environnementale performance-based, la monétisation
est encore plus décisive, puisque la valeur de la redevance est directement liée a la
performance environnementale. En plus, ce type de redevance demande d’une part une
définition claire de la relation cause-effet dans de différents systemes de gestion de la
production hydroélectrique et de l'autre I’évaluation de leur impact sur les divers

aspects de I’écosysteme fluvial.

La premiére étape de conception d'une redevance environnementale est de créer une
relation claire de cause a effet entre les différents modes de gestion de production et

leurs impacts sur les différentes caractéristiques de I'écosysteme fluvial.
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Donc, chaque modalité de gestion de la production et chaque attribut de
I'environnement doivent étre divisés en plusieurs catégories, de sorte que l'impact
puisse étre défini comme une variation des caractéristiques environnementales
examinées générées par un changement dans une ou plusieurs variables de gestion. Par
exemple, cela signifie regrouper en n catégories discretes le niveaux d’éclusées et
rapporter chaque catégories aux j classes de variation de l'hydrologie (ou d'une
population de poissons, ou de tout autre attribut). La justification de cette simplification
provient de l'incertitude de quantifier sur une échelle continue l'impact de chaque
modalité de fonctionnement. Cette simplification permet de évaluer le composant
intensif (c'est-a -dire, le fait que la modification puisse étre plus ou moins prononcé) de

chaque impact individuel.

Les impacts environnementaux, cependant, ont également un composant extensif, parce
que leurs effet ne disparait normalement pas apres une longueur définie: plus
généralement, il peut persister pendant plusieurs kilomeétres a une intensité réduite.
Cela pose le probleme de prendre en considération dans la redevance soit le composant
intensif soit le composant extensif. La solution proposée consiste a discrétiser la
longueur de chaque impact, c'est a dire d'évaluer l'impact par kilometre, en déterminant
pour combien de kilometres l'impact est d’'un certain niveau et pour combien de
kilometres I'impact est d’'une intensité réduite (un niveau plus bas), jusqu’a I'absence

d’effet (ou niveau naturel).

La deuxieme étape de la définition d'une redevance environnementale consiste a
attribuer une valeur monétaire a chaque catégorie d'impact. Il existe plusieurs

techniques de monétiser les impacts environnementaux.

Compte tenu de la nature multidimensionnelle et complexe des écosystémes, il y a un
grand consensus scientifique que la méthode la plus performante pour estimer comment
une combinaison de modifications a un ou plusieurs services de 1'écosysteme affecte le

bien-étre humain est I'modélisation des choix, méthode que nous avons décrit.

Une fois les mesures effectuées, il est possible de concevoir la redevance
environnementale basé sur la performance. Premierement, compte tenu de 1'hypothese

que |'effet est une variation de la classe d'un attribut environnementale, le colit doit étre
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mesurée de telle sorte que une valeur monétaire puisse étre fixé a cette variation. Par
exemple, le colit de I'impact sur I'hydrologie sera le colit de la dégradation de la classe j a
la classe j-1. En outre, étant donné que j'ai décidé de discrétiser la longueur de l'impact
par kilometre, le colit sera un coit unitaire par kilometre, soit le colit de l'impact sur
I'hydrologie sera le colt de la dégradation de 1 kilometre de la classe j a la classe j-1.
Enfin, afin de prendre en compte a la fois le composant intensif et le composant extensif,
je propose de multiplier le colit unitaire de l'impact pour la longueur qui a subi cette

modification. Cela donne I'’expression suivante:

k
Ci = Z al-,le-,j
j=1
ou ¢; est le colit de lI'impact i, j est le niveau discret (ou classe) de l'impact i, ag ) est le
co(it unitaire de l'impact i au niveau j; enfin, L j est la longueur de la riviere qui a été

touchée par l'impact.

Selon les impacts pris en compte, la taxe proposée sera:

n
EF = Z Ci
i=1
Ou EF est la taxe environnementale et n est le nombre d'impacts environnementaux pris

en compte.

Apres I'analyse théorique de la redevance environnementale proposée, 'article présente
son application pratique dans la province de Sondrio, en Italie septentrionale. Dans ce
cas spécifique, la valeur monétaire de 1'écosysteme fluvial a été estimée a travers un

modele de modélisation des choix.

La province de Sondrio est géographiquement située dans le nord de la Lombardie, pres
de la Suisse. Dans la province il y a 2,2 GW de centrales hydroélectriques, environ 18%
de la capacité globale de I'hydroélectricité italien. La province a la plus forte
concentration en Italie de la capacité installée par km?2, soit environ 680 kW. Le

deuxiéme rang est représenté par la province de Brescia avec quelques 450 kW / km?2.
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Au cours des quatre prochaines années, la moitié de concessions sera renouvelé. La
procédure de renouvellement, comme prévu avant, est donc l'occasion d'introduire un

systéme de tarification conforme a la CE.

Compte tenu du poids et de l'importance pour la Lombardie de la capacité
hydroélectrique située a dans la province de Sondrio, la modélisation des choix a été
obtenue en proposant un questionnaire a un échantillon représentatif de 1000 ménages

en Lombardie (obtention d'un 100% de réponses valides).

Les résultats montrent que les individus sont disponibles a payer pour améliorer 1'état
écologique des fleuves réglementés; en particulier, le plus haut consentement total a
payer (Willingness to Pay, WTP) est supérieure a 122€ par famille annuellement. Les
valeurs tirés de la modélisation des choix ont été utilisés pour simuler les effets de la
rémunération environnementale performance-based: le calcul montre que la
rémunération n’entrave pas la profitabilité des opérateurs mais elle réduit la rente

générée par la production d’hydroélectricité.

Enfin, le troisieme article de la section - Cheaper electricity or a better river? Estimating
fluvial ecosystem value in Southern France - applique la méthodologie CE a l'étude du
trade-off potentiel entre revenue-sharing et améliorations environnementales dans la
Vallée d’Aspe (Pyrénées francais), ou plus de 100 MW de capacité hydroélectrique sont

installés.

Comme 'on a déja anticipé, le renouvellement des concessions hydroélectriques ont été
congues de facon similaire aux beauty contest, ou les enchérisseurs doivent présenter
des offres pour I'amélioration technique et environnementale et au méme temps une
taux pour la redevance proportionnelle au chiffre d’affaires de la concession dont le
bénéfice reviendra a I’Etat et aux collectivités locales. L’hypothese sous-jacente a I'article
est qu’une offre plus haute pour les améliorations environnementales entraine une plus
basse offre de redevance proportionnelle. Par conséquent, a travers une estimation des
préférences de la population, j'ai étudié les trade-offs qui émergent entre un
environnement en condition meilleure et un plus haut pourcentage d’argent offert aux

autorités locales.
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Ainsi, jai congu un model CE dans lequel j'ai traduit le taux de redevance
proportionnelle dans un rabais immédiat de la facture d’électricité. Ceux qui
répondaient pouvaient opter voire pour un rabais plus haut et par conséquent pour un
écosysteme fluvial qui aurait demeuré dans la situation de départ (c’est-a-dire que les
opérateurs ne peuvent pas avoir une performance pire que les opérateurs historiques
du point de vue environnemental), voire pour un rabais mineur ou bien nul de la facture
pour que l'écosystéme fluvial puisse connaitre des améliorations. Bien siir, dans la
réalité il n'y aura pas de rabais; cependant, une augmentation du montant d’argent
destiné aux autorités locales pourrait signifier aussi bien un niveau de taxation locale
plus bas qu'une amélioration des services locales. De méme, cela explique le choix d'un

échantillon qui comprend des personnes qui vivent dans la région du gave d’Aspe.

Il est important de rappeler que quoique j’emplois un rabais en tant qu’offre, les
résultats montrent un consentement a payer et non pas un consentement a prendre. En
effet, comme le plus haut niveau de rabais est associé a I’état actuel des choses, les rabais
ne sont pas associés a la dégradation de I'écosystéme. Par conséquent, I'expérience a été
formulé avec une approche Willingness to Pay: jai demandé aux individus de
’échantillon s’ils étaient préts a renoncer a I'argent qu’ils auraient pu consacrer a autre

chose pour bénéficier d'un écosysteme fluvial en condition meilleure.

Attributs et niveaux pertinents pour l'écosystéeme de la riviere Aspe ont été choisis avec
une enquéte Delphi, qui a impliqué 15 experts choisis et qui a été coordonnée par
I'Agence Locale de I'Eau (Agence de 1'eau Adour-Garonne). L'enquéte Delphi est cruciale
non seulement pour définir les attributs et leurs niveaux, mais il a également confirmé
que différentes facons de gérer la production d'hydroélectricité sont efficaces pour

augmenter la qualité de |'écosysteme riverain.

Les résultats de Delphi ont montré qu'il y a trois attributs qui sont plus pertinents pour
I'écosysteme de I'Aspe: la qualité de l'eau, la population de poissons et I'hydro-
morphologie. En outre, avec le Delphi j'ai pu définir la situation actuelle des trois
attributs décrivant 1'écosysteme fluvial. Par souci de compréhension, tous les niveaux
des attributs ont été exprimés en termes qualitatifs et figuratifs. Enfin, les experts m'ont

fourni des images et des descriptions visuelles des attributs décrits.
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Le CE a été adressé a un échantillon représentatif de 200 ménages dans la région de
I’Aspe (obtention de 100% de réponses valides). Les répondants n'ont pas été
préalablement informés des caractéristiques de la production d'hydroélectricité, afin de
ne pas influencer leurs choix. Le questionnaire contenait des informations concises sur
la raison pour laquelle chaque attribut a été choisi et pourquoi il importait pour la

production hydroélectrique.

Les résultats montrent que les individus sont disposés a payer pour améliorer la
condition écologique du gave d’Aspe ; en particulier la plus haute WTP surpasse les 96€
par famille par an, ce qui est un chiffre considérable et comparable a celui que j’ai estimé

pour le cas italien.

Sans surprise, l'attribut le plus important est la population de poissons: les personnes
vivant a proximité du gave d'Aspe sont préts a payer pour conserver le saumon sauvage

et la truite de mer.

A la fin, je peux dire que cette section thématique donne un résultat persuasif: la
population évalue de maniere considérable I'amélioration de I"écosysteme fluvial pres
duquel elle vive et elle est préte a payer pour augmenter son état écologique. Ceux-ci
sont des aspects que les opérateurs et les autorités publiques doivent certainement
considérer s’ils veulent gagner le support de I'opinion publique pendant le proces de

renouveau des concessions.
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2 What determines efficiency? An analysis

of the Italian Water Sector

Abstract

The Italian water sector has encompassed major changes since mid-90s when law 96 /94
has entered into force. Next to private participation, integration of services and growth
in production scales, the reform was intended to revolutionize the traditional financial
model almost fully based on public funds. Although citizens, politicians and experts on
water services have been debating for a long time on the impact of the reform on the
industry, as well as on the fairness of a tariff system inspired by the concept of full cost
recovery, we are still on a state of uncertainty. The final purpose of this paper is to
provide regulators with guidelines that could be used to revise water tariffs in a way
that may be cost-efficient, sustainable and fair to the most. According to the analyses,
which rely on firm-specific X-inefficiency scores, despite a satisfactory mean level of
performance, in the period under investigation, efficiency improvements have been
limited. Moreover, the results demonstrate that both the ownership structure and
politics do have an impact on the efficiency of the firms: in particular, public
shareholding and centre-right local governments negatively affects firms’ performances.
To this respect, I think that a more effective regulation would also have the side effect of

loosening the ties between politicians and managers.

KEYWORDS: Water Policy, Water Distribution, Water Pricing, Efficiency.

JEL Classification: H44, L95
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2.1 Introduction

Water supply industries around the world have been radically transformed in the last
two decades due to liberalization, privatization and implementation of new regulatory
design. These reforms were intended to enhance efficiency, productivity and quality of
services provided. Italy has followed a similar path since 1994, when the so called Galli
Law (1. 36/94) entered into force. Alongside with statutory efficiency and minimum
quality standards, the law (and its subsequent amendments) set rules for delegation and
private-public participation. This led to a final puzzle where fully public, mixed and
listed water companies coexist. Albeit Italian water utilities distinguish from each other
for other dimensions than ownership, this characteristic is the one that has been mostly
debated. On the wave of rising prices for water services, some local representative
started complaining that privatization was causing more damages than it was supposed
to cure, due to the gambling of privates upon basic public needs (Massarutto,2009). The
partial failure of the liberalization process and the growing concerns on private
participation paved the way to a referendum in 2011. This latter has resulted in a break
of the legislative framework, thus leaving a urge for supplementary reforms. As a
consequence, there is a clear need for more information about the performance of the
[talian water companies (Walter et al., 2009). Performance analyses do exist (Romano
and Guerrini, 2011; Caliman and Nardi, 2010; Benvenuti and Gennari, 2008; Antonioli
and Filippini, 2001); however, to date, there are no studies that investigate efficiency in
Italy over several years nor studies on all the water services, namely distribution,
sewerage and treatment. These analyses have been performed for several countries
(Abbott and Cohen, 2009; Coelli and Walding, 2005). Establishing a more robust
regulatory benchmark has become more and more urgent given that law 214/11 has
empowered the Italian Regulatory Authority for Electricity and Gas to define, in a

couple of years, tariff schemes to be implemented by water utilities.

The novelty of the study is threefold. First, I offer an original evaluation of the efficiency
of the biggest sample ever gathered of Italian water companies over a period of four
years. Second, I contribute to the debate on the likely impact of ownership upon the
relative efficiency and the productivity of water companies. Third, I provide some

guidelines for the future regulatory reform of the sector. From the methodological
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viewpoint I use non-parametric linear-programming technique of Data Envelopment
Analysis (DEA), which has been suggested by several scholars for the water sector
(Thanassoulis, 2000a&b). The orientation is to opt for an input minimization DEA, as the
main objective for each water utility is to minimize costs rather than maximizing their
output. Both constant and variable returns to scale are considered to test the role of
both technical and allocative efficiency. I then investigate the determinants of the

efficiency by performing different regression analyses.

The study shows that, despite a satisfactory mean level of efficiency, in the period under
investigation, performance improvements have been limited, suggesting the need to
introduce a more stringent efficiency-enhancing regulation. Moreover, the results
demonstrate that both the ownership structure and politics do have an impact on the
efficiency of the firms: in particular, public shareholding and center-right local

governments negatively affects firms’ performances.

The paper unfolds as follows: Section 2 briefly describes the Italian water distribution
sector. Data and methodology used are described in Section 3, while Section 4 discusses
the main findings. In Section 5, [ perform some econometric estimates to explain the
efficiency scores obtained with the DEA analysis. Finally, in Section 6 [ draw some policy

recommendations.

2.2 The Italian water distribution sector: a short description

Until the first half of the 90’s, the management of water utilities was entrusted
exclusively to municipalities and was performed in-house, i.e. performed directly from
the local municipality, or thru a public grant. The result was a high number of firms,
almost one for each municipality, with a subsequent low level of production efficiency

together with poor quality of service provided!.

Such scenery was completely reformed in 1994 by the Galli Law (law 36/1994). Its main
objective was to enhance the efficiency of water resources by applying an “industrial”

regime to the sector. The founding principles of such a measure were:

1 According to ISTAT, in 1999, five years after the Galli reform, the number of firms was still very high:
7,822.
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1. The identification, delegated to the Regions, of hydrographic basins (bacini
idrografici), i.e. of optimal license areas (Ambito Territoriale Ottimale, ATO), that
could promote a corporate management of the process;

2. The separation of the control and auditing activites, through the creation of an
authority for each optimal license area (Autorita d’Ambito Territoriale Ottimale),
from the managerial activities, with the commitment of a single supervisor for
the whole water integrated system (Sistema Idrico Integrato, SII, hereinafter) for
each ATO;

3. Atariff regime with a full coverage of costs, both fixed and variable.

In other words, the goal was to realize both a vertical integration within the
heterogeneous activities of distribution, treatment and sewage and a horizontal

integration on a sufficiently big area for attaining economies of scale (Parisio, 2013).

In the end, the identification of the ATOs has been quite heterogeneous:

e 5 Regions (Val d’Aosta, Molise, Basilicata, Puglia and Sardegna) opted for unique
regional ATOs;

e (Calabria, Emilia Romagna, Liguria, Lombardia, and Sicilia defined the ATOs by the
province boundaries, with the exception of the city of Milan, which alone
constitutes an ATO;

e All other Regions (Abruzzo, Campania, Friuli-Venezia-Giulia, Marche, Piemonte,
Toscana, Umbria, Veneto) opted for mixed ATOs, which can either be defined by

single provinces or by the aggregation of more than one.

In the end, all Italian Regions, with the exception of Trentino-Alto-Adige (being a Region
with a special statute), implemented the SII between 1994 and 2002, for a total of 91
ATOs.

The Galli law contemplated also the existence of CoNViRI (Comitato Nazionale per la
Vigilanza sull’'uso delle risorse idriche), a National Committee whose duty was to protect
the interests of consumers and ensure a fair adjustment of water tariffs. Nevertheless,
the whole system was centered on the AATOs. In fact, the newly defined Area authorities

were required first to conduct a survey of the water system and then to set up a 20-year
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management and investment plan indicating the situation of the existing infrastructure,
the quality of the service to attain, the expected future investments and the tariff to be
applied. This plan represented the basis for the assignment procedure, defined with the
financial law of 2002, which introduced three delegation procedures, namely: public
tender, in house entrustment, direct grant to a mixed society where the private partner

is chosen thru a tender.

The 2009 amendment of the Galli law (1. 166/2009) reduced the possibility for direct
assignments, pushing the sector towards public tenders. In particular, all existing
delegations granted through direct assignments were to be reassigned with public
tenders. Moreover, the 2009 amendment introduced a safe return on investments equal

at a national level (as before it was set by each AATO).

In June 2011, a referendum repealed both amendments, creating a legislative vacuum,
only partially solved by the 214/11 legislative decree. As for the delegation procedure,
Italy is back to the system that imposes public tenders only when the grantee is a private
firm, letting again direct entrusting to public firms, under the supervision of local
authorities. As for the return on investments in particular, and the tariff scheme more in
general, the decree has devolved to the Regulatory Authority for electricity and gas
(AEEG) the powers that had initially been exercised by AATOs and CoNViRI, which has
been abolished. AEEG therefore has the function of defining and maintaining a reliable
and transparent tariff system, reconciling the economic goals of operators with general

social objective, and promoting environmental protection and the efficient use of energy.

2.2.1 The old tariff scheme
Until the referendum, the tariff system was designed as a revenue cap, but it was, de

facto, a cost of service regulation. AATO had to determine the reference tariff on the
basis of the 20-year investment and management plan. The basic revenue scheme was

the following:

Equation 2-1

R,=(C+A+R),_y X (1+RPI—X)
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Where the revenues for year n (R,) were equal to the sum of the allowed operative
expenditures (OPEX), or variable costs, (C), the amortization (A) and the return on
capital (R) for year n-1, multiplied by the inflation (RPI) and capped by the X-efficiency
term. The peculiarity is that the revenues and the tariffs where not set on actual costs
but on those foresaw in the plan. Every three years, if costs were higher than those
modeled, operators could ask for the revision of the plan; only for differences bigger
than 30%, then the AATO could ask for efficiency improvements. Till the referendum,
the average tariff was about 1.2 Euros per cubic meter?.

As we have seen, AEEG is now responsible for tariff setting. To this day, the authority
has arranged the hearings of the interested parties with the aim to set the adequate
standards apt to guarantee the quality of the service, intended as technical,
environmental and commercial quality. We do believe that, in this context, an efficiency

analysis of the sector is of extreme importance.
2.3 Efficiency in the Italian water distribution sector

2.3.1 Efficiency analysis: preliminary considerations
The performance of a firm is a measure of “how well” the firm converts inputs into

outputs. Inputs and outputs can be measured as quantities or in monetary terms. In the
first case, the focus will be on technical efficiency, that is how well a firm combines
inputs to produce outputs; in the latter, instead, the focus will be on allocative efficiency,
that is the ability of the firm to use the inputs according to their costs. Technical and
allocative efficiency combined give an overall economic efficiency measure. Finally, as
performance is a relative concept, it is necessary to compare the firm under study with a

peer.

As stated in Coelli et al. (2005), there are basically four major methodologies to analyze

firms’ efficiency:

e Total factor productivity indeces;
e Least-squares econometric production models;

e Non parametric analysis, such as data envelopment analysis (DEA);

2 Data from Utilitatis database, 2008
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e Stochastic frontiers.

The first two methods are generally used to compare the evolution of the efficiency of a
firm over time. They are the simplest methods as they assume that all firms under study
are technically efficient. On the other hand, the last two methods do not assume that all
firms are efficient and they are used to compare the relative efficiency of n peers. The
main difference between the two methods is that DEA, being non-parametric, does not
assume any specific production or cost function; stochastic frontier, instead, does

require a functional form.

Given its flexibility, | have opted for the DEA. DEA is a multi-factor productivity analysis
model, based on a non-parametric approach that measures the relative efficiency of the
so-called Decision Making Units (DMU). Charnes et al. firstly introduced this analysis in
1978, as a tool that could extensively be applied in benchmarking and performance
evaluation of various public institutions such as schools, libraries, hospitals, but also of
private entities such as banks and production plants. It was later extended by other
authors such as Banker, Charnes, and Cooper (2000) and extensively developed in the

last two decades thanks to its versatility and loose assumptions.

The basic idea underlying this methodology is to envelop observed input-output linear
combinations in order to retrieve an estimate of the best practice frontier for the
decision making units, by solving a linear programming model. Units achieving the
highest level of efficiency within the dataset will form the best practice frontier and will
score 1 in the efficiency index. The remaining DMUs will reach an index lying between O
and 1, which is inversely proportional to their distance from their virtual best. This
score thus measures the potential reduction in the quantity (or costs) of inputs
necessary to reduce the inefficiency (or X-inefficiency, under the cost case) of the firm, in
relation to the optimal frontier. In this framework, efficiency is defined as the ratio of a
linear combination of outputs over a linear combination of inputs (or input-costs). In
other words, DEA methodology aims at reducing the ratio multi-input/multi-output

towards a single virtual input and a single virtual output.

Clearly there are two ways to accomplish this. One is by maximizing the numerator, i.e.

the outputs, keeping inputs constant. This is the so-called output-oriented model. Vice
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versa, when we keep output constant and we minimize the denominator, i.e. the inputs,

we obtain an input oriented model.

DEA approach has been widely extended thanks to its various advantages. First of all,
being a non-parametric model, no assumptions on input or output functional forms are
required, apart from a general convexity presumption. This feature also avoids in
misidentifying the effect of erroneous specifications in the functional form of technology
and inefficiency with those of inefficiency. Secondly, it can be applied also in small
datasets, even thou its discriminatory power would be less effective in small samples.
Also, by increasing sample size it is more likely to have a higher number of efficient
combinations of inputs and outputs, since there can be significant gaps between
observations, being the frontier determined by a piecewise linear function. It is thus
important to check for robustness of results. Being n and m respectively the number of
inputs and of outputs, according to Cooper et al. (2000) the minimum number of

observations should be given by the maximum between 3 X (m + n) and(m X n).

Moreover, firms are not compared to statistical measures, but they are put in
comparison directly against a peer or a combination of peers. Consequently, DEA can be
easily applied to any regulated firm and it allows for control of other exogenous
variables that might affect efficiency through a two step approach or also by adding
them as non-controllable inputs or outputs in the linear programming. As a drawback,
when adding these non-controllable variables, it is compulsory to know their
classification as inputs or outputs a priori before the analysis is computed, in order to

set the correct inequality in linear programming problem.

The main drawback of DEA is the absence of a random error. Any measurement error,
noise or outlier can cause significant problem, being DEA an extreme point technique,
and will be automatically interpreted as inefficiencies. The choice of outputs and inputs
is thus very sensible, as it influences directly the scores. Also, being DEA a non-
parametric technique, it does not permit for statistical hypothesis tests. Hence, it is not
possible to test neither for the significance of the main variables included in the model

nor for the significance of differentials in efficiency.
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2.3.1.1 Statistical properties

As already seen, DEA estimators measure the level of efficiency relative to an estimate of
an unobserved true frontier, conditional on observed data resulting from an underlying
data generating process (DGP). The properties of the DEA estimators depend thus on
this DGP which created the data sample. Simar and Wilson (2008) list several

assumptions for the DGP:

e observations on inputs (x) and outputs (y) are realizations of iid. random
variables (X, Y) with density function f{x, y);

e The probability of observing and efficient unit approaches unity as the size
grows;

e For all (x, y) belonging to the feasible production set, DEA estimators J(xy) are
differentiable in (x, y);

e Convexity and closeness of the feasible production set;

e Free disposability of inputs and outputs;

e All outputs require the use of some inputs, that is no free lunch hypothesis

(Bottasso etal., 2013).

Under these assumptions, the authors show that DEA efficiency estimator is consistent
and has a known rate of convergence. (Simar and Wilson 2000). But still a closed form
for the density function is yet to be derived. The authors propose a means for inferences
about the efficiency of this estimator in a multivariate framework, through a
methodology called Bootstrap DEA. The aim of this approach is to approximate the
sampling distribution by simulating the DGP and to capture the sampling variation of the
DEA estimator from the true estimator [JDEA(xy) -9(xy)]. Bootstrap DEA, thus,
improves statistical efficiency in the second stage regression as it corrects from serial

autocorrelation (Simar and Wilson, 2007).

2.3.1.2 Constant and variable return to scale

Return to scale describe what happens as the scale of production increases in the long
run, when all input levels, including physical capital usage are variable i.e. chosen by the
firm. Constant return to scale (CRS) apply when the change in output resulting from the

change in all inputs is proportional. On the other hand, if the changes in output are not
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proportional, i.e. output either outperforms or underperforms in relation to inputs, then
variable return to scale (VRS) apply. In other words, VRS index measures the real
capability of a company to purchase, mix and consume inputs i.e the allocative efficiency,
while CRS represents the productive efficiency of a DMU, given by the product of pure

efficiency and scale, i.e. the technical efficiency.

2.3.2 Literature review
Investigations on efficiency of the Italian water sector do exist but are mostly small

sampled and are limited in the time dimension. Since data collection is not entrusted to a
public central administration, the lack of reliable and complete database is an issue and
has limited the analysis so far. Romano and Guerrini (2011) provide an analysis of 43
[talian water mono-utilities to determine what affects their efficiency, using the DEA.
They find that public owned companies are more efficient and thus better able to
purchase and employ inputs when compared to mixed owned companies. Surprisingly,
they also find that Southern and Central firms are more efficient compared to Northern
firms, but they explain this unexpected result by proposing that it could be due to the
higher rate of sanitation treatment per cubic meter shown by northern companies as
well as to the size of firms, since companies in central-southern Italy are mostly large,

and large companies typically have high scale efficiency.

Giolitti (2010) investigates the presence of economy of scale and density on a sample of
30 water firms in the years 2005-2007, using a translog variable cost function. She finds
evidence for both economies of scale and density until a served population of 500,000

inhabitants.

Abrate et al. (2008) analyze the relationship between heterogeneity and inefficiency on
46 regulatory plans drafted by ATOs by means of cost frontier models on a 20-year
period. Results show that part of the managerial inefficiency is due to structural nature.
Operating costs are found to depend positively and significantly upon the extension of
the service area and the number of municipalities. “The percentage of highlands
influences costs negatively and significantly, thus indicating that higher expected costs
for maintenance in highland areas are probably offset by the proximity to the water

sources. Likewise, the geographical dummy shows a negative and statistically significant
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sign, thus denoting a structural shortfall in southern Italy, with respect to northern Italy,
which might be attributed to the different status of the network and other capital
facilities. This highlights the high penalization suffered by the southern area in terms of
major maintenance and intervention costs” (Abrate et al, 2008). Moreover, the authors
assess that local authorities do not include in the regulatory long-term plans incentives
to improve efficiency with respect to operative costs, which is in contrast with what
suggested by the water reform. Hence, as policy implication they suggest that a
benchmarking activity at a national level is necessary in order to provide the right

incentives to improve efficiency.

Antonioli and Filippini in 2001 estimate a variable cost function using a sample of 32
water distribution firms operating at the provincial level over the period 1991-1995.
They find that several explanatory variables such as price of labor, water loss and
service area characteristics are significant in explaining efficiency. In particular the
coefficient of chemical treatment is significant, confirming the relevance of geographical
and morphological variables in water cost estimation. Nevertheless, the authors find no
evidence that larger areas result in any economies in water distribution, imputing that a
merger between two companies with adjacent service areas does not significantly

decrease average cost.

Concluding, the datasets and the time dimensions of the studies already conducted in
Italy are quite limited and neglect to investigate several variables, such as the political

stability of the municipality of the firm, or the quality of water delivered.

2.3.3 The water companies in the sample
The sample consists of 54 companies that operate as regulated monopolist in the

provision of water and wastewater services (SII, hereinafter) in specific areas of Italy.
These utilities have been selected among the extensive list of companies to which the
[talian local regulatory authorities (AATOs) entrusted the SII no later than 2007
(CoNViRI, 2009). Due to delays in the implementation of law 36/94, most of the
companies have been entrusted between 2003 and 2007. Given the time perspective of
the study and the need to collect data for the same companies over a 4 year period

(2007-2010), those players that were inactive in 2007 or that have become so later on -
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due to merges or changes in the local framework - have been excluded from the analysis.
Table 2-1 describes the main features of the utilities in the sample as compared to the
full list of Italian operators, as reported by CoNViRI (2009). Notwithstanding the partial
coverage, the selected companies are representative of the Italian water industry as for

geographical location, size, ownership structure, type of business and clients served.

Geographical location is crucial in that while in Northern and Central Italy there is
abundance of rivers and lakes, in Southern regions (islands included) the water is
scarcer and irregularities are more likely. Indeed, according to the most recent
assessments by ISTAT (the Italian statistic Bureau), while less than 6% of clients suffers
from irregularities in water distribution in the Northern regions, one out of three clients
experiences severe service irregularities (with likely rationing of water especially in the
summer) in the Southern regions. The sample encompasses firms located in any
geographic area of the Country, with some 26% of the companies in the Northwest, 26%

in the Northeast, 28% in the Centre and 20% in the South (including islands).

Regarding ownership, I have distinguished among publicly owned, mixed and privately
owned companies. The former class includes utilities that are fully under the control of
local entities, the latter those that are completely managed and operated by private
parties, while the second group considers firms where private and public parties coexist
due to the joining of private shareholders to traditional public ones. Concerning
ownership, 56% of the selected companies are public, 24% are mixed and the remaining
20% is private. These figures match the Italian structure of the water sector where few
less than 60% of the utilities are currently managed and operated by local authorities.
Data on the shares held by the main shareholder have been collected as well to
investigate, beside the effect of private participation on companies’ relative efficiency,
the impact of fragmentation in shareholding on cost-efficiency, an issue never taken into

account in so far.

As in past assessments (Romano and Guerrini, 2011; Antonioli and Filippini, 2001), I
have classified firms based on the number of residential consumers served. A water
company will thus be defined as large, medium or small if it has respectively more than

250.000, between 50.000 and 250.000, or less than 50.000 customers, respectively.
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Large companies prevail, both in the sample (60%) and in Italy. Medium (30%) and
small (10%) follow. Although one can see a bias in the sample which takes in some 76%
of the large companies listed by CoNViRI (2009), while leaving aside some 80% of the
small ones, the distribution of clients served confirms that the data are representative
and fully consistent with national paths. In fact, according to CoNViRI (2009), while 42
large companies are responsible for the provision of SII to some 87% of customers, 32

small firms do supply water to some 1% of users.

Sample CoNViRI, 2009
Geographical n. of firms % of % of n. of firms % of % of
location firms clients firms clients
North-East 14 25.93% 17.21% 28 26.42% 23.92%
North-West 14 25.93% 14.01% 39 36.79% 19.34%
Central 15 27.78% 37.59% 19 17.92% 29.69%
South 9 16.67% 29.11% 14 13.21% 24.08%
Island 2 3.70% 2.08% 6 5.66% 2.97%
Size
Small 6 11.11% 0.58% 32 30.19% 1.28%
Medium 16 29.63% 8.27% 32 30.19% 11.85%
Large 32 59.26% 91.15% 42 39.62% 86.88%
Ownership
structure
Public 30 55.56% 43.63% 63 59.43% 50.58%
Private 11 20.37% 19.68% 17 16.04% 16.21%
Mixed 13 24.07% 36.69% 26 24.53% 86.88%
Type of business
Mono-utility 37 68.52% 79.69% 72 67.92% 74.71%
Multi-utility 17 31.48% 20.31% 34 32.08% 25.29%

Table 2-1. The main features of the companies in the sample as compared to the extensive list of Italian
operators as reported by CoNViRI. Source: authors’' elaborations.
Concerning the type of service to be taken into account, I have opted for the inclusion of
both firms that are active in the SII sector exclusively (mono-utility, 69%) and utilities
that are active in related sectors (multi-utility, 31%) such as energy and waste, to see if

there are scope economies.

2.3.4 Designing the DEA for the efficiency analysis of the water sector
As specified before, the linear programming problem that could be run with DEA may be

defined in several ways. It is possible to opt for: input or output orientation; constant or
variable returns to scale; one, two or multi-stage models. Consistently with the most

recent analyses (e.g. Romano and Guerrini, 2011), I decided for input orientation and
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run both constant and variable returns to scale in a multi-stage framework. The

rationale for these choices is as follows.

Input oriented models aim at minimizing the cost of producing a fixed (predetermined)
level of output. Efficiency within this context is measured as the proportional reduction
in inputs to get the actual level of output. By converse, output oriented models aim at
maximizing output given input availability. Here, efficiency is computed as the increase
in output that could be achieved by optimally using available inputs. Depending on
whether it is more suitable to consider the sector as input or output constrained, the
latter or the former approach must be set. In the case of water utilities, where output - as
measured by the water delivered or by the inhabitants served - is price-inelastic and
inputs (labour costs, material costs, etc.) may be adjusted accordingly, input-orientation

is more suitable.

Return to scale concerns the effects on output of a proportional rise in all inputs. In
particular, if the rise in output is proportional to those in inputs constant return to scale
holds, which means that there is no-size performing better than others. The other way
round, if the rise in output outperforms (underperforms) those in inputs, increasing
(decreasing) return to scale applies, thus indicating that large (small) companies do
perform better. | have considered both CRS and VRS to investigate both technical and
allocative efficiency, a crucial issue in the context. CRS efficiency scores rank DMUs
according to their technical efficiency id est the suitability of the production process
used. VRS efficiency scores rank DMUs with respect to their purchase, mix and usage of

inputs in the production process.

Finally, the run of multi-stage DEA is intended to reduce the inefficiency caused by the
likely occurrence of input/output slacks, id est to situations where the efficient projected
points of a decision making unit belong to the perfectly elastic or inelastic portion of the

frontier. Since slacks do not represent Pareto-efficient projections of DMUs, efficiency
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indexes relying on slacks would provide misleading information. To overcome this issue,

[ carry out two or multi-stage DEA as suggested by Coelli et al. (2005).3

2.3.4.1 Input and output data

Studies applying DEA on water utilities present several similarities in input and output
selection to which I conform. Materials, labour, services and capital (amortization and
depreciation), measured either in term of unit consumed or of cost incurred, are

traditional inputs.

The water delivered and treated (or the population served, using both would be
misleading given the high correlation shown by the two variables) and the length of
water and sewerage mains*are used as traditional outputs. Since data on the water
delivered provided by CoNViRI were available only for 2008 and given the regulated
structure of the sector with predetermined tariffs, I opted for water revenues and water
mains as outputs. I collected financial data on relevant inputs - cost of material, labour
and services (OPEX) and other indirect costs - from Bureau Van Dijk’s AIDA database.
Depreciation, amortization and interests have been excluded because of the limited time
span of the assessment and because these items are often affected by earnings
management policies, such as fiscal optimization. This exclusion means that I clearly
focus on operative efficiency; one could question that water services are capital
intensive and measuring the efficiency without taking into account capital costs could be
misleading. Although I am aware that investments are relevant, considering their
extremely long expected lifetime and amortization period, CNEL (2010) shows that
operative costs account for more than 75% of the tariff structure, while capital
remuneration and amortization the remaining part. As for outputs, revenues have been
collected from Bureau Van Dijk’s AIDA database, while corporate web sites were used

for data concerning assets and network length.

Finally, to reduce the heterogeneity in the sample due to the number of residential

served, all variables are expressed in per-capita terms by dividing the overall figures for

3 For more details on slacks and multi-stage DEA, see Coelli et al. (2005).
4Water mains are used as a proxy to measure economies of density (Thanassoulis, 2000a&b; Garcia-
Valinas e al, 2007).
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correlation matrix for the

Mains length | Revenues per Cost of Operative Indirect costs
per capita capita materials per costs per per capita
capita capita
Mains length 1
per capita
Rev.enues per -0.02 1
capita
Cost of
materials per 0.03 0.18 1
capita
Operative
costs per -0.02 0.90 0.10 1
capita
Indirect costs 0.03 0.21 0.00 0.06 1
per capita

Table 2-2. The correlation matrix of inputs and outputs.

The positive correlation between revenues and costs confirms the cost of service
structure of the tariff, while the negative effect of mains over revenue suggests likely

economies of density.

2.4 Efficiency scores: results and discussion

Table 3 shows the minimum, mean, median and standard deviation values for technical
(CRS), allocative (VRS) and cost-efficiency (S) scores for the utilities in the sample over
the relevant time period (2007-2010). Following Coelli (1998), cost-efficiency (S) is the
ratio between CRS and VRS: if its value is one, than the DMU is operating at its optimal
scale; if the value is lower than one, than the DMU is not at its optimal scale, but the

index does not say whether the DMU should increase or decrease it.

The mean and median level of CRS and VRS are close and relatively high, indicating a
good level of efficiency among water utilities. Allocative efficiency is significantly higher
than technical efficiency: this is not surprising since, at least in the short term, it is
impossible to adjust significantly the production process, which is linked to mains and
other long term assets. Therefore, notwithstanding complaints and oppositions, which

have contributed in smoothing down the implementation of the water reform, the
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performance of the sector twenty years after the Galli law could be regarded as quite

satisfactory.
Obs. Min. Mean Median N. of Std. Dev.
frontier
DMUs
CRS 2007 54 0.44 0.81 0.83 10 0.15
CRS 2008 54 0.48 0.82 0.83 10 0.14
CRS 2009 54 0.40 0.81 0.84 11 0.16
CRS 2010 54 0.42 0.80 0.81 12 0.17
VRS 2007 54 0.46 0.87 0.94 20 0.15
VRS 2008 54 0.48 0.87 0.91 19 0.14
VRS 2009 54 0.40 0.85 0.89 17 0.16
VRS 2010 54 0.42 0.83 0.86 15 0.17
S 2007 54 0.69 0.94 0.98 10 0.08
S 2008 54 0.64 0.95 0.97 10 0.07
S 2009 54 0.66 0.95 0.99 11 0.07
S 2010 54 0.65 0.96 0.99 12 0.06

Table 2-3: DEA efficiency scores.

Both CRS and VRS have decreased between 2009 and 2010: this might be a symptom of
the economic crisis, which has affected the efficiency of the utilities, in particular their

capabilities in purchasing, mixing and using inputs in the production process.

The frontier is extremely stable, as well as the distribution of DMUs among different
years. For CRS efficiency, 6 companies rank first for all four years; 3 for three years; 3 ad
4 DMUs rank first for two years and one year respectively. For VRS, there are 11 units
raking first for all 4 years and 5 for three years; 4 companies rank first for two years and

4 for just one year.

Cost-efficiency scores indicate that water utilities are operating extremely close to their
efficient scale. The median operator has a value ranging from 0.97 to 0.99: this might
indicate that the conceived licence areas are indeed optimal. Figure 2-1 shows a scatter
plot of DMUs with respect to CRS and VRS: the relationship is linear and the correlation
is high (0.90); the deviation from the linear correlation is always in favour of allocative
efficiency, which of course is easier to improve than technical efficiency in the short

term.
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Figure 2-1: Correlation between VRS and CRS of Italian water utilities: 2007-2010.

1
0,9
.
0.8 IS
0,7 TS
s} H &
g * ?
0.6 ¢ )"
0.5 L J
' .
0,4 o
0.3
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
CRS

Most utilities have not improved their efficiency over time either in technical or in
allocative terms. At this purpose, data illustrate that several distributors - nine out of
ten in global terms, three out of four in CRS and four out of five in VRS - have

experienced a change in their efficiency paths in the zero range.

Figure 2-2: Mean efficiency score changes of Italian water utilities: 2007-2010.
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Stable efficiency frontiers may have a twofold rationale. On the one hand, utilities in the
sample may have just attained maximum efficiency levels (i.e. Pareto-efficiency), so that
further improvements are not possible, at least in the time span under investigation in

the study. On the other hand, water suppliers have not enough incentives toward better
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performance. Indeed in the former case, it is possible to consider that the reform
initiated by the Galli Law has attained a fair efficiency objective; while in the latter, a

break with the past is necessary to prompt the cost-efficient evolution of the sector.

Notwithstanding the relatively high levels of efficiency shown above, there are
companies whose score is particularly low. What could explain the coexistence of such
heterogeneous levels? May regulators affect the ability of water distributors to deal with
risks? Is yardstick-based regulation optimal on benchmarking? To tackle these issues I
econometrically explore some factors that, according to scholars (Massarutto et al.
2009), can interfere with efficiency. Both endogenous and exogenous variables are

considered to effectively identify the areas for future policy interventions.

2.5 The determinants of efficiency

The second stage of the analysis aims at investigating what determines the efficiency
scores calculated above. There is an ample debate on which regression technique
performs better in the second stage, given a first stage based on DEA. According to
several scholars (Dusansky and Wilson, 1994; Hoff, 2007), the DEA approach introduces
a censoring problem in the upper tail of the distribution as most efficient units cluster at
a limiting value. Consequently, the appropriate econometric treatment to avoid
inconsistent estimates can be a tobit model, as it assumes that the dependent variable
has a number of its values clustered at a limiting value and, as such, it can give unbiased
results even if observations are clustered at that limiting value (McDonald and Moffit,
1980); however, estimates may be inconsistent if errors are not normally distributed or

if they are heteroskedastic (Carson and Sun, 2007).

On the other hand, McDonald (2009) contends that DEA does not have a censoring data
generating process (DGP), as its results are a kind of fractional or proportional data.
Moreover, by the very nature of DEA, a second stage analysis performed with a tobit
model will result in an error term being heteroskedastic, thus resulting in inconsistent
estimates. As a consequence, McDonald suggests the adoption of OLS, as its estimates of
p are “consistent and asymptotically normal under general conditions, and hypothesis
tests can be validly carried out if allowance is made for heteroskedasticity” (McDonald,

2009, p. 794) .
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Notwithstanding the regression methods used, Simar and Wilson (2007) shows that
DEA scores might suffer from serial autocorrelation, which can be corrected only with a
bootstrap procedure, as it improves statistical efficiency in the second-stage regression.
As for the second stage of the analysis, the final option is to opt for both bootstrapped
OLS and tobit models®.

To perform such econometric analyses, first I have looked at variables that may be
related with the governance: ownership (PP, which measures the percentage of shares
owned by the public, and SH, which measures the percentage of shares hold by the main
shareholder of the utility) and the type of business (Mono, which takes value 1 if the
company is a mono-utility and 0 otherwise). Second, I have taken into account two
managerial parameters: concentration (n. of clients served by the utility expressed as a
share of the population in the ATO, HHI) and interruptions (Inter, measuring the
frequency of interruptions in water distribution). Finally, I have considered
environmental variables, related to the area where the unit is active: geographic location
(two dummies North and South), incidence of metropolitan areas (daily in/outflows of
people, D flex), incidence of touristic areas (seasonal in/outflows of people, S flex) and
the coalition in charge in the municipality granting the concession®and nominating
AATO’s governing body (DX, which takes value 1 if a center-right coalition has the

majority and 0 otherwise).

Indeed, the company and shareholders have (almost) direct control over the variables in
the first and second classes, while in the last set are reported indexes, which are almost
beyond the control of the persons in charge of managing, operating, controlling and
sanctioning the activity. Summary statistics and correlation matrices for the variables to

be included in the regressions are reported in App. I (Tab. A1-A2).

Table A2 shows that the explanatory variables are not particularly correlated among

each other, with the notable exception of Inter with the geographical dummies, with

5 have also considered the possibility of a panel data analysis, but tests have rejected this possibility. This
may be due to the short time span of the sample; still, | have introduced a time dimension in the analysis
(discussed later).

6 In case of multiple municipalities, I have considered the coalition governing the most important one; in
case of regional ATOs, I have considered the regional government.
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opposite signs (positive with South and negative with North). This high correlation

recommends the exclusion of one of the two variables to avoid collinearity concerns.

[ perform four bootstrapped regressions to test what affects both CRS and VRS (one OLS
and one tobit each). Preliminary results have shown the presence of heteroskedasticity,
which has obliged us to opt for White’s method (1980) for calculating standard errors in
the OLS regressions. At the same time, [ have kept also tobit results, as a comparison. |
have also introduced time dummies; results are not shown, as they were never

significant in any of the different regressions performed.

Variable Category Dependent Variable CRS Dependent Variable VRS
OLS tobit OLS tobit
Constant 0.8190 0.8283 0.9060 0.9711
(24.94)*** (18.32)%** (27.59)*** (16.43)***
PP Governance -0.011 -0.0014 -0.0010 -0.0017
(-4.55)*** (-4.31)*** (-2.89)*** (-4.16)***
Mono Governance -0.0265 -0.0333 -0.0537 -0.0749
(-1.38) (-1.47) (-3.17)*** (-2.70)***
SH Governance -0.0002 -0.0028 -0.0239 -0.0336
(-0.01) (-0.12) (-1.03) (-1.00)
HHI Governance 0.0001 0.0002 0.0004 0.0007
(0.38) (0.58) (1.26) (1.39)
Inter Managerial 0.0022 0.0023 0.0039 0.0041
(1.20) (1.10) (2.35)** (1.75)*
South Exogenous -0.0724 -0.0825 -0.1034 -0.1300
(-2.74)*** (-4.39)*** (-4.12)*** (-3.92)***
D flex Exogenous 2.2890 3.0008 1.7715 3.1194
(4.97)*** (4.70)*** (3.71)*** (3.59)***
S flex Exogenous 0.07311 0.0971 -0.0711 -0.1064
(0.61) (0.64) (-0.57) (-0.59)
DX Exogenous -0.0416 -0.0429 -0.0360 -0.0426
(-2.17)** (-1.99)** (-1.83)* (-1.60)
Summary Stats
AdjR2 | 0.23 97.25 0.24
chi2 | 121.08 0.000 184.03 137.63
Prob>chi2 | 0.000 0.000 0.000

***z-ratios significant at 1% level; ** 5% level; * 10% level.

Table 2-4: Regressions results.

According to the study, the higher the share of the public, the lower the performance.
This result is in contrast with the rising distrust on private participation in water
services, at least in Italy (Romano and Guerrini, 2011). Moreover, it has to be highlighted

that PP is a continuous variable, ranging from 0% to 100%. This means that every
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percentage point increase in public participation reduces, although very little, the
dynamic efficiency of the firm. In the literature, there is no clear evidence that private
companies perform better: very recent studies on Spain (Garcia-Sanchez, 2006) and the
UK (Saal et al., 2007) cannot find any efficiency differences between private and public
companies. Since the sector is extremely country specific, I think that findings for a
country might not work for another. As for the results, given that the timeframe of the
analysis encompasses a period of economic downturn, I can explain them by saying that
private and mixed companies were able to better respond to the crisis than their public
counterpart. There are two major caveat to this: first, as stated in Massarutto (2009),
public-owned utilities tend to serve also unattractive municipalities (for instance, those
with a scattered population far from big cities); second, the analysis does not take into
account service quality. The latter is an issue that must be checked and that is left for
future researches. Quality standards, in fact, are tying and a slowdown in the
performance such as the one envisaged by public utilities may reflect a more timely
accomplishment of new requests. If this would be the case, the primacy held by privates

would be nothing but a worthless success.

Consistently with expectations, the possibility to purchase, mix and combine inputs for
water and other services, increase the allocative efficiency of a DMU while leaving its
technical counterpart unaffected, thus explaining why Mono is significant only when the
dependent variable is VRS. Indeed network services are characterized by scope
economies that, however, do not span to technological assets given their sector-specific
value. Also this result is consistent with previous literature, in particular with Piacenza
and Vannoni (2004), which show the presence of scope economies for Italian multi-

utilities.

With respect to size, the findings support the existence of constant return to scale. The
variable HHI is not statistically significant, thus indicating that there is not a specific
firm-size performing better than others. Fabbri and Fraquelli (2000) have found weak
economies of scale in the Italian water industry, suggesting that efficiency drivers have
to be found somewhere else. Also SH is not statistically significant, thus indicating that

breaks-up in the shareholding does not appear to reduce firm’s ability to optimally
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allocate resources. In particular, the participation of many municipalities in the

governance does not seem to influence efficiency.

From a pure managerial perspective, I find that interruptions have a positive impact on
(allocative) efficiency. Indeed, interruptions are commonly used in southern region (and
islands) to optimally deal with shortages. Data confirms that this strategy raises the
efficiency of the system. To myknowledge, this is the first time that this result has been

proved.

While seasonal in/outflows of people do not statistically contribute to efficiency, daily
in/outflows do matter, indicating that urban density is one important determinant of
efficiency. To this respect, the result is consistent with previous findings (Garcia-

Sanchez, 2006; Renzetti and Dupont, 2008).

Finally, I find negative and statistically significant figures for the variable proxying the
center-right coalition on the efficiency of water utilities. As shown in table A2, DX is not
correlated to geographical variables nor to the public participation in the company. On
the one hand, this rules out the possibility that conservatives’ local governments are
concentrated where there are the less efficient operators or the worst conditions; on the
other hand, there is no evidence that center-right coalitions are more present in
municipalities with higher stakes in water utilities. Consequently, I can imagine that
conservatives are less experienced or less interested in efficient local public service

provisions.

2.6 Conclusions and policy recommendations

The present paper is the first attempt to measure and explain efficiency in the Italian
water distribution sector over four years. The analysis clearly adds to the existing
literature on water distribution as it stresses the importance of the dynamic aspects of
firm’s efficiency. In particular, the dynamic analysis showed that only a third of the
sample was able to improve its efficiency scores, thus suggesting the idea that a more
efficiency-based regulation could prove to be beneficial. At the same time, the paper
shows that the Italian water companies perform well both in relation to technical

efficiency (CRS) and inputs purchase (VRS). In fact, more than 78% of the suppliers in
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the dataset are characterized by CRS’s figures in the upper range (70-100%). Results are

even stronger when VRS is taken into account since other units join the upper range.

The econometric estimates are highly significant too. In particular, they reverse some
previous findings on the Italian water distribution, which were either claiming higher
efficiency scores for public firms (Romano and Guerrini, 2011) or that ownership was
not influencing efficiency (Caliman and Nardi, 2010). Looking at the efficiency from a
dynamic perspective shows that public companies perform slightly worse than mixed
and privately owned counterparts, at least in time of economic slowdowns. At the same
time, the analysis confirms the importance of some exogenous variables, namely the

geographical location and population density.

Therefore, I think that the new tariff structure, which will introduce some efficiency
mechanisms, has to be properly designed. In particular, I think that it would be
appropriate to introduce a differentiated performance-based mechanism, in order to

take into account different quality levels and the geographical location of the utilities.

Finally, the new tariff structure, together with a more effective regulation, would ease
the impact of both the shareholding structure and the political parties on firms’
efficiency, which at present is relevant. In particular, I show how public-owned utilities
tend to underperform and how conservatives’ local governments have a negative impact

on firms’ efficiency.

Further studies are needed in order to better assess the performance of water utilities.
First, it would be important to extend the timeframe taken into account, to study the
dynamic efficiency over a longer period. Moreover, as already stated above, it would be
interesting to consider the availability and quality of water for each company in the area

where they operate.
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2.8 Appendix

Table A1. Summary stats of independent variables

Variable Obs. Mean Std. Dev. Skewness Kurtosis
PP 216 71.99 37.37 -0.98 2.48
SH 216 41.42 29.03 0.69 2.56
HHI 216 0.77 0.40 -0.18 2.67
Inter 216 10.73 7.31 1.81 6.10
D flex 216 0.03 0.02 2.87 15.21
S flex 216 0.07 0.07 1.98 6.79

Table A2. Correlation matrix of independent variables

PP Mono SH HHI Inter | South | North | D flex | S flex DX

PP 1.00
Mono | 0.02 1.00
SH -0.40 | 0.05 1.00

HHI -0.09 | 012 | 0.01 | 1.00

Inter | -0.27 | 0.28 | 0.16 | 0.23 1.00

South | -0.11 | 0.24 | 0.13 | 0.19 | 0.77 | 1.00

North | 0.11 | -0.24 | -0.13 | -0.19 | -0.77 | -1.00 | 1.00

Dflex | 0.03 | 0.01 [ 0.30 | 0.05 | -0.11 | -0.13 | 0.13 1.00

Sflex | 0.17 | -0.01 | -0.21 | 0.22 | -0.04 | -0.15 | 0.15 | -0.03 | 1.00

DX 0.09 | -0.02 | -0.05 | -0.06 | -0.06 | -0.04 | 0.04 [ 0.08 | 0.02 |1.00
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3 Hydropower rent in Northern Italy:
economic and environmental concerns in
the renewal procedure

Abstract

Local governments in Italy are about to renew some of their hydropower concessions.
Due to fiscal and budgetary constraints, they are willing to capture a higher part of the
rent, which has never been estimated. At the same time, the renewal procedures are a
good opportunity to force operators in implementing mitigation measures to attain the
requirements set forth in the water framework directive. Rent seizing and
environmental improvements might consequently generate a significant trade-off. This
paper investigates this potential conflict. Above all, it is the first attempt to estimate the
hydropower rent in Italy. To do so I focus on the Province of Sondrio, which is home to
18% of the Italian hydropower capacity, as it is the first place where concession
renewals will take place. I find very high estimates for the hydropower rent, averaging
from 42.3 €/MWh to 70.8 €/MWh. These high values explain why the current rent
sharing mechanism is not satisfactory for local and central authorities, as they keep less
than 50% of the rent; with the introduction of the proposed 30% revenue sharing fee,
instead, they would seize almost 90% of the rent. At the same time, I show that this
revenue sharing fee would hinder operators in implementing mitigation measures,
which would significantly reduce flow alterations and improve ecosystem integrity.
These measures, in fact, entail significant investments, consequently increasing capital
costs and reducing the possibility to pay such a high revenue sharing percentage. Finally,
I show that a resource rent tax would reduce the trade-off between rent seizing and

environmental protection.

KEYWORDS: Hydropower; economic rent; concession fees.

JEL Classification: H27, K23, Q25, Q48.
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3.1 Introduction

Hydroelectricity has been one of the most important water-related technological
breakthroughs. Power is generated through the use of the gravitational force of water
that activates power turbines. Hydropower can be generated with run-of-the-river
plants or with dams. A particular and very lucrative type of hydropower production is
represented by pumped storage, which implies the use of water reservoirs at different

heights.

Hydroelectric generation is still the most widespread renewable energy source; this
depends on three main characteristics: first, hydroelectricity is cheap, in particular from
infrastructures whose investment costs have already been recovered; secondly,
hydropower is the only renewable source that guarantees reliability to the whole power
system, as it can be used to meet different load profiles; finally, reservoirs are the only

economically viable way to “store power”.

Hydropower has another peculiarity, compared to other renewable energy sources:
contrary to wind and sunlight, it is economically feasible to prevent (at least partially)
others from using water (especially in the case of reservoirs), thus generating exclusive
rights. As such, water exploitation for electricity production can generate a rent
(Amundsen & Andersen, 1992). Economic rent refers to the surplus value accruing to
the owner of a resource, when the total market value of the resource exceeds the long-
run total costs of supplying it. Since States tend to licence hydropower production to
third parties, they have to set up mechanisms to seize the rent which otherwise would
accrue to someone else. A very simple and common mechanism has been charging the
producer with a fixed amount based on the nominal capacity (that is the capacity stated
in the concession agreement). For instance, this is the system currently used in Italy. As [
will discuss below, this fee is very inefficient because, on the one hand, it does not reflect

the value of the rent, on the other, it might engender distortions.
This situation, though, is rapidly and dramatically changing for three reasons:

e In Italy and in other EU Countries, several hydropower concessions are about to

expire in the next years;
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e Due to fiscal and budgetary constraints, Local Governments in Italy are willing to
capture a higher part of the rent, by means of a revenue sharing mechanism;

e Even though hydropower is an emission free technology, it impacts the
environment in several other ways (for instance it negatively affects biodiversity)
and the renewal procedures are considered a good opportunity for introducing

mitigation measures, foreseen by the water framework directive (WFD).

These three points are the pillars on which this paper is built upon. Foremost, the study
is the first attempt to estimate the hydropower rent in Italy, focusing on hydropower
rent sharing procedures in the Province of Sondrio, which has the highest concentration
in Italy of installed capacity per km?, roughly 680 kW7, and where the first tender
procedures will take place. Secondly, I study the effects of the revenue sharing
mechanism on the environmental mitigation measures that the new operator should put
in place so that the rivers in the Province of Sondrio attain the good ecological status as
required by the WFD; as means of comparison, [ will compare these effects with the ones
that would be generated by a resource rent tax (RTT), similar to the one currently

adopted in Norway.

The study shows that hydropower generates a significant rent, which averages from
42.3 €/MWh to 70.8 €/MWh. These are the highest values ever estimated for the
hydropower rent (estimation have been performed for Canada, Norway and
Switzerland): the Italian generation mix, which relies on very costly technologies, can
explain them. Moreover, the current fee system allows the State to seize less than a half
of the rent. By contrast, the proportional system and the RTT would increase the slice to
90% and 75% respectively. Finally, the paper demonstrates how the proportional
system would dramatically reduce the rentability of investing in environmental
mitigation measures, thus creating a permanent trade-off between environmental

sustainability and rent extraction, unless an RTT scheme is introduced.

The paper unfolds as follows: section 2 is devoted to the discussion of some preliminary

aspects of the hydropower rent and to the review the relevant literature; section 3,

7 The second highest is the Province of Brescia with some 450 kW/ km?
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instead, describes the hydropower sector in Italy and in the Province of Sondrio; in
section 4 [ estimate the rent and I see the effects of the three different rent sharing
mechanisms; section 5 discusses the interaction among the different mechanisms and

the environmental mitigation measures; finally, section 6 concludes.
3.2 The hydropower rent and its capture

3.2.1 Preliminary aspects
The economic rent can be defined as the surplus value, that is the difference between the

price and the average production cost of a good. This surplus value can accrue to
producers even in perfectly competitive markets, as there can be intrinsically different
production costs. This inherent difference generates a long-run equilibrium where those
with lower costs gain a rent. For instance, let us consider a competitive market for
electricity, where D(p) is the demand function and S(p) the aggregate supply function,
which is the sum of Si(p) single supplier functions; then at point P the sum of the

suppliers’ rent and the consumers’ surplus will be given by:

Equation 3-1

R = LmD(p)dp + LPS(p)dp

For normally shaped supply and demand functions, such those depicted in figure 1, the

integral [1] defines R as a U-shaped function, which therefore has a minimum Po:
Equation 3-2

R _ D(P)+S(P)=0
—5=—D(P) +5(P) =

Precisely where the supply meets the demand. As a consequence, all suppliers with a

marginal cost lower than P earn a rent (indicated by the shadowed area).
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Figure 3-1: Graphic representation of the rent.
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A rent can stem from differences in quality of factors of production or from scarcity. In

the hydropower case, the total rent is normally given by the sum of three different types

of rent (see Rothman, 2000, for a more thorough discussion):

o Differential rent among hydropower sites;
e Scarcity rent, as the restricted availability of water makes it impossible to
produce electricity only with hydropower;

e Technological rent, as it is cheaper than other production technologies.

As already stated above, even though States retain the ownership of waterbeds, they are
not willing (or able) to entirely capture it. There are several rent extraction mechanisms
and not all are conceived as taxes (for instance, operators might be forced to sell a
percentage of their production at its cost). Watkins (2001) and Rothman (2000) give a
complete overview of these mechanisms, which are not peculiar to the hydropower
sector. Here, I will briefly discuss three extraction mechanisms: concession fee; revenue
sharing and resource rent tax. All these extraction mechanisms are something that is
added on top of “standard” taxation, that is taxes that all businesses have to pay, such as

corporate income tax or property taxes.

The simplest and most common extraction mechanism is the concession fee, currently
used in Italy. This is a fixed yearly payment that the licensee has to pay to the licensor,

based on the nominal capacity (that is the gravitational potential energy resulting from



52

the quantity of water that the operator is allowed to withdraw and the head of the
plant). This type of fee is easy to compute and has almost no monitoring costs. At the
same time, though, it has several drawbacks (Banfi et al., 2005): it is inflexible to price
changes (meaning that if it is set too high it might paradoxically rule out hydropower
production); it does not take into account differences in production sites; it is not
neutral to investment decisions, as it does not tax pure economic profits (see for

instance, Samuelson, 1964).

Licensors might opt for a revenue sharing mechanism, which is simply a percentage of
gross revenues. It is almost as easy to compute as the concession fee, but contrary to it,
the revenue sharing mechanism internalizes price changes. On the other hand, it does
not take into account differences in production sites and it is not neutral to investment

decisions.

A RRT, instead, is a tax levied on “extra profits”, that is profits that are above an
“adequate” return on production factors, which is the return expected by investors to
engage in hydropower production. A concession scheme based on RRT is, from an
economic point of view, the most efficient one, because it is connected directly to the

economic value of the resource and is neutral to investment decisions.

3.2.2 Literature review
Estimations of the economic rent of hydropower plants have already been performed,

for instance for different Canadian provinces, for Norway and for Switzerland (Zucker
and Jenkins, 1984; Amudsen and Tjotta, 1993; Banfi et al., 2005). All these studies have
found that hydropower generate a significant rent (see table 3-1). This is quite
remarkable, given that all these Countries have a very cost effective generation mix: in
Canada, 60% of the electricity is produced with hydro, another 30% with nuclear and
coal; in Norway almost 99% of the electricity is produced with hydro; in Switzerland,
hydropower accounts for 58% and nuclear for almost 40%. As I show later on, Italy has
a generation mix that relies a lot on combined-cycle gas turbines plants, which have very

high variable costs.
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Author (year) Sample Results (€(MWh)
Bernard et al. (1982) Canada 6.8 -16.4(1989)
Zucker and Jenkins (1984) Canada 27.3 (1989)

Gillen and Wen (2000) Ontario 25.3 (1995)
Amudsen and Tjotta (1993) Norway 9.5-17 (1988)
Banfi et al. (2005) Switzerland 10.7 - 22.8 (2001)

Table 3-1: Comparison of different estimates of the hydropower rent in €/MWh.

Source: Adapted from Banfi etal. 2005.

Estimating the rent means estimating total costs and total revenues and it can be done
on past production or on future forecasts. Costs can either come from annual reports
(Gillen and Wen, 2000; Banfi et al.,, 2005) or they can be estimated (Amudsen and Tjotta,
1993). Total revenues, instead, should consider the real competitive price for electricity
(Banfi et al., 2005). Clearly if no such a market exists, then alternative options should be
used: taking into account long-run backstop technologies (Amudsen and Tjotta, 1993) or

bilateral long-term prices (Gillen and Wen, 2000).

Each methodology has its advantages and disadvantages. On the cost side, the problems
on relying on annual reports come from possible accounting strategies put in place by
operators (from accelerated depreciation to intra-group operations). At the same time,
given that hydropower is site-specific, cost estimation might return poor results. On the
revenue side, instead, power exchanges might not be perfectly competitive (which
means that operators act strategically); on the other hand, the validity of backstop
technologies or bilateral contracts as good indicators is at least dubious: backstop
technologies and their costs vary significantly over time; as for bilateral contracts,
instead, there is the need to collect a significant sample in order to have a representative

price, but given their confidentiality, it is not an easy task.

As for rent extraction in the hydropower sector, given the difficulties explained above,
there are just few papers that estimate the impact of different taxation mechanisms.
Despite being few, these studies have had significant impact. The most notable one is the
paper written by Amundsen & Andersen (1992): the authors simulate the impact of
different taxation mechanisms on new hydro investments in Norway, showing that an
RTT is the only extraction scheme to be neutral to investment decisions and the most
appropriate in capturing the rent. Following their findings, in 1997 the Norwegian

government has introduced a RRT on top of the other fees and extraction mechanisms.
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At present, the Norwegian system encompasses a plurality of mechanisms, each of which
accrues to different authorities. Local governments and municipalities are entitled of a
property tax and a natural resource tax (which is a fixed unitary amount multiplied by
the withdrawn water); moreover, they receive up to 10% of the electricity produced at
its cost. The central government, instead, on top of the standard taxation, levies an RRT,

whose rate is 30%.

Banfi et al. (2010) build on the RTT scheme by addressing its main drawback: if not
properly designed, a RTT does not promote efficiency. To this respect, the authors have
set forth a RRT scheme that introduces elements derived from the yardstick competition
framework. The authors propose: “to estimate for each hydropower plant a cost
inefficiency indicator based on the estimation of a frontier variable cost function that
should be considered in the computation of the RRT”. The application of this inefficiency
indicator into the RTT formula would guarantee that more efficient generators would
pay less than inefficient ones. Moreover, it allows differentiating among different
technologies and different locations, as it possible to build different inefficiency
indicators for different types of power plants. In the paper, no practical example is given
on how this would change the rent extraction. In this case, the Swiss government has
opted not to introduce the RTT; still, Banfi et al. estimates have been used to revise

upwards the concession fees.

In the end, notwithstanding the methodologies used for its estimation, it is possible to
say that hydropower generates a noteworthy rent. As a consequence, one would expect
more refined rent-sharing mechanisms, for instance the ones normally adopted in the oil
industry. That is why I think that the adoption of an RRT should be promoted: this

would permit to:

e Impose a tax directly connected to the economic value of the resource and is
neutral to investment decisions;

e Attach a precise monetary value to the resource;

e Promote, or at least not hinder, environmental-related investments, in order to

comply with the WFD.
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3.3 Abrief description of the Italian hydropower sector

In Italy, hydropower accounts, on average, for 15% of total electricity production. In
2011, the production stood at 45.8 TWh (47.7 TWh with pumping). It is by far the most
important renewable energy resource (RES), accounting for 59% of RES installed
capacity and 55% of energy produced. Hydropower is a mature sector in which further
developments are hardly achievable. In recent years, due to European and National
policies aimed at incentivizing renewable generation8, there has been a significant
increase in mini and micro hydro-plants, which, anyway, can provide nothing more than

a marginal amount of electricity.

Hydropower installations are unevenly distributed: 74% of the installed capacity resides
in the Alpine region. The abundance of favourable sites results in lower costs and higher
profitability for plants set in the North. As for the ownership, all the most important
players have hydropower plants in their generation portfolio, as it is possible to see in

the sample below.

The Italian electricity market has been liberalized 14 years ago and, since 2004, there is
a power exchange that is very liquid and whose price is highly representative:
consequently, it is possible to use the average power exchange prices within the rent

estimation procedure.

3.3.1 Hydroelectricity in the Province of Sondrio
The Province of Sondrio is geographically located in northern Lombardy, close to

Switzerland. It is home of some 2.2 GW of hydropower plants, roughly 18% of the
overall [talian hydropower capacity. Of this, 2.16 GW are big hydro schemes, owned by
four companies, A2A, Edipower, Edison and Enel. In the next four years all AZA and
Edison concessions will expire; by contrast, Edison and Enel concessions will expire only
in 2029. The oldest plants date back to the beginning of the 20th century, the most
recent ones where built in the fifties. Major refurbishments (mainly for the powerhouse)
took place in the ‘80s for Edipower, in the ‘90s for Edison and Enel and in the early
2000s for A2A.

8 Starting from the legislative decree of December 29, 2003 n. 387, which has implemented the first
European directive, 2001/77/EC on the promotion of renewable energies.
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Operator | Nominal | Installed | Average Min Max Number | Average
capacity | Capacity | (MW) (MW) (MW) | of plants prod.

(MW) (MW) (GWh)

A2A 226 765 109 3.3 428 9 1,733
Edipower 128 376 47 2.8 157 8 816
Edison 127 322 46 2.1 150 7 635
Enel 235 697 51 10.4 225 12 871
TOTAL 715 2.160 61 2.1 428 36 4,096

Table 3-2: Structure of the sample.

Source: Province of Sondrio and Operators’ data.

A2A manages both the biggest plant and the second biggest one (which is 226 MW). As
the data suggest, all operators manage hydropower schemes relying on one big plant to
which smaller ones depend. In fact, as the figure below shows, the overwhelming
majority of the installed capacity are dams. Moreover, all run-of-the-river plants depend
on the waters that are released from dams. In fact, all the plants are conceived as
schemes as the released waters are turbinated more than once; as such, it is better to

estimate the rent for each scheme and not for single plants.

Figure 3-2: Composition of hydropower plants in the Province of Sondrio.
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3.3.2 Concessions: fees and renewals
In Italy, water and waterbeds are public goods owned by the State. As a consequence,

the use of the resource is subject to a concession agreement. The use of water for
hydropower production is regulated by the Royal Decree n. 1775 of 1933, which
foresees that the exploitation of public waters for power generation is subject to a

concession granted by the competent public authority. The licensee has to pay a fixed
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annual fee calculated on the basis of the nominal power capacity. Initially, the Royal
Decree stated that the State was directly in charge of the concession procedure. In 1999,
following the devolution of the administrative powers to local authorities, Regions have
become responsible for the whole procedure; moreover, they can even set an additional
fee on top of the one set by the State and they can differentiate it according to the
nominal capacity. This situation causes a strong local variability on the amount of
royalties collected. At present, the range varies from a maximum of 35.05 €/kW of
nominal power capacity in Molise to a minimum of 13.32 €/kW in Emilia Romagna. In

Lombardy is equal to 14.9 €/kW (APER, 2012).

The Royal Decree also sets a specific fee in favour of those local authorities
(municipalities and provinces), whose territory power plants and derivations are built
on. In 2012, this specific fee is fixed at 7.00 €/kW of nominal capacity for all the plants
that exceeded 220 kW.

Finally, there exists a third fee in favour of consortia of municipalities located in
mountainous areas. Such fee is due by all plants built above 500 meters, whose capacity
exceeds 220 kW. This fee was conceived as a means of redistribution to communities in
mountain areas, which are usually depopulated and impoverished. In 2012, this fee

stood at 28.00 €/kW.

Clearly, Italy has opted for a simple fee mechanism, based on the nominal capacity. This
system is predictable and guarantees a fixed flow of income for public authorities; on the

other hand, it is not at all related to the rent.

To sum up, the overall amount paid by the operators in the Province of Sondrio is 49.9
€/kW, which is the sum of the State concession fee, the Regional fee and the fee in

favour of the consortia (APER, 2012).

As for the renewal procedure, the law-decree of June 22, 2012, n. 83 introduces publicity
and competition requirements in the tender process. The decree foresees that the new
concession will last 20 years. More, the tender procedure is structured as a beauty

contest, where petitioners will have to present:
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1. A technical offer, which means that candidates are expected to significantly
ameliorate the existing infrastructures in order to increase (if possible) the
production;

2. An environmental offer, within each project, petitioners have to show their
actions to reduce their environmental impact;

3. An economic offer, candidates are expected to present a financial business plan in
which they will show the expected revenues and a revenue sharing percentage.

As set forth in the decree, the economic offer is more important than the two other
offers. As France, Italy has decided to introduce, on top of the concession fees, a revenue
sharing mechanism, commonly adopted in different Public-Private Partnerships (PPP).
As stated before, its main advantage is its simplicity, as grantors do not have to perform
due diligences on operators’ accounts. On the other hand, though, it shows that
governments are more interested in increasing the rent extraction, rather than

improving the management of the resource, as shown in the next paragraphs.
3.4 Rent Estimation

3.4.1 Estimating production costs
Operators in the Province of Sondrio did not release any information on costs. Still, I was

able to construct a dataset on technical and concession-related variables for all
hydropower plants currently operating in the Province of Sondrio, combining the
hydropower register held by the Province and the data present in the concession
agreements. The newly built dataset includes information on the location, the year of
construction, the year of refurbishment, the average water flow, the net head, the
nominal capacity, the installed capacity, the company that operates the plant and the

yearly hydroelectric production of each plant.

To estimate both investment costs and operative costs, I opted for parametric
approaches. | estimated capital expenditure (CAPEX) as overnight investment costs for a
greenfield project. This gives the possibility to take into account in the rent estimation
the long-run capital costs. In the parametric formulas, all the components needed to set

up a hydropower scheme are included, namely:

e Project and licensing;
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e Dams or reservoirs (even the run-of-the-river plants in Sondrio Province have at
least a daily storage capacity);
¢ Intakes, penstocks, surge chambers and outflow systems;

e Turbines, generators, transformers and related powerhouse civil works.

CAPEX were computed with using to different parametric estimations to see if [ would
get similar results. The first parametric equation comes from Kaldellis (2007), whose
sample consisted of 50 small and medium Greek hydropower plants. Kaldellis’ equation

relates CAPEX with the net head and the installed power:

Equation 3-3
C=(1+¢&) x 3,300 x (P~0122 x p~0.107)

where £ is a value that has to be calibrated and that internalizes intangible expenses and
specific market conditions; P is the installed power capacity in kW and H is the net head.
For the calibration of & I used the only publicly available information on hydropower
investment costs given by GSE, the State-owned company that manages all the incentive
programs for renewable energies. According to GSE (2010), the average CAPEX for dams
bigger than 100 MW are 2,244 €/kW (real 2012 value); for small dams, instead, 2,459
€/kW; finally CAPEX for small run-of-the-river plants (less than 20 MW) they sum up to
1,924 €/kW. Consequently, in order to have the same weighted average value from the

sample, | have iteratively estimated the value of ¢ and found it to be equal to 4.06.

The second parametric equation, instead, has been estimated by Hall et al. (2003) from a
sample of 267 US plants. It is simpler than the first one has it relates CAPEX just to the

installed capacity:

Equation 3-4
C = 3,300,000 x P*° + 610,000 x P°7°

Where P is clearly the installed capacity in MW. Hall et al. developed also a parametric

approach to estimate also the refurbishment costs for the powerhouse equipment:

Equation 3-5
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Cphouse = 4,000,000 x P72 x H~%38 43,000,000 x P%8¢ x R~0-38

Where R are the rotations per minute of the generator. Equation [3-3], [3-4] and [3-5]
were adjusted for inflation and converted in real euro values with base 2012. In the
table below, I show the results for total CAPEX and I compare them with the values
published in the survey conducted by IRENA (2012), the International Renewable
Energy Agency.

As shown in the table below, both computations return similar results for average
CAPEX (with a 19% difference) and the highest observation (8% difference). Both
average values do not differ significantly from those reported by IRENA for small and
medium hydro plants built in the EU (taking into account that, in the dataset under

study, only 6 out of 36 plants are bigger than 100 MW).

More striking differences are found when comparing extreme values: this is due to the
difference in the sample and to the fact that in the IRENA report some of the investments

were, in fact, major refurbishments, which cost less than greenfield ones.

Estimation Weighted Min Max Std. Dev.
(2012€/kW) average

Kaldellis 2,395 1,964 5,223 668
approach

Hall approach 2,960 2,545 4,760 515
IRENA big

hydro EU (>100 1,879 918 2,923 N.A.
MW)

IRENA small

and medium

hydro EU (<100 2,274 1,086 6,681 N.A.
MW)

Table 3-3: total CAPEX. Results from the sample compared to IRENA data.

Still, Kaldellis’ approach performs better for high CAPEX: this is so because it
internalizes the head in its equation and there are significant economies of scale for
heads above 50 meters, as both suggested by Kaldellis et al. (2005) and shown in the
graph below. As a consequence, | have opted to keep the values found with Kaldellis’

approach.
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Figure 3-3: Relation between net head and CAPEX in the data sample.
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As for the powerhouse, Hall et al. estimation procedure gave consistent estimates with
the survey performed by Alvarado-Ancieta (2009). Moreover, the average value weighs
from 16% to 19% of the overall investment costs presented above, which is precisely

the range reported by IRENA (2012).

Estimation Weighted Min Max Std. Dev
(2012€/kW) average
Hall approach 409 137 1,252 233

Table 3-4: Powerhouse equipment CAPEX. Results from the sample.

As for operative expenditures (OPEX), I have compared three different approaches. The
first one being a parametric estimation, again from Hall et al, the other two being the
above-mentioned surveys from GSE (2010) and IRENA (2012). Hall’s formula relates
fixed and variable OPEX to the installed capacity once the average production is known.
IRENA, instead, estimates OPEX as a percentage of CAPEX again once the average load
factor has been defined. GSE, finally, gives just a punctual value, estimated in 2010 on

newly operating hydropower plants.

Estimation Average Min Max
(2012€/MWh)

Hall approach 18.5 12.4 33.7
IRENA 20.1 13.6 61.5
GSE 28 - -

Table 3-5: OPEX. Results from the sample compared to IRENA and GSE data.
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The table above shows that Hall’s approach returns average OPEX 9% lower than the
ones surveyed by IRENA. The punctual value found in the GSE report seems too high to
be trustworthy.

Once I have computed CAPEX and OPEX, I have to set the invested capital as well as an
“adequate return”. As shown in Newbery (1997), the theory of accounting states that an
asset, costing K at date n=0 that produces a flow of gross returns g, ceasing at date N, at
any date n has a present value equal to the discounted sum (at a rate r) of its remaining

returns so that:
Equation 3-6
N r(s— N _
Vn = fs:ngse T(S n)ds = ern fs:ngse rSdS'
The amortization of an asset is simply its fall in value over its lifetime; differentiating [3-

6], I obtain the instantaneous rate of amortization (45):

Equation 3-7

av
Ap = _%= —1Vo + gn-

From equation [3-7] it can be derived that:

Equation 3-8
gn =1V, + A,

Which means that the gross return is made up of the return on the capital value at the
beginning of each period, rV, plus the amortization A,. The amortization period has
been set at 60 years for all civil works and at 40 years for the powerhouse equipment,
consistent with the Italian accounting standards (Ministerial Decree December 31, 1988
and subsequent amendments). The rate of return, instead, has been set at 7.6%, equal to
the remuneration set by the Italian Authority on Electricity and Gas for all regulated

activities (AEEG, 2011).
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3.4.2 Results
The total rent generated, of course, is given by total revenues net of total costs, including

the cost of capital. Unfortunately, I have only yearly production data, which have not
enabled us to better estimate companies’ revenues. As a consequence, [ have made two
extreme estimates: in the first, revenues have been calculated by multiplying the
quantity produced by the average zonal price; in the second one, instead, I have
multiplied the quantity by the average peak zonal price of the power exchange.? Rent
calculations have been performed from 2004, the first year of operation of the power
exchange, to 2011, the last year of available production data. The yearly prices have
been all converted into 2012 values using the electricity deflator of the harmonized

index of consumer products (Eurostat database).

Values in 2012€ A2A Edipower Edison Enel Total
Revenues (in million 142.1 64.7 50.8 69.9 3274
€)

Revenues (in €/MWh) 79.9 79.9 79.9 79.9 79.9
OPEX and amortization 57.2 15.8 13.6 28.8 115.3
(in million €)

OPEX and amortization 33.2 20.3 22.4 34.2 28.2
(in €/MWh)

Cost of capital 27.5 3.5 3.6 7.3 42.1
(in million €)

Cost of capital 16.4 4.6 6.0 8.9 10.3
(in €/MWh)

Rent (in million €) 57.3 45.3 33.6 33.7 169.9
Rent (in €/MWh) 31.2 55.9 52.4 37.7 41.5
Cumulated rent 2004- | 458.1 362.6 268.7 269.6 1,359.4
2011 (in million €)

Table 3-6: Average revenues, costs and rent in the period 2004 - 2011 with average prices.

Table 3-6 shows the result obtained with the average yearly zonal prices. The value of
the rent is considerable and much higher than those found in previous studies (Zucker
and Jenkins, 1984; Amudsen and Tjotta, 1993; Banfi et al., 2005). In fact, even if I value
hydropower production at the average price, the rent is comprised between 31.2
€/MWh and 55.9 €/MWh, for a total amount of almost 170 million € per year. If |

consider that the Province of Sondrio represents a bit less than 20% of the Italian

9 The Italian power market is divided in market zones, due to transmission constraints.
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hydropower production, “back-of-the-envelope” calculations show us that the overall

[talian rent should not be far from at least 1 billion € per year.

These simple calculations show how hydropower benefits from a generation mix totally
relying on natural gas, which is the marginal technology in the power exchange almost

50% of the hours every year (GME, 2012).

A2A has a much higher cost of capital because it performed major refurbishments less

than 10 years ago; moreover, some of the original assets have not been totally amortized

yet.
Values in 2012€ A2A Edipower Edison Enel Total
Revenues (in million 190.6 87.3 68.1 93.6 439.5
€)
Revenues (in 107.3 107.3 107.3 107.3 107.3
€/MWh)
Rent (in million €) 105.9 67.9 50.8 57.3 282.0
Rent (in €/MWh) 60.2 84.9 81.4 66.7 70.0
Cumulated rent 2004 847.2 543.4 406.7 458.9 2,256.3
- 2011 (in million €)

Table 3-7: Average revenues and rent in the period 2004 - 2011 with peak prices.

In Table 3-7 I show that if operators are able to sell their production at peak prices, then
the amount of the rent increases significantly, as the average peak price is almost 34%
higher than the average one. Given that almost all hydropower production in the
Province is programmable and that I expect operators to be profit maximizers, then it is

likely that the overall rent is closer to the second estimate than to the first one.

3.4.3 Taxing the rent: comparing the three different mechanisms
In this paragraph [ compare the actual Italian fee system with the other two different

extraction mechanisms described above, in order to show how this could affect the
rentability for private operators, a major issue in the renewal procedure. In the table
below I show how, in practice, the rent would be split between the State and the
operators, according to three rent extraction system. In the proportional system, on top
of the concession fee [ have added a revenue sharing percentage equal to 30% (as it has
been already set in France in the Rhone Concession); in the RTT system, on top of the

concession fee, I have added an RTT whose rate is 30% as well, which is the same
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percentage used in Norway. Finally, it is important to bear in mind that in Italy, overall

corporate taxation is equal to 31.4% of the taxable income.

In million 2012€ for the whole | Actual system Proportional RTT
Province system

Revenues 327.4 327.4 327.4
Average price (€/MWh) 80.1 80.1 80.1
(-) OPEX and Amortization 115.3 115.3 115.3
(-) Concession fees (A) 30.4 30.4 30.4
(-) Revenue sharing (B) - 98.2 -
Taxable basis (C) 181.6 83.3 181.6
(-) Corporate tax (D) 57.0 26.2 57.0
Net Income (E) 124.5 57.2 124.5
(-) Cost of capital (F) 42.1 42.1 42.1
Taxable basis for rent tax - - 139.4
(G=C-F)

(-) Rent tax (H) - - 41.8
Net Rent for operators (E-F-H) 82.5 15.1 40.6
Rent for the State (A+B+D+H) 87.4 154.8 129.3
Rent sharing (Operators:State) 49:51 9:91 24:76

Table 3-8: Rent sharing with average prices.

The current system has left a significant amount of the rent to private operators. On the
other hand, all other things being equal, with the proportional system on top of the
current one, the State would have seized almost all the rent. To be fair, also the RTT,
coupled with the current fees, would have granted the State a significant amount of the
rent, while leaving a not marginal slice to producers. This table shows why, on the one
hand, the current system alone is not satisfactory for public bodies; on the other, it
reveals why a proportional fee has been suggested. A system based just on concession
fees does not fit a complex and liberalized electricity market, in which the price varies
significantly, on an hourly basis. Clearly, a proportional system guarantees that also the
State benefits from such price movements. The crucial point, of course, is to set a

percentage that is unlikely to hinder the returns for private operators.

The table also shows that, given the structure of the current system and the fixed
percentages of both the proportional system and the RTT, as revenues increase,
operators get a higher share of the rent; more, all three systems generate a threshold
below which operators face a loss. For instance, with an average price lower than 77.6
€/MWh operators would lose money with the proportional revenue sharing mechanism;

58.9 €/MWh is the lowest threshold with a RTT; 54.3 €/MWh with the current system.
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Considering that producers should be able to sell in peak hours, at first sight all these
threshold prices seem unlikely, also taking into account the unbalanced Italian
generation mix. At the same time, in the renewal procedure, operators are expected to
invest, in particular in environmental mitigation measures. Below, I show how the three

different systems would affect such investment decisions.

Finally it is important to bear in mind that I are not considering an overall reform of the
system; both the proportional system and the RTT are introduced on top of the
concession fees, as it has been done in other countries. As a consequence, it is not
possible to set an “optimal” tax rate, nor an optimal percentage. At the same time, given
its structure, no matter the percentage, the RTT scheme is the only one where it is
possible to introduce a tax refund if the rent is found to be negative, as it is the only

sharing mechanism that explicitly takes into account capital costs.

3.5 The impact on environmental mitigation measures

Hydropower is an emission free technology, but it impacts the environment in several
other ways. For instance, there is a wide literature on the impacts of hydropower
production on biodiversity and ecosystem services (among others, Céréghino et al,
2002; Brown et al., 2009 and Renofalt et al.,, 2010). Those studies have a clear biological
perspective: they study the impact of hydropower production management (in terms of,
among others, minimal vital flows, hydro-peaking and sediment releases) on several
biological indicators. All studies demonstrate that hydropower production significantly
impacts both biodiversity and ecosystem services and, what is more important, they
show that mitigation measures and a change in production management strategies can
dramatically improve the quality of the surrounding environment. Mitigation measures
vary from simple fish-passages to complex outflow reservoirs aimed at minimizing flow
changes generated by hydro-peaking. Changes in production strategies normally mean
to reduce flow alterations by means of re-naturalisation (Nilsson, 1996). This is in sharp
contrast with the functioning of electricity markets, as intraday price volatility clearly

implicates intraday production volatility.
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It is beyond the scope of this paper to assess and to monetize the environmental impacts
of hydropower production in the Province of Sondrio. Here I just want to show how the

proposed proportional system might reduce the scope for environmental investments.

At present, operators in the Province of Sondrio have not undertaken major mitigation
measures. The Province itself performs monitoring activities for the minimal vital flow
requirement that has been introduced two years ago. As a consequence, in the renewal
procedure bidders might commit themselves to significant environmental investments.
The study by Hall et al. (2003) has estimated a parametric equation that relates
mitigation costs and installed capacity. This is not surprising, as bigger plants require
bigger civil works and use more water; both issues have higher impacts on the
environment, requiring more extensive mitigation measures. Consequently, using the
equation by Hall et al. (2003), [ have been able to estimate the costs of fish and wildlife
mitigation investments and water quality monitoring equipment for all A2A and Edison

plants, which will be subject to the tender procedure in the next four years:

Equation 3-9
Cenviron = 310,000 x po-2%6 4 400,000 x P0'44,

where P is the installed capacity.

Estimation Average Min Max
(2012€/kW)

A2A 150 138 156.6
Edsion 154 144 171

Table 3-9: Fish, wildlife and quality related CAPEX.

The table above shows that environmental investments are not negligible. For the plants
managed by AZ2A, this would mean an overall investment of almost 108 million €; for
those managed by Edison, instead, 48 million €. Consequently, this would increase
capital costs, in the short run, from 31.1 million to 43 million, dramatically changing all
minimum thresholds. Figure 4 below shows that, under the current system, 61.6 €/MWh
is the minimum average price that would guarantee the full repayment of all costs under
the current fee system; with the RTT system, instead, the threshold would increase to
67.9 €/MWh; finally, with the proportional system, it would rise to 87.9 €/MWh. This

result means that with the historical average price of 80.1 €/MWh, operators under the
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proportional system would not be able to repay their capital costs, unless they reduce by

7% the revenue sharing percentage, which would translate in -9 million € for the State.

The sensitivity analysis in figure 4 was performed by varying the price and keeping

constant all other variables, namely production costs and the quantity produced.

This simple simulation shows the perverse effect of the proportional system on
investment decisions in general and on environmental ones in particular. In fact, for a
more environmentally friendly hydropower production, not only investments are
needed, but operators should also opt for production patterns that minimize their
impact on the flow. This reduces the scope for production in peak hours only,

consequently reducing unitary revenue.

Figure 3-4: Sensitivity analysis of the net rent to the electricity price.
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Clearly, these are simplistic estimations that do not take into account variations in
production nor a long run perspective. For instance, in the 8 years under study and for
the two operators under consideration, production has varied from -24% to +26% from
the average. With the highest levels of production, which would mean working for 2,670
hours instead of the average 2,178 hours used for the estimations, the thresholds would
become: for the current system, 48.9 €/MWh; for the RTT system, 54.0 €/MWh; finally,
for the proportional system, 69.9 €/MWHh. Of course, production relies on precipitations,

which would complicate further the simple estimations.
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3.6 Conclusions

The paper is the first attempt to estimate the hydropower rent in Italy. The results show
that Italian hydropower production generates the highest rent ever estimated, averaging
from 41.5 €/MWh to 70 €/MWHh. The generation portfolio relying heavily on natural gas
is the main source of such a rent. These high values explain why, in the light of the
renewal procedure, the current rent sharing mechanism is not satisfactory for the local
authorities, which keep less than 50% of the rent: the suggested proportional fee would

guarantee almost 91% of the rent.

At the same time, though, the renewal procedure represents an opportunity for the
introduction of environmental mitigation measures, which would significantly reduce
flow alterations and would improve ecosystem integrity, as required by the WFD. These
measures entail significant investments, consequently increasing capital costs and
reducing the possibility to offer high revenue sharing percentages. A RRT, instead,

would reduce the trade-off between rent maximization and environmental protection.

Of course, the results are based on important assumptions with regard to CAPEX, OPEX
and revenues. Hence, the results are a first approximation Future lines of research
should go towards a more precise estimation of the hydropower rent both in the
Province and in Italy, by using hourly production data and real costs. Moreover, it would
be necessary to better frame the trade-off between rent maximization and
environmental protection by estimating the monetary value of environmental damages
and internalizing it in each operator’s cost function, by means of an ad hoc

environmental fee.
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4 Estimating a performance-based
environmental fee for hydropower
production: a choice experiment
approach

Abstract

Hydropower is an emission free technology, but it impacts both biodiversity and
ecosystem services. Mitigation measures and a change in production management
strategies can reduce this impact. This paper proposes a performance-based
environmental fee able to stimulate producers to outperform existing
environmental requirements: the more they outperform with respect to the
environmental target, the less they pay. To test the validity of the fee and to obtain
a consistent monetary value of the fluvial ecosystem to be used as the monetary
input for the performance-based environmental fee, I have conducted a discrete
choice experiment (DCE) in the Province of Sondrio. DCE results show that people
are willing to pay more than € 122 per household and per year (which is more
than 20% of the average electricity bill) to increase the ecological status of
regulated rivers. Moreover, the simulation of the performance-based
environmental fee shows that its adoption would not hinder hydropower’s

profitability.

JEL Classification: H23, Q2, Q4, Q5

Keywords: Environmental Fee, Water Framework Directive, Choice Experiment,

Hydropower.
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4.1 Introduction

Hydropower is an emission free technology, but it impacts the environment in
several other ways. For instance, there is a wide literature on the impacts of
hydropower production on biodiversity and ecosystem services (among others,
Céréghino et al, 2002; Brown et al, 2009 and Renofalt et al., 2010). Those studies
have a clear biological perspective: they study the impact of hydropower
production management (in terms of, among others, minimal vital flows, hydro-
peaking and sediment releases) on several biological indicators. All studies
demonstrate that hydropower production significantly impacts both biodiversity
and ecosystem services and, what is more important, they show that mitigation
measures and a change in production management strategies can dramatically
improve the quality of the surrounding environment. Mitigation measures vary
from simple fish-passages to complex outflow reservoirs aimed at minimizing flow
changes generated by hydro-peaking. Changes in production strategies normally
mean to reduce flow alterations by means of re-naturalisation (Nilsson, 1996).
This is in sharp contrast with the functioning of electricity markets, as intraday

price volatility clearly implicates intraday production volatility.

The scope of this paper is twofold: first [ propose a performance-based
environmental fee, able to internalize the environmental costs that hydropower
production causes. Then, I use the result of a discrete choice model to simulate its

effect on a real hydropower plant.

In the next years, Italy will have to renew its hydropower concession. Within the
renewal procedure, fees and taxation should be redesigned to take into account
both the rent and the environmental impacts generated by hydropower
production. In particular, the Water Framework Directive (WFD) requires that all
water bodies attain a good ecological status by 2015 and promotes economic

instruments, as means for achieving the target.

The Province of Sondrio is the place where renewal procedure will take place first.
Moreover, the Province is by far the most important spot for hydropower
production, with the highest concentration in Italy of installed capacity per km?,

roughly 680 kW; for comparison, the second highest is the Province of Brescia with
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some 450 kW/ km?. For these reasons it was chosen for a case study that has
involved the Local Authorities, two universities and several environmental
engineers. The main purpose of the research project, named IDEA, has been to
clearly assess the cause-effect relationship between hydropower production and
environmental impacts. I have used the findings of the IDEA project? to conceive

the discrete choice experiment and to design and simulate the environmental fee.

The paper unfolds as follows: section 2 sets out the environmental fee; section 3 is
devoted to the choice experiment; in section 4 [ simulate the impact of the

environmental fee; section 5 concludes.

4.2 Steps to build an environmental fee

In this section, [ propose an environmental fee. An environmental fee (or tax) is a
fee designed to achieve a well-defined environmental effect, at a minimum of
excess burden. Contrary to other forms of taxation, if the environmental fee is
optimally designed, then its revenue should be zero, as it would make more
economic sense to meet the environmental objective than to pay the tax (Backhaus,

1998).

Of course, also an environmental fee should respect all the principles listed by
Adam Smith: “the tax which each individual is bound to pay ought to be certain,
and not arbitrary. The time of payment, the manner of payment, the quantity to be
paid, ought all to be clear and plain to the contributor, and to every other person”.
Moreover, the environmental fee has to comply also with the polluter pays
principle, set forth in the WFD: the fee should in fact be equal to the monetary
value of the actual impacts that hydropower production has on the fluvial
ecosystem. As | explain below, there are consistent uncertainties on the cause-
effect relationship between hydropower production and its environmental
impacts; additionally, it is not easy to attach a precise monetary value to each
single impact. As a consequence, the proposed fee, instead of being equal, has been
designed as proportional to the environmental costs associated with hydropower

production.

10 Which have not yet been published.
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4.2.1 Determining the cause-effect relationship
As anticipated above, the first step for designing an environmental fee is to create a

clear cause-effect relationship among different ways of managing production and
their impacts on different characteristics of the fluvial ecosystem. This has been
done in the first part of the IDEA project, which has assessed and categorized clear
cause-effect relationships. The analysis of such relationships is beyond the scope of
this paper. Still, it is important to summarize some aspects of the relevant
literature and the conceived methodology. The few significant attempts that have
been made to formalize the cause-effect relationships between hydropower
production and ecosystem components were aimed at defining the most
appropriate and effective mitigation measures. In 2001, Bratrich and Truffer have
developed a scheme to support the Greenhydro procedure for the voluntary
certification of environmentally friendly hydropower production, later adopted in
Switzerland, known as Naturemade. The Greenhydro methodology basically
assesses whether the main functions of the fluvial ecosystem are maintained,
despite the impacts of hydropower production. To do so, a two-dimensional array
relates five "management areas"” (minimum flows, hydro-peaking, management of
hydroelectric reservoirs, bed-load transport and structural characteristics of the
plant) to five "environmental attributes" (hydrology, connectivity, morphology and
geo-morphological processes, biotic and landscape). For each management area
(including the structural characteristics of the system) the methodology defines
mitigation measures for each environmental attribute considered to be
representative of the ecosystem. After Greenhydro, other studies have refined such

approach (among others, Hydropower Reform Coalition!! and CH,0ICE12).

The IDEA project has built on this approach. In order to move from a case study to
a fee applicable to all hydropower schemes, all the cause-effect relationships have

been generalized and a simplified.

This means that each management area and each environmental attribute have

been divided in few classes, so that the impact can be defined as a variation of the

11 http://www.hydroreform.org.
12 http://www.ch2oice.eu.
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environmental attributes under consideration generated by a change in one or
more management variables. For instance, this means grouping in n discrete
classes hydro-peaking levels and relate each class to j classes of hydrology
variation (or fish population, or any other attribute). The rationale for this
simplification stems from the uncertainty of quantifying on a continuous scale the
impact of each operating modality. This simplification permits to handle the
intensive component (that is, the fact that the alteration might be more or less
pronounced) of each single impact. Environmental impacts, though, have also an
extensive component, as any impact does not normally disappear after a defined
length: more generally, it might persist for several kilometers at a reduced
intensity. This raises the problem of how to "weigh" the intensive and the
extensive components. The proposed solution is to discretize the length of each

impact, i.e. to assess the impact per kilometer.

4.2.2 Estimating the monetary value of the environmental impacts
The second step is to attach a monetary value to each class of impact. There are

several techniques to monetize environmental impacts. Again, it is beyond the
scope of this paper to discuss the pros and cons of each methodology (for a critical
assessment see Bateman et al., 2002). Given the multidimensional and complex
nature of ecosystems, there is ample scientific consensus (Hoyos, 2010) that the
method most capable of estimating how a combination of changes to one or more

ecosystem services affects human welfare is the discrete choice experiment.

DCE involves the design of a hypothetical market, in which people have to choose
their preferred “product”, which is decomposed in some relevant attributes, each
of which has more than one level. For instance, the product car, can be
decomposed in two attributes, one being Origin of the producer and the other one
being Design. Each attribute can take several levels; for instance, the first attribute
can have three levels (Italian, German, Other European), while Design might have
just two (Coupé and Station Wagon). Respondents face several choice sets, each
containing a certain number of mutually exclusive alternatives, relating the
potential product to a change of in the level of its attributes. Clearly, each
alternative has a price: consequently, respondents will choose according to their

taste, but also according to the price of the product. Repeating the choice with
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different combinations of levels and prices should return the attribute level that is

valued the most.

When it comes to environmental goods, for instance, the fluvial ecosystem, then it
is important to relate the change of attribute levels to something, normally a
change in policy or a change in managing the resource or something that has an
impact on it. A standard procedure when testing DCE for environmental goods is to
include in every choice set an alternative that reflects either the current status
(status quo) of the good being evaluated or an opt-out alternative, which means
the worst possible situation. Normally, the price (or cost) of these alternatives is
equal to 0. The DCE format allows marginal utility estimates for changes in the
level of each attribute to be easily converted to WTP estimates. Moreover, given
that compensating variation measures may be obtained, it is possible to estimate
the total value of improvements to the environmental good as a consequence of the

policy or managerial change.

Whenever evaluating the environmental impacts in water bodies, the crucial
elements for the design of DCE are: the definition of the affected population; the
delimitation of the water bodies under analysis and the attributes chosen to

describe the environment.

As for population scale, it can vary from just the users or those residing near the
water bodies under study (Hynes et al., 2008; Kataria et al., 2012; Stithou et al,
2012) to a representative sample of the regional or national population (Kataria,
2009; Metcalfe et al., 2012). The target population clearly depends, on the one
hand, on the expected effects of the policy or managerial changes under
consideration, on the other, on the water bodies under consideration, which can
vary from a single river (Hanley et al., 2006), to a river catchment (Brouwer et al.,
2010; Poirier and Fleuret, 2010), to all the water bodies in a region or country

(Kataria, 2009; Metcalfe et al., 2012).

Normally, attributes used in the DCE surveys relate the ecology of the water body
to recreational opportunities and to the aesthetics of the water body. It is

important to bear in mind that the attributes chosen for the choice experiment
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should differ from the attributes studied for determining the environmental
impacts. Why so? In order to have a successful choice experiment, there is the need
to test attributes that are relevant for the stakeholders involved, which normally
means the general public. Consequently, the attributes or the levels used in the
questionnaires have to be linked to the environmental attributes used to assess the
impacts, but they need not to be the same. A simple example might help: an
attribute such as Water quality can be expressed in terms of its different levels of
chemical components or in simpler terms such as swimmable or non-swimmable; it
is straightforward that this familiar attribute to the general public depends on the
level of some chemical substances. This means that attribute levels are commonly
qualitative (Hanley et al., 2005; Alvarez-Farizo et al., 2007; Birol et al., 2008a) and
sometimes with images or visual descriptions (Doerthy et al.,, 2013). The most
common attributes are: biodiversity levels, generally described as different
quantities of native species (Morrison and Bennett, 2004; Kragt et al., 2011);
recreational activities, that is the possibility to practice them or not (Doerthy et al,,
2013); and aesthetics often described as a conglomerate of the effects of litter,
smell and clarity (Alvarez-Farizo et al., 2007), sewage (Hanley et al.,, 2006) and
pollution (Stithou et al., 2012).

To my knowledge, only one paper has used DCE to estimate how individuals value
different environmental improvements for rivers where hydropower production
takes place, that is Kataria (2009). The paper focuses on Swedish rivers and is aim
is to assess the market share of environmentally friendly producers, which are

expected to face higher production costs.

4.2.3 Designing the fee
Once the steps have been completed, it is possible to design the performance-

based environmental fee. First, given the assumption that the impact is a variation
of the class of a given environmental attribute, the cost has to be measured in such
a way that a monetary value can be attached to this variation. For instance, the cost
of the impact on hydrology will be the cost of the downgrade from class j to class j-
1. Moreover, given that I have decided to discretize the length of the impact per
kilometer, the cost will be a unitary cost per kilometer, i.e. the cost of the impact on

hydrology will be the cost of the downgrade of 1 kilometer from class j to class j-1.
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Finally, in order to take into account both the intensive and the extensive
components, I propose to multiply the unitary cost of the impact that is the
variation of class, for the length that has suffered that variation. This would give

the following:

Equation 4-1

k
¢ = Z ijLij

j=1

Where c;is the cost for impact i, j is the discrete level (or class) of impact i, a; ; is

the unitary cost of the impact i at level j; L; ; is the length of the river that has been

impacted by impact i at level ;.

According to the impacts relevant for the water body taken into, then the proposed

fee would look like the following:

Equation 4-2

n
EF = z Ci
i=1

Where EF is the environmental fee and n is the number of impacts taken into

account.

This formula, however, does not distinguish between water bodies. A hydropower
scheme, though, might insist on more than a water body, for instance, by capturing
water from a river and releasing it into another. In order to reconcile simplicity
and accuracy, water bodies should be classified in a limited and manageable
number of categories, to estimate the unitary cost per impact for each category.

Then, the final structure of the proposed fee becomes:

Equation 4-3

w
TEF = Z EE,
w=1
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Where TEF is the total environmental fee and w is the number of categories into

which water bodies have been divided.

The construction and operation of hydropower plants inevitably involves
environmental changes in the features of the water bodies where they are located.
These impacts are often evaluated under different authorization procedures, such
as, for example, the environmental impact assessment. These authorization
procedures normally require proponents to modify either the project or the
management of the plant in order to comply with the existing environmental
regulation. Within this framework what is the role of our performance-based

environmental fee?

The answer is that the fee has been conceived as an incentive mechanism, based on
the successful experience of performance-based regulation in several sectors (for
instance, see Joskow, 2008). Consequently, existing environmental regulation can
be seen as the minimum requirements that an operator has to achieve. The fee is
then a monetary mechanism that should stimulate the operator to outperform. I
discuss this within an extremely simplified setting. For instance, let’s imagine that
hydropower production only impacts fish population and the impact has been
divided into four classes, which range from “no impact” (or reference state j) to j-
4. Environmental regulation requires the attainment of j-2, otherwise the plant is
not authorized (or for what it matters, it cannot operate). Then, the environmental
fee is simply the cost of the downgrade from j* to j-2. If properly conceived, the fee
should stimulate the operators to reduce its impact and consequently pay a lower

fee (or no fee at all).

It follows that the payment of the fee does not exempt from the careful application
of all environmental rules, but that it can be an instrument to (partially offset) the
residual environmental alterations. To my knowledge, it is the first time that a
performance-based environmental fee is proposed for hydropower production.
Higher design and compliance costs are the main reason behind the difficulty in

introducing such a fee.
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4.3 The choice experiment

4.3.1 The setting
The Province of Sondrio is geographically located in northern Lombardy, close to

Switzerland. It is home of some 2.2 GW of hydropower plants, roughly 18% of the
overall Italian hydropower capacity. The Province has the highest concentration in
Italy of installed capacity per km?, roughly 680 kW. The second highest is the

Province of Brescia with some 450 KW/ km?2.

In the next four years, the concessions of half of the installed capacity will expire.
The renewal procedure, as anticipated before, is therefore an opportunity to

introduce a pricing scheme compliant with the WFD.

Considering the weight and importance for Lombardy of the hydropower capacity
located in Sondrio, I have addressed the choice experiment to a representative

sample of 1,000 households in Lombardy (obtaining a 100% of valid responses).

Variable Mean Std. dev.
Age 40.8 12.4
Household components 2.9 1.1
University education .29 -

In favor of incentives to .502 .50
renewable energies

Travel at least once to the 0.505 49
Province of Sondrio

Membership in an 0.100 .30
environmental organization

Table 4-1: Descriptive statistics.

The mean age of the respondents is 40.8 years and household components are just
below 3, at 2.9; finally 29% of the sample has a university degree. All these data are
precisely in line with the descriptive statistics from the National Institute for
Statistics, ISTAT, and confirm that I have a representative sample. Half of the
sample has visited at least once the Province of Sondrio; more, half of the sample is
in favor of incentives to renewable energies, which means that they have positive
attitudes towards higher electricity bills to support environmentally friendly

electricity production.
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The respondents were not previously informed of the relevant characteristics of
hydropower production, in order not to influence their choices. Still, the
questionnaire contained concise information on why each attribute was chosen
and why it mattered for hydropower production. The questionnaire!? consisted of
three parts. In the first part respondents were asked questions that could reveal
their attitude towards the environment and renewable energy sources in general
and towards the Province of Sondrio and its rivers in particular. The second part
contained the choice experiment, with eight choice sets; the third part consisted of

questions regarding the respondent's socio-economic status.

A preliminary pilot study was conducted in the process of designing the
questionnaire. Both the attributes and the levels chosen for the choice experiment

were based on the output of the IDEA project.

Before proceeding further, it is important to clarify what the IDEA project has
studied, that is the impact of hydropower production on the fluvial ecosystem.
Consequently, the study did not assess the impacts on terrestrial ecosystems not
directly related to the dynamics of the water bodies (e.g. the impact on birds
related to the construction of access roads or transmission lines), although these
impacts can be relevant. Also, the project did not take into account the impact on
the landscape, basically for the impossibility of formalizing a unique cause-effect
relationship between hydropower plants and an index of landscape alteration. In
the end, the underlying principle behind these choices is that the environmental
fee should be primarily used for mitigating or offsetting just the impacts on the

fluvial ecosystem.

Following this approach adopted in the IDEA project, the regulated water bodies in

the Province of Sondrio were divided into two categories:

1. Main water bodies: total length 92 kms;
2. Tributaries: total length 6,320 kms.

13 [t was a Computer Assissted Web Interview.
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As stated above, an effective DCE has to have understandable attributes, which
means attributes expressed in qualitative and figurative terms. Experts provided
me with images and visual descriptions of the attributes described below.
Moreover, in order to obtain an effective choice experiment, I asked the experts to
gather the environmental attributes so to have a reduced number of attributes to
show to the general public. This is what | have done with the attribute integrity of
the fluvial ecosystem, which is the sum of several environmental attributes.
Consequently, the levels of the integrity of the fluvial ecosystem attribute depend on
the variations and interactions of the levels of the environmental attributes that
integrity of the fluvial ecosystem incorporates. Of course, this choice has a
consequence on the design of the fee. In fact, this means that I can attach a
monetary value only to this composite attribute and not to all the single attributes

with which the composite attribute is made of.

As stated above, the first attribute is the integrity of the fluvial ecosystem, which
was represented with images taken from the water bodies in the Province of
Sondrio. Assessing the integrity of a water body means taking into account many
aspects, ranging from water quality to the presence of suitable habitats for aquatic
organisms; from the morphology to the presence and abundance of vegetation on

the banks. In the questionnaire I showed pictures able to capture all those aspects.

The second attribute is hydro-peaking. At first, the choice of this attribute may
sound counterintuitive, as this is a managerial variable and not an attribute of the
fluvial ecosystem. The idea behind this choice is that sudden variations of the
flows, if not frequent, might not alter in the long run the integrity of the fluvial
ecosystem, but they could still have a consistent negative impact on the natural
reproduction of fish population (Renofalt et al. 2010). Still, introducing an attribute
such as fish population (with, for instance, different levels of fish stock) might have
brought misleading results, as fish stock can be increased also artificially, by
introducing cultivated fishes (a common practice in the Italian rivers). This
artificial repopulation would attain the same result without preventing operators
from doing hydro-peaking. Consequently, I thought that a more direct attribute

(such as fish population) might have brought results overestimating the
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willingness to have an abundant fish stock, without taking into account its natural
life cycle. Also for this attribute, I showed pictures capturing different levels of

hydro-peaking.

Finally, the third attribute is canoable length, which indicated the percentage of the
river suitable for canoeing. The idea behind this attribute is that it gives (or at
least it should) an immediate conceptualization of a “natural river”, with no man-
made obstacles. I used this attribute to see how much the respondents would value
a naturally flowing water body. In fact, if properly designed, built and managed
hydropower plants might not alter significantly the integrity of the fluvial
ecosystem (meaning a minimization of their intensive impact): still, they would

create (minor) extensive impact on its natural hydrology.

In Table 4-2, I show that all the attributes used are described with more than two
levels. The questions, in fact, were not restricted to whether or not to have a
certain remedial measure; they all asked to what extent the remedial measure

should be undertaken.

Attribute Description Level
Integrity of the fluvial Closeness to natural conditions High; moderate;
ecosystem bad.

Hydro-peaking Sudden variations of the flows. High; medium;
none.
Canoable length Percentage of the river suitable for | 5%; 15%; 60%.
canoeing.
Bill increase Additional annual cost per | 0;10; 50; 100.
household (in EUR)

Table 4-2: Attribute and attribute levels.

Each choice set contained three alternatives, inclusive one opt-out alternative,
which was included in all of the choice sets. Of course, I deleted strictly dominating
choice sets. The design was finally blocked into two versions, one for each category
of water bodies, each containing eight choice sets. The opt-out alternative is not
the status quo, but the worst possible situation. This choice was taken, as it is the
only one that gives the possibility to attach a monetary value to all possible class

variations.
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[ labeled each alternative as “electricity supplier x”(with x ranging from 1 to 3),
following Kataria (2009). This means that, for the sake of the choice experiment,
suppliers differed from each other for their remedial measures; that is for the level

of the environmental attributes attained.

As a consequence, respondents faced a choice where they could choose the
preferred method for producing hydropower. The bid vehicle used in this study
was the increased electricity payments for the household. The opt-out alternative
implied no increase in the annual bill; instead, all other alternatives implied a
certain increase. There are two reasons why I opted for increased electricity bills
as the bid vehicles: the first one is that an improvement of the fluvial ecosystem
can be achieved by changing the operation of the hydropower stations, implying a
cost increase which normally is passed onto consumers; the second one is that the
objective is to estimate the consumers’ willingness to pay a higher price for a more

environmentally friendly hydropower production.

4.3.2 The econometric model
[ used the standard random utility model (RUM) developed by McFadden (1973) to

study respondents’ choices. RUM is a standard practice within DCE data analysis as
its basic assumption is that the utility for an individual is composed of an
observable component and a random component, which gives a utility function of

this form:

Equation 4-4
Uij = V] + gij = V(X],P) + gij

where V; represents the observable component, ¢; the random component,
Xjrepresents a vector of attributes used to describe alternative j, and P, is the price

associated with alternative j.

This means that individual 7 chooses alternative j over any other alternative, which
means that the satisfaction obtained from choosing j exceeds the one obtained
from any alternative k. The outcome y; = j happens only if the utility received
from j is greater than the one from any other alternative of the choice set t.

Therefore, the probability of the individual i choosing j over alternative k can be
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written in terms of utility, that is in terms of the observable and error parts of the

utility function.

As stated before, I follow McFadden specification, where the probability of an
alternative being chosen is expressed on terms of the logistic distribution. Within
this framework, errors terms are assumed to be independently and identically
Gumbel-distributed. This means that individual choices are based on utility
differences between alternatives; moreover, the error component gives the
information, in terms of probability, about individuals' behavior when they face

multi-attribute choices, according to the formula:

Equation 4-5

exp(V))

PO=JI0 = 5 o)

The most flexible model specification used in the literature is the random
parameters logit (RPL) model, where the indirect utility function below:

Equation 4-6

Uij = aj + leﬁl + Pj’ﬁp + Sij

is specified in the subsequent form:

Equation 4-7

Uij = aqa; +X],ﬁx + leﬁp +X],Vi + Eij

where Xj is a vector of alternative j-specific regressors, §;, that is the vector of
preference parameters associated to X;, takes the form f; = f, +v; and
v;~N(0,%,,). This means that 8, represent the population mean, while v, is the

stochastic deviation, representing the individual's preference relative to the

average preferences in the population. Moreover, the combined error X;v, + &;; is

correlated across alternatives. Consequently, Equation 4-5 becomes:
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Equation 4-8

exp(a; + X;Bx + Pi Bp + Xjvy)
Lhet exp(an + XpBx + PyBp + Xpvi)

PQy; =jlo)| =

Within this framework, the standard estimation procedure, which I have opted for,
is a maximum likelihood. Given a sample of i individuals, each making T choices,
where each choice set has j alternatives, I can define a dummy variable d;;; that
takes value 1 if i opts for alternative j in the choice set t. The likelihood function is

given by:
Equation 4-9

T

]
L(ﬁx:ﬁp) = HHH(P(yl :jlt))dijt

I
=1 t=1 j=1

where P is a simulator for P, which integrates v; on a limited number of draws. In
this study, the distribution of the parameters is simulated using 400 Halton draws.

Finally, the logarithm of L returns the log-likelihood.

4.3.3 Results
The utility function that I have considered is the following:

Equation 4-10

Uij = B1 X Asc + B, X Integ2 + B3 X Integ3 + B, X Hypeak2 + 5 X Hypeak3
+ f5 X Canoel5 + [ X Canoe60 + B, X Bill + ¢

where Asc is the dummy that indicates the choice of the opt-out alternative; Integ2
and Integ3 are dummies for, respectively, moderate and high level of fluvial
ecosystem integrity; HypeakZ2 and Hypeak3, instead, are dummies for medium and
high level of hydro-peaking; Canoel5 and Canoe60 are dummies for 15% and 60%
of canoable length; Bill is the annual increase for each household; all betas
represent the marginal utility of each attribute. Below, I display the results for the

main water bodies.
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Variable Coefficient Std. error Coefficient std.
dev.
Random parameters
Integ2 1.0068*** 0.3391 1.6799%**
Integ3 1.9376%** 0.4135 2.9945%**
Hypeak3 -1.1860*** 0.4063 3.3039%**
Non random parameters
Asc -0.6408*** 0.1130
Bill -0.0168*** 0.0008
Canoel5 -0.0652 0.0853
Canoe60 -0.3875%** 0.0840
Hy_peak2 -0.4258*** 0.0978
Heterogeneity in mean
Integ3*age 0.0250 0.0564
Integ3*male 0.1555 0.1492
Integ0*age -0.0185 0.0689
Integ0*male 0.0780 0.1803
Hy_peak3*age 0.0368 0.0667
Hy_peak3*male 0.0829 0.1753
Individuals 1,000
Observations 24,000
Pseudo r squared 0.28
LL -3,164.69
Replications 400
Significant **at 1%
**at 2.5%
*at5%

Table 4-3 Random parameters logit for Main Water Bodies.

Most of the variables are significant at 1% level and have the expected sign;
Canoe60 is significant at 1% but, surprisingly has a negative sign; Canoel5, instead
is not significant. This unexpected results can be interpreted as, one the one hand,
an absence of any interest for canoeing; on the other, the (wrong) perception that a
long canoable length implies a reduction of the quality of river hydrology. Finally, it

is important to highlight that individual characteristics do not influence the results.

Let’s see the results for the tributaries.
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Variable Coefficient Std. error Coefficient std.
dev.
Random parameters
Integ 2 1.9938*** 0.3281 1.6656%**
Integ_3 2.9429%** 0.3723 2.5138***
Hy_peak_3 -0.9504** 0.3860 3.1993**x*
Non random parameters
Asc -0.5332%** 0.1119
Bill -0.0157%** 0.0008
Canoe_15 -0.0914 0.0833
Canoe_60 -0.2923*** 0.0809
Hy_peak_2 -0.3923*** 0.0952
Heterogeneity in mean
Integ_3*age -0.1686*** 0.0555
Integ_3*male -0.0794 0.1441
Integ_0*age -0.2355 0.0622
Integ_0*male -0.2030 0.1609
Hy_peak_3*age -0.0047 0.0638
Hy_peak_3*male 0.0457 0.1671
Individuals 1,000
Observations 24,000
Pseudo r squared 0.27
LL -3,473.29
Replications 400
Significant **at 1%
**at 2.5%
*at5%

Table 4-4: Random parameters logit for Tributaries.

Results are pretty similar to the ones obtained for the main water bodies: most of
the variables are significant and have the expected sign. Again, canoable length
behaves differently from what expected and its 15% level is again not significant.
In this model, older people seem to care a bit less for high level of ecological
integrity, but, at the same time, the marginal utility of Integ 3 is much higher for

tributaries than for main water bodies.

The results of the models allow to estimate the marginal willingness to pay. As
anticipated before, the betas can be seen as the marginal utility of each level of
each attribute; therefore, observing the choices that individuals make when some
attribute level changes and observing the price associated with this particular
scenario of change, I can derive marginal values for each attribute when moving

from the opt-out level to each other level of the attribute, according to the formula:
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Equation 4-11

Bx,a

MWTP, , = — =4
) ﬁp

where MWTP, 4 is the marginal willingness to pay to move from the opt-out level
to level a of attribute x; By 4 is the marginal utility of level a of attribute x; 8, is the

marginal utility of money.

Variable Main water bodies (€/year) Tributaries (€/year)
Integ 2 80 85
Integ 3 119 120
Hy_peak 2 -25 -25
Hy_peak_3 -56 -57

Table 4-5: Marginal willingness to pay for attributes (90% confidence interval).

Table 4-5 shows that households have a significant marginal willingness to pay:
the amounts can be compared to the average amount that is paid by consumers in
their electricity bill to support renewable generation, that is close to 90 €/year per
household (AEEG, 2013). Moreover, the MWTP is slightly higher for tributaries
than for the main water bodies: it seems that people value more rivers that are

perceived to be more pristine, such as mountain streams.

The estimates can be used to calculate the total WTP for different management
scenarios. Since the utility function that I am using is linear, its value is the sum of
its parts, that is, attributes can be combined in different ways to estimate welfare
effects of discrete changes of the set of attributes. This situation can be calculated

with the log-sum formula, (Hanemann, 1999):

Equation 4-12

1
E(WTP) = ——(lne" — Ine'?)
“Pp
Where V! and V}? represent the utility after and before the change and By is the

marginal utility of money.
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Scenario Main water bodies (€/year) Tributaries (€/year)

Single Whole Single Whole
Household Lombard Household Lombard
households households

1. From opt-out to high 66.65 293,920,539 96.16 424,015,305

level of ecosystem

integrity

2. From opt-out to high 97.31 429,116,691 122.45 539,945,269

level of ecosystem
integrity and no hydro-
peaking

3. From moderate level 35.07 154,643,423 37,11 163,624,214
of ecosystem integrity
and medium hydro-
peaking to high level of
ecosystem integrity and
no hydro-peaking

Table 4-6: Compensating surplus (WTP) for different scenarios.

As shown in scenario 2, the overall value of pristine rivers (that is high level of
ecological integrity and no hydro-peaking) in the Province of Sondrio is not far
from 1 billion euro, considering that in Lombardy there are 4.410 million
households. Moreover, considering that the average level of ecosystem integrity
has been estimated as moderate and that normally hydro-peaking is medium,
scenario 3 tells that the total willingness to pay to move from a situation similar to
the current one to a situation where there is no hydro-peaking and a high level of
ecosystem integrity is equal to 318 million euros. Pontoni (2013) has estimated
that the yearly total rent generated by hydropower producers in the Province of
Sondrio averages 282 million euros. This means that internalizing environmental
costs would shrink the rent to zero, but would still make hydropower production
profitable. I now compare my findings with Kataria (2009). Of Course, it is
important to bear in mind that he has adopted different attributes. The maximal
willingness to pay for the improvement of a bundle of attributes that he has
estimated is equal to 223 euros per household and per year; mine is 122. This 100
euros difference can be explained by the fact that his choice experiment does not
focus exclusively on the fluvial ecosystem but it takes into account the terrestrial

ecosystem, which was excluded in the designing of the IDEA project.
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4.4 Simulating the performance-based environmental fee

As shown before, since the utility function is linear, it is possible to calculate the
value of the variation of just one attribute, all other things being equal. This means
that I can use those results to estimate the unitary cost needed for the
performance-based environmental fee. Precisely, the unitary cost is estimated as
follows: I divide the cumulated willingness to pay to move from level j-2 to level j-1

and from j-1 to j* of both impacts by the total length of each water body category.

This method entails one very important assumption: each km of a given river has
the same value, thus impacting a point or another has no difference in terms of
value loss. This might not be true as certain parts of a water body can be more
valuable than others. At the same time, the estimation of the monetary value of
different segments of one water body would require the design of specific DCEs for
each segment, increasing the complexity and reducing the immediate
understanding of the general public. A partial solution would be to weigh the

unitary cost by the average water flow.

The results are shown below:

Unitary cost for River 1 Unitary cost for River 2
(thousand euro) (thousand euro)
Ecosystem integrity
From bad to moderate 2,041 48
(1)
From moderate to high 1,153 18
()
Hydro-peaking
From high to medium 1,735 7
(1)
From medium to none 527 21
(2)

Table 4-7: unitary cost

As shown in table 4-7, unitary costs vary differently if one takes into account the
main water bodies or the tributaries: this is so because there is a difference in the
overall length of each water body. At the same time, given the difference in water
flow between, let’s say, a big river and a mountain stream, withholding water from

the second one normally has a much higher extensive impact, increasing the
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overall environmental cost. This might be a second rationale for adjusting the

unitary cost per km according to the average water flow.

[ know apply this fee to a hydropower plant with 70 MW of installed capacity. The
choice of this plant resides on the fact that it represents the average dimension of
hydropower plants in the Province of Sondrio. Its environmental impacts can be

summarized as follows:

e Moderate hydro-peaking on 2 km of a main water body;

e Reduction from high to moderate ecosystem integrity on 1 km of a main
water body;

e Reduction from high to moderate ecosystem integrity on 50 km of a

tributary.

This results in an environmental fee of 3.12 million euros. For comparison, the

actual concession fee paid by the hydropower plant is approximately 1.29 million

euros.
Values in million 2012€
Revenues 13.9
OPEX and amortization 4.6
Concession fee 1.3
Performance-based environmental fee 3.1
Taxes 1.3
Profits 2.8
Cost of capital 1.7
Rent 1.1

Table 4-8: Simulated impact of the performance-based environmental fee on a hydropower plant.

If its average revenues and average costs are taken into account, as done in the
table above, it is possible to show that the performance-based fee would not
hinder its profitability, but it would just reduce the rent (all the data come from

Pontoni, 2013).

4.5 Discussion and policy implications

Studies demonstrate that hydropower production significantly impacts both
biodiversity and ecosystem services and, what is more important, they show that
mitigation measures and a change in production management strategies can

dramatically improve the quality of the surrounding environment. According to the
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WFD, these costs should be internalized and in this paper [ propose a
performance-based environmental fee, which is a monetary mechanism that
should stimulate hydropower producers to outperform existing environmental
regulation: the more they outperform the less they pay. In fact, contrary to other
forms of taxation, if the environmental fee is optimally designed, then its revenue
should be zero, as it would make more economic sense to meet the environmental

objective than to pay the tax.

In order test the validity of the fee and to obtain a consistent monetary value of the
fluvial ecosystem to be used as the monetary input for the performance-based
environmental fee, I have conducted a DCE in the Province of Sondrio. The DCE is
the method most capable of estimating how a combination of changes to one or
more ecosystem services affects human welfare. The Province of Sondrio, instead,
was chosen as it is by far the most important spot for hydropower production,

with the highest concentration in Italy of installed capacity per km?2

Results show that people are willing to pay more than € 122 per household and
per year to increase the ecological status of regulated rivers. In particular, both
ecological integrity and hydro-peaking are considered as significant attributes

worth a monetary effort.

Results have also been used to simulate the impact of the newly conceived
performance-based environmental fee on a representative hydropower plant. The
simulation shows that the introduction of the fee would not hinder its profitability,

but it would just reduce the rent.

This paper provides policy-maker with a new instrument for environmental

regulation. In particular, I show that:

e DCE can be used as a way to internalize environmental costs generated by
hydropower producers;
e The magnitude of the performance-based environmental fee is such that it

would certainly stimulate environmentally friendly production.
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Of course, there is scope for further research. On the one hand the performance-
based environmental fee could be refined, for instance by taking into account the
fact that different segments of a water body might have different values. Moreover,
the results of the DCE could be largely influenced by its design, so it could be useful
to replicate the study. Still, I think that this paper is a first step to a more
comprehensive implementation of the WFD, as the renewal procedure for

hydropower schemes is about to start.
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5 Cheaper electricity or a better river?
Estimating fluvial ecosystem value in
Southern France

Abstract

In the next years, France will have to renew a consistent share of hydroelectric
concessions, among which we can find those insisting on the Aspe and its tributaries (for
a total of almost 100 MW of installed capacity). Beauty contests will take place, where
bidders have to present offers for technical and environmental improvement, as well as
a revenue sharing percentage for Local Authorities.

This framework generates a potential trade-off between revenue-sharing and
environmental improvements. This paper investigates this trade-off by means of a
discrete choice experiment (DCE) in order to estimate people’s preferences. In my DCE, |
translate the revenue sharing in an immediate rebate in the electricity bill. Respondents
could choose higher rebates and lower ecosystem improvements or lower (or no)
rebates and higher levels of ecosystem amelioration.

Results are clear: people are willing to pay to increase the ecological status of the Aspe
river; the highest total willingness to pay (WTP) is above € 96 per household and per
year. Moreover, people’s marginal WTP for a satisfactory fish stock reaches 154 €/year,
that is twice the maximum rebate that was offered. Finally, all environmental attributes
are considered as significant and worth a monetary effort. The implications are
straightforward: people value considerably the improvement of the Aspe ecosystem,
which means that bidders should react accordingly and develop specific bids for the

environmental aspects.

JEL Classification: H23, Q2, Q4, Q5

Keywords: Water Framework Directive, Choice Experiment, Hydropower.
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5.1 Introduction

In the next years, France will have to renew a consistent share of hydroelectric
concessions, among which we can find those insisting on the Aspe and its tributaries (for
a total of almost 100 MW of installed capacity). The Aspe is the torrential river flowing
through the Aspe valley, one of the three main valleys of the High-Béarn, in the
Southwest of France. The Aspe river is part of Natura 2000, an ecological network of

protected areas within the European Union.

Back in 2008, The EU forced the French Government to adopt a transparent and non-
discriminatory procedure to renew all hydropower concessions. Accordingly, France
modified the procedure pursuant to which concessions of hydroelectric plants with an
installed capacity of more than 4.5 MW are awarded to private operators. Whereas,
under the former procedure, the incumbent had a preference right when concessions
expired, the new provision introduces publicity and competition requirements in the
selection process. Within the tender procedure, the environmental aspects will weigh
significantly as, in compliance with the Water Framework Directive (WFD,

2000/60/EC), French rivers are expected to attain a good ecological status by 2015.

The procedure introduced by the French Government is structured as a beauty contest,
where petitioners have to fulfill different criteria determined by the French Ministry of

energy and Environment (MEEDDM), and namely:

1. Technical improvements, which means that candidates are expected to
significantly ameliorate the existing infrastructures in order to increase (if
possible) the production;

2. Environmental impact, within each project, petitioners have to show their actions
to reduce their environmental impact;

3. Revenue sharing, candidates are expected to present a financial business plan in
which they will show the expected revenues and a revenue sharing percentage
(which will then be divided among the State and Local Authorities).

Despite being an emission free technology, hydropower impacts the environment in

several other ways. In particular, hydropower production harms biodiversity, fluvial
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ecosystems and their services (among others: Céréghino et al., 2002; Croze et al., 2008;

Brown et al., 2009; Renofalt et al., 2010).

Impacts vary greatly according to the (non) adoption of mitigation measures and to
production strategies. Mitigation measures vary from simple fish-passages to complex
outflow reservoirs aimed at minimizing flow changes generated by hydro-peaking.
Changes in production strategies normally mean reducing flow alterations by means of
re-naturalisation (Nilsson, 1996). This is in sharp contrast with the functioning of
electricity markets, as intraday price volatility clearly implicates intraday production

volatility.

For instance, the impact of different mitigation and management choices on fish
migration was tested by Chanseau et al. (1999) on one hydropower scheme on the Aspe
river. The authors conducted two experiments, the first one in 1995 and the second one
in 1998, to test the efficiency of two different downstream bypasses for salmon smolts.
In 1995, the bypass efficiency was very low (with a success rate of 17%), due mainly to
hydraulic conditions. A training wall was built in 1997 to reverse the flow pattern in the
canal and to better guide the fish to the water intake of the new bypass. This simple
change improved the bypass efficiency to 55%. Moreover, the authors demonstrated
that efficiency of both devices and the smolt behavior were directly affected by the

turbine operation and the hydraulic conditions in the intake channel.

As specified above, the renewal procedure introduced by the French Government is
structured as a beauty contest, where bidders have to offer a revenue sharing
percentage and to propose environmental improvements. I expect that the higher the

offer for environmental improvements, the lower the offer for revenue sharing.

The scope of this paper is straightforward: I study the emerging trade-off between a
better environment and a higher percentage of money handed down to Local Authorities
by estimating people’s preferences. Therefore, I have conceived a discrete choice
experiment (DCE), whereby I translate the revenue sharing in an immediate rebate in
the electricity bill. Respondents could opt for a higher rebate, with the consequence that

the fluvial ecosystem remains at its current status (that is, operators cannot perform
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worse than the incumbent from an environmental point of view), or for a lower (or even

no) rebate for (substantial) fluvial ecosystem improvements.

In real life, there will be no rebate; still, an increased amount of money for local
communities should mean either less local taxes or better local services. This justifies
also why I targeted only people leaving in the Region and not people from anywhere in
France: a consistent part of the revenue sharing percentage will, in fact, accrue to local

authorities.

The paper shows that people are willing to pay to increase the ecological status of the
Aspe river; the highest total willingness to pay (WTP) is above € 96 per household and

per year.

The paper unfolds as follows: section 2 sets out the experimental design; section 3 is

devoted to the results of the choice experiment; section 4 concludes.
5.2 The experimental design

5.2.1 Background
As discussed in my previous paper, there are several techniques to monetize

environmental impacts. Given that this analysis presented here is similar to the one
conducted in the study in the previous chapter, I will adopt again the method most
capable of estimating how a combination of changes to one or more ecosystem services

affects human welfare, which is the discrete choice experiment.

DCE involves the design of a hypothetical market, in which people have to choose their
preferred “product”, which is decomposed in some relevant attributes, each of which has
more than one level. Respondents face several choice sets, each containing a certain
number of mutually exclusive alternatives, relating the potential product to a change in
the level of its attributes. Clearly, each alternative has a price: consequently,
respondents will choose according to their taste, but also according to the price of the
product. Repeating the choice with different combinations of levels and prices should

return the attribute level that is valued the most.

When it comes to environmental goods, it is important to relate the change of attribute

levels to something, normally a change in policy or a change in managing the resource or
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something that has an impact on it. A standard procedure when testing DCE for
environmental goods is to include in every choice set an alternative that reflects either
the current status (status quo) of the good being evaluated or an opt-out alternative,
which means the worst possible situation. Normally, the price (or cost) of these
alternatives is equal to 0. The DCE format allows marginal utility estimates for changes
in the level of each attribute to be easily converted to WTP estimates. Moreover, given
that compensating variation measures may be obtained, it is possible to estimate the
total value of improvements to the environmental good as a consequence of the policy or

managerial change.

The peculiarity of the DCE I have conducted is the bidding vehicle that I have used.
Instead of an electricity bill increase, the vehicle is a bill rebate, which is normally
associated with a willingness to accept. How is it possible to design a rebate as a

willingness to pay?

Within the renewal procedure, bidders are asked to offer a percentage of revenue
sharing and an improvement of the fluvial ecosystem. First of all, this means that the
opt-out alternative is the current status. Secondly, this means that whoever wins will
either pay to Central and Local Authorities the current revenue sharing percentage
(which is 0%) or, more probably, a higher one. Consequently, bidders will present offers
which mix different levels of environmental improvement and revenue sharing
percentages. Both strategies have minimum thresholds: from an ecosystem point of
view, they cannot be below the current status; as for the percentage, it cannot clearly be

below 0%.

Since improving fluvial ecosystem is costly, I expect that higher levels of ecosystem
recovery be associated with lower economic offers; conversely, higher economic offers
will come at the price of lower levels of ecosystem recovery. Whenever a trade-off
emerges, it is important to test people’s preferences. In order to do so, it is fundamental
to find a good way of presenting the situation. In this case, [ have imagined that this
revenue sharing percentage can be translated into immediate rebates in the electricity
bill. Actually, there will be no rebate; still, an increased amount of money for Local

Authorities should mean either less local taxes or better local services. In this case,
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though, rebates are not associated to ecosystem degradation: in fact, at the highest level
of rebate is associated the status quo. As a consequence, the experiment has a
willingness to pay approach: we are asking people whether they are ready to renounce

to money they could spend on something else in order to have a better fluvial ecosystem.

Whenever evaluating the environmental impacts in water bodies, the crucial elements
for the design of DCE are: the definition of the affected population; the delimitation of
the water bodies under analysis and the attributes chosen to describe the environment
(see the previous chapter for details). Given that Local Authorities will benefit from the
renewal procedure, [ decided to target only people leaving in the Region and not people

from anywhere in France.

5.2.2 Structure, attributes and levels
The questionnaire consisted of two parts. In the first part respondents were asked

questions about their attitude towards the Aspe river and their socio-economic status.

The second part, instead, contained the choice experiment.

Attributes and levels relevant for the Aspe river ecosystem have been chosen with a
Delphi survey, which involved 15 selected experts and which was coordinated by the
local Water Agency (Agence de 'eau Adour-Garonne). The Delphi survey was crucial not
only to define the attributes and their levels, but it also confirmed that different ways of
managing hydropower production are effective in increasing the quality of the riverine

ecosystem.

The results of the Delphi showed that there are three attributes that are more relevant
for the Aspe ecosystem, namely water quality, fish population and hydro-morphology.
Moreover, with the Delphi was possible to define the present situation of the three
attributes describing the fluvial ecosystem. For the sake of understanding, all attribute
levels have been expressed in qualitative and figurative terms. Finally, experts provided

me with images and visual descriptions of the attributes described.

As stated above, the first attribute is water quality, representing the chemical and
physical conditions of the waters. The attribute is represented qualitatively, according to
the scale provided by the Water Agency. The present situation is sufficient, while the

foreseen improvements are good and very good.
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The second attribute is fish population. Hydropower production normally has a
consistent negative impact on the natural reproduction of fish population (Renofalt et al.
2010). The Aspe River is one of the last rivers in the Pyrenees where the Atlantic salmon
and the sea trout migrate for reproduction (DRE, 2008). The protection of these species
is crucial and those fishes are essential elements of the Aspe ecosystem. The levels
chosen were qualitative and based on the scale defined by DRE, 2008. The actual status

is unsatisfactory.

The third attribute is hydro-morphology, which indicates whether a river has a natural
flow. The attribute was represented with images taken from the Aspe river. I used this
attribute to see how much the respondents value a naturally flowing water body. In fact,
if properly designed, built and managed hydropower plants might not alter significantly
the natural flow of the river, which in turn increases the riverine ecosystem. The actual

status is artificial.

In the table below, I show that two attributes have two levels, while water quality has

three.
Attribute Description Level
Water Quality Chemical conditions Sufficient; Good;
Very Good.

Fish Population Abundance and evolution of the | Unsatisfactory;
stock Satisfactory.

Hydro-morphology Closeness to natural conditions Natural; Artificial.

Rebate Reduction of electricity bill per | 0; 10; 45; 75.
household (in EUR)

Table 5-1: Attribute and attribute levels.

The maximum rebate was determined by taking into account how much could accrue to
a single household. At present, the only Concession where the revenue-sharing
mechanism has taken place is the one on the Rhone, held by CNR. The revenue sharing
has been set at 25% (CNR, 2013), a percentage that I have used for my computation.
Considering that:

e the average electricity price on the Power Exchange for 2013 was around 50

€/MWh (CRE, 2013);
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e according to the French law 75% of that 25% goes to the Local Authorities (Code
de I'Energie);

e that in the Aspe Region there are approximately 13,000 households (INSEE,
2013);

the maximum rebate could not exceed 75 euro per household, corresponding to a

considerable 15% of the average electricity bill (CRE, 2013).

Each choice set contained three alternatives, inclusive the status quo alternative, which
was included in all of the choice sets. Of course, [ deleted strictly dominating choice sets.
The final design contained eight choice sets. I labeled each alternative as “electricity
supplier x”(with x ranging from 1 to 3), following Kataria (2009) and the choice
experiment done in the previous chapter. This means that, for the sake of the choice
experiment, suppliers differed from each other for their remedial measures; that is, for
the level of the environmental attributes attained. As a consequence, respondents faced

a choice where they could choose the preferred method for producing hydropower.

5.2.3 Econometric model
I used the standard random utility model developed by McFadden (1973) to study

respondents’ choices. RUM is a standard practice within DCE data analysis as its basic
assumption is that the utility for an individual is composed of an observable component

and a random component, which gives a utility function of this form:

Equation 5-1
Uni = Vni + &ni = Bxni + €5

where V,; represents the observable component, &,; the random component,
xn;represents a vector of attributes used to describe alternative j, and f a vector of
parameter coefficients to describe preferences for the x attributes. DCE analysis
normally starts with a conditional logit (CL) model. Under the CL model, the choice

probability for individual n can be represented as follows:
Equation 5-2

exp(Bxni)

Proby; = =————— 2 _
TP = S exp(Bn))
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CL model, though, has some restrictive assumptions. For instance, the model is
underpinned by the “independence and identical distribution” condition of the error
terms. Consequently, it is now commonplace to compare CL results with more flexible
specifications, for instance the random parameters logit (RPL) model. In the RPL model,
the parameters vary over decision-makers in the population with density f(f).
Therefore, the unconditional choice probability represents the integral of the logit
probabilities over all possible values of .. As a result, the choice probability can be

represented by a product of logits.

Equation 5-3

exp(Bxni)
Probyn = [ 1_[2] AL

where T is the number of choices observed for each respondent and represents the fact
that the model is estimated to account for the panel nature of the data. [ have decided to
model the distribution of the heterogeneity in the non-cost random coefficients with a
Normal distribution. Finally, both models have been further specified to enable observed
factors to enter as explanatory variables. The distribution of the parameters in the RPL

model is simulated using 400 Halton draws.

5.3 Results
The choice experiment has been addressed to a representative sample of 200

households in the Aspe Region (obtaining a 100% of valid responses).

Variable Mean
Age 41.2
Household component 2.2
Female 0.6
Retired/inactive 0.42
Knowledge of concession 0.16
renewal

Membership in an 0.02
environmental organization

Table 5-2: Descriptive statistics.

The mean age of the respondents is 41.2 years and household components are just

above 2. Almost half of the sample is made of retired or inactive people. All these data
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are precisely in line with the descriptive statistics from the INSEE and confirm that I
have a representative sample. The respondents were not previously informed of the
relevant characteristics of hydropower production, in order not to influence their
choices. Still, the questionnaire contained concise information on why each attribute
was chosen and why it mattered for hydropower production. The utility function that I

have considered is the following:
Equation 5-4
Upni = 1 X fish2 + 5, X hydro2 + (3 X wquality2 + B, X wqaulity3 + 5 X bill + &,;

where fishZ is the dummy for satisfactory level of fish population; hydroZ2 is the dummy
for the natural level of hydro-morphology; wquality2 and wquality3, instead, are
dummies for good and very good level of water quality; bill, finally, represents the cost
increase with respect to the maximum rebate. For the sake of understanding, in fact, to
all level of rebates, | have subtracted the maximum level of rebate to create the variable
bill: this guarantees that I obtain the standard negative sign for the monetary component
of a WTP estimation. All betas represent the marginal utility of each attribute. Below, I

display the results.

All of the attributes are significant and with the expected sign. The comparison between
the CL and the RPL shows how taking into account heterogeneity permits to better
estimate the coefficients. Not surprisingly, the most important attribute is fish
population: people living close to the Aspe river are willing to preserve the wild salmon
and the sea trout population. Finally, it is important to highlight that doing leisure

activities in the Aspe valley does not influence the results.
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RPL
Variable Coefficient Std. error Coefficient Std. error Coefficient
std. dev.
Random parameters
(RPL)
fish2 1.1986*** 0.2508 2.0957*** 0.5523 1.8927***
hydro?2 0.6056** 0.2870 0.9175%* 0.5391 1.7639%**
wqaulity3 0.5117** 0.2507 0.9136** 0.4695 1.5448%**
Non random
parameters
bill -0.0092%* 0.0054 -0.0135** 0.0068
wquality2 0.2052 0.2169 0.5527** 0.2797
Heterogeneity in
mean
noactivity*fish2 -0.3062 0.2802 -0.3943 0.6785
noactivity*hydro?2 0.2919 0.2500 0.2634 0.53411
noactivity*wqaulity3 | 0.1339 0.2266 0.5350 0.6193
Individuals 200 200
Observations 4.800 4.800
Replications 400
Significant *at 1% *at 1%
**at 5% **at 5%
*at 10% *at10%

Table 5-3 Conditional and Random Parameters Logit for Main Water Bodies.

The results of the models permit to estimate the marginal willingness to pay. As
anticipated before, the betas can be seen as the marginal utility of each level of each
attribute; therefore, observing the choices that individuals make when some attribute
level changes and observing the price associated with this particular scenario of change,
I can derive marginal values for each attribute when moving from the opt-out level to

each other level of the attribute, according to the formula:

Equation 5-5

where MWTP, , is the marginal willingness to pay to move from the opt-out level to
level a of attribute x; By, is the marginal utility of level a of attribute x; 8, is the

marginal utility of money.
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Variable CL (€/year) RPL (€/year)
fish2 130.28 154.66
hydro2 65.83 67.71
wqaulity2 - 40.79
waqaulity3 55.62 67.42

Table 5-4: Marginal willingness to pay for attributes (90% confidence interval).

Table 5-4 shows that households have a significant marginal willingness to pay and that
both models give similar results. As already anticipated above, MWTP for a satisfactory

fish population is considerable: between 130 and 154 euro per household per year.

Households are also willing to pay for natural flow and higher water quality.

These estimates can be used to calculate the total WTP for different management
scenarios. Since the utility function that I am using is linear, its value is the sum of its
parts, that is, attributes can be combined in different ways to estimate welfare effects of

discrete changes of the set of attributes. This situation can be calculated with the log-

sum formula, (Hanemann, 1999):

Where V! and V}? represent the utility after and before the change and Py is the

marginal utility of money.

Equation 5-6

“Pp

1
E(WTP) = ——(lne" — Ine'®)

Scenario CL (€/year) RPL (€/year)
Single Aspe Single Aspe

Household households Household households

From status quo to

satisfactory fish

population, natural flow 85.17 1,101,438 96.93 1,253,522

and very good water

quality

From status quo to

satisfactory fish 61.01 788,996 67.54 873,433

population and natural

flow

Table 5-5: Compensating surplus (WTP) for different scenarios.

As shown in scenario 2, the willingness to pay for a pristine Aspe (that is a satisfactory

level of fish population, a very good water quality and a natural flow), lies between 85 to
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96 euro per household per year. Considering that in the Aspe region there are a bit less
than 13.000 households, the cumulated willingness to pay is close to a million euro per
year. Moreover, the WTP is higher than than the maximum rebate that hydropower
operators could offer, meaning that the fluvial ecosystem is something that really

matters to the local community.

5.4 Discussion and policy implications

In the next years, France will have to renew the Concession of a consistent part of its
hydropower capacity. Beauty contests will take place, where bidders have to present
offers for technical and environmental improvement, as well as a revenue sharing

percentage for Local Authorities.

This framework generates a potential trade-off between revenue-sharing and
environmental improvements. Both bidders and Authorities should be interested in
estimating the value of the fluvial ecosystem and people’s willingness to pay for pristine
rivers. This knowledge should bring about a better structured beauty contest and more

effective bids.

Consequently, the paper investigates this potential trade-off between a better
environment and a higher percentage of money handed down to Local Authorities by

estimating people’s preferences, with a discrete choice experiment.

The peculiarity of the DCE I have conceived is that [ have translated the revenue sharing
in an immediate rebate in the electricity bill. Respondents could choose higher rebates
and lower ecosystem improvements or lower (or no) rebate and higher ecosystem
amelioration. In real life, there will be no rebate; still, an increased amount of money for
local communities should mean either less local taxes or better local services. This
explain why I targeted only households in the Aspe region: a consistent part of the

revenue sharing percentage will, in fact, accrue to local authorities.

The paper shows that people are willing to pay to increase the ecological status of the
Aspe river; the highest total willingness to pay (WTP) is above € 96 per household and

per year.
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Results show that people’s MWTP for a specific attribute can reach 154 €/year, that is
twice the maximum rebate that was offered. Moreover, all environmental attributes are

considered as significant and worth a monetary effort.

The implication of this study is straightforward: people value considerably the
improvement of the Aspe ecosystem, which means that the beauty contest should stress
this element throughout the process. Moreover, bidders should react accordingly and

develop specific strategies for increasing their chances.

Of course, there is scope for further research. For instance, the results of the DCE could
be largely influenced by its design, so it could be useful to replicate the study, not only in

the Aspe, but for all other rivers where the concession renewal is going to take place.
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Appendix A
The original Italian version of the survey made in the Province of Sondrio

Il Centro Italiano per la Riqualificazione Fluviale (CIRF) e I'Universita di Udine stanno
svolgendo una ricerca per valutare l'attitudine dei cittadini lombardi nei confronti
dell'interazione fra produzione idroelettrica ed ecosistema fluviale in Provincia di
Sondrio, dove si concentra il 50% della potenza idroelettrica regionale. Per semplicita di

analisi, i corpi idrici presenti in Provincia sono stati suddivisi in due tipologie:
1. Idue grandi fiumi di fondo valle (Adda e Mera);
2. Gli altri corsi d’acqua.

Nella seconda sezione del questionario, a ciascun intervistato, saranno poste

domande solo su una delle due tipologie sopra elencate.
Le ricordiamo che il questionario ¢ anonimo.
PARTE 1
1. Secondo lei:
a. quanto e alto 'impatto degli impianti idroelettrici sull’ambiente?
i. Moltissimo
ii. molto
iii. abbastanza
iv. poco
V. per niente
vi. Non so

b. e degli impianti fotovoltaici?



il

iil.

iv.

Vi.

Moltissimo

molto

abbastanza

poco

per niente

Non so
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c. e deitralicci dell’alta tensione?

il
iil.

iv.

Vi.

d. e degli impianti eolici?

il.
iil.

iv.

Vi.

E' a conoscenza del fatto che nella bolletta elettrica esiste una componente,

chiamata A3, che finanzia il sistema di incentivi alle fonti rinnovabili?

Moltissimo

molto

abbastanza

poco

per niente

Non so

Moltissimo

molto

abbastanza

poco

per niente

Non so



d.
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si, ne ero a conoscenza e trovo giusto che gli incentivi alle rinnovabili

siano finanziati con un prelievo diretto dalla bolletta.

si, ne ero a conoscenza, ma preferirei che in bolletta non ci fosse questo

onere.

no, ma trovo giusto che gli incentivi alle rinnovabili siano finanziati con un

prelievo diretto dalla bolletta.

no e preferirei che in bolletta non ci fosse questo onere.

3. Ha idea dell'importo annuo per un'utenza domestica tipo (contatore di 3 kW)?

(indicare valore approssimativo in euro)

g.

10

35

70

100

140

200

Non so.

4. Svolge attivita legate all'ambiente fluviale?

passeggiate
cicloturismo
balneazione
discese in canoa
rafting

pesca sportiva
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g. caccia
h. studi
i. altro

5. A che distanza vive da un corso d’acqua?
a. menodilkm
b. trale5km
c. tra5e20km
d. piudi20 km
€. nonso

6. Negli ultimi dodici mesi ha svolto attivita ricreative nella Provincia di

Sondrio/Valtellina, anche non legate all’ambiente fluviale?

a. Si
b. No
7. Se harisposto si alla domanda precedente:

a. Nel tempo libero?
i. Si
ii. No

b. durante una vacanza con almeno un pernottamento?
i. Si
ii. No

c. per una gita giornaliera?

i. Si
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ii. No
8. E’iscritto ad associazioni ambientaliste o a gruppi ecologisti?
a. Si
PARTE 2
Presentazione

La seconda sezione del questionario e dedicata ai fiumi di Tipologia 1, ovvero i grandi
fiumi del fondo valle valtellinese, Adda e Mera (la cui lunghezza totale in provincia di
Sondrio e pari a 92 km), rappresentati nelle immagini qui sotto. Solo questi fiumi

saranno oggetto del suo questionario.

Tipologia 1: FIUME ALPINO DI FONDOVALLE

Tipologia 1: i o nella mappa
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Istruzioni per la compilazione della sezione

Le presenteremo ora degli scenari (gruppi di scelta) relativi agli impatti ambientali
generati da diversi modi di gestire la produzione degli impianti idroelettrici: alcune di
queste modalita comportano un incremento del costo della sua bolletta elettrica. Per
immediatezza, e stato preso in considerazione un numero ridotto di caratteristiche
dell’ambiente fluviale; a sua volta, ¢ stato considerato un numero limitato di livelli di
variazione di ciascuna caratteristica. Pur non essendo esaustive, caratteristiche e livelli
individuati ben descrivono I'ambiente fluviale. Per ogni gruppo di scelta le viene

richiesto di scegliere quella da lei preferita. Non esistono alternative assurde.

Nel caso in cui necessitasse di maggiori informazioni per caratteristiche e livelli
proposti, pud usare il mouse per spostarsi sulla voce in questione: comparira una

finestra in automatico, dandole tutte le informazioni fondamentali.
Gruppi di scelta

Prima di fare la sua scelta, la incoraggiamo a considerare come un aumento del costo
dell'energia elettrica incidera sul suo bilancio familiare e, quindi, la sua possibilita di
consumare altri beni. Da simili studi in passato & stato dimostrato che, a volte, le persone
esagerano la loro disponibilita a pagare. Questa esagerazione e dovuta alla ridotta

considerazione di quanto la scelta incide sul budget familiare.

Gruppo di scelta 1

Modalita 1 Modalita 2 Modalita 3
incremento annuale  bolletta
elettrica 10 50 0
integrita ecologica elevato cattivo cattivo
lunghezza canoabile 60% 15% 5%
Variazione giornaliera di portata sensibile assente molto forte
Alternativa preferita: O i i
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Gruppo di scelta 2

Modalita 1 Modalita 2 Modalita 3
incremento annuale bolletta
elettrica 50 100 0
integrita ecologica elevato elevato cattivo
lunghezza canoabile 60% 15% 5%
Variazione giornaliera di portata molto forte sensibile molto forte
Alternativa preferita: O O i
Gruppo di scelta 3

Modalita 1 Modalita 2 Modalita 3
incremento annuale  bolletta
elettrica 100 100 0
integrita ecologica cattivo elevato cattivo
lunghezza canoabile 60% 5% 5%
Variazione giornaliera di portata assente assente molto forte
Alternativa preferita: O O i
Gruppo di scelta 4

Modalita 1 Modalita 2 Modalita 3
incremento annuale  bolletta
elettrica 10 100 0
integrita ecologica sufficiente elevato cattivo
lunghezza canoabile 15% 5% 5%
Variazione giornaliera di portata assente assente molto forte
Alternativa preferita: O O i
Gruppo di scelta 5

Modalita 1 Modalita 2 Modalita 3
incremento annuale  bolletta
elettrica 100 10 0
integrita ecologica elevato elevato cattivo
lunghezza canoabile 15% 5% 5%
Variazione giornaliera di portata molto forte assente molto forte
Alternativa preferita: mi i i
Gruppo di scelta 6

Modalita 1 Modalita 2 Modalita 3
incremento annuale bolletta
elettrica 10 50 0
integrita ecologica cattivo sufficiente cattivo
lunghezza canoabile 5% 5% 5%
Variazione giornaliera di portata molto forte sensibile molto forte
Alternativa preferita: mi i O
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Gruppo di scelta 7

Modalita 1 Modalita 2 Modalita 3
incremento annuale bolletta
elettrica 100 100 0
integrita ecologica sufficiente cattivo cattivo
lunghezza canoabile 5% 5% 5%
Variazione giornaliera di portata molto forte sensibile molto forte
Alternativa preferita: O O i
Gruppo di scelta 8

Modalita 1 Modalita 2 Modalita 3
incremento annuale bolletta
elettrica 100 50 0
integrita ecologica sufficiente elevato cattivo
lunghezza canoabile 60% 5% 5%
Variazione giornaliera di portata assente assente molto forte
Alternativa preferita: O i i

Testi pop-up per singolo attributo.

Caratteristiche | Testo pop-up

Incremento Aumento (in euro) della bolletta dell’energia elettrica che l'utente
annuale pagherebbe per poter “coprire” i costi relativi al miglioramento degli
bolletta attributi sotto indicati.

elettrica

Integrita Un fiume o torrente e in ottima salute quanto piu si trova in

dell’ecosistema
fluviale

condizioni prossime a quelle naturali (non alterate da attivita
umane). Valutare l'integrita di un fiume vuol dire considerare molti
aspetti, che vanno dalla qualita dell’acqua alla presenza di habitat
che possono ospitare la vita di organismi acquatici; dalla morfologia
alla presenza ed abbondanza della vegetazione presente sulle
sponde. Nel questionario ci focalizziamo su portate e sedimenti
perché sono gli indicatori che meglio riassumono lo stato di salute
generale dell’ecosistema fluviale..

Lunghezza
complessiva
tratti canoabili

Percentuale del tratto del tratto canoabile (non necessariamente
continuo) rispetto alla lunghezza totale del fiume, dove per
“canoabile” si intende un fiume con una portata d’acqua utile per
praticare lo sport.

Variazione
giornaliera
della  portata
(Hydropeaking)

La presenza di un impianto idroelettrico, in particolare quelli con un
bacino di accumulo, pud generare una forte variazione della
quantita di acqua che scorre nel fiume o torrente a valle dell’opera
di restituzione dell’acqua nell’arco della giornata: quando l'impianto
produce energia elettrica (es. alle 8 o all’'ora di cena) la quantita
d’acqua e elevata, quando non produce o produce poco (es. alla
notte)., nel fiume scorre poca acqua. Molti organismi non
sopportano tale stress, molti altri rimangono spiaggiati e muoiono.
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Testi pop-up per i livelli

Integrita
dell’ecosistema
fluviale

Livelli di integrita proposti

elevato: il corso d’acqua ha una portata simile a quella in condizioni
naturali e garantisce le condizioni ottimali per la vita degli
organismi; i sedimenti (massi, ciottoli, ghiaia, sabbia) presenti nel
suo alveo hanno la “giusta” composizione in funzione della zona in
cui si trova (alta montagna, fondovalle ecc..) e alle caratteristiche
geologiche del suo bacino

sufficiente: una parte significativa della portata naturale viene tolta
dal corso d’acqua, ma quella residua pud permettere ancora la
sopravvivenza parziale degli organismi acquatici; a causa degli
sbarramenti e delle operazioni di gestione degli impianti
idroelettrici si ha una parziale alterazione dei sedimenti che porta in
genere ad osservare una innaturale omogeneita delle forme, la
presenza di limi e fanghi in sospensione e sul fondo, ciottoli ricoperti
da sedimenti fini ecc.

cattivo: la portata residua in alveo e talmente ridotta che solo una
parte molto piccola degli habitat e degli organismi acquatici riesce a
sopravvivere; si puo avere la totale scomparsa di alcune tipologie di
sedimenti (es. massi o ciottoli), la presenza di letti di ghiaia o limi, il
completo intasamento degli interstizi con sedimenti fini e una
complessiva perdita delle forme fluviali (mancanza di buche,
mancanza di tratti a forte corrente, di salti d’acqua ecc..).

Variazione
giornaliera
della  portata
(Hydropeaking)

Livelli di hydropeaking proposti

assente: non ci sono variazioni brusche di portata;

sensibile: la variazione tra i picchi massimi e minimi di portata
abbastanza contenuta; orientativamente la portata massima non
mai superiore di 10 volte quella minima.

molto forte: la variazione tra i picchi massimi e minimi di portata e
elevatissima; la portata massima puod essere anche piu di 10 volte
superiore a quella minima.

@ @~




126

Foto per STATO ECOLOGICO

Tipologia 1 v Tipologia 1
SUFFICIENTE

Tipologia 1
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PORTATE
PORTATE

SEDIMENTI

H
]
g
a
[}
n

/7~ SEDIMENTI

FOTO PER HYDROPEAKING

ASSENZA DI HYDROPEAKING HYDROPEAKING : HYDROPEAKING
: : SENSIBILE
; Qmin = 3me/s f e e Q min = 3m3s

Q max = 55 m3/s
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PARTE 3
1. Genere
a. M
b. F

2. Qual e il suo anno di nascita?

3. Qual e la sua Provincia di Residenza?
a. Bergamo
b. Brescia
c. Como
d. Cremona
e. Lecco
f. Lodi

g. Mantova

h. Milano

i. Monza della Brianza
j.  Pavia

k. Sondrio

l. Varese

4. Qual e l'ultimo ciclo di studi che ha completato?
a. Elementare

b. Medie
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c. Superiore
d. Laurea
e. Altro
5. Qual ¢ la sua professione?

a. Commerciante/Artigiano

b. Impiegato

c. Imprenditore agricolo

d. Top manager/ libero professionista
e. Casalinga

f.  Quadro

g. Manager

h. Insegnante/dipendente pubblico

i. Lavoratore autonomo

j.  Pensionato

k. Operaio

. Operaio specializzato
m. Studente

n. Impiegato junior

0. Disoccupato

6. -Quante persone compongono il suo nucleo familiare (lei compreso)?
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7. Considerando che iquestionario e anonimo, potrebbe indicare in quale classe e
compreso il reddito lordo del suo nucleo familiare nel 2011 (ultimo anno

dichiarato, espresso in Euro)?
a. 0-10.000
b. 10.001-20.000
c. 20.001-30.000
d. 30.001-50.000
e. 50.001-100.000

f. oltre 100.000
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Appendix B
The English translation of the survey made in the Province of Sondrio.

Paris X University and Bocconi University (Italy) are working on a research program,
whose purpose is to provide a tool for assessing the environmental costs of operating
hydroelectric concessions. The Province of Sondrio, home to 50% of Regional
hydropower capacity, has been selected for this research, which entails a survey to

study households’ attitude towards hydropower production.
For simplicity, water bodies have been divided into two categories:
3. The two main rivers (Adda and Mera);

4. All other water bodies.

In the second section of the survey, each respondent will face questions related

only to one of the two categories.

We remind you that the survey is anonymous.
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PART1
1. How would you rate the environmental impact of:

a. Hydropower production?
i. Very high
ii. High
iii. Medium
iv. Low
v. No impact
vi. Idon’t know

b. Solar power?
i. Very high
ii. High
iii. Medium
iv. Low
v. No impact
vi. Idon’t know

c. Power transmission lines?
i. Very high
ii. High
iii. Medium
iv. Low

v. No impact
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vi. Idon’t know
d. Wind farms?
i. Very high

ii. High
iii. Medium

iv. Low

v. No impact
vi. Idon’t know

2. Are you aware of the fact that renewable energy production is financed through a

specific tariff charged on your electricity bill?

a. Yes and I think that incentives to renewable energies should be paid

through a specific tariff in the electricity bill.

b. Yes, but I think that incentives to renewable energies should not be paid

through a specific tariff in the electricity bill.

c. No, but I think that incentives to renewable energies should be paid

through a specific tariff in the electricity bill.

d. No and I think that incentives to renewable energies should not be paid

through a specific tariff in the electricity bill.

3. Do you know the amount of this tariff for a typical residential consumer (yearly

amount in Euro)?

a. 10
b. 35
c. 70

d. 100
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e. 140
f. 200
g. Idon’t know.
4. Do you practice any leisure activity connected to the fluvial environment?
a. Fishing
b. Swimming
c. Hiking
d. Rafting
e. Canoeing
f. Hunting
g. Studies and research
h. Others
i.  No activity
5. At what distance you live from a water body?
a. Lessthan a kilometre
b. Between 1 and 5 kilometres
c. More than 5 kilometres

6. In the last 12 months have you practiced any leisure activity in the Province of

Sondrio, also non-related to the fluvial environment?
a. Yes
b. No

7. Ifyou answered yes to the previous question:
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a. Inyour free time?
i. Yes
ii. No

b. During a vacation?
i. Yes
ii. No

c. Foraday trip?
i. Yes
ii. No

8. Are you a member of an environmental organization?
a. Yes

b. No
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PART 2

The second section of the survey is devoted to Adda and Mera, the great rivers of the
Province of Sondrio (whose total length is 92 kms), represented in the pictures below.

Only these rivers will be the subjects of your survey.

Tipologia 1: FIUME ALPINO DI FONDOVALLE

=y

o nella mappa

Instructions

8 scenarios (choice sets) are presented below. They concern the environmental impacts

generated by different ways of managing hydropower.

We took into account a limited number of environmental attributes and, similarly, we
have considered a limited number of levels of variation for each attribute. Although they
are not exhaustive, attributes and levels chosen give a precise idea of the ecosystem

under study.
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In each scenario, we assume that there are three hydropower producers. Each producer
manages production differently. Producer “1” and “2” will always manage production in
a more environmentally friendly way. On the other hand, this will always result in an

increased electricity bill compared to Producer “3”.

For every choice set, you will be asked to choose the producer you prefer. There are no

absurd choices.

In case you need more information about attributes and levels, you can use the mouse to
go over the item for which you require information: a pop-up window will appear

automatically, giving you all the basic information.

Before making your decision, we encourage you to consider how an increase in the cost
of the electricity bill will impact your family budget and, therefore, your ability to
consume other goods. From similar studies in the past it has been shown that people

exaggerate their willingness to pay. This exaggeration is due to the reduced

consideration of how your choice affects the family budget.

Choice set 1

Producer 1 Producer 2 Producer 3
Annual electricity bill increase 10 50 0
Ecosystem integrity high bad bad
Canoable length 60% 15% 5%
Hydropeaking strong absent very strong
Choice: mi i m
Choice set 2

Producer 1 Producer 2 Producer 3
Annual electricity bill increase 50 100 0
Ecosystem integrity high high bad
canoable length 60% 15% 5%
Hydropeaking very strong strong very strong
Choice: mi i m
Choice set 3

Producer 1 Producer 2 Producer 3
Annual electricity bill increase 100 100 0
Ecosystem integrity bad high bad
Canoable length 60% 5% 5%
Hydropeaking absent absent very strong
Choice: m i m
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Producer 1 Producer 2 Producer 3
Annual electricity bill increase 10 100 0
Ecosystem integrity sufficient high bad
Canoable length 15% 5% 5%
Hydropeaking absent absent very strong
Choice: O O i
Choice set 5

Producer 1 Producer 2 Producer 3
Annual electricity bill increase 100 10 0
Ecosystem integrity high high bad
Canoable length 15% 5% 5%
Hydropeaking very strong absent very strong
Choice: mi O i
Choice set 6

Producer 1 Producer 2 Producer 3
Annual electricity bill increase 10 50 0
Ecosystem integrity bad sufficient bad
Canoable length 5% 5% 5%
Hydropeaking very strong strong very strong
Choice: O O i
Choice set 7

Producer 1 Producer 2 Producer 3
Annual electricity bill increase 100 100 0
Ecosystem integrity sufficient bad bad
Canoable length 5% 5% 5%
Hydropeaking very strong strong very strong
Choice: mi i O
Choice set 8

Producer 1 Producer 2 Producer 3
annual electricity bill increase 100 50 0
ecosystem integrity sufficient high bad
canoable length 60% 5% 5%
Hydropeaking absent absent very strong
Choice: mi i i
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Pop-ups for the attributes

Attributes

Pop-up

Annual bill

increase

Increase (in euro) of the electricity bill that you pay to be able to
"cover" the costs related to the improvement of the attributes listed
below.

Ecosystem
integrity

A water body is in good health as much as it is found in conditions
close to the natural state (not altered by human activities).
Assessing the integrity of a river means considering many aspects,
ranging from water quality to the presence of habitats that may
harbour life of aquatic organisms, or from morphology to the
presence and abundance of vegetation on the banks. In the survey,
we focus on courses and sediments because they are the indicators
that best sum up the general health of the river ecosystem .

Canoable
length

Percentage (not necessarily continuous) of the total length of the
river where it is possible to practice canoeing, with a flow of water
useful for practicing the sport.

Hydropeaking

The presence of a hydroelectric plant, especially those with a
storage basin, can generate a significant and sudden variation in the
amount of water flowing in the water body. Many organisms cannot
survive such a stress and die.

Pop-ups for the levels

Ecosystem
integrity

Levels

High the water body has a flow similar to that in natural conditions
and this guarantees optimal conditions for the life of all organisms;
sediments (boulders, pebbles, gravel, sand) in the riverbed have the
"right" composition as a function of the area in which the water
body is located (mountains, valleys, etc. ..) and the geological
characteristics of its basin.

Sufficient: a significant part of the natural flow removed from the
riverbed, but the remaining part may still allow the partial survival
of aquatic organisms. Due to the operations and management of
hydroelectric plants there is a partial alteration of the sediments
that usually lead to observe an unnatural homogeneity of the forms,
the presence of silt and mud in suspension and on the bottom.

Bad: the residual flow in the riverbed is so small that only a very
small part of the habitat and aquatic organisms can survive; there
can be the complete disappearance of some types of sediments (eg,
rocks or pebbles), the presence of beds of gravel is limited and this
can generate the complete clogging of the interstices with fine
sediments with an overall loss of fluvial forms (lack of potholes, lack
of strong features in the current, waterfalls etc...).

Hydropeakin

Levels
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g Absent: no sudden variations;

Strong: the variation between the maximum and minimum flow rate
is fairly limited: the maximum flow rate is never greater than 10
times the minimum.

Very strong: the variation between the maximum and minimum
flow rate is very high: the maximum flow rate can be more than 10
times higher than the minimum.

Figures for ECOSYSTEM INTEGRITY

Tipologia 1 Tipologia 1

Tipologia 1
SUFFICIENTE

PORTATE
7~ PORTATE
PORTATE

H a
BHE 4
z §
g 2
a a
%) [/]

H
B
Z
:
)]
K]
0
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Figures for HYDROPEAKING

ASSENZA DI HYDROPEAKING HYDROPEAKING ' HYDROPEAKING
SENSIBILE
g Q min = 3m3/s il Q min = 3m3/s

Q max = 55 m3/s

PART 3
1. Youare
a. Male
b. Female

2. Your year of birth

3. What is your Province of residence?

a. Bergamo
b. Brescia
c. Como

d. Cremona

e. Lecco

f. Lodi
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g. Mantova
h. Milano

i. Monza della Brianza

j. Pavia
k. Sondrio
l. Varese

4. What is the highest level of education you have completed?
a.  Elementary school
b. Junior high school
c. High school
d. University degree
e. Other
5. What s your job?
a. Craftsman
b. Employee
c. Farmer
d. Top manager
e. House worker
f. Middle-manager
g. Manager
h. Teacher

i. Self employee
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j.  Retired

k. Unskilled worker
. Skilled worker
m. Student

n. Intern

o. Unemployed

6. How many people live in your family (including yourself)?

7. Your annual income (in Euro)?
a. 0-10,000
b. 10,001-20,000
c. 20,001-30,000
d. 30,001-50,000
e. 50,001-100,000

f. over100,000
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Appendix C

The original French version of the survey made in the Aspe Region.

L’'université Paris X et I'Universita Bocconi de Milan (Italie) travaillent sur un
programme de recherche en économie, dont la finalité est de proposer un outil
d’évaluation du colt environnemental de I'exploitation des concessions
hydroélectriques. Le Gave d’Aspe a été choisie parmi les gaves qui font l'objet de la
présente recherche qui prévoit une enquéte a travers un questionnaire, visant a mesurer
'attitude des ménages qui habitent en proximité du Gave d’Aspe vis-a-vis la production

hydroélectrique.

Le Gave d’Aspe

L'ensemble formé par le gave d'Aspe et le Lourdios

est répertorié comme site « Natura 2000 ».

Leréseau «Natura 2000 » concerne des sites
naturels ou semi-naturels de I'Union
européenne ayant une grande valeur patrimoniale,
par la fauneet laflore exceptionnelles qu'ils

abritent.

Fuissance maximum installée

(en Mw)
8 ﬁ' ? 1; Type de fonctionnement
a
D 08 50 @ Usine lac
a0 a 100 ® Eousce

8 100 3 188 @ =u fil de l'eau

& non renseigng

Nous vous rappelons que le questionnaire est anonyme.
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Section 1
1. Vous étes...
a. Homme
b. Femme

2. Quelle est votre année de naissance ?

3. A quelle distance de la Gave d’Aspe vivez-vous ?
a. Moins d'un kilometre
b. Entre 1 et 5 kilométres
c. Plusde 5 kilometres

4. Pratiquez-vous des activités liées de la Gave d’Aspe ? (Vous en pouvez choisir plus

d’une)
a. Péche
b. Balnéation

c. Promenades

d. Rafting
e. Canoé
f. Chasse

g. Etude/Recherche
h. Autres activités
i. Pas d’activité

5. Vous pratiquez cette (ces) activité(s) :
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a. Une fois par semaine
b. Une fois par mois
c. Plusieurs fois par an
d. Au moins une fois par an
e. Rarement
6. Etes-vous inscrits a une association environnementale ?
a. Oui
b. Non

7. Savez-vous que, dans les prochaines années, les concessions des centrales

hydroélectriques de la Gave d’Aspe seront renouvelées avec des procédures

publiques?

a. Oui

b. Non
Section 2

8 scénarios (groupes de choix - choice sets) sont ici présentés. Ils concernent les
impacts environnementaux générés par des différentes facons de gérer la production

hydroélectrique.

Nous avons pris en compte un nombre limité de caractéristiques environnementales ; de
méme, nous avons considéré un nombre limité de niveaux de variation pour chaque
caractéristique. Bien qu’elles ne soient pas exhaustives, les caractéristiques et les

niveaux identifiés donnent une idée précise de 1'écosystéeme de I’Aspe.

Dans chaque scenario, on fait I'hypothése qu'il y ait trois producteurs d’hydroélectricité.
Chaque producteur vous offre des rabais annuels qui diminuent directement votre
facture d’électricité. Le producteur « C » vous offrira toujours le maximum des rabais, en

préservant la situation actuelle de 1'écosysteme de ’Aspe. Par contre, les producteurs
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« A » et « B » vous offriront des rabais moins importants, mais, dans chaque scenario, ils

vous offriront aussi des améliorations de 1'écosystéeme de I’Aspe.

Pour chaque groupe de choix (choice set), vous serez invité a choisir le producteur

que vous préférez. Il n'existe aucune situation absurde.

Choice Set 1

Caractéristiques
environnementales
Poisson

Truite de mer

et

p — Préoccupant Préoccupant Préoccupant
e s e Etat et tendance Etat et tendance Etat et tendance

Saumon atlantique @ - @ N @ -

P

Producteur A Producteur B Producteur C

",

Naturelle Naturelle Pertrbée

Hydromorphologie

Qualité physico-
chimique de 'eau Tres bon Bon Moyen

Rabais en euro
(réduction annuelle
de votre facture
d’électricité)

Choix

10 40 75
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Choice Set 2

ractéristi
Ca ?Cte stiques Producteur A Producteur B Producteur C
environnementales
Poisson
Truite de mer , ,
e Préoccupant Satisfaisant Préoccupant

e 2-":1 Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique = =S
Naturelle Naturelle Perturbée

Hydromorphologie
Qualité physico-

chimique de I'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Tres bon

Bon

10

75

Choix
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Choice Set 3
Caractéristiques

. qu Producteur A Producteur B Producteur C
environnementales
Poisson
Truite de mer . .
i — Satisfaisant Preoccupant Preoccupant

o e ’..":1 Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique = =S
Naturelle Naturelle Perturbée

Hydromorphologie
Qualité physico-

chimique de I'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Moyen

Tres bon

Moyen

75

Choix
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Choice Set 4
Caractéristiques

. q Producteur A Producteur B Producteur C
environnementales
Poisson
Truite de mer ,
e 4 Satisfaisant Satisfaisant Preoccupant

g - Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique =S
Perturbée Perturbée Perturbée

Hydromorphologie
Qualité physico-

chimique de 'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Trés bon

Moyen

10

Moyen

75

Choix
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Choice Set 5
Caractéristiques

. q Producteur A Producteur B Producteur C
environnementales
Poisson
Truite de mer . .
- Satisfaisant Preoccupant Preoccupant

o o Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique = =S
Perturbée Naturelle Perturbée

Hydromorphologie
Qualité physico-

chimique de I'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Tres bon

40

Bon

40

75

Choix
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Choice Set 6
Caractéristiques

. q Producteur A Producteur B Producteur C
environnementales
Poisson
Truite de mer ,
P — 4 Satisfaisant Satisfaisant Préoccupant

e o ‘ Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique =S
Naturelle Perturbée Perturbée

Hydromorphologie
Qualité physico-

chimique de I'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Tres bon

Tres bon

40

Moyen

75

Choix
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Choice Set 7
Caractéristiques
. q Producteur A Producteur B Producteur C

environnementales
Poisson
Truite de mer ,
T Satisfaisant Satisfaisant Préoccupant

- Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique @ | =

T CEaga J ot ‘

Hydromorphologie

Qualité physico-
chimique de 'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Naturelle

Bon

10

Perturbée

Trés bon

40

Perturbée

Moyen

75

Choix
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Choice Set 8
Caractéristiques
. q Producteur A Producteur B Producteur C
environnementales
Poisson
Truite de mer , , ,
o — Préoccupant Préoccupant Préoccupant
T - Etat et tendance Etat et tendance Etat et tendance
Saumon atlantique @l = | = @ | =
ry—o
Naturelle

Hydromorphologie

Qualité physico-
chimique de 'eau

Rabais en euro
(réduction annuelle
de votre facture

d’électricité)

Pertrbée

Trés bon

10

Moyen

40

Perturbée

75

Choix
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Appendix D

The English translation of the survey made in the Aspe Region.

Paris X University and Bocconi University (Italy) are working on a research program,

whose purpose is to provide a tool for assessing the environmental costs of operating

4 hydroelectric concessions. The Aspe River is

t one of the mountain streams that have been

] selected for this research, which entails a

P survey to study households’ attitude towards
- hydropower production.

Aspe River

The Aspe River is listed as one of the "Natura
2000" sites. The Natura 2000 network
concerns natural or semi-natural areas of the
European Union of great heritage value,
because of their exceptional flora and fauna.

Puissance maximum installée

(en Mw)
Type de fonctionnement 8 ?a 1;
a
Usine lac
o () 10a 50
@ Eclusée

504100
00 & 188

@ au fil de I'eau 8 1

¢ non renseigng

We remind you that the survey is anonymous.
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Section 1

8. Youare...
a. Male
b. Female
9. Your year of birth
- W
10. At what distance is the Aspe River from your house?
a. Lessthan a kilometre
b. Between 1 and 5 kilometres
c. More than 5 kilometres
11. Do you practice any leisure activity connected to the Aspe?
Fishing
Swimming
Hiking
Rafting
Canoeing
Hunting
Studies and research
Others
i. No activity
12. How often you practice those activities:
a. Weekly
b. Monthly
c. More than once per year
d. Atleastonce ayear
e. Lessthan once a year
13. Are you a member of an environmental organization?
a. Yes
b. No
14. Are you aware of the fact that in the next years hydropower concessions in the
Aspe River will expire?
a. Yes
b. No

5@ o a0 o

Section 2

8 scenarios (choice sets) are presented below. They concern the environmental impacts
generated by different ways of managing hydropower.

We took into account a limited number of environmental attributes and, similarly, we
have considered a limited number of levels of variation for each attribute. Although they
are not exhaustive, attributes and levels chosen give a precise idea of the ecosystem
under study.

In each scenario, we assume that there are three hydropower producers. Each producer
offers annual rebates on your electricity bill. Producer "C" will always offer you the
maximum rebate, preserving the current ecosystem status of the Aspe River. On the
other hand, producers "A" and "B" will offer smaller discounts, but in each scenario, they
will also provide improvements to the Aspe ecosystem.
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For every choice set, you will be asked to choose the producer you prefer. There are no
absurd choices.

Choice Set 1
Attributes Producer A Producer B Producer C
Fish
Sea trout . . .

i — Not satisfactory Not satisfactory Not satisfactory

e . Status and evolution | Status and evolution | Status and evolution
Atlan tic Salmon ) = & - = -

—a e (<‘

Natural Natural Artificial

Hydro-morphology

Physical and chemical
water quality Very good Good Sufficient

Rebate in euro (on
your yearly electricity [ 10 40 75
bill)

Choice
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Choice Set 2

Attributes Producer A Producer B Producer C

Fish

Sf‘,l Er‘(‘)\ut = Not Satisfactory Satisfactory Not Satisfactory
e '--":i Status and evolution | Status and evolution | Status and evolution

Atlantic Salmon

olntc o]~ |ede  |lel-
f'v'!

Natural Natural

Hydro-morphology

Physical and chemical
water quality

Rebate in euro (on
your yearly electricity
bill)

Very good

Good

10

Artificial

Sufficient

75

Choice
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Choice Set 3
Attributes Producer A Producer B Producer C
Fish
qu Erzut o Satisfactory Not Satisfactory Not Satisfactory
. '--"a Status and evolution | Status and evolution | Status and evolution
Atlantic Salmon - ) = ) Y
f'v'!
Natural Natural

Hydro-morphology

Physical and chemical
water quality

Rebate in euro (on
your yearly electricity
bill)

Sufficient

Very good

Artificial

Sufficient

75

Choice
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Choice Set 4
Attributes Producer A Producer B Producer C
Fish
Sea trout .
P Satisfactory Satisfactory Not Satisfactory
R x| Status and evolution | Status and evolution | Status and evolution
Atlantic Salmon
g = —

Hydro-morphology

Physical and chemical
water quality

Rebate in euro (on
your yearly electricity
bill)

Artificial

Very good

Artificial

Sufficient

10

Artificial

Sufficient

75

Choice
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Choice Set 5
Attributes Producer A Producer B Producer C
Fish
T . .
b;eg Eﬂm == Satisfactory Not Satisfactory Not Satisfactory
e '1"1 Status and evolution | Status and evolution | Status and evolution

Atlan tic Salmon - ® Y = -
f'v"

Artificial Natural ‘ Artificial

Hydro-morphology

Physical and chemical
water quality Very good Good Sufficient

Rebate in euro (on
your yearly electricity [ 40 40 75
bill)

Choice
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Choice Set 6
Attributes Producer A Producer B Producer C
Fish
Sea trout .
@ N_Au_ - Satisfactory Satisfactory Not Satisfactory
A» I' :;"4'; Status and evolution | Status and evolution | Status and evolution
e ‘
Natural Artificial Artificial

Hydro-morphology

Physical and chemical
water quality

Rebate in euro (on
your yearly electricity
bill)

Very good

Very good

40

Sufficient

75

Choice
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Choice Set 7
Attributes Producer A Producer B Producer C
Fish
Sea trout .
@ N_Au_ - Satisfactory Satisfactory Not Satisfactory
A» I' :;"4'; Status and evolution | Status and evolution | Status and evolution
e ‘
Natural Artificial Artificial

Hydro-morphology

Physical and chemical
water quality

Rebate in euro (on
your yearly electricity
bill)

Good

10

Very good

40

Sufficient

75

Choice
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Choice Set 8
Attributes Producer A Producer B Producer C
Fish
b;eg Er‘o‘uf ad Not Satisfactory Not Satisfactory Not Satisfactory
e - Status and evolution | Status and evolution | Status and evolution
Atlan tic Salmon ) Y @ = ) Y
Artificial Natural Artificial

Hydro-morphology

Physical and chemical
water quality

Rebate in euro (on
your yearly electricity
bill)

Very good

10

Sufficient

40

Sufficient

75

Choice




