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A Review of Eco-labels and their Economic Impact

In many countries, various eco-labels have emerged for informing consumers about the environmental impact of the offered products. Using recent advances in the empirical and theoretical literature, this review questions the efficiency of eco-labeling. We combine a literature review with discussions of empirical examples. We underline the limitations of eco-labels for signaling credible information to consumers. In particular, both the complexity and the proliferation of eco-labels are likely to hamper their efficiency in guiding consumers. From a regulatory perspective, several studies show that eco-labels are useful, but they cannot be considered a panacea for improving environmental quality. Indeed, it is often socially optimal to combine eco-labels with other regulatory tools such as standards banning polluting products and tax/subsidy mechanisms depending on the environmental quality. The conclusion suggests research priorities for tackling unanswered questions.

Introduction

An eco-label can be defined as a simple signal that can be posted by several competitors to induce consumers to purchase eco-friendly products [START_REF] Teisl | Ecocertification: Why it may not be a "field of dreams[END_REF]. In many countries, there is demand for goods and services with high environmental quality, as some consumers have a growing awareness of the impact of their consumption on the environment [START_REF] Tranter | Consumers' willingness-to-pay for organic conversion-grade food: Evidence from five eu countries[END_REF]. Consumers' perceptions of environmental damage are often linked to perceptions of their health. Demand for eco-friendly and sustainable goods, thus, creates an opportunity for firms to offer eco-friendly products. Firms use eco-labels to notify consumers about the higher quality of their goods [START_REF] Teisl | The economics of labeling: An overview of issues for health and environmental disclosure[END_REF]. The growing market for green products is leading to an increase in the number and diversity of eco-labels. In fact, environmental labeling increased six fold between 1990 and 2010 [START_REF] Gruère | An analysis of the growth in environmental labelling and information schemes[END_REF]. According to the website of Ecolabel Index (2018), there were 463 eco-labels in 199 countries and 25 industry sectors in 2018. This proliferation of eco-labels in some situations limits the favorable effects that environmental information has on consumer behavior, instead producing undesirable effects [START_REF] Grunert | Sustainability in the Food Sector: A Consumer Behaviour Perspective[END_REF].

In many situations, consumers are imperfectly informed about the environmental impact of their purchases and cannot internalize hard-to-estimate environmental externalities. They make choices ignorantly or based on uncontrolled messages and rumors. Environmental attributes cannot be checked before the purchase, nor can they be determined through the experience of the consumption of a good [START_REF] Ford | An empirical test of the search, experience and credence attributes framework[END_REF], which corresponds to credence characteristics [START_REF] Darby | Free competition and the optimal amount of fraud[END_REF]. A situation without credible signals entails a market failure, leading to the absence of high-quality products [START_REF] Akerlof | The market for "lemons": Quality uncertainty and the market mechanism[END_REF]. Eco-labels, by informing consumers, help them internalize environmental characteristics and purchase high-quality products. Consumers, firms, governments, and non-governmental organizations (NGOs) have different motivations and interests regarding the existence of eco-labels.

Eco-labels can be part of an environmental policy. In this respect, creating public ecolabels or imposing mandatory ones are policy options that can accompany or replace taxation and norms [START_REF] Golan | Economics of food labeling[END_REF]. In other cases, the use of eco-labels as a policy instrument provides incentives to producers to attract consumers with a high willingness to pay (WTP) [START_REF] Crespi | Eco-labelling economics: is public involvement necessary[END_REF]. However, accounting for incentives and markets adjustments is particularly challenging for the decision maker. Information about products' characteristics should be taken into account, and a cost/benefit analysis is necessary to assess the relevance of a public intervention on the market [START_REF] Crespi | Some economic implications of public labeling[END_REF].

This study aims to (1) describe incentives for the use of eco-labels, (2) assess the limitations of eco-labels, and (3) discuss the relevant use of eco-labels as a policy instrument. It uses the recent main advances from empirical contributions, such as experimental economics and hedonic prices, and theoretical contributions, such as industrial organization, environmental economics, and regulatory economics. As various contributions proliferate, we select those most significant for illustrating our purpose. The literature is divided into two main fields. The first field encompasses numerous empirical studies eliciting premiums for various ecofriendly characteristics. Indeed, numerous articles examine both consumers' WTP and the factors altering such willingness. The second field comprises theoretical studies describing the mechanisms used to improve the functioning of eco-labels. This review adds to the literature by focusing on some of the overlooked questions related to the regulation. The previous works by Galarraga [START_REF] Galarraga Gallastegui | The use of eco-labels: A review of the literature[END_REF], [START_REF] Gruère | An analysis of the growth in environmental labelling and information schemes[END_REF], [START_REF] Horne | Limits to labels: The role of eco-labels in the assessment of product sustainability and routes to sustainable consumption[END_REF], [START_REF] Prieto-Sandoval | Eco-labels as a multidimensional research topic: Trends and opportunities[END_REF], and [START_REF] Walter | Green certification, heterogeneous producers, and green consumers: a welfare analysis of environmental regulations[END_REF] have mainly described the motivations, market incentives, and limitations of eco-labels. Although we tackle these issues,

Characterization of eco-labels

In this study, we restrict our attention to eco-labels that are either signals that distinguish products according to environmental criteria or declarations providing quantitative indicators of environmental performance (see the ISO 14020 definitions (ISO, 1999a,b)). It is relevant to characterize eco-labels using various criteria such as communication channel (e.g., business-to-business, business-to-consumer, business-to-government, government-toconsumer), category of goods and services targeted (e.g., agriculture and food, electronics, transportation, textile products, tourist services), environmental attribute (e.g., natural resources, sustainability, biodiversity, source of pollution), ownership (e.g., private, public, non-profit, hybrid), mode of governance (e.g., voluntary versus mandatory), and scope (e.g., regional, national, international).

In this study, we only focus on the business-to-consumer communication channel. Many of our examples come from agriculture and food because this sector accounts for the highest number of eco-labels [START_REF] Gruère | An analysis of the growth in environmental labelling and information schemes[END_REF] such as organic labels, Marine Stewardship Council labels, and rainforest labels. Regarding services, eco-labeling has recently grown in the tourism sector, with the Green Globe label and Blue Flag label signaling pure water and a clean coast for 4,554 beaches in 45 countries in 2018 (see Blue Flag, 2018). In the energy sector, the famous Energy Star label is a U.S. Environmental Protection Agency label widely posted on many electric appliances to signal energy efficiency (see Energy star, 2018). For the energy sector, [START_REF] Hahn | The impact of behavioral science experiments on energy policy[END_REF] showed that information can help promote reductions in energy use.

The ownership of eco-labels is also important because this may sway the credibility of the label. Eco-labels are mainly owned by private entities or NGOs. In 2012, public-owned eco-labels only represented one-sixth of existing eco-labels [START_REF] Gruère | An analysis of the growth in environmental labelling and information schemes[END_REF]. Most eco-labels globally are voluntarily adopted by firms; however, some characteristics can be defined by the regulator, as is the case for organic labels. Mandatory labels appear as an exception in the eco-label setting.

1 For a broad view of the economic effects, readers can consult the book edited by [START_REF] Teisl | Labelling Strategies in Environmental Policy[END_REF] and special issue of the Journal of Agricultural and Food Industrial Organization published in 2009 entitled "Quality promotion through eco-labeling" (see [START_REF] Costa | Quality promotion through ecolabeling: introduction to the special issue[END_REF]. A complete review of high-quality certification was provided by [START_REF] Dranove | Quality disclosure and certification: Theory and practice[END_REF].
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For many products, those with eco-labels represent a small proportion of sold products, with market shares lower than 5% or even lower than 1%. However, when consumers are aware of an environmental problem, an eco-label may provide a strong incentive. For example, the dolphin-safe label was widely adopted by fishers in the 1990s and led to an impressive reduction in the number of dolphins killed (see Teisl et al., 2002b;IATTC, 2018). The dolphin-safe labeling of canned tuna thus significantly altered consumer behaviors. Likewise, toilet paper and detergents with the eco-label Nordic Swan are also largely consumed in Nordic countries [START_REF] Bjørner | Environmental labeling and consumers' choice-an empirical analysis of the effect of the nordic swan[END_REF]. Forest Stewardship Council and Pan European Forest Certification labels are also widely adopted for wood products and recycled paper [START_REF] Teisl | What we may have is a failure to communicate: Labeling environmentally certified forest products[END_REF]Teisl et al., 2002a) showed that the environmental labeling of wood products influences consumers' purchase decisions, particularly for products such as recycled paper for which they perceive a clear connection between high usage and the environmental impact.

Beyond the previous examples, the general characterization of the market shares of products with eco-labels is hazardous as they depend on many idiosyncratic parameters such as consumers' awareness, generic advertising, supply chain organization, and the accuracy of the certification process. We now turn to consumers' motivation to purchase green products.

Market incentives for adopting eco-labels

This section presents the main works focusing on the market mechanisms and adoption of eco-labels by private agents. [START_REF] Akerlof | The market for "lemons": Quality uncertainty and the market mechanism[END_REF] showed that imperfect information on products' characteristics leads to market failures, with high-quality products being driven out of the market. Eco-labels are a response toward thwarting such market failure. Here, we describe consumers' preferences and firms' incentives for adopting eco-labels.

Consumers' choices

By choosing "clean and green" goods and services, consumers play a significant role in decreasing the environmental damage caused by production chains. Indeed, by changing demand for products' attributes, they choose which products produced and how. The efficiency of an eco-label depends on consumers' sensitivity toward the environment (e.g., their carbon footprint). If they have little interest in sustainability, the effect of eco-labels may be limited and perhaps insignificant. The price of products with eco-labels is the main factor limiting their purchases, especially for low-income consumers.

Most empirical research on eco-labels focuses on consumers' choices and preferences. Some studies directly measure the impact of eco-labels on market prices (Nimon & Beghin, 1999a). For instance, using consumer panel data and estimating hedonic prices, [START_REF] Jaffry | Consumer choices for quality and sustainability labelled seafood products in the uk[END_REF], [START_REF] Brécard | Determinants of demand for green products: An application to eco-label demand for fish in europe[END_REF][START_REF] Roheim | The elusive price premium for ecolabelled products: Evidence from seafood in the uk market[END_REF] showed the existence of a significant price premium for fish with eco-labels. These studies describe the significant but low price Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 premium between green and regular products.

Other studies elicit WTP using surveys and experiments on the logos and messages revealed to participants by products . The initial contributions by [START_REF] Blend | Measuring consumer demand for ecolabeled apples[END_REF] and [START_REF] Loureiro | Assessing Consumer Preferences For Organic, Eco-Labeled, And Regular Apples[END_REF] showed that some consumers pay a premium for environmentally friendly products [START_REF] Tranter | Consumers' willingness-to-pay for organic conversion-grade food: Evidence from five eu countries[END_REF], which means that their WTP for a product with an eco-label is higher than that for an "equivalent" product without an eco-label. Although empirical economics have shown that consumers care about the environmental impact of the goods they buy, their WTP is often relatively low. As shown by the examples in Table 1, the WTP for food with eco-labels has been intensively estimated. In Table 1, we restrict our attention to a few representative studies. An exhaustive study of WTP could lead to a meta-analysis that aims to measure the factors swaying WTP and premiums.

In Table 1, the type of good is in the second column and the methodology used to elicit WTP is in the fourth column. Surveys and lab experiments are useful for eliciting wellinformed, thoughtful preferences. However, upward biases for WTP are likely because of the artificial environment and limited number of products examined, while real-life choices imply multiple and quick decision making under quality uncertainty, information overload, and/or imperfect recall. Using a meta-analysis, [START_REF] List | What experimental protocol influence disparities between actual and hypothetical stated values?[END_REF] found that on, average, participants overstate their preferences, including WTP and willingness-to-accept, in hypothetical settings. Nonetheless, even though WTP can be overstated when using a hypothetical methodology, a strictly positive WTP confirms a consumer's interest in an environmental characteristic. Despite possible biases, the studies in Table 1 thus indicate real intent to pay more for eco-labels when the WTP for eco-labeled products is higher than that for regular products.

The last column of Table 1 shows that the WTP for green food is significantly higher than the WTP for regular food in most cases. In other words, these positive WTP differences between green and regular products are robust irrespective of the type of eco-label, type of food, and country. In this table, there is only one non-food product (roses), and [START_REF] Michaud | Willingness to pay for environmental attributes of non-food agricultural products: a real choice experiment[END_REF] found a premium for environmental attributes signaled by eco-labels and/or carbon footprints. Table 1 confirms that consumers' sensitivity explains the emergence of voluntary eco-labels in various markets. However, disentangling the motivations behind these consumption decisions is challenging. It is unknown whether eco-labeled products are chosen for (1) a pure altruistic reason for the environment, (2) a warm-glow effect satisfying a consumer's utility or ego (see [START_REF] Andreoni | Impure altruism and donations to public goods: A theory of warm-glow giving[END_REF], (3) a selfish reason, when a green characteristic is positively correlated with other characteristics such as health benefits and taste [START_REF] Bougherara | Eco-labelled food products: what are consumers paying for?[END_REF], or (4) a positional effect indicating the high income of the purchaser [START_REF] Grolleau | Being the best or doing the right thing? an investigation of positional, prosocial and conformist preferences in provision of public goods[END_REF].

An eco-label is selected for products characterized as "impure public goods," namely those generating numerous private attributes that directly affect consumer utility and certain public attributes that affect the environment and society as a whole (see [START_REF] Kotchen | Impure public goods and the comparative statics of environmentally friendly consumption[END_REF] a classification raises the question of the nature of the correlation between these private and public attributes. For such durable products as boilers and cars, energy consumption and CO 2 emissions are positively correlated, which facilitates consumers' interest in the environment by the possible lower cost of using efficient products [START_REF] Hahn | The impact of behavioral science experiments on energy policy[END_REF]. From an experiment with a virtual supermarket, [START_REF] Lacroix | Labelling for sustainable food : impact of nutritional and environmental logos in a food choice experiment[END_REF] studied how consumers choose a basket of foods among items signaled by traffic lights, with the majority of the offered products having incompatible nutritional and environmental qualities (e.g., a product having a green light for nutrition and a red light for the environmental impact). In such a context, the authors showed that such double labeling (i.e., nutrition/environment) is ineffective as consumers do not like to trade between the nutritional and environmental dimensions. Hence, several eco-labels not only focus on the environment, but also indicate the social, health, and animal welfare attributes, such as those dealing with sustainability (see [START_REF] Blackman | The evidence base for environmental and socioeconomic impacts of" sustainable" certification[END_REF]. Indeed [START_REF] Grunert | Sustainability labels on food products: Consumer motivation, understanding and use[END_REF] found that sustainability labels (e.g., Rainforest Alliance, carbon footprint, Fair Trade, and animal welfare) do not play a major role in consumers' food choices.

The correlation may be imaginary when consumers believe that a private characteristic is positively correlated with the environment. For instance, [START_REF] Aertsens | Personal determinants of organic food consumption: a review[END_REF] and [START_REF] Mondelaers | Importance of health and environment as quality traits in the buying decision of organic products[END_REF] underlined that the most important drivers of purchasing organic foods are the perception that the organic dimension is safer, healthier, and better for the environment than regular processes for producing food. However, there is little scientific evidence that eating organic products is healthier than eating regular products, with no significant differences in the chemical or pathogenic contaminations between regular and organic products (see [START_REF] Guéguen | Le point sur la valeur nutritionnelle et sanitaire des aliments issus de l'agriculture biologique[END_REF].

To summarize the empirical literature, many consumers want their products to be clean and their WTP for these clean products differs. A higher WTP for clean products than regular products spurs firms to use eco-labels. We now turn to the other side of the market by studying firms that aim to exploit the higher WTP for eco-friendly products.

Firms' motivations

Most eco-labels are voluntarily adopted by firms. For a firm, the choice of such a label is a strategic decision to inform consumers about the environmental attributes of its products. Hence, eco-labeling appears to be an opportunity to differentiate a firm's goods to improve sales (see [START_REF] Bonroy | On the economics of labels: How their introduction affects the functioning of markets and the welfare of all participants[END_REF], 2008). If consumers have a high WTP for highenvironmental quality goods and/or a low WTP for low-environmental quality goods, this would be a powerful incentive for firms to communicate through eco-labels and improve the environmental attributes of their products. The link between communication and environmental improvement is sometimes fragile and controversial. In particular, "greenwashing" involves making an outrageous environmental claim to conceal the lack of effort in improving the environment . This negative effect mainly depends on the seriousness of the certification
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Any voluntary information that a firm adds to packaging aims to increase sales and boost profits [START_REF] Golan | Economics of food labeling[END_REF]. The theoretical models proposed by [START_REF] Arora | Toward a theoretical model of voluntary overcompliance[END_REF], [START_REF] Bagnoli | Selling to socially responsible consumers: Competition and the private provision of public goods[END_REF], [START_REF] Amacher | Environmental quality competition and eco-labeling[END_REF], [START_REF] Roe | Credence good labeling: The efficiency and distributional implications of several policy approaches[END_REF], [START_REF] Bottega | Public, private and nonprofit regulation for environmental quality[END_REF], Bottega et al. (2009), andBonroy &[START_REF] Bonroy | On the economics of labels: How their introduction affects the functioning of markets and the welfare of all participants[END_REF] are significant contributions to studying firms' incentives to differentiate their products when consumers value certain environmental characteristics. These models rely on the crucial assumptions of vertical differentiation occurring when the offered goods are ordered according to their environmental quality from the highest to the lowest.

To provide a sense of the intuition behind these theoretical models, Figure 1 presents some of the key findings. This figure comes from a simple model described in the Appendix. It helps explain firms' incentives to select an eco-label under monopoly or duopoly. It is assumed that firms can choose either low-quality or high-quality products. The quality levels are given for simplicity, which differs from studies previously quoted. Without a certification providing this eco-label, they only produce low-quality products (see [START_REF] Akerlof | The market for "lemons": Quality uncertainty and the market mechanism[END_REF]. It is also assumed that one and/or two firms should pay sunk cost C for perfectly certifying the high-environmental quality related to the eco-label (chosen in stage 2 of the model in the Appendix). Further, demand follows a vertical differentiation specification with price competition between firms (chosen in stage 3) (see [START_REF] Mussa | Monopoly and product quality[END_REF]. Firms' incentives to use certification and high-quality labeling are also presented in Figure 1 with high quality, k h , represented on the X-axis and certification cost C represented on the Y-axis. Firms' choices are indicated in different areas. The X-axis starts at the low-quality level k l , characterizing the lack of product differentiation. The higher k h , the higher is the consumer's WTP for the high-quality product (see the Appendix).

Figure 1 shows that the voluntary selection of the label depends on the relative sizes of cost C and high quality k h , affecting the consumer's WTP. When cost C is relatively low, the certification is affordable for one firm. When cost C is relatively high, however, the prohibitive cost deters any firm from choosing the label. The higher quality k h , the higher is the certification cost compatible with the selection of the label. Figure 1 underlines that the incentive to voluntarily certify depends on the number of competing firms for relatively mid-ranged certification costs, namely C 1 < C < C 2 . In this range, the incentive of a firm under duopoly is higher than that for one under monopoly. By certifying its products, the firm under duopoly reduces the intensity of the price competition with the other firm selecting low-quality products. In other words, certification allows firms to differentiate their products from competitors. Under duopoly with price competition, however, two firms cannot simultaneously certify their products because price competition would lead to zero gross profits, thus impeding the coverage of the sunk cost of certification.2 Although these
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Beyond Figure 1, other contributions tackle important issues. The functioning of a supply chain promoting an eco-label and the contractual relationships inside such a supply chain have generally been overlooked in the literature. Among the exceptions, [START_REF] Bonroy | On the economics of labels: How their introduction affects the functioning of markets and the welfare of all participants[END_REF] and [START_REF] Bonroy | Downstream labeling and upstream price competition[END_REF] theoretically examined downstream labeling and upstream price competition, underlining the complexity of the contractual links among the producers of a supply chain. [START_REF] Bonroy | Downstream labeling and upstream price competition[END_REF] showed that labels on the downstream market affects upstream price competition in the supply chain, with both differentiation and ranking effects determining who in the supply chain will receive the benefits and who will bear the burden of labelling. 3 Recent econometrics studies have also considered supply chains with eco-labels. Using real purchase data identifying green and regular products, it is possible to develop a structural econometric model of demand and supply that takes into account the relationships between farmers and retailers. This structural econometric model allows researchers to distinguish between farmers' and retailers' margins, which is promising for understanding vertical relationships. Bonnet & Bouamra-Mechemache (2016) computed the margins of regular and organic milk for retailers and manufacturers in France. They showed that per-unit margins in the organic sector are higher than those in the conventional sector. These methods are promising for evaluating the share of profits in the supply chain. This is particularly important as many supermarkets in Europe and the United States promote organic products to attract consumers with relatively high WTP. [START_REF] Hassan | National brands and store brands: Competition through public quality labels[END_REF] studied firms' incentive to adopt a label when their brand reputation matters. For the same product, they underscored that the value of a label decreases when it is combined with another label or a well-known brand, as well as that retailers with supermarket brands often have a higher incentive to adopt a label than manufacturers with national brands. This subsection underlined that firms' incentives to invest in eco-labels depend on several parameters influencing their profits, including the number of firms as shown in Figure 1. However, the fact that eco-labels are used by firms does not mean that market incentives have removed all the flaws and limitations, which are studied next.
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Limitations of eco-labels

Eco-labels face several barriers to conveying credible information. [START_REF] Grunert | Sustainability in the Food Sector: A Consumer Behaviour Perspective[END_REF] highlighted six barriers limiting the impact of eco-labels on consumers' choices: the absence of consumers' perceptions of the label criteria, the peripheral broadcast of information about the label, the wrong inferences of the label meaning, the trade-off between an eco-label and an alternative label, the lack of awareness and/or credibility, and the lack of motivation at the time of choice.

The next three subsections present the potential limitations damaging the credibility of eco-labels. These three reasons lead to a decrease in the perceived quality of eco-labels, which reduces the incentive to certify in the first place. This case is illustrated in Figure 1, with the decrease in high-quality k h implying a shift from k hA (point A) to k hB (point B) at the same certification cost C A . Hence, while an eco-label is worthwhile for the firm at point A, it becomes worthless for the firm at point B. We now describe the limitations that are particularly acute when we restrict our attention to eco-labels.

Credibility of eco-labels

Consumers' trust in voluntary eco-labeling is an important point, as sustainability characteristics are not directly visible by consumers before purchasing a product [START_REF] Arguedas | Corporate environmental responsibility, consumers trust and imperfect competition[END_REF]. Indeed, the environmental impacts of products are credence attributes (see [START_REF] Darby | Free competition and the optimal amount of fraud[END_REF], which means that consumers cannot be sure about the attributes even after consumption. Environmental impacts may be partially defined as experience attributes, which means that consumers can evaluate environmental attributes after purchase, as is the case with energy labels.

Third-party organizations, including private agencies and governments, contribute to the credibility of the messages on environmental attributes through criteria setting, certification, and enforcement [START_REF] Dosi | Is ecolabelling a reliable environmental policy measure?[END_REF]. With the possibility of illicit reporting regarding the environmental quality in the green market, [START_REF] Hamilton | Green markets, eco-certification, and equilibrium fraud[END_REF] show that fraud is less prevalent in green markets when entry barriers limit the number of firms, and classical environmental policies for limiting polluting techniques increase the incidence of fraud. They showed that markets characteristics and agents incentives influence the level of frauds coming from lax certifying agencies. [START_REF] Heyes | Private vs. public regulation: political economy of the international environment[END_REF], [START_REF] Van't Veld | Green clubs[END_REF], Fischer &[START_REF] Fischer | Competing environmental labels[END_REF]Fischer &[START_REF] Fischer | A theory of multi-tier ecolabel competition[END_REF] analyze the different motivations of NGOs, industry organizations and government for setting standards and inspections characterizing eco-labels.

Eco-label definitions can be contentious, with experts quibbling over criteria, as was the case with the Marine Stewardship Council label defining sustainable fishing ultimately judged as lenient and arbitrary by some scientists [START_REF] Jacquet | Seafood stewardship in crisis[END_REF].
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The credibility of eco-labels for signaling high quality ultimately depends on whether consumers have faith in the third-party certifying agencies truthfully reporting their examination of firms adopting eco-labels. However, public and private certifying agencies cannot always perfectly determine quality at a reasonable cost or truthfully report the environmental impact of products. If a certification process is noisy and imperfect, polluting firms might be certified, whereas green firms might be rejected through the certification process [START_REF] Mason | Imperfect product testing and market size[END_REF]. Further, if the certification process is too lenient, consumers may suspect greenwashing by firms [START_REF] Hamilton | Green markets, eco-certification, and equilibrium fraud[END_REF]. Some contributions from the industrial organization field focus on the incentives of private certification agencies to truthfully report their observations of quality [START_REF] Lizzeri | Information revelation and certification intermediaries[END_REF]. Competition among certifying agencies and the cost structure of the certification process play a crucial role in the incentive to reveal environmental quality [START_REF] Crespi | How should food safety certification be financed?[END_REF][START_REF] Auriol | Quality signaling through certification in developing countries[END_REF].

If consumers do not trust a label, it will have no impact on their purchase or their WTP. Consumers' trust may be influenced by diverse market issues including the complexity and profusion of eco-labels.

Complexity and technicality of environmental information

A multiplicity of eco-labels indicates different environmental dimensions (e.g., carbon footprint, greenhouse gas emissions, impact on the forest, use of pesticides, water consumption, biodiversity, energy consumption). [START_REF] Bruce | The production of eco-labels[END_REF] showed that increasing returns to scale and complexities in production imply that it will be possible to market only a small percentage of environmental attributes through the use of eco-labels. Regarding consumers, comprehension and memorization are acute issues when the information transmitted is technical and/or complex, as is the case for labels indicating CO 2 emissions (Caputo et al., 2013b) and energy cost [START_REF] Min | Labeling energy cost on light bulbs lowers implicit discount rates[END_REF]. In the context of information overload, [START_REF] Keller | Assessing biases in measuring decision effectiveness and information overload[END_REF] and [START_REF] Wansink | Front-label health claims: when less is more[END_REF] found that if consumers have too much information, they lose the marginal effect of this information. With eco-labels, the challenge consists in conveying simple messages without betraying the complexity of environmental assessments. The puzzling question at the top of Figure 2 highlights the complexity of the various criteria related to eco-labels.

The rising number of environmental dimensions such as air pollution, water pollution, climate change, the use of pesticides, biodiversity protection, the development of renewable energies, and clean transportation is leading to a major difficulty in prioritizing consumption decisions in favor of the environment. This complexity is reinforced by the vast number of products that people can purchase, with each having complex environmental impact.

We know from the history of organic products that positive attitudes do not always translate into purchases [START_REF] Thøgersen | Psychological determinants of paying attention to eco-labels in purchase decisions: Model development and multinational validation[END_REF]. Being positive toward sustainability at a general level does not necessarily mean that a consumer will purchase sustainable products Golan 2001). Consumers can be lost in a context with a large number of eco-labels only covering certain aspects of the broader sustainability concept. In addition to organic labels, there are alternative labels signaling environmental protection and others signaling fair trade, animal welfare, carbon footprint, local production, and other aspects.

Given that those issues limit the impact of eco-labels, researchers have aimed to improve the understanding of environmental labels [START_REF] Vlaeminck | Food labeling and eco-friendly consumption: Experimental evidence from a belgian supermarket[END_REF]. Providing information is insufficient; instead, general information/knowledge must be given to consumers [START_REF] Grolleau | A Review of Eco-labels and their Economic Impact[END_REF]. For carbon labels, the mode of communication is particularly important as it is possible to (1) directly reveal the amount of emissions for a product, (2) indicate these emissions on a graduated scale to allow comparison with other products, and (3) use a slogan such as "low carbon emissions" without any quantified indications. Despite efforts to simplify the messages, however, [START_REF] Kortelainen | Effects Of Carbon Reduction Labels: Evidence From Scanner Data[END_REF] found that having a carbon label has no impact on detergent prices and demand. [START_REF] Schubert | Green nudges: Do they work? are they ethical?[END_REF] underlines the social benefit of simplified labels/logos with injunctive messages that convey social approval or disapproval, using a smiley face to inform consumers who are characterized by imperfect recall and limited knowledge.

The proliferation of eco-labels

The chocolate bar market in Europe and in the United States epitomizes the current proliferation of labels trying to signal cocoa sustainability, with various practices for protecting soils and rainforests, reducing greenhouse gas emissions, and/or developing rural communities (see [START_REF] Rousseau | The role of organic and fair trade labels when choosing chocolate[END_REF]. For instance, in France in 2017, the majority of national chocolate brands exhibited one or two labels in the following list: (1) the organic label (Agriculture Biologique), (2) the Fair Trade label (Max Havelaar), (3) the Rainforest label, (4) the Cocoa Plan label, (5) the Cocoa Life label, (6) the Carbon Neutral Product label, (7) the UTZ label, and (8) the Palm Oil Free label (see [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. Many of these labels have similar criteria for signaling sustainability, which makes it difficult for consumers to distinguish the most efficient ones. Likewise, a new label called "Conversion to Organic" was recently created for French wine to signal the multitude of changes necessary to gain an organic label (current a two-year process) [START_REF] Garbay | En occitanie, un nouveau logo pour les viticulteurs «en conversion[END_REF]. In the product segment, this label is located between conventional and organic products, thereby providing more diversity to consumers; however, it is also contributing to the possible confusion.

The proliferation of eco-labels leads to blurred signals. Indeed, in a study of carbon footprint labels, [START_REF] Gadema | The use and usefulness of carbon labelling food: A policy perspective from a survey of UK supermarket shoppers[END_REF] showed that 89% of shoppers face confusion in interpreting and understanding labels because of poor communication and the proliferation of different labels. [START_REF] Brécard | Consumer confusion over the profusion of eco-labels: Lessons from a double differentiation model[END_REF] showed that the proliferation of eco-labels can significantly affect consumers' understanding of the environmental information they provide. Consumers might be confused as they do not know the specificity of each eco-label. In this context, they may give value to a label owing to its image at the expense of the intrinsic quality it Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 guarantees and regardless of whether they perceive this label as a sign of environmental quality. Indeed, consumers may be more influenced by the marketing around a label than the environmental quality it represents. The proliferation of eco-labels thus leads to manifold claims about the health, environment, and/or sustainability effects, which limits the extent to which such labels help consumers [START_REF] Marette | Consumer confusion and multiple equilibria[END_REF].

Consumers' confusion impacts firms. Indeed, the profusion of eco-labels leads to a weakening of the value of the greenest eco-label in the minds of consumers. Other firms with alternative eco-labels related to low quality benefit from this confusion, and too many firms select low-quality eco-labels [START_REF] Marette | Consumer confusion and multiple equilibria[END_REF]. [START_REF] Banerjee | Eco-labeling for energy efficiency and sustainability: a meta-evaluation of us programs[END_REF] indicated that the multiplicity of voluntary labels for signaling energy efficiency also causes confusion among firms, which become uncertain about the best label to pursue. In an experiment for eliciting WTP and classifying the relevance of different labels posted on one product, Marette (2014) simulated the benefit a firm could obtain by reducing the number of labels on this product. This paper has shown that the exclusive use of the most valued label facilitates the recognition of this label, and has positive impact on WTP, profits and consumers' surplus.

To conclude, these limitations explain the fragile and weak performance of many ecolabels. Hence, regulation could try to improve the influence of eco-labels by overcoming some of these inefficiencies.

Regulation with eco-labels

The limitations of eco-labels underlined in the previous section raise some questions about the policy that could and should improve the environmental impact of various products. In many of the studies that define an optimal policy from a normative view, regulatory tools are selected by a policymaker aiming to maximize welfare, defined as the sum of the surpluses of its agents, including environmental damage.

When and why to intervene

In particular, the possible regulation linked to eco-labels was studied by [START_REF] Roe | Credence good labeling: The efficiency and distributional implications of several policy approaches[END_REF], [START_REF] Horne | Limits to labels: The role of eco-labels in the assessment of product sustainability and routes to sustainable consumption[END_REF], [START_REF] Disdier | Taxes, minimum-quality standards and/or product labeling to improve environmental quality and welfare: Experiments can provide answers[END_REF], [START_REF] Roe | The economics of voluntary versus mandatory labels[END_REF][START_REF] Messer | Labeling food processes: The good, the bad and the ugly[END_REF]. The approach in Figure 1 can be used to explain when a regulator should intervene. The regulator can take actions by maximizing welfare (chosen in stage 1 of the model in the Appendix). It is assumed that the regulator can impose a mandatory label or subsidize the certification cost if a mandatory label is not possible.

The regulator maximizing welfare may intervene to correct certain voluntary decisions. the sunk cost of certification is not passed via the market price onto consumers, who do not internalize this cost in their demand, the firm's choices differ from those that would maximize welfare. When C 1 < C < C 3 , the regulator imposes a mandatory label on the firm. This certification cost typically related to mandatory labeling can be borne by the monopolist, with gross profits higher than the certification cost. Figure 3 shows that the market incentives are not always sufficient for favoring the emergence of eco-labels. In this simplified analysis, we do not take into account the new distortions that may result from mandatory labeling (see [START_REF] Roe | The economics of voluntary versus mandatory labels[END_REF]. We do not have any over-compliance that could emerge if a firm wants to differentiate its products from other products complying with the mandatory label (see [START_REF] Arora | Toward a theoretical model of voluntary overcompliance[END_REF].

Figure 4 starts from figure 1 by only focusing on duopoly. Figure 4 presents the choices for maximizing welfare under a duopoly. Once again, as the sunk cost of certification is not passed onto consumers, the firm's choices differ from those that would maximize welfare for two areas. First, for C < C 4 , the choice maximizing welfare is to fully subsidize the certification cost to ensure that the label is selected by both firms, and to impose a highquality standard banning low-quality. A mandatory label would be impossible to implement because both firms with high-quality products would have zero gross profits under price competition, impeding the coverage of the certification cost. Such a mandatory label would then lead to the exit of one firm. However, fully subsidizing the certification cost for both firms Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 Second, for C 2 < C < C 5 , the regulator certifies one firm, while the other one offers lowquality products. No mandatory label can be implemented, as the choice of different qualities is socially optimal. A partial subsidy propelling one firm to certify its high-quality products is thus selected (see the Appendix). Note, however, that we do not study the configuration in which the regulator could lead one firm to exit the market by imposing a mandatory label under duopoly with price competition. Despite these simple assumptions, Figures 3 and4 underline that regulatory intervention crucially depends on the number of firms. Both figures invalidate the idea that firms resort to voluntary labeling whenever markets have incentives to supply labels. By also considering consumers, the regulator may influence decisions for medium-sized certification costs.

Beyond Figures 3 and4, other contributions tackle important issues. We now provide more details on the regulatory possibilities that could improve the efficiency of eco-labels by taking account of the limitations of these eco-labels underscored in the previous section
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Improving the efficiency of voluntary eco-labels

Regarding the previously exposed limitations of eco-labels, a regulator might decide whether to intervene to increase the efficiency of voluntary eco-labeling. Without imposing any mandatory actions on firms, it may attempt to influence firms' incentives to voluntarily adopt an eco-label. A regulator is particularly useful for setting up a common signal with a clear specification for producers and consumers [START_REF] Crampes | How many karats is gold: Welfare effects of easing a denomination standard[END_REF]. As the proliferation of eco-labels comes from the diversity of the environmental attributes such as greenhouse gas emissions, biodiversity, land use, water consumption, and chemical pollution, playing on the number of environmental attributes signaled by eco-labels can be an option for a regulator. Indeed, a government may encourage the creation of global environmental labels encompassing several attributes or it may limit the number of eco-labels for a given attribute.

Green characteristics require a clear definition specific to an eco-label to persuade consumers. Providing generic explanations and recommendations on the impact of clean consumption could be useful for developing consumers' knowledge and sensitivity, but this is not a panacea for changing behaviors. Generic advertising that offers greater explanation has a limited impact on attracting consumers' attention to eco-labels [START_REF] Chen | Consumer preferences, ecolabels, and effects of negative environmental information[END_REF]. The regulator should thus ban false claims and inspect certifying agencies that guarantee the credibility of eco-labels. The questions of both credibility and public monitoring are acute as scientific experts have previously criticized the poor environmental impacts of voluntary certification in the fisheries, palm oil, and textiles sectors (see Changing Markets Foundation, 2018).

Understanding firms' incentives to adopt an eco-label can be a thorny issue for a regulator because of the lack of knowledge about firms' costs and markets' specificities (see [START_REF] Amacher | Environmental quality competition and eco-labeling[END_REF]. Firms have interactions as well with NGOs. Since to be relevant an eco-label need to be used by companies, creating new eco-labels, NGOs interact with private sector to ensure that some companies can reach the specifications of their labels. As well, pressure by NGOs often leads firms to replace components harmful for the environment with ecofriendly substitutes signaled by an eco-label [START_REF] Brécard | Component-free strategy of firms under pressure from the NGOs[END_REF]. Goals such as pollution reduction and welfare improvement via the promotion of one or several eco-labels require inefficient firms to exit the market or, at the very least, low market shares for unlabeled products. [START_REF] Benoit | Le Bio peut-il nourrir le monde ? Technical report[END_REF] raised the issue of increasing the market share of food with organic labels to limit the prevalence of pesticides. These higher market shares could be reached by providing subsidies, as mentioned in Figure 4. Such a policy may lead to unexpected consequences, however, because the withdrawal of pesticides decreases crop yields and ultimately increases food prices.

Another option consists in understanding the impact of competition coming from the presence of different types of labels (see [START_REF] Li | Green, greener, greenest: Eco-label gradation and competition[END_REF][START_REF] Brécard | Component-free strategy of firms under pressure from the NGOs[END_REF]. [START_REF] Fischer | Competing environmental labels[END_REF] study competition between a NGO and an industry that can establish their own voluntary standard with a related label signaling it. They found that Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 environmental benefits may be smaller with two competing labels than with the NGO label alone, and they show that this label competition is not systematically environmentally beneficial. A regulator could also choose to limit eco-labeling in the market by capping the number of eco-labels that one owner is allowed to create, thereby increasing the requirements for introducing new labels, or normalizing a maximum number of eco-labels existing by categories of goods and services.

When consumers cannot precisely ascertain the environmental quality related to different labels, the regulator faces a trade-off between the promotion of a single label with harmonized environmental criteria and competition among different eco-labels, which risks confusion in the market owing to the heterogeneity of consumers' preferences [START_REF] Golan | Economics of food labeling[END_REF]. The question of satisfying the heterogeneity of consumers' preferences has been tackled by research studying the development of an intermediate environmental label between regular and organic products (see [START_REF] Marette | Consumers' willingness to pay for eco-friendly apples under different labels: Evidences from a lab experiment[END_REF][START_REF] Van Herpen | How to position 'mildly sustainable' products: The joint impact of assortment display and price setting[END_REF]. Indeed, if the regulator and certifying organizations want to favor harmonized certification under a single label, they must determine the stringency of the environmental certification to maximize welfare. In particular, the high environmental quality related to this single label may oust many competitors tempted to create an alternative label that would ultimately lead to a possible proliferation. All these market reactions challenge the regulator's ability to efficiently promote voluntary eco-labels for reducing pollution.

As we have argued that influencing the adoption of voluntary labels is a thorny issue, the regulator may turn to the enforcement of a mandatory eco-labeling, which is studied next.

The relevance of mandatory eco-labeling

The regulator may want to force firms to disclose environmental information because it is a right for consumers to be aware of certain attributes [START_REF] Golan | Economics of food labeling[END_REF]. Figures 3 and4 show that imposing a mandatory label is not systematic and rather depends on the market structure. Figure 5 shows an example of a mandatory eco-label imposed at the European Union (EU) level when consumers purchase a car. This eco-label combines traffic lights with quantified details about emissions. This mandatory system is also used for other durable goods sold in the EU. Such a mandatory labeling policy is rarely only motivated by the environmental issue, such as the case of the mandatory energy consumption labeling implemented for decades in the United States and Europe. This label classifies the energy consumption of goods using electricity. Each class is described by a letter and a color to be easily understandable by all consumers. Such an eco-label informs consumers about energy consumption as well as the consequences in terms of consumers' cost, energy wastage, and the environment [START_REF] Min | Labeling energy cost on light bulbs lowers implicit discount rates[END_REF].

Before deciding to enforce a mandatory label, the regulator should be careful about the
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Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 nature of the product. It must take into account the clearness of the information conveyed by the eco-label to avoid consumers' confusion. It should also assess the effects of labeling costs on the market [START_REF] Crespi | Some economic implications of public labeling[END_REF]. An advantage of eco-labeling is its credibility because it is imposed and controlled by the public regulator. Generally, as the regulator endorses the cost of setting up the eco-labeling system and monitoring all firms, a mandatory ecolabeling system is more expensive for the government than the inspection of a voluntary eco-labeling system. From a policy point of view, eco-labels help inform consumers about the environmental attributes of all the products sold in the market. In the case of goods with negative credence attributes, firms have no incentive to voluntarily eco-label their goods, which is a major motivation for justifying a mandatory eco-label. From a natural experiment with a mandatory traffic light system signaling the environmental sustainability of fish sold in California, [START_REF] Hallstein | Can household consumers save the wild fish? lessons from a sustainable seafood advisory[END_REF] underlined that the sales of fish with a amber light were negatively impacted, while the sales of sustainable fish with a green light were not. They showed that the mandatory traffic light system led to a significant 15.3% decline in overall fish sales.

When a certain attribute is mandated by law to be labeled, consumers might perceive it as a subtle signal from the government to be cautious about the criteria to favor favoring producers' acceptance or consider it to be an inferior product, which in turn affects their preferences. This signaling effect goes beyond the simple informational effect. Considering this effect, a mandatory labeling policy may have a strategic dimension not recognized in the previous literature. In a lab experiment, [START_REF] Bansal | Labels for gm foods: What can they do? Economic and Political Weekly[END_REF][START_REF] Bansal | The informational and signaling impacts of labels: experimental evidence from india on gm foods[END_REF] attempted to delineate the frontier between the signaling effect of a label and the informational effect. They found that the informational effect dominates the signaling effect. [START_REF] Messer | Labeling food processes: The good, the bad and the ugly[END_REF] pointed out that mandatory labels are likely to have serious unintentional consequences such as consumers' misinterpretations of these labels and/or the stigmatization of low-quality products. This is particularly acute when mandatory standards are not based on science evidences. [START_REF] Tian | Eco-labelling scheme, environmental protection, and protectionism[END_REF] found that mandatory eco-labels can impede the entry of firms or lead some to exit the market. 4All these market adjustments should be taken into account by a regulator when deciding whether a mandatory eco-label should be enforced.

Eco-labels compared with other policy instruments

Mandatory eco-labels are interesting for allowing freedom of choice among diverse products and encouraging consumers with higher WTP to buy cleaner products. However, as

Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 underlined in previous sections, limitations, including the lack of recognition and knowledge about eco-labels, impede many consumers from internalizing the characteristics signaled by eco-labels. Therefore, the advantages and shortcomings of eco-labels should be compared with those of other regulatory tools.

Regarding environmental policy, the regulator often chooses command and control instruments such as norms and taxation. Norms and standards impose on producers a minimum level of quality or a specific production process that facilitates trade. However, minimum-quality standards may have the drawbacks of reducing the diversity of products, by eliminating low quality, which is however a legitimate objective when both health and safety matter for society. The mechanism of taxation and/or subsidy is a regulatory alternative based on the price impact on consumers' choices as prices are affected by the tax/subsidy per unit sold [START_REF] Marette | Taxes and subsidies to change eating habits when information is not enough: an application to fish consumption[END_REF]. The low elasticity of product demand in relation to prices limits the impact of the price variations induced by tax/subsidies on the quantities consumed. Every tool entails distortions that should be taken into account.

As shown by [START_REF] Goulder | Instrument choice in environmental policy[END_REF] and [START_REF] Disdier | Taxes, minimum-quality standards and/or product labeling to improve environmental quality and welfare: Experiments can provide answers[END_REF], economic analyses do not provide any definitive conclusions on the optimal use of these tools. Although eco-labels could provide information to consumers, other tools would still be useful as all externalities cannot be internalized by some consumers. Regulation is useful, because market imperfection may lead to an excess of quality differentiation compared with what is socially optimal [START_REF] Bansal | Tax/subsidy policies in the presence of environmentally aware consumers[END_REF]. [START_REF] Birg | Minimum quality standards and compulsory labeling when environmental quality is not observable[END_REF] theoretically showed that social welfare is higher under the combination of both minimum quality standards and mandatory labeling than under either no regulation or each instrument applied in isolation.

Because of their lack of recognition by consumers with limited recall, eco-labels do not provide perfect information and environmental characteristics are not fully internalized. Eco-labels can thus be associated with other policy instruments such as standards banning/limiting non-green products, taxes on non-green products, and/or subsidies on green products. From a welfare perspective, [START_REF] Disdier | Taxes, minimum-quality standards and/or product labeling to improve environmental quality and welfare: Experiments can provide answers[END_REF] and [START_REF] Walter | Green certification, heterogeneous producers, and green consumers: a welfare analysis of environmental regulations[END_REF] argued that the combination of eco-labels and other instruments is socially optimal. Indeed, [START_REF] Horne | Limits to labels: The role of eco-labels in the assessment of product sustainability and routes to sustainable consumption[END_REF] argued that eco-labels alone are insufficient. Eco-labels should thus be considered to complement standards banning/limiting non-green products and taxes/subsidies on green products. Such a combination of tools may overcome some of the shortcomings presented above, although the unnecessary redundancy of tools is a burden for society. Applied estimations are thus useful for evaluating policies on a case-by-case basis.

The evaluation of a policy on a case-by-case basis should compare all regulatory tools by taking into account all the limitations presented in previous sections and by eliciting consumers' preferences for the various environmental characteristics of a given product. Ideally, empirical economic analysis would entail monetizing all the relevant environmental dimensions, which implies, among other factors, assessing the positive and negative environmental externalities of the production process. These evaluations are often conducted using Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 stated or revealed preference methods focusing on a specific outcome, without accounting for the potential conflicts among environmental issues. Cost/benefit analysis aggregates the various dimensions of environmental sustainability into a single monetary value. The WTP for a good/characteristic may vary depending on whether it is evaluated on its own or as part of a broad basket of goods/characteristics, which ultimately raises the question of the stability of WTP. [START_REF] Kahneman | Valuing public goods: The purchase of moral satisfaction[END_REF] underlined the sub-additivity effect that occurs when the estimated WTP for the improvement of one characteristic plus the estimated WTP for another characteristic is greater than the "common WTP" when participants are asked to value the two characteristics together. The cost/benefit analysis should address these methodological limitations to determine the optimal combination of an eco-label, a standard, and/or a tax/subsidy mechanism.

Conclusion and future research perspectives

The previous sections presented the main findings of prior studies on eco-labels. In particular, we underlined the limitations of eco-labels for conveying complex information to consumers. The relevance of eco-labels for conducting environmental policy can differ among countries, depending, for example, on the attention paid to information on the sustainable and environmental dimensions by local consumers.

We identified several overlooked issues that seem important to study in the future.

1. Regarding consumers, many theoretical models or experiments only focus on one type of product (e.g., tomatoes) and the different quality levels of a specific product. However, these approaches do not explain the environmental aspect of the whole basket of goods and services purchased by each consumer. If you consider the whole basket of products, each person may favor eco-labels for some products and neglect eco-labels for others because of budget constraints and/or the slackening of the "green effort" after the consumption of green goods that are relatively expensive. In other words, a self-licensing effect may exist, increasing the self-confidence of consumers buying a few green products and tending to make them less worried about the consequences of buying other polluting products. Considering the basket of all purchased products raises the question of the eco-label of this basket rather than the eco-label of a given product. An eco-label for a basket is tricky to define because of the complex substitutions between green and non-green products made by consumers. More research should thus be conducted to understand these types of eco-labels for the whole basket. 2. Regarding consumers, scanning barcodes with smartphones may provide a large amount of information on the environmental performance of various products. These exhaustive messages may complement the eco-labels posted on products, or even replace them. New discounts that depend on the search for eco-labels could be offered for interested consumers. However, the number of consumers searching for environmental
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Comment citer ce document : Yokessa, M., [START_REF] Marette | Label proliferation and consumers' confusion. the weak impact of sustainability labels on the value of chocolate[END_REF]. A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107 information on green/non-green products is unclear. 3. Regarding firms and the regulator, many studies in industrial organization and regulatory economics only examine the static aspect of exchanges, investment, and regulation by considering one period. The dynamic aspect of the presence of an eco-label is generally overlooked. An eco-label may open a window for future regulation that would be more stringent, such as one justifying a minimum quality standard that maximizes welfare . It is possible to extend the analysis by integrating dynamic configurations with repeated exchanges in markets, the possibility of exiting/entering a market, and the possibility for a label to lose a good reputation. 4. From a regulatory point of view, the previous section showed that no regulatory instrument clearly dominates consumers' choices when welfare maximization is the objective. The eco-label may be efficient or unknown depending on many parameters, including the proliferation that hampers clear messages. The impact of eco-labels and alternative instruments on both the environment and welfare should thus be realized on a case-by-case basis. Cost/benefit analyses should be more often made on a product-byproduct basis to understand the optimal welfare choices. This is particularly the case for deciding whether a mandatory eco-label should be imposed. Depending on the cost of inspecting firms, the policymaker must determine the number of inspections for domestic and foreign firms, the penalty for non-compliance, and the way to finance such a policy. The social benefits of imposing a mandatory label would be diminished by taking into account the cost of regulation. An analysis on a product-by-product basis would therefore combine empirical estimations of WTP with models detailing the market mechanisms. 5. From a regulatory point of view, few studies quantify the impact of eco-labels on the environment. Among the exceptions, [START_REF] Blackman | Does eco-certification stem tropical deforestation? forest stewardship council certification in mexico[END_REF] precisely estimated the effect of Forest Stewardship Council eco-labels on deforestation in Mexico. Despite their impressive work that considered many indicators, however, they were unable to reject the null hypothesis that certification does not affect deforestation. This work illustrates the difficulty of quantifying the influence of eco-labels on the environment because of the complexity of environmental effects, heterogeneity of economic situations, and data availability. More work should be carried out on this topic. 6. Further research might also be conducted to assess the effect of eco-labeling on the incentives for technological innovation and investment in the research and development of cleaner technologies. As there is demand for more sustainable products and an incentive for firms to provide greener goods and services, it is relevant to observe how eco-labels contribute to green innovation. 7. Eco-labels could be coupled with other labels signaling quality, safety, or health benefits.

In many cases, eco-labels improve environmental quality and thus, have an indirect effect on animal and human health locally. Being aware of these indirect benefits of a clean environment on health could increase the demand for products with eco-labels.
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This raises the complex question of precise indicators signaling all characteristics versus a simplified label displaying a synthetic grading accounting for all these dimensions. 8. A large amount of empirical evidence is from developed countries, as shown in Table 1.

As eco-labels are often nascent in developing countries, there is little empirical evidence on WTP for environmental attributes in these nations. More evidence on the likely expansion of eco-labels in developing countries should be provided. 9. We noted a lack of studies of the nascent use of eco-labels by public services or local authorities. For instance, the Airport Carbon Accreditation is an institution providing a certification of the carbon management of airports, which is a complex issue for airports with high levels of pollution (see Airport Carbon Accreditation, 2019). Beyond this example, the incentive for a local government to certify/label its public activities can be limited if inhabitants are not sensitive to these questions and/or not ready to move toward green cities. An interesting extension could consist of developing a kind of Tiebout model in which competition across cities places competitive pressure on the provision of local public goods, such that the optimal level of public goods could emerge [START_REF] Tiebout | A pure theory of local expenditures[END_REF]. Indeed, with such a Tiebout (1956) approach, green labels for cities could signal green public amenities, attract interested citizens, and contribute to the emergence of the optimal level of environmental public goods.

Beyond these overlooked questions, the economic literature underlines that an eco-label is useful but imperfect for providing information. An economic approach accounting for behaviors and incentives is appropriate to complement classical studies of environmental policy, which are generally defined by ecological, toxicological, and/or epidemiological objectives aimed at improving the environment. By taking into account the different effects underscored in this paper, economic approaches should lead to cost/benefit analyses that help debates and public decision-making.
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The absence of certification

As a basis for the analysis that follows, first consider the scenario where quality does not exist. In this case, because of their lower cost, only low-quality products will be offered. Consumers fully expect this outcome, as there is no credible certification available at this point (see [START_REF] Akerlof | The market for "lemons": Quality uncertainty and the market mechanism[END_REF].

When a certification is available, we next consider the two configurations, namely the monopoly and the duopoly.

Certification under monopoly

Before studying the firm's incentive to choose high-quality and certification (stage 2), we study the price decision (stage 3). For a quality k and a price p chosen by the monopolist, consumer would knowingly purchase a quality k. The consumer indifferent between buying a product and buying nothing is identified by the preference parameter θ = p/k (such that θkp), which leads to a demand for a product of 1 θ dθ = 1p/k, since the parameter θ is uniformly distributed between 0 and 1. The price at stage 3 is determined for a given level of quality previously selected.

When the monopolist selects high-quality products, it incurs the certification cost C and the marginal cost h, consumers know that high-quality is offered. With a demand for certified products equal to 1p/k h , the monopolist chooses p to maximize its profit (ph)(1p/k h ) -C, resulting in an equilibrium price p m = (k h + h)/2. This price leads to an equilibrium profit equal to π mh = (k hh) 2 /4kh -C. The consumers' surplus is then

CS mh = 1 p m k h
(θk hp m )dθ = (k hh) 2 /8k. The overall welfare is W mh = CS mh + π mh .

When the monopolist selects the low-quality products, the profit at the optimum is π ml = k l /4 and the surplus is CS ml = k l /8 . The overall welfare is W ml = CS ml + π ml .

At stage 2, the monopolist voluntary selects high-quality products and certify its products with the label, as soon as its profit π mh is greater than π ml , which corresponds to the constraint C < C 1 , represented on figures 1 and 3. It was assumed that h was relatively low always guaranteeing π mh > π ml and C 1 > 0. The other frontier represented on figure 1 will be detailed below with the duopoly case.

Figure 3 details the regulator's choice maximizing the welfare under monopoly. At stage 1, the regulator chooses to impose the mandatory label and the certification, when the monopolist does not choose the label for C > C 1 and when the welfare W mh is greater than W ml , which corresponds to the constraint C < C 3 , represented on figure 3. When labels are mandatory, the inequality π mh -C > π ml -C is always satisfied, guarantying the choice of high quality. For C < C 3 , the inequality π mh > 0 is very often satisfied. When C > C 3 , nothing is imposed since W ml > W mh .
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 1 Figure 1: Voluntary selection of the high-quality label by firms under monopoly or duopoly
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 2 Figure 2: A few eco-labels

  Figure 3 starts from Figure 1 by only focusing on monopoly. It presents the choices for maximizing welfare in a monopoly market. These choices do not correspond to the choice of the monopolist for relatively medium-sized certification costs, namely C 1 < C < C 3 . As Comment citer ce document : Yokessa, M., Marette, S. (2019). A Review of Eco-labels and their Economic Impact. International Review of Environmental and Resource Economics, 13 (1-2), 119-163. , DOI : 10.1561/101.00000107

Figure 3 :

 3 Figure 3: Welfare and a high-quality label under monopoly
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 4 Figure 4: Welfare and a high-quality label under duopoly
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 5 Figure 5: Mandatory eco-label for CO2 emissions by vehicles in France

Table 1 : Examples of experiments on eco-labels published between 2007 and 2016 References Products Countryies Methods Eco-labels Impact on the market
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This last result changes under quantity competition (Cornot) or with a marginal certification cost.

For firms, a voluntary eco-labeling approach can also be a way to anticipate and/or prevent public regulation that could be more constraining. Indeed, by complying with a certification process, firms try to reduce the environmental impact of their products and make consumers aware of their environmental attributes to demonstrate their goodwill as well as avoid more stringent regulation based on a norm or a tax. This dynamic aspect of regulation avoidance, although pervasive, is difficult to quantify. It seems that this topic is overlooked by the literature.

Some studies(Nimon & Beghin, 1999b;[START_REF] Joshi | Are eco-labels consistent with wto agreements[END_REF][START_REF] Sheldon | Public vs. private eco-labeling of environmental credence goods: Maximizing the gains from international integration[END_REF][START_REF] Roe | The economics of voluntary versus mandatory labels[END_REF] have examined the impacts of voluntary and/or mandatory eco-labeling programs on international trade. Eco-labels highlighting environmental characteristics may boost high-value exports from poor countries, which is positive for trade, or impede poor countries from entering certain markets because of the costly requirements linked to certification, which is negative for trade.
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Appendix

We use a simple, stylized framework. Many extensions are possible. The assumptions are the following.

The assumptions

For simplicity, trade occurs in a single period. We consider either a monopoly situation or a duopoly situation, namely 1 2 firms producing products. We do not detail the firms' entry related to other fixed costs that are not studied.

Firm(s) can choose to produce high or low-quality products. We assume that the marginal cost of producing high-quality products is h > 0 and relatively low, while the marginal cost of producing low-quality products is zero. The specific quality of each commodity is known by each firm but is not observed by consumers or other firms.

Consumers are risk neutral and want to purchase only one unit of the good. The parameter k > 0 represents the quality level of a product. A consumer has a WTP equal to θk but differs in his or her willingness to pay for the quality, which is described by the uniformly distributed parameter θ ∈ [0, 1]. For the sake of simplicity and without loss of generality, the mass of consumers is normalized at unity. A consumer who buys one unit of a quality k at a price of p has an indirect utility equal to θkp (see [START_REF] Mussa | Monopoly and product quality[END_REF]. The high-quality is denoted k h and the low-quality is denoted k l , with k h > k l > 0.

We assume that only one certification agency is able to provide a perfect and credible certification regarding the high-quality signaled by the label. This certification agency charges a fixed fee/cost C to firm(s) for guaranteeing the certification credibility related to the label. This fixed fee/cost is sunk for a firm incurring it. This certification is the only credible way to signal quality to consumers or other firms.

The single round of trading proceeds in 3 stages. In stage 1, the regulator selects its policy, namely whether or not to propose mandatory certification (study with figures 2 and 3). For the sake of simplicity, there is no opportunity cost of public funds and no cost of regulation. In stage 2, producers simultaneously choose whether or not to produce high-quality products and whether or not to certify these products (e.g., "high-quality with certification"), with every firm and every consumer observing the certification results. In stage 3, firm(s) simultaneously set prices (with a price competition under duopoly). Price choices and decisions to certify are defined by backward induction under a subgame perfect equilibrium.
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Certification under duopoly

Under price competition at stage 3, the selection of the same quality by firms leads to the same price equal to the marginal cost. The homogeneity of quality reduces prices to marginal cost. When both firms offer the same quality, gross profits not accounting for fixed/sunk fees are zero.

If both firms select low-quality products, the price is equal to zero, the profits are zero and the consumers' surplus also equal to the welfare is CS dl = 1 0 θk l dθ = k l /2, with θ uniformly distributed between 0 and 1.

Because of the fixed fee C related to the certification, both firms cannot simultaneously select the high-quality products leading to a gross profit equal to zero and to a loss equal to -C for each firm, when this certification cost is incurred by each firm. With a price equal to the marginal cost h, the consumers' surplus would be equal to

2k h and the welfare would be equal to W dh = CS dh -2C.

Under price competition, only one firm can produce high-quality products and pay the cost of certification C due to a positive profit on the segment of high-quality products. In this case, the consumer indifferent between high-quality products and low-quality product is defined by θ = (p hp l )/(k hk l ). The parameter θ = p l /k l , defines the consumer indifference between consuming low-quality and not purchasing. Since the parameter θk is uniformly distributed, the demand for high-quality product is 1 -[(p hp l )/(k hk l )] and the demand for low-quality products is (p hp l )/(k hk l )p l )/(k l . Both firms maximize the following profits, namely

-C for the firm with high-quality products and the certification cost and π dl = p l ((p hp l )/(k hk l )p l /k l ) for the firm with low-quality products. The profits maximization leads to equilibrium prices, p h * and p l * . At the equilibrium, the profits are

The consumers' surplus is

and the welfare is

At stage 2, one firm voluntary selects the label and certify its products, as soon as its profit π dh is greater than 0, corresponding to the profit when both firms choose the low-quality products. The constraint π dh > 0 corresponds to the constraint C < C 2 , represented on figures 1 and 4. The frontier C 2 complements figures 1 detailing the private incentives of firms.
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Figure 4 details the regulator's choice maximizing the welfare under dupoly. At stage 1, the regulator likes to both firms choosing the label and high-quality when W dh is greater than W dhl , which corresponds to C < C 4 , represented on figure 4. When C < C 4 , it is optimal to fully subsidize the certification cost C to each firm, and to select a high-quality standard banning low quality, for having both firms selecting high-quality products leading to a price equal to h. Without this high-quality standard, 1 firm would select the high-quality and the other one, the low-quality, for differentiating their products and maximizing their profits. Recall that there is no opportunity cost of public funds.

For relatively high values of the certification cost, the regulator likes to have one firm choosing the label when W dhl is greater than CS dl that is the welfare when both firms choose low-quality products. W dhl > CS dl corresponding to C < C 5 is represented on figure 4. When one firm does not choose the label for C > C 2 and when C < C 5 , the regulator subsidizes the certification with a subsidy S such that π dh + S > 0 and S being the lowest possible level.