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Impact of LFMC on fire activity

We interpolated on a daily basis, the LFMC values of the different sites of the "Réseau Hydrique", where LFMC was measured during the fire season on a weekly basis (Martin StPaul et al., 2018a). We then assigned to each daily value the corresponding fire activity 1 occurring in 10 km buffer zone around measurement sites. This process led to a dataset in which each LFMC value is associated with fire numbers (>1ha), large fire numbers (>100ha) and burnt areas in its surrounding area.

We first applied the "cumulative burnt area" method [START_REF] Dennison | Critical live fuel moisture in chaparral ecosystems: A threshold for fire activity and its relationship to antecedent precipitation[END_REF], which aims at identifying "elevated fire danger thresholds" (Fig 1). We found such a threshold at 83%, as well as a saturation threshold at 56%, as reported in some earlier studies. But we also found similar breakpoints when applying the method to a dataset in which burnt area is constant (neutral), which strongly suggests that this method is biased by LFMC frequency distribution. We therefore recommend not to use the thresholds derived from this method for research or operational purposes.

Fig 1 -Application of the « cumulative burnt area » method to RH dataset (in black) and a neutral dataset (in orange).

1 http://www.promethee.com/en/incendies

We then used a generalized additive model (GAM, [START_REF] Hastie | The Elements of Statistical Learning[END_REF] to fit the fire occurrence model assuming a gamma distribution of the residuals, in a framework similar to [START_REF] Preisler | Probability based models for estimation of wildfire risk[END_REF]:

(1)

where N and S f are the number of fires and the forest area in the buffer area and s is smooth function.

The -multiplicativeresponse function of fire occurrence (and confidence intervals) are plotted in Fig. 2 for fire larger than 1 ha and fires larger than 100 ha. The reference is LFMC=100%, so that a response of 2 corresponds to twice as more fires as when LFMC is equal to 100%. Both curves reveal a pronounced effect of LFMC below 100% and no evidence of saturation, as LFMC reaches its minimum values. LMFC effect seems stronger for large fires than for all fires, since the magnitude of the response is larger. Colored arrows show the occurrence increases (in %) associated with three thresholds used by French fire prevention and fighting managers. 

Impact of LFMC on fire behavior

We used a shrub fire experiment dataset (Anderson et al. 2015) to fit a model for rate of spread (ROS) as a function of LFMC.

(

) 2 
where s is smooth function. The model fit is a generalized additive model (GAM, [START_REF] Hastie | The Elements of Statistical Learning[END_REF]) using a "log" link and is described in details in [START_REF] Pimont | Why is the Effect of Live Fuel Moisture Content on Fire Rate of Spread Underestimated in Field Experiments in Shrublands[END_REF].

The -multiplicativeresponse of ROS to LFMC shows a strong effect on fire rate of spread when LFMC is below 100%, but negligible above it (Fig 2). Unfortunately, the range of the confidence intervals strongly increases below 67 %, as the experimental fires were hold in LFMC conditions above 67% (between 67 and 256 %). This highlights the critical need for fire experiments in drier conditions to get a better estimation of the response function in the range that is really important for operational services. (2015). A strong increase in ROS is observed below 100%, even if the confidence intervals strongly increase below 67% because of the lack of experimental data in this range

Conclusion

Despite that our analyses were performed on fire characteristics from different scales, our results show a consistent and important effect of LFMC on both fire behavior and fire activity. These findings suggest that some efforts should be dedicated to understanding of LFMC impact on fire, especially during the driest conditions where uncertainty remains important. These results motivate further researches to investigate the mechanisms driving LFMC effects on fire behavior and activity.
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Fig 2 -

 2 Fig 2 -Multiplicative response of fire occurrence as a function of LFMC for (a) number of fires larger than 1ha (b) number of fires larger than 100ha as a function of LFMC.

Fig 2 .

 2 Fig 2. Response of fire rate of spread as a function of LFMC, derived from Eq. 1, fitted over the fire experiments described in Anderson et al.(2015). A strong increase in ROS is observed below 100%, even if the confidence intervals strongly increase below 67% because of the lack of experimental data in this range
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