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Introduction

According to their social status and size, trees provide different ecological, economic and social services. An extensive review by [START_REF] Lindenmayer | The ecology, distribution, conservation and management of large old trees[END_REF] listed the known ecological roles of large trees. This includes influences on nutrient cycles [START_REF] Lindo | Old trees contribute bio-available nitrogen through canopy bryophytes[END_REF], mobilization of deep groundwater [START_REF] Nepstad | The role of deep roots in the hydrological and carbon cycles of Amazonian forests and pastures[END_REF], climate regulation [START_REF] Dean | Large trees, fertile islands, and birds in arid savanna[END_REF], and provision of wildlife habitat [START_REF] Remm | Tree cavities in forests-the broad distribution pattern of a keystone structure for biodiversity[END_REF]. Large trees are also of utmost importance for carbon sequestration and wood production as the 1% largest trees represent around 50% of the worldwide mature forest biomass (Lutz et al. 2018). Additionally, they also play some important social and cultural roles [START_REF] Blicharska | Incorporating Social and Cultural Significance of Large Old Trees in Conservation Policy[END_REF]. For their part, small and suppressed trees are of great importance from a demographic viewpoint because their survival and development is critical to ensure forest renewal. They provide numerous ecosystem functions and services [START_REF] Ampoorter | Driving mechanisms of overstoreyunderstorey diversity relationships in European forests[END_REF], influencing both litter composition and seed germination. Small trees are more diversified than large trees [START_REF] Memiaghe | Ecological Importance of Small-Diameter Trees to the Structure, Diversity and Biomass of a Tropical Evergreen Forest at Rabi, Gabon[END_REF], increasing overall functional diversity and promoting a better resilience of ecosystems to disturbances. In addition, they contribute to carbon storage [START_REF] Vincent | Forest carbon in lowland Papua New Guinea: Local variation and the importance of small trees[END_REF], have an effect on hydrological processes [START_REF] Gonzalez-Martinez | Understory and small trees contribute importantly to stemflow of a lower montane cloud forest[END_REF], soil nutrient availability and local microclimate [START_REF] Turrell | COMPARATIVE NOCTURNAL THERMAL BUDGETS OF LARGE AND SMALL TREES[END_REF], and provide food and habitat for many animals.

The increase in human pressure combined with recent climate change is a threat to forests in many parts of the world. Numerous studies have reported an increase in tree mortality and massive forest dieback in different biomes (Neumann et al. 2017, Klein and[START_REF] Klein | Climate change drives tree mortality[END_REF]. [START_REF] Senf | Canopy mortality has doubled in Europe's temperate forests over the last three decades[END_REF] showed that the area affected by tree mortality has doubled in the past 30 years in Europe, whereas [START_REF] Van Mantgem | Widespread Increase of Tree Mortality Rates in the Western United States[END_REF] observed a doubling of mortality in the western United States. A decline in the number of trees was reported at a global scale in boreal, temperate and tropical forests [START_REF] Lindenmayer | New Policies for Old Trees: Averting a Global Crisis in a Keystone Ecological Structure[END_REF]. In mid-boreal Swedish forests, the proportion of large trees decreased by 90% between the early 19 th century and the late 20 th century [START_REF] Linder | Structural changes in three mid-boreal Swedish forest landscapes, 1885-1996[END_REF].

The causes of dieback are extremely varied and include light availability, targeted logging, forest clearing, pest outbreaks, wildfires, drought, grazing, agriculture intensification, diseases and air pollution. These different sources of mortality are difficult to disentangle. Different studies have highlighted the importance of climate on tree mortality, with recognized direct effects of temperature [START_REF] Mcdowell | Multi-scale predictions of massive conifer mortality due to chronic temperature rise[END_REF][START_REF] Senf | Canopy mortality has doubled in Europe's temperate forests over the last three decades[END_REF]) and water availability [START_REF] Greenwood | Tree mortality across biomes is promoted by drought intensity, lower wood density and higher specific leaf area[END_REF], or indirectly as a result of biotic factors [START_REF] Marini | Climate drivers of bark beetle outbreak dynamics in Norway spruce forests[END_REF][START_REF] Pureswaran | Forest Insects and Climate Change[END_REF][START_REF] Jaime | Scots pine (Pinus sylvestris L.) mortality is explained by the climatic suitability of both host tree and bark beetle populations[END_REF]. Extreme events like severe or recurrent drought episodes or heat waves have increased tree vulnerability to pests and diseases and led to forest decline [START_REF] Breda | Temperate forest trees and stands under severe drought: a review of ecophysiological responses, adaptation processes and long-term consequences[END_REF], Allen et al. 2015). However, most of the studies have focused on the effects of extreme events on tree mortality to the detriment of long-term trend studies. Consequently, the long-term effects of changes in temperature and rainfall due to recent climate change is poorly known. In addition, these effects can be confused with changes in stand characteristics, tree ageing and competition, which are the primary causes of mortality. Despite these difficulties, recent research focused on past mortality trends revealed an over-mortality attributed to recent climate change [START_REF] Luo | Climate change-associated tree mortality increases without decreasing water availability[END_REF][START_REF] Hember | Relationships between individual-tree mortality and water-balance variables indicate positive trends in water stress-induced tree mortality across North America[END_REF][START_REF] Taccoen | Background mortality drivers of European tree species: climate change matters[END_REF].

Large trees are considered more vulnerable to drought than small trees. For instance, in tropical forests, higher mortality rates were found for many species of large trees following natural or experimental water shortage [START_REF] Nepstad | Mortality of large trees and lianas following experimental drought in an Amazon forest[END_REF][START_REF] Phillips | Drought sensitivity of the Amazon rainforest[END_REF][START_REF] Da Costa | Effect of 7 yr of experimental drought on vegetation dynamics and biomass storage of an eastern Amazonian rainforest[END_REF]. More recently, a global-scale meta-analysis of the size-dependence vulnerability of trees to drought, performed on 40 drought events at 38 locations worldwide, concluded that the effects of drought events on tree growth and mortality were significantly greater for large than for small trees [START_REF] Bennett | Larger trees suffer most during drought in forests worldwide[END_REF]. [START_REF] Stovall | Tree height explains mortality risk during an intense drought[END_REF] demonstrated in California that large trees die at twice the rate of small trees during extreme drought events. This trend was highlighted in many biomes including tropical, sub-tropical, arid and temperate forests. Additionally, some studies focusing on small understorey trees in tropical forests found that they were generally less exposed to radiation, vapour pressure deficit and temperature than large dominant trees [START_REF] Bennett | Larger trees suffer most during drought in forests worldwide[END_REF].

Recent climate change is characterised both by hotter temperatures and more intense droughts. [START_REF] Grote | Importance of tree height and social position for drought-related stress on tree growth and mortality[END_REF] listed the main ecophysiological differences between small and large trees that can affect their exposure and response to water deficit and temperature. This includes greater hydraulic constraints for large than for small trees due to the physical resistance to lifting water to greater heights, as well as differences in stomatal control mechanisms and in fine and coarse root biomass and vertical distribution. Due to their height, large trees have an increased risk of cavitation and carbon deficits that can lead to death [START_REF] Ryan | The hydraulic limitation hypothesis revisited[END_REF]. The greater vulnerability of large trees could also be related to biotic factors because trees are not affected by the same risks according to their size. For example, bark beetles preferentially attack large trees because they have thicker bark and phloem for digging their breeding galleries and for feeding than small trees [START_REF] Pfeifer | Observations and modeling of aboveground tree carbon stocks and fluxes following a bark beetle outbreak in the western United States[END_REF], with an exacerbated tree vulnerability during drought periods [START_REF] Mcdowell | The interdependence of mechanisms underlying climate-driven vegetation mortality[END_REF]. In well-watered areas, hotter temperatures can increase tree growth [START_REF] Charru | Recent growth changes in Western European forests are driven by climate warming and structured across tree species climatic habitats[END_REF], but in more continental areas with drought events, growth is impaired due to the interaction between high temperatures, potential evaporation and, finally, increased soil water deficit. Depending on the stomatal behaviour of the species, droughtinduced tree mortality may be triggered if the ambient temperature is warmer, as demonstrated in an experimental study on two gymnosperm species [START_REF] Duan | Drought responses of two gymnosperm species with contrasting stomatal regulation strategies under elevated CO2 and temperature[END_REF].

Despite the fact that big or old trees are considered to be more vulnerable to drought, decline was also reported for small or young trees. For example, [START_REF] Peng | A drought-induced pervasive increase in tree mortality across Canada's boreal forests[END_REF][START_REF] Van Mantgem | Widespread Increase of Tree Mortality Rates in the Western United States[END_REF] and [START_REF] Shenkin | Interactive effects of tree size, crown exposure and logging on drought-induced mortality[END_REF] observed an increase in mortality in Canada, the western United States and the Amazonian forest for small trees in response to climate warming and drought intensity, with higher mortality rates compared to large trees. Similar results can also be found in tree radial growth studies based on data collected in different stands and from a long-term experimental network. They showed a greater growth decrease of small and understorey trees compared to large trees during extreme drought events in temperate forests, hypothesized as the result of a shallower root system, leading to a more limited access to deep water content [START_REF] Pichler | Radial growth response of coniferous forest trees in an inner Alpine environment to heat-wave in 2003[END_REF]Oberhuber 2007, Trouvé et al. 2014). This discrepancy between past drought-induced mortality studies was sometimes attributed to limitations in the spatial extent or sample size for retrospective analysis [START_REF] Stovall | Tree height explains mortality risk during an intense drought[END_REF]. Understanding the effects of the recent temperature and rainfall changes on different categories of trees is a difficult task as they are submitted to contrasting environmental condition and competition intensity, and because a confusion exists between tree size and social status, that can be both correlated with age.

In this study, we analysed the effects of recent changes in climate on the observed mortality in a stand without disturbance (i.e. background mortality). We tested the hypothesis that long-term effects of changes in temperature and rainfall due to recent climate change can differently impact background tree mortality according to the tree size and social status. For eight of the most common European species and 207,100 available trees scattered over the whole France, we determined three subsets of suppressed, small dominant and large dominant trees. Using French Forest Inventory data collected between 2009 and 2015 and historic climatic data, we modelled background mortality for each species' subset. We accounted for effects related to competition, stand attributes and logging intensity within the plot. In addition, we added the recent changes in temperature and rainfall in order to evaluate their importance in the background tree mortality models, and to calculate and map the associated over-mortality.

2 Material and methods

Database description and plot selection

We used data from the French Forest Inventory of the National Geographic Institute (NGI), collected between 2009 and 2015 for France. Approximately 6,500 plots were inventoried per year on a quasi-systematic grid, corresponding to 41,692 plots and 554,133 inventoried trees, including 37,767 dead trees. Only trees with a diameter at breast height (1.30 meters, dbh) > 7.5 cm were counted. On each plot, trees were surveyed in concentric subplots of 6, 9 and 15 m in radius for trees of 7.5 < ℎ < 22.5 , 22.5 ≤ ℎ < 37.5 , and 37.5 ≤ ℎ, respectively, and the tree and stand characteristics were calculated for a same surface unit (per hectare of forest land). According to the protocol, a dead tree was recorded when it had a dbh > 7.5 cm, had no living part above 1.3 m height, and was presumed dead within the five years prior to the inventory.

Standing dead trees, felled trees and broken dead trees were individually recorded. Perturbations of soil conditions and vegetation cover were also systematically recorded in the field, including forest fires, storms, waterlogging, flooding, landslides, avalanches and potential anthropogenic disturbances. In order to avoid confusion between mortality factors related to abrupt disturbances not necessarily related to climate change and those related to gradual changes in temperature and rainfall regimes, all plots with evidence of such perturbations were removed from the analysis. For the same reasons, felled and broken individual trees were discarded. When a plot was composed of less than 10% of trees with a diameter > 7.5 cm, it was removed from the analysis due to the impossibility to calculate reliable synthetic indices such as basal area (BA). To focus on homogeneous stands only, plots including forest edges and small groves were also removed. The proximity of forest edges modifies light availability, increases wind-related disturbances, and induces different growth conditions from closed forest. In total, 207,100 trees, including 3,514 dead trees, distributed on 25,209 plots, were used for the eight studied species.

Species selection and data partitioning

We selected species based on the list of the 20 most important species in Europe in terms of forest coverage [START_REF] Brus | Statistical mapping of tree species over Europe[END_REF]. In order to compare climate change effects on tree mortality in relation to tree development stage and social status, we separated the tree population into three subsets for each species: suppressed trees, dominant small trees and dominant large trees. Because individual tree eight is not measured, the separation between suppressed and dominant trees was based on tree relative size, i.e. the circumference ratio of each tree over the mean circumference of all the trees in the plot (RelCirc), irrespective of species composition, developmental stage, or stand density. If this ratio was ≥ 1, the tree was considered dominant, and if it was < 1, the tree was considered suppressed. The effects of climate change between small and large trees were focused on the dominant tree population (live and dead trees) to avoid bias related to tree social rank. Two subsets of small and large dominant trees were defined according to the median circumference value of set of dead trees. We only kept species for which we had at least 20 dead individuals in each of the three subsets. We obtained a list of eight species, including five gymnosperms and three angiosperms (Figure 1). The location and the exact number of live and dead trees for suppressed, small dominant and large dominant tree subsets is available in Appendix A. The number of live and dead trees for suppressed, small and large dominant trees per species is available in Appendix B. Because competition between trees during the early stages of their development is the principal determinant of tree mortality [START_REF] Charru | Significant differences and curvilinearity in the self-thinning relationships of 11 temperate tree species assessed from forest inventory data[END_REF], and because declining large trees are preferentially harvested, dead trees are mainly suppressed trees.

Figure 1. Circumference of the suppressed tree subset (light grey boxes), the small and dominant tree subset (medium grey boxes) and the large and dominant tree subset (dark grey boxes). The separation between the two dominant tree subsets represents the median circumference value of dominant dead trees. For each subset, the dotted line represents the median circumference value of all the trees. The upper limit of the light grey and dark grey boxes represents the 1 st and 99 th percentile of the distribution.

Mortality models

We modelled the status of each tree (alive or dead) using logistic regression, a method that makes it possible to model a binary dependent variable [START_REF] Cox | The regression analysis of binary sequences[END_REF] and that was widely used in previous tree mortality models [START_REF] Monserud | Modeling individual tree mortality for Austrian forest species[END_REF]Sterba 1999, Hülsmann et al. 2018). We will first explain the choice of the variables used to model background mortality, based on previous literature, before describing the modelling approach.

Characterising the effects of competition and stand characteristics

Based on previous models that assess the drivers of background tree mortality in European temperate forests [START_REF] Ruiz-Benito | Patterns and Drivers of Tree Mortality in Iberian Forests: Climatic Effects Are Modified by Competition[END_REF][START_REF] Hülsmann | How to kill a tree: empirical mortality models for 18 species and their performance in a dynamic forest model[END_REF][START_REF] Taccoen | Background mortality drivers of European tree species: climate change matters[END_REF], we calculated five variables that characterise tree and stand characteristics on the basis of information from NGI plots. Tree relative circumference at 1.3 m in height; (Relcirc), stand development stage (plot basal area; BA), circumference distribution of trees within the plot (Gini coefficient; Gini), stand species composition (proportion of the total plot basal area occupied by the tree species of interest; PropBA), and stand management intensity (presence of skid trails, Trails) are presented in Table 1. By considering Relcirc and BA, we accounted for the effects of competition, which were identified as the main determinant of background mortality, particularly affecting small trees [START_REF] Das | Why do trees die? Characterizing the drivers of background tree mortality[END_REF][START_REF] Hülsmann | How to kill a tree: empirical mortality models for 18 species and their performance in a dynamic forest model[END_REF]. The Gini index of inequality [START_REF] Latham | A method for quantifying vertical forest structure[END_REF]) is calculated on the tree diameter distribution in the plot and ranges between 0 and 1. It provides an indication of the type of silviculture practiced on the plot (irregular or regular). PropBA reflects the tree species composition on the plot. These two variables have shown themselves to be strong predictors of tree mortality in a previous study in the same biome [START_REF] Taccoen | Background mortality drivers of European tree species: climate change matters[END_REF]. Finally, Trails is an indirect indicator of stand management intensity. It is important to take into account because silvicultural practices in Europe generally imply the removal of dead or declining trees [START_REF] Schelhaas | Actual European forest management by region, tree species and owner based on 714,000 re-measured trees in national forest inventories[END_REF]. Therefore, the presence of dead trees can be strongly influenced by logging intensity.

Climate change variables

To assess the potential effects of recent climate change on background tree mortality, we considered two variables that describe changes in temperature and rainfall during the vegetation period (March to August included). We used the interaction between climatic conditions and climate evolution because previous research highlighted its better efficiency to assess background tree mortality than average climate or climate evolution considered alone [START_REF] Taccoen | Background mortality drivers of European tree species: climate change matters[END_REF].

We first averaged monthly temperature and rainfall values over a reference period before climate warming in the studied area, spanning the 1961-1987 period. We selected this period because in France temperatures rose continuously as of 1988, while no important changes were recorded for rainfall between 1961 and 2015 (Appendix C). These variables were modelled and mapped using 237 and 435 meteorological stations for temperature and rainfall, respectively [START_REF] Piedallu | Soil aeration, water deficit, nitrogen availability, acidity and temperature all contribute to shaping tree species distribution in temperate forests[END_REF]. Secondly, we calculated changes in temperature and rainfall compared to the reference period using homogenised temperature and rainfall series provided by Météo-France [START_REF] Gibelin | Evolution de la température en France depuis les années 1950: Constitution d'un nouveau jeu de séries homogénéisées de référence[END_REF]. We used 200 and 1,119 meteorological stations for temperature and rainfall, respectively. For each of them, we calculated the difference between the reference period and periods contemporary to the NGI sample plots recorded each year between 2009 and 2015. According to the NGI protocol, trees were assumed to have died during the five years before the survey. Additionally, trees may die long after climatic disturbances [START_REF] Das | Climatic Correlates of Tree Mortality in Water-and Energy-Limited Forests[END_REF]. Therefore, to fully capture the effects of delayed mortality, we considered 15year shifting time periods before the survey date for each plot in order to define periods contemporary to the NGI sample plots. For the 15-year period before each of the seven yearly NGI datasets surveyed, changes in climate conditions were calculated monthly for each meteorological station, interpolated with ordinary kriging using Arcgis 10.5, and averaged for the whole period.

Finally, for each of 15-year period shifting time periods, we calculated monthly interactions between the reference climate period and changes in temperature and rainfall. T°Evo were calculated as the product of reference temperatures and their changes. RfEvo was calculated as the quotient of rainfall changes over the reference rainfall values. RfEvo values were then cumulated over the vegetation period (from April to August), while T°Evo values were averaged over the same period (Table 1).

Modelling approach and quality assessment

A model was run with the same procedure for each of the eight species and the three subsets (suppressed trees, dominant small trees and dominant large trees). The seven candidate variables were used together to calibrate each model. To assess the commonly observed Ushaped and bell-shaped response curves to tree size and competition intensity [START_REF] Holzwarth | Many ways to die -partitioning tree mortality dynamics in a near-natural mixed deciduous forest[END_REF], we tested tree stand attribute variables (RelCirc, BA, Gini, PropBA) in their quadratic forms in addition to the monotonic one (Ter Braak and Looman 1986), and kept the best performance. To validate each model with an independent dataset, we used a k-fold crossvalidation method [with k = 1000 [START_REF] Friedman | The elements of statistical learning[END_REF]]. For each iteration, we calibrated the model on 80% of the trees randomly selected from the full sample, and validated with the 20% remaining trees. We calculated the final coefficients for each selected variable by averaging the 1000 iterations of the calibration dataset. We then compared these coefficients for the three subsets. The more the T°Evo coefficient is positive or the RfEvo coefficient is negative, the more the recent temperature increase or rainfall decrease will lead to tree mortality, particularly in hot or dry areas, respectively. Model quality was assessed with the mean Area Under the Curve calculated with the 1000 iterations of the independent validation dataset [AUC, [START_REF] Fielding | A review of methods for the assessment of prediction errors in conservation presence/absence models[END_REF]].

We estimated and mapped the over-mortality driven by T°Evo and RfEvo for each tree species. For each plot, we calculated the difference between the probabilities of mortality predicted from the model with all the variables, and a model where the two climate changerelated variables were set to 0. In order to map only the effects of climate change on tree mortality and to remove the stand effect, all the non-climatic variables were set to their mean value [START_REF] Muller | Estimating predicted probabilities from logistic regression: different methods correspond to different target populations[END_REF]. For a representative stand, we obtained a value in %, corresponding to the changes in the probability of finding a tree that died in the last five years as a consequence of temperature and rainfall changes. For each species and subset, we interpolated these values with ordinary kriging using ArcGIS 10.5 to map the excess probability of mortality for the entire area studied.

Effect considered

Variable description

Abb.

Unit Source

Tree social status Relative rainfall evolution calculated as the ratio of rainfall evolution over the reference period rainfall from April to August.

mm Mod.

Table 1: Description of the seven explanatory variables used in the models. Abb = abbreviation. The Source column indicates the origin of the data: (1) collected by the NGI (Field); (2) calculated using NGI information (Calc); or (3) extracted using Geographic Information System from digital models (Mod.).

Results

3.1 Performance of background mortality models for the three studied subsets Average AUC values were greater than 0.82 for each subset for gymnosperms and greater than 0.74 for angiosperms (Table 2). According to Hosmer Jr et al. ( 2013), AUC indicates acceptable (0.7 ≤ AUC < 0.8) to excellent (0.9 > AUC) performances. Model quality was significantly greater for the suppressed tree subset (0.83 ± 0.01) than for the small tree subset (0.80 ± 0.02) and the large dominant tree subset (0.79 ± 0.02). The best model performances were obtained for the suppressed tree subset of Pinus pinaster, with an AUC of 0.91. The lowest performances were obtained for the large dominant tree subsets of Quercus petraea and Quercus robur, both with an average AUC of 0.71. For all the species, the RelCirc and BA variables indicate considerable competitionrelated effects on the suppressed tree subsets. The decreasing response curves to RelCirc showed higher probabilities of background mortality for the most suppressed trees, ranging between 10% (Fagus sylvatica) and 48% (Pseudotsuga menziesii, Quercus robur, Appendix D). The probabilities of mortality strongly decreased for all the species when Relcirc is close to one. Effects of BA were also important on suppressed trees, increasing curves indicating higher probabilities of mortality with large plot basal area (Appendix E). For the dominant tree subsets, these competition-related effects were of low intensity (p < 0.05).

Gini (Appendix F) and PropBA (Appendix G) had effects both on suppressed and dominant trees, with a lesser importance for the latter. The trends vary depending on species, showing globally lower probabilities of mortality with pure stands. Coefficient values for all the variables and each species are available in Appendix J.

Climate change-related effects

For the three subsets, the trends of ° coefficients were clearly positive, with higher values for the suppressed tree subset (Figure 2, average value of 0.10 ± 0.03, and Appendix H for the responses curves). ° coefficients were lower for dominant small trees, (average value of 0.08 ± 0.08) and reached their minimum value for dominant large trees (average value of 0.07 ± 0.10; Figure 2). This indicates an increasing probability of mortality in areas with higher average temperatures that have experienced the most warming. coefficients were mainly negative, indicating increasing probabilities of mortality in areas with lower reference rainfall that have recently experienced rainfall decreases (Figure 2 and Appendix I for the response curves). This is particularly true for large dominant trees (average value of -7.02 ± 3.20) and, to a lesser extent, for small dominant trees (average value of -3.72 ± 5.65), whereas no clear trends were visible for suppressed trees (average value of 0.34 ± 2.38).

Figure 2. Coefficient values of T°Evo and RfEvo for the eight species and the suppressed, small dominant and large dominant tree subsets. Each boxplot is composed of 8000 coefficient values obtained with a k-fold bootstrap on each of the eight species (k = 1000). The per species version of this figure is available in Appendix K and L, and the variable coefficients in Appendix J. 34 Climate change-related excess probability of mortality

In order to evaluate the combined effects of changes in temperature and rainfall, we calculated the excess probability of mortality for each species compared to a climate changefree context for the suppressed, small dominant and large dominant tree subsets. The excess probability of mortality linked to recent climate change for suppressed trees (median = +2.56%; mean = +3.22% [± 2.14%]) was generally greater than for dominant small (median = +0.15%; mean=0.07% [± 0.53%]) and large trees (median = +0.08%; mean = +0.12% [± 0.39%]) (Figure 3, values for each species are available in Appendix M).

To ensure that the differences in mortality between suppressed and dominant trees were not related to tree size differences but rather to social status differences, we selected two subsets of suppressed and dominant trees with equal average circumference (Appendix N and O). We used the suppressed tree subset developed for the previous analysis and we sampled a dominant tree subset with an average circumference equal to that of suppressed trees (Appendix N). We obtained comparable results [median = +2.56% for suppressed trees, and +0.03% (± 0.83%) for dominant trees, Appendix O], demonstrating that the difference in modelled excess probability of mortality between suppressed and dominant trees can be attributed to social status effects and not to size effects. For each species, we mapped the climate change-related excess probability of mortality for suppressed, small dominant and large dominant tree subsets (Figure 4). With the exception of Abies alba, Picea abies and Pinus pinaster, for which the north-south gradient is greater for dominant trees, mortality patterns of suppressed, small and large dominant trees were globally similar, with a maximum excess probability of mortality at low altitudes or latitudes. Consistent with the trends illustrated in Figure 3, maps of suppressed trees showed higher mortality rates driven by climate change than those for either small or large dominant trees. While climate change impact systematically leads to an increase in tree mortality for suppressed trees, it can locally lead to a decrease for dominant trees in the coldest part of their distribution area.

Mortality excess rate

Figure 4. Excess probability of mortality resulted from combined effects of changes in temperature and rainfall for the suppressed, small dominant and large dominant tree subsets. When changes in temperature and rainfall lead to higher mortality, the excess mortality rate is represented by warm colours, and by cold colours when they lead to lower mortality.

Discussion

We demonstrated that long-term changes in temperature and rainfall due to the recent climate change increase background tree mortality for all the studied species, even if there are different responses according to tree size and social status. As main results, we found a significant over-mortality for suppressed trees mainly related to temperature increase, while rainfall decrease impairs the dominant trees. These results emphasize that despite different social status or size and although the trees were not exposed to the same water stress, they all respond to climate change.

4.1 Combined effects of temperature and rainfall changes lead to over-mortality for all of the species studied After taking drivers related to competition and stand characteristics, including the logging intensity effect, into account, we identified a statistically significant impact of recent temperature and rainfall changes on background mortality for the eight studied species, leading to an over-mortality for at least one of the studied subsets for each of them. The model performances and the consistency of the response curves among the species suggest that, despite the low number of dead trees for some subsets, the most important drivers were taken into account. In agreement with existing knowledge, the over-mortality was attributed to increasing temperatures and decreasing rainfall [START_REF] Mcdowell | Multi-scale predictions of massive conifer mortality due to chronic temperature rise[END_REF]. Some of the species, like Abies alba and Quercus petraea, showed no climate change-related effects in previous studies carried out in the same ecological context, but that considered all the tree sizes and social statuses together [START_REF] Taccoen | Background mortality drivers of European tree species: climate change matters[END_REF]. These results highlight the advantage of separating the different tree statuses to assess forest vulnerability to climate change since some effects cannot be seen when considering all the trees together. They were consistent with existing studies that show high mortality rate increases in European Mediterranean and temperate forests [START_REF] Carnicer | Widespread crown condition decline, food web disruption, and amplified tree mortality with increased climate change-type drought[END_REF][START_REF] Senf | Canopy mortality has doubled in Europe's temperate forests over the last three decades[END_REF], strongly correlated with temperature warming or droughts.

Over-mortality is especially severe in the case of suppressed trees

We found that the recent temperature and rainfall changes related to over-mortality were greater for suppressed than for dominant trees. This result is in contrast with most of the existing research that highlights more drought-induced mortality for large trees than for small ones [START_REF] Bennett | Larger trees suffer most during drought in forests worldwide[END_REF][START_REF] Stovall | Tree height explains mortality risk during an intense drought[END_REF]). However, suppressed trees were generally not inventoried or not studied in these cases, which mainly focused on extreme drought event effects instead of long-term evolutions of climate over many decades. The differences in the stand characteristics, data collection and processing between studies also probably contribute to explaining these differences [START_REF] Van Mantgem | Widespread Increase of Tree Mortality Rates in the Western United States[END_REF][START_REF] Shenkin | Interactive effects of tree size, crown exposure and logging on drought-induced mortality[END_REF]. Indeed, the causes of observed mortality are manifold (stand evolution, climate warming, extreme drought events, storm, wildfire, pests and diseases, etc.), and they can interact at different time and spatial scales [START_REF] Thorpe | Long-term trends in tree mortality rates in the Alberta foothills are driven by stand development[END_REF].

When excluding extreme events by focusing on background mortality only, and removing mortality attributed to stand evolution, we demonstrated that suppressed trees are more impaired than large ones for all of the studied species, whereas there is no great difference in vulnerability between small and large dominant trees. Similar results were found in boreal forests by [START_REF] Luo | Competition, species interaction and ageing control tree mortality in boreal forests[END_REF] on permanent sampling plots covering a wide range of development stages. These findings highlight the importance of disentangling the effects of tree size and social status in tree mortality studies. They complement existing studies showing that large trees were impacted by extreme drought events, demonstrating that small and particularly suppressed ones were also affected by recent climate change effects, with potential impacts on ecosystem services and forest regeneration.

Whereas few studies have focused on the impact of temperature or rainfall changes on tree mortality according to stand structure, several studies have identified a reduction of tree radial growth as a function of water stress that is greater for suppressed trees compared to dominant ones. In the Alps, growth reductions consecutive to extreme drought episodes and heat waves were greater for suppressed than for dominant Pinus sylvestris trees [START_REF] Pichler | Radial growth response of coniferous forest trees in an inner Alpine environment to heat-wave in 2003[END_REF]. In lowland French forests, growth reductions were also the greatest for suppressed Quercus petraea trees in response to high summer soil water deficits [START_REF] Trouvé | Growth partitioning in forest stands is affected by stand density and summer drought in sessile oak and Douglas-fir[END_REF]. Similar results were also found for Pinus strobus and Picea abies [START_REF] Martin-Benito | Growth response to climate and drought in Pinus nigra Arn. trees of different crown classes[END_REF]. Most of the ecophysiological differences between suppressed and dominant trees, including rooting depth, hydraulic constraints, xylem conductivity and gas exchange mechanisms, appear to be mostly related to differences in tree height and circumference rather than to social status. On the contrary, the canopy structured by dominant trees strongly controls microclimate in the understorey, including temperature, rainfall, vapour deficit and light availability [START_REF] Aussenac | Interactions between forest stands and microclimate: ecophysiological aspects and consequences for silviculture[END_REF][START_REF] Grote | Importance of tree height and social position for drought-related stress on tree growth and mortality[END_REF]. Our results suggest that suppressed trees suffer more from lack of water (shallower root systems), even if their crowns are exposed to lower transpiration [START_REF] Bréda | Water transfer in a mature oak stand (Quercus petraea): seasonal evolution and effects of a severe drought[END_REF]. This was consistent with the similar hydraulic conductance observed, regardless of the crown class, among Picea abies trees when they were well-watered, but that underwent severe changes when submitted to rainfall exclusion [START_REF] Granier | Variation of hydraulic conductance of some adult conifers under natural conditions[END_REF]).

We probably underestimated the temperature and rainfall changes related to tree mortality due to logging intensity and the period concerned by this study. Because they were preferentially harvested when mortality occurred, the proportion of dead dominant trees is probably more underestimated in the inventory databases compared to suppressed trees. Even if management intensity is taken into account in our models, the probability of mortality that we calculated for the dominant and large trees is probably lower than the reality. Also, the temperature and rainfall changes that induced over-mortality of dominant Picea abies, Abies alba and Fagus sylvatica trees were of low magnitude. This result may come as a surprise since Picea abies and Abies alba have experienced massive mortality due to bark beetle outbreaks in recent years [START_REF] Marini | Climate drivers of bark beetle outbreak dynamics in Norway spruce forests[END_REF]. However, the trees used for modelling here were collected between the years 2009 and 2015, which corresponds to a period without an extreme drought event and, consequently, a period of reprieve for bark beetle outbreaks in France [START_REF] Gillette | Point d'actualité sur le typographe[END_REF]. Concerning Fagus sylvatica, while important range contractions were forecasted from species distribution models for the coming decades [START_REF] Dyderski | How much does climate change threaten European forest tree species distributions?[END_REF], experimental studies showed that this species was particularly resilient to severe water shortage and was able to sustain its survival metabolism through allocation changes, even when exposed to two years of total water deprivation [START_REF] Chuste | Short-term nitrogen dynamics are impacted by defoliation and drought in Fagus sylvatica L. branches[END_REF].

Climatic drivers of tree mortality differ according to tree size and social status

We found that for each studied species, temperature increase led to more over-mortality for suppressed rather than for dominant trees. Among dominant trees, we did not highlight any major differences between small and large trees. The effect of rainfall decrease was the greatest for dominant trees and, particularly, for the large ones, whereas lesser effects were visible for the suppressed ones. These differences illustrate that trees are not exposed to the same water deficit according to their size and their social status.

Rainfall and temperature both contribute to determining available water for trees through the water balance, with a pronounced water shortage leading to tree mortality through hydraulic failure or carbon starvation [START_REF] Adams | Classification of multispectral images based on fractions of endmembers: application to land-cover change in the Brazilian Amazon[END_REF], Allen et al. 2015). Suppressed and dominant trees are not exposed to the same environmental conditions. Dominant trees are usually higher and have deeper coarse roots and a greater fine root biomass than understorey trees, allowing access to higher water content and potentially delaying the date of water shortage [START_REF] Pretzsch | Resistance of European tree species to drought stress in mixed versus pure forests: evidence of stress release by inter-specific facilitation[END_REF][START_REF] Grote | Importance of tree height and social position for drought-related stress on tree growth and mortality[END_REF]. However, the sun-exposed crowns of large trees with high leaf areas are exposed to higher potential evapotranspiration than suppressed ones. Suppressed trees benefit from lower radiation, vapour pressure deficit, less wind and buffered temperatures [START_REF] Davis | Microclimatic buffering in forests of the future: the role of local water balance[END_REF]. For example, the analysis of paired temperature measurements on five continents under canopy and in open areas showed differences that can reach 5 or 10°C for maximal temperatures [START_REF] De Frenne | Global buffering of temperatures under forest canopies[END_REF]. Consequently, the canopies of suppressed trees, which have limited total leaf area, are exposed to lower evapotranspiration, and their transpiration is considerably lower than that of dominant ones [START_REF] Bréda | Water transfer in a mature oak stand (Quercus petraea): seasonal evolution and effects of a severe drought[END_REF]. [START_REF] Granier | Variation of hydraulic conductance of some adult conifers under natural conditions[END_REF]Lu et al. (1996) reported that few differences in tree transpiration and hydraulic conductance exist among tree statuses for several coniferous species and oaks under well-watered conditions, whereas inter-tree variability sharply increases in the event of water shortage.

For a similar stand, we demonstrated higher over-mortality when temperature increases for suppressed trees compared to small or dominant ones. Higher temperatures reduce water availability by increasing evaporation and transpiration. A major effect of temperature rather than rainfall has already been demonstrated for radial growth in a similar ecological context [START_REF] Lebourgeois | Social status-mediated tree-ring responses to climate of Abies alba and Fagus sylvatica shift in importance with increasing stand basal area[END_REF]. The higher sensitivity to temperatures of suppressed trees compared to small dominant ones suggests that for trees with a shallow root system, the canopy plays an important role in a climate change context. This could be explained, for example, by differences in adaptation in a context of rapid changes. Dominant trees experienced greater temperature variations and can be more resistant to the recent warming than suppressed trees that benefit from buffered temperatures. Local adaptation is considered to be able to counteract the effects of extreme conditions [START_REF] Lazaro-Nogal | Population differentiation in a Mediterranean relict shrub: the potential role of local adaptation for coping with climate change[END_REF]. The temperature increase for suppressed trees can be exacerbated by a sudden increase in light availability if dominant trees are declining and lose their leaves or their needles [START_REF] Laurance | Positive feedbacks among forest fragmentation, drought, and climate change in the Amazon[END_REF].

The higher vulnerability to rainfall decrease of large dominant trees strengthens the previous results in terms of growth reduction and over-mortality following extreme drought events [START_REF] Bennett | Larger trees suffer most during drought in forests worldwide[END_REF]. Since root biomass is correlated with tree height, leaf biomass and light exposure [START_REF] Cheng | Light and tree size influence belowground development in yellow birch and sugar maple[END_REF][START_REF] Wutzler | Generic biomass functions for Common beech (Fagus sylvatica) in Central Europe: predictions and components of uncertainty[END_REF], it is difficult to disentangle it from the effects related to tree size and social status. Our results suggest that the deeper and more developed root system of large trees, which allows a better water uptake under water shortage, does not compensate for their greater water need for transpiration due to large leaf area and exposure to high potential evapotranspiration. With ongoing climate change, this impact of the soil water deficit is expected to increase as a result of both increased evapotranspiration due to warming and decreased rainfall, mainly in mid-latitude and subtropical dry regions (IPCC 2014). A study based on the physical modelling of water transfer in trees showed that tall trees with specific functional traits (isohydric stomatal control, low hydraulic conductance, high leaf area) are most likely to die from severe drought in the coming decades [START_REF] Mcdowell | Darcy's law predicts widespread forest mortality under climate warming[END_REF]. These theoretical forecasts seem to be confirmed by the rapid increase of forest diebacks observed worldwide in recent years [START_REF] Crockett | Greater Temperature and Precipitation Extremes Intensify Western US Droughts, Wildfire Severity, and Sierra Nevada Tree Mortality[END_REF]Westerling 2018, Hirayama et al. 2019).

Conclusion

An increase in tree mortality has been observed in these last decades in different biomes. Consequently, in a context where rising temperatures and the increased frequency and intensity of droughts are expected, it is urgent to improve our understanding of the causes and the mechanisms of these forest diebacks. The impact of climate change on tree mortality has been demonstrated, but many questions about the intensity of changes in forest ecosystems and how to cope with a drier and hotter climate remain answered. We showed that temperature and rainfall change-related mortality does not concern only large trees but small dominant and suppressed ones as well. The vulnerability of suppressed trees that suffer from shallow root system could be exacerbated by transpiration increase due to large tree removal during harvesting. Our results suggest that climate change could not only affects wood production, but also has an influence on forest renewal, a key parameter for anticipating changes in tree species composition, with possible cascading implications on the ecosystem services provided.

Figure 3 .

 3 Figure 3. Over-mortality linked to climate change: combined temperature and rainfall changes related to the excess of probability of mortality for the suppressed, small dominant and large dominant tree subsets. It is calculated as the difference between predicted values for the full model and a partial model where climate change-related effects have been set to 0. For each model, all non-climate change-related variables were set to their mean value for all the trees of the considered species, while qualitative variables were set to their most frequent value.

  

  

Table 2 .

 2 Performance of background mortality models for the eight studied species: average AUC and standard errors for suppressed, small and large dominant tree subsets calculated from a k-fold bootstrap (k = 1000).

	Gymnosperms	Suppressed trees	Dominant small trees	Dominant Large trees
	Abies alba	0.82 ± 0.01	0.84 ± 0.03	0.81 ± 0.02
	Picea abies	0.80 ± 0.01	0.82 ± 0.01	0.77 ± 0.02
	Pinus pinaster	0.91 ± 0.00	0.84 ± 0.02	0.86 ± 0.01
	Pinus sylvestris	0.77 ± 0.01	0.81 ± 0.01	0.79 ± 0.01
	Pseudotsuga menziesii	0.89 ± 0.01	0.82 ± 0.02	0.86 ± 0.03
	Average	0.84 ± 0.01	0.82 ± 0.02	0.82 ± 0.02
	Angiosperms	Suppressed trees	Dominant small trees	Dominant Large trees
	Fagus sylvatica	0.79 ± 0.01	0.83 ± 0.03	0.80 ± 0.03
	Quercus petraea	0.83 ± 0.00	0.72 ± 0.03	0.71 ± 0.03
	Quercus robur	0.80 ± 0.00	0.72 ± 0.02	0.71 ± 0.01
	Average	0.81 ± 0.01 0.76 ± 0.02	0.74 ± 0.02
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Appendix A: For the eight species studied, location of the plots on which the species is present (grey dots) and with at least one dead tree (black dots), for the suppressed, small and large dominant tree subsets.