Guohua Liu 
email: guohua.liu@u-psud.fr
  
Xiaoqiu Chen 
  
Yongshuo Fu 
  
Nicolas Delpierre 
  
Modelling leaf coloration dates over temperate China by considering effects of leafy season climate

Keywords: leaf coloration, process-based models, leafy season temperature, leafy season precipitation, local adaptation of leaf senescence

 

Introduction

Plant phenology regulates ecosystem processes related to the carbon (Delpierre et al., 2009b), water [START_REF] Hogg | Postulated feedbacks of deciduous forest phenology on seasonal climate patterns in the western Canadian interior[END_REF] and nutrient [START_REF] Cooke | Nitrogen storage and seasonal nitrogen cycling in Populus: bridging molecular physiology and ecophysiology[END_REF][START_REF] Escudero | Ecological significance of the phenology of leaf abscission[END_REF][START_REF] Miki | Leaf phenological shifts and plant-microbe-soil interactions can determine forest productivity and nutrient cycling under climate change in an ecosystem model[END_REF] cycles, and feeds back to the climate system [START_REF] Peñuelas | Phenology feedbacks on climate change[END_REF][START_REF] Richardson | Climate change, phenology, and phenological control of vegetation feedbacks to the climate system[END_REF][START_REF] Schwartz | Phenology and springtime surface-layer change[END_REF]. An accurate representation of plant phenology is essential for terrestrial ecosystem models, of which some are used as land surface schemes for Earth system models [START_REF] Richardson | Terrestrial biosphere models need better representation of vegetation phenology: results from the North American Carbon Program Site Synthesis[END_REF]. Much effort has been done for the modelling of spring phenological phases [START_REF] Chuine | A unified model for budburst of trees[END_REF][START_REF] Chuine | Plant development models, Phenology: an integrative environmental science[END_REF][START_REF] Hänninen | Effects of climatic change on trees from cool and temperate regions: an ecophysiological approach to modelling of bud burst phenology[END_REF][START_REF] Kramer | A modelling analysis of the effects of climatic warming on the probability of spring frost damage to tree species in The Netherlands and Germany[END_REF][START_REF] Xu | Regional unified model-based leaf unfolding prediction from 1960 to 2009 across northern China[END_REF]), but the modelling of autumn phenophases like leaf coloration and leaf fall (Delpierre et al., 2009a;[START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF] has received less attention. Thus, there are still relatively few autumn phenology models, and most display a limited ability to accurately predict the timing of autumn phenophases, hence their responses to climate change [START_REF] Gallinat | Autumn, the neglected season in climate change research[END_REF][START_REF] Gill | Changes in autumn senescence in northern hemisphere deciduous trees: a meta-analysis of autumn phenology studies[END_REF].

For temperate and boreal tree species, several statistical and process-based models have been developed to simulate the leaf coloration dates (Delpierre et al., 2009a;[START_REF] Dufrêne | Modelling carbon and water cycles in a beech forest: Part I: Model description and uncertainty analysis on modelled NEE[END_REF][START_REF] Jeong | Macroscale prediction of autumn leaf coloration throughout the continental United States[END_REF][START_REF] Jolly | A generalized, bioclimatic index to predict foliar phenology in response to climate[END_REF][START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF][START_REF] Olsson | A model framework for tree leaf colouring in Europe[END_REF][START_REF] Richardson | Phenology of a northern hardwood forest canopy[END_REF][START_REF] White | A continental phenology model for monitoring vegetation responses to interannual climatic variability[END_REF][START_REF] Xie | Predicting autumn phenology: how deciduous tree species respond to weather stressors[END_REF]. Although statistical models that rely on correlations between the timing of autumn phenological events and climatic cues [START_REF] Chuine | Plant development models, Phenology: an integrative environmental science[END_REF][START_REF] Hanninen | A framework for modelling the annual cycle of trees in boreal and temperate regions[END_REF] are simple and sometimes may perform better than process-based models [START_REF] Olsson | Process-based models not always better than empirical models for simulating budburst of Norway spruce and birch in Europe[END_REF], they are considered not to be applicable out of their calibration range, which hinders their application for predicting autumn phenology under future climate change. Therefore, process-based models are urgently needed.

To date, few process-based models have been developed for simulating leaf coloration (Delpierre et al., 2009a;[START_REF] Dufrêne | Modelling carbon and water cycles in a beech forest: Part I: Model description and uncertainty analysis on modelled NEE[END_REF][START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF]. These models share a common framework in which the leaf coloration process was defined as three components (Delpierre et al., 2009a) : 1) the start date of leaf senescence processes, that is the timing when mature leaves begin entering into senescence state; 2) the daily leaf senescence development rate, which represents the influence of climatic factors on the progress of leaf coloration; 3) a required "critical value" (typically, a cold-temperature sum threshold) for the occurrence of leaf coloration.

The start date of leaf senescence process is usually set on a fixed date such as summer solstice [START_REF] Yu | An observation-based progression modeling approach to spring and autumn deciduous tree phenology[END_REF] or is determined by a photoperiod threshold (Delpierre et al., 2009a;[START_REF] Jeong | Macroscale prediction of autumn leaf coloration throughout the continental United States[END_REF][START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF]. That means leaf senescence was proposed to occur after a fixed date or when photoperiod dropped below a species-specific threshold. The description of leaf senescence development rate is a crucial part in leaf coloration modelling.

Mathematically, it is a function of climatic factors influencing leaf senescence. In some processbased models [START_REF] Dufrêne | Modelling carbon and water cycles in a beech forest: Part I: Model description and uncertainty analysis on modelled NEE[END_REF][START_REF] Yu | An observation-based progression modeling approach to spring and autumn deciduous tree phenology[END_REF], temperature is considered as the only factor to affect leaf coloration progress, in which the leaf coloration date is proposed to occur when the accumulated cold-degree-day sum (CDD) fulfils a given requirement. Yet, some studies evidenced that, along with temperature, photoperiod is another important factor influencing leaf coloration (Delpierre et al., 2009a;[START_REF] Estiarte | Alteration of the phenology of leaf senescence and fall in winter deciduous species by climate change: effects on nutrient proficiency[END_REF][START_REF] Fracheboud | The control of autumn senescence in European aspen[END_REF]. A process-based model combining the effect of both temperature and photoperiod on leaf coloration has been developed by Delpierre et al. (2009a), and applied widely over the temperate zone [START_REF] Archetti | Predicting climate change impacts on the amount and duration of autumn colors in a New England forest[END_REF][START_REF] Tao | Modeling spatiotemporal variations in leaf coloring date of three tree species across China[END_REF][START_REF] Vitasse | Assessing the effects of climate change on the phenology of European temperate trees[END_REF][START_REF] Yang | Regional-scale phenology modeling based on meteorological records and remote sensing observations[END_REF]. This model assumes that, after the summer solstice, shortening photoperiod starts triggering the initiation of leaf senescence, which is subsequently accelerated by low temperature, possibly in interaction with photoperiod. Generally, the third component -the required critical cold-temperature sum for forcing leaf coloration is considered to be constant for a given species, being considered as a cross-population average phenological trait (Delpierre et al., 2009a;[START_REF] Dufrêne | Modelling carbon and water cycles in a beech forest: Part I: Model description and uncertainty analysis on modelled NEE[END_REF]. Based on this framework, the spring-influenced autumn phenology model (SIAM) [START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF] modified the required critical cold-temperature sum to assume it varying with spring budburst, in line with the relations between spring and autumn phenology (earlier/later spring budburst could lead to earlier/later leaf coloration) reported by some studies [START_REF] Fu | Variation in leaf flushing date influences autumnal senescence and next year's flushing date in two temperate tree species[END_REF][START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF].

In boreal and temperate trees, the annual cycle of organ growth and senescence is a continuous process and forms an integrated system where one phase in the cycle affects the subsequent phases [START_REF] Delpierre | Temperate and boreal forest tree phenology: from organ-scale processes to terrestrial ecosystem models[END_REF][START_REF] Hanninen | A framework for modelling the annual cycle of trees in boreal and temperate regions[END_REF][START_REF] Hänninen | Tree seasonality in a warming climate[END_REF][START_REF] Sarvas | Investigations on the annual cycle of development of forest trees. Active period. Investigations on the annual cycle of development of forest trees[END_REF][START_REF] Sarvas | Investigations on the annual cycle of development of forest trees. Autumn dormancy and winter dormancy[END_REF]. Accordingly, in line with the SIAM model, one may assume that both the summer and autumn climatic conditions regulate the occurrence of autumn leaf coloration. Some evidence reported a negative correlation between the leaf coloration and temperature conditions prevailing several months earlier (e.g. May-June) [START_REF] Archetti | Predicting climate change impacts on the amount and duration of autumn colors in a New England forest[END_REF][START_REF] Estrella | Responses of leaf colouring in four deciduous tree species to climate and weather in Germany[END_REF][START_REF] Gordo | Impact of climate change on plant phenology in Mediterranean ecosystems[END_REF], which suggests that previous climate experienced by trees may impact the leaf coloration date. In a previous work, we further demonstrated that beyond autumn climatic conditions, temperature experienced by the trees during leafy season also influences the date of leaf coloration [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF]: higher leafy season temperature is associated with earlier leaf coloration date beside the promoting influence of autumn low temperature, which has been confirmed from an experimental study [START_REF] Fu | Larger temperature response of autumn leaf senescence than spring leaf-out phenology[END_REF]. According to such results, we may expect the critical cold-temperature sum at which leaf coloration occurs to be smaller following a warm growing season. In addition, environmental stresses such as drought [START_REF] Hwang | Divergent phenological response to hydroclimate variability in forested mountain watersheds[END_REF][START_REF] Xie | Deciduous forest responses to temperature, precipitation, and drought imply complex climate change impacts[END_REF] or nutrient deficiency can also hasten the timing of leaf coloration [START_REF] Gan | Making sense of senescence (molecular genetic regulation and manipulation of leaf senescence)[END_REF][START_REF] Lim | Leaf senescence[END_REF]. Recent studies found that meteorological drought (a precipitation shortfall) would delay the occurrence of leaf coloration [START_REF] Xie | Deciduous forest responses to temperature, precipitation, and drought imply complex climate change impacts[END_REF][START_REF] Xie | Predicting autumn phenology: how deciduous tree species respond to weather stressors[END_REF], which is opposite to what is expected under ecophysiological drought [START_REF] Bréda | Temperate forest trees and stands under severe drought: a review of ecophysiological responses, adaptation processes and long-term consequences[END_REF][START_REF] Lim | Leaf senescence[END_REF]. Studies show that drought events have increased worldwide [START_REF] Dai | Drought under global warming: a review[END_REF][START_REF] Trenberth | Global warming and changes in drought[END_REF], and northeastern China has experienced severe and prolonged dry period [START_REF] Li | Assessment of regional drought trend and risk over China: a drought climate division perspective[END_REF]. However, there is no process-based model considering drought effect on leaf coloration to date.

In this study, we used long-term ground observations of leaf phenology for four deciduous forest tree species collected from 1981 to 2012 in temperate China and aimed to evaluate and simulate the effects of leafy season climate on leaf coloration dates through a process-oriented modelling approach. We proposed three new models incorporating the effect of leafy season climate (namely leafy season temperature, low precipitation index and their interaction) on leaf coloration and compared their abilities with three previously published models. We further tested the hypothesis of a local adaptation of the autumn phenology of tree populations through the evaluation of species-specific vs. site-specific model parameterizations.

Materials and methods

Phenological observations

We focused on four major deciduous tree species with wide distribution in China: Hankow willow (Salix matsudana Koidz.), Siberian elm (Ulmus pumila L.), Black locust (Robinia pseudoacacia L.), and Simon poplar (Populus simonii Carr.). The phenological observations for the four tree species were obtained from the countrywide phenological monitoring network of China Meterological Administration [START_REF] Chen | East Asia, Phenology: an integrative environmental science[END_REF]. We selected the first leaf unfolding (LU), and full leaf coloration (LC) observations in temperate China from 1981 to 2012. The LU date is identified as the day when the first unfolded leaf is visible, and the LC date is defined as the day when almost all green leaves have colored (China Meterological Administration, 1993). Records were excluded if LU and LC dates were not observed in the same year. Since phenological observations are prone to larges uncertainties (Schaber & Badeck, 2002), and considering the absence of quality flag in the study database, we identified and eliminated anomalous data deviating beyond two standard deviations from the local average. Sites with more than 20 years of phenological time series after outlier removal were used in the study. Finally, we obtained a total of 1107 observations spreading over 38 stations with LU and LC data from 1981 to 2012 (Fig. 1). More precisely, there are 226 observations in 9 stations for Hankow willow, 357 observations in 15 stations for Siberian elm, 191 observations in 8 stations for Black locust, and 333 observations in 14 stations for Simon poplar (Table. S1). 

Meteorological data

The daily mean air temperature and precipitation data used in this study are available from the China Meteorological Data Sharing Service System (http://data.cma.cn/). We tested several formulations for considering the role of water balance on leaf coloration, i.e. seasonal precipitation sums, P-PET (Precipitation minus Potential Evapotranspiration) indexes and a simple soil water balance (Table S3). Finally, the most robust results were obtained with a low precipitation index (LPI), estimated as the number of events with ≥7 consecutive days without precipitation during the leafy season, which had previously been positively correlated to leaf senescence [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF][START_REF] Xie | Deciduous forest responses to temperature, precipitation, and drought imply complex climate change impacts[END_REF]. We calculated the daily photoperiod for each station as a function of the latitude of the station and the day of year [START_REF] Forsythe | A model comparison for daylength as a function of latitude and day of year[END_REF].

Leaf coloration process-based Models

We tested the respective abilities of three previously published and three new process-oriented models to simulate the LC dates.

Current existing models

The first model is the cold degree-days (CDD) model which assumes that the process of leaf senescence progresses under the influence of low temperature [START_REF] Dufrêne | Modelling carbon and water cycles in a beech forest: Part I: Model description and uncertainty analysis on modelled NEE[END_REF][START_REF] Jeong | Macroscale prediction of autumn leaf coloration throughout the continental United States[END_REF][START_REF] Richardson | Phenology of a northern hardwood forest canopy[END_REF]. Here, we proposed the leaf coloration state (SLC) for each day (d) begins at the date when the daily photoperiod (P) decreases below a critical photoperiod (Pstart), and the leaf coloration development rate for each day (RLC) is controlled by temperatures (T) below a base temperature (Tb). The leaf coloration development rate is assumed to increase linearly with decreasing air temperature. When SLC achieves a threshold value (Ycrit), the full leaf coloration (LC) occurs. Formally after a set photoperiod is reached (P < Pstart), these processes can be formulated as:

R d = T -T d , T d < T 0, T d ≥ T (1) S d = S d -1 + R d (2) If S d ≥ Y , LC = d (3)
Where in the Eq. 3, d is the predicted leaf coloration date (DoY).

The second model is the model developed by Delpierre et al. (2009a) (called DM hereafter).

DM assumes that leaf coloration is the outcome of a continuous senescence processes, considering photoperiod (P) and air temperature (T) as driving forces of senescence in temperate trees. The leaf coloration development rate for each day (RLC) is controlled by temperatures, possibly interacting with daily photoperiod. Therefore, the difference between CDD model and DM is the calculation of RLC. In this model, we calculated RLC as the following function (Eq. 4).

R d = T -T d × f P d " , T d < T 0, T d ≥ T (4) f P d = # $ # %&'(& or f P d = 1 - # $ # %&'(& (5) 
Where x and y are two form parameters, allowing for different proportional effects of temperature and photoperiod on leaf coloration.

The third model is a spring-influenced autumn model (SIAM) which is developed based on DM [START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF]. The assumption of this model is that leaf coloration is driven by photoperiod and low temperature, but Ycrit is a linear function of the spring date anomaly. This model was motivated by the observation of a positive correlation between the occurrences of leaf coloration and spring budburst [START_REF] Fu | Variation in leaf flushing date influences autumnal senescence and next year's flushing date in two temperate tree species[END_REF]. SIAM differs from DM in the calculation of Ycrit (Eq. 6):

Y = a + b × S + (6)
where, a and b are parameters and Sa is the observed leaf unfolding anomaly calculated by the difference between the leaf unfolding date in the current year and the site-average leaf unfolding date.

The new models

The fourth model is developed based on our previous research which evidenced that the leafy season mean temperature may offset the requirement of autumn low temperature for leaf coloration [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF]. On that basis, we propose here a new model based on DM for which the threshold value (Ycrit) is related to the current leafy season mean temperature. That means, Ycrit is a linear function of leafy season mean temperature (Tls),

Y = c + d × T -. (7) 
where, c and d are parameters and Tls is computed as the mean temperature from LU date to the first day when the photoperiod is decreased below Pstart after summer solstice. We refer to this model as TDM because we add the Tls influences to DM.

The fifth model is similar to TDM but hypothesizes that Ycrit is a linear function of a precipitation index calculated over the leafy season (LPIls),

Y = e + f × LPI -. (8) 
where, e, f are all free parameters and LPIls is computed as the mean LPI from LU date to the first day when the photoperiod is decreased below Pstart after summer solstice. This model is called PDM below.

The last model is a combination of the fourth and fifth models. This model postulated that both the leafy season averaged temperature and the low precipitation index together have an effect on leaf coloration dates, resulting in Ycrit being a linear function of both Tls and LPIls,

Y = a0 + a1 × T -. + a2 × LPI -. (9) 
Where, a0, a1, a2 are free parameters. We termed the sixth model TPDM in the following because it includes the effects of both temperature and precipitation as represented in the TDM and PDM.

Model calibration and validation

We postulate that individual species may display different sensitivities of leaf coloration to climatic variations. Accordingly, we fitted each model at the species scale. Moreover, we formulated two hypotheses as regards the parameterization of the species-specific models:

A. The sensitivity of leaf coloration to climatic variations is common to all populations for a given species, such that the parameters are considered identical for all populations of a given species;

B. The sensitivity of leaf coloration to climatic variations varies among populations of a given species (e.g. due to local peculiarities such as among-populations differences in terms of genetics and/or pedological, e.g. soil water reserve, conditions). In this case, we assume that the required critical cold-temperature sum resulting in full leaf coloration (Ycrit) varies among sites.

We tested the two hypotheses in all six models using phenological observation sites with more than 20 years of ground data.

The original dataset was divided in two subsets of similar distribution using the Wilcoxon rank-sum test (p>0.5) for each species. One subset including 80% of the data was used for model calibration (Calib Subset) and the remaining 20% were used to validate models (Valid Subset).

Since the subsampling of the original data may influence the parameter estimation process and model fitting ability, we calibrated and validated each model 30 times, using different, randomly defined calibration and validation data subsample.

The model parameterization was conducted using the simulated annealing method [START_REF] Chuine | Fitting models predicting dates of flowering of temperate-zone trees using simulated annealing[END_REF]. The simulated annealing algorithm requires parameter bounds which were specified as follows: Pstart (from minimum photoperiod of all sites to the maximum photoperiod of all sites for each species), Tb (from 10 ºC to maximum temperature of all sites for each species), x and y (from 0 to 2). Based on these parameters, the daily leaf coloration development rate was determined and the leaf coloration development state (SLC) was accumulated from the start date of leaf senescence processes until the observed leaf coloration date [START_REF] Hänninen | Boreal and temperate trees in a changing climate[END_REF]. Then we calculated the cold-temperature sum for each sample and the mean of the cold temperature-sum for each species was taken for an estimate of threshold temperature-sum value (Ycrit) for CDD model and DM [START_REF] Hänninen | Boreal and temperate trees in a changing climate[END_REF]. For the rest four models, Ycrit is estimated using the linear regression models (Eq. 6-9) built between the cold-temperature sum and the climatic factors in each model. Moreover, the parameter set yielding the smallest root mean square error between simulated and observed LC dates was selected as the best parameter set of each model. Finally, we assessed the robustness of six models to accurately predict the LC dates in the validation subset.

Model performance

We assessed the quality of the model predictions with three performance indices:

the modelling efficiency (ME), = and the corrected Aikaike information criterion (AICc),

ME = 1 - ∑ 4 5 -
AICc = n × ln A ∑ 4 5 -6 5 7 8 59: = B + 2C + 2C C + 1 = -C -1
Where 4 5 is the observation at data point i, 4 D is the average observation, 6 5 is the prediction at data point i, n is the number of observations, k is the number of model parameters.

We considered the average RMSE, ME and AICc calculated from the 30 calibration/validation data splitting as performance metrics for each model. The differences of AICc (∆AICc) between each model and the model with the minimum AICc were calculated. The model with the minimum AICc was selected as the best model for each species.

Results

Species-specific modelling comparisons

In all study species, ME values above zero in both calibration and validation datasets show that all models outperformed the Null model (the latter being defined as the mean observed LC date for each species). Among the six LC models considered, the model integrating an effect of Tls and LPIls on the required critical cold-temperature sum (i.e. 

Performances of the best models

Comparison of observed and predicted leaf coloration dates

Comparison of the predicted and observed LC dates for the four species (Fig. 2) shows that the majority of data points fall along the diagonal line, indicating agreement between modelled and observed LC dates. The correlation coefficients between predicted and observed autumn leaf coloration dates are significantly positive (p<0.05) for all the four species (Fig. 2). This evaluation confirms the capability of the best model to simulate plausible LC dates for each species. However, the best models still could not simulate the earlier and later LC observations, especially for Black locust and Simon poplar (Fig. 2c,d). The bias is larger for earlier and later LC observations (Fig. S1). The black line is the regression line between observed and predicted data. The grey line materializes the one-to-one relation.

Inter-annual and inter-site variability

The species-specific best models ability to represent the inter-annual variability of LC dates is assessed by comparing the annual mean observed and simulated LC dates over the study sites (Fig. 3). The simulated mean LC dates over the study sites correlates significantly (p<0.01) with observations for all species (Pearson's r = 0.56, 0.55, 0.64 for Hankow willow, Siberian elm and Simon poplar respectively, Fig. 3a,b,d) except Black locust (p>0.1, Fig. 3c). Consequently, the best model could generally capture the inter-annual dynamics of LC dates for all species except Black locust. 

Parameters of the best models

The best species-specific model parameter distributions are shown in Figure 5. All parameters were well determined in the best models and the parameters were species-specific (Fig. 5). The median photoperiod for trees to begin leaf coloration progress (Pstart) are 14.1h, 13.6h, 12.4h and 11.7h (Fig. 5a), and the base temperature (Tb) thresholds are 16.8 ºC, 13.9 ºC, 23.4 ºC, 18.1 ºC on average (Fig. 5b) for Hankow willow, Siberian elm, Black locust and Simon poplar respectively.

The x and y are mostly in the range of 0 -1 for all species except the x of Hankow willow (0.5 -2). The median of x value is larger than that of y value for Hankow willow and Black locust, while the opposite conditions are observed for Siberian elm and Simon poplar (Fig. 5c,d). The slopes between the required critical cold-temperature sum and Tls are negative for Hankow willow and Siberian elm, while those are negative for Black locust and Simon poplar. LPIls has interacting effects on leaf coloration for all species except Black locust. The slope between the required critical cold-temperature sum and LPIls is negative for Hankow willow, but it shows a positive slope between the required critical cold-temperature sum and LPIls for Siberian elm and Simon poplar. 

Site-specific critical cold temperature sum fitting

Fitting the critical temperature sums on each site (Table 2) decreased the calibration RMSEs as compared to calibration at the species-scale (compare with Table 1). The lowest mean sitespecific calibration RMSEs ranged from 5.65 to 7.94 days, with minor differences among species (Table 2). Yet, the calibration MEs of about 58% models (14/24 models) are negative, which implies these models perform worse than the Null models. Over validation dataset, all MEs are below zero for all species, revealing that all site-specific models applying to the independent dataset perform worse than the null model. 

Discussion

Model comparison and climatic factors in leaf coloration models

Various hypotheses about the climatic controls on leaf senescence have been proposed [START_REF] Estrella | Responses of leaf colouring in four deciduous tree species to climate and weather in Germany[END_REF]), but they have not been translated to mechanistic models with good predictive power. Currently, most autumn phenological models hypothesize leaf senescence to be the controlled by late-summer and /or autumn temperature and day length variation (Delpierre et al., 2009a;[START_REF] Fu | Larger temperature response of autumn leaf senescence than spring leaf-out phenology[END_REF][START_REF] White | A continental phenology model for monitoring vegetation responses to interannual climatic variability[END_REF]. In our previous study [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF], we completed this view reporting that, beyond the influence of autumn climatic conditions, leaf coloration was also influenced by climate experienced by trees throughout the leafy season. Paradoxically, while a warm autumn delayed the occurrence of leaf coloration, warm temperatures experienced earlier during the leafy season tended to hasten the occurrence of leaf coloration. Here, we introduce the influence of leafy season climate on leaf senescence into the leaf coloration models. Our leaf coloration modelling results (Table 1) suggested that the models adding the influence of leafy season temperature and a low-precipitation index on leaf coloration performed better than three existing models that did not include the influence of leafy season climate. This proved the role of leafy season climate in leaf coloration, that the leafy season climate is likely related with critical cold-temperature sum. The higher leafy season temperature and more days without precipitation may lead to the smaller critical cold-temperature sum. The possible underlying mechanism might be that high temperature and large precipitation accelerates the rates of metabolism and senescence [START_REF] Kikuzawa | Mechanisms underlying global temperaturerelated patterns in leaf longevity[END_REF][START_REF] Leopold | Juvenility, maturity, and senescence, Plant Growth and Development[END_REF][START_REF] Pearl | The rate of living[END_REF][START_REF] Rosenthal | Effects of air temperature, photoperiod and leaf age on foliar senescence of western larch (Larix occidentalis Nutt.) in environmentally controlled chambers[END_REF], leading to the advancing of leaf coloration. These antagonistic effects of temperature may explain why a delayed trend of autumn leaf coloration along with warming autumn is insignificant or weak [START_REF] Menzel | European phenological response to climate change matches the warming pattern[END_REF][START_REF] Pudas | Trends in phenology of Betula pubescens across the boreal zone in Finland[END_REF]. As the climate warms, warmer leafy season advances the occurrence of leaf coloration, while the higher autumn temperature tends to delay the leaf coloration. Therefore, the delay days would be offset by the advance induced by warm leafy season.

The ability of the best model and model estimated leaf coloration responses to climate

In our study the best model has predicting errors (RMSE) of about 7-10 days in temperate China, which is slightly smaller than those of previous studies (e.g., Delpierre et al., 2009& Tao et al., 2018, RMSE = 9-12 days). In general, the best model could capture the temporal (Fig. 3) and spatial (Fig. 4) variability of LC dates. Interestingly, we found model parameterized at the species-scale could represent the inter-site variability (R = 0.78 -0.92) better than inter-annual variability (R = 0.55 -0.64). However, the best models still failed to simulate the earlier and later observed LC dates, with overestimated earlier but underestimated later observed LC dates, which is usual though not systematic in leaf coloration modelling [START_REF] Basler | Evaluating phenological models for the prediction of leaf-out dates in six temperate tree species across central Europe[END_REF]Delpierre et al., 2009a;[START_REF] Olsson | A model framework for tree leaf colouring in Europe[END_REF]. The strong relationship between bias and leaf coloration dates (Fig. S1) questions the reliability of the model structure. This implies that some important unknown factor influencing the leaf coloration may be missed in current model frame or the current model could not describe the actual leaf coloration process very well. For example, the early frost events can also result in sudden leaf senescence [START_REF] Norby | Phenological responses in maple to experimental atmospheric warming and CO2 enrichment[END_REF], and extreme warm temperature can delay the leaf senescence [START_REF] Crabbe | Extreme warm temperatures alter forest phenology and productivity in Europe[END_REF]. But the influence of these extreme events on leaf coloration have not been considered in current models, the leaf coloration responses to extreme events should be included in the future leaf coloration models. Also, the current model structure describe the responses of leaf coloration to air temperature but did not separate the different influence of daytime temperature and night-time temperature during one day, which have been found that the daytime temperature and night-time temperature have contrasting effects on the timing of leaf senescence in Northern Hemisphere [START_REF] Wu | Contrasting responses of autumn-leaf senescence to daytime and night-time warming[END_REF]. Another possibility lies in the uncertainties caused by LC ground observations. Because leaf senescence is obviously more problematic to observe than the spring phenology and the leaf senescence process is protracted, it is difficult for observers to assign single date to the leaf coloration event. Moreover, the variation of leaf coloration among individual trees could also increase the uncertainty in leaf coloration at the population scale. The uncertainty of the leaf coloration observations due to the observation methods and variability within population adds the inaccuracy to predict the leaf coloration dates.

The comparison of fitted parameter provided insights as regards the variety of phenological traits among tree species. Hankow willow (Pstart = 14.1h) is the earliest of the studied tree species, while Simon poplar (Pstart = 11.7h) is the latest species entering the leaf senescence process (Fig. 5a). Though the photoperiod requirement difference between species reaches to more than 2 hours, the results are consistent with the previous finding in which the required photoperiod ranges from 11h to 14.5h [START_REF] Archetti | Predicting climate change impacts on the amount and duration of autumn colors in a New England forest[END_REF]Delpierre et al., 2009a;[START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF][START_REF] Tao | Modeling spatiotemporal variations in leaf coloring date of three tree species across China[END_REF][START_REF] Vitasse | Assessing the effects of climate change on the phenology of European temperate trees[END_REF][START_REF] Yang | Regional-scale phenology modeling based on meteorological records and remote sensing observations[END_REF]. Siberian elm begins to accumulate the coldness when the air temperature is below a relatively low temperature (13.9 ºC), while Black locust begins that under 23.4 ºC. These temperature thresholds are lower than usually inferred in autumn phenological modelling studies [START_REF] Archetti | Predicting climate change impacts on the amount and duration of autumn colors in a New England forest[END_REF]Delpierre et al., 2009a;[START_REF] Keenan | The timing of autumn senescence is affected by the timing of spring phenology: implications for predictive models[END_REF][START_REF] Tao | Modeling spatiotemporal variations in leaf coloring date of three tree species across China[END_REF][START_REF] Vitasse | Assessing the effects of climate change on the phenology of European temperate trees[END_REF][START_REF] Yang | Regional-scale phenology modeling based on meteorological records and remote sensing observations[END_REF]. From the seminal work of [START_REF] Sarvas | Investigations on the annual cycle of development of forest trees. Active period. Investigations on the annual cycle of development of forest trees[END_REF], a lot of experimental work has been conducted to determine effective temperature thresholds of budburst [START_REF] Heide | Daylength and thermal time responses of budburst during dormancy release in some northern deciduous trees[END_REF]. Such experimental evidence is still missing as regards autumn phenological phases, though warming experiments have clearly demonstrated a delaying effect of warm temperatures on the occurrence of senescence [START_REF] Fu | Larger temperature response of autumn leaf senescence than spring leaf-out phenology[END_REF][START_REF] Norby | Nitrogen resorption in senescing tree leaves in a warmer, CO2-enriched atmosephere[END_REF][START_REF] Verdier | Climate and atmosphere simulator for experiments on ecological systems in changing environments[END_REF].

For Hankow willow and Siberian elm, the identification of negative slope between Tls and the required critical cold-temperature sum as a result of the calibration procedure confirmed our previous finding that higher temperature during the leaf season (Tls) induces earlier leaf coloration and reduces coldness requirements [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF]. Interestingly, [START_REF] Fu | Larger temperature response of autumn leaf senescence than spring leaf-out phenology[END_REF] also found that exposing European Beech saplings to summer warming reduces cold-degree-hours accumulation to leaf senescence, which also supports the negative relationship between Tls and leaf coloration. However, Black locust and Simon poplar showed the opposite case, in which the relations between Tls and the required critical cold-temperature sum are positive (Fig. 5e). This does not go the same direction with our previous study results [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF]. Because in this study we are in a prognostic model, we can not use the LC dates as a limit for defining the leafy season during which summer temperature will influence the leaf coloration process, contrary to the statistical approach used in the paper of [START_REF] Liu | Antagonistic effects of growing season and autumn temperatures on the timing of leaf coloration in winter deciduous trees[END_REF]. However, it shows that there is possibly another Tls effect on leaf coloration, which is similar with the results usually reported that warmer temperature delay leaf senescence [START_REF] Gunderson | Forest phenology and a warmer climate-growing season extension in relation to climatic provenance[END_REF][START_REF] Liu | Temperature, precipitation, and insolation effects on autumn vegetation phenology in temperate China[END_REF][START_REF] Marchin | Temperature alone does not explain phenological variation of diverse temperate plants under experimental warming[END_REF].

The effects of LPI on leaf coloration were found in 3 out of 4 species, which shows more LPIls will reduce the required critical cold-temperature sum for Hankow willow but increase the required critical value for Siberian elm and Simon poplar in best model (Fig. 5f). These mixed results obtained across species are in line with the general diversity of responses of autumn senescence to water availability reported in the literature. While a combination of heat wave and soil drought may induce sudden leaf mortality in winter-deciduous trees [START_REF] Bréda | Temperate forest trees and stands under severe drought: a review of ecophysiological responses, adaptation processes and long-term consequences[END_REF], the effects of milder water shortage are more ambiguous. While Estrella & Menzel (2006) report an increase of the number of dry autumn days to be associated with an earlier occurrence of leaf coloration in some species (one species out of the four species studied in Germany), [START_REF] Xie | Deciduous forest responses to temperature, precipitation, and drought imply complex climate change impacts[END_REF] recently report an opposite relation for some Northeastern American species. In line with this diversity of results, we obtained different results as regards the link between water cues and leaf coloration. In order to understand the influence of water conditions on leaf coloration beyond correlation with simple water input indexes (such as the amount of precipitation, Estrella & Menzel, 2006[START_REF] Archetti | Predicting climate change impacts on the amount and duration of autumn colors in a New England forest[END_REF] or the number of dry days Estrella & Menzel, 2006[START_REF] Xie | Deciduous forest responses to temperature, precipitation, and drought imply complex climate change impacts[END_REF], we further tested process-based model formulations including water balances index as a modulator the required cold-temperature sum (such as P-PET indexes and a simple soil water balance, not shown). Their modelling performance was always worse than obtained with the simple LPI index. We note that establishing a meaningful water balance requires accessing information regarding both the soil type (root depth and soil texture) and the tree population structure (e.g. leaf area index) [START_REF] Granier | A lumped water balance model to evaluate duration and intensity of drought constraints in forest stands[END_REF], that we could not access in this work.

Evaluating local adaptation in leaf coloration traits with a model

The current vast majority of autumn phenological process-based models are parameterized and tested using integrated phenological data collected over independent tree populations. By assigning the same model parameter values to all populations, they hypothesize that local phenological adaptation (that would result in a variation of model parameters among populations, e.g. Von [START_REF] Wuehlisch | Variation in Temperature Sum Requirement for Flushing[END_REF]) is of low influence as compared with climate-related adaptation of trees over large areas. However, if the phenology of one species is locally adapted to climate, this method could result in flawed model calibration and validation [START_REF] Chuine | Selecting models to predict the timing of flowering of temperate trees: implications for tree phenology modelling[END_REF]. In our study, we tested two types (based on Hyp. A & B) of model parameterization to evaluate the possible local adaptation in leaf coloration. The species-specific models (Hyp. A) hypothesized that each species owns the common phenological traits (same model parameters for one species) when tested against ground observations at different sites. The site-specific models (Hyp. B) hypothesized that the parameters Pstart, Tb, x, and y are the same for one species at different sites but the required critical cold-temperature sum varying with sites (Von [START_REF] Wuehlisch | Variation in Temperature Sum Requirement for Flushing[END_REF].

We evidenced those species-specific models (Hyp. A) perform well (ME>0), while the sitespecific models (Hyp. B) were not efficient for all six models show ME<0. The results suggest that (i) either the models are not precise enough to detect local adaptation, (ii) or, it may also be that autumn coloration is not a trait subject to local adaptation in the study species. Vitasse et al.

(2013) estimated the contribution of each genetic and climatic component explaining the variability of leaf unfolding date observed across common gardens (See Fig. 3 in their paper), and found that phenotypic variations of leaf phenology observed in situ for tree seedlings are mainly the consequence of plasticity due to climatic variation rather than genetic effects. Our results

show that similar to leaf unfolding, leaf senescence may also likely respond to climate stronger than to genetic difference. S3 The model performance using different water factors in the fifth model (PDM) studied in this study for four species.

LPI: the low precipitation index that is defined as the number of events with ≥7 consecutive days without precipitation during the leafy season (finally selected in this study); LPD: the day of low precipitation that is defined as the total days of events with ≥7 consecutive days without precipitation during the leafy season; PmP: the precipitation minus potential evapotranspiration, the potential evapotranspiration is calculated using the FAO (Food and Agriculture Organization) Penman-Monteith equation; REW (Relative Extractable Water) is calculated using a simple water balance from agronomic principles [START_REF] Guyot | Physics of the Environment and Climate[END_REF]. REW1 is the mean REW during leafy season;

REW2 represents the number of days when REW is lower than 0.4 during leafy season; REW3 is calculated as being the sum of daily difference between the REW and the 0.4 value divided by 0.4 during leafy season. 

Water Factor

Hankow willow

Fig. 1

 1 Fig. 1 Spatial distribution of phenological stations for the four tree species in the study area.

Fig. 2

 2 Fig. 2 Comparison of predicted LC date using best models with observed LC date for (a) Hankow willow, (b) Siberian elm, (c) Black locust, (d) Simon poplar. Disks: calibration dataset, circles: validation dataset.

Fig. 3

 3 Fig. 3 Inter-annual variability of observed (black) and simulated (grey) LC dates for (a) Hankow willow, (b) Siberian elm, (c) Black locust, (d) Simon poplar

Fig. 4

 4 Fig. 4 Inter-site variability of observed (black) and simulated (grey) LC dates for (a) Hankow willow, (b) Siberian elm, (c) Black locust, (d) Simon poplar. The sites are sorted from high to low latitude.

Fig. 5

 5 Fig. 5 Boxplots of the distribution of values of parameters Pstart (a), Tb (b), x (c), y (d), slope between the required critical cold-temperature sum and Tls (e), slope between the required critical cold-temperature sum and LPIls (f) in best models for Hankow willow, Siberian elm, Black locust and Simon poplar. The black dots are parameters' bounds (limits within which the simulated annealing algorithm was allowed to move). '+' represents an outlier (outside 1.5 times the interquartile range above the upper quartile and
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  Fig. S1 The LC bias versus observed LC dates for (a) Hankow willow, (b) Siberian elm, (c) Black locust, (d) Simon poplar

Species Models Calibration subset Validation subset N RMSE ME ∆AICc N RMSE ME

  TPDM, Table1) showed the best performances with minimum AICc over calibration data for all species except Black locust.When tested on the validation (i.e. unknown) data, TPDM further displayed the most accurate predictions of LC dates with the lowest RMSE (from 7.30 days to 9.93 days) and the highest ME (from 0.32 days to 0.62) for all species. Models show consistent performances in calibration and validation for three species (Hankow willow, Siberian elm and Simon poplar), meaning that models giving the best performances in calibration dataset of LC also yielded the most accurate predictions in validation dataset of LC (Table1). For Black locust, we identify TDM as the best model, showing the minimum AICc over calibration data. The TDM predicts LC dates

		DM		7.15	0.29	0.86		7.23	0.27
		SIAM		7.15	0.29	2.80		7.24	0.27
		TDM		7.08	0.30	0.00		7.15	0.29
		PDM		7.14	0.29	2.53		7.25	0.26
		TPDM		7.08	0.31	2.08		7.12	0.29
		CDD		7.63	0.26 15.81		7.57	0.23
		DM		7.55	0.27 14.38		7.54	0.24
	Sp	SIAM TDM	270	7.52 7.40	0.28 14.00 0.30 5.52	63	7.52 7.38	0.24 0.27
		PDM		7.34	0.32	0.80		7.34	0.28
		TPDM		7.30	0.32	0.00		7.30	0.29
		CDD		10.45 0.34 10.37		10.13	0.36
		DM		10.20 0.38	5.48		10.04	0.37
	Hw	SIAM TDM	185	10.10 0.39 10.03 0.40	4.14 1.62	41	10.00 10.63	0.37 0.29
		PDM		10.01 0.40	0.66		9.90	0.39
		TPDM		9.93	0.41	0.00		9.89	0.39
		CDD		8.59	0.59 15.23		8.56	0.61
		DM		8.57	0.59 18.03		8.66	0.60
	Se	SIAM TDM	291	8.52 8.52	0.60 16.33 0.60 16.6	66	8.65 8.64	0.60 0.60
		PDM		8.33	0.62	3.24		8.43	0.62
		TPDM		8.25	0.62	0.00		8.35	0.63
	Bl	CDD 157	7.66	0.19	18.1	34	7.57	0.20

(RMSE=7.15) accurately in validation subset, though slightly less than TPDM (RMSE=7.12).

Therefore, we retained TPDM as the best model for Hankow willow, Siberian elm and Simon poplar, while we retained TDM as the best model for black locust.

Table

1

Statistic performances of the six species-specific models to simulate LC dates in calibration and validation subset for four species. N: number of observations.

  The predicted ranges of LC dates poorly matched the observed ones for four species (observed ranges: 68 days, 75 days, 45 days, 41 days; predicted ranges: 44 days, 51 days, 22 days, 19 days for Hankow willow, Siberian elm, Black locust and Simon poplar respectively).

Table 2

 2 The RMSE and averaged ME across sites for the six site-specific models to simulate LC dates in calibration and validation subset for four species. N: number of observations.

	Species	Models	N	Calibration subset RMSE ME	N	Validation subset RMSE ME
		CDD			7.42	-0.08		7.06	-0.26
		DM			7.30	-0.03		7.10	-0.23
	Hw	SIAM TDM	185	6.77 7.28	0.12 -0.08	41	6.90 7.44	-0.20 -0.77
		PDM			7.20	-0.02		7.29	-0.46
		TPDM			7.94	-0.57		8.71	-3.44
		CDD			6.70	-0.12		6.67	-0.66
		DM			6.59	-0.05		6.62	-0.49
	Se	SIAM TDM	291	6.19 6.27	0.09 0.07	66	6.62 6.54	-0.49 -0.42
		PDM			6.30	0.06		6.62	-0.45
		TPDM			6.11	0.10		6.83	-0.67
		CDD			6.61	-0.15		6.52	-0.69
		DM			6.38	-0.05		6.41	-0.31
	Bl	SIAM TDM	157	6.22 5.87	0.06 0.11	34	6.57 6.35	-0.41 -0.40
		PDM			6.25	0.03		6.57	-0.39
		TPDM			5.65	0.17		6.45	-0.39
		CDD			6.42	-0.08		6.32	-0.29
		DM			6.32	-0.01		6.20	-0.11
	Sp	SIAM	270	7.56	-0.35	63	14.19	-6.85
		TDM			6.86	-0.16		7.14	-0.92
		PDM			5.93	0.11		6.23	-0.19

Table S2 The

 S2 parameter (Pstart, Tb, x and y) values at 30 subsamples for each tree species. 688

			46.68 18	126.10 14.16 1.36 0.57	206.30 13.84 0.55 0.88	12.47 0.04 0.01	31	11.74 0.42 0.87
		5	46.40 8 19	123.42 13.61 0.95 0.77	151.20 13.64 0.70 0.88	12.18 0.05 0.01	20	11.66 0.33 0.61
		6	45.77 9 20	132.97 14.4 0.51 0.73	103.50 12.96 0.43 0.88	12.38 0.13 0.01	20	11.74 0.00 0.94
		7	45.38 21	126.30 14.4 1.22 0.37	167.30 13.36 0.37 0.74	12.38 0.20 0.05	25	11.65 0.22 0.46
		8	42.78 22	124.12 14.08 2.00 0.75	165.00 13.43 0.30 0.53	12.42 0.13 0.83	25	11.74 0.21 0.54
		9	41.15 1 23	114.70 14.76 1.48 0.73	1394.20 14.19 0.81 0.58	23.09 0.13 0.01	23	16.61 0.01 0.55
		10	41.13 2 24	121.12 16.75 0.86 0.45	70.20 14 0.69 0.80	23.91 0.07 0.00	22	23.16 0.33 0.70
		11	39.77 3 25	98.48 15.8 0.66 0.66	1478.20 12.32 0.44 0.75	22.41 0.05 0.01	21	15.11 0.05 0.60
		12	37.43 4 26	112.53 19.44 1.35 0.36	782.60 13 0.72 0.53	24.06 0.04 0.24	24	20.95 0.00 0.87
		13	36.60 5 27	109.50 17.41 1.04 0.37	958.80 13.98 0.25 0.92	23.83 0.15 0.01	21	18.11 0.37 0.61
		14	36.32 6 28	102.85 13.46 0.89 0.72	1814.80 13 0.33 0.58	22.72 0.16 0.05	25	15.34 0.32 0.84
	687		7 29	18.1 1.31 0.75	13.3 0.44 0.39	24.06 0.08 0.00		20.47 0.00 0.99
			8 30	15.81 1.84 0.21	14.95 0.37 0.70	23.22 0.17 0.01		20.58 0.04 0.73
			9	14.85 0.78	13.83 0.42	22.55 0.12		20.12 0.03
				18.85 0.67	13.93 0.49	24 0.19		18.14 0.74
	Table	Parameter Subsample Pstart 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 6 5 4 x 3 2 1 y 9 8 7 6 5 4 3 2 1 Tb	Hw 14.1 14.34 13.99 13.64 14.39 14.13 14.05 14.01 14.11 14.14 14.00 14.41 14.00 14.06 14.08 14.03 14.04 14.02 13.94 14.09 13.25 14.00 13.94 14.38 14.04 0.56 0.43 1.13 0.41 1.30 0.43 0.87 0.66 0.80 0.49 0.74 0.52 18.83 0.48 15.38 1.05 14.62 0.78 18.34 0.25 17.75 0.43 18.58 0.55 16.97 0.71 16.37 0.73 16.37 0.57 15.66 0.42 15.19 0.62 21.91 1.73 21.6 0.95 15.68 0.70 16.94 1.21 19.2 1.61 15.55 1.28 15.87 1.28 18.6 0.87 22.03 0.79	Se 13.95 13.55 13.4 13.39 13.9 14.12 14.01 13.92 13.49 13.44 14.01 13.9 14.02 13.52 13.9 13.44 13.92 13.67 13.55 13.64 13.43 13.42 13.28 13.97 13.58 0.30 0.76 0.40 1.02 0.35 0.71 0.32 0.74 0.48 0.79 0.43 0.52 14.1 0.85 13.71 0.46 14.67 0.70 13.65 0.66 14.67 1.17 12.38 1.09 13.18 0.64 13.84 0.70 14.65 0.69 13.52 0.45 14.26 0.60 14.37 0.52 13.92 0.44 13.82 0.53 13.29 0.38 14.7 0.69 14.15 0.25 14.53 0.41 16.66 0.50 12.36 0.43	Bl 12.42 12.46 12.34 12.43 12.43 12.35 12.46 13.43 12.06 12.42 12.43 12.38 12.42 12.42 13.49 12.26 12.3 12.39 12.43 12.31 12.39 14.08 12.42 12.39 12.38 0.12 0.05 0.16 0.00 0.14 0.48 0.04 0.05 0.15 0.00 0.22 0.01 23.84 0.04 23.06 0.00 23.99 0.00 22.56 0.45 22.53 0.06 23.29 0.01 23.2 0.00 23.22 0.03 23.8 0.00 22.95 0.01 24.01 0.04 23.6 0.12 22.77 0.14 23.41 0.15 23.77 0.01 23.1 0.04 23.99 0.05 23.37 0.14 22.91 0.13 23.45 0.05		11.69 11.7 11.64 0.02 0.76 11.75 0.29 0.73 11.57 0.69 0.76 0.05 0.73 11.73 0.72 0.74 11.74 0.04 1.28 11.64 19.37 1.03 11.64 17.92 0.39 11.82 15.3 0.87 11.64 17.73 0.82 11.66 16.04 0.69 11.64 22.7 1.06 11.64 15.15 0.72 11.74 22.59 0.38 12.11 22.73 0.67 11.74 21.8 0.83 11.64 14.95 0.59 11.64 15.35 0.41 11.74 16.55 0.04 11.66 18.45 0.02 11.77 19.33 0.10 17.36 0.22 11.65 17.36 0.33 11.73 22.91 0.08 11.64 14.85 0.56 Sp 18.39 0.57
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