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Abstract – The paper presents an overview of the impacts of climate change on GIs and explores the conditions of adaptation of these products. It is based on the formalization of an economic model of agricultural products under GI, and the example of wine, whose analysis of the conditions for adaptation to climate change has been the subject of a wide research program, LACCAVE. Climate change places GI products in very constrained situations with the impasse of both conservative strategies and adaptation through artificialisation. A third way remains possible under conditions: a moderate global warming, a procedural definition of GIs, the integration of mitigation measures in the code of practices, the reinforcement of R&D, and the development of a new engineering of GIs.[footnoteRef:1] [1: Montpellier University, UMR Innovation, INRAE, Cirad, Instit. Agro
2 place Viala, 34060 Montpellier, France (jean-marc.touzard@inrae.fr) ] 

Keywords – GI, climate change, wine

Introduction 
Because it questions the possibility of sustainable relationships between the characteristics of an agricultural product and its local conditions of production, climate change (CC) appears as one of the main threats to products of origin and geographical indications (GI). Are GI products doomed to disappear because of CC, or can they continue to offer perspectives for food systems? The paper proposes a synthesis of the impacts of CC on GIs and an exploration of the ways and conditions of their possible adaptation. It is based on: i) the formalization of an economic model for agricultural products under GI, which makes it possible to organize the questioning of their sustainability in the context of CC, and ii) the example of wine, a production at the historical basis of GIs, and whose analysis of the conditions for adaptation to CC has just been the subject of the INRAE research program, LACCAVE (Ollat, Touzard, 2016).

THE ECONOMIC MODEL OF GI PRODUCTS 
The economic model of origin-based product, for which a GI comes to signal/guarantee its quality in global markets, is now well established (Belleti et al. 2017). This model results from a process of quality construction, combining a succession of technical and commercial investments made by producers, the progressive recognition by consumers of this quality, and economic and institutional conditions, such as evolution of the legal framework and public policies. This process is accompanied by the construction of public goods and leads to an economic model whose viability is linked to 3 categories of assumptions:
(i) The effective recognition by consumers and public authorities of an origin-related quality associated with the production of public goods. This recognition is the basis, on the one hand, of consumers' willingness to pay a higher price than a generic good, and, on the other hand, of public authorities' willingness to support activities that preserve public goods. The economic translation of these recognitions is the creation of an "origin-based quality rent", which combines consumer payment and public support; 
ii) The redistribution of this rent within the sector to ensure the reproduction and adaptation of companies and their resources. This redistribution concerns 3 types of activities: 
- the private activities of the firms, allowing the maintain/increase of their net margins and revenues; 
- activities (and cost) of a collective guarantee/promotion scheme for the product and links to its origin; 
- collective and private activities preserving the local resources that are crucial for the products quality, including soil, ecosystems, landscape, local know-how; 
iii) Additional conditions, which generate transaction costs, are related to the governance of the value chain, allowing the balanced distribution of the rent between actors, the coordination of actions (specifications...) and the development of R&D. 
A dynamic and proportionate balance must be found between these economic variables to ensure the viability of the GI product model. The analytical relevance of this model has been already shown for the wine sector (Belleti et al., 2017). This model can then be used as a framework to examine how CC impacts challenge it and what adaptations are possible.

CLIMATE CHANGE IMPACTS THREATEN GIS 
The increase in the average temperature, the changes in rainfall, the growing climate variability, punctuated by more intense extreme events, are radically changing production conditions in agriculture, and in particular the relationship between product quality and the its local conditions. A growing number of publications underline these impacts in different sectors, focusing on the issue of yields and food security (IPCC, 2022). The pioneering work on wine offers a more comprehensive and systemic analysis, showing direct and indirect effects, including on product quality, with a generic scope for GI products. The impacts on wine are now well observed and simulated for the future:
(i) vine development stages are earlier, affecting berry ripening conditions and harvest dates; 
ii) water stress is more pronounced, especially in the Mediterranean area, affecting both the yields and the grape components;
iii) as a consequence, the quality of wines is changing rapidly, with more alcohol, less acidity and new aromatic profile. These changes express a progressive shift from the qualities identified and codified in the appellation areas, often before the 1980s; 
iv) The increasing climatic variability accentuates the effects of vintages, until now integrated in the management of the qualities and markets of wine GIs; 
v) Similarly, the risks linked to bio-aggressors or extreme events threaten harvests and the economic viability of wine growers; 
vi) the CC effects on ecosystems, landscapes or fire risks also affect the vineyards and their image, including their attractiveness to tourists;
vii) New possibilities of planting vines in regions that have become warmer (e.g. northern Europe), modify the competition between wine regions; 
viii) finally, the conditions of wine consumption could also be affected, fi during the warmest seasons...
The impacts of CC therefore modify the qualities of the products, their variability and their links to the territories, but also the image of the products and the conditions of competition... CC calls into question the assumptions of the economic model of GI products: the intrinsic and extrinsic characteristics of the products that consumers may recognize; the volumes, costs and margins of producers; the management of local resources; the zoning and institutions…

ADAPTATION STRATEGIES ALSO THREATEN GIS!
However, there are many solutions to adapt to CC in all agricultural sectors. They are being explored by both farmers and research, but these solutions can also destabilize the production systems under GI. In the case of wine, seven areas of adaptation were identified in the LACCAVE project: 
i) new vine varieties (later, more resistant to drought, high temperatures and diseases...), which may involve "native" grape varieties, but also varieties from other regions or created by research; 
ii) the evolution of agronomic practices (soil or foliage management, canopy management, planting density, irrigation...); 
iii) the modification of oenological practices to correct the impacts of climate change on wine quality, with a risk of industrialization of wine;
iv) the reorganization of plantations in space, within the same production area, but which can also go as far as the creation of new vineyards in regions with no wine-growing tradition;
v) the development of insurance tools and strategies;
vi) taking into account the expectations of consumers, considered as a field of action to steer the adaptation;
vii) the revision of institutions, in particular the GIs codes of practices.
The work conducted in LACCAVE has shown that the challenge is to combine these different solutions in strategies to be developed at different scales of action, from the farm to the governance of the sector, with particular attention to the local scale and the regional innovation system (Boyer, Touzard, 2021). The research also shows that winegrowers in all regions favour a strategy of "innovating to stay in the terroir". 
The economic model of GI products shows that adaptation strategies have a significant cost for companies and public policies (renewal of vineyards, irrigation, insurance). Adaptation is in tension with the established frameworks of action and the GI specifications.

RENEWING GIS TO COPE WITH CLIMATE CHANGE 
Climate change therefore places GI products in very constrained situations, facing two contrasting paths: 
i) a conservative strategy, integrating adaptation actions compatible with current specifications, would result in limited effects, given the acceleration of CC. The GI product will be too variable, no longer having the qualities expected by the consumer and affecting the economic results of the producers...
 ii) Conversely, a highly innovative adaptation strategy would result in costly innovations, an artificialization of production systems that would risk strongly reducing the links to territorial resources and would not necessarily be accepted by the consumer. 
Would there then be no future for GIs in the context of CC? By taking the analytical framework of the GI economic model and the lessons learned from the wine example, we show that a third way is possible under a set of conditions:
i) the most moderate global warming, close to the COP21 targets (below 2.0°C), which would provide more options for adaptation;
ii) a redefinition of the principles that underpin a GI product, moving from a conservative definition to a procedural definition promoting a specific quality based on adaptive management of local resources;
iii) The inclusion of mitigation actions in both the GI specification and voluntary actions (such as a local carbon compensation system);
iv) The evolution of consumer’s incomes and food patterns, maintaining "food purchasing power" and the recognition of the role of origin food in society; 
v) The development of R&D projects between researchers, agricultural organizations and economic actors in GI sectors with "participatory approach";
vi) A new "engineering of products of origin", combining skills in diagnosis, spatial analysis, climate simulation and adaptive management of local projects.
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