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Introduction

The increasing atmospheric CO 2 concentration and its influence on global climate (IPCC 2007) highlight the necessity to better understand the mechanisms driving the global carbon cycle. Forest ecosystems sequester and store large amounts of carbon, both as living biomass and as dead organic matter [START_REF] Dixon | Carbon pools and flux of global forest ecosystems[END_REF]. Understanding how these ecosystems are structured and how they function is therefore of paramount importance for improving our knowledge of the global carbon cycle and for predicting future climate.

Previous studies [START_REF] Margalef | Ecología trófica[END_REF][START_REF] Dixon | Carbon pools and flux of global forest ecosystems[END_REF][START_REF] Malhi | The carbon balance of tropical, temperate and boreal forests[END_REF][START_REF] Gower | Net primary production and carbon allocation patterns[END_REF][START_REF] Litton | Carbon allocation in forest ecosystems[END_REF][START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF][START_REF] Keith | Re-evaluation of forest biomass carbon stocks and lessons from the world's most carbon-dense forests[END_REF][START_REF] Pan | A large and persistent carbon sink in the world's forests[END_REF]) have reported estimates of the stocks and distribution of biomass among different ecosystemic compartments, carbon fluxes, or resource-use efficiencies for different regions and taxa, but most of the combined analyses of biomass distributions, carbon fluxes and resource-use efficiencies were based on limited subsets of climate space. Continuous efforts of the research community have rapidly increased data availability, and following methodological harmonisation has provided these data to be compared more easily.

Despite extensive literature on controls of resource-use efficiencies [START_REF] Garbulsky | Patterns and controls of the variability of radiation use efficiency and primary productivity across terrestrial ecosystems[END_REF]Gu et al., 2002;[START_REF] Jenkins | Refining light-use efficiency calculations for a deciduous forest canopy using simultaneous tower-based carbon flux and radiometric measurements[END_REF][START_REF] Landsberg | A generalised model of forest productivity using simplified concepts of radiation-use efficiency, carbon balance and partitioning[END_REF][START_REF] Wang | Light and water-use efficiencies of pine shoots exposed to elevated carbon dioxide and temperature[END_REF] for light or radiation use efficiency and [START_REF] Field | Compromises between water-use efficiency and nitrogenuse efficiency in five species of California evergreens[END_REF][START_REF] Huxman | Convergence across biomes to a common rain-use efficiency[END_REF][START_REF] Yu | Water-use efficiency of forest ecosystems in eastern China and its relations to climatic variables[END_REF][START_REF] Troch | Climate and vegetation water use efficiency at catchment scales[END_REF][START_REF] Lu | Evaluating evapotranspiration and water-use efficiency of terrestrial ecosystems in the conterminous United States using MODIS and AmeriFlux data[END_REF][START_REF] Peñuelas | Increased water-use efficiency during the 20th century did not translate into enhanced tree growth[END_REF] for water-or precipitation-use efficiency), differences in resource-use efficiency among biomes or forest types is seldom explicitly reported (but see [START_REF] Goetz | Modelling Terrestrial Carbon Exchange and Storage: Evidence and Implications of Functional Convergence in Light-use Efficiency[END_REF]Prince, 1999 for LUE andYu et al., 2008 for WUE), or the available data are insufficient for generalising the results to the entire biome or forest type under study. In this study, we will consider the resource-use efficiency for light (LUE), water (WUE), biomass production (BPE) and short term carbon sequestration at the ecosystemic level (CUEe).

Studies of climatic control concerning forest production or functioning have frequently tested the influence of temperature, precipitation, drought indices, or radiation [START_REF] Kato | Spatial variability and major controlling factors of CO 2 sink strength in Asian terrestrial ecosystems: evidence from eddy covariance data[END_REF][START_REF] Law | Environmental controls over carbon dioxide and water vapor exchange of terrestrial vegetation[END_REF][START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF][START_REF] Magnani | The human footprint in the carbon cycle of temperate and boreal forests[END_REF][START_REF] Valentini | Respiration as the main determinant of carbon balance in European forests[END_REF], although some other variables such as thermal amplitude, seasonality of precipitation, and actual or potential evapotranspiration may be key determinants of forest functioning [START_REF] Garbulsky | Patterns and controls of the variability of radiation use efficiency and primary productivity across terrestrial ecosystems[END_REF]). In addition, the relative contributions to ecosystem structure and functioning of climate and forest characteristics such as stand age [START_REF] Goulden | Patterns of NPP, GPP, respiration, and NEP during boreal forest succession[END_REF][START_REF] Magnani | The human footprint in the carbon cycle of temperate and boreal forests[END_REF][START_REF] Vicca | Fertile forests produce biomass more efficiently[END_REF], management [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF][START_REF] Vicca | Fertile forests produce biomass more efficiently[END_REF], or nitrogen deposition [START_REF] Vries | The impact of nitrogen deposition on carbon sequestration by European forests and heathlands[END_REF][START_REF] Luyssaert | The European carbon balance. Part 3: forests[END_REF][START_REF] Magnani | The human footprint in the carbon cycle of temperate and boreal forests[END_REF] are still debated.

In this study, we have updated a global database [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF]) of forest carbon pools and fluxes and have extended this database with 45 new forests and data up to 2010, remote-sensing observations of actual evapotranspiration (AET) and the absorbed fraction of photosynthetically active radiation (fPAR) to calculate water-use and light-use efficiencies (WUE, LUE). Our aim was to update the analysis done by [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF]) and to extend it with: i) an accurate and detailed description of the biomass stocks, annual carbon fluxes, and resource-use efficiencies of forest ecosystems in different biomes on a global scale based on field and remote-sensing data, and ii) a determination of the main drivers of the spatial variability in biomass stocks and in their distribution among ecosystem compartments, the annual carbon fluxes, and the resource-use efficiencies.

Materials and Methods

Collection and selection of data 2.1.1 Global forest database

To characterise forest ecosystems, we used a publicly available database of global forests [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF]). This database contains measurements, and in some cases their uncertainties, for several structural, functional, and bioclimatic characteristics and a compilation of simulated data such as, for example, nitrogen deposition for 558 forests around the world. To characterise forest ecosystems, we extracted from this database, for each forest, the following variables (whenever available): i) maximum LAI, ii) stand biomass of living trees, comprising estimates of aboveground biomass (typically distinguishing between woody and foliar biomass) and of fine and coarse roots, iii) mean annual carbon fluxes, comprising estimates of GPP, Re, NEP (derived from eddy covariance towers), TBP, aboveground and belowground biomass production and NPP of wood and leaves, and iv) APAR (absorbed photosynthetically active radiation) used to calculate LUE (GPP:APAR; see section 2.1.4).

We also extracted several variables to use as predictors of the stand characteristics: i) nitrogen deposition derived from interpolated gridded maps based on ground observations [START_REF] Holland | Nitrogen Deposition Onto the United States and Western Europe: Synthesis of Observations and Models[END_REF]) and model simulations [START_REF] Galloway | Nitrogen Cycles: Past, Present, and Future[END_REF], ii) stand age, iii) leaf habit (evergreen or deciduous) and type (needleleaved or broadleaved), iv) management (managed, unmanaged, disturbed), and v) biome (boreal, temperate, Mediterranean, and tropical). The methodologies used to estimate all the variables within the database were reported by [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF]). We selected these predictor variables since they have been previously suggested to influence carbon balance and functioning in terrestrial ecosystems [START_REF] Vries | The impact of nitrogen deposition on carbon sequestration by European forests and heathlands[END_REF][START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF][START_REF] Janssens | Reduction of forest soil respiration in response to nitrogen deposition[END_REF][START_REF] Magnani | The human footprint in the carbon cycle of temperate and boreal forests[END_REF][START_REF] Peñuelas | The human-induced imbalance between C, N and P in Earth's life system[END_REF][START_REF] Vicca | Fertile forests produce biomass more efficiently[END_REF].

Geographical scale and forest types

All continents and biomes were represented in our database and analyses, but the available forests were distributed mostly around Europe and North America (Fig. S1 and Fig. S2 in Supporting Information), containing forests belonging to four different biomes (boreal [N=102], temperate [N=252], Mediterranean [N=11], and tropical [N=35] from which 10 were semi-arid forests and 25 were humid). Boreal and especially temperate forests were well represented in our database, but tropical and especially Mediterranean forests were underrepresented. The southern hemisphere was also poorly represented. The database contained evergreen, deciduous, needleleaved, broadleaved, and mixed (broadleaved-needleleaved) forests. Both leaf type and habit were well represented, but mixed forests were clearly in a minority.

WorldClim database

We used the WorldClim database [START_REF] Hijmans | Very high resolution interpolated climate surfaces for global land areas[END_REF] because, i) it has a high spatial resolution (30 arc seconds ~ 1 km at the equator), ii) it contains robust monthly climatic data derived from long time series (from 1950 to 2000), and iii) although only data for temperature and precipitation are available, the dataset provides several bioclimatic variables such as annual thermal amplitude or seasonality of temperature and precipitation.

MODIS time series

We downloaded the evapotranspiration time series (MOD16A2) from MODIS (Moderate Resolution Imaging Spectroradiometer) for the period between January 1, 2000 andDecember 27, 2009 to obtain climatic surrogates of potential and actual evapotranspiration (PET and AET respectively, [START_REF] Mu | Development of a global evapotranspiration algorithm based on MODIS and global meteorology data[END_REF]) to use them as climatic predictors and to calculate WUE (GPP divided by AET).

The resolution of the data was 9 km 2 around the central coordinates of the forest. We selected such a coarse resolution because of the poor resolution of the coordinates provided by the database.

To calculate LUE relative to total PAR (GPP:PAR), we downloaded the fPAR (absorbed fraction of PAR) time series (MOD15A2) from MODIS [START_REF] Fritsch | Validation of the collection 5 MODIS FPAR product in a heterogeneous agricultural landscape in arid Uzbekistan using multitemporal RapidEye imagery[END_REF] for the period between February 18, 2000 and December 27, 2011 with a resolution of 9 km 2 around the central coordinates of the forest. Once we calculated the average fPAR for each forest during the entire time series, we calculated total PAR using the following equation: APAR=fPAR*PAR, using APAR from the global forest database (see above).

Data analyses 2.2.1 Studied forest variables

To describe the characteristics and analyse the functioning of forest ecosystems, we separated the variables under study into three groups: i) stand biomass, ii) annual carbon flux, and iii) resource-use efficiency. The biomass variables were total, aboveground, belowground (coarse + fine roots), woody (trunk + branches), and foliar biomass. We also included the maximum LAI, a surrogate of SLA (maximum LAI • foliar biomass -1 ), and the percentage of foliar, woody, and belowground biomass relative to total biomass. The variables of carbon flux were GPP, TBP, aboveground, belowground, woody and foliar biomass production (~NPP), Re, NEP, and the percentage of GPP partitioned into aboveground (ABP%), belowground (BBP%), woody (WNPP%), and foliar NPP (FNPP%).

Finally, the variables of resource-use efficiency were i) carbon-use efficiency at the ecosystemic level (CUEe), defined as the percentage of NEP to GPP, ii) biomass production efficiency (TBP:GPP, see [START_REF] Vicca | Fertile forests produce biomass more efficiently[END_REF] in percentage (BPE), iii) light-use efficiency (LUE), as the ratio of GPP to APAR and, iv) water-use efficiency (WUE), as the ratio of GPP to AET. We additionally calculated LUE expressed as the percentage of the energy converted into organic matter (glucose) relative to the amount received as APAR, PAR, and total incident radiation, considering that: i) 1 g of glucose equals 4.1 kcal [START_REF] Margalef | Ecología trófica[END_REF], ii) APAR equals PAR*fPAR, and iii) PAR represents 45% of the total incident radiation.

Climatic predictors

We extracted mean monthly and annual values for temperature (MAT) and precipitation (MAP) from the WorldClim database. We also extracted two key bioclimatic variables: annual thermal amplitude (mean maximum minus mean minimum temperature for the year, which provides information not only about the latitude of the forest but also about its continentality and elevation) and seasonality of precipitation (measured as the coefficient of variation of precipitation among months), which provides information about seasonal differences in the amount of precipitation.

We calculated the percentage of water deficit (WD) as an indicator of the intensity of water stress that the forests must tolerate. We calculated it from MODIS data as a percentage (WD = (1 -[AET/PET])*100) rather than as an absolute value [START_REF] Stephenson | Actual evapotranspiration and deficit: biologically meaningful correlates of vegetation distribution across spatial scales[END_REF] due to the large climatic gradient included in our data that might lead to different sensitivities of the biological variables to absolute values of water deficit in forests from different biomes (e.g. a change of 50 mm -1 year -1 in a boreal forest with a MAP = 300 mm year -1 may have a greater influence than in a tropical forest with MAP = 2500 mm year -1 ). We also calculated the length of the warm period, considered as the number of months whose mean temperature was above 5 ºC. We then extracted mean temperature, precipitation, potential and actual evapotranspiration, and water deficit during the warm period.

Summarising, we used 13 climatic predictor variables: PET, AET, WD, MAT, MAP (these five calculated both on an annual basis and for the warm period only), length of the warm period, annual thermal amplitude, and seasonality of precipitation. Correlations among the climatic variables are shown in Table S1, Supporting information.

Statistical analyses

To describe forest ecosystems, we first computed the averages of biomass, carbon flux and efficiency variables grouping forests according to biome and leaf type. As data were usually not normally distributed, we opted to perform bootstrapped (n=1000) weighted means and to use the bias-corrected and accelerated 95% confidence intervals [START_REF] Efron | Better Bootstrap Confidence Intervals[END_REF] to test for differences between groups. We weighted cases according to the inverse of the uncertainty, except for biomass variables for which uncertainty was not reported in the database. We subsequently explored the possible relationships among different variables of biomass and flux via Pearson correlation analysis. We correlated the same dependent variable up to 10 times, so we controlled the rate of false discovery with Bonferroni corrections.

We performed stepwise forward-regression models to correlate the variables of biomass, carbon flux, and resource-use efficiency with climate, management, leaf habit and type, stand age, and nitrogen deposition. Predictor covariates were entered twice in the models, without transformation and transformed into the natural logarithm, to check for possible nonlinearities. We excluded the variables from the models when presenting high collinearity (Variance Inflation Factor [VIF] > 5).

Because controls of GPP, Re, and NEP are of paramount importance in the carbon balance of ecosystems, we closely examined the relationships of these three variables of carbon flux with MAT and MAP. We thus classified forests according to MAT and MAP, defining thresholds based on the median of the distribution of our data. Forests with MAP ≥827 mm year -1 were considered wet forests, and forests with MAP <827 mm year -1 were classified as dry. Similarly, forests with MAT ≥8 ºC were considered warm forests, whereas forests with MAT <8 ºC were classified as cold. Hence, forests were classified according to two-factor variables, each with two levels (wet/dry, warm/cold). This classification allowed us to test whether the relationships of the different variables of carbon flux with MAT depended on the wetness and whether the relationships between carbon fluxes and MAP depended on the warmness. To this end, we constructed multivariate generalised linear models (MGLM), including the interaction between wetness or warmness and MAT or MAP. Significant interactions would indicate changes in the relationships between carbon fluxes and climate according to wetness or warmness.

Finally, to analyse the direct, the indirect and the total effects of climate and nitrogen deposition on GPP, Re and NEP, we performed a path analysis using AET, MAT and nitrogen deposition as exogenous variables and GPP, Re and NEP as endogenous variables. The saturated model comprised all possible paths between exogenous and endogenous variables, a path from GPP to Re and a path from GPP and Re to NEP. We achieved the minimum adequate model by deleting, from the saturated model, those paths that were not found significant.

Results

Global variation in biomass, carbon fluxes and efficiency

Characterisation of biomass stocks

According to the bootstrapped 95% confidence intervals (which indicate significant differences when they do not overlap), the distribution of biomass among compartments revealed large differences among biomes (Fig. 1 and Table S2, Supporting information) despite comprising forests of similar age, around 80 years old (Factorial ANOVA test: age ~ biome * leaf type, P = 0.95).

Tropical and temperate forests presented the largest amounts of wood, aboveground biomass, and total-stand biomass, with values above 10 000 gC•m -2 , while Mediterranean broadleaved forests exhibited the lowest values (Fig. 1 and Table S2, Supporting information). Belowground biomass was lowest for boreal forests. A statistically significant difference was detected only for boreal versus temperate forests, although tropical forests also revealed a clear (and borderline significant) tendency of higher belowground biomass compared to boreal forests (Fig. 1 and Table S2,

Supporting information).

The distribution of the biomass stocks among different plant organs also differed among biomes. In both the boreal and temperate zone, needleleaved forests presented higher percentages of foliar biomass than broadleaved forests (above 5.5% and below 2.5%, respectively, Table S2, Supporting information). However, the percentage of biomass represented by wood, about 70% in most cases, did not differ between biomes or type of leaf. Finally, almost half of the biomass in Mediterranean broadleaved forests occurred belowground, whereas root biomass did not exceed 25% in all other forest types (Fig. 1 and Table S2, Supporting information).

The largest foliar biomass was found in temperate needleleaved and tropical broadleaved forests.

The type of leaf was a crucial determinant of foliar biomass, because needleleaved forests had about 2.8 times more foliar biomass than did broadleaved forests across boreal and temperate biomes. Maximum LAI, however, did not significantly differ between leaf types within a single biome. The maximum values were found in temperate forests (LAI > 5), whereas the lowest were reported in Mediterranean broadleaved forests (LAI < 2.7, Table S2, Supporting information). In broadleaved forests, the specific leaf area (SLA = LAI•foliar biomass -1 ), decreased with decreasing latitude, ranging from about 36 in boreal forests to 14 m 2 kg -1 in the tropics. Needleleaved boreal forests showed the lowest SLA (12.6 ± 1.2 m 2 kg -1 , mean ± SE) and statistically differed from both boreal and temperate broadleaved forests (Table S2, Supporting information).

Distribution of carbon fluxes

All carbon fluxes and their partitioning variables revealed significant differences among biomes but not between needleleaved and broadleaved forests (Figs. 2 and3 andTable S3, Supporting information). Tropical forests presented the highest rates for all fluxes, except for NEP (Figs. 2 and3a); the highest amount of NEP was observed at mid-latitudes (temperate and Mediterranean forests). Remarkably, tropical forests had rates of FNPP as high as the rates of TBP in boreal forests (Fig. 3a).

Boreal needleleaved forests partitioned about 6% of their carbon uptake (i.e. GPP) into the foliage compartment (FNPP), whereas temperate and tropical broadleaved forests partitioned almost 12% of GPP to foliage. Wood NPP ranged between 10% (boreal needleleaved and tropical broadleaved forests) and 16% (temperate broadleaved) of GPP, while roots received between 8% (tropical broadleaved) and 18% (temperate broadleaved) of total GPP (Fig. 3b).

Resource-use efficiency of biomes

CUEe followed the same pattern as NEP, being highest for temperate and lowest for tropical forests (Fig. 2, Table S4, Supporting information). On average, about 20% of GPP was sequestered (NEP) in temperate-forest ecosystems, whereas only 3.3 ± 2.8% of the GPP of tropical broadleaved forests was actually stored. In contrast, BPE did not significantly differ among biomes, ranging from 38 ± 3.6% to 54 ± 4.7% (Table S4, Supporting information). LUE ranged from 2.0 ± 0.2 (in temperate and Mediterranean broadleaved forests) to 2.6 ± 0.1 gC MJ -1 (in temperate needleleaved forests), with the former being significantly lower than the latter.

When transforming this efficiency into the percentage of energy used, we found that forest ecosystems used between 8.5 ± 0.7% and 11.1 ± 0.6% of the absorbed light energy, between 5.5 ± 0.6% and 7.6 ± 0.5% of the total incident PAR, and between 2.5 ± 0.3% and 3.4 ± 0.2% of the total incident radiation (Table S4, Supporting information). Statistically, WUE did not differ among forest types due to high variability. On average, WUE ranged from 2.1 ± 0.2 to 3.1 ± 0.6 gC mm -1 in Mediterranean broadleaved and needleleaved forests, respectively.

Correlations with biomass stocks, carbon fluxes, and efficiencies

Biomass stocks and its distribution among ecosystem compartments

Table 1 shows an overview of the results of the stepwise regression models for biomass stocks, carbon flux, and efficiency (see Table S5 in Supporting information for a more detailed description).

Stand age, MAP, and the length of the warm period were the most correlated predictors with the spatial variability and distribution of the different compartments of biomass.

LAI and foliar biomass were positively correlated with indicators for water availability. Both were, respectively, 1.3 and 3 times higher in needleleaved than in broadleaved forests. Also, stand age and nitrogen revealed a significantly positive relation with LAI, whereas temperature during the warm period had a negative influence. Despite presenting a negative trend from boreal broadleaved to tropical broadleaved forests (Table S2, Supporting information), SLA was not significantly correlated with any of the predictor variables used in this study.

Woody, aboveground, belowground, and total biomasses increased with the logarithm of stand age. Precipitation and the length of the warm period were also positively correlated with these variables of biomass, whereas mean temperature of the warm period negatively influenced total and belowground biomass; the latter was also about 1.5 times higher in needleleaved than in broadleaved forests (Table 1).

Younger evergreen forests showed higher proportion of leaf biomass than other forest types, particularly when seasonality of precipitation, nitrogen deposition, and water deficits were low (Table 1). The percentage of woody biomass increased with AET and the age of the forest.

Interestingly, the percentage of belowground biomass was negatively correlated with precipitation of the warm period, the opposite of the other variables of biomass. In addition, longer warm periods, higher age, and the evergreen leaf habit increased the percentage of biomass assigned to roots.

Correlations with carbon fluxes

On a global scale, most of the fluxes (except NEP) were strongly influenced by climate variables (Table 1 and Table S5b, Supporting information). GPP was positively correlated with water availability (precipitation and AET) during the warm period and also by stand age but was negatively correlated with annual thermal amplitude. Re was correlated by the variables of water availability and MAT (Table 1), with warm and wet forests presenting the highest rates of respiration. NEP, on the other hand, did not directly respond to climatic variables but was significantly correlated with nitrogen deposition and management. We tested whether this effect was not more prominent in North America and Europe than in the rest of the world, but the models indicated that the relationship did not vary among continents. The rates of NEP were about twice as high in managed as compared to unmanaged forests and 2.6 times higher in managed than in disturbed forests.

Comparison of warm versus cold forests and wet versus dry forests (Fig. 4), however, revealed that the relationships of GPP, Re, and NEP with MAP depended on warmness, whereas the relationships of GPP, Re, and NEP with MAT depended on wetness (MAP*Warmness: P <0.0001; MAT*Wetness: P <0.001; Fig. 4), and these relationships differed for each carbon flux. Warm forests revealed a significantly positive relation for both GPP and Re with MAP, both presenting a slope close to unity, while NEP was not correlated at all. Cold forests, instead, showed a lower slope for GPP versus MAP (single linear regression: 0.52; P <0.01), Re was not significantly correlated to MAP (0.17; P = 0.34), and NEP revealed a significantly positive relationship with MAP (0.30; P = 0.03). Similarly, wet forests showed a significant positive relationship of GPP and Re with MAT, whereas NEP was not significantly related to MAT. Dry forests showed a positive relation between GPP and MAT albeit with a lower slope than the wet forests, whereas Re showed no significant relationship with MAT (Fig. 4). However, NEP was not significantly related to MAT.

Even when excluding the tropical forests (which strongly influenced our regressions, see Fig. 4) from these analyses, similar patterns were observed (MAP*Warmness: P <0.05; MAT*Wetness: P <0.05 respectively) and remained significant despite presenting less evident changes in the slopes.

With the exclusion of tropical forests, however, GPP presented a higher slope with MAP in cold forests than in warm forests, and NEP presented a significant relationship with MAT in wet forests whereas NEP was not longer related with MAP in cold forests.

The path analysis relating AET, MAT and nitrogen deposition with GPP, Re and NEP (Fig. 5, Table 2) showed that AET and MAT only affected Re indirectly through their positive relationship with GPP. Also, nitrogen deposition presented a negative correlation with Re which, in turn, resulted in a positive and significant correlation with NEP (Table 2) just as the stepwise regression analysis revealed (Table 1). The relationship between GPP and Re was very tight (Fig. 5) and the calculated total effects for NEP revealed a greater sensitivity to Re (standardized coefficient for Re = -2.55 ± 0.05) than to GPP (0.26 ± 0.11) (Table 2).

High TBPs were correlated with low water deficit and long warm periods but decreased with increasing stand age (Table 1). Forests with long warm periods produced more foliage and aboveground biomass compared to forests with shorter warm periods. Also, aboveground biomass and wood biomass production were higher in forests presenting low water deficit and high nitrogen deposition compared to forests with high water deficit and low nitrogen deposition (Table 1).

Similarly, forests receiving higher nitrogen deposition assigned higher percentage of carbon to wood and aboveground biomass (Table 1). The percentage of carbon assigned to roots, on the other hand, was negatively correlated with precipitation during the warm period (as with the percentage of belowground biomass, mentioned in section 3.2.1) and by stand age. Finally, the percentage assigned to foliar NPP was positively correlated with annual thermal amplitude and the length of the warm period.

Forests with higher LAI and aboveground biomasses also had higher rates of GPP (LAI: R 2 = 0.14, P = 0.001; aboveground biomass: R 2 = 0.26; P <0.001). Also, Re was positively correlated with aboveground biomass (R 2 = 0.23; P <0.001), and biomass production was positively correlated with woody biomass (R 2 = 0.62; P = 0.004). Other relationships emerged but were not significant after correction by Bonferroni procedures (α = 0.005).

Correlations with forest resource-use efficiency

Stepwise regressions showed that CUEe and WUE were positively correlated with stand age, while BPE was negatively correlated with stand age (Table 1, Table S5c, Supporting information). In addition, CUEe was affected by management in the same way as NEP (i.e. CUEe was higher in managed than in unmanaged forests), and the seasonality of precipitation was negatively correlated with BPE. LUE and WUE responded differently to temperature: lower values of WUE were detected in forests with high annual thermal amplitudes (which could also indicate a negative effect of temperature: see Table S1, Supporting information), whereas LUE decreased with the temperature of the warm period (although very little variance was explained by the model; Table 1 and Table S5c, Supporting information). Also, WUE was negatively correlated with PET.

Discussion

The relationships found in our global analyses mostly agreed with previous meta-analyses or established ecophysiological principles. However, our analyses also uncovered novel global trends that deserve thoughtful discussion. We must also point out that, unfortunately, fertility could not be directly assessed in this paper and therefore, some relationships reported here might change according to the nutrient status of the forests.

Forest functioning, characteristics, and endogenous drivers 4.1.1. Biomass stocks and carbon fluxes

We have confirmed that the largest stocks of biomass are found in temperate and tropical forests (Fig. 1) [START_REF] Keith | Re-evaluation of forest biomass carbon stocks and lessons from the world's most carbon-dense forests[END_REF]. These forests also have the highest rates of biomass production and carbon uptake (Figs. 2 and3a). In contrast, boreal and especially Mediterranean forests have the lowest stand biomasses. Because boreal forests are strongly limited by temperature and Mediterranean forests by water availability [START_REF] Kramer | The importance of phenology for the evaluation of impact of climate change on growth of boreal, temperate and Mediterranean forests ecosystems: an overview[END_REF], the low biomass stocks of these forests may be a consequence of their slow growth or conservative strategies imposed by strong constraints to growth [START_REF] Ackerly | Physiological Ecology: Plants[END_REF]. Our results agree with this hypothesis: indicators of water availability (MAP, AET, WD) and length of the warm period were the most influential climatic variables on forest structure and functioning (Table 1).

Logically, stand age was paramount in controlling woody, aboveground, and belowground biomasses, but its influence on foliage was negligible, suggesting the existence of a threshold to foliar biomass reached at young ages [START_REF] Ryan | Age-Related Decline in Forest Productivity: Pattern and Process[END_REF][START_REF] Chen | Combining remote sensing imagery and forest age inventory for biomass mapping[END_REF], Table 1, Table S5a, Supporting information). This positive relationship of age with woody and root biomasses and the lack of a relationship with foliar biomass is surely the cause of the evident negative effect age has on the percentage of foliar biomass. Despite the positive relationship of age with root biomass, root NPP presented a negative response to aging. This result may indicate that the older the forest, the lower the resources required investing in roots, because the necessity to achieve a robust root system (strong anchor structure and large provisioning area) might be fulfilled by the progressive accumulation of root biomass. Furthermore, changes in the ratio fine-to-coarse roots to the belowground stock might change the belowground productivity as fine roots have different turnover rates than coarse roots.

The growth of some tropical forests is limited by solar radiation [START_REF] Nemani | Climate-driven increases in global terrestrial net primary production from 1982 to 1999[END_REF]. According to the functional equilibrium hypothesis [START_REF] Poorter | Biomass allocation to leaves, stems and roots: metaanalyses of interspecific variation and environmental control[END_REF], the limitation of light may account for the high percentage, amount and production of foliar biomass in tropical broadleaved forests (Fig. 1, Fig. 2a, Table S2 and Table S3 in Supporting information). [START_REF] Poorter | Biomass allocation to leaves, stems and roots: metaanalyses of interspecific variation and environmental control[END_REF], however, suggested that this limitation of light should also lead to high values of SLA more than to high values of the percentage of foliar biomass at the plant level, but this is exactly opposite to our results at the ecosystem level (Table S2, Supporting information). This issue requires further examination as other evolutionary issues, such as herbivory, could be involved in SLA variation.

On the other hand, needleleaved forests showed rather low values of SLA and higher amounts and percentages of foliar biomass, although GPP did not differ between leaf types within biomes. This observation agrees with the idea that needles photosynthesize less efficiently than broadleaves [START_REF] Lusk | Photosynthetic differences contribute to competitive advantage of evergreen angiosperm trees over evergreen conifers in productive habitats[END_REF].

The distribution of biomass among compartments is quite similar among forest biomes, with the exception of the Mediterranean forests, where roots represent ca. 50% of the total biomass [START_REF] Pausas | Mediterranean vegetation dynamics: modelling problems and functional types[END_REF]). This exception is the result of evolutionary adaptations to withstand summer droughts or repeated fires by the accumulation of nonstructural carbohydrates in the lignotuber [START_REF] Ackerly | Physiological Ecology: Plants[END_REF]. Our results support this hypothesis; we found that the percentage of belowground biomass decreased with increasing amounts of precipitation during the warm period (Table 1 and Table S5a, Supporting information). Belowground biomass (or fraction), however, did not correlate with belowground biomass production (or carbon partitioning to roots), which may indicate that this higher amount of root biomass is more likely the result of a progressive accumulation than of higher carbon partitioning into roots. Because estimates of single-site root biomass stocks and production are very uncertain (as reported by [START_REF] Robinson | Scaling the depths: below-ground allocation in plants , forests and biomes[END_REF], for example), studies like ours that synthesise data represent a useful approach for acquiring reliable measures of belowground biomass (assuming that single-site uncertainty is random). However, forest biomes with few available data (see Fig. 1) may still require caution and further evaluation.

The positive relationship between GPP and stand age indicates that assimilation in forests is not only driven by climatic characteristics, as some models assume, and calls for a renewed attention from the forest carbon modeling community to the relationships between age and canopy or foliar characteristics. Despite the higher GPP of tropical forests than temperate forests, NEP is higher in temperate than in tropical forests. In fact, our data indicate that although tropical forests are most likely to be sinks of carbon [START_REF] Stephens | Weak northern and strong tropical land carbon uptake from vertical profiles of atmospheric CO2[END_REF][START_REF] Lewis | Increasing carbon storage in intact African tropical forests[END_REF], the average NEP in our study is not statistically significantly different from zero (Table S3, Supporting information) [START_REF] Pan | A large and persistent carbon sink in the world's forests[END_REF]. Accordingly, tropical forests showed the lowest CUEe and BPE ratios of all forests (Figs. 2 and3b), indicating that they are the least efficient in the use of GPP, possibly because of the high temperatures and water availabilities that enhance both autotrophic and heterotrophic respiration more than rates of GPP (Fig. 4, [START_REF] Chambers | Respiration from a tropical forest ecosystem: partitioning of sources and low carbon use efficiency[END_REF][START_REF] Kato | Spatial variability and major controlling factors of CO 2 sink strength in Asian terrestrial ecosystems: evidence from eddy covariance data[END_REF] and/or because of the low nutrient availability that could enhance the production of root exudates or other unaccounted for components of NPP [START_REF] Goulden | Patterns of NPP, GPP, respiration, and NEP during boreal forest succession[END_REF][START_REF] Vicca | Fertile forests produce biomass more efficiently[END_REF]. On the other hand, our results indicated that spatial variability in NEP was more sensitive to changes in Re than in GPP (Table 2) which agrees with results from previous studies [START_REF] Valentini | Respiration as the main determinant of carbon balance in European forests[END_REF].

The decrease of BPE with age was one of the foundations used by [START_REF] Goulden | Patterns of NPP, GPP, respiration, and NEP during boreal forest succession[END_REF] to suggest that in boreal forests decreasing nutrient availability with increasing age could enhance carbon partitioning into the fine-root fraction. Our results support this negative relationship of stand age with BPE, but stand age also presented a negative relationship with the fraction of GPP partitioned to root (fine + coarse) biomass and a positive relationship with the amount and percentage of belowground biomass (Table 1). These results do not necessarily contradict the hypothesis presented by [START_REF] Goulden | Patterns of NPP, GPP, respiration, and NEP during boreal forest succession[END_REF], because our data did not differentiate from the fineroot to the coarse-root fraction. An overall decrease in the production of belowground biomass could also be possible if an increase in the fine-root fraction is compensated for by a decrease in the production of coarse-root biomass. Also, [START_REF] Goulden | Patterns of NPP, GPP, respiration, and NEP during boreal forest succession[END_REF] reported a negative effect of age on the ratio of NEP to TBP, indicating that old stands approach a steady state. We obtained a similar pattern for CUEe (as the ratio of NEP to GPP), as efficiency of carbon sequestration increased with age and tended to reach a steady state with positive values of CUEe (because of a logarithmic relationship; Table 1 and Table S5c, Supporting information). However, the predicted confidence intervals of CUEe did not differ from zero.

Light and water-use efficiency

The similar values of LUE and WUE found across biomes (Table S4, Supporting information) suggest a convergence in the average of these resource-use efficiencies of forest ecosystems on a global scale [START_REF] Goetz | Modelling Terrestrial Carbon Exchange and Storage: Evidence and Implications of Functional Convergence in Light-use Efficiency[END_REF][START_REF] Huxman | Convergence across biomes to a common rain-use efficiency[END_REF]. On the other hand, the considerable variability observed within biomes and the lack of LUE data for tropical forests in particular, may obscure existing trends. [START_REF] Binkley | Thinking about efficiency of resource use in forests[END_REF] stated that, at the ecosystemic level, an increase in efficiency modulated by an increase in a resource use could be due to an increased "return on investment" (e.g. a canopy with good hydric conditions would photosynthesise more carbon than another suffering stomatal closure for the same investment in canopy). Old forests had higher WUEs, possibly due to i) the positive relationship of stand age with LAI and GPP (given that we calculated WUE=GPP•AET -1 ; Table 1, [START_REF] Magnani | The human footprint in the carbon cycle of temperate and boreal forests[END_REF] and ii) an increase in the resources (e.g. water, nutrients) provided by the root system to the canopy as a result of increasing root biomass with age (Table 1) [START_REF] Binkley | Thinking about efficiency of resource use in forests[END_REF][START_REF] Ackerly | Physiological Ecology: Plants[END_REF]. In agreement with Binkley's hypothesis, we found a significant relationship between LAI and GPP similar to that reported by other authors [START_REF] Gower | Net primary production and carbon allocation patterns[END_REF][START_REF] Law | Environmental controls over carbon dioxide and water vapor exchange of terrestrial vegetation[END_REF][START_REF] Kato | Spatial variability and major controlling factors of CO 2 sink strength in Asian terrestrial ecosystems: evidence from eddy covariance data[END_REF].

Exogenous drivers of forest functioning and characteristics

The role of climate

Our analyses confirm that water availability and the length of the warm period (~temperature) are paramount for controlling forest structure and functioning [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF][START_REF] Keith | Re-evaluation of forest biomass carbon stocks and lessons from the world's most carbon-dense forests[END_REF].

Only SLA, NEP, ABP%, WNPP%, and CUEe (5 of 26 variables studied) were not related to climate variables. Carbon pools and fluxes were generally higher in warm and wet forests (Table 1).

We have refined the analysis of [START_REF] Luyssaert | CO 2 balance of boreal, temperate, and tropical forests derived from a global database[END_REF], distinguishing dry from wet and cold from warm forests, and adding insights into the relationship between NEP and climate. Our results suggest that the interaction between MAT and MAP is of paramount importance for understanding the effect of climate on NEP (Fig. 4). The relationships of GPP and Re with MAP in warm forests are very similar and prevent a relationship between NEP and MAP, because most of the carbon assimilation is counterbalanced by the ecosystem respiration. In cold forests, however, the effect of MAP on GPP is stronger than the effect of MAP on Re, and consequently NEP is positively influenced by MAP. These relationships suggest that, on a global scale, Re respond differently than GPP to the interaction between MAT and MAP, which is reflected by the correlation between NEP and MAP only in cold forests, where part of the production (GPP) is not respired due to limitations of temperature.

On the other hand, when looking for indirect relationships between climate and carbon fluxes, we found that Re does not present direct relationships neither with MAT nor with AET. Instead, the relation of Re with climate goes through the direct relationship with production (GPP, Fig. 5) as suggested by previous studies [START_REF] Janssens | Productivity overshadows temperature in determining soil and ecosystem respiration across European forests[END_REF]. We found NEP to be directly correlated with MAT, but the correlation, although significant, was almost meaningless and was not significant when accounting for the total effects (Table 2).

The positive influence of water deficit during the warm period on WUE (Table 1) [START_REF] Huxman | Convergence across biomes to a common rain-use efficiency[END_REF][START_REF] Yu | Water-use efficiency of forest ecosystems in eastern China and its relations to climatic variables[END_REF][START_REF] Troch | Climate and vegetation water use efficiency at catchment scales[END_REF] suggests an adaptive trait to maximise the efficiency of water use in those forests growing under water-limited conditions [START_REF] Aranda | Water-use efficiency in cork oak (Quercus suber) is modified by the interaction of water and light availabilities[END_REF][START_REF] Ackerly | Physiological Ecology: Plants[END_REF]. Our results also indicated that forests with lower thermal amplitudes can use water more efficiently, in terms of gross carbon fixation, than those exposed to wider oscillations in temperature. This relationship may be explained by several hypotheses: i) in evergreen forests, extremely cold episodes can provoke massive degradation of chloroplast, which can take up to eight weeks to recover [START_REF] Malhi | The carbon balance of tropical, temperate and boreal forests[END_REF], ii) in warm forests presenting high thermal amplitude, elevated rates of evapotranspiration caused by extremely warm temperatures at the leaf and canopy levels can lead to higher photorespiration and thus lower GPP [START_REF] Malhi | The carbon balance of tropical, temperate and boreal forests[END_REF], or iii) because warmer forests tend to have lower thermal amplitudes (Table S1, Supporting information), the longer periods of photosynthetic activity in warmer forests may enhance carbon uptake, whereas AET may remain constant on a yearly basis (if AET is limited by precipitation), thereby yielding higher WUEs. Additionally, lower thermal amplitudes also reduce the risk of damage from extremely cold or warm events.

On the other hand, WUE was negatively related to PET. In dry forests, higher PET creates larger water-potential gradients between the stomata and the atmosphere, higher rates of evapotranspiration per unit of carbon gained (lower WUE), and hence stomatal closure by leaf water depletion, leading to increased foliar temperature which, in addition, increases photorespiration [START_REF] Malhi | The carbon balance of tropical, temperate and boreal forests[END_REF][START_REF] Yu | Water-use efficiency of forest ecosystems in eastern China and its relations to climatic variables[END_REF]. Also, high levels of PET lead to high rates of evapotranspiration in forests without water restrictions (e.g. humid tropical forests), which could also reduce WUE. Similarly, forests with warmer growing seasons may have lower values of LUE (Table 1) due to enhanced photorespiration produced at higher temperatures or due to a higher probability of stomatal closure caused by the high evaporative demand, thereby reducing photosynthesis per unit of APAR.

The role of management

Previous studies (Shan et al., 2001 and references therein) have suggested that management can alter the patterns of carbon allocation through an increase in the available resources due to a relaxation of competition. Shan et al. (2001) reported increases in early volume growth and in the ratio of shoots to roots after elimination of the understory. Despite the potential effect that management can have in forest ecosystems, our analyses confer little importance to it. We have not detected changes in the patterns of carbon allocation, rates of production, or biomass stocks as a result of management (Table 1). This is maybe partially due to the fact that we used a global dataset of forests for which each variable had a wide range of variation. Thus, changes in these variables may depend more on the characteristics of the climate than on management. In the present study, only NEP and CUEe were directly related to management. Reducing biomass stocks and lowering competition for light, water, and nutrients seem a key for increasing NEP and CUEe, although management had no significant effect on carbon uptake or ecosystem respiration.

The role of nitrogen deposition

Nitrogen deposition also had a relevant influence on the functioning of forest ecosystems, as previously reported by other authors (see De [START_REF] Vries | The impact of nitrogen deposition on carbon sequestration by European forests and heathlands[END_REF][START_REF] Janssens | Reduction of forest soil respiration in response to nitrogen deposition[END_REF]Luyssaert et al., 2010;[START_REF] Magnani | The human footprint in the carbon cycle of temperate and boreal forests[END_REF]. For example, the increased biomass production and carbon allocation to wood with increased nitrogen deposition (Table 1) agrees with the paradigm that partitioning to aboveground production increases with increasing belowground resources [START_REF] Litton | Carbon allocation in forest ecosystems[END_REF]. Also, higher nitrogen availability allows to maintain higher nitrogen concentrations and consequently higher photosynthetic capacity per unit of leaf area [START_REF] Field | Compromises between water-use efficiency and nitrogenuse efficiency in five species of California evergreens[END_REF]). We also found nitrogen deposition to positively influence LAI and NEP (Table 1). This influence may be related to an increase in the availability of nitrogen for plants, rendering nitrogen a less limiting factor to growth. Also, the negative influence of nitrogen deposition over the percentage of foliar biomass (Table 1) may indicate a shift towards more productive leaves when nitrogen is available.

Regarding the effect on NEP, our path analysis revealed that the effect in NEP is, in fact, mediated by the effect of nitrogen deposition in Re (Fig. 5 and Table 2). In this sense, nitrogen deposition has also been suggested to reduce heterotrophic respiration [START_REF] Janssens | Reduction of forest soil respiration in response to nitrogen deposition[END_REF] by means of: i) changes in the saprotrophic community towards one more efficient in the use of carbon, which requires higher nitrogen availability, and ii) abiotic mechanisms of soil organic matter stabilisation, producing nitrogenous compounds that reduce the decomposability of soil organic matter. The maximum value of nitrogen deposition found in our forests was 27.3 kg ha -1 year -1 ; higher amounts of nitrogen deposition may have opposite consequences in forest ecosystems (e.g. very high nitrogen deposition could cause negative impacts on carbon sequestration, De [START_REF] Vries | The impact of nitrogen deposition on carbon sequestration by European forests and heathlands[END_REF].

Hence, this study provides an updated description of the structure, functioning, production, and resource-use efficiency of forests located in the main forest biomes of our planet. We also indicate the main controls of these properties, highlighting the paramount role of water availability, S3 in Supporting information for average values and confidence intervals) followed by the number of replicates (between brackets). Missing letters indicate that the comparison was not possible due to the lack of replicates. S3 in Supporting information for average values and confidence intervals) followed by the number of replicates between brackets. S3 in Supporting information for average values and confidence intervals) followed by the number of replicates between brackets.

Figure captions

Missing letters indicate that the comparison was not possible due to the lack of replicates. show the standardized coefficients of the path (direct effects) and the boxes of the endogenous variables show the variability explained (R 2 ). All paths shown are significant and models were simplified to achieve the Minimum Adequate Model according to AICc.

Table captions

Table 1: The influence of climatic variables, stand age, leaf habit, leaf type, and management (MNG) on the biomass, flux, and efficiency variables of the forests. Squares indicate β weights of the stepwise regression models using a color gradient where red indicates positive, blue indicates negative, and white indicates no correlation. In the table, "w" indicates that the relationship was with the variable calculated for the warm period. Otherwise, the relationship was with the annual variable. Abbreviations: actual and potential evapotranspiration (AET and PET), water deficit (WD), mean temperature (Temp), total precipitation sum (Prec), annual thermal amplitude (ThA), precipitation seasonality (PS), length of the warm period (LWP), nitrogen deposition (ND). Annual and warm-period variables of AET, PET, WD, Temp, and Prec are represented in single columns to compact the table. Factor codes: leaf habit (E: evergreen, D: deciduous); leaf type (N: needleleaved, B: broadleaved); management (M: managed, UM: unmanaged, D: disturbed).

Table 1: Total effects (mean ± SE) resulting from the path analysis shown in Figure 5. Bold coefficients were significant at the 0.05 level. 

(2)

( S3: Weighted values of mean carbon flux and partitioning percentages for boreal, temperate, Mediterranean, and tropical biomes, grouping forests according to leaf type. The table shows the mean value (in gC • m -2 year -1 ) followed by the lower and upper 95% bootstrapped (bias accelerated) confidence intervals and the number of replicates (in parentheses). "NA" indicates not available data The ABP%, BBP%, FNPP%, and WNPP% percentages are NPP fluxes relative to GPP. The weighting factor was calculated as the inverse of the uncertainty. Mixed forests were excluded.

Table S4: Weighted mean values of resource-use efficiency for boreal, temperate, Mediterranean, and tropical biomes, grouping forests according to leaf type. The table shows the mean value of each efficiency variable, followed by the lower and upper 95% bootstrapped (bias accelerated) confidence intervals and the number of replicates (in parentheses). "NA" indicates not available data. The CUEe and BPE percentages correspond to the ratio of NEP to GPP and of TBP to GPP, respectively. LUE units are gC MJ -1 , and WUE units are gC L -1 . The weighting factor was calculated as the inverse of the uncertainty. Mixed forests were excluded.

Table S5: β coefficients (± SE) of the stepwise regressions for the a) structural, b) functional, and c) efficiency variables studied. The adjusted R 2 of the entire model and the number of replicates are also noted. "Ln" after a dependent variable indicates that a logarithmic transformation was required to achieve the model's assumptions. "Ln" after a β coefficient indicates the variable entered the model in its logarithmic form. For management, leaf habit, and leaf type, a capital letter is designated to express differences between levels (management: U = unmanaged, M = managed, D = disturbed; leaf habit: E = evergreen, D = deciduous; leaf type: N = needleleaved, B = broadleaved). All regression models were significant at the 0.001 level or lower. Abbreviations: mean annual actual evapotranspiration (AET), mean annual potential evapotranspiration (PET), mean annual percentage of water deficit (WD), mean annual temperature (MAT), mean annual precipitation (MAP), mean annual thermal amplitude (ThA), mean precipitation seasonality (PS), mean temperature of the warm period (TWP), mean length of the warm period (LWP), mean precipitation of the warm period (PWP), actual evapotranspiration of the warm period (AET WP), mean potential evapotranspiration of the warm period (PET WP), mean percentage of water deficit of the warm period (WD WP), mean annual nitrogen deposition (ND). AET WP 1.00 0.26 -0.61 0.80 0.72 -0.56 0.12 0.82 0.82 0.67 0.30 -0.58 -0.07 0.05 PET WP 0.28 0.99 0.44 0.64 0.11 -0.30 0.52 0.52 0.28 0.72 0.30 0.47 -0.20 -0.12 WD WP -0.59 0.51 0.99 -0.20 -0.49 0.25 0.28 -0.31 -0.45 

  temperature and stand age. The results show a global positive synergic effect of MAP and MAT on forest production, growth and carbon accumulation. Although climate has globally affects BPE, LUE, and WUE, mean efficiencies differed very little among biomes, suggesting a global convergence of resource-use efficiencies across ecosystems.
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	Total Effects	N dep	AET	MAT	GPP	Re
	GPP		1.60 ± 0			

.23 27.44 ± 8.08 Re -19.06 ± 4.58 1.46 ± 0.22 25.01 ± 7.42 0.91 ± 0.03 NEP 18.44 ± 4.44

  0.16 ± 0.31 0.22 ± 10.74 0.

09 ± 0.04 -0.96 ± 0.02 Standardized total effects GPP 0.60 ± 0.09 0.29 ± 0.09 Re -0.14 ± 0.05 0.55 ± 0.08 0.27 ± 0.08 0.93 ± 0.03 NEP 0.37 ± 0.14

  0.16 ± 0.31 0.01 ± 0.30 0.

26 ± 0.11 -2.55 ± 0.05 Table

  

Table S1 854 AET PET WD MAT MAP ThA PS TWP PWP LWP AET WP PET WP WD WP Age ND AET 0.24 -0.62 0.77 0.74 -0.54

 S1 

					0.11 0.80	0.81	0.62	1.00	0.28	-0.59	-0.04 0.05
	PET	0.24	0.50 0.58 0.09 -0.24 0.54 0.48	0.23	0.65	0.26	0.99	0.51	-0.15 -0.13
	WD	-0.62 0.50	-0.25 -0.52 0.32 0.29 -0.33 -0.49 -0.05	-0.61	0.44	0.99	-0.08 -0.18
	MAT	0.77 0.58 -0.25	0.62 -0.76 0.22 0.88	0.79	0.91	0.80	0.64	-0.20	-0.23 0.01
	MAP	0.74 0.09 -0.52 0.62	-0.55 0.05 0.65	0.91	0.40	0.72	0.11	-0.49	0.04 -0.12
	ThA	-0.54 -0.24 0.32 -0.76 -0.55	0.10 -0.49 -0.59 -0.65	-0.56	-0.30	0.25	0.21 -0.11
	PS	0.11 0.54 0.29 0.22 0.05 0.10	0.34	0.13	0.22	0.12	0.52	0.28	0.14 -0.42
	TWP	0.80 0.48 -0.33 0.88 0.65 -0.49 0.34	0.84	0.71	0.82	0.52	-0.31	-0.10 -0.13
	PWP	0.81 0.23 -0.49 0.79 0.91 -0.59 0.13 0.84		0.63	0.82	0.28	-0.45	-0.06 -0.10
	LWP	0.62 0.65 -0.05 0.91 0.40 -0.65 0.22 0.71	0.63		0.67	0.72	0.01	-0.26 0.01

Table S2

 S2 

	859	Table S3									
		b) Fluxes c) Efficiencies R 2 adj R 2 adj	Boreal Boreal TBP ABP (Ln) BPE LUE Needleleaved GPP CUEe Broadleaved 0.81 0.76 0.73 0.18 0.33 0.13	FNPP WUE 0.64 0.43	Temperate Temperate WNPP (Ln) BBP Needleleaved Broadleaved Re 0.47 0.28 0.76	Mediterranean Mediterranean ABP% BBP% Needleleaved NEP Broadleaved 0.18 0.22 0.30	Tropical WNPP% Tropical Broadleaved FNPP% 0.42 0.24
		N N	GPP	83 82	Needleleaved 892 30 27	Broadleaved 1041 34 32 42 83	Needleleaved 1609 30	30	Broadleaved 1403 103	Needleleaved 1354 109 32	Broadleaved 1359 28	29	Broadleaved 3106 29
		Stand Age TBP AET AET PET PET	84.9 788 -1027 (17) 349	69.5 769 -1200 (5) 500 -0.41 ± 0.10Ln	84.6 1419 -1743 (24) 775	75.3 1283 -1533 (22) 797	24.0 813 -1647 (4) NA	32.0 1152 -1560 (9) NA	2596 -3414 (14) 78.5 1232
		WD WD			-506 (5) -0.33 ± 0.12	NA -NA (2)			581 -1077 (9)	703 -939 (13) -0.28 ± 0.06Ln	NA -NA (NA)	NA -NA (NA)	1055 -1444 (5)
		ABP MAT MAT		130	285			504		434 0.22 ± 0.09	NA	NA	718
		MAP MAP									
		ThA ThA		-0.33 ± 0.06		-0.66 ± 0.10	-0.39 ± 0.16			1.12 ± 0.29Ln
		PS PS			-0.40 ± 0.16							
		TWP TWP			-0.39 ± 0.15Ln						
		LWP LWP		0.56 ± 0.12Ln	0.45 ± 0.13	0.80 ± 0.11					1.36 ± 0.29Ln
		PWP PWP	0.40 ± 0.09							0.49 ± 0.10		-0.53 ± 0.16Ln
		AET WP AET WP	0.36 ± 0.10								
		PET WP PET WP									
		WD WP WD WP			-0.34 ± 0.14	0.60 ± 0.10	-0.48 ± 0.14			
		Stand Age Stand Age	0.23 ± 0.05 Ln -0.32 ± 0.09Ln 0.39 ± 0.15Ln -0.42 ± 0.16Ln		0.35 ± 0.09Ln	-0.37 ± 0.16Ln		-0.41 ± 0.16Ln
		ND ND				0.41 ± 0.10			0.41 ± 0.14			0.23 ± 0.10	0.50 ± 0.16Ln	0.51 ± 0.16Ln
		Leaf Habit Leaf Habit									
		Leaf Type Leaf Type									
		Management Management	M > UM								M > UM -M > D
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