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Abstract 65 

Tree diversity often increases stand-level growth, but whether neighbourhood diversity 66 

effects on individual tree growth change with climatic conditions remains unclear. Here, 67 

using 852,170 records of 113,701 individuals from 129 species in 15 tree-diversity 68 

experiments across four biomes, we address this knowledge gap with a synthesis of tree 69 

growth data spanning a broad climate gradient. We examine how neighbourhood-scale 70 

(defined as a focal tree and the adjacent trees) taxonomic and functional diversity effects on 71 

tree growth vary with climate spatially (across sites) and temporally (within sites). Increasing 72 

species richness and trait dissimilarity from monospecific to high-diversity neighbourhoods 73 

enhanced individual tree growth by 7 - 13% on average. The positive diversity effect 74 

increased from dry to wet climates, contrasting with most prior studies, but was unaffected by 75 

inter-annual climatic variation within sites. Given that tree-tree interactions are ubiquitous 76 

and likely to interact with climate in both young and old forests, our findings suggest 77 

incorporating neighbourhood diversity as a management tool to enhance forest productivity, 78 

while considering underlying mechanisms and interactions with climate, thereby facilitating 79 

targeted and site-specific climate and biodiversity benefits. 80 

 81 

Introduction 82 

Increasing the diversity of tree species in planted or naturally regenerated forests has been 83 

proposed as a nature-based solution to ameliorate the climate crisis and maintain ecosystem 84 

functioning under changing environmental conditions1–4. Greater tree diversity has been 85 

shown to promote individual tree and stand growth5,6, tree survival7, and forest resilience and 86 

stability under a variety of environmental conditions4,8,9. Tree diversity at the neighbourhood 87 

scale plays an important role in modulating the contribution of tree diversity to local forest 88 

productivity, as most mechanisms of diversity effects play out via tree-tree interactions at this 89 
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scale10–12. Furthermore, the magnitude of effects of neighbourhood interactions may depend 90 

on climatic factors such as precipitation. Water availability can mediate the strength of 91 

facilitation (e.g., stress buffering under dry conditions) and of competition (e.g., for light and 92 

nutrients under moist conditions)13–15. However, it remains unclear how tree species 93 

interactions at various diversity levels influence tree growth across broad climatic conditions 94 

that vary both spatially (i.e., variation across sites) and temporally (i.e., interannual variation 95 

within sites). This knowledge is critical for understanding future forest growth, and especially 96 

relevant to reforestation and management practices aimed at maintaining or increasing forest 97 

productivity across environmental conditions, particularly under a changing climate with 98 

greater interannual variation3. 99 

Observational studies of naturally regenerated stands using large-scale forest inventory 100 

datasets have shown that tree diversity is often more beneficial for tree growth in drier sites16–101 

20 (see Supplementary Tables 1 and 2), which is potentially due to increased facilitation 102 

interactions under greater abiotic stress, as the stress-gradient hypothesis suggests21,22. By 103 

contrast, two global-scale meta-analyses of mixed-species plantations revealed higher 104 

diversity effects on tree growth in wetter or warmer climates, due to increased differentiation 105 

in nutrient and light use5,23. Why observational studies on natural stands differ from 106 

plantations in this respect is unknown. Moreover, until present, there have been no similar 107 

assessments based on the increasing pool of tree diversity experiments controlling for 108 

confounding effects, which was one of our main goals here. 109 

Additionally, some experimental studies (often limited to individual sites) have explored the 110 

effects of tree diversity on tree growth in response to interannual climatic variation, and the 111 

evidence remains mixed (Supplementary Tables 1 and 2). Some studies show that tree 112 

diversity effects are more beneficial in dry years13,24. The enhanced diversity effects under 113 

drought can be related to improving water access for tree individuals through hydraulic 114 
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lift25,26, reducing competition for water among species as they differ in accessing water27, 115 

mitigating negative drought impacts on tree growth13, reducing individual mortality risk7, 116 

favoring drought-tolerant trees due to weakened performance of less drought-tolerant 117 

neighbors2,28,29, and enhancing nutrient and water uptake through diverse root traits as well as 118 

mycorrhizal associations26. However, some other studies have shown that diversity effects 119 

remain unchanged30, decreased31, or are negative32 in drier years. 120 

These inconsistent empirical findings might be partly caused by differences in diversity 121 

measures considered, such as the species richness versus phylogenetic and functional 122 

differences among neighboring tree species that relate to different species interactions (i.e., 123 

complementarity and competition)26,33. Additionally, those findings may vary contingent on 124 

spatial contexts and scales (most across-site studies are region-specific34,35), and/or temporal 125 

scale (most single-site studies cover only two or several contrasting climatic years30,31). To 126 

date, relatively few studies have simultaneously examined how different facets of diversity 127 

drive tree growth across various climate conditions spatially and temporally. 128 

To our knowledge, two observational studies have evaluated the impacts of both temporal 129 

and spatial climate variation on tree diversity effects on forest productivity16,36, and found 130 

greater effects of tree species richness and functional diversity in drier sites, with species 131 

richness effects unaffected by inter-annual variation, and increased functional diversity 132 

effects in drier years. However, these studies focused on the community rather than the 133 

neighbourhood scale at which species interactions take place, examined one facet of 134 

biodiversity (either tree species richness or functional diversity), and were limited to specific 135 

biomes (i.e. temperate and boreal forests)16 or forest types (dryland forests)36. Here, we 136 

examine how tree diversity effects vary with climate spatially and temporally using 137 

individual tree growth and neighbourhood data from 15 tree diversity experiments across a 138 

broad range of climates and four biomes. Although data from young experimental forest sites 139 
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have certain limitations and may not always be applicable to more mature, natural forests, our 140 

study advances our insight into the climate dependency of tree diversity effects. By covering 141 

a broader bioclimatic gradient than prior studies and using an explicit neighbourhood rather 142 

than community-scale approach, we examine how species richness and functional trait 143 

diversity drive neighbourhood influences on tree growth. 144 

A number of metrics can be employed to quantify effects of tree diversity at the 145 

neighbourhood scale, including neighbourhood species richness, trait dissimilarity and trait 146 

hierarchy. Neighbourhood species richness has been considered a powerful metric to capture 147 

tree diversity effects on tree growth11,37. Richness effects on growth of an individual tree can 148 

differ in direction and magnitude11,12, which may depend on the functional characteristics of 149 

the focal tree and the functional diversity of the neighbourhood13,30,38. Traits approaches can 150 

potentially lead to a more mechanistic understanding of species interactions. Functional traits 151 

that represent plant resource acquisition strategies39,40 mediate outcomes of complementary 152 

(i.e., resource partitioning or facilitation) or competitive interactions among neighboring 153 

species41–43. Neighbourhood interactions expressed through trait differences among species 154 

may be non-directional (i.e., dissimilarity) or directional (i.e., hierarchy)41,44,45. Trait 155 

dissimilarity, a proxy for niche differences, may result in greater resource partitioning, and/or 156 

higher facilitation and lower competition44, and is closely related to complementary 157 

interactions43,46. Trait hierarchy, a proxy for fitness differences, is closely related to 158 

competitive interactions46; tree growth responses to neighbourhood diversity may depend on 159 

the competitive advantage associated with particular trait values (i.e, whether the focal tree 160 

has higher or lower trait values compared to its neighbors)43–45. Therefore, we hypothesize 161 

that neighbourhood species richness, trait dissimilarity, and traits characterizing high 162 

competitive ability promote individual tree growth (H1; Fig. 1A). 163 
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We further hypothesize that neighbourhood diversity effects are stronger under drier 164 

conditions in terms of both spatial (across sites) and temporal (within sites) variability (H2a; 165 

Fig. 1B), based on the predictions of the stress-gradient hypothesis21,22. However, two other 166 

outcomes are also hypothetically possible. Neighbourhood diversity effects may vary with 167 

spatial climate variations rather than temporal variation (H2b), due to canopy structure and 168 

carbon reserves that buffer the influence of interannual climate variation16,47,48. Alternatively, 169 

neighbourhood diversity effects may be more strongly mediated by climate variation within 170 

than across sites (H2c), as the outcomes of plant interactions might be weakly related to 171 

spatial climate variation41,49. Identifying which of these hypotheses are fully or partly true is 172 

crucial to assess how neighbourhood diversity effects vary with climate variability in space 173 

and time.  174 

In the present study we analyze 852,170 growth records of 113,701 tree individuals from 129 175 

tree species, covering multiple years (4-14 inventories per site, 84 site × year combinations; 176 

Supplementary Figs. 1 and 2). Records were collated from 15 experiments, primarily within 177 

the TreeDivNet network (https://www.treedivnet.ugent.be), across a broad range of climates 178 

and four biomes (Fig. 2), which manipulated community tree species richness (in the early 179 

stages of stand development; from monocultures to 24-species mixtures), creating a gradient 180 

from monospecific to diverse tree neighbourhoods (1 to 12 species; Supplementary Table 3). 181 

To test H1, across all sites and years, we assessed the overall mean effects of neighbourhood 182 

species richness and trait differences associated with three key functional traits 183 

(Supplementary Fig. 3): specific leaf area, leaf nitrogen content, and wood density. These 184 

traits are linked to resource (e.g., light and carbon) acquisition and hydraulic efficiency39,40. 185 

To test H2 and its alternatives, we examined how neighbourhood diversity effects on tree 186 

growth relate to climatic water availability across and within sites. 187 

 188 
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Results 189 

Positive neighbourhood diversity effect on tree growth 190 

Focal tree growth, measured as annual basal area increment (BAI), which reflects structural 191 

development over a short term and emphasizes physical growth and expansion, was analyzed 192 

as a function of its size in the preceding year, the effects of neighbourhood competition 193 

intensity, and neighbourhood tree diversity (either neighbourhood species richness (NSR), 194 

trait dissimilarity or trait hierarchy). After accounting for the influence of the focal tree size 195 

and neighbourhood competition intensity (i.e., basal area of neighboring trees; 196 

Supplementary Fig. 4), we found a positive effect of neighbourhood species richness on tree 197 

growth (Fig. 3A; Supplementary Table 4). Individual tree growth was on average 8.7% (95% 198 

CI 1.1 to 17.4) higher in neighbourhoods with high species diversity (six different species, 199 

the highest richness common to most sites) compared to growth with monospecific 200 

neighbourhoods (Fig. 3B). 201 

Neighbourhood trait dissimilarity also had a positive effect on focal tree growth: individual 202 

tree growth increased by 6.6% (95% CI 0.5 to 12.6), 7.9% (2.4 to 15.1), and 13.3% (2.9 to 203 

24.8) with high dissimilarity (set at 90th percentile of dissimilarity indices across all sites; 204 

Supplementary Fig. 5A) of specific leaf area, leaf nitrogen content, and wood density, 205 

respectively. However, neighbourhood trait hierarchies — indicative of competitive ranks — 206 

did not show any significant associations with tree growth (Fig. 3A; all 95% CIs included 207 

zero). Overall, increasing neighbourhood species richness and trait dissimilarity from 208 

monospecific to high-diversity neighbourhoods enhanced individual tree growth by 7-13% on 209 

average. Additionally, the median-level (50th percentile) increases in neighbourhood species 210 

richness and trait dissimilarity also promoted focal tree growth by an average of 1%-3% (Fig. 211 

3B). 212 

 213 
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Neighbourhood diversity effects vary with climatic conditions 214 

We further examined whether neighbourhood diversity effects on focal tree basal area growth 215 

changed with climate spatially (across sites) and temporally (across years within sites). The 216 

positive effects of neighbourhood species richness on focal tree growth increased as water 217 

availability (precipitation / potential evapotranspiration; P/PET) increased across sites and 218 

years (Fig. 4; Supplementary Table 5), and this increase was almost exclusively caused by the 219 

differences between sites with different average water availability (Supplementary Table 6). 220 

Specifically, the neighbourhood species richness effect on tree growth was weak to negligible 221 

in ecosystems with low water availability, but stronger and more positive at sites with higher 222 

water availability. However, within sites, the strength of the neighbourhood species richness 223 

effect was generally not influenced by changes in water availability year to year (Fig. 4; 224 

slopes of the individual sites). When considering climate anomalies (standardized 225 

precipitation-evapotranspiration index, SPEI), the effects of neighbourhood species richness 226 

on tree growth did not change with the intensity of climate events (Supplementary Fig. 6). 227 

The influence of neighbourhood trait dissimilarity for the three traits (specific leaf area, leaf 228 

nitrogen content, and wood density) on growth did not change along the water availability 229 

gradients both across and within sites (Fig. 5A-C and Supplementary Table 6), and the 230 

influences were generally positive at most sites (13 out of 15 sites). There were also weak 231 

associations between water availability and the effects of neighbourhood trait hierarchy 232 

across and within sites (Fig. 5D-F). When considering climate anomalies within sites (i.e., 233 

temporal variability), the effects of neighbourhood trait dissimilarity and hierarchy on tree 234 

growth did not change with variation in the intensity of climate events (in relation to SPEI; 235 

Supplementary Fig. 7). 236 

Further results indicated that forest age was not a confounding factor affecting the observed 237 

relationships between neighbourhood diversity effects and climatic water availability. First, 238 
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there was no significant correlation between model residuals and forest age (Supplementary 239 

Fig. 8). Second, when forest age was included as a covariate, it did not affect neighbourhood 240 

diversity effects (Supplementary Table 5). Additionally, the greater effects of neighbourhood 241 

species richness on tree growth in wetter sites were not attributable to longer experimental 242 

durations. Neighbourhood species richness still generally increased tree growth more with 243 

high water availability (Supplementary Fig. 9) when data was restricted in the earlier years 244 

(from 3 to 6 years; a common period to most sites). As tree size in the preceding year (usually 245 

highly correlated with age) was included as a covariate, our models controlled for stand age, 246 

allowing us to isolate the neighbourhood diversity effects on tree growth along the gradient of 247 

climatic gradient from temporal dynamics. 248 

 249 

Discussion 250 

We found that the positive neighbourhood diversity effect increased from dry to wet climates 251 

but was unaffected by inter-annual variation within sites. These results were inconsistent with 252 

our hypothesized scenarios regarding the climate dependency of tree diversity effects, and 253 

contrary to most previous studies which found amplified diversity effects in drier 254 

sites13,16,17,24. Still, our findings corroborate previous studies showing that plant diversity can 255 

enhance productivity and carbon storage, providing an effective nature-based solution at local 256 

scales1–4. We thus confirmed our hypothesis that neighbourhood tree diversity positively 257 

impacts tree growth across various climatic conditions. Overall, these findings highlight the 258 

crucial role of neighbourhood-scale tree diversity in enhancing growth, and reveal that its 259 

influence varies according to spatial climatic conditions. 260 

Our study confirms the positive effects of neighbourhood species richness on tree growth, 261 

and also underscores the importance of functional trait dissimilarity and, to a lesser extent, 262 

trait hierarchy, both of which relate to two important components determining net diversity 263 
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effects: complementarity and competitive interactions. The positive effects of neighbourhood 264 

trait dissimilarity indicate that dissimilarity in light and carbon capture (i.e., through specific 265 

leaf area and leaf nitrogen content) and hydraulic efficiency (i.e., through wood density) 266 

between focal and neighboring trees can enhance tree growth. Generally, mechanisms behind 267 

the positive effect are complementary strategies in light absorption50, water uptake26 and 268 

use30,51, mineral nitrogen use52, increases in tree water use efficiency51, facilitation via 269 

hydraulic lift53, and/or more stable microclimatic conditions47,48. We did not find consistent 270 

effects of neighbourhood trait hierarchies on tree growth. Competitive advantages can arise 271 

from high or low resource acquisition capacity or hydraulic efficiency across different 272 

climatic conditions. For example, species with high resource acquisition capacity and 273 

hydraulic efficiency (e.g., higher specific leaf area and leaf nitrogen content, and lower wood 274 

density) usually have great competitive advantages when the water availability is high, 275 

whereas species exhibiting drought-adapted trait values (e.g., higher wood density) have great 276 

competitive advantages in dry conditions54. 277 

We found that the intensity of neighbourhood species diversity effects on tree growth was 278 

stronger at sites with higher water availability. This may be due to enhanced light-use 279 

complementarity effects in wetter sites (where water is not the limiting resource but light is), 280 

leading to greater canopy niche partitioning and more efficient light utilization34,38,55,56, 281 

thereby strengthening the positive impact of biodiversity on tree growth57. Additionally, 282 

stronger intra-specific competition and higher negative density dependent effects from natural 283 

enemies and pathogens could also contribute to the higher intensity of neighbourhood 284 

diversity effects in wetter sites58. For example, increased water availability tends to boost 285 

phytophagous insect activity59 and pathogenic fungi infection rates on healthy hosts60. 286 

However, these multitrophic mechanisms might be weakly captured by leaf and wood trait 287 

differences (i.e., the absence of increased effects of trait dissimilarity and hierarchy of leaf 288 
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economic traits and wood density at sites with higher water availability in this study). A more 289 

comprehensive understanding of climate-dependency of trait-based neighbourhood effects 290 

could be gained by integrating other combinations of traits (e.g., leaf metabolic and 291 

belowground traits61,62) from a multitrophic perspective63, but currently we lack the trait data 292 

to capture such effects. 293 

Our results differ from most previous studies that found stronger tree diversity effects in 294 

harsh environments (e.g., drier, colder, or poor site conditions)13,16,17,24. These stronger effects 295 

are typically attributed to decreased competition but increased complementarity or 296 

facilitation16,17,20. We found positive effects of neighbourhood trait dissimilarity, indicative of 297 

complementary interactions, at sites with low water availability. However, the focal tree's low 298 

competitive ability might diminish these complementary benefits, resulting in an overall 299 

weak effect of neighbourhood species diversity. Limited hydrological niche space and 300 

nutrient availability in dry sites may also constrain complementary interactions related to 301 

water and nutrient acquisition64. Furthermore, a modeling study indicated that biodiversity 302 

effects can be negative at both ends of the stress gradient, depending on how stress affects 303 

complementary and competitive species interactions65. Quantifying the strengths and 304 

importance of complementarity and competition in future studies may help gain better 305 

mechanistic insights into the influences of biodiversity on ecosystem functioning along 306 

climatic gradients. 307 

The generally positive effects of neighbourhood species diversity and trait dissimilarity on 308 

tree growth did not vary with environmental variability within sites (i.e., dry/wet years). Still, 309 

the process by which diversity effects operate may differ between wet and dry years. In dry 310 

years, positive neighbourhood diversity effects on tree growth may arise through increased 311 

complementarity for water resources (e.g., functionally distinct neighbors partition water 312 

resources through contrasting uptake strategies26, water stress release through hydraulic lift53, 313 
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or microclimatic buffering effects48). In wet years, neighbourhood diversity effects may take 314 

place via complementarity for light through enhanced light interception and use 315 

efficiency34,56. However, several previous studies have shown that increased tree species 316 

richness does not uniformly enhance their capacity to withstand drought26,34,66. While tree 317 

diversity might have positive or neutral effects under mild drought, it can become negative 318 

during severe or extreme drought due to intensified competition for limited soil 319 

water29,32,34,65. Furthermore, our results showed that the trait hierarchy of leaf nitrogen content 320 

(a focal tree has higher leaf nitrogen content than its neighbors) shifted from negative during 321 

severely dry conditions to positive during wet conditions, suggesting that competition for 322 

light and nutrient resources drive neighbourhood interactions in wet conditions16. Further 323 

studies are needed to quantify the strength of niche partitioning, facilitation, and interspecific 324 

competition under different resources to better explore mechanisms of neighbourhood 325 

diversity effect under varying drought intensities.  326 

Due to data availability, we examined neighbourhood diversity effects on focal tree basal area 327 

increment rather than other growth metrics such as height, stem volume, or biomass. A 328 

previous study found similar diversity effects on tree height and basal area increment, with 329 

larger proportional influence on biomass due to allometry5. Thus, we expect neighbourhood 330 

diversity to have a proportionally larger effect on total tree carbon storage, as this increases 331 

with stem volume and biomass. Although the biodiversity-productivity relationship has been 332 

found to be non-linear along a broad climate gradient19, we did not capture non-linear 333 

relationships between neighbourhood diversity effects and climatic water availability 334 

(Supplementary Table 7), possibly due to limited data from extreme climatic conditions. 335 

Climate change is expected to intensify drought and aridity, which will affect ecosystem 336 

functioning67. It remains unknown whether neighbourhood diversity effects on tree growth 337 

will follow linear trends under extreme climate conditions. Additionally, our study focused 338 
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on young experimental plantations, which are usually more susceptible to climate variation 339 

than mature forests68. Furthermore, our results reveal considerable variation in effects of 340 

neighbourhood species richness on tree growth across and within forest biomes (Fig. 4). For 341 

instance, these effects increased from a water-limited Mediterranean site to water-abundant 342 

tropical sites, and also tended to increase with water availability within biomes (e.g., 343 

temperate forests). Further studies are needed to investigate the differences among and within 344 

biomes and to link them to local ecological contexts (e.g., light availability and soil 345 

characteristics) of forests. 346 

The overall positive neighbourhood diversity effect on tree growth we found in young 347 

experimental forest communities aligns with previous studies showing that diversity effects 348 

are generally positive in natural forests and forest plantations, driven by complementary use 349 

of aboveground space5,6,16,69,70. However, the experimental pattern of tree neighbourhood 350 

diversity effects across diverse, spatial and temporal, climatic conditions, likely does not 351 

closely mirror those in natural forest ecosystems. Tree density in natural forests varies 352 

considerably across climatic gradients and over time (as opposed to being largely 353 

experimentally fixed), which may change the dynamics of complementarity and competition 354 

interactions, and therefore the tree diversity effects on growth18,20. The variation in tree 355 

density across different biomes/climates deserves further investigation to understand how tree 356 

diversity effects on productivity along climate gradients differ between experimental and 357 

natural systems. In addition, the influence of heterogeneous abiotic environments (e.g., soil 358 

characteristics and microclimate) may modulate diversity effects on tree growth19,71. Further 359 

studies with the combination of data from long-term forest diversity experiments and from 360 

natural forests are needed to further elucidate the spatial and temporal climatic dependence of 361 

tree diversity effects. 362 
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While neighbourhood diversity positively influences tree growth and regulates tree diversity–363 

productivity relationships in forests10,24,72, our results suggest its potential role in mitigating 364 

climate change impacts varies according to the local climate. Still, the average positive 365 

effects of neighbourhood tree diversity on tree growth across various climatic conditions 366 

suggest benefits for establishing multi-species stands with diverse neighbourhood as nature-367 

based reforestation practices. Establishing and maintaining high-levels of neighbourhood 368 

diversity through appropriate approaches in young plantations can enhance tree growth, 369 

thereby improving the efficacy of nature-based climate solutions. Moreover, forest 370 

management approaches that incorporate tree neighbourhood diversity should consider the 371 

climate dependency of biodiversity effects (e.g., more benefits in wetter sites) to achieve 372 

more targeted and effective site-specific natural climate solutions. 373 

 374 

Methods 375 

Data collection 376 

We assembled a dataset combining data from 15 forest biodiversity experiments, in which 14 377 

of the experiments are within the global network TreeDivNet73,74 (www.treedivnet.ugent.be). 378 

The studied experiments cover broad conditions ranging from tropical and subtropical to 379 

mediterranean and temperate biomes (Fig. 1, Supplementary Fig. 1). All tree diversity 380 

experiments were designed with a gradient of species richness at community level ranging 381 

from monocultures to 24-species mixtures (see the details of the experiments included in this 382 

study in Supplementary Table 3). At the neighbourhood scale, species richness ranged from 1 383 

(focal trees grow in neighbourhoods with no heterospecific neighbors) to 12 (focal trees grow 384 

alongside heterospecific neighbors with 11 other species). Experiments included in this study 385 

met the following criteria: 1) experiments with measurements for at least three census 386 

intervals (i.e., four different years); 2) individual-level basal diameter (BD) (including 387 
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monocultures and mixtures) measured at least every three years; 3) the x–y coordinates of 388 

individual trees within each plot were available for the calculation of local neighbourhood. 389 

Data from the initial two years after planting were excluded from each experiment because 390 

interactions among neighboring trees were not evident during this period. The dataset across 391 

the 15 sites included 852,170 growth records of 113,701 trees from 129 tree species, 392 

measured over 4-14 inventory years per site (Supplementary Fig. 1).  393 

Climate data 394 

We extracted annual mean temperature and precipitation, and mean annual 395 

evapotranspiration for each year at each experimental site from ERA5-Land75, with a spatial 396 

resolution of 9 km. To estimate the annual water availability for each year at each site, we 397 

calculated the ratio of annual climate precipitation (P) to potential evapotranspiration 398 

(PET)76. Higher values of water availability (P/PET) indicate wetter conditions. For example, 399 

the drier sites usually have lower P/PET values (<0.65) whereas the wetter sites have higher 400 

P/PET values (>1) (Supplementary Fig. 2). We focused on climate-driven water availability, 401 

without accounting for the possible impacts of the soil water reserve. 402 

We also obtained the Standardized Precipitation–Evapotranspiration Index (SPEI; from the 403 

global SPEIbase77; with a 0.5-degree spatial resolution) to determine annual water balances 404 

for each year at each site. SPEI is a site-specific indicator of the deviations of climatic 405 

balance (precipitation minus potential evapotranspiration) over a selected window from the 406 

historical long-term average (between 1901 and 2023), which can identify dry/wet years with 407 

“abnormal” climatic water balance for a given experimental site77,78. In this study, we 408 

considered annual water balances (calculated for a 12-month timescale) as previous studies 409 

have shown that annual growth rates respond to approximately annual water balances in both 410 

arid and humid biomes78. For example, both dry and wet sites can experience extremely dry 411 

(SPEI≤ −1.5) and wet years (SPEI≥1.5) based on each site’s historical average. 412 
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Calculation of individual tree growth 413 

In our dataset, measured basal diameter at 5-10 cm above ground was available from 15 414 

experiments, whereas only tree ring records were available from one experiment (BEF-415 

China30). Although there were differences in the methods for tree growth measurements, 416 

combining them to test diversity effects on tree growth has been shown feasible69. We 417 

estimated individual tree growth as annual basal area increment (bai, cm2 year−1) based on the 418 

basal diameter (BD) measurements from the growth inventories or tree ring records. Annual 419 

basal area increment for each individual tree i, was calculated as the difference in the basal 420 

area in the current inventory year (t) and the previous inventory year (tt-1) and divided by the 421 

time difference, in years, between measurements: 422 

𝑏𝑎𝑖𝑖,𝑡  =

𝜋⋅𝐵𝐷𝑖,𝑡
2

4
 − 

𝜋⋅𝐵𝐷𝑖,𝑡−1
2

4
 

𝑡𝑡−𝑡𝑡−1
                                                                                        (1) 423 

 424 

Species functional traits 425 

We focused on species-specific leaf area (SLA; mm2 mg−1), leaf nitrogen content (LNC; mg 426 

g−1), and wood density (WD; g cm−3), as these traits are important for explaining plant 427 

resource acquisition strategies38-39, and are available for a large number of species. Trait 428 

values were obtained from TRY79, the Botanical Information and Ecology Network80, and the 429 

global wood density database40,81, or from site-specific measurements when available. We 430 

used species mean trait values to define plant resource-use strategies without accounting for 431 

intraspecific trait variation due to the lack of individual-level trait measurements across and 432 

within experiments. Trait values can vary depending on individual tree and stand 433 

conditions82,83 and variability in specific functional traits within species can influence stand 434 

productivity and functioning84,85. However, interspecific trait variation is usually greater than 435 

intraspecific variation, and species-level trait means primarily reflect plants' acquisition 436 
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strategies as an evolutionary outcome, and are effective in mediating outcomes of interactions 437 

among neighbors41.  438 

Data for SLA, LNC and WD were available for 92%, 92%, 98% of 129 species. Most species 439 

had measurements for three traits (n=113; Supplementary Fig. 3C). Missing trait values were 440 

gap-filled using the phylogenetic imputation procedure in the missForest R package86. The 441 

phylogeny was obtained using the R package V.Phylomaker87, with the GBOTB phylogeny 442 

as the backbone88. The phylogeny in this analysis was fully resolved without polytomies (129 443 

tips, 128 internal nodes). We compared the correlations between functional traits across 444 

species with complete measured traits (n=113) and across species with the imputed trait 445 

values, and found that they had similar patterns (Supplementary Fig. 3A,B), ranging from 446 

“conservative” (lower SLA, LNC and higher WD) to “acquisitive” strategies (higher SLA, 447 

LNC and lower WD). The density distributions of each trait for measured and imputed data 448 

were also similar (Supplementary Fig. 3C,D). We used the imputed trait dataset in the 449 

subsequent analyses of the effect of neighbourhood functional diversity on tree growth, 450 

which ensured a consistent dataset across all species richness-based and trait-based 451 

neighbourhood analyses. 452 

 453 

Neighbourhood-scale competition index, species richness, trait dissimilarity and hierarchy 454 

The distance of immediate neighbor trees surrounding a focal tree varies across different 455 

experiments due to the different planting distances (ranging from 0.4 to 3m, Supplementary 456 

Table 3). The neighbourhood radius was determined by calculating the diagonal distance in a 457 

grid-planted design using the maximum planting distance (3 m) across all experiments, 458 

calculated as 4.24 m (√32 + 32). This radius ensured a feasible distance to include all 459 

immediate neighbors around each focal tree, including individuals at grid diagonals, allowing 460 
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for a standardized comparison across studies. Alternatively, we also used a varying 461 

neighbourhood radius (0.4-3m) for different experiments, which detected all the immediate 462 

individuals surrounding a focal tree within each site. Previous studies have shown that the 463 

detectable neighbourhood effects can extend beyond a focal tree’s nearest neighbors89. The 464 

models using a varying neighbourhood radius produced similar results as those from the 465 

model with a fixed distance (Supplementary Fig. 10). For simplicity we opted for the latter, 466 

hence, the main results presented in this study were based on the fixed radius neighbourhood 467 

radius.  468 

We calculated multiple indexes to capture the neighbourhood conditions of a focal tree, 469 

including neighbourhood competition index (NCI), neighbourhood species richness (NSR), 470 

trait dissimilarity (ND) and hierarchical trait difference (NHD) between a focal tree and its 471 

neighbors. NCI was estimated as the distance-dependent index based on the size and distance 472 

of its neighbors45,90, in which the competitive effect of a neighbor k on the focal tree i varies 473 

as a direct function of the basal area of the neighbor k (BAi,k) and an inverse function of the 474 

distance to the neighbor (𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒i,k). NCI of all neighbors on the focal tree was summed 475 

over all neighbors n within the radius around the focal individual i (equation (2)). For focal 476 

tree i and its n neighbors k: 477 

           𝑁𝐶𝐼𝑖,𝑡 = ∑ 𝐵𝐴𝑘,𝑡−1
𝑛
𝑘=1 ×

1

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖,𝑘
                                                                    (2) 478 

NSR was estimated as the number of heterospecific (different species identity as the focal 479 

tree) tree species within the radius around the focal individual. Neighbourhood trait 480 

dissimilarity (ND) and hierarchical difference (NHD) were estimated for each trait as the 481 

dissimilarity (i.e., absolute difference) and hierarchical difference (i.e., directional difference) 482 

in trait values between the focal tree and its neighbors, respectively41,45. ND is a proxy for the 483 

magnitude (but not direction) of niche differentiation among neighboring species, and greater 484 

trait dissimilarity may result in greater resource partitioning, and/or higher facilitation and 485 
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lower competition. NHD is a proxy for differences in traits, which may reflect fitness 486 

differences, and is closely related to hierarchical competition. The overall ND or NHD of a 487 

focal tree was calculated as the mean of pairwise trait dissimilarity or hierarchical trait 488 

differences weighted by the distance and size of neighbors (equations (3) and (4)). 489 

                       𝑁𝐷𝑖,𝑡 =  
∑ 𝑎𝑏𝑠(𝑇𝑖−𝑇𝑘

𝑛
𝑘=1 ) × 

𝐵𝐴𝑘,𝑡−1
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖,𝑘

∑
𝐵𝐴𝑘,𝑡−1

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖,𝑘

𝑛
𝑗=𝑘

                                                                (3) 490 

𝑁𝐻𝐷𝑖,𝑡 =  
∑ (𝑇𝑖−𝑇𝑘) 𝑛

𝑘=1  × 
𝐵𝐴𝑘,𝑡−1

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖,𝑘

∑
𝐵𝐴𝑘,𝑡−1

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖,𝑘

𝑛
𝑘=1

                                                                       (4) 491 

ND ranged from zero to positive (see Supplementary Fig. 11), with a value of zero indicating 492 

that a focal tree only grows surrounded by monospecific neighbors, and an increasing value 493 

indicating that a focal tree grows with an increasing number of heterospecific neighbors that 494 

have dissimilar functional traits with the focal tree. NHDtrait ranged from negative to positive 495 

(see Supplementary Fig. 11). A positive value of NHD indicates that a focal tree has higher 496 

trait values (e.g., in this case, higher specific leaf area and leaf nitrogen content, or higher 497 

wood density) compared with its neighbors, and a negative NHDtrait indicates that a focal tree 498 

has lower trait values compared with its neighbors. There were large variances of 499 

neighbourhood hierarchical trait difference and trait dissimilarity related to different 500 

combinations of neighboring tree species within the same level of neighbourhood species 501 

richness (Supplementary Fig. 5B). In addition, NCI was very weakly correlated with each ND 502 

or NHD index (Supplementary Fig. 11). 503 

 504 

Statistical analysis 505 

We used two-level hierarchical Bayesian models to assess neighbourhood effects on tree 506 

growth. The hierarchical Bayesian model can effectively accommodate our data's hierarchical 507 
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structures, incorporating dependencies and variations across different levels (including sites, 508 

years, species, and individuals) and providing coherent inference and reliable estimates91.  509 

At the first level, we modeled the growth of a focal individual tree (i) from species (j) in 510 

experimental site (s) in a specific year (t) as a function of the tree size in the preceding year, 511 

neighbourhood competition and tree diversity indices (either NSR, ND or NHD). We 512 

constructed separate models to test the effect on individual tree growth from NSR (equation 513 

5.1), ND (equation 5.2) or NHD (equation 5.3). 514 

 Likelihood: 515 

𝑙𝑜𝑔(𝑏𝑎𝑖𝑖,𝑗,𝑠,𝑡) ~ 𝑁𝑜𝑟𝑚𝑎𝑙 (𝐺𝑖,𝑗,𝑠,𝑡, σ𝑗,𝑠,𝑡
2)    516 

Process models: 517 

 𝐺𝑖,𝑗,𝑠,𝑡 = 𝛽0𝑗,𝑠,𝑡 + 𝛽1𝑗,𝑠,𝑡 𝑙𝑜𝑔(𝐵𝐴𝑖,𝑗,𝑠,,𝑡−1) +  𝛽2𝑗,𝑠,𝑡 𝑙𝑜𝑔(𝑁𝐶𝐼𝑖,𝑗,𝑠,𝑡) +  𝛽3𝑗,𝑠,𝑡 𝑵𝑺𝑹𝑖,𝑗,𝑠,𝑡  ( 5.1) 518 

or 519 

𝐺𝑖,𝑗,𝑠,𝑡 = 𝛽0𝑗,𝑠,𝑡 + 𝛽1𝑗,𝑠,𝑡 𝑙𝑜𝑔(𝐵𝐴𝑖,𝑗,𝑠,𝑡−1) +  𝛽2𝑗,𝑠,𝑡 𝑙𝑜𝑔(𝑁𝐶𝐼𝑖,𝑗,𝑠,𝑡) +  𝛽3𝑗,𝑠,𝑡 𝑵𝑫𝑖,𝑗,𝑠,𝑡    (5.2) 520 

or 521 

𝐺𝑖,𝑗,𝑠,𝑡 = 𝛽0𝑗,𝑠,𝑡 + 𝛽1𝑗,𝑠,𝑡 𝑙𝑜𝑔(𝐵𝐴𝑖,𝑗,𝑠,𝑡−1) +  𝛽2𝑗,𝑠,𝑡 𝑙𝑜𝑔(𝑁𝐶𝐼𝑖,𝑗,𝑠,𝑡) +  𝛽3𝑗,𝑠,𝑡𝑵𝑯𝑫𝑖,𝑗,𝑠,𝑡   (5.3) 522 

where log(baii,j,s,t), log(BAi,j,s,t-1), and log(NCI i,j,s,t) represent the log-transformed annual 523 

growth, tree size in the preceding year, neighbourhood competition of focal tree i of species j 524 

in experimental site s in a specific year t; β0-3j,s,t are the intercept and coefficients associated 525 

with log(baii,j,s,t), log(BAi,j,s,t-1), log(NCI i,j,s,t), and NSRi,j,s,t, or NDi,j,s,t or NHDi,j,s,t. NCI 526 

captures the trait-independent competition for the focal tree, while ND and NHD reflect trait-527 

dependent interaction processes41. The plot identity within each site was not included as a 528 
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random factor in the model because: 1) there was insufficient replication within each species-529 

site-year combination to reliably estimate plot-level variance, and 2) the plot effect was not 530 

identifiably different from the residual ‘noise’ term (Supplementary Fig. 12). 531 

The effect of NCI on focal tree growth is represented by the β2 coefficient, which can be 532 

negative or positive, indicating evidence of competition or facilitation, respectively. The 533 

effect of neighbourhood tree diversity indices (either NSR, ND or NHD) is determined by the 534 

β3 coefficient. A positive coefficient of NSR (or trait dissimilarity, ND) indicates that 535 

neighbors with higher species richness (or greater trait differences with focal tree) is 536 

positively associated with the growth of the focal tree, via the amelioration of crowding 537 

effects or facilitation; a negative coefficient indicates that higher species richness (or greater 538 

trait differences) may diminish focal tree growth, likely due to intensified competition for 539 

resources. A positive coefficient of NHD indicates that tree growth is higher when the focal 540 

tree has a relatively higher trait value compared with its neighbors as it has a higher 541 

competitive advantage than the neighbors, and a negative coefficient of NHD indicates that 542 

tree growth is higher when the focal tree has a relatively lower trait value compared with its 543 

neighbors. We modeled one trait at a time to test the effects of trait dissimilarity or trait 544 

hierarchy on tree growth to manage model complexity and differences among traits. 545 

To assess the overall effects of tree diversity (testing hypothesis 1), we modeled the 546 

coefficients from the first level (i.e., β0-3j,s,t from equations 5) as the overall average effect 547 

across all sites and years (Boverall), and the random effects for species j (εj, normally 548 

distributed around 0 with variance 𝞼j
2) and experimental site s (εs, normally distributed 549 

around 0 with variance 𝞼s
2) at the second level:                                                    550 

                                      𝛽𝑗,𝑠,𝑡~ 𝑁𝑜𝑟𝑚𝑎𝑙 (𝐵𝑗,𝑠, 𝜎2)                                                               551 

    𝐵𝑗,𝑠 = 𝐵𝑜𝑣𝑒𝑟𝑎𝑙𝑙 + 𝜀𝑗 + 𝜀𝑠                                 (6)            552 
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Based on the Boverall, we then predicted the percent change in focal tree growth from growing 553 

with monospecific neighbors at median (50th percentile of index across all sites) and high 554 

(90th percentile) level of neighbourhood diversity (Fig. 3; Supplementary Fig. 5A). The 555 

detailed interpretation of the predicted percent change (P, %) in individual tree growth with 556 

changing neighbourhood diversity can be found in the Supplementary Methods.                                                                            557 

To assess the strengths of neighbourhood interactions along the climatic gradient (testing 558 

hypothesis 2), we constructed additional hierarchical Bayesian models. We modeled the 559 

coefficients for each species-level (i.e., β0-3j,s,t from equations 5) as a linear function of the 560 

annual climatic variables at site s (equations 7). We estimated the overall relationship 561 

between the strengths of neighbourhood diversity and the climatic water availability across 562 

sites and years, also including random effects for experimental site s (εs) and species j (εj): 563 

𝛽𝑗,𝑠,𝑡~ 𝑁𝑜𝑟𝑚𝑎𝑙 (𝐵𝑗,𝑠,𝑡, σ2) 564 

𝐵𝑗,𝑠,𝑡 = 𝛾0 +  𝛾1 × 𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑠,𝑡 + 𝜀𝑗 + 𝜀𝑠            (7) 565 

where  566 

𝜀𝑗~ 𝑁𝑜𝑟𝑚𝑎𝑙 (0, σ𝑗
2), 𝜀𝑠~  𝑁𝑜𝑟𝑚𝑎𝑙 (0, σ𝑠

2)              567 

The γ0 here represents the overall neighbourhood diversity effects estimated in equations 6 568 

after accounting for climatic effects.  569 

To distinguish within- versus between-sites climate effects92, we included both site mean 570 

climate and deviations from the site mean, we also included random intercepts and slopes for 571 

experimental site s, and the random intercepts for species j (εj) (equation 8): 572 

𝐵𝑗,𝑠,𝑡 = 𝐺0 +  γ0[𝑠] + 𝐺1 × 𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑠
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ +  𝛾1[𝑠] × (𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑠,𝑡 −  𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑠

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ) + 𝜀𝑗       (8) 573 
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where Climates,t refers to the climatic water availability of a specific year t at experimental 574 

site s, and 𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑠
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  refers to the mean value of climatic water availability in the 575 

experimental site. 576 

As tree diversity effects have been shown to be nonlinear along broad climatic gradients19, 577 

we also constructed nonlinear models to examine whether there were any nonlinear 578 

relationships between neighbourhood diversity effects on tree growth and climatic water 579 

availability across sites and years. However, the model comparison indicated that the linear 580 

model had a better fit than the nonlinear model, i.e., Deviance Information Criterion93 (DIC) 581 

of linear model was generally lower than the nonlinear model (Supplementary Table 7). 582 

Therefore, we reported the relationship between neighbourhood diversity effects and climatic 583 

water availability as a linear relationship. In addition, to evaluate whether forest age could 584 

confound the relationship between neighbourhood diversity effects and climatic water 585 

availability, we examined model residuals as a function of forest age. There was no 586 

significant correlation between the residuals of our current model and forest age 587 

(Supplementary Fig. 8), indicating that forest age was not a potentially confounding factor of 588 

the relationship between neighbourhood diversity effects and climatic water availability in 589 

this study. 590 

We used non-informative prior distributions for all parameters (see Supplement for JAGS 591 

code), and estimated the parameters using Markov chain Monte Carlo (MCMC) sampling 592 

techniques in JAGS 4.3.2 and R 4.4.094 using the rjags package95. We ran three parallel 593 

chains (50,000 iterations following a 50,000-iteration burn-in period, followed by a thinning 594 

of 50, retaining 1000 posteriors per chain) with different initial values and checked parameter 595 

convergence by using Gelman and Rubin's convergence diagnostics (with a threshold value 596 

<1.1) and visual inspection of traceplots. To estimate standardized coefficients as the 597 

standardized effect size, explanatory variables were standardized (divided by their standard 598 



25 

deviations) before analysis. Model selection for tree growth models was done based on 599 

comparisons of the DIC (Supplementary Table 8) and on goodness of fit (R2, predicted vs. 600 

observed). Our neighbourhood-scale model had a Goodness-of-fit (R2) ranging from 0.18 to 601 

0.87 across species (Supplementary Fig. 13). 602 

To test whether wetter sites with higher tree growth might have led to earlier aboveground 603 

interactions than drier sites, we compared the initial planting density and basal area 604 

accumulation over forest age across different experiments. In our dataset, the experiments in 605 

drier sites tended to have a higher planting density than those in wetter sites (Supplementary 606 

Fig. 14A). According to the comparison of neighbourhood-scale basal area (calculated as the 607 

sum of basal area for all individuals within the neighbourhood radius 4.24 m) in 608 

monocultures over time for different experiments, there was no evidence that the experiments 609 

in wetter sites (e.g., Sardinilla, a tropical experiment) began interacting sooner than those 610 

high-density experiments in drier sites (e.g., IDENT-Cloquet, a temperate experiment) 611 

(Supplementary Fig. 14B). Furthermore, we did not find that the experiments in wetter sites 612 

accumulated higher mean basal area than those high-density experiments in drier sites 613 

(Supplementary Fig. 14C). The high-density planting promoted neighboring trees to interact 614 

with each other earlier, allowing us to detect tree diversity effects and their mechanisms at an 615 

early stage. Therefore, we can somewhat rule out the possibility that the higher 616 

neighbourhood tree diversity effects detected in wetter sites were because trees began 617 

interacting sooner aboveground compared with drier sites. Meanwhile, the sites with greater 618 

neighbourhood species richness effects on tree growth did not correspond to those sites with 619 

higher initial planting density, indicating that the higher neighbourhood tree diversity effects 620 

were not caused by high initial planting density. 621 

To further test whether greater neighbourhood diversity effects were driven by longer-622 

running experiments that have had more time to accumulate diversity effects, we did a further 623 
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sensitivity analysis by analyzing the neighbourhood tree species richness effects on tree 624 

growth along climatic gradients by limiting our data in the earlier years (from 3 to 6 years; a 625 

common period to most sites). We still found that neighbourhood species richness increased 626 

tree growth more with higher water availability (Supplementary Fig. 9). These results further 627 

indicate that climate, rather than forest age drove the pattern that we observed. 628 

 629 

Data availability 630 

The data including source data, information for each experiment, annual climate data, and 631 

species-level trait data used in this study are archived in Figshare (https://doi.org/ 632 

10.6084/m9.figshare.29274887). Raw tree growth data from sites that have been published 633 

are publicly available, and non-public raw tree growth data are available upon reasonable 634 

request and with permission of the principal investigators of the TreeDivNet network 635 

coordinators (https://treedivnet.ugent.be). 636 

Code availability 637 

The R code for hierarchical Bayesian models used in this study is available at https://doi.org/ 638 

10.6084/m9.figshare.29274887. 639 
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 893 

 894 

Figure Legends 895 

Figure 1. Hypothesized effects of neighbourhood diversity on tree growth. a, An example 896 

illustrating the hypothesis that neighbourhood species richness, trait dissimilarity between a 897 

focal tree (tf) and its neighbours (tn), and higher competitive trait hierarchy all promote 898 

individual tree growth across broad climatic conditions (H1). A positive diversity effect can 899 

arise from complementary (related to trait dissimilarity) and competitive interactions (related 900 

to trait hierarchy). Trait dissimilarity: focal tree growth is greater when its trait values (Ttf) 901 

are more dissimilar to those of its neighbors (Ttn). Trait hierarchy: focal tree growth is greater 902 

when the focal tree has higher trait values of competitive ability than its neighbors. b, We 903 

further expect that the positive neighbourhood diversity effects vary with spatial (i.e., climate 904 

variation across sites) and/or temporal (i.e., interannual climatic variation within sites) 905 

climate variability (H2). Three possibilities: (H2.a) Neighbourhood diversity effects varying 906 

with climate should be observed both across and within sites, i.e., effects would be greater in 907 

both drier sites along the gradient of water availability and drier years within a site. Based on 908 

the stress gradient hypothesis21,22, we posit that this is the most likely outcome. (H2.b) 909 

Neighbourhood diversity would have stronger effects at sites with less water availability, but 910 

nearly stable across wet and drought years within sites. (H2.c) Neighbourhood diversity may 911 

have stronger effects in dry or wet years within sites, but consistent across sites.  912 

 913 

Figure 2. Locations of the experimental sites and annual climate during the study 914 

periods. a, Locations of experimental sites across different biomes. B, Distribution of annual 915 

climate during the experimental periods in this study. In panel B, Annual temperature and 916 

precipitation for each year (represented by a point) at each site (represented by an ellipse). 917 



37 

Point color represents climatic water availability (P/PET; precipitation / potential 918 

evapotranspiration), and ellipse color represents biomes (see A). The background represents 919 

the climate space of the major biomes according to the Whittaker diagram. 920 

  921 

Figure 3. Individual tree basal area growth as a function of different metrics of 922 

neighbourhood diversity. a, Standardized growth coefficients of neighbourhood species 923 

richness (top orange), neighbourhood trait dissimilarity (middle green) and trait hierarchy 924 

(i.e., hierarchical trait difference; bottom blue) of specific leaf area (SLA), leaf nitrogen 925 

content (LNC) and wood density (WD). Dots represent species level coefficient means in 926 

different years at different sites (n = 675 species-year-site combinations) from 15 927 

experimental sites, and large circles show the overall means (estimated Boverall in Equation 928 

(6)) and 95% credible intervals (* indicates statistical significance, 95% credible intervals 929 

excluded zero). b, Predicted percent change (%, mean and 95%CI) in focal tree growth from 930 

growing with monospecific neighbors to median level (50th percentile of neighbourhood 931 

diversity indices across all 15 sites; lighter colours) and high level (90th; darker colours) 932 

neighbourhood species richness (top, orange), trait dissimilarity (middle, green), and trait 933 

hierarchy (bottom, blue). The prediction is based on the overall coefficient mean (Boverall, see 934 

Supplementary Methods). 935 

 936 

Figure 4. Effects of neighbourhood species richness on individual focal tree basal area 937 

growth along a gradient of water availability across and within sites. The line shows 938 

species-level standardized coefficients of neighbourhood species richness (NSR) on focal tree 939 

basal area growth (n = 675 species-year-site combinations) in relation to P/PET, fitted by the 940 

hierarchical Bayesian model. The black line and bands indicate the relationship across sites 941 

and years (the 95% credible interval [CI] of the slope parameter excluded zero and shown as 942 
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solid line), and colored lines indicate relationships across years within each site (n = 15). The 943 

inset panel shows the site-level slopes and mean P/PET. 944 

  945 

Figure 5. Effects of neighbourhood functional trait dissimilarity (a-c) and trait 946 

hierarchy (d-f) on individual focal tree basal area growth along a gradient of water 947 

availability across and within sites. The fitted line shows species-level standardized 948 

coefficients of trait dissimilarity and hierarchy (n = 675 species-year-site combinations) in 949 

relation to P/PET (potential precipitation/evapotranspiration). Black lines and bands indicate 950 

relationship averaged across sites and years (the 95% credible interval [CI] of the slope 951 

parameter overlapped zero and is shown as dashed lines), and colored lines indicate 952 

relationships across years within each site (n = 15). The inset panel shows the site-level 953 

slopes and mean P/PET.  954 
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