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Background Scarcity of data on the health impacts and associated economic costs of heat waves may limit the will to invest in adaptation measures. We assessed the economic impact associated with mortality, morbidity, and loss of well-being during heat waves in France between 2015 and 2019.

Methods Health indicators monitored by the French national heat wave plan were used to estimate excess visits to emergency rooms and outpatient clinics and hospitalizations for heat-related causes. Total excess mortality and years of life loss were considered, as well as the size of the population that experienced restricted activity. A cost-of-illness and willingness-to-pay approach was used to account for associated costs.

Results

Between 2015 and 2019, the economic impact of selected health effects of heat waves amounts to €25.5 billion, mainly in mortality (€23.2 billion), minor restricted activity days (€2.3 billion), and morbidity (€0.031 billion).

Conclusion

A better understanding of the economic impacts of climate change on health is required to support concrete adaptation actions and to alert decision-makers to the urgency of the situation.

Introduction

Extreme weather events are among the most direct consequences of climate change [START_REF] Writing Team | Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change[END_REF]. Assessing their economic impacts is challenging, and often the economic valuation only covers the direct consequences on infrastructures, with some additional consideration of the indirect socio-economic impacts. These costs were found to represent between $94 and $130 billion each year between 2000 and 2012 worldwide, but health impacts were reportedly seldom studied [START_REF] Kousky | Informing climate adaptation: A review of the economic costs of natural disasters[END_REF].

The number, frequency, and intensity of heat waves is evolving rapidly [START_REF] Writing Team | Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change[END_REF], making adaptation to heat a priority.

However, although they are among the deadliest extreme events [START_REF]WMO: WMO Statement on the State of the Global Climate in 2019[END_REF], they are under-represented in the total estimated economic burden of extreme weather events, partly due to their limited impact on infrastructures. Few studies have focused on estimating the economic burden associated with heat waves (see [START_REF] Schmitt | Economic Evaluations of the Health Impacts of Weather-Related Extreme Events: A Scoping Review[END_REF][START_REF] Wondmagegn | What do we know about the healthcare costs of extreme heat exposure? A comprehensive literature review[END_REF] for recent reviews). The August 2003 record-breaking heat wave led to about 70,000 deaths in Europe [START_REF] Robine | Death toll exceeded 70,000 in Europe during the summer of 2003[END_REF] and 15,000 in France [START_REF] Ung | Évaluation de la surmortalité pendant les canicules des étés 2006 et 2015 en France métropolitaine[END_REF]. The associated direct morbidity and mortality-related medical costs borne by the French national health insurance system were estimated at between €10 and €280 million [START_REF]DGS: Impacts du changement climatique sur la santé en France : Eléments de coûts[END_REF], but this did not account for the health-related and intangible effects supported by the population. The scarcity of data on the actual health impacts and associated economic costs of heat waves, coupled with low heat-related risk perception among stakeholders, may limit the will to invest in adaptation.

To fill this gap, we performed the first overall assessment of the health-related economic burden of heat waves from 2015 to 2019 in France. We not only considered excess mortality and morbidity based on epidemiological data, which is standard, but also tackled two more rarely addressed issues. We evaluated loss of well-being of the exposed population and jointly assessed epidemiological and economic uncertainties. Our paper contributes to the literature on health effects observed during heat waves, and aims to make decision-makers aware of the urgency of prioritizing measures to prevent the adverse health consequences of climate change.

Methods

This study was conducted in the 96 metropolitan French departments for the period 2015-2019. Computations were made at the department level and then aggregated at national level. A negative number of excess cases was assumed to represent an absence of heat effect. Consequently, any negative health effect at the department level is set to 0 when computing the health impact and the economic evaluation at the national level. We used the definitions, databases, and indicators developed within the French national heat wave plan to assess the heath burden of heat waves, as described below.

Heat wave definition and warning levels

Daily minimum and maximum temperatures were obtained from the French National Meteorological Service (Météo France). Heat waves were defined as periods when the average minimum and maximum temperatures over three consecutive days exceeded predefined departmental thresholds [START_REF] Pascal | France's heat health watch warning system[END_REF]. Within the heat prevention plan, each department and each day is classified by Météo-France as green, yellow, orange, and red. Orange and red levels exceed the thresholds defined above (i.e. indicate heat waves), while the yellow level indicates an intermediate situation (e.g. slightly below the thresholds), and the green level absence of risk.

Estimation of health impacts from heat waves

Morbidity

Daily emergency department (ED) visits and outpatient clinic visits (SOS Médecins) were obtained for each department from the French syndromic surveillance system (SurSaUD®). The database provides detailed information such as age, sex, diagnosis, whether the visit led to hospitalization, and covers approximately 93% of ED visits and 95% of outpatient clinic visits in France. We selected visits involving at least one of the heatrelated adverse effects: faintness, hyponatremia, hyperthermia, heat stroke, isolated fever, and/or dehydration [START_REF] Atiki | Influence de la chaleur sur quelques causes de recours aux soins d'urgences en France métropolitaine durant les étés 2015-2017[END_REF][START_REF] Kovats | Heatwaves and public health in Europe[END_REF]. Three age groups were considered (0-14, 15-64, 65 and older).

The morbidity impacts were computed strictly for the heat wave periods because of their immediate health impact in terms of adverse effects. We used quasi-Poisson models to assess the daily number of expected cases per age group in the absence of heat waves, and controlled for day of week, month, and year. The total numbers of ED and outpatient clinic visits recorded were also included as an offset to control for a possible confounding effect from variations in the volume of activity and coding quality over time. Morbidity data are highly dependent on the number of hospitals and SOS Médecins emergency care associations reporting daily data.

Excess morbidity during heat waves was estimated at the department level as the daily observed number of cases per age group minus the expected number of cases in the absence of heat waves. The standard 95% confidence interval (CI) of the model provided an estimation of the uncertainties surrounding the estimates. We also tested three alternative models as a robustness check, without significant differences in assessments (data available upon request). Two departments were excluded from the analysis due to data quality issues, and in some departments, analyses by age groups were limited by the very small number of cases.

Mortality

The heat wave periods were extended by three days to account for possible delayed effects [START_REF] Pascal | Heat and cold related-mortality in 18 French cities[END_REF] For each period studied, the method provides five estimates corresponding to the number of preceding years (from one to five) considered, and summarized using the mean, minimum, and maximum values. We thereby obtained a range of possible values, although not equivalent to a 95% CI. Results are expressed in numbers of excess deaths per age group. We also derived an estimation of the associated years of life lost (YLL) computed as the number of excess deaths in each age group multiplied by the average remaining life expectancy by age group and sex (see supplementary Figure 1 and supplementary Table 1 for details).

Loss of well-being

We approached loss of well-being through activity restriction associated with the red heat wave level (cancellation of various events, warnings to avoid travel and to reduce all physical activities). From a medical perspective, the temperatures during "red" days are likely to lead to symptoms such as fatigue, cramps, faintness, decreased alertness and cognitive function, even in young and healthy people. We considered the situation analogous to a Minor Restricted Activity Day (MRAD), i.e. "when individuals reduce most usual daily activities and replace them with less-strenuous activities or rest, but do not miss work or school" [START_REF]EPA: Final Ozone NAAQS Regulatory Impact Analysis[END_REF]. We defined the exposed population as those resident in the departments throughout the red alert days, because data on tourists by day and department were not available.

Monetary estimates: central values

The overall health burden of heat waves was considered from a societal perspective and expressed through monetary estimates of effects from morbidity, mortality, and loss of well-being in euros 2017, based on the French national consumer price index.

Morbidity

Morbidity costs were estimated using a "cost-of-illness" (COI) approach that included direct medical costs (ED visits, outpatient clinic visits and hospitalizations), indirect costs (loss of production), and intangible components. We used the French generic cost of an ED visit without hospitalization: €151 [15]. The cost of an outpatient clinic visit was assessed based on the French national health insurance system fees, which depend on the times of day/night and days of the visit. We calculated an average visit cost weighted by the distributions of times and days of consultation during heat waves. We assumed that the hourly distribution of outpatient clinic visits attributable to the heat wave was similar to the hourly distribution of the total visits. We obtained an average cost of €48 per outpatient clinic consultation. We added a €5 additional fee for pediatric consultations (0 to 6 years) to cover the observed pediatric fraction (33%) of the excess visits during heat waves. Some ED and outpatient clinic visits were followed by hospitalization, but no details of the causes were available. We therefore arbitrarily selected the cost of hospitalization for respiratory disease (heat being a known risk factor for respiratory hospitalization [START_REF] Song | Impact of ambient temperature on morbidity and mortality: An overview of reviews[END_REF][START_REF] Martínez-Solanas | Temporal changes in the effects of ambient temperatures on hospital admissions in Spain[END_REF]). We chose a value of €3,866, the total cost of an average hospital stay for a respiratory system condition in France [START_REF] Cgdd | Estimations des coûts pour le système de soins français de cinq maladies respiratoires et des hospitalisations attribuables à la pollution de l'air[END_REF].

Production losses were calculated using the average French gross daily salary of €104.24 [START_REF]Insee: Salaires dans les entreprises 2018[END_REF] for adults aged 15 to 64; this was also applied to children under 15, assuming that one parent would have to take leave from work to take care of his / her child. In total, production losses were assessed for 71.5% of the patients. We assumed that one working day was lost for each ED and outpatient clinic visit not followed by hospitalization. For patients who were hospitalized, we considered a number of lost working days equal to twice the average length of hospitalization, to account for the home rest period [START_REF] Chanel | Guidelines on monetary cost calculations related to air-pollution health impacts[END_REF][START_REF] Ready | Benefit Transfer in Europe: How Reliable Are Transfers between Countries?[END_REF]. We used an average length of hospitalization of 6.7 days (average length of respiratory hospitalizations in France in 2017 [START_REF]OECD Health Data[END_REF]), i.e. loss of production for 13.4 days.

To account for the intangible components related to morbidity, we used Willingness-To-Pay (WTP) for reducing the risk of emergency room visits and hospitalization. Since the literature offered no heat-wave-specific WTP, we felt that the most appropriate substitute would be WTP estimated in the air pollution context [START_REF] Song | Impact of ambient temperature on morbidity and mortality: An overview of reviews[END_REF][START_REF] Martínez-Solanas | Temporal changes in the effects of ambient temperatures on hospital admissions in Spain[END_REF][START_REF] Chiabai | Valuing deaths or years of life lost? Economic benefits of avoided mortality from early heat warning systems[END_REF]. We chose a WTP to avoid an ED visit of €267 from Ready et al. [START_REF] Ready | Benefit Transfer in Europe: How Reliable Are Transfers between Countries?[END_REF] and a WTP to avoid hospitalization of €1,454, the arithmetic mean of the WTP values of €469 from Ready et al. [START_REF] Ready | Benefit Transfer in Europe: How Reliable Are Transfers between Countries?[END_REF] and €2,440 from Chilton et al. [START_REF] Chilton | Valuation of Health Benefits Associated with Reductions in Air Pollution[END_REF].

Although there is no clear consensus on the best way to jointly account for direct, indirect, and intangible components, we followed various studies [START_REF]An Economic Analysis to inform the Air Quality Strategy. Updated Third Report of the Interdepartmental Group on Costs and Benefits[END_REF][START_REF] De Ayala | Economic costs of health effects PURGE project[END_REF][START_REF] Ortiz | Morbidity costs associated with ambient air pollution exposure in Sao Paulo, Brazil[END_REF] by grouping them together.

Mortality

We faced two main difficulties in valuing mortality effects, an essential but delicate exercise. First, no monetary expression of mortality meets with consensus among economists. Although it is common to use Value of a Statistical Life (VSL) and Value of a Life Year (VoLY), the choices are continually evolving with methodological developments [START_REF] Hammitt | Premature Deaths, Statistical Lives, and Years of Life Lost: Identification, Quantification, and Valuation of Mortality Risks[END_REF]. Second, to our knowledge, there is no heat-wave-specific VSL or VoLY. To address the first challenge, we limit the arbitrariness of a choice between valuing excess deaths via VSL or via YLL with VoLY by using both, as derived from stated preference methods. In the absence of heat-wave-specific data, we rely on values from the air pollution context, when available. For the VSL, we chose €3.17 million, as recommended for French public policies [START_REF] Quinet | L'évaluation socioéconomique des investissements publics[END_REF]. This is based on a previous study from the Organization for Economic Co-operation and Development that proposes a VSL to be used in the evaluation of environmental, transport, and health policies [START_REF] Lindhjem | Valuing mortality risk reductions from environmental, transport, and health policies: a global meta-analysis of stated preference studies[END_REF]. For the VoLY, we chose €82,000, the arithmetic mean of the VoLY of €42,000 recommended by Desaigues et al. [START_REF] Desaigues | Economic valuation of air pollution mortality: A 9-country contingent valuation survey of value of a life year (VOLY)[END_REF] for air pollution policies in the European Union and the €122,000 recommended by Quinet [START_REF] Quinet | L'évaluation socioéconomique des investissements publics[END_REF] in France.

In addition, as recently recommended by Hammitt et al. [START_REF] Hammitt | Premature Deaths, Statistical Lives, and Years of Life Lost: Identification, Quantification, and Valuation of Mortality Risks[END_REF], we assessed the mortality impact for each year as an annual risk shared by the population living in departments experiencing heat waves, and expressed it in monetary terms per year and exposed inhabitant:

Loss of well-being

We used a stated preference approach to assess the WTP to avoid a MRAD during red-alert periods. In the absence of heat-wave-specific WTP, we selected the central value proposed by Ready et al. [START_REF] Ready | Benefit Transfer in Europe: How Reliable Are Transfers between Countries?[END_REF] of €43 for a MRAD.

Accounting for uncertainties

Both the estimates of health impacts and the choice of economic values involved uncertainty, which we accounted for using two approaches. The first approach considered the uncertainties for health outcomes separately from the uncertainties for economic values. For morbidity, the uncertainty comes from the 95% CI around the central estimate; for mortality, it comes from the minimum and maximum values. No health uncertainty is associated with loss of well-being, which is based on observed numbers of red days and population exposed. For the estimates of the unit economic values, we applied a ±33 % range around the economic estimate as a rule of thumb previously recommended [START_REF]CAFE: Methodology for the Cost-Benefit Analysis for CAFE[END_REF], to mimic a one-standard-deviation change around the mean for a Normal distribution. We obtained a range of monetary valuations (low, central, and high)

for each health outcome and each year, providing a range of magnitude for the monetary health benefits associated with heat waves. The second approach combined the uncertainties related to the health impact estimates and the economic values through an integrated approach based on Monte Carlo simulations [START_REF] Chanel | Economic valuation of the mortality benefits of a regulation on SO2 in 20 European cities[END_REF].

For morbidity, values were sampled from a Normal approximation of the quasi-Poisson distribution whose central value is the central estimate of the models, and the standard deviation is derived from the 95% CI. For mortality, values were equiprobably sampled from 4 estimates considering 2 to 5 years. Expected mortality was not assessed on a 1-year basis due to the large number of missing data (as heat waves are increasingly frequent, it was often impossible to assess mortality in the absence of heat waves based on only one year's data).

Epidemiological uncertainty associated with loss of well-being was not assessed, as explained above. For each unit economic value, we used a triangular distribution defined in terms of a central value, a maximum and a minimum (here based on the ±33 % range around the central value), standard practice when knowledge of the variable is more subjective than objective. Once defined, we generated 10,000 Monte Carlo samples from these probability distributions, which provided a probabilized distribution of the economic assessment of the heatwave-related morbidity and mortality impacts each year.

Results

Table 1 summarizes the economic impacts, detailed below. Losses of well-being were only observed in 2019 following the triggering of the red alert, and represent €2.3 billion that year. Mortality effects account for the largest share, but the valuation differs depending on the metric used. Valuations based on VSL are around two to three times higher than those based on VoLY, partly because almost two-thirds of deaths occurred after the age of 75 and thus with low loss of life expectancy. Morbidity accounts for a very small share (around 0.1%) of the total. Overall, the largest impacts were observed in 2019 (partly due to the loss of well-being) and the smallest in 2016 and 2017. 

Economic estimate of the impact of heat waves on morbidity

Between 2015 and 2019, 8,990 [START_REF] Robine | Death toll exceeded 70,000 in Europe during the summer of 2003[END_REF]209] excess ED visits and 3,363 [START_REF] Kousky | Informing climate adaptation: A review of the economic costs of natural disasters[END_REF],024] excess outpatient clinic visits not followed by hospitalization were observed during heat waves. 4,654 [START_REF]WMO: WMO Statement on the State of the Global Climate in 2019[END_REF],105] visits were followed by hospitalization (Table 2). The figure for ED visits not followed by hospitalization is €4.290 million [3.277-5.355], and for ED visits followed by hospitalization €24.495 million [17.458-32.299]. There were €0.361 million [0.287-0.435] outpatient clinic visits not followed by hospitalization and €1.506 million [0.882-2.181] visits followed by hospitalization (see Table 2, and supplementary Tables 2 and3 for details). ED visits followed by hospitalization represented 80% of the morbidity costs, and ED visits not followed by hospitalization 14%.

The largest health impacts and the highest costs were observed in 2019, representing 36% of the total morbidity costs observed over the period.

Economic estimate of the impact of heat waves on mortality

Between 2015 and 2019, 7,309 [START_REF] Wondmagegn | What do we know about the healthcare costs of extreme heat exposure? A comprehensive literature review[END_REF]105] excess deaths were observed during heat waves, representing 102,108 YLL [67,005-147,931]. In absolute numbers, the largest impacts were observed in 2015, 2018, and 2019, and when expressed in an excess death rate per 100, 000 exposed inhabitants, in 2015 (5.37 [4.21-6.54]) and 2019 (6.88 [4.18-10.34]). Mortality by age group is detailed in Supplementary Table 4. Estimates for children are to be interpreted with caution due to the small number of cases. The total economic valuation of excess mortality was estimated at €23 billion using the VSL approach and €8.3 billion using the VoLY approach (Table 3). Under the VSL approach, the estimated economic impact of mortality during heat waves ranged from €68 per capita in 2017 to €218 per capita in 2019. 
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Economic estimate of the impact of heat waves on well-being

The red alert was only observed for two days in 2019, affecting almost 27 million French citizens and economically estimated at €2.3 billion [1.5-3.1].

Accounting for uncertainties

Uncertainties of an epidemiological nature are shown as 95% CI for morbidity (Table 2) and as min-max values for mortality (Table 3). Uncertainties of an economic nature are shown as low and high estimates (Tables 2 and3), and associated with the range of health outcomes to provide a separate treatment of uncertainties.

Figure 1 represents a more thorough treatment of uncertainty, considered jointly thanks to Monte Carlo simulations. For each year, the probabilized distribution of the total economic assessment is plotted based on combined morbidity, mortality (measured by excess deaths), and well-being impacts, although mortality effects obviously dominate. Years 2015, 2018 and 2019 have the highest total (health) impacts.

Discussion

Between 2015 and 2019, we estimate that the selected health impacts of heat waves amount to €25.5 billion, the majority through mortality (€23.2 billion) and the remainder through minor restricted activity days (€2.3 billion) and morbidity (€0.031 billion). These results highlight a significant economic burden on the French health system and the population. Climate change was identified as a contributor to most of the heat waves included in our analysis, increasing either their probability of occurrence (especially for departments previously not affected [START_REF] Ung | Évaluation de la surmortalité pendant les canicules des étés 2006 et 2015 en France métropolitaine[END_REF]) or their intensity. The late heat wave of September 2016 was even identified as virtually impossible in the absence of climate change, like the record-breaking September 2020 one. Therefore, this economic evaluation adds further evidence of the overall economic burden associated with climate change and underlines the urgent need for concrete adaptation actions.

Monte Carlo simulations offer a way to combine uncertainties associated with methodological choices in epidemiological modeling and economic evaluation. When the simulated mean and 95% CI are compared with the economic evaluations (in Tables 2 and3, central, min, and max values), the absolute average difference (over the 5 years) for the central value is 3.03 % using the VSL approach and 2.44% using the VoLY approach. The average 95% CI interval ranges are smaller for the Monte Carlo simulations, by about 24% in the VoLY approach and 5% in the VSL approach. Overall, jointly accounting for uncertainty provides a better (and narrower) representation of the distribution of the economic impacts.

The values we found may appear low in comparison to other public health issues. For example, Chanel et al.

[34] estimated the economic impact of avoiding 48,283 premature deaths from chronic exposure to fine particles (PM 2.5 ) at €145 billion for France. Heat waves are rare events happening on a few days per year -therefore with a much smaller impact -but the expected rise in temperatures and in the number of heat waves should sharply increase the associated economic burden.

Our study is subject to inherent uncertainties linked to the choice and modeling of health impacts, as well as to the economic values we used, often derived from air pollution studies in the absence of heat-wave-specific values. First, we assumed the entire excess deaths and health care utilization calculated to be attributable to the heat waves. An alternative would have been to model the fraction of mortality and morbidity attributable to each heat wave, but such models also involve high uncertainty, given the rarity of heat waves, the strong non-linearity of the temperature-mortality relationship, and its sensitivity to contextual factors (e.g. adverse effect prevention campaigns, summer months when heat waves occur). Models were previously shown to be unable to capture all heat wave mortality impacts, especially during the most extreme events [START_REF] Antics | A simple indicator to rapidly assess the short-term impact of heat waves on mortality within the French heat warning system[END_REF][START_REF] Le Tertre | Impact of the 2003 Heatwave on All-Cause Mortality in 9 French Cities[END_REF]. The capacity to model morbidity has seldom been studied in the literature.

The mortality estimates we used were extrapolated from a sample of municipalities, as it takes approximately 5 years to obtain a complete mortality database in France. Comparison of observed and extrapolated data for the 2015 heat wave showed that this extrapolation provided a reliable order of magnitude of total mortality impact in France (data not shown). Our morbidity data came from a sample of hospitals. Extrapolating these to the whole country yields €30.8 million in excess ED visits and €1.96 million in excess outpatient clinic visits.

Second, regarding economic values, we implicitly assumed that life expectancy at death for excess heat-waverelated deaths was similar to that observed for all causes of death, in the absence of relevant data. Clearly, a different life expectancy value would change the share of mortality in the total economic assessment, especially in the extreme case of only one YLL per death. Less importantly, losses of production were only included for the 0-64 age group, although the French employed population aged 65 to 69 was estimated at 7.8% in 2019 [START_REF] Dares | Activité des seniors et politiques d'emploi[END_REF].

Only certain health impacts were explored here, not all possible adverse outcomes. A growing literature links heat with a wide range of adverse health outcomes (cardiorespiratory effects [START_REF] Cheng | Cardiorespiratory effects of heatwaves: A systematic review and meta-analysis of global epidemiological evidence[END_REF], mental health [START_REF] Thompson | Associations between high ambient temperatures and heat waves with mental health outcomes: a systematic review[END_REF], pregnancy outcome [START_REF] Bekkar | Association of Air Pollution and Heat Exposure With Preterm Birth, Low Birth Weight, and Stillbirth in the US: A Systematic Review[END_REF], occupational health, and productivity loss [START_REF] Flouris | Workers' health and productivity under occupational heat strain: a systematic review and meta-analysis[END_REF]). However, lack of epidemiological data prevented us from including more health outcomes. Finally, our focus on heat waves certainly underestimates the total burden of heat-related health impacts: high temperatures, even when not classified as heat waves, impact health too.

In the literature, we only found 15 studies investigating the economic impacts of adverse health outcomes due to heat waves, 8 at single-country level and 5 for the European Union. They varied widely in their approach to heat wave definition, type of health indicators used, computation of excess cases, thus limiting comparability. Most of the studies only included direct impacts in the economic valuation: mortality [START_REF] Liu | Degrees and dollars -Health costs associated with suboptimal ambient temperature exposure[END_REF][START_REF] Gronlund | Assessing the magnitude and uncertainties of the burden of selected diseases attributable to extreme heat and extreme precipitation under a climate change scenario in Michigan for the period 2041-2070[END_REF][START_REF] Knowlton | Six Climate Change-Related Events In The United States Accounted For About $14 Billion In Lost Lives And Health Costs[END_REF][START_REF] Díaz | Mortality attributable to high temperatures over the 2021-2050 and 2051-2100 time horizons in Spain: Adaptation and economic estimate[END_REF][START_REF] Carmona | Mortality attributable to extreme temperatures in Spain: A comparative analysis by city[END_REF][START_REF] Roldán | The impact of extremely high temperatures on mortality and mortality cost[END_REF][START_REF] Hübler | Costs of climate change: The effects of rising temperatures on health and productivity in Germany[END_REF][START_REF] Karlsson | Population health effects and health-related costs of extreme temperatures: Comprehensive evidence from Germany[END_REF][START_REF] Yoon | Measuring the burden of disease due to climate change and developing a forecast model in South Korea[END_REF][START_REF] Pantea | Social and economic losses associated with extreme high temperatures of summer 2007 in the Republic of Moldova[END_REF], hospital admissions or outpatient visits (emergency room visits, hospitalizations, outpatient consultations, etc.) [41-43, 47-49, 51-55] or the loss of production associated with morbidity [START_REF] Liu | Degrees and dollars -Health costs associated with suboptimal ambient temperature exposure[END_REF][START_REF] Knowlton | Six Climate Change-Related Events In The United States Accounted For About $14 Billion In Lost Lives And Health Costs[END_REF][START_REF] Karlsson | Population health effects and health-related costs of extreme temperatures: Comprehensive evidence from Germany[END_REF][START_REF] Lin | Excessive Heat and Respiratory Hospitalizations in New York State: Estimating Current and Future Public Health Burden Related to Climate Change[END_REF]. Twelve studies built a model to obtain the number of hospital admissions or outpatient visits associated with heat waves [41-49, 51, 53, 55], while the others did not specify their method of calculation [START_REF] Pantea | Social and economic losses associated with extreme high temperatures of summer 2007 in the Republic of Moldova[END_REF][START_REF] Schmeltz | Economic Burden of Hospitalizations for Heat-Related Illnesses in the United States, 2001-2010[END_REF][START_REF] Merrill | Hospital Stays Resulting from Excessive Heat and Cold Exposure Due to Weather Conditions in U.S. Community Hospitals[END_REF]. All the studies found the estimated health costs of heat waves to be significant.

Further research on the health impacts of heat waves is required, together with their economic evaluation, to better understand the non-linear effect of extreme temperatures and events with no historical precedent. Efforts should be made to obtain robust fractions attributable to mortality and morbidity, to assess the risk of onset or exacerbation of chronic heat-related diseases during heat waves and to estimate heat-wave-specific monetary values. Attempts to predict the magnitude of future heat waves would also be welcome. Stronger actions to prevent adverse health consequences, could help avoid some health and economic impacts during heat waves, such as deaths. Such actions are all the more important in the context of adaptation to current climate change, with increased frequency, duration, and intensity of heat waves predicted by 2050 [START_REF] Wagner | Evolution des vagues de chaleur et de la mortalité associée en France, 2004-2014[END_REF]. Since 2000, heat-related worldwide mortality has already increased by more than 50% among people over 65 [START_REF] Watts | The 2020 report of The Lancet Countdown on health and climate change: responding to converging crises[END_REF]. Allocating more resources in the short term would reduce longer-term health spending. More generally, a better understanding of the economic impacts of climate change on health is required to support the implementation of concrete adaptation actions and to alert decision-makers to the urgency of the situation.

Table 1 -Summary of health-related economic impacts from 2015-2019 heat waves in France

 1 Notes: Figures were obtained from the integrated uncertainty approach, intervals in brackets are based on the Percentile 2.5 (P 2.5 ) and P 97.5 of the underlying Monte Carlo distributions.

		Morbidity	Mortality (in billion € 2017 )	Loss of well-	Total (in billion € 2017 )
	Year	(in million	based on …	being (in	based on …
		€ 2017 )	… excess deaths	… YLL	billion € 2017 )	… excess deaths	… YLL
	2015	7.95 [5.97-10.15]	5.71 [4.19-7.34]	1.65 [1.21-2.12]	0	5.72 [4.20-7.35]	1.66 [1.22-2.13]
	2016	1.58 [1.12-2.12]	1.65 [1.23-2.08]	0.60 [.44-.75]	0	1.65 [1.23-2.08]	0.60 [.45-.75]
	2017	4.76 [3.37-6.39]	3.33 [2.37-4.39]	1.34 [1.00-1.69]	0	3.34 [2.38-4.39]	1.35 [1.00-1.70]
	2018	8.21 [5.72-11.14]	5.94 [3.62-8.06]	2.22 [1.35-3.00]	0	5.95 [3.63-8.06]	2.22 [1.36-3.01]
	2019	12.40 [8.52-16.85]	6.31 [3.51-8.80]	2.47 [1.59-3.30]	2.32 [1.72-2.92]	8.64 [5.72-11.29]	4.80 [3.71 -5.86]

Table 2 -Morbidity impacts and associated costs during heat waves in France 2015-2019 Health outcomes Year Cases Economic evaluation (in thousand € 2017 )

 2 

				Total number	Expected number of	Excess number of						
				of visits for	visits in the absence of	visits attributed to		… low	… central			… high
				selected		heat wave	heat wave		95% CI	95% CI			95% CI
				causes		[95% CI]	[95% CI ]						
				7,825	5,941 [5,488-6,387]	1,884 [1,450-2,337]	606 [466-751]	904 [696-1,121]		1,202 [925-1,490]
	ED visits not		1,770	1,515 [1,416-1,616]	274 [196-360]		89 [64-117]	133 [95-174]		176 [126-232]
	followed by		7,001	5,549 [5,182-5,912]	1,474 [1,147-1,826]	477 [371-590]	711 [553-881]		946 [736-1,172]
	hospitalization		9,831	8,134 [7,613-8,648]	1,729 [1,256-2,229]	550 [398-710]	821 [594-1,060]		1,091 [790-1,410]
				14,279	10,654 [9,822-11,483]	3,629 [2,834-4,457]	1,154 [898-1,420]	1,722 [1,340-2,119]		2,290 [1,782-2,818]
	Outpatient clinic												
		visits not												
	followed by												
	hospitalization												
	equal	to	total	numbers	minus	expected	numbers	due	to	negative	number	of	excess	cases

Table 3 -Economic evaluation of excess mortality during 2015-2019 heat waves in France Year Exposed population Health impacts Economic evaluation of excess deaths (in billion € 2017 )… Economic evaluation per exposed inhabitant (in € 2017 )
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	Economic evaluation of YLL (in
	billion € 2017 )…
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Supplementary Figure 1: Age distribution of heat-wave and non-heat-wave deaths from June 1 to September 15, 2015 to 2019

As excess mortality data were only available by age group (under 15, 15-44, 44-64, 65-74, 75+), it was impossible to estimate a precise number of YLLs for each excess death. Therefore, the age distribution of excess deaths within each age category was used to estimate YLL by age group. We assumed that the age distribution of heat-wave deaths is identical to the age distribution of non-heat-wave deaths.

The figures below show the age distribution of non-heat-wave and heat-wave deaths from 2015 to 2019 for each age category and for both sexes. These distributions were similar.
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