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Franchisees are often small business owners whose sales, profitability, and financial equilibrium in the first years of operation are increasingly being impacted by weather variability. The literature has analysed the effectiveness of various guarantees offered by franchisors in franchise agreements, but the case of hedging the local weather risk to which each franchisee is exposed has never been addressed. Using Design Science, we show that franchisors operating in one of the activities which are among the 70% of activity sectors exposed to weather risks, can support the setup of franchises, measure their weather risk and incorporate financial protections against the consequences of adverse weather in the franchise agreement. By doing this they can reduce the risk of financial distress, provide an innovative service, and reinforce the quality of the relationship with their franchisees.

Introduction

Franchising is a mode of operation that allows a business (the franchisor) that owns products, services, brands, and concepts, to assign the right to market them to legally independent entrepreneurs (the franchisees) under a franchise agreement [START_REF] Alon | The use of franchising by US-based retailers[END_REF][START_REF] Grünhagen | Entrepreneurs or investors? do multi-unit franchisees have dierent philosophical orientations[END_REF][START_REF] Watson | The evolution of marketing channels: Trends and research directions[END_REF]. Franchise agreements are in place to protect these relationships from inconsistent objectives between vertical partners [START_REF] Rubin | The theory of the firm and the structure of the franchise contract[END_REF].

Franchisees are mostly small entrepreneurs [START_REF] Croonen | How do franchisees assess franchisor trustworthiness[END_REF]. They are strong contributors to job creation, innovation and growth and account for up to 40% of retail sales [START_REF] Alon | The use of franchising by US-based retailers[END_REF][START_REF] Joon | ICSB 2016 conference: the role and impact of SMEs in implementing the new sustainable development goals[END_REF][START_REF] Cochet | How do franchise contracts evolve? a study of three German SMEs[END_REF]. The start-up capital invested by the franchisees is mostly devoted to the payment of the lease of the commercial premises and any work that may need to be done to them [START_REF] Lal | Manufacturer trade deals and retail price promotions[END_REF]. This partly explains why few resources are devoted to financial risk management, with the result that many of these small businesses fail in the early years following their start-up, particularly in the retail sector [START_REF] Judge | The determinants of foreign currency hedging by U.K. non-financial firms[END_REF][START_REF] Collier | Firms' management of infrequent shocks[END_REF][START_REF] Stanworth | Franchise versus conventional small business failure rates in the US and UK: more similarities than differences[END_REF][START_REF] Carter | Small firm bankruptcy[END_REF][START_REF] Calderon-Monge | Economic sustainability in franchising: A model to predict franchisor success or failure[END_REF][START_REF] Bertrand | Understanding the economic effects of abnormal weather to mitigate the risk of business failures[END_REF]. The weather has been one of the major risks facing the retail sector for years [START_REF] Steele | Weather's effect on sales of a department store[END_REF]). An abnormally cool spring or warm autumn, snowy roads or an unusually high number of rainy days are all conditions that can change a consumer's buying behaviour and jeopardise a retailer's protability. The U.K. Federation of with two thirds of them reporting that they had been negatively affected by weather in the past three years. Furthermore, 93% of business owners declared that severe weather was a threat to the survival of their activities [START_REF] Bank | The use of weather derivatives by small-and medium-sized enterprises: reasons and obstacles[END_REF]. Weather risk just keeps increasing as climate change is amplifying abnormal weather patterns leading to increased influence on consumer behaviour (IPCC, 2014;[START_REF] Dell | What do we learn from the weather? the new climate-economy literature[END_REF].

A large strand of the literature on franchising suggests that the agreement between the franchisor and the franchisees can positively affect the survival rate of franchise chains. The success or failure of new franchisees depends on several factors: (a) how the agreement is set up, (b) what incentives or protection the franchisor offers the new franchisee in the starting years, (c) the ability to withstand risks [START_REF] Azoulay | Entrepreneurs, contracts, and the failure of young firms[END_REF][START_REF] Shane | Organizational incentives and organizational mortality[END_REF][START_REF] Shane | Making new franchise systems work[END_REF][START_REF] Stanworth | Franchise versus conventional small business failure rates in the US and UK: more similarities than differences[END_REF]. However, among the risks and guarantees studied in this literature, to our knowledge, none address adverse weather.

In this paper we present a methodology to help franchise managers understand the influence of the weather, create the operational processes to measure their exposure to the risk of adverse weather, and set up mitigating procedures with external risk takers. Within the operational research domains and methodologies, our paper is set in the decision support modelling subcategory as characterized in [START_REF] Kovacs | A roadmap for higher research quality in humanitarian operations: A methodological perspective[END_REF]. This model and methodology rely on the application of Design Science Research (DSR) [START_REF] Denyer | Developing design proposition through research synthesis[END_REF].

DSR is a common research strategy in engineering and medicine, and is increasingly gaining recognition in social sciences such as education, information systems, organisation and management1 [START_REF] Romme | Making a difference: Organization as design[END_REF][START_REF] Van Aken | Management research based on the paradigm of the design sciences: The quest for field-tested and grounded technological rules[END_REF][START_REF] Hevner | Design science in information systems research[END_REF]Hodgkinson andStarkey, 2011, 2012). We extend DSR to financial risk management. DSR is rooted in the development of actionable knowledge. Researchers and corporate stakeholders are engaged together in an iterative process aimed at providing a solution that is field-tested and improved until it can be generalised and used in other contexts (Van Aken et al., 2016). The contribution and validity of the actionable knowledge thus developed is assessed by proving its effectiveness in solving the problem under consideration.

The logic is based on the identification of the problematic context (C), the design and implementation of an action or a series of actions called intervention (I), to trigger a certain mechanism (M) that produces the expected result or outcome (O).

caused by adverse weather. The intervention (I) we have developed consists of identifying the weather risk (the weather index) of each franchisee, establishing the probabilistic distribution of losses caused by adverse weather, and designing a financial compensation tool included in the franchise agreement by which the franchisor compensates the franchisee based on the value of the weather index. We then describe the mechanism (M) by which risk transfer reduces the risk of financial losses and cash -ow variability (O). As a result, we address the following research questions: How can we build a general methodology based upon scientific research to identify weather risk for each franchisee (Q1)? How can we structure and integrate a bespoke weather-based guarantee in the franchise agreement (Q2)?

Can we demonstrate the efficiency of a bespoke weather guarantee in reducing cash flow volatility and limiting the risk of business failure caused by adverse weather (Q3)?

The generic intervention we present is the result of an iterative approach that was developed between 2014 and 2019, relying on franchises all in the retail sector, from catering to textile sales, including tourist residences, sales of sports equipment or rental of DIY and cleaning equipment. We illustrate the development of the generic intervention, focusing on three franchises in three different business sectors, namely ice-cream parlours, women's clothing, and footwear. The use of DSR in our study contributes to bridging the gap between practice and academia by co-creating a solution through an iterative approach in which theory and applied work mutually guide each other.

Our work has important practical implications. First, we provide a general solution for adapting to rising climate variability applicable to all franchises whose sales and financial profitability are exposed to weather risk. This solution consists of designing and integrating into the franchise agreement tailor-made financial weather protection for the benefit of each franchisee. It is made possible by the franchisor's ability to aggregate the risk and reach a size that allows an efficient transfer to the financial markets. This is a real paradigm shift since the proposed intervention allows franchisees to manage the consequences of adverse weather and to reduce the variability of the resulting cash flows where, until now weather risk had been experienced as an act of God, the consequences of which can only be suffered.

Second, the intervention allows each franchisee and the franchise as a whole to benefit from a comprehensive and objective weather risk analysis that highlights the most influential weather variables, the sensitivity of sales to those variables, the historical contribution of weather to sales volumes, and the potential losses and their probability of occurrence. In particular, the weather risk assessment report makes it possible to measure the performance of a franchisee and its evolution from one year to the next, excluding weather effects. It is also a tool that allows a franchisor to integrate the weather risk in the choice of location of new franchisees.

Third, we contribute to corporate risk management by emphasising the need to integrate weather risk assessment into risk mapping. In particular, we show that managing weather risk can effectively reduce the variability in cash flows caused by climate variability. We also show that the remuneration requirements. This last point is particularly important as it highlights a direct quantifiable benefit offsetting the costs of implementing weather protection. Although there is real value in providing an innovative weather risk management solution as part of the franchise agreement, this value is difficult to assess.

Fourth, as the number and intensity of weather anomalies increase with climate change, the intervention we present allows companies to respond and adapt to climate change, transforming what was perceived as a long-term problem into a short-term risk that can be managed. The intervention is part of the response to the "tragedy of the horizon", a term coined by Marc Carney, Governor of the Bank of England, to refer to the myopic view businesses take in failing to respond to long-term considerations in short-term business planning cycles.

The paper is organised as follows. In the next section, we provide the theoretical background and hypotheses. We then describe data and methodology. Next, we discuss the results. We conclude with theoretical and managerial implications, limitations of the study and future research directions.

Literature Review

In this section, we first review the literature on the relationship between weather and retail activities, and on small business failures. We then describe weather-indexed financial protection instruments and how they are used to reduce cash flow losses and volatility caused by adverse weather and to decrease the risk of default. We finally present the theoretical framework in which we develop our methodology.

Weather and Retail

In retail, department managers have long had empirical knowledge of the effects of weather on sales [START_REF] Steele | Weather's effect on sales of a department store[END_REF][START_REF] Linden | Consumer markets: merchandising weather[END_REF]. They may not use a scientific approach in addressing the effects of weather, but they have accumulated enough experience to be able to take into account weather forecasts, adjust promotions, and try to anticipate the effects weather can have on customer traffic, products, and volumes. Since [START_REF] Steele | Weather's effect on sales of a department store[END_REF], many academic papers have shown that weather explains sales, earnings, and operating costs in a wide range of activity sectors. In fact, the activity of 70% of businesses worldwide is affected by weather conditions. The sectors most exposed include energy, agriculture, food processing, specialised distribution, tourism, industry, catering, leisure, textilesclothing, beverages, and transport, to name but a few [START_REF] Deschênes | Climate change, mortality, and adaptation: Evidence from annual fluctuations in weather in the US[END_REF][START_REF] Murray | The effect of weather on consumer spending[END_REF][START_REF] Changnon | El niño generated weather in the United States[END_REF]Mirasgedis et al., 2014;[START_REF] Subak | The impact of the anomalous weather of 1995 on the UK economy[END_REF][START_REF] Agnew | The weather sensitivity of the UK food retail and distribution industry[END_REF][START_REF] Schmidlin | Impacts of severe winter weather during December 1989 in the Lake Erie snowbelt[END_REF][START_REF] Day | Weather, climate, and tourism performance: A quantitative analysis[END_REF][START_REF] Fergus | Where, when, and by how much does abnormal weather affect housing construction[END_REF][START_REF] Arunraj | Estimation of non-catastrophic weather impacts for retail industry[END_REF][START_REF] Bai | Operational risks and firm market performance: Evidence from china[END_REF][START_REF] Badorf | The impact of daily weather on retail sales: an empirical study in brick-and-mortar stores[END_REF]. The global amount of business activity exposed to weather variability represents the weather on business each year represents nearly 3.5% of GDP. [START_REF] Parnaudeau | The contribution of weather variability to economic sectors[END_REF] have shown that a change of one degree Celsius in France can generate, for example, a change in sales of 10 % in short-stay accommodation, 5% in clothing sales in the spring, 12% in coffee, and 2% in beverages in autumn. The authors also showed that the accumulation of weather conditions could lead to a cumulative loss of 17% in textile sales and up to 38% in flower sales. [START_REF] Steinker | The value of weather information for e-commerce operations[END_REF] showed that consumer behaviour when shopping on-line was also subject to the influence of weather.

Not every retailer, however, is able to adjust orders, replenishment and prices as and when weather changes. Many retailers order in advance large quantities of seasonal products, and the name of the game consists in pushing these products as efficiently and profitably as possible, despite weather conditions [START_REF] Bertrand | Managing the financial consequences of weather variability[END_REF]. The accumulation of adverse weather conditions over several days or weeks makes the use of daily weather forecasts ineffective over time. Retailers see unsold products accumulate and even large discounts are not always enough to turn inventories into sales. As a result, unseasonal weather acts as a shock that disrupts sales and operating cash flows of weather-sensitive businesses, particularly in retail [START_REF] Lazo | U.S. economic sensitivity to weather variability[END_REF][START_REF] Amankwah-Amoah | The effects of business failure experience on successive entrepreneurial engagements: An evolutionary phase model[END_REF][START_REF] Bertrand | Understanding the economic effects of abnormal weather to mitigate the risk of business failures[END_REF].

Financial Distress in Small-Businesses and Franchises

In franchising, most participants are small businesses, not only the franchisees but also franchisors to whom the former pay royalties [START_REF] Stanworth | Franchise versus conventional small business failure rates in the US and UK: more similarities than differences[END_REF][START_REF] Alon | Are the parents to blame? predicting franchisee failure[END_REF]. Both large and small businesses are exposed to weather risks, but adverse weather does not affect them to the same degree. Smaller companies are less diversified, both in terms of products and the geographical distribution of sales. Their financial structure is more fragile, and they dedicate fewer resources to risk management [START_REF] Judge | The determinants of foreign currency hedging by U.K. non-financial firms[END_REF][START_REF] Collier | Firms' management of infrequent shocks[END_REF]. This is even more marked in the retail sector, which is characterised by an above-average business failure rate [START_REF] Carter | Small firm bankruptcy[END_REF][START_REF] Mcgurr | Predicting business failure of retail firms: An analysis using mixed industry models[END_REF]. In franchising, the failure of one or more franchisees can cause a domino effect that cascades back to the franchisor thus endangering both the other franchisees and the franchise chain [START_REF] Calderon-Monge | Economic sustainability in franchising: A model to predict franchisor success or failure[END_REF].

Due to their contribution to the global economy, the analysis of possible causes of business failure has been an important stream of the academic literature [START_REF] Michael | Entrepreneurial failure: the case of franchisees[END_REF]. Business failure extends from a temporary setback in cash flows to liquidation [START_REF] Walsh | Business failure and entrepreneurship: Emergence, evolution and future research. foundations and trends®[END_REF].

The first work on predictive factors of business failure dates back more than 50 years [START_REF] Beaver | Financial ratios as predictors of failure[END_REF].

For a long time, the balance sheet and the income statement were the only sources of information available. As a result, research on business failures concentrated on the study of static financial ratios and the ability to forecast was limited [START_REF] Blum | Failing company discriminant analysis[END_REF][START_REF] Altman | Zeta analysis: A new model to identify bankruptcy risk of corporations[END_REF][START_REF] Ohlson | Financial ratios and the probabilistic prediction of bankruptcy[END_REF][START_REF] Zavgren | Assessing the vulnerability to failure of American industrial firms: A logistic analysis[END_REF]. factors [START_REF] Beaver | Financial ratios as predictors of failure[END_REF] and the actions taken by business managers to respond to them [START_REF] Moulton | Business decline pathways: Environmental stress and organizational response[END_REF][START_REF] Hiemstra | Entrepreneurship in the street food sector of vietnam : assessment of psychological success and failure factors[END_REF][START_REF] Amankwah-Amoah | The effects of business failure experience on successive entrepreneurial engagements: An evolutionary phase model[END_REF]. Management skills, experience and education, social capital, staff, and industry are among the most cited internal factors. In the specific context of franchising, empirical research identifies additional factors related to the franchisorfranchisee relationship and the franchise agreement: royalty rate, initial investment required, training period, financial assistance, promotional branding, franchisor performance and experience, exclusive territories, delegation of rights, and the presence of a council of franchisees [START_REF] Michael | Entrepreneurial failure: the case of franchisees[END_REF][START_REF] Cochet | How do franchise contracts evolve? a study of three German SMEs[END_REF][START_REF] Alon | Are the parents to blame? predicting franchisee failure[END_REF][START_REF] Herz | Trust, decision rights delegation, and performance -the case of franchising[END_REF][START_REF] López-Bayón | Partner empowerment and relationship failure in franchising[END_REF][START_REF] Meiseberg | Performance implications of centrality in franchisee advice networks[END_REF]. Most cited external factors are economic conditions, interest rate markets, tax and legal environments [START_REF] Carter | Small firm bankruptcy[END_REF][START_REF] Self | Where restaurants fail: a longitudinal study of micro locations[END_REF]. The more volatile the environment, the greater the uncertainty, and the higher the failure rate [START_REF] Anderson | Organizational environments and industry exit: The eects of uncertainty, munificence and complexity[END_REF]. In the early years of a new business, an unexpected drop in sales and margins may be enough to prevent it from meeting its financial obligations and quickly placing it in a state of financial distress or bankruptcy [START_REF] Gordon | Towards a theory of nancial distress[END_REF][START_REF] Stiglitz | Some aspects of the pure theory of corporate finance: Bankruptcies and takeovers[END_REF].

Weather continues to be an under-researched external factor when it comes to business failure, yet few external factors exhibit as much uncertainty and volatility as weather conditions [START_REF] Barnett | Adapting to climate change in pacific island countries: The problem of uncertainty[END_REF]. To the best of our knowledge, no empirical study has considered weather as a possible external factor likely to affect franchisees' sales, cash flows and products, nor analysed how franchisors can help franchisees in mitigating the consequences of adverse weather.

The Franchise Agreement

The Franchisor and franchisees are in a long-term relationship to create economic value together [START_REF] Dant | A futuristic research agenda for the eld of franchising[END_REF]. Research has established the importance of franchise agreement design for the survival of franchisees and the franchise chain given the potential misalignments of economic objectives [START_REF] Shane | Making new franchise systems work[END_REF][START_REF] Azoulay | Entrepreneurs, contracts, and the failure of young firms[END_REF][START_REF] Shane | Organizational incentives and organizational mortality[END_REF][START_REF] Solis-Rodriguez | How to design franchise contracts: the role of contractual hazards and experience[END_REF]. A franchisee's decision to set up an operation depends on the perceived value he or she expects to receive from the franchisor in terms of merchandising, legal advice, consulting on real estate location and development, advertising, training and sometimes financial support [START_REF] Grünhagen | Entrepreneurs or investors? do multi-unit franchisees have dierent philosophical orientations[END_REF]. It is the franchise agreement that carries the value of the partnership on which depends the ability of the franchisor to reduce the risk of failure of franchisees and to develop a sustainable, profitable and trustful relationship [START_REF] Weaven | The influence of gratitude on franchisor-franchisee relationships[END_REF][START_REF] Croonen | How do franchisees assess franchisor trustworthiness[END_REF][START_REF] Calderon-Monge | Economic sustainability in franchising: A model to predict franchisor success or failure[END_REF][START_REF] Lanchimba | Entrepreneurial orientation, risk and incentives: the case of franchising[END_REF]. This value is further affected by the limits imposed by the franchisors on franchisees' debt levels (upper limit) and personal capital (lower limit) [START_REF] De | Strategic debt in vertical relations: Evidence from franchising[END_REF].

franchisees. Profitability of the franchisor is impacted because the higher the risk of failure of the franchisee, the lower the fees she or he is willing to pay. Hence the importance for the franchisor to provide innovative solutions to reduce risks and charge high royalty rates [START_REF] Lanchimba | Entrepreneurial orientation, risk and incentives: the case of franchising[END_REF].

Sustainability of the chain is also at stake because market share and positive financial performance in franchising are achieved through stable, long-term relationships. The integration of weather guarantees to the franchise agreement would positively contribute to profitability in the short term by lowering risks, and in the long term by offering adaptation tools to compensate for the consequences of a changing climate. [START_REF] Hiemstra | Entrepreneurship in the street food sector of vietnam : assessment of psychological success and failure factors[END_REF] identifies the weather as having a major impact on the daily success of many businesses. Weather risks are defined as the risk of financial losses caused by the cumulative effect of adverse weather on sales and profits over weeks, months or seasons [START_REF] Parnaudeau | The contribution of weather variability to economic sectors[END_REF].

Weather Risk Management

Business managers plan their activities expecting the weather to be normal in each season. Normal for meteorologists means the average value of weather observations calculated over a rolling 30-year period (Baede, 2001). Unexpected deviations from normal weather, referred to interchangeably as abnormal or unseasonal weather, are the difference on any single day between the observed value of the weather and its normal value. Abnormal weather can generate financial losses likely to disrupt the business and lead to financial distress [START_REF] Bertrand | Understanding the economic effects of abnormal weather to mitigate the risk of business failures[END_REF][START_REF] Parnaudeau | The contribution of weather variability to economic sectors[END_REF].

In recent years, some businesses have attempted to use weather forecasts to improve demand estimates and try to take advantage of the weather [START_REF] Nenni | Demand forecasting in the fashion industry: A review[END_REF][START_REF] Steinker | The value of weather information for e-commerce operations[END_REF]. The results are not very convincing for several reasons. First, weather forecasts are known to be highly inaccurate beyond a few days (Brooks et al., 1997;[START_REF] Granger | Economic and statistical measures of forecast accuracy[END_REF][START_REF] Hu | Accuracy of 6-10 day precipitation forecasts and its improvement in the past six years[END_REF].

In many cases, the use of weather forecasts adds uncertainty and makes existing demand models less efficient. Second, very few businesses can actually adapt their orders, inventories, staffing, prices and promotions to daily weather forecasts in real time. In franchising particularly, local franchisees usually lack latitude to decide on local advertising, promotions and prices [START_REF] López-Bayón | Partner empowerment and relationship failure in franchising[END_REF]. Third, while weather forecast demand models may allow short-term adjustments, they are not suitable for whole seasons or longer. [START_REF] Steinker | The value of weather information for e-commerce operations[END_REF] show that the use of weather forecasts at Zalando, Europe's biggest fashion retailer, improves short-term demand forecasts but does not reduce Zalando's risk when the weather is adverse over several weeks. In fact, in 2018 the group was forced to lower its profit objective for the year, invoking the long hot summer [START_REF] Buck | Zalando shares tumble 20% on second profit warning[END_REF].

The purpose of our paper is to design the managerial operational mechanism which, when deployed, will allow franchisors to offer each franchisee "weather protection" against the to reduce the exposure to adverse weather of both franchisors and franchisees. This protection uses weather derivatives [START_REF] Dischel | Climate risk and the weather market, chapter Introduction to the weather market: dawn to mid-morning[END_REF][START_REF] Dutton | Opportunities and priorities in a new era for weather and climate services[END_REF]. Weather derivatives, first introduced in 1997, work like any traditional financial instrument, except that the index used to trigger and automatically calculate payment is a weather index, usually based on a weighted combination of temperature or rainfall observations. This means that before devising weather protection for a franchisee, the franchisor must have developed the managerial tools to understand the type of weather conditions affecting sales and to derive the corresponding weather index and statistical relationship between a change in weather index and sales [START_REF] Pres | Measuring non-catastrophic weather risks for businesses[END_REF]. This protection is designed to automatically kick in with a cash inflow to the franchisee to compensate for the financial loss caused by adverse weather. In turn, the franchisor must estimate its maximum potential consolidated risk and decide whether it should revert to weather risk takers to enter into a weather derivative to reduce its own consolidated exposure.

The market for weather risk instruments was relatively illiquid and confidential in the early years of existence [START_REF] Huault | A market for weather risk? conflicting metrics, attempts at compromise, and limits to commensuration[END_REF], but cloud computing and access to reliable weather data have enabled more risk takers to cover weather risks for any business and for any amount or period (Hershey and Breslin, 2015). Empirical evidence gathered worldwide still shows a distinct dearth of such risk contracts, despite growing interest to extend the use of weather derivatives from energy and agriculture sectors to retail (Štulec, 2017; Štulec et al., 2019).

Methodology and Data

DSR as a Research Framework

DSR introduced in the seminal work of [START_REF] Simon | The Sciences of the Articial[END_REF], is a research paradigm to create instrumental prescriptive knowledge aimed at implementing an action or a process and achieving a desired practical outcome [START_REF] Pelz | Major Social Issues: A Multidisciplinary View, chapter Some expanded perspectives on the use of social science in public policy[END_REF]. The objective of DSR is to produce prescriptive knowledge that transforms current practices and improves the effectiveness of organisations.

Explanatory sciences are concerned with theoria, DSR is concerned with praxis and the design of techne to act upon existing entities and solve authentic business issues [START_REF] Denyer | Developing design proposition through research synthesis[END_REF]. DSR knowledge must meet two requirements: provide solid evidence that the intervention produces the desired outcome and have practical relevance to a significant business issue (van Aken et al., 2016).

While the mission of most management science research is to describe and explain from the perspective of an independent observer, DSR takes the perspective of involved actors to improve the present. The innovative Design is supported by a Design proposition that states that a business facing a given situation and willing to achieve a desired Outcome must perform the proposed Design.

apply CIMO-logic [START_REF] Denyer | Developing design proposition through research synthesis[END_REF] to develop a new body of prescriptive knowledge for mitigating failure risks in franchising. The problem in context (C) is franchisees' risk of cash--ow variability and financial losses caused by adverse weather over an extended period of time. We present a mechanism (M) so that the franchisor can transfer this type of entrepreneurial risk to a risk taker using weather index-based protection in the franchise agreement. The Intervention (I) is the methodology that leads to the design of bespoke weather-based protections to be integrated in the franchise agreement. The outcome (O) is the measurable risk reduction in cash--ow variability and expected maximum potential loss caused by adverse weather. We build from [START_REF] Meyer | Adapting to environmental jolts[END_REF], [START_REF] Sun | Predicting financial distress and corporate failure: A review from the state-of-the-art definitions, modeling, sampling, and featuring approaches[END_REF], [START_REF] Amendola | Variable selection in highdimensional regression: A nonparametric procedure for business failure prediction[END_REF], and Amankwah-Amoah et al. ( 2016) and postulate that weather variability acts as an external factor that has the potential to significantly affect cash inflows and disrupt both franchisees and the franchise chain.

Designing a Generic Intervention

The Intervention must provide franchisees and franchisors with actionable knowledge that leads to the desired outcome, e.g. a risk reduction measured as a lower cash--ow uncertainty and the reduced maximum potential loss caused by adverse weather.

The risk management cycle is an iterative circular planning model generally consisting of four steps: risk identification and assessment, goal setting and strategy selection, strategy implementation, efficiency assessment, and risk reassessment. It was [START_REF] Yohe | Toward an integrated framework derived from a risk-management approach to climate change[END_REF] who first introduced climate risk into this cycle nearly two decades ago, in a context not of managing climate variability but rather of adapting to long-term climate change. [START_REF] Lempert | Managing the risk of uncertain thresholds responses: comparison of robust, optimum, and precautionary approaches[END_REF][START_REF] Hallegatte | Strategies to adapt to an uncertain climate change[END_REF]. We extend their work to the management of weather variability applied to small retail businesses. The development of actionable knowledge in the framework of DSR is highly iterative in nature, as illustrated in Figure 1.

INSERT FIGURE 1 ABOUT HERE

The Intervention begins with problem definition followed by the gathering of empirical evidence from operational managers and the definition of objectives and business metrics to be analysed. The Intervention continues with business data collection, the construction of weather variables for analysis, and the selection of the most relevant weather variables to design a model that explains the evolution of business data as a function of the selected weather variables. In addition to providing the weather index, the model provides the degree of sensitivity to the weather, i.e. the value associated to a unit change of the index. The index and the sensitivity are the two components required to build financial weather protection [START_REF] Pres | Measuring non-catastrophic weather risks for businesses[END_REF]. Using historical weather data in the model, we determine sales in normal weather conditions, the contribution of weather to sales, the probability regular risk mapping assessment report that allows managers to decide and implement risk reduction strategies. A flowchart provides a step-by-step visualisation of the modelling and risk assessment process (see Figure 2).

INSERT FIGURE 2 ABOUT HERE

Defining the Problem in Context

The generic problem revolves around the local weather risk suffered by each franchisee and its potential financial consequences for both the franchisee and the franchise chain. Local weather risk results from the accumulation of adverse weather events experienced by each franchisee over a long period of time.

We present the development of the intervention applied to three retail franchises in France that suffered a succession of abnormal weather patterns such as cold springs and hot autumns, which led to financial distress and business failures for some of the newly established franchisees. The rst franchise group operates in the sector of high-end ice cream parlours, the second in women's clothing, and the third in footwear. In DSR, the collaborative aspect of the research is key. To improve the quality of the information flow between practitioners and academics, and facilitate the formulation of the problem in its context, we designed and delivered a training seminar to all participants of the three franchise groups, the content of which focused on weather risks, financial instruments, and corporate risk management practices.

First Study: High-end Ice Cream Parlour Franchise

This high-end Italian ice cream franchise group is present in Europe, Asia, the United States and South America. The ice cream parlours are located in tourist and capital cities in prime and fashionable locations. Given the brand positioning and location standards requirements, the franchisees' setup costs are high. Franchisees are generally individual entrepreneurs who finance the purchase of the commercial lease and franchise agreement almost entirely through debt. In Western Europe, where ice cream consumers are sensitive to weather, the rising number of adverse weather patterns in the spring and summer has affected new franchisees' sales, causing financial stress and leading to business failure in several cases, mostly on the West coast of France. In addition to the loss of revenues, the financial difficulties of new franchisees caused by the increase in climate variability poses image and reputation issues for the franchise group as a whole. As with most small businesses, franchisees have few resources to devote to risk management. For this reason, and to protect their each new franchisee.

The problem in context was the shortfall in sales caused by adverse conditions in the face of high fixed personnel costs and financial expenses in the case of newly established franchisees. Under the leadership of the CEO of the franchise, we gathered a task force of franchisees, some of whom had been in business for more than five years and others less than two years. The scope of the initial project was limited to nine cities in France in which the franchise was planning new openings, each located in a different region.

Second Study: Women's Clothing Franchise

The clothing franchise under consideration is present at seaside resorts and cities with populations in excess of 100,000 in France, England, Spain and Italy, as well as in most European tourist and capital cities. It first specialised in swimwear before diversifying its collections to include other clothing items such as lingerie and accessories for young women and teenagers. The brand mostly targets middle to high net-worth categories. Despite the positioning of the brand, sales and margins are affected by weather conditions. Besides, new franchisees pay comparatively expensive fixed and variable fees in addition to the cost of renting or buying a boutique in prominent locations and fitting it according to brand standards. The accumulation of store closures in France presumably due to adverse weather conditions has had the effect of mobilising franchisees who were concerned about reputation and financial sustainability issues. They counted on the franchisor to find a global solution applicable to each franchisee that was economically viable. As with the first study, the problem identified was that of the potential effects on cash of adverse weather in the first weeks or months of half seasons (spring and autumn) when new collections are showcased and sold at full prices. Likewise, we formed a task force comprising old and new franchisees, and added financial partners at the request of the franchisor. Sales and weather data were purchased for the pilot cities in which new franchisees were considered.

Third Study: Footwear Franchise

The third group is one of France's leading shoe manufacturers and retailers. The brand covers all ranges of men's, women's, and children's shoes. Franchisees are present in small and mediumsized towns in city centres and commercial centres, mostly in France, Belgium, Luxembourg, and Germany. Weather conditions are decisive for the realisation of margin targets, especially during the half seasons. In an increasingly competitive market driven by online sales, the rise in weather variability is perceived by both the franchisor and loan providers as a risk to be investigated and mitigated. The pilot project was focused on evaluating weather risks associated with the installation of Northern regions of France. A task force of old and recent franchisees was set up. Sales and weather data were available and purchased respectively from retail analytics companies and Météo France.

Collecting Business Data

Data on sales, production costs, margins, inventories, or footfall are all data that can be used when trying to establish a robust relationship between business activity and weather conditions. The granularity of the data is an essential element. The more the data are available in a reduced time step, the simpler the weather risk modelling is statistically. As weather data are available everywhere and in a very short time step, it is generally the availability of the company data that conditions the feasibility and the quality of the model.

When designing a model to cover the consequences of the accumulation of adverse weather events over several weeks, an entire season, or a fiscal year, it is common to aggregate daily or hourly data and use them on a weekly or monthly basis for modelling purposes. Indeed, experience in retailing in particular shows that there can be effects of purchase postponement from one day to the next, which makes statistical detection of the weather signal sometimes complicated. By using an accumulation of data over the week or the month, these carry-over phenomena, also called "wash-out effects" [START_REF] Starr-Mccluer | The effect of weather on retail sales[END_REF], are mitigated and the design of a robust weather-sensitivity model is facilitated.

As far as company data are concerned, our experience shows that two to three years of data covering the period for which the company is seeking protection are required. Similarly, for reasons of statistical robustness, the minimum time step of the data should not exceed one month. Finally, company data must be associated with a geographical area (e.g. a city, region or country) so that relevant weather data can be associated with it.

It may happen that sales, margin, or cost of production data are not available at the time step that allows the weather risk to be modelled. This is even relatively common when working with small businesses. It can also happen that the data do not yet exist. This is the case in the implementation study of wind farms when investors wish to set up a hedge indexed on the average wind to guarantee the cash flow required to repay the loan financing the project. This is also the case in franchising when assessing the relevance of a new implementation. In this situation, to create the model, sector data from competitors, suppliers, distributors, or reconstructed data are required to be compared and calibrated with existing company data.

Collecting Weather Data

determine the amount of the financial compensation and trigger its payment once the intervention is implemented. The weather data must therefore be available, accessible2 , documented, auditable, independent, and unquestionable. The weather data must also be recalibrated as historical values are used to estimate historical loss probability distribution. Recalibrating involves rebasing historical time series to match the current state of a weather station and to avoid discontinuities created, for example, by a change of equipment, the displacement of the station, or the construction of a new building near it [START_REF] Auffhammer | Using weather data and climate model output in economic analyses of climate change[END_REF]. In addition, over 30 years of data are required to build the probability distribution and detect the existence of a potential trend, and not every data provider has the ability to offer such a long history of data for every station. Finally, the location of the weather risk we are seeking to measure may be too far away from a weather station. The consequence is that we may introduce a basis risk, in other words, measure a weather event that took place at the station but not where the risk was located. This typically happens with rain data. In such situations, we can revert to gridded data, which are geolocalised and make it possible to measure the weather almost exactly where the risk takes place. Whether they are station data or gridded data, historical data must meet all of the above-mentioned requirements to be used for statistical analysis and financial purposes.

Speedwell weather was the source we used.

Establishing Decision Making Criteria

In risk management, decision making information is about financial losses and the probability of their occurrence. To determine these two sets of information, it is necessary to cross-analyse business data with weather data and to identify the weather variables that best explain the change in business data. The influence of weather on sales is inherent to each product or product category and may differ depending on the time of the week or year, the city, region or country in which the products are sold. Sales may vary linearly with changes in weather variables. Sales can vary linearly with the change in a weather index (e.g. the colder it gets, the greater the demand for energy). Sales may exist or cease to exist if weather conditions are below or above certain thresholds, or may be sold only if certain conditions are met. In general, the most influential weather conditions and their eects on sales are not known a priori by researchers. The empirical knowledge of business managers can be a valuable asset to reduce modelling time. In the absence of managerial assistance, a wide range of weather variables must be created to identify the most influential weather condition(s) and determine the relationship between sales and weather (Step 1 in Figure 2). These variables include "continuous" variables that measure the accumulation of deviations from normal weather conditions over various reached. Because of climate change, calculating deviations from normal weather may require adjustments due to existing trends. Finally, meteorological variables are weighted and aggregated to correspond to the geographic and temporal distribution of sales of the manufacturer under consideration [START_REF] Maunder | Weekly weather and economic activities on a national scale: an example using united states retail trade data[END_REF][START_REF] Parsons | The association between daily weather and daily shopping patterns[END_REF][START_REF] Dell | What do we learn from the weather? the new climate-economy literature[END_REF]. Additional data are often required to control the robustness of the weather-sensitivity model (Step 3 in Figure 2). In retail, such data include, for instance, promotions, economic data, school holidays, to name but a few. The weather-sensitivity model that explains a business metric as a function of a weather index is used to calculate the historical value of the normal business metrics (using the normal weather index values in the model), and the reconstructed historical contribution of weather to the business metrics (by measuring the difference between the metric estimated by the model using historical values of the weather index and the value of the business metric in normal weather conditions). The Weather contribution probability distribution can then be constructed and used by managers to decide what is the maximum acceptable loss caused by adverse weather, thus providing the value of the corresponding weather index that triggers the nancial compensation (Step 4 in Figure 2).

Results

In this section, we present the main findings of the three studies, but to save space, we provide the detailed step-by-step approach to modelling and the mechanism leading to the desired outcome for the first study only.

Results from the First Study

The Intervention

In the absence of historical sales, we searched for other independent data we could use for benchmarking. In this particular business, data vendors such as Nielsen or IRI did not offer data on ice cream parlour sales. As a first step, we selected among existing sales data for top-of-the-range individual ice cream categories sold in high-end food stores and supermarkets, the specific subcategory that was most correlated to sales of existing franchisees. Correlations ranged from .73 to .85, which was acceptable for the purpose of building a model providing financial compensation in case of adverse weather. Data were provided by one of the world's leading panelists on the FMCG industry. We used 5 years of weeks sales data for all cities in which a new implementation was planned. We then purchased cleaned, recalibrated weather data such as temperature, precipitation, wind, and relative humidity, and collected additional control variables such as calendar information (i.e. holidays, school holidays and long weekends) and other market and economic data suggested by business owners as potential explanatory variables for sales. Next, we prepared a large set of possible namely "perceived weather". Meteorologists call it Humidex. It links temperature of the ambient air and the relative humidity to better determine the temperature felt by the consumer.

The least relevant variables were eliminated through batteries of correlation tests between sales and weather variables (Step 2 in Figure 2). The remaining variables (see Table 1) were further tested for reliability and included in the model of the franchisees' weather-sensitivity relationships.

INSERT TABLE 1 ABOUT HERE

A graphical representation of the sales data (dependent variable) as a function of the weather index (explanatory variable) makes it possible to pre-select the mathematical models (binary, linear, polynomial, etc.) to be considered in the modelling phase.

INSERT FIGURE 3 ABOUT HERE

Models developed to hedge the potential losses caused by adverse weather are not intended to be used as predictive sales models. The model aims at detecting the weather signal in its ability to explain changes in sales. The fit to sales losses caused by adverse weather is the main purpose [START_REF] Pres | Measuring non-catastrophic weather risks for businesses[END_REF]. The ultimate goal of the model is not to create "perfect" weather cover, but to structure and price weather protection that both the franchisor and the franchisee can understand, relate to, trust, and use. Protection is intended to compensate for the loss as estimated by the model. Whenever a business wishes to hedge a risk related to a forecast cash flow, it is exposed to potential forecasting or modelling error. This implies that there is a difference between the actual loss and the estimated loss, which depends on the modelling error. It must be remembered that in most cases, businesses have no hedge in place, and to paraphrase the CEO of the ice cream franchise "even an imperfect solution is better than no cover at all". The calculation of the cash flow in the case of adverse weather must be simple and should not be questionable. The last step of our methodology is to aggregate franchisees' weather protection plans, and to evaluate the price at which the aggregated weather risk across all franchisees can be transferred to a financial risk taker by the franchisor.

Selecting Franchisees' Weather Risk Models

In the case of the first study, which minimises the mean error, the regression models that minimise the Mean Average Error (MAE) are two seasonal linear models (see Table A.7 in Appendix). The linear models follow:

Si = aiTmaxi +biBankholidaysi + ci + i (1)
where Si is the weekly sales of city i, Tmaxi the weekly average maximum temperature of city i for the same week, Bankholidaysi the number of holidays in the week in city 8 , 18 and 28 are the coefficients of the model for each season (but the same for the weeks in that season) and n is the error term.

To define the start and end dates of seasons 1 and 2, which vary from one city to another, we tested all possible combinations (about 2700 possibilities). The results of the simulations are materialised in the form of 3D graphics, an example of which is shown in Figure 4. The y-axis corresponds to the beginning of the duration of the first model and the end of the second. The abscissa is the end of the duration of the first model and the beginning of the second. The vertical axis is that of the MAE. The lowest value of the MAE is the one that determines the beginning and end of the two seasons.

INSERT FIGURE 4 ABOUT HERE

Having determined for each city the start of each season, we built and validated the weathersensitivity models (see Appendix A). On average, the spring/summer season begins on week 15 and ends on week 35, when the autumn/winter season starts (see coefficients for spring/summer in Table 2). The absence of autocorrelation was checked using Durbin-Watson and Breusch-Godfrey tests. On average, models using the independent Tmax (the maximum temperature during a week) explain on average 81% of sales.

INSERT TABLE 2 ABOUT HERE

Weather Risk Assessment

The next step is to use the models to reconstruct the distribution of weather contributions measured as the difference between the sales estimated by the models using the observed trendadjusted weather index values and the estimated sales at normal weather. Normal weather is calculated by averaging daily maximum temperatures over 30 years (in this case 1986-2015). The effects of climate change are taken into account by adjusting the historical values with a linear trend factor calculated over the same 30 years. This adjustment allows the historical weather anomalies observed each year to be compared with each other. To facilitate the comparison between sales in different cities, weather contributions are expressed as a percentage of normal sales (Figure 5). First, we note that the impact in a given year is not the same from one city to another as weather varies from city to city; what is more the sensitivity of local consumers also varies. Second, it is interesting to observe that there is no even distribution between years of favourable and years of unfavourable weather. It is consecutive unfavourable years. Looking at historical data, the cities in the North-West and Centre-West experienced 4 consecutive years of adverse weather for a cumulative loss of 35% of sales; the South-West witnessed two consecutive adverse years leading to a total loss of 32.5% in sales. Losses of this magnitude over consecutive years are likely to be considered unacceptable by franchisees, and a solution must be developed to prevent a business from suffering such losses. This is the very essence of the motivation of this research.

A further look at historical weather contributions shows that franchisees have a probability of experiencing adverse weather conditions 12 times in the last 30 years and of suffering a maximum potential loss ranging from 11% (North-West) to 24.5% (South-West). When looking at all 9 cities (see Appendix A), the average maximum potential loss is 19.6%. The average probability for a franchisee to lose more than 10% of normal sales because of adverse weather is 2.6%; the probability to lose more than 5% exceeds 24%.

INSERT FIGURE 5 ABOUT HERE

Strategy Selection: Building Franchisee's Weather Cover

The objective of the Intervention is to allow franchisors to provide franchisees with a bespoke weather cover clause as part of the franchise agreement to reduce the risk of financial distress caused by adverse weather. The financial cost of the cover is directly related to the amount of the expected payout and its probability. The higher the probability, the more expensive the cover. In other words, if the expected compensation is triggered from a sales loss of 5% that has an attached probability of 24%, it will cost more than a cover that triggers at a loss of 10% with an attached probability of 2.6%.

Weather index cover has the same characteristics and operating mode as options on financial instruments. A "put option" pays out if the index is below a certain threshold while a "call option" pays if the index value is above the specified threshold. In this case, compensation is required if the temperature is lower than expected. Hence, a put option is required. For pricing purposes, risk takers compute the expected value using 30 to 40 years of trend-adjusted historical weather observations applied to the index. Historical values of the index are used to calculate the associated weather cover payouts. The average of all payouts serves as a base for estimating the price. This method is called burn analysis, referring to the burn mark that the payment could leave on the risk taker at the time of payment of the payout [START_REF] Jewson | Weather derivative valuation: the meteorological, statistical, nancial and mathematical foundations[END_REF]. In this case, based on a 30% profit margin, we find that the cost of hedging against weather risks is on average 0.51% of normal sales for a loss exceeding 10%, 0.90% if the loss exceeds 5%, and 1.15% if it exceeds 3% (Table 3) . The decision to select the appropriate compensation threshold depends on the financial situation of each franchisee.

The Mechanism

In essence, the Mechanism can be summarised as the risk transfer process from the franchisee to the franchisor and from the franchisor to a risk taker, triggered and made possible by the intervention. The intervention collects business and weather data, creates variables for analysis, identifies the most relevant weather indices, and establishes the models that are used to provide a risk assessment and to design the payout structure. Weather-sensitivity models make it possible for the franchisee to select the desired level of cover, for the franchisor to price the cover for each franchisee, and for a risk taker to whom weather indices and models are provided to price the franchsisor's aggregated resulting risk, and manage it in the financial weather risk management market.

The Outcome

In DSR, prescriptive knowledge aims at solving field problems, here franchisees' exposure of sales cash flows to weather risks, both in terms of maximum potential loss and uncertainty. Table 4 is based on franchisees reconstructed historical cash flows without weather cover and with weather cover. The cash flow with weather cover includes the amount of the payout. We demonstrate the efficiency of the intervention. The maximum potential loss is calculated with or without cover for each new franchisee. The variability is the standard deviation of the reconstructed cash flows. The outcome is a reduced maximum potential loss and reduced uncertainty. By construction, the maximum loss caused by adverse weather is now capped at the desired level of 5% of normal sales. Further, uncertainty on cash flows drops on average by 20% at the average price of 0.80% including load factor. Since, in practice, the maximum payout for weather protection is capped at the maximum historical observed adverse value of the weather index (it would make little economic sense to pay for a risk that has never happened), the loss that is effectively compensated by the weather clause is the difference between the second column ("With Cover") and the first column ("Without Cover") of Table 4.

INSERT TABLE 4 ABOUT HERE

Results from the Second Study

In the second study, two representatives from lead banks of the clothing franchise were included in the task force, with a view to explore opportunities to lower credit spreads for financing new franchisees. We extended the literature to be included in the intervention (see for instance Pelka et franchisees to define a benchmark corresponding to the risk in the absence of weather risk mitigation tools. As in the first study, although we found regional differences in weather sensitivity factors, the identified weather variables were identical for all the franchisees considered in the pilot area. The maximum potential losses due to adverse weather (temperature and precipitation) ranged from 13.3% to 19.8% of normal sales in spring, and 9.9% to 21.1% in autumn, which was consistent with [START_REF] Bertrand | Assessing and hedging the cost of unseasonal weather: Case of the apparel sector[END_REF]. In a year when the weather is unfavourable in both spring and autumn (i.e., cool spring and warm autumn), losses accumulate. For instance, between 2012 and 2013, the cumulative losses year on year were almost 35% of normal sales.

The weather cover that was included in the franchise agreement reduced the maximum potential loss due to adverse weather by 54% on average. The resulting risk reduction led the banks to lower credit margin requirements, allowing the franchisor to offset most of the costs of the weather protection with the savings due to those favourable financing terms. The key CIMO proposition arising from this study was: Within the context of an international clothing franchise going through store closures caused by adverse weather conditions (C), weather risk management interventions (I) trigger the mechanisms of risk reduction through financial hedging (M) to lower the exposure to weather, reduce credit risks, and reinforce financial resilience (O). The intervention and its efficiency were evaluated by the task force, leading to the renewal of the programme.

Results from the Third Study

The key CIMO proposition was: In the context of a shoe retail franchise going through difficult business conditions complicated by increasing climatic variability, particularly at the beginning of the half seasons (C), weather risk management interventions (I) trigger the mechanisms of risk reduction through financial hedging (M) to lower the exposure to weather, reduce credit risks and reinforce financial resilience (O). As in the second study, bank representatives were invited to join the task force. The sensitivity of shoe sales to temperature was on average 4.5% of sales per degree Celsius in spring and 3.2% in autumn, leading to maximum potential cumulative annual losses of close to 25% of normal sales.

The findings of this study reinforced the conclusion arising from the second study. In addition, the weather sensitivity models developed by the intervention were used to anticipate short-term demand using weather forecasts, with a view to adapt sales staff to anticipated demand. In particular, this led to two additional features: the establishment of a partnership with a nationwide temporary employment agency, savings in personnel costs, and even more cost-effective weather cover. It also led to the creation of a web-platform accessible by each franchisee to follow the value of the weather index on a daily basis and the expected payout of the weather protection.

The results of the three studies iteratively contributed to the design of the generic intervention.

In the first study, an academic training package was designed and administered to task force participants to introduce weather risks and financial instruments for weather risk management. This step filled the managerial knowledge gap in risk management and financial instruments identified in the literature as the main reason for the absence of corporate risk management policies. It allowed each participant to contribute to the choice of management objectives, to share relevant empirical knowledge, and to validate the results of the statistical modelling. The intervention thus made it possible to methodically construct the elements needed to understand the impact of the weather on franchisees' sales, to make a decision on risk tolerance, and then to integrate the weather cover resulting from the decision into the franchise contract to compensate for the losses caused by adverse weather. In the second study, the training package was improved to include the findings of the first study and lead to further improvement due to the addition of financial partners in the task force. As a result, the economic value of the weather cover was enhanced by the savings on credit margins granted by the banks. The third study capitalised on all findings and the feedback loop of the task force resulted in providing real-time monitoring of short-term expected weather impacts on sales, and financial visibility on the expected outcome resulting from the intervention. Finally, improvements achieved in the second and third studies were proposed and applied as part of the iterative DSR process and continued improvement in the case of the first study.

Discussions and Implications

The intervention applied to the franchise of ice cream parlours made it possible for the franchisor to reduce a local risk by providing a local response in a global way. This is a major result.

First, it reinforces the financial structure by limiting downside risk to a level that can be absorbed by a small business. Second, the collaborative work between the franchisor, franchisees and researchers makes it possible, thanks to a generic replicable scientific approach, to provide an objective assessment of empirical knowledge in order to better understand the financial impact of favourable or unfavourable weather. The improved knowledge on weather risk, applied to the choice of a new location, is an additional decision making element, which can now be documented and integrated within a business plan and shared with the financial partners of the business owners in order to adjust borrowing conditions to a lower risk.

The use of weather cover is particularly relevant in the context of franchising. Indeed, while a small independent business may try to absorb part of the consequences of adverse local weather by adjusting its pricing policy, offering large discounts, investing in advertising, or diversifying its product offer, these are all responses that are usually not possible for a franchisee, for whom the room the franchise agreement [START_REF] Davies | A model of trust and compliance in franchise relationships[END_REF][START_REF] López-Bayón | Partner empowerment and relationship failure in franchising[END_REF].

The ability for the franchisor to provide franchisees with tailored weather cover is a real game changer. It is an innovative clause in a franchise agreement that deals with a problem which until now had no solution. What is more, its cost is moderate in relation to the potential risk and can be compensated by a reduction in the credit terms granted by the banks. It also constitutes a competitive advantage to franchisees who can fully devote their time and their teams to customer satisfaction and the development of their sales without risking losing their business because of the weather.

The role of weather as a determinant in small business failure has been under-researched. With climate change and the proliferation of abnormal weather patterns, we believe that this is a strand of research that is set to grow rapidly. By addressing weather risks in the context of franchising, we contribute to this literature and open new avenues on the added value of weather cover in franchise agreements [START_REF] Weaven | The influence of gratitude on franchisor-franchisee relationships[END_REF][START_REF] Croonen | How do franchisees assess franchisor trustworthiness[END_REF][START_REF] Calderon-Monge | Economic sustainability in franchising: A model to predict franchisor success or failure[END_REF][START_REF] Lanchimba | Entrepreneurial orientation, risk and incentives: the case of franchising[END_REF].

The intervention proposed in the context of franchising in fields as diverse as restaurants, accommodation, outdoor recreation, and flowers 3 , to name but a few, can be extended to other risksharing agreements between a mother organization and its direct or indirect affiliates in retail networks [START_REF] Segal | The mirrlees approach to mechanism design with renegotiation (with application to hold-up and risk sharing)[END_REF][START_REF] Wang | Coordination in a retailer-led supply chain through option contract[END_REF][START_REF] Wakolbinger | Supply chain disruption risk management through strategic information acquisition and sharing and risk-sharing contracts[END_REF]. Concomitantly, we note increasing interest in the literature of both academics and practitioners in the many sectors and companies whose sales, production costs, prices or profitability are affected by weather conditions [START_REF] Murray | The effect of weather on consumer spending[END_REF][START_REF] Bahng | The relationship between temperature and sales[END_REF]Mirasgedis et al., 2014;[START_REF] Day | Weather, climate, and tourism performance: A quantitative analysis[END_REF][START_REF] Bertrand | Weather effect on apparel sales in France[END_REF][START_REF] Bertrand | Assessing and hedging the cost of unseasonal weather: Case of the apparel sector[END_REF][START_REF] Appelqvist | Weather and supply chain performance in sport goods distribution[END_REF][START_REF] Brusset | Hedging weather risk and coordinating supply chains[END_REF]). Yet none of them claim to help with normative knowledge to solve such problems as we do with DSR.

The other dimension revealed by this study concerns the erratic and lopsided nature of weather. We note that favourable and unfavourable weather events are not evenly distributed. Many businesses probably have enough financial resources to cope with one, maybe two adverse seasons.

The possibility of suffering the consequences of more than two consecutive adverse seasons is a risk that exists and that few small businesses and new franchisees are able to survive.

The mechanism proposed in this paper allows a franchisor to offer effective weather protection adapted to each local situation without compromising its global operating mode and overall strategy.

The cost of providing such financial service to franchisees relative to sales is economically sound. In the case of the ice cream franchise, the cost to the franchisor was 0.56%, 0.80% and 1.06% including load factor (cost of capital and margins), for a cover that caps the weather loss at 10%, 5% and 3%

3 For instance in the UK, spring sales at risk in the "beverage" sector are 27.3% of normal sales the sensitivity of sales to temperature in "holiday and other short-term accommodation" in the summer is 10.02% per °C, and 4.52% per °C in "-owers and plants" in spring (see [START_REF] Parnaudeau | The contribution of weather variability to economic sectors[END_REF], for an exhaustive analysis of UK retail sectors). cumulative cost of covering each franchisee, should franchisees individually purchase such weather protection directly from a risk taker.

In the empirical case of the ice cream franchise detailed in this paper, the franchisor made the decision to include weather protection free of charge. It compensates for a weather loss exceeding 5% for the first two years for any new franchisee. The possibility was also offered to existing franchisees of selecting the weather protection of their choice to be added as a financial service clause to the franchise agreement, at a discount price (the theoretical price with no load factor). Due to the decrease in the franchisee's risk and the increase in the perceived value of the franchise agreement, the franchisor was able to keep charging a relatively high royalty rate despite recent business failures, a relatively low brand awareness, and the size of its activities compared to its direct competitors [START_REF] Lanchimba | Entrepreneurial orientation, risk and incentives: the case of franchising[END_REF]. The franchisor's management team also believed that offering an innovative financial clause as an integral part of the franchise agreement contributed to attracting entrepreneurs to their franchise who may not have taken the step as easily otherwise [START_REF] Grünhagen | Entrepreneurs or investors? do multi-unit franchisees have dierent philosophical orientations[END_REF]. Finally, the presence of the weather protection clause in the franchise agreement enabled some franchisees to benefit from more favourable bank financing conditions.

Theoretical and Managerial Implications

This research has important implications for small-business risk management and franchising research. It brings into focus the importance of considering weather risk as a new material risk that can generate financial losses and uncertainty in cash flows which are likely to affect the value and risk premium of many franchisees exposed to weather variability. It addresses one of the under-researched phenomena identified in [START_REF] Bolton | Responsible research in retailing: Is your research useful?[END_REF] and should bring about a better world 4 .

To our knowledge, this is the first time that a methodology establishes an operational policy in the most general terms to address weather risk in retail in general and in franchise management in particular. In this paper, we provide franchisors, and more generally manufacturers who have to distribute their products through retail networks, with a methodology to evaluate the specific risk related to weather variability for each retailer, and a blueprint to set up the corresponding contractual policy. This alone opens up new opportunities in the field of retailing that a retail network operator can apply to minimise the overall consolidated exposure to weather risk. This also resolves some of the challenges faced by the globalising retailer who wishes to enter emerging and less developed markets as identified in Reinartz et al. (2011).

Our methodology also allows franchisors to take a proactive attitude toward managing the consequences of adverse weather and create the conditions for their franchisees, and themselves, to franchisees to manage or suffer. In addition, providing weather cover in the early years of operation can help retailers offer distinctive value [START_REF] Grace | An empirical analysis of franchisee value-in-use, investment risk and relational satisfaction[END_REF]) and attract franchisees who may otherwise have been reluctant to invest.

Finally, weather protection contributes to the enhanced understanding of "true" sales performance of franchisees as well as marketing effort on the part of the franchisor, i.e. weatheradjusted performance figures which enable the managerial contribution to be better identified. The franchise networks, or the retail networks can no longer blame the weather for poor performance nor unduly praise themselves when the weather is the real cause of good performance.

Limitations and Directions for Future Research

The mechanism we present breaks new ground because few franchisors have yet considered offering weather protection to their franchisees and even fewer have implemented it. This implies that evidence of the effectiveness of the mechanism by directly comparing the failure rate of two populations of franchisees, one with a weather protection clause and the other without, is still scarce.

Such studies and new research avenues will open up in the near future as the diffusion of weather protection is expected to accelerate, driven by several phenomena, the first of which is the climate itself, characterised by an increase in the number, duration, and intensity of inter-annual abnormal weather patterns (WMO, 2018). In addition, in part due to the rapid development of technology, considerable progress has been made in data access and processing, making weather-index based products more relevant, efficient, less costly and therefore more widely available to all businesses in a wide range of industries. The third and more recent phenomenon is financial: investors and regulators have become increasingly aware of the financial challenges associated with climate change. They have developed a common reporting framework and are now pressing companies to communicate on the weather and climate risk to which they are exposed and the mitigation measures put in place so that financial markets can better reflect climate risk in the prices of the assets in which they invest [START_REF] Bloomberg | Task force on climate-related financial disclosures: Status report[END_REF]. The need for firms, large or small, to disclose their risks will provide researchers with new information covering all sectors of activity exposed to the weather.

As the innovation becomes widespread, future research could explore the extent to which weather protection contributes to the perceived value of franchises, to the value created by franchisors and, of course, to their overall performance.
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Table 1 :

 1 Highest Correlations between High-end Ice-cream sales and weather variables

	Weather variable	Correlation
	Maximum Temperature	0.82***
	Average temperature	0.81***
	Humidex	0.78***
	Minimum Temperature	0.75***
	Relative Humidity	-0.73***
	Dew point	0.63***

Table 2 :

 2 Weather-sensitivity models -Spring/Summer = number of observations, * signi cant at < 0.1, ** signi cant at < 0.01

		East	North	North West	South West 1	Centre West	Centre East	South East	South West 2	Centre
	a b c	20.78** (20.92) 2.51 (0.59) -22.05** (-8.84)	23.12** (21.40) 9.21* (2.02) -14.79** (-6.43)	28.80** (17.10) 11.98* (1.90) -22.05** (-6.30)	35.66** (26.42) 4.47 (0.87) -43.92** (-13.87)	25.75** (25.52) 3.32 (0.82) -31.2** (-13.17)	38.01** (20.80) 6.11 (0.73) -44.7** (-9.28)	48.37** (24.61) 9.15 (1.05) -75.12** (-13.85)	33.31** (20.28) 6.16 (0.83) -45.22** (-10.30)	36.53*** (19.81) 7.61 (1.05) -35.39** (-8.19)
	N 2 Durbin-Watson	119 0.799 1.983	120 0.800 1.938	120 0.725 1.905	119 0.866 1.911	117 0.860 1.92	119 0.802 1.84	120 0.849 1.839	120 0.795 1.810	103 0.805 1.981
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N

Table 3 :

 3 Price of weather cover as a percentage of normal sales -Spring/Summer

		Maximum Loss caused -10% by adverse weather	-5%	-3%
		City East City North City West-North City West-South City Centre-West City Centre-East City South-East City South-West City Centre	0.23 0.31 0.24 0.49 0.37 0.31 0.35 0.37 0.35	0.36 0.52 0.54 0.84 0.71 0.59 0.49 0.67 0.65	0.49 0.69 0.74 1.06 0.91 0.75 0.62 0.82 0.84
		Average	0.34	0.60	0.77
		Table 4: Weather cover e ciency -Spring/Summer
		Maximum Cash-ow Loss		Cash-ow Variability
	East North West-North West-South Centre-West Centre-East South-East South-West Centre	Without With Cover Cover Reduction Risk -9.0% -5.0% 44% -18.0% -5.0% 72% -11.0% -5.0% 55% -24.5% -5.0% 80% -18.8% -5.0% 73% -19.8% -5.0% 75% -26.0% -5.0% 80% -26.6% -5.0% 81% -22.5% -5.0% 78%	Without With Cover Cover Reduction Risk 7.7% 7.3% 5% 8.1% 6.8% 16% 8.0% 6.9% 14% 11.0% 8.2% 26% 9.7% 7.7% 20% 9.5% 7.9% 16% 8.6% 6.8% 21% 9.4% 7.0% 26% 9.7% 7.6% 22%

Table A .

 A 7: Comparisons between Linear Season 2, Polynomial Season 2, and Polynomial models

				Table A.8: Models -Fall/Winter			
		East	North	North West	South West 1	Centre West	Centre East	South East	South West 2	Centre
	a b c	3.91*** (15.05) -1.99 (-0.50) 27.97***	6.16*** (14.87) -1.35 (-0.24) 39.42***	6.22*** (12.74) 4.76 (0.89) 25.24***	8.09*** (13.70) 7.78 (1.18) -	4.59*** (13.54) -3.03 (0.64) -1.07	8.14*** (13.59) -1.54 (-0.18) -0.36	8.60*** (15.78) -5.73 (-0.86) -	6.92*** (15.87) 0.03 (0.07) -	11.64*** (16.56) 10.80 (1.07) -1.06
	N 2 Durbin-	7.63 120 0.660 1.972	7.06 120 0.655 1.957	3.77 120 0.581 1.980	32.19*** (-3.55) 120 0.616 1.945	-0.21 118 0.616 2.045	(0.03) 120 0.612 1.918	43.44*** (-4.42) 120 0.681 1.964	25.09*** (3.41) 120 0.682 1.957	(-0.09) 120 0.705 1.941
	Watson		Linear Season 2		Polynomial Season 2		Polynomial*

N = number of observations, *** signi cant at the 1% level ( < 0.01)

See also[START_REF] Oliva | Intervention as a research strategy[END_REF] and[START_REF] Oliva | Editorial: Intervention-based research (IBR)-what, where, and how to use it in operations management[END_REF] for an exhaustive review of DSR and Intervention-Based Research (IBR)

For instance, during the administration shutdown in the US caused by the U.S. Senate's refusal to ratify the budget, GSOD data which is commonly used for research purposes was not available
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