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Since the 2000s, European open data policies have given a strong boost to commercial meteorology by giving free access to weather observations and models produced by public organizations. This article examines the efforts and challenges met by a French company that developed an offer of weather services based on the commodification of both open weather data and local observations produced by low-cost stations used by farmers. However, the paper shows that such commercialization of stations' data is hampered both by their material friction with the weather infrastructure and by an economic friction related to data's heterogeneous valuations. As solving the economic friction generated by data's valuation is the priority of commercial meteorologists, they finally differentiate their offer using simulated weather data produced by computing models. Finally, the paper

Introduction

Research on the history of meteorology emphasizes the close and early links between the construction of meteorological science and the launch of commercial services related to forecasting [START_REF] Craft | Private Weather Organizations and the Founding of the United States Weather Bureau[END_REF][START_REF] Kneale | Invisible Atmospheric Knowledges in British Insurance Companies, 1830-1914[END_REF]). On the one hand, commercial meteorology is important in the construction of a global weather infrastructure that produces scientific data from multiple technologies (satellites, radars, stations, digital simulations, etc.): actors such as insurers or sea-shipping companies collected weather data and developed weather knowledge adapted to their needs. On the other hand, commercial meteorology really took off after the Second World War, through a strong interaction with academic fields: in the 1950s, the World Meteorological Organization and the various national meteorological services began to promote the monetary value of weather data to justify public investment in meteorological science [START_REF] Jankovic | Working with Weather: Atmospheric Resources, Climate Variability and the Rise of Industrial Meteorology, 1950-2010[END_REF][START_REF] Hall | From the Airfield to the High Street: The Met Office's Role in the Emergence of Commercial Weather Services[END_REF].

Neoliberal policies applied to research funding since the 1980s have strengthened this relation through the commercialization of scientific data, the partial privatization of the activity of public research organizations, and the orientation of research programs toward businesses' needs [START_REF] Lave | Introduction: STS and Neoliberal Science[END_REF]. One illustration of this neoliberal framework is the development of open data policies during the 2000s: in the field of meteorology, they promoted a market-orientated production of data toward businesses' needs and profitability [START_REF] Bates | The Strategic Importance of Information Policy for the Contemporary Neoliberal State: The Case of Open Government Data in the United Kingdom[END_REF] and opened new financial markets that take advantage of weather and climate instabilities (Angeli Aguiton 2020). As weather data are considered a source of economic value, this commercialization impacts the global infrastructure. [START_REF] Randalls | Commercializing Environmental Data: Seeing Like a Market[END_REF] notes that open data policies are a way to reorganize the infrastructure as a market: user value is the touchstone that determines which data are produced, and the marketplace is considered the appropriate way to determine which are the best data. The increasing accessibility of data has led to a further development in commercial meteorology, contributing to the creation of many new businesses: weather indicators and personalized forecasts linked to business operational needs emerged as a new type of meteorological knowledge built to meet market demands.

This paper claims that investigating commercial meteorology and open data policies requires us to consider data production as entailing both a material and an economic friction. [START_REF] Edwards | A Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming. Infrastructures Series[END_REF] relates the material friction to the integration of weather data produced in very different contexts and with various instruments into scientific forecasting models: "Every interface between one data process and another-collecting, recording, transmitting, receiving, correcting, storing-has a cost in time, effort, and potential error: data friction" (p. 109). The development of commercial meteorology added economic friction to material friction: as the data become accessible and free, a growing number of companies are able to use it and the economic value of weather data decreases. These businesses all have the same data source, and they need to find strategies to customize their services. They seek profitability in value-added services, as data in open access are not sufficient to build a profitable business model. Thus, looking at the material, technical, and epistemic trials related to the commercialization of environmental data allows us to study how data valuation and commercialization considered as external processes influence the production of weather knowledge.

The article explores how economic actors who attempt to use research results and weather data work to resolve these frictions. To undermine the economic friction, new sources of data are sometimes used, as did the French weather company studied in the present work that designed a commercial offer relying on both open data and more local data.

This meteorological consulting firm called WeaForecast 1 has developed a new consulting service for crop farmers in France based on observation data from low-cost weather stations (see Figure 1). These new sensors appeal to research stakeholders and private companies because they promise to increase the number of observation points in places less covered by standard measurement networks (particularly in rural areas; [START_REF] Lin | Co-observing the Weather, Co-predicting the Climate: Human Factors in Building Infrastructures for Crowdsourced Data[END_REF]. In weather science, the emergence of a new source of data often leads actors to integrate these observations into the infrastructure: this work on new data is commonly addressed by weather scientists and impacts and reconfigures the global infrastructure, which needs to be adapted to other parameters, standards, frequencies, technologies, and so on [START_REF] Edwards | A Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming. Infrastructures Series[END_REF]. But as a private business, the goal of WeaForecast by performing this station data integration is to build a profitable service. Indeed, these stations would allow finer spatial and temporal forecasting scales than existing weather models: this process, called "downscaling," would open a new market for personalized services and would also lead to a gain in forecast accuracy [START_REF] Edwards | Downscaling: From Global to Local in the Climate Knowledge Infrastructure[END_REF]). Thus, the data of the local stations are integrated into the infrastructure primarily to be commercialized, though not for scientific purposes: the goal of WeaForecast is to offer a more accurate forecast integrated into a decision support tool to advise farmers in their daily work. Therefore, this case of weather data commodification raises questions about the interweaving of data valuation and weather science production: what does this commercialization objective, which is prior to the integration of data into the infrastructure, entail for the production of meteorological knowledge? How do this commercialization and its double friction transform the meteorological infrastructure? By following the processes and challenges met during the commercialization of weather forecasts for farmers by WeaForecast, I will show that the economic friction generated by the valuation of open data is the priority of commercial meteorologists in order to generate a profitable consulting activity. To do so, commercial meteorologists try to resolve the material friction but finally abandon the metrological issues related to the integration of grounded data into the infrastructure. Supplying forecasting models with these observations proves to be too expensive for the company, which ultimately uses data from the stations only for marketing purposes. Instead, the company chooses computer-simulated data that are cheaper to produce and more easily compatible with the infrastructure and other digital farm advisory services. In this case, "simulated reality" proves to be more valuable than "empirical reality" [START_REF] Garnett | Air Pollution in the Making: Multiplicity and Difference in Interdisciplinary Data Practices[END_REF]. The commercial process inherent to the use of this type of data finally subordinates weather science to a logic of services: the possibility to integrate weather data into a farm advisory service and tools constitutes an evaluation of what a good weather data is for farming practices.

The fieldwork, mainly conducted in 2018, consists of eight interviews with people in charge of the agricultural sector at WeaForecast (the company's general manager, the project manager, the meteorological engineer, and the marketing director); three interviews with people in charge of the weather data in an agricultural technical institute 2 ; and six interviews with staff members of the French national meteorological organization, Météo France (who were dedicated to build weather services for the public and private sectors). Alongside various documents (Météo France's reports, documents related to open data policies), three observations during events dedicated to weather stations for the farming sector are also used: a scientific conference about the station's promises for agrometeorology and two commercial and technical events dedicated to selling stations and to present the latest researches in farm advising models and digital tools.

The argument proceeds in the following manner. The first section introduces how the expansion of commercial meteorology in relation with open data policies challenges the economic profitability of public organizations. In this context, the specific expertise of WeaForecast is presented. The second section outlines the company's commercial challenges related to the stations: the grounded data confronted WeaForecast with an economic and a material friction that caused its commercial experiment to fail. Finally, the third section analyzes how valuable weather data are redefined: local observations are considered useful for marketing strategies, and the company finally sought financial profitability through the production of computer-simulated data, more compatible with digital farm advisory services.

New Data, New Markets: The Expansion of Commercial Meteorology

Private Weather Services, Open Data Policies, and the French Weather Organization How did open data policies and commercial meteorology impact public weather organizations? Here, situations for three different countries (UK, United States, and France) are presented.

The United States and the UK situations toward weather data commercialization differ: [START_REF] Randalls | Weather Profits: Weather Derivatives and the Commercialization of Meteorology[END_REF] argues that this process is implemented differently depending on the national research funding policies. In the United States, weather data are freely accessible in order to let private companies develop weather products: the public organization-the National Weather Service-is in charge of providing basic public services and data and does not compete with commercial operators. The situation is different in the UK: the Met Office both produces basic weather information and forecasts and also has a commercial division dedicated to selling its weather expertise. This model is framed by a cost recovery settlement put in place in the 1970s [START_REF] Randalls | Commercializing Environmental Data: Seeing Like a Market[END_REF], which is being challenged by open data policies since the 2000s.

Regarding data provision and commercialization, the French case is close to the UK situation. Until the 2000s, Météo France was largely financed by public funding to provide free weather information to the general public and authorized to sell its data and weather products to private companies. But this funding policy changed during the early 2000s: public subsidies allocated to the institution gradually reduced, while the development of internal private subsidiaries in order to diversify its funding was encouraged. These new entrepreneurial logics oriented some parts of the activity of Météo France toward social demands in a broad sense (business needs, public policies agendas, etc.). Furthermore, Météo France was challenged at this time in its two historical commercial services. The major part of its commercial offer was the "kiosque," that is, phone services broadcasting weather information, whose income was decreasing due to new private actors and to the development of the Internet, which provided free weather information. The other type of service was increasing the income of Météo France but not enough to compensate for the economic loss caused to the "kiosque": Météo France was still the major player offering value-added services to professionals in sectors like the media, public administrations, transport, or energy [START_REF] Masseret | Rapport d'information n 264 fait au nom de la commission des finances, du contro ˆle budg étaire et des comptes économiques de la nation, sur le rapport de la Cour des[END_REF] in the early 2000s.

Facing growing commercial competition and witnessing broad evolution in its commercial income, the organization of Météo France changed: in-house sales departments were established in the 2000s, dedicated to market weather products and to set up partnerships with public and private actors. Météo France also implemented vast reforms among the forecasting centers, closing those at the departmental scale (who mostly collected observations and provided local weather newsletters) to focus only on the regional ones as providers of local scientific expertise. According to the national administration of finances, the cost/effectiveness ratio of maintaining employees at this departmental level was negative, and both modeling and automated stations were cheaper to ensure the public mission of Météo France. The division between what is considered as public service (daily weather warnings for people's safety) and as commercial activity also became clearer as Météo France structured its commercial strategy.

At the same time as the European INSPIRE directive in 2007, public organizations were asked to make their data available for use by various actors [START_REF] Courmont | Open Data Re-use and Data Frictions. The Tension between Attachment, Detachment and Reattachment[END_REF]. This open data policy has nevertheless benefited scientific entrepreneurs in meteorology, oceanography, and climate science who obtained the resources to create their own private companies and build an alternative business offer in the private sector: as [START_REF] Mirowski | The Future(s) of Open Science[END_REF] suggests, the open science policies convey a neoliberal agenda to conform science production and institutions to market logics.

This process has led to the weakening of the historical monopoly of Météo France. Some data, initially planned to be marketed and that requires big computing resources to be used and released, became free and open: atmospheric model outputs; satellite images; ground and ocean observation networks; and daily, monthly, and seasonal forecast bulletins can now be downloaded through a web service. 3 Other types of data are still marketed by special orders or through the subscription to a regular data flow: this is the case for spatialized data, weather statistics, and ensemble forecasts. 4 This second type of data is said to be "expertized": instead of releasing only observation, Météo France sells indicators or parameters that are more closely adapted to their consumers' needs and directly usable. As an example, Météo France offers local weather monitoring data so that construction companies can justify weather-related delays in their work. In 2019, the commercial part of the activity of Météo France (both toward professionals and information services for the general audience) represents 8 percent of its budget 5 and the organization is seriously challenged: nowadays, its competitors are international weather businesses such as Meteo Group or WeaForecast but also big web-related companies like Google. In 2013, for example, the French subsidiary of the English company Meteo Group won the market for the supply of national forecasts on France Télévision public channels, ahead of the commercial offer of Météo France, which was until then an exclusive supplier.

WeaForecast, from a Public Laboratory to an International Business

WeaForecast was created in 2003 by two young doctors in oceanography who were educated in an academic laboratory mainly dedicated to experimental and empirical research in physical oceanography and climate variability: science commodification and commercial partnerships were not part of their original training. According to one of them, named Franck, the initial idea was to "promote the results of academic scientific research in the industrial world": the company's goal was to offer a consulting service to the private sector using scientific results such as computer programs or statistical models. After fifteen years of development, a tough competition with other weather consulting companies, a strategic merger, and different trials with new markets to build a solid commercial profitability for its products, the company was finally acquired by an international corporation specialized in weather impact analysis and climate risk management for a wider range of customers. This evolution did not impact the team of twenty-five employees (mainly computer engineers and sales staff and one climate scientist).

WeaForecast sells strategic consulting services and indexes related to weather in order to optimize the activity of its clients (mostly agro-food companies and energy suppliers). For example, WeaForecast can sell indicators estimating the impact of some unusually high temperatures in February on ice-cream sales: big supermarkets could thus adapt their logistics and marketing strategies to the short-term weather variation. The major difficulty remains the profitability of forecasts and indexes sold: the stations were a commercial strategy to undermine the economic friction described earlier and personalize their forecasts. But before examining it, some scientific elements about weather data will help us understand how this customization is made possible and what types of data are available to weather businesses to differentiate their offer.

First, to obtain a short-term forecast, a dense network of observations and measurements (at a fine spatial scale) is required. To be able to forecast weather for the next hour (a short time interval), scientists need a spatial data grid denser than for a forecast for the next day (a time interval of twenty-four hours). To achieve this spatial density of measurements, Météo France uses mostly satellite data: it produces 90 percent of the data used, while the remaining 10 percent is provided by ground stations, soundings, or certified sensors aboard aircraft or boats. Thus, the more data are produced and the denser the data network, the higher the resolution of the forecast can be, both geographically and temporally. This first point is crucial in our case: obtaining data around an area also makes it possible to forecast its weather and at a short time interval.

There are two sources of local data: direct observations and simulated data. Direct observations correspond to the measurements taken by a scientific tool and require a dense observation network composed of several technologies at different scales and generally supervised by national or international meteorological organizations. Due to measurement error and an insufficient number of observations to feed weather models, these models lack the temporal and spatial resolutions needed for this geographical coverage (i.e., the spatial resolution is not dense enough to meet the temporal resolution needed). To fill these gaps, simulated data are generated by statistical operations. Algorithms calculate "downscaled" data in order to have finer spatial and temporal resolutions than those from observation networks. In the meteorologists' daily practices, direct observations and simulated data, though heterogeneous, are always combined and integrated into weather models.

Heterogeneity refers not only to the nature of data (observed or simulated) but also to their quality, their mobility, and the scientific methods used to estimate them. Data are always heterogeneous, resistant to standardization, incomplete, erroneous, or unsuitable for their intended uses, and actors must implement "data labor" to make it usable (Denis and Goe ¨ta 2017). In the case of meteorology, data labor also includes "collage" operations [START_REF] Daipha | Visual Perception at Work: Lessons from the World of Meteorology[END_REF][START_REF] Daipha | From Bricolage to Collage: The Making of Decisions at a Weather Forecast Office[END_REF] that articulate, assemble, delete, and juxtapose complex information to build coherent scientific information in a context of uncertainty. In fact, observation data are sometimes false, missing, or outliers. Thus, it is the work of meteorological engineers to verify the coherence and completion of the databases. Matthew, WeaForecast's meteorologist, exemplifies it in interview:

To ensure data quality, it is necessary to compare them and make sure they are coherent with each other to detect and eliminate anomalies, to replace outliers with correct data estimated through simulation. It is a work on quality: if we have a completely aberrant temperature observation and if we use it into critical processes, we can have bad surprises. Knowing observation and forecasting [methods], I know that there are good and bad observation and forecasts and at the end, there is a huge profitability in building good weather data.

He outlines different techniques of data labor to ensure their quality: comparison with other observations to build a coherent set of measurements and identification of erroneous data and their numerical correction. For example, if a station measures a ground temperature of 80 C (176 F) in Paris, the company has developed comparison algorithms that look at the stations geographically closest to the one that measured this temperature to verify it. As this abnormal measure would cause biases in the recordings, the means, and then in the forecasts, algorithms correct it by numerical values derived from simulations of the state of the atmosphere. As Mathew says, this is important because the quality of WeaForecast's services-and their valuation-relies on good weather data: it highlights once again the need to have a large number of observations available (to be able to compare data). This data labor is part of the company's routine operations as explained by the project manager Franck:

You must be able to plug the holes. On the observation part, there is an expertise which consists [ . . . ] in being able, on the basis of information peripheral to the measure and at a very precise given location, to fill in the gaps, to correct errors and validate the data we want to give to an operator. It is a work we do here, which is in constant evolution. We have several meteorologists, statisticians or computer scientists working on these subjects. We have algorithms that run, which use the peripheral stations and take their histories to check at different frequencies -that is to say on short and long intervals-if it is reasonable to keep a data or if it should be corrected. It is a work that regularly runs in our models.

In this interview, Franck presents the criteria for evaluating the quality of data produced by a station sold by one of their private partners in order to integrate it into their models for a more local forecast. The team seeks to assess the reliability of the measures produced outside of the infrastructure: data are compared to "peripheral" measurements provided by Météo France's stations. The latter constitute reliable references for comparison because they are themselves based on scientific conventions and protocols that have validated their quality (sensor maintenance, international measurement conventions, numerical error corrections by Météo France's numerical models, etc.). Evaluating the quality of data makes them reliable enough to support a commercial offer: comparability and mobility are part of data's quality-both scientific and commercial.

From One Friction to Another: The Attempt to Make Open Data Profitable Using Grounded Observations

The Stations' Promise: A Personalized Forecast to Solve the Economic Friction

The search for economic profitability led WeaForecast to experiment with new meteorological products between 2015 and 2017, using the data produced by low-cost stations. The logic was similar to that of the company's creation: new data opened up new markets and offered an opportunity for WeaForecast to differentiate its services. Through a partnership with two start-ups (the first one sells decision support tools, and the second, called RainUp, sells stations), WeaForecast targeted new customers: the farmers equipped with weather stations, who could be interested in an additional service of personalized forecast. Indeed, the commercial challenge was to offer a weather forecast "at the plot's scale" (according to the project manager), which means much more spatially and temporally accurate than other existing forecasts. When combined with public data, the observations from the stations were expected to be valuable: this is a common process in weather forecasting services, namely, that the infrastructure or the data precedes the market (Angeli Aguiton 2020). These data were new in several ways due to two recent technical innovations: the low-cost stations and the commercial development of low-rate communication networks that allowed digital objects to exchange small amounts of data at low speed, reducing the connectivity problem in rural areas.

Marketed by several start-ups like RainUp for the crop and wine sectors and mostly created between 2014 and 2017, the stations measure different parameters (mainly rainfall, air temperature, and humidity). These data are then provided to the farmer, and generally integrated into agro-meteorological models to estimate the future risk of disease or rain, for example. The farmer can look at his or her weather observations history on a smartphone application to assess if there is a risk for crops near the station to develop a disease: for example, mold and mildew are very common fungi that develop in hot and humid weather and attack wheat, potatoes, or maize (see Figure 2). Weather data and the decision support tool give farmers information about this risk by considering weather history, seed variety, previous treatments, and so on. Another use of weather data concerns environmental regulation: chemical applications are authorized, recommended, or prohibited by different European directives depending on wind speed, rainfall, or soil humidity. The initial purpose of these stations is therefore not to sell weather forecasts, but WeaForecast developed an offer where data from the farmer's station is extracted, assimilated into the forecasting models of the company, and then integrated into a consulting tool for farmers (see Figure 3). These farm advisory services are sold by the commercial partners of WeaForecast (agrochemical manufacturers, seed companies, and start-ups).

In his book about the historical construction of a global weather data infrastructure, [START_REF] Edwards | A Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming. Infrastructures Series[END_REF] shows that this building process is defined by a constant data labor: the addition of new data to the infrastructure causes a destabilization and reconfiguration of its standards, objects, and techniques. Here, the new data convey a commercialized approach to data production and a new friction related to their economic valuation, added to the material one. Undermining both of these frictions implies a data labor for WeaForecast, because the features of the station differ from the international weather data infrastructure. Designed for a market of nonscientific users (farmers, in the case of WeaForecast), stations have to be cheap and reliable technical objects. This commercial dimension takes precedence over the essential role of calibration and maintenance work to guarantee data quality [START_REF] Garnett | Air Pollution in the Making: Multiplicity and Difference in Interdisciplinary Data Practices[END_REF][START_REF] Pritchard | Re-calibrating DIY: Testing Digital Participation across Dust Sensors, Fry Pans and Environmental Pollution[END_REF]: for stations sellers such as RainUp, their work is to make data circulate technically (through low rate communication networks, for example), and data quality is users' responsibility. But despite the farmers' specific weather knowledge (Osborne and Evans 2019) and the historical role played by amateurs in the production of meteorological data, the role of farmers is limited to the initial setup of the station (fixing the various sensors on a planted right mast) and the minimal maintenance of the sensor (cleaning the rain collecting bowl). These operations are described by a user handbook furnished with the station and online videos, but station sellers do not insist on this maintenance work: above all, farmers are considered as customers. Stations are marketed as simple to use, inexpensive, and requiring little maintenance: here, commercial imperatives are prioritized over data quality.

On the contrary, the maintenance and calibration of stations is central for weather scientists to ensure the quality and circulation of data outside their context of production. It is an important point: the environment near the stations shapes the measurements and contributes to making them intelligible for their users. Arenas, objectives, constraints, and economies of open scientific data and observations from the stations are therefore different. As Franck explains, WeaForecast has developed its forecasting offer on their articulation: At some point, some people got interested in being able to get low-cost weather data, that is to say install very low-cost sensors, very low-cost weather stations, at 200 or 300 euros a year [ . . . ] You plant this in the middle [NB: of the plot] and you have a good idea of the weather, of what is happening, how much it rained . . . . Things you didn't have at all before. If you take this innovation, which is completely linked to digital [NB: evolutions], if you associate it with our service-to be able to complete this information with other spatially and temporally related information-if you are able to complete this information-which is only observation-with local forecasting, you will be able to make an even more local forecast because you have a local observation so you can remove biases [NB: reduce systematic errors], do very local downscaling. We know how to do that, that's what our expertise is based on: we thought there was here a real opportunity for a new market.

The commercial offer of WeaForecast is based on a scientific challenge: standardize meteorological data not intended for scientific use, integrate it into forecasts models, and then commercialize the output in a forecasting service. To commodify these new weather data and undermine this material friction, WeaForecast uses the same meteorological methods described earlier: comparison, correction, and validation through statistical models.

"These Much-vaunted Stations, It Wasn't So Much a Cure-all": Data Friction Against Commodification

Finally, the stations proved to be technically insufficient to reduce the economic friction: WeaForecast struggled with this issue between 2015 and 2017 and finally redefined its strategy after two years of testing its offer for the farming sector. The commercial and technical strategy around local and empirical data provided by low-cost sensors did not meet both scientific standards and the company's business imperatives.

First, the data produced by the stations are too few and cannot be compared rigorously. As explained above, the more measurement points the team has through farmers' stations, the more they are able to provide a personalized service to their customers by adding local information to their forecasts. In addition, the quality of weather data is certified in relation to other observation data: the multiplication of low-cost stations allows Wea-Forecast to evaluate the quality of the data with greater precision, to identify erroneous measurements more easily, and, in the end, to better automate the quality control of the data itself through models. Thus, the promise of a personalized forecast based upon these local observations is conditioned by the expansion of the stations' market, which is still struggling to develop. These commercial difficulties (both of stations and of WeaForecast's forecasting service) are attributed by the company to the too-high cost of their service and to technical problems related to the stations.

As [START_REF] Bowker | Biodiversity Datadiversity[END_REF] remarks, the circulation and the sharing of data outside their production context involve work on the construction and dissemination of metadata. The latter are particularly influenced by how farmers use the technical tool (location, maintenance of sensors, installation, etc.), information to which the company does not have access. If data circulation is easy technically (because RainUp considers it as its main expertise), using data within weather models proves to be much more complicated. As farmers are considered as customers and not as data producers, the conditions of data production are unknown to the company's climate engineer. Despite guidelines and recommendations trying to monitor uses, WeaForecast's meteorologist does not know if the farmer has set up his or her station far from local heat sources, roads, hoods, marshlands, and sheds, or any other special conditions that would bias measurements. This lack of information impedes both their comparison with each other and their use within other databases.

Moreover, as they are intended for consumers and designed to be simple, stations combine the recording of three different parameters (rainfall, temperature, and air humidity). It is scientifically problematic because the optimal measuring conditions are not the same according to the physical phenomenon studied. Take the example of precipitation measurement: on the one hand, the station should preferably be settled less than one meter from the ground, on a plot that is clear of obstacles but protected from wind and irrigation systems, and with a rain-recovering bowl design that minimizes errors (influenced by the shape of the bowl). On the other hand, temperature and relative humidity are measured conventionally under shelter, to avoid the effects of sunlight and rain, and preferably at a height between one point twenty-five meters and two meters. 6 Thus, the design of the station itself must integrate sometimes conflicting measurement constraints: the compromises made by RainUp paradoxically incorporate various types of error in the measurement instrument itself. These technical problems are presented by Mary, WeaForecast's director and a former meteorologist at Météo France, when she talks about the difficulties encountered by station designers:

These are technical problems. Weather measurements are not simple. Météo France has a whole center to certify the measurements, to calibrate the sensors, it is a big job in itself. And not only is it hard at first, but it's also hard in maintenance. They [NB: RainUp, the start-up selling the stations] have decided to make cheap weather sensors yet at the same time professional, so they must find a compromise between gadgets that are sold at Nature et Découverte [NB: a garden and home decoration franchise] and the 10,000 euros' stations of Météo France. They are in between, but they have been facing real measurement problems for the past two years. [ . . . ] They are forced to do R&D work all the time to improve their sensors.

The compromise adopted by the station manufacturer RainUp 7 is to place the various instruments one meter high in the same device, prioritizing the ease of use for the customer, but at the expense of the scientific quality of the measurements. These technical problems are a result of the difficulties of integrating station data into the global infrastructure.

In the case of commercial meteorology, data from low-cost sensors (such as stations) prove to be not very profitable and other data sources are finally chosen to resolve the economic friction inherent to open data. But the material friction of low-cost stations represents an opportunity for public services, which are less compelled by commercial imperatives to continue commercializing various data. For example, Météo France is conducting exploratory work on the possibility of using this type of data in storm prediction models and this theme has been the subject of scientific publications [START_REF] Bell | The State of Automated Amateur Weather Observations[END_REF]. Furthermore, the public organization plans to develop commercial expertise on the data quality of the stations: this service would be sold to agricultural organizations (cooperatives, public advisory organization, for example) wishing to reuse the weather data of their members.

The Evolution of Data Commodification: Toward an Increasing Use of Statistics and Marketing Expertise

Grounded versus Simulated Data

Research about science commercialization has examined the impact of commercial logics on the production and definition of data itself: since the scientific and economic spheres have different objectives, they don't have the same conception of what useful and "good enough" data is [START_REF] Randalls | Weather Profits: Weather Derivatives and the Commercialization of Meteorology[END_REF]. Our case exemplifies a private actor preference for a certain type of environmental data over another in the redefinition of its commercial offer. Trying to resolve its challenge of obtaining a more local data to sell an individualized forecast, WeaForecast finally prioritizes data obtained by simulations, as they are cheaper and more reliable for a commercial use.

WeaForecast redefined its offer at the end of 2017 after analyzing the expensiveness of its services for a market of farmers and acknowledging that low-cost stations are not fully reliable to provide more local data. The team kept the idea of selling a personalized forecast, but changed the way of obtaining local data. They moved from grounded observation data provided by individual stations to "gridded" and spatialized data, obtained numerically by interpolation methods. These numerical simulation methods are forecasting tools, commonly used by public weather organizations such as Météo France, which require huge computing resources to be produced. In the new offer, this "downscaling" will result from a combination of satellite data and numerical simulations, as indicated by Franck in early 2018:

When we saw the quality of the local observations of these much-vaunted stations, it wasn't so much a cure-all, it wasn't that great, we didn't sell them as much as we thought. We questioned ourselves again by saying, "Can't we use this volume of data as a substitute for these stations to still provide local information?" We could have done it before, but the idea was not there. This is what led us to create products that are now called "gridded data." It existed before, but we didn't have the idea of doing it internally in the company. Maybe we didn't have enough data. So we do spatialized data too.

The redefinition of WeaForecast's offer for agriculture is based on common weather techniques and knowledge: the production of more local forecast data no longer relies on using instruments measuring a single and grounded observation such as stations but rather on algorithms to estimate the value that an observation weather variable could take at a point. It is called "interpolation": numerical models calculate unknown meteorological values (here, the local data previously provided by the stations) on the basis of known values (satellite or simulated data from reference meteorological organizations). The result of this simulation is the estimation of a meteorological parameter for different points in the geographical area concerned. This data production is spatialized, automatized, and commercially reliable for WeaForecast's offer because it does not deal with metrological issues. Spatialized data are nevertheless situated in a certain way: as Garnett (2017) notes, simulated data relate and are attached to a model, which can impede their reuse and circulation. This point is in line with another outcome of WeaForecast's trial with the stations: the reliance on simulated data reduces the cost of data labor and finally undermines the economic friction resulting from the reconciliation of expensive heterogeneous data coming from several sources. Franck summarizes the growth of the market for weather services for agriculture linked to the commercial enthusiasm surrounding the stations, then its retraction as a result of the double friction encountered:

Everyone is groping a little bit, we're looking for ways to sell, where the market is. What generated all the excitement around forecasts? It's the availability of these stations on the market. Before, the interest was there but people didn't think about it, or we didn't know how to sell the thing or how to interest people. Here, they said to themselves, "we can put weather stations, we're going to have great, very accurate weather information," everyone got excited. And then, either the information wasn't that accurate-the observation at least-and there were lots of problems . . . maybe the offers were too expensive [ . . . ] The question we're now asking ourselves is how to get the prices down.

This excerpt reflects that in a context of weather data commercialization, not all weather data are equally marketable: the simulated, spatialized ones are better suited to sustain a market of services. It allows businesses to remove their commercial offer from the expensive and uncertain data labor associated with environmental observations and undermines both economic and material frictions.

The Stations: From a New Observation Network to a Marketing Tool

If they are no longer used as a scientific information for forecasts, data produced by the stations remain commercially interesting through their integration into farm advisory services. These digital tools are becoming increasingly important in assessing the metrological quality of sensors and the financial value attributed to their data. This is what David, a weather expert at an agricultural advisory institute, explains: The station market is nowadays gradually linked to other commercial offers, such as agronomic services concerning whether or not crops need chemical treatment for example. These tools are made of different algorithms (agronomic, meteorological, decision rules from management sciences, etc.), into which the weather data from the stations must be integrated. Ultimately, these decision support tools are the most profitable commercial products, which evaluate the quality of the stations and their data: this quality is redefined as a technical compatibility with the final service. That's what David explains, as he implemented a study comparing the different low-cost stations sold by companies to farmers:

We test their equipment from a meteorological point of view and then from an agronomic point of view, that is to say we will test the data in a decision support tool and compare it with a reference station. [ . . . ] The idea is to compare the result and see if there are differences that can have a negative impact on the agricultural advice [ . . . ] Roughly speaking, they give the same result. Sometimes there is a one-day delay in the treatment recommendation, but it never has a negative impact.

Small differences in observations between low-cost stations and with the references are not significant for the final consulting service: David speaks about a "one-day delay" for the date of the treatment, which does not negatively affect the advice. The testing system put in place by farm advisory organisms positions the decision support tools as models for assessing the quality of stations: the result taken into account to evaluate the quality of low-cost stations is the final advice concerning production decisions.

For commercial actors, the quality of weather data produced by the stations is redefined: it was initially a scientific and metrological quality (as an answer to the question: can the data be integrated into the global infrastructure?). But then it has moved toward a commercial quality: can the data feed another service? Can it be an interesting complement to another offer? Can the purchase of both a station and a decision support tool be a good commercial package? This has an impact on the quality of stations' data: instead of developing the expertise to check and improve data's quality while farmers are using a station, "bad" observations are replaced by numerical simulations or the closest low-cost station. John, who bought two stations for his farm, explains why it is problematic for him not to have his own observations recorded in his smartphone:

When your station doesn't work, you get the data from the nearest station. And that sucks. They [the start-up selling stations] give us an average! [ . . . ] I called them and told them that my station doesn't work. He said "Yes, the data are connected to fill the lack of data." I told them "It's not normal, it's better to have nothing. I don't want the neighbor's average, it doesn't match!" As John puts it, numerical simulations or the closest stations are not always precise enough to compensate the metrological approximations and failures of low-cost stations, which impacts the way farmers use weather information.

A "good enough" weather data for commercial actors are above all interoperable data, which enable customization of a service. The accuracy of local data is evaluated by the added value brought to broader commercial services: in the case of station data, the relationship between the cost of scientific use and the commercial benefit of a customized forecast is unfavorable and these data are mainly used by companies as marketing arguments for decision support tools. The economic friction of open data is leading companies to move away from resolving the material friction related to empirical data to focus on a service economy around the data already produced by the infrastructure. To collect sensor data and evaluate it in order to make it usable remains interesting for Météo France, which builds new services on it.

Conclusion

There is a trend that concerns the commercialization of new environmental data and its impact on the scientific infrastructure: as private actors are building commercial value on the observations from low-cost stations, they encounter a double friction that first leads them to use this new source of scientific information as an input in their weather models. But then the frictions influence the redefinition of their uses of local data toward a marketing argument: data and stations are expected to be a good commercial basis to sell other services such as decision support tools. New empirical data are considered less as interesting scientific information and more as a profitable marketing opportunity. To obtain local data that are both scientifically and commercially interesting, modeled data are sometimes preferred to empirical observations as in the case of WeaForecast. The private sector therefore leaves the management of material data friction to the public sector and prioritizes the reduction of economic friction.

The case study of WeaForecast further suggests that this division of data labor governs the development of markets of services based on environmental data: metrological issues are delegated to users and/or public actors. This data commodification leads to prioritize data that present the less economic and material frictions. Finally, the data produced by weather companies are less usable outside of their commercial context: simulated data are grounded in the models that produce them, which belong to private businesses. Public actors are expected to contribute to the global infrastructure by producing valuable and certified observations. Documenting the French case in the field of weather data commercialization, this paper shows the divergence of a scientific infrastructure and a conception of data as a basis for market services; it also shows divergence of free public services and a growing logic of value-added offers among public weather organizations. As commercial imperatives become increasingly important among weather actors, these tensions and frictions are to be expanded and strengthened.

As the paper focuses on commercial meteorology, only a subset of the actors linked to the commercialization of open environmental data were studied. To enlarge the picture, we can mention the European open-access policies on biosphere satellite data, which has more broadly impacted both the data infrastructure and the stakeholders due to the huge volumes of data to be made available. These volumes require specific processing, storage, and dissemination technologies, as well as adapted computing resources. Alongside big players like Google, new actors driven by the public authorities have emerged, for example, the Data and Information Access Services: their objective is to provide access to data and products related to the Copernicus satellite program. To further investigate how technical and commercial aspects of data production are intertwined in a neoliberal context, it would therefore be interesting for the field of science and technology studies to look at the relationships between these new actors in charge of data provision, governments that organize and regulate the commercialization of environmental data, and the commercial companies that are starting to use them.

Notes

1. Except for the public weather services as Météo France, the Met Office, and for the big international companies cited (Meteo Project among others), all names are pseudonyms. 2. The "instituts techniques agricoles" are in charge of developing applied research for farmers in France: they have a proper weather expertise related to farming practices. 3. Some data observations are still priced for special measures like reflectivity and wind profiles. 4. Ensemble forecasting is a numerical method to generate a representative sample of possible future states of the atmosphere. 5. Excluding its three subsidiary companies (http://www.meteofrance.fr/nous-co nnaitre/meteofrance-en-bref). 6. According to Météo France's guidelines toward amateur users (see [START_REF] Leches | Conseils Sur l'installation de Capteurs Météorologiques Chez Des Passionn és[END_REF]. 7. The details of this technical choice are specific to the stations proposed by RainUp.
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 1 Figure 1. Example of a weather station and its smartphone application with temperature, rain, and humidity observations. Source: https://www.weenat.com/
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 2 Figure 2. Example of two weather stations and the decision support tool based on their observations advising pesticide spraying time windows. Source: https://weenat.com/

Figure 3 .

 3 Figure 3. Example of a forecasting service associated to the station. Source: https://weenat.com/

  If you're offering a weather station without a [decision support] tool, today it's . . . it's harsh what I'm going to say, but it's not very valuable anymore. It was valuable ten years ago, when weather information was not available, but today if you don't associate it with a weather forecast or a decision support tool, it's almost useless.
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