US wildland fire emission estimates

s for other trace gases, as well as the contribution of different fire types, can be found on http://www.globalfiredata.org/. 2 See Fig. 7 for the list of region ions and not all errors were included; we did ple, include errors in the fractional tree or land re used in several places in our model. ainty we assigned to biomass was based on the ith Amazonian biomass (Fig. 1). Specifically, quare root of the mean of the squared residuals rison. Since the scatter increased with biomass roskedasticity), the standard deviation was apling factor (here the light use efficiency) instead e value. For herbaceous fuels, the same stanwas used but we doubled the value to account l uncertainties such as the amount of grazing lity to accurately determine the time since the (one of the key factors regulating the amount s fuels) due to our relatively coarse resolution Standard deviations for combustion completeth of burning were estimated subjectively as Les émissions de carbone des feux de végétation insured loss is relatively small compared to other n tropical cyclones. 

Evolution du dessèchement du combustible forestier

Les courbes en noir montrent l'évolution qui aurait eu lieu sans changement climatique d'origine anthropogénique (modèle)

Abatzoglou et Williams 2016, PNAS

the contribution of ACC on western US forest fire area for the past three decades (Fig. 5 and Fig. S5). ACC-driven increases in fuel aridity are estimated to have added ∼4.2 million ha (95% confidence: 2.7-6.5 million ha) of western US forest fire area during 1984-2015, similar to the combined areas of Massachusetts and Connecticut, accounting for nearly half of the total modeled burned area derived from the all-metric mean fuel aridity. Repeating this calculation for individual fuel aridity metrics yields ACC contributions of 1.9-4.9 million ha, but most individual fuel aridity metrics had weaker correlations with burned area and thus may be less appropriate proxies for attributing burned area. The effect of the ACC forcing on fuel aridity increased during this period, contributing ∼5.0 (95% confidence: 4.2-5.9) times more burned area in 2000-2015 than in 1984-1999 (Fig. 5B).

During 2000-2015, the ACC-forced burned area likely exceeded the burned area expected in the absence of ACC (Fig. 5B).

A more conservative method that uses the relationship between detrended records of burned area and fuel aridity (2) still indicates a substantial impact of ACC on total burned area, with a 19% (95% Source : Prométhée an burned area changes. Burned area changes (%) for a the +1.5 °C case with the stationary model SM (i.e., using Eq h non-stationary model NSM (i.e., NSM). using Eq. ( 4), (c) the +2 °C case with SM, (d) the +2 °C case with NSM, (e) th Author's personal copy 

La diminution de l'activité des feux succède à un renforcement des politiques et moyens de lutte : exemple de la France méditerranéenne

L'augmentation est importante et assez certaine dans le sud-est. Son ampleur est plus incertaine à l'ouest. La tendance émerge de la variabilité naturelle en 2060 (RCP8.5)

nual variability. By contrast, the RCP8 ) "#$%&%$é ()* +),-= + /,0+1#) +20)*$%è0) * 5 6175)0 8é$é2, :;< * ℎ /)81%7) * %(?%-)@

Les évolutions futures projetées en France

Fargeon2019, thèse de doctorat Les incendies de forêt sont-ils en augmentation dans le monde ?

Les mécanismes des évolutions observées sont souvent difficiles à démêler et changent dans le temps et dans l'espace.

En résumé :

• La superficie globale parcourue par les feux et leurs émissions de carbone évoluent peu.

• En région tropicale, les surfaces brûlées ont récemment diminué sous l'effet de facteurs anthropiques. 

• Aux Etats-Unis, les variations climatiques et le réchauffement d'origine anthropogénique ont conduit à des conditions plus favorables au feu, entrainant une nette augmentation des surfaces brûlées sur 40 ans.

• En Europe du sud et en France, les surfaces brûlées ont tendance à diminuer sous l'effet des politiques de prévention et de lutte, malgré des conditions météorologiques plus favorables aux feux.

• L'exception du Portugal, et ses feux dévastateurs de 2017, ainsi que l'exemple des Etats-Unis, posent la question des limites de ces politiques dans les conditions extrêmes à venir, associant par exemple vague de chaleur et sécheresse.

Suppléments

2041-2050

control) days across fire seasons. The fire season length was calculated using a straightforward temperature approach similar to that used by Wotton and Flannigan (1993). The beginning of the season was defined as 3 consecutive days of 9 °C or greater, and the end of the fire season was defined as three consecutive days of 2 °C or lower. These values are lower than what Flannigan and Wotton used but this study used mean temperature as opposed to 1200 LST temperature in the previous study.

For the observational weather data required to calculate the CSR, we used the NCEP Reanalysis I data from 1971 to 2000, which was provided by NOAA/OAR/ESRL PSD, in Boulder Colorado. The raw data was analysed using a 2.5°Â 2.5°grid for daily mean surface RH, air temperature, U-wind vector and V-wind vector. Wind speed was calculated as the magnitude of the sum of these two vectors. The 6 h precipitation rate was analysed on T63 Gaussian grid then interpolated to the 2.5°Â 2.5°grid and assumed to fall uniformly over the 6 h interval. This hourly precipitation was then accumulated for the 24 h prior to noon local time each day, and together with the other three weather variables, was combined into one large dataset, sorted by date and grid point, and then used to calculate daily FWI System outputs.

We selected three GCMs for this study: (1) the CGCM3.1 from the Canadian Centre for Climate Modelling and Analysis, (2) the HadCM3 from the Hadley Centre for Climate Prediction in the United Kingdom, and (3) the IPSL-CM4 from France. For the Canadian model, there were two resolutions available: T47 and T63. T47 was chosen as it was more complete than T63. These three models were selected to provide us a range of warming with the Canadian model being the smallest increase in monthly mean temperatures and the Hadley having the largest increase in monthly mean temperature.

There are four families of emission scenarios to choose from for this analysis; A1, A2, B1, and B2. A1 is described by a world of very rapid economic growth, with the global population peaking and end dates of the fire season and calculate the FWI System components, and ultimately the CSR over the resulting fire season. For example, if the average May temperature was 2 °C warmer in a future decade than in the GCM 1971-2000 period at a particular grid point then all the daily May temperatures in the NCEP baseline data at that grid point were increased by 2 °C. For precipitation, the decadal future monthly GCM averages were divided by the 30-year GCM monthly baselines to get a ratio of future precipitation over baseline precipitation. This ratio was used as a multiplier to the daily precipitation amount in the NCEP baseline. Thus the CSR and fire season length were calculated using the modified NCEP daily data to be representative of future decades. CSR anomaly maps (ratios of future CSR over baseline 1971-2100 CSR values) were created for the 2041-2050 and 2091-2100 periods for all GCMs and all emission scenarios. For this study, we used the entire land surface of the earth except Antarctica but there are other regions that are sparsely vegetated where fire is currently absent or infrequent. There were nine maps for each decade (3 GCMs  3 scenarios). Fire season length anomaly maps were created for the 2041-2050 and 2091-2100 periods for each GCM and each scenario (nine maps for each decade) in the same fashion as the CSR maps.

All the analyses were conducted using R (R development Core Team, 2011). ture decade than in the GCM 1971-2000 period at a particular grid point then all the daily May temperatures in the NCEP baseline data at that grid point were increased by 2 °C. For precipitation, the decadal future monthly GCM averages were divided by the 30-year GCM monthly baselines to get a ratio of future precipitation over baseline precipitation. This ratio was used as a multiplier to the daily precipitation amount in the NCEP baseline. Thus the CSR and fire season length were calculated using the modified NCEP daily data to be representative of future decades. CSR anomaly maps (ratios of future CSR over baseline 1971-2100 CSR values) were created for the 2041-2050 and 2091-2100 periods for all GCMs and all emission scenarios. For this study, we used the entire land surface of the earth except Antarctica but there are other regions that are sparsely vegetated where fire is currently absent nario (nine maps fo maps.
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Figs. 1 and 2 sho A2 scenario for 204 (Figs. 1 and2) are maps that show a sig for the northern hem iod of 1971-2000 ar Fig. 6. Fire season length anomaly maps for 2091-2100 for Hadley CM3 B1 scenario relat tive humidity 45%). These moisture indexes are combined to create a generalised index of the availability of fuel for consumption (Buildup Index, BUI); the FFMC is combined with wind to estimate the potential spread rate of a fire (Initial Spread Index, ISI). The BUI and ISI are combined to create the FWI which is an estimate of the the same (CSR simply being SSR unscaled by the number of days in the fire season). By not scaling the CSR by season length, however, it provides what can be thought of as a weighted count of number of severe days in the fire season, and thus will be a better indicator of the absolute numbers of challenging (in terms of fire 

Data and methods

This study used components of the Canadian Forest Fire Weather Index (FWI) System. The FWI System is used by many countries around the world, and the FWI component itself (of the FWI System) is commonly used as a general indicator of fire danger and fire intensity at the landscape level (Van Wagner, 1987). The FWI System is a weather-based system that models fuel moisture using a dynamic bookkeeping system that tracks the drying and wetting of distinct fuel layers in the forest floor. There are three moisture codes that represent the moisture content of fine fuels (Fine Fuel Moisture Code, FFMC), loosely compacted organic material (Duff Moisture Code, DMC) and a deep layer of compact organic material (Drought Code, DC). The drying time lags for these three fuel layers are 2/3 of a day, 15 days and 52 days respectively for the FFMC, DMC and DC under normal conditions (temperature 21.1 °C, relative humidity 45%). These moisture indexes are combined to create a generalised index of the availability of fuel for consumption (Buildup Index, BUI); the FFMC is combined with wind to estimate the potential spread rate of a fire (Initial Spread Index, ISI). The BUI and ISI are combined to create the FWI which is an estimate of the are generated.

Typically, the average DSR over an entire fire season (the Seasonal Severity Rating, SSR) is used to provide a general summary of the potential difficulty of fire control over an entire season. It is used when regionally contrasting potential fire control difficulty for seasons over multiple years. A simple seasonal average, however, may not be the best relative indicator of changes in control difficulty in scenarios where a trend to a lengthening of the fire season exists. In such scenarios, increased number of days of high and extreme potential suppression difficulty may be obscured in the average by increased number of days overall; days which, in the shoulders of the season, are likely to be more benign. For this study, to try to capture the changes in control difficulty across fire seasons with potentially changing lengths, we chose to rely on the sum of DSR values over the season as our indicator of fire season severity (the Cumulative Severity Rating, CSR). In a region with an unchanging fire season duration, SSR and CSR are essentially the same (CSR simply being SSR unscaled by the number of days in the fire season). By not scaling the CSR by season length, however, it provides what can be thought of as a weighted count of number of severe days in the fire season, and thus will be a better indicator of the absolute numbers of challenging (in terms of fire 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 Time (Year) Les impacts socio-économiques des feux catastrophiques en Europe
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  (FRA), 2015. (Van Lierop et al 2015, For Ecol Manag)Pour les seuls feux de forêt, la surface brûlée a diminué de 3,3 % par an en zone tropicale, 2,9% sous tous les climats (2003-2012), On n'observe aucune tendance sous les autres climats (sur 10 ans).La tendance globale n'est pas significative, mais elle l'est dans certaines régions tropicales (Afrique-hémisphère nord, Amérique du sud) et en Asie centrale (Forkel et al 2019 Env Res Commun) Tendances des surfaces brûlées annuelles (1998-2015) (en % par an de la fraction annuelle brûlée) Les tendances des surfaces brûlées observées dans le monde Andela et al 2017, Science. Données GFED4sLa population et l'agriculture influencent les surfaces brûlées, avec des directions et une ampleur variables selon les régions, en interaction avec les effets du réchauffement climatique. Les corrélations spatiales sont positives quand le couvert forestier est important, elles peuvent devenir négatives dans les savanes et steppes.Les processus expliquant ces corrélations :-utilisationdu feu versus mécanisation en agriculture protection contre le feu, dans les régions riches réduction de la biomasse combustible par le pâturage déforestation Corrélations spatiales entre surfaces brûlées et population, couvert agricole et pâturage, dans chaque unité spatiale (1.5°) Andela et al 2017, Science Changements (%) dans la fréquence des saisons de feu longues Niveau des corrélations selon le couvert forestier 1979 à 2013 Jolly et al 2015, Nat Commun Les déterminants de l'activité des feux et des évolutions à l'échelle mondiale Les feux consomment une partie de la végétation (le combustible) libérant soudainement la matière et l'énergie accumulées via la photosynthèse, avec des effets sur l'atmosphère et les sols et sur les biens et les personnes. Surface brûlée à l'interface forêt-habitat, France Protection des sols après un incendie, Forêt de sapin de Céphalonie, Grèce, 2007 Glissements de terrain et coulées de boue post-incendie, Californie, 2018 Patrons de végétation post-incendie, Portugal Panache, feux du 15 octobre 2017, Portugal Nasa Les impacts des feux de forêt Van der Werf et al 2010 Atmos Chem Phys (surfaces brûlées détectables avec MODIS) et al 2012 J Geophys Res (inclut les petits feux) Les émissions annuelles sont du même ordre que la séquestration par les écosystèmes terrestres. Les feux de forêts représentent de l'ordre de 30 % des émissions ("Forest + Woodland fires") 2018 Annu. Rev. Environ. Resour.
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 343 Fig. 3. Evolution and trends in western US forest fuel aridity metrics over the past several decades. (A) Time series of (Upper) standardized annual fuel aridity metrics and (Lower) percent of forest area with standardized fuel aridity exceeding one SD. Red lines show observations and black lines show records after exclusion of the ACC signal. Only the four monthly metrics extend back to 1948. Daily fire danger indices begin in 1979. Bold lines indicate averages across fuel aridity metrics. Bars in the background of A show annual forested area burned during 1984-2015 for visual comparison with fuel aridity. (B) Linear trends in the standardized fuel aridity metrics during 1979-2015 for (red) observations and (black) records excluding the ACC signal (differences attributed to ACC). Asterisks indicate positive trends at the (*) 95% and (**) 99% significance levels.
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 3 Figure 3.16: Partial reproduction of the interannual dynam indicates the 5 th and 95 th quantiles among the 100 simula during the training period.When the full probabilistic model was used (occu fire numbers were observed (correlation and lev noticeable, mainly attributable to fire numbers) (
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 3 Fig. 3 Evolution of the spatial distribution of the mean FWI during the fire season between historical and future
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 5 Fig. 5 Range of the different sources of uncertainties for mean FWI during the fire season (FWIfs). Maps display
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 1 Fig. 1 Trends in fire danger over France betw with daily FWI during the fire season (June to (FWI90, middle panel), and number of days (average for a given scenario) is represented in areas), expressed as standard deviation betwee of each metric during the historical period (19

  Fig. 1. CSR anomalies for the IPSL-CM4 A2 for 2041-2050 relative to the 1971-2000 base period.
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 221004 Fig. 2. CSR anomalies for the IPSL-CM4 A2 for 2091-2100 relative to the 1971-2000 base period.
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 5 Fig. 5. Fire season length anomaly maps for 2041-2050 for Hadley CM3 B1 scenario relative to the 1971-2000 base period.

  Figs. 1 and 2 show examples of CSR for the IPSL model and the A2 scenario for 2041-2050 and for 2091-2100. These examples (Figs. 1 and 2) are representative of all the GCMs and scenarios maps that show a significant world-wide increase in CSR especially for the northern hemisphere. The increases relative to the base period of 1971-2000 are observed across the entire world at the end
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 6 Fig. 6. Fire season length anomaly maps for 2091-2100 for Hadley CM3 B1 scenario relative to the 1971-2000 base period.
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 1 Fig. 1. CSR anomalies for the IPSL-CM4 A2 for 2041-2050 relative to the 1971-2000 base period.
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 1 Fig. 1. CSR anomalies for the IPSL-CM4 A2 for 2041-2050 relative to the 1971-2000 base period.
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 4 Fig.4-Climatic and environmental drivers possibly related to fire regime changes in the period 1968-2010 in the selected