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Supplementary Table 1. Number of observations per trait. The minimum and mean 

percent of species per site with at least one trait observation, and the minimum and mean 

percent cover (abundance) of species per site with at least one trait observation. The 

maximum % species and % cover is 100 for all traits. All observations were used for 

estimating the species mean values used to calculate community weighted trait means, 

while only those with coordinates (latitude/longitude) were used to estimate intraspecific 

temperature-trait relationships. 

Trait 
Num. of 

observation
s 

Num. obs. w/ 
coordinates 

% 
species 

(min) 

% 
species 
(mean) 

% cover 
(min) 

% cover 
(mean) 

Height 23248 22129 48 95.2 38 96.8 

LDMC 7331 7123 19 74.2 6 83.3 

Leaf Area 10681 10445 20 83.4 10 91.0 

Leaf N 4334 3852 29 71.7 30 87.0 

SLA 10454 9651 20 77.9 10 87.4 
 

 
  



Supplementary Table 2. Site names, survey duration, and coordinates. Region 

represents a unique CRU grid cell (0.5 degree grid). 

Region Site Name Duration 
(years) Latitude Longitude 

1 AKUREYRI:GA66 18 65.59 -17.97 

2 AKUREYRI:HR58 18 65.56 -18.16 

2 AKUREYRI:MD72 18 65.51 -18.08 

2 AKUREYRI:SY59 18 65.51 -18.23 

2 MODRUVELLIR:LH69 18 65.94 -18.11 

2 MODRUVELLIR:ML54 18 65.74 -18.22 

2 MODRUVELLIR:MV51 18 65.78 -18.27 

2 MODRUVELLIR:MV52 18 65.77 -18.28 

3 AKUREYRI:SB63 18 65.45 -18.24 

4 ALEXFIORD:CASSIOPE 13 78.87 -75.78 

4 ALEXFIORD:DOMEDOLOMITE 14 78.86 -75.9 

4 ALEXFIORD:DOMEGRANITE 14 78.86 -75.9 

4 ALEXFIORD:DRYAS 21 78.87 -75.78 

4 ALEXFIORD:FERT 16 78.87 -75.79 

4 ALEXFIORD:LEVDOLOMITE 18 78.86 -75.9 

4 ALEXFIORD:MEADOW 16 78.88 -75.81 

4 ALEXFIORD:WILLOW 21 78.87 -75.8 

5 ANWR:ATIGUN-A 11 68.47 -149.35 

5 ANWR:ATIGUN-B 11 68.48 -149.35 

5 ANWR:ATIGUN-C 11 68.45 -149.32 

6 ANWR:JAGO-A 10 69.7 -143.63 

6 ANWR:JAGO-B 10 69.71 -143.62 

7 ATQASUK:AD 16 70.45 -157.41 

7 ATQASUK:AG 5 70.45 -157.4 

7 ATQASUK:AW 16 70.45 -157.4 

7 ATQASUK:RATE_BETULA_SHRUB 10 70.46 -157.41 

7 ATQASUK:RATE_CAREX_ WET_MEADOW 10 70.46 -157.41 

7 ATQASUK:RATE_DRYAS_HEATH 10 70.46 -157.41 

7 ATQASUK:RATE_ERIOPHORUM_WET_MEADOW 10 70.46 -157.41 

7 ATQASUK:RATE_HIEROCHLOE_DRY_MEADOW 10 70.46 -157.41 

8 AUDKULUHEIDI:BETULAHEATH 12 65.22 -19.71 

9 BARROW:ARCTOPHILA_POND_ORDINATION 10 71.29 -156.64 

9 BARROW:BD 18 71.32 -156.6 

9 BARROW:BG 5 71.31 -156.59 

9 BARROW:BW 17 71.31 -156.6 

9 BARROW:CAREX WET MEADOW_ORDINATION 10 71.29 -156.64 

9 BARROW:CAREX_MESIC MEADOW_ORDINATION 10 71.29 -156.64 

9 BARROW:CAREX_MOIST MEADOW_ORDINATION 10 71.29 -156.64 



9 BARROW:CAREX_MOIST_MEADOW_MICROTOPO 10 71.29 -156.64 

9 BARROW:CAREX_WET_MEADOW_MICROTOPO 10 71.29 -156.64 

9 BARROW:DRY_HEATH_ORDINATION 10 71.29 -156.64 

9 BARROW:DUPONTIA_WET_MEADOW_MICROTOP 10 71.29 -156.64 

10 BLONDUOS:SD33 19 65.5 -20.23 

10 BLONDUOS:SD34 19 65.5 -20.23 

11 BROOKS:SHEEN-B 11 68.57 -143.72 

12 BYLOT:MESPOLYGON 7 73.15 -79.95 

12 BYLOT:MESPRAIRIE 7 73.15 -79.95 

13 DALSMYNNI:AG4 9 65.78 -19.31 

13 DALSMYNNI:KD24 9 65.77 -19.03 

13 DALSMYNNI:KD25 19 65.77 -19.04 

13 DALSMYNNI:KK5 9 65.8 -19.36 

14 DOVRE:KUNTSHOE 10 62.3 9.62 

15 ENDALEN:BIS-H 7 78.19 15.74 

15 ENDALEN:BIS-L 7 78.19 15.74 

15 ENDALEN:CAS-H 7 78.19 15.74 

15 ENDALEN:CAS-L 7 78.19 15.74 

15 ENDALEN:DRY-H 7 78.19 15.74 

15 ENDALEN:DRY-L 7 78.19 15.74 

16 FURI:FURI4 17 61.64 12.64 

16 FURI:FURI5 17 61.64 12.64 

16 FURI:FURI6 17 61.64 12.64 

17 GAVIA:POL 7 46.34 10.5 

17 GAVIA:SAL 7 46.34 10.5 

18 HJARDARLAND:HA75 18 64.07 -20.27 

18 HJARDARLAND:HF73 18 64.04 -20.28 

19 HJARDARLAND:LH92 18 64.22 -20.6 

20 HJARDARLAND:SH90 8 63.98 -20.57 

21 HOLTAVORDUHEIDI:AH36 19 65.08 -20.55 

21 HOLTAVORDUHEIDI:AH37 19 65.07 -20.58 

21 HOLTAVORDUHEIDI:AH38 19 65.08 -20.59 

22 HOLTAVORDUHEIDI:VH49 19 65.23 -20.44 

22 HOLTAVORDUHEIDI:VH50 19 65.24 -20.45 

23 KLUANE:PIKA 12 61.22 -138.27 

24 KYTALYK:LAKEBED 6 70.83 147.48 

25 LATNJA:DRY_HEATH 14 68.36 18.5 

25 LATNJA:DRY_MEADOW 19 68.36 18.5 

25 LATNJA:TUSSOCK_TUNDRA 20 68.36 18.49 

25 LATNJA:WET_SEDGE 14 68.36 18.49 

26 LOGH:LOGH2 17 62.1 12.34 

26 LOGH:LOGH4 17 62.1 12.34 



26 LOGH:LOGH5 17 62.1 12.34 

26 LORI:LORI1 17 62.12 12.27 

26 LORI:LORI3 17 62.12 12.27 

26 LORI:LORI4 17 62.12 12.27 

27 NIWOT:BARREN_SADDLE 8 40.05 -105.59 

27 NIWOT:DRY MEADOW_SADDLE 8 40.05 -105.59 

27 NIWOT:FELLFIELD_SADDLE 8 40.05 -105.59 

27 NIWOT:KLEIN 8 40.05 -105.59 

27 NIWOT:MOIST MEADOW_SADDLE 8 40.05 -105.59 

27 NIWOT:ORDINATION_DRYMEADOW 11 40.05 -105.59 

27 NIWOT:ORDINATION_FELLFIELD 11 40.05 -105.59 

27 NIWOT:ORDINATION_MOISTMEADOW 11 40.05 -105.59 

27 NIWOT:ORDINATION_MOISTSHRUB 11 40.05 -105.59 

27 NIWOT:ORDINATION_SNOWBANK 11 40.05 -105.59 

27 NIWOT:ORDINATION_WETMEADOW 11 40.05 -105.59 

27 NIWOT:SNOW BANK_SADDLE 8 40.05 -105.59 

27 NIWOT:WET MEADOW_SADDLE 8 40.05 -105.59 

28 OXNADALSHEIDI:SA16 19 65.47 -18.7 

28 OXNADALSHEIDI:SA17 19 65.47 -18.69 

28 OXNADALSHEIDI:SA19 19 65.48 -18.9 

29 QHI:HE 17 69.57 -138.86 

29 QHI:KO 17 69.58 -138.87 

30 RIRI:RIRI2 17 67.77 17.54 

30 RIRI:RIRI4 17 67.77 17.54 

30 RIRI:RIRI6 17 67.77 17.54 

31 SVERDRUP:SVERDRUP 18 79.14 -79.62 

32 THINGVELLIR:MOSS HEATH 12 64.28 -21.07 

33 THYKKVIBAER:HH100 18 63.56 -20.17 

34 THYKKVIBAER:RT81 18 63.99 -21.16 

34 THYKKVIBAER:VE82 18 63.97 -21.17 

35 TOOLIK:DRY 14 68.62 -149.61 

35 TOOLIK:MOIST 15 68.62 -149.61 

35 TOOLIK:TUSSOCKGRID 19 68.62 -149.61 

36 TOOLIK:IMNAVAIT 19 68.62 -149.28 

37 TORNGATS:NAKVAKDRY 9 58.64 -63.38 

37 TORNGATS:NAKVAKWET 9 58.64 -63.38 

38 VALBERCLA:ALPINE 20 46.48 9.58 
 

  



Supplementary Table 3. Model output for interspecific spatial temperature-trait 
relationships. Bolded rows designate interspecific temperature-trait relationships (slope 

parameter) for which the 95% credible interval did not cross zero. The estimate type 

indicates the response variable: CWM = community weighted mean (turnover + abundance), 

NWM = non-weighted mean (due to turnover only), CWM+ITV = the community weighted 

mean with estimated intraspecific temperature-trait relationships included (see Methods). 

Climate variable indicates which temperature type was used (“summer” = warmest quarter 

temperature (bio 10), “winter” = coldest quarter temperature (bio 11)). Temperature was 

centered to improve model convergence; thus, the intercept parameter represents the trait 

value at approximately 6.88 °C for summer and -13.5 °C for winter. All parameter estimates 

are in transformed units (logit for LDMC, log for all others). For all models, n = 1520 plots 

nested within 117 sites nested within 72 regions (WorldClim grid cell). Only the first year of 

community composition data from each site were used to estimate spatial temperature-trait 

relationships. 

Trait Climate Variable Estimate Type Parameter mean sd 2.5% 97.5% 

Height summer CWM Intercept 2.546 0.057 2.434 2.655 

Height summer CWM+ITV Intercept 2.687 0.054 2.582 2.796 

Height summer NWM Intercept 2.515 0.042 2.430 2.590 

Height summer CWM Slope 0.115 0.023 0.069 0.162 

Height summer CWM+ITV Slope 0.131 0.023 0.086 0.176 

Height summer NWM Slope 0.083 0.017 0.050 0.117 

LDMC summer CWM Intercept -0.549 0.030 -0.608 -0.490 

LDMC summer CWM+ITV Intercept -0.576 0.028 -0.631 -0.519 

LDMC summer NWM Intercept -0.700 0.031 -0.762 -0.640 

LDMC summer CWM Slope -0.038 0.012 -0.062 -0.013 

LDMC summer CWM+ITV Slope -0.043 0.012 -0.066 -0.019 

LDMC summer NWM Slope -0.033 0.013 -0.059 -0.007 

Leaf Area summer CWM Intercept 0.446 0.103 0.263 0.649 

Leaf Area summer CWM+ITV Intercept 0.605 0.102 0.406 0.802 

Leaf Area summer NWM Intercept 0.394 0.072 0.250 0.537 

Leaf Area summer CWM Slope 0.018 0.041 -0.065 0.096 

Leaf Area summer CWM+ITV Slope 0.025 0.043 -0.058 0.111 

Leaf Area summer NWM Slope 0.006 0.031 -0.055 0.070 

Leaf N summer CWM Intercept 2.920 0.020 2.880 2.960 

Leaf N summer CWM+ITV Intercept 2.917 0.020 2.878 2.956 

Leaf N summer NWM Intercept 2.985 0.020 2.947 3.025 

Leaf N summer CWM Slope -0.001 0.009 -0.018 0.015 

Leaf N summer CWM+ITV Slope -0.001 0.008 -0.017 0.016 

Leaf N summer NWM Slope 0.009 0.008 -0.007 0.026 



Trait Climate Variable Estimate Type Parameter mean sd 2.5% 97.5% 

SLA summer CWM Intercept 2.559 0.027 2.505 2.611 

SLA summer CWM+ITV Intercept 2.581 0.027 2.529 2.634 

SLA summer NWM Intercept 2.635 0.023 2.587 2.680 

SLA summer CWM Slope 0.044 0.011 0.022 0.066 

SLA summer CWM+ITV Slope 0.051 0.011 0.028 0.073 

SLA summer NWM Slope 0.037 0.010 0.017 0.057 

Height winter CWM Intercept 2.541 0.058 2.425 2.656 

Height winter CWM+ITV Intercept 2.599 0.057 2.484 2.708 

Height winter NWM Intercept 2.542 0.040 2.464 2.623 

Height winter CWM Slope 0.019 0.005 0.010 0.029 

Height winter CWM+ITV Slope 0.020 0.005 0.011 0.029 

Height winter NWM Slope 0.015 0.003 0.009 0.022 

LDMC winter CWM Intercept -0.616 0.025 -0.666 -0.568 

LDMC winter CWM+ITV Intercept -0.872 0.032 -0.933 -0.810 

LDMC winter NWM Intercept -0.758 0.034 -0.825 -0.692 

LDMC winter CWM Slope -0.013 0.002 -0.017 -0.009 

LDMC winter CWM+ITV Slope -0.017 0.003 -0.022 -0.012 

LDMC winter NWM Slope -0.021 0.003 -0.027 -0.016 

Leaf Area winter CWM Intercept 0.457 0.098 0.262 0.643 

Leaf Area winter CWM+ITV Intercept 0.562 0.101 0.364 0.749 

Leaf Area winter NWM Intercept 0.572 0.079 0.416 0.727 

Leaf Area winter CWM Slope 0.008 0.008 -0.008 0.024 

Leaf Area winter CWM+ITV Slope 0.006 0.008 -0.010 0.022 

Leaf Area winter NWM Slope -0.007 0.006 -0.020 0.005 

Leaf N winter CWM Intercept 2.919 0.019 2.881 2.956 

Leaf N winter CWM+ITV Intercept 2.949 0.019 2.912 2.987 

Leaf N winter NWM Intercept 2.997 0.019 2.962 3.033 

Leaf N winter CWM Slope 0.003 0.002 0.000 0.007 

Leaf N winter CWM+ITV Slope 0.004 0.002 0.001 0.007 

Leaf N winter NWM Slope 0.005 0.002 0.002 0.008 

SLA winter CWM Intercept 2.562 0.022 2.520 2.605 

SLA winter CWM+ITV Intercept 2.596 0.021 2.555 2.635 

SLA winter NWM Intercept 2.653 0.019 2.621 2.690 

SLA winter CWM Slope 0.014 0.002 0.010 0.017 

SLA winter CWM+ITV Slope 0.014 0.002 0.010 0.017 

SLA winter NWM Slope 0.012 0.001 0.009 0.015 
 

  



Supplementary Table 4. Model output for interspecific spatial relationships with both 
temperature and soil moisture. Bolded rows designate predictors of community weighted 

trait means (CWM) for which the credible interval did not cross zero. All estimates are for 

summer temperature only (bio 10). Temperature and soil moisture values were centered to 

improve model convergence; thus, the intercept parameter represents the trait value at 

approximately 6.88 °C and “mesic” soil moisture. All parameter estimates are in transformed 

units (logit for LDMC, woodiness and evergreenness, log for all others). For all models, n = 

1520 plots nested within 117 sites nested within 72 regions (WorldClim grid cell). Only the 

first year of community composition data from each site were used to estimate spatial 

temperature-trait relationships. 

Trait Climate Variable Parameter mean sd 2.5% 97.5% 

Height summer Intercept 2.527 0.048 2.435 2.620 

Height summer Moisture 0.316 0.055 0.210 0.425 

Height summer Temperature 0.106 0.020 0.066 0.146 

Height summer Temperature*Moisture -0.018 0.021 -0.060 0.023 

LDMC summer Intercept -0.553 0.029 -0.609 -0.497 

LDMC summer Moisture -0.066 0.035 -0.132 0.003 

LDMC summer Temperature -0.043 0.012 -0.066 -0.018 

LDMC summer Temperature*Moisture -0.044 0.013 -0.070 -0.017 

Leaf Area summer Intercept 0.415 0.089 0.243 0.591 

Leaf Area summer Moisture 0.896 0.118 0.668 1.126 

Leaf Area summer Temperature -0.002 0.037 -0.075 0.072 

Leaf Area summer Temperature*Moisture 0.102 0.043 0.015 0.187 

Leaf N summer Intercept 2.925 0.019 2.889 2.962 

Leaf N summer Moisture 0.118 0.023 0.073 0.162 

Leaf N summer Temperature 0.000 0.008 -0.016 0.016 

Leaf N summer Temperature*Moisture 0.019 0.009 0.001 0.038 

SLA summer Intercept 2.558 0.025 2.509 2.606 

SLA summer Moisture 0.162 0.033 0.096 0.228 

SLA summer Temperature 0.040 0.010 0.020 0.061 

SLA summer Temperature*Moisture 0.032 0.013 0.007 0.056 

Woodiness summer Intercept -1.067 0.178 -1.409 -0.715 

Woodiness summer Moisture -1.308 0.006 -1.452 -0.887 

Woodiness summer Temperature -0.184 0.001 -0.230 -0.045 

Woodiness summer Temperature*Moisture -0.046 0.002 -0.100 0.114 

Evergreenness summer Intercept -0.599 0.199 -1.005 -0.220 

Evergreenness summer Moisture -1.304 0.006 -1.467 -0.815 

Evergreenness summer Temperature 0.149 0.002 0.093 0.314 

Evergreenness summer Temperature*Moisture -0.133 0.002 -0.201 0.069 
 



Supplementary Table 5. Model output for intraspecific spatial temperature-trait 
relationships. Overall intraspecific temperature-trait relationships are estimated as the 

mean of 108-109 species for SLA, 80-86 species for plant height, 74-72 species for leaf 

nitrogen, 85-76 species for leaf area, and 43-52 species for LDMC, for summer and winter 

temperature, respectively (see Methods: Analyses: Intraspecific Trait Variation for details). 

Bolded rows designate intraspecific temperature-trait relationships (slope parameter) for 

which the 95% credible interval did not cross zero. Climate variable indicates which 

temperature type was used (summer temperature = bio 10, winter temperature = bio 11). 

Temperature was centered within each species to improve model convergence. The 

“Intercept Temp” column indicates the mean temperature at the intercept for each trait and 

climate variable. All parameter estimates are in transformed units (logit for LDMC, log for all 

others). 

Trait Climate  
Variable 

Estimate  
Type Parameter 

Intercept 
Temp 
(°C) 

mean sd 2.5% 97.5% 

Height summer ITV Intercept 9.71 2.675 0.102 2.471 2.867 

Height summer ITV Slope  0.059 0.011 0.037 0.081 

LDMC summer ITV Intercept 10.70 -0.767 0.085 -0.932 -0.596 

LDMC summer ITV Slope  -0.008 0.007 -0.023 0.007 

Leaf Area summer ITV Intercept 10.61 0.547 0.172 0.211 0.885 

Leaf Area summer ITV Slope  0.050 0.013 0.024 0.075 

Leaf N summer ITV Intercept 11.19 2.983 0.045 2.896 3.066 

Leaf N summer ITV Slope  -0.002 0.004 -0.008 0.006 

SLA summer ITV Intercept 10.93 2.743 0.045 2.656 2.832 

SLA summer ITV Slope  0.005 0.003 -0.001 0.012 

         

Height winter ITV Intercept -12.82 2.645 0.101 2.453 2.845 

Height winter ITV Slope  0.007 0.006 -0.004 0.019 

LDMC winter ITV Intercept -12.22 -0.750 0.070 -0.890 -0.620 

LDMC winter ITV Slope  -0.020 0.003 -0.027 -0.014 

Leaf Area winter ITV Intercept -10.50 0.615 0.173 0.265 0.936 

Leaf Area winter ITV Slope  0.013 0.008 -0.002 0.029 

Leaf N winter ITV Intercept -9.69 2.977 0.047 2.888 3.063 

Leaf N winter ITV Slope  0.007 0.002 0.002 0.012 

SLA winter ITV Intercept -9.83 2.744 0.045 2.660 2.835 

SLA winter ITV Slope  0.004 0.002 0.001 0.008 
 

 
 
 



Supplementary Table 6. Model output for interspecific trait change over time. Bolded 

rows designate slope parameters (change over time) for which the 95% credible interval did 

not cross zero. The estimate type indicates the response variable: CWM = community 

weighted mean (turnover + abundance), NWM = non-weighted mean (due to turnover only), 

CWM+ITV = the community weighted mean with estimated intraspecific temperature-trait 

relationships included (see Methods). CWM+ITV was estimated based on summer 

temperature change only (bio 10). All parameter estimates are in transformed units (logit for 

LDMC, log for all others). For all models, n = 4575 plot-years nested within 117 sites nested 

within 38 regions (CRU grid cells). 

Trait Climate Variable Estimate Type Parameter mean sd 2.5% 97.5% 

Height - CWM Intercept 2.514 0.087 2.341 2.683 

Height summer CWM+ITV Intercept 2.691 0.087 2.514 2.858 

Height - NWM Intercept 2.495 0.072 2.357 2.635 

Height - CWM Slope 0.002 0.001 0.000 0.004 

Height summer CWM+ITV Slope 0.004 0.001 0.002 0.006 

Height - NWM Slope 0.002 0.001 0.001 0.004 

LDMC - CWM Intercept -0.535 0.045 -0.624 -0.446 

LDMC summer CWM+ITV Intercept -0.569 0.041 -0.649 -0.489 

LDMC - NWM Intercept -0.677 0.044 -0.766 -0.596 

LDMC - CWM Slope 0.001 0.001 -0.001 0.002 

LDMC summer CWM+ITV Slope 0.000 0.001 -0.001 0.002 

LDMC - NWM Slope 0.000 0.000 -0.001 0.001 

Leaf Area - CWM Intercept 0.292 0.126 0.033 0.526 

Leaf Area summer CWM+ITV Intercept 0.461 0.125 0.213 0.697 

Leaf Area - NWM Intercept 0.337 0.108 0.124 0.550 

Leaf Area - CWM Slope 0.001 0.003 -0.006 0.007 

Leaf Area summer CWM+ITV Slope 0.001 0.003 -0.006 0.007 

Leaf Area - NWM Slope 0.003 0.002 -0.001 0.007 

Leaf N - CWM Intercept 2.896 0.032 2.833 2.960 

Leaf N summer CWM+ITV Intercept 2.895 0.031 2.835 2.958 

Leaf N - NWM Intercept 2.952 0.031 2.891 3.014 

Leaf N - CWM Slope -0.001 0.001 -0.002 0.000 

Leaf N summer CWM+ITV Slope -0.001 0.001 -0.002 0.000 

Leaf N - NWM Slope -0.001 0.000 -0.001 0.000 

SLA - CWM Intercept 2.536 0.045 2.448 2.625 

SLA summer CWM+ITV Intercept 2.573 0.045 2.484 2.660 

SLA - NWM Intercept 2.613 0.039 2.535 2.688 

SLA - CWM Slope 0.000 0.001 -0.002 0.001 

SLA summer CWM+ITV Slope 0.000 0.001 -0.001 0.001 

SLA - NWM Slope 0.000 0.000 -0.001 0.001 



Supplementary Table 7. Model output for temperature sensitivity of community 
weighted trait means. Temperature sensitivity represents the correspondence between 

interannual variation in CWM traits and interannual variation in temperature (i.e., the amount 

of change in CWM trait per °C) across all sites (n = 4575 plot-years nested within 117 sites 

nested within 38 regions (CRU grid cells)). All estimates are for community-weighted mean 

(CWM) change only. Bolded rows designate slope parameters (sensitivity) for which the 

95% credible interval did not cross zero. All parameter estimates are in transformed units 

(logit for LDMC, log for all others). 

Trait Climate 
Variable Parameter mean sd 2.50% 97.50% 

Height summer Intercept 2.518 0.086 2.350 2.679 

Height summer Slope 0.039 0.019 0.002 0.078 

LDMC summer Intercept -0.535 0.045 -0.625 -0.449 

LDMC summer Slope -0.010 0.011 -0.033 0.013 

Leaf Area summer Intercept 0.295 0.125 0.041 0.531 

Leaf Area summer Slope -0.031 0.044 -0.116 0.057 

Leaf N summer Intercept 2.897 0.031 2.836 2.957 

Leaf N summer Slope 0.006 0.009 -0.012 0.024 

SLA summer Intercept 2.535 0.044 2.448 2.623 

SLA summer Slope 0.009 0.011 -0.012 0.031 

       
Height winter Intercept 2.514 0.086 2.342 2.684 

Height winter Slope 0.012 0.009 -0.007 0.030 

LDMC winter Intercept -0.595 0.046 -0.684 -0.506 

LDMC winter Slope -0.001 0.005 -0.011 0.010 

Leaf Area winter Intercept 0.286 0.129 0.023 0.526 

Leaf Area winter Slope 0.026 0.023 -0.018 0.071 

Leaf N winter Intercept 2.896 0.031 2.834 2.956 

Leaf N winter Slope 0.003 0.004 -0.005 0.010 

SLA winter Intercept 2.536 0.045 2.450 2.623 

SLA winter Slope 0.003 0.005 -0.006 0.013 
 
  



Supplementary Table 8. Model output for interspecific trait change over time with 
temperature change and soil moisture (static) as predictors of this change. Neither 

temperature change nor soil moisture was an important predictor of trait change over time 

(all credible intervals overlap zero). All estimates are for community-weighted mean (CWM) 

and summer temperature (bioclim 10) change only. All parameter estimates are in 

transformed units (logit for LDMC, log for all others). N = 4575 plot-years nested within 117 

sites nested within 78 regions (CRU grid cell x soil moisture combinations). 

Trait Climate Variable Parameter mean sd 2.5% 97.5% 

Height summer Intercept 0.002 0.000 0.001 0.003 

Height summer Moisture 0.000 0.001 -0.002 0.001 

Height summer TemperatureChange -0.002 0.008 -0.018 0.012 

Height summer TemperatureChange*Moisture 0.007 0.016 -0.022 0.043 

LDMC summer Intercept 0.001 0.000 0.001 0.002 

LDMC summer Moisture 0.000 0.001 -0.002 0.001 

LDMC summer TemperatureChange -0.008 0.008 -0.023 0.008 

LDMC summer TemperatureChange*Moisture 0.005 0.017 -0.030 0.034 

Leaf Area summer Intercept 0.005 0.002 0.001 0.008 

Leaf Area summer Moisture -0.004 0.003 -0.011 0.003 

Leaf Area summer TemperatureChange -0.032 0.039 -0.112 0.045 

Leaf Area summer TemperatureChange*Moisture 0.085 0.077 -0.069 0.225 

Leaf N summer Intercept -0.001 0.000 -0.001 0.000 

Leaf N summer Moisture 0.000 0.000 -0.001 0.001 

Leaf N summer TemperatureChange 0.005 0.006 -0.007 0.015 

Leaf N summer TemperatureChange*Moisture -0.007 0.011 -0.027 0.016 

SLA summer Intercept -0.001 0.000 -0.001 0.000 

SLA summer Moisture 0.000 0.001 -0.001 0.001 

SLA summer TemperatureChange 0.009 0.007 -0.005 0.022 

SLA summer TemperatureChange*Moisture -0.001 0.014 -0.027 0.027 
 
  



Supplementary Table 9. Probability that a species immigrated into a site (“gained”) or 
disappeared from a site (“lost”) as a function of its traits. Only for plant height were the 

trait values of gained and lost species different – the probability of a species being gained 

was positively related to its height but the probability of a species being lost was not. Bold 

text designates slope parameters for which the 95% credible interval did not overlap zero. N 

= 2830 observations (species-site combinations) in 117 sites. 

Trait Direction Parameter mean sd 2.5% 97.5% 

Height gained Intercept -2.402 0.221 -2.821 -1.948 

Height lost Intercept -1.786 0.223 -2.188 -1.358 

Height gained Slope 0.247 0.082 0.081 0.403 

Height lost Slope 0.039 0.080 -0.116 0.194 

LDMC gained Intercept -2.225 0.127 -2.474 -1.978 

LDMC lost Intercept -2.186 0.124 -2.432 -1.944 

LDMC gained Slope -0.438 0.100 -0.619 -0.225 

LDMC lost Slope -0.501 0.092 -0.666 -0.305 

Leaf Area gained Intercept -1.834 0.099 -2.037 -1.644 

Leaf Area lost Intercept -1.704 0.099 -1.881 -1.512 

Leaf Area gained Slope 0.090 0.059 -0.024 0.211 

Leaf Area lost Slope -0.089 0.061 -0.207 0.046 

Leaf N gained Intercept -1.590 0.418 -2.423 -0.764 

Leaf N lost Intercept -2.184 0.377 -2.897 -1.427 

Leaf N gained Slope -0.067 0.137 -0.334 0.205 

Leaf N lost Slope 0.170 0.124 -0.069 0.403 

SLA gained Intercept -2.872 0.116 -2.996 -2.569 

SLA lost Intercept -2.850 0.133 -2.995 -2.500 

SLA gained Slope 0.421 0.054 0.302 0.517 

SLA lost Slope 0.447 0.057 0.317 0.543 
 

  



Supplementary Table 10. Abundance change for the most common (abundant and/or 
widespread) species in the vegetation survey dataset. Species are ordered from 

greatest increase to greatest decrease overall (across all regions). The “mean”, “sd”, “2.5%” 

and “97.5%” columns provide the mean, standard deviation, and 0.025 and 0.975 quantiles 

of the posterior distribution for the species-level model (plots, sites and regions are nested 

within each species). Species names in bold indicate that the 95% credible interval for the 

overall slope of abundance change over time did not overlap zero. The “Prop. Increase” and 

“Prop. Decrease” columns indicate the proportion of regions in which a given species was 

found to increase or decrease in abundance, as defined by an 80% credible interval for the 

region-specific slope of abundance change that did not cross zero. Abundance estimates 

(proportion of plot cover) are bounded between 0 and 1, inclusive. Thus, abundance change 

was modeled with a beta-Bernoulli mixture model and parameter estimates represent the 

change in cover on the logit scale.  

Name mean sd 2.5% 97.5% Num. 
regions 

Prop. 
Increase 

Prop. 
Decrease 

Growth 
Form 

Calluna vulgaris 0.072 0.011 0.047 0.092 5 100 0 evergreen 
shrub 

Loiseleuria 
procumbens 0.061 0.027 0.009 0.116 4 100 0 evergreen 

shrub 
Alopecurus alpinus 0.059 0.039 -0.019 0.139 5 100 0 graminoid 

Arctagrostis 
latifolia 0.055 0.013 0.030 0.081 11 100 0 graminoid 

Carex rariflora 0.044 0.034 -0.032 0.106 7 14 0 graminoid 

Carex nigra 0.042 0.019 0.005 0.078 12 100 0 graminoid 
Eriophorum 

vaginatum 0.038 0.015 0.006 0.070 9 100 0 graminoid 

Empetrum nigrum 0.034 0.008 0.018 0.049 18 100 0 evergreen 
shrub 

Betula nana 0.032 0.006 0.020 0.044 16 100 0 deciduous 
shrub 

Caltha leptosepala 0.030 0.038 -0.046 0.104 1 0 0 forb 

Saxifraga foliolosa 0.026 0.022 -0.015 0.069 4 25 0 forb 
Vaccinium 

uliginosum 0.025 0.007 0.011 0.039 20 100 0 deciduous 
shrub 

Dryas octopetala 0.023 0.014 -0.004 0.051 10 50 0 evergreen 
shrub 

Trifolium 
dasyphyllum 0.023 0.031 -0.036 0.087 1 0 0 forb 

Vaccinium myrtillus 0.022 0.028 -0.038 0.079 3 0 0 deciduous 
shrub 

Gagea serotina 0.022 0.034 -0.055 0.085 3 0 0 forb 

Alchemilla alpina 0.021 0.020 -0.019 0.059 5 0 0 forb 

Carex aquatilis 0.020 0.017 -0.015 0.054 7 0 0 graminoid 

Luzula nivalis 0.020 0.011 -0.002 0.044 9 78 0 graminoid 

Salix arctica 0.019 0.010 0.000 0.039 10 80 0 deciduous 



shrub 

Salix herbacea 0.019 0.009 0.001 0.038 16 88 0 deciduous 
shrub 

Salix pulchra 0.018 0.008 0.001 0.035 5 60 0 deciduous 
shrub 

Salix polaris 0.017 0.019 -0.021 0.055 4 0 0 deciduous 
shrub 

Arctous alpina 0.017 0.019 -0.020 0.053 8 0 0 deciduous 
shrub 

Vaccinium vitis-
idaea 0.016 0.006 0.002 0.028 13 69 0 evergreen 

shrub 

Dryas integrifolia 0.015 0.008 -0.001 0.030 9 44 0 evergreen 
shrub 

Phyllodoce caerulea 0.014 0.012 -0.011 0.036 5 0 0 evergreen 
shrub 

Eriophorum 
angustifolium 0.013 0.009 -0.005 0.031 18 11 0 graminoid 

Minuartia obtusiloba 0.013 0.039 -0.047 0.109 2 0 0 forb 

Hierochloe alpina 0.013 0.015 -0.015 0.043 6 0 0 graminoid 
Rubus 

chamaemorus 0.012 0.010 -0.008 0.033 5 20 0 forb 

Luzula confusa 0.011 0.010 -0.009 0.032 7 14 0 graminoid 

Stellaria longipes 0.011 0.015 -0.018 0.040 12 0 0 forb 
Festuca 

brachyphylla 0.010 0.017 -0.024 0.044 5 0 0 graminoid 

Carex vaginata 0.010 0.015 -0.021 0.038 10 0 0 graminoid 

Juncus trifidus 0.009 0.012 -0.015 0.030 12 0 0 graminoid 

Tephroseris frigida 0.009 0.017 -0.022 0.044 8 0 0 forb 

Salix reticulata 0.009 0.009 -0.009 0.025 12 0 0 deciduous 
shrub 

Petasites frigidus 0.008 0.014 -0.020 0.038 7 0 0 forb 

Thalictrum alpinum 0.008 0.008 -0.008 0.025 13 0 0 forb 

Trisetum spicatum 0.008 0.017 -0.025 0.040 10 0 0 graminoid 

Salix glauca 0.007 0.012 -0.014 0.032 16 0 0 deciduous 
shrub 

Salix planifolia 0.007 0.024 -0.040 0.055 3 0 0 deciduous 
shrub 

Persicaria bistorta 0.006 0.010 -0.013 0.025 7 0 0 forb 

Oxyria digyna 0.006 0.018 -0.038 0.040 6 0 0 forb 

Carex bigelowii 0.006 0.006 -0.008 0.018 21 0 0 graminoid 
Sibbaldia 

procumbens 0.006 0.021 -0.045 0.042 5 0 0 forb 

Silene acaulis 0.005 0.012 -0.016 0.029 14 0 0 forb 

Cassiope tetragona 0.005 0.008 -0.011 0.021 12 0 0 evergreen 
shrub 

Saxifraga 
oppositifolia 0.004 0.014 -0.023 0.033 5 0 0 forb 

Equisetum arvense 0.004 0.008 -0.011 0.020 17 0 0 forb 



Equisetum 
variegatum 0.004 0.009 -0.011 0.022 15 0 0 forb 

Poa arctica 0.004 0.011 -0.017 0.028 11 0 0 graminoid 

Carex rupestris 0.003 0.018 -0.032 0.038 7 0 0 graminoid 

Dupontia fisheri 0.003 0.018 -0.034 0.038 2 0 0 graminoid 

Festuca rubra 0.002 0.007 -0.013 0.015 15 0 0 graminoid 

Persicaria vivipara 0.002 0.007 -0.013 0.014 29 0 0 forb 
Kobresia 

myosuroides 0.001 0.011 -0.021 0.023 12 0 0 graminoid 

Artemisia 
scopulorum 0.000 0.025 -0.045 0.054 1 0 0 forb 

Saxifraga cernua 0.000 0.015 -0.029 0.032 6 0 0 forb 

Ranunculus nivalis 0.000 0.022 -0.043 0.043 3 0 0 forb 

Pyrola grandiflora 0.000 0.016 -0.031 0.029 6 0 0 forb 
Deschampsia 

flexuosa -0.001 0.013 -0.030 0.023 7 0 0 graminoid 

Ledum palustre -0.001 0.010 -0.022 0.017 6 0 0 evergreen 
shrub 

Poa pratensis -0.002 0.022 -0.041 0.045 11 0 0 graminoid 
Eriophorum 

chamissonis -0.005 0.026 -0.055 0.045 2 0 0 graminoid 

Erigeron 
grandiflorus -0.005 0.032 -0.064 0.065 1 0 0 forb 

Salix phlebophylla -0.007 0.013 -0.031 0.018 6 0 0 deciduous 
shrub 

Salix rotundifolia -0.007 0.030 -0.064 0.057 3 0 0 deciduous 
shrub 

Geum rossii -0.007 0.021 -0.049 0.037 1 0 0 forb 
Castilleja 

occidentalis -0.009 0.043 -0.083 0.087 1 0 0 forb 

Carex chordorrhiza -0.012 0.033 -0.088 0.048 7 0 0 graminoid 

Agrostis capillaris -0.013 0.021 -0.050 0.031 12 0 0 graminoid 
Hierochloe 
pauciflora -0.017 0.046 -0.116 0.074 2 0 0 graminoid 

Carex scopulorum -0.022 0.030 -0.080 0.038 1 0 0 graminoid 
Deschampsia 

cespitosa -0.024 0.019 -0.059 0.016 11 0 0 graminoid 

Bistorta bistortoides -0.029 0.024 -0.075 0.019 1 0 0 forb 

Trifolium parryi -0.032 0.046 -0.115 0.082 1 0 0 forb 
Calamagrostis 

holmii -0.113 0.086 -0.268 0.082 2 0 100 graminoid 

 
  



Stan code for spatial community trait models. Relationship between log or logit CWM 
traits, temperature, and soil moisture over space (Fig. 2a). 
 
data { 
      int<lower=0> Nobs; // number of observations 
      int<lower=0> Nsite; // number of sites 
      int<lower=0> Nregion; // number of regions (WorldClim grid cell) 
      int<lower=0> Nxhat; // length of xhat vector (for predictions) 
      int<lower=1,upper=Nregion> region[Nobs]; 
      int<lower=1,upper=Nsite> site[Nobs];  
      
      vector[Nobs] CWMmean; // mean CWM value per plot (calculated previously) 
      vector[Nobs] CWMsd; // sd of CWM value per plot (calculated previously) 
      vector[Nsite] soilmoist; // soil moisture value per site 
      vector[Nsite] temp_site; // temperature per site 
      vector[Nregion] temp_region; // temperature per region (WorldClim grid cell) 
      vector[Nxhat] xhat1; // for predictions – gradient of soil moisture values 
      vector[Nxhat] xhat2; // for predictions – gradient of temperature values 
      } 
       
parameters { 
      real<lower=-10,upper=10> as[Nsite]; // site effect 
      real<lower=-2,upper=5> aMeanRegion[Nregion];  // region effect 
      real<lower=-2,upper=5> gamma0;  // intercept of trait-environment relationship (mean at temp = 0) 
      real<lower=-2,upper=2> gamma1;  // slope of moisture - trait relationship 
      real<lower=-2,upper=2> gamma2;  // temperature - soil moisture interaction 
      real<lower=-2,upper=2> gamma3;  // slope of temperature - trait relationship 
      real<lower=0,upper=2> sigma_sm; 
      real<lower=0,upper=3> sigma_overall; 
      } 
       
transformed parameters { 
 
      vector[Nobs] traitpred;    
       
      for (i in 1:Nobs){ 
 
      traitpred[i] = as[site[i]] + aMeanRegion[region[i]]; 
       
      } 
      } 
       
model { 
 
      CWMmean ~ normal(traitpred, CWMsd); 
 
      for (i in 1:Nsite){ 
        as[i] ~ normal(gamma1 * soilmoist[i] + gamma2 * soilmoist[i] * temp_site[i], sigma_sm);  
      } 
       
      for (i in 1:Nregion){ 
        aMeanRegion[i] ~ normal(gamma0 + gamma3 * temp_region[i], sigma_overall); 
      } 
       
      } 
       
 
generated quantities{ //get predictions per xhat (shown in Fig. 2a) 
       
      vector[Nxhat] preds; 
 
      for (i in 1:Nxhat){ 



        preds[i] = (gamma0 + gamma1*xhat1[i] + gamma2*xhat2[i] + gamma3*xhat1[i]*xhat2[i]); 
      } 
 
      } 
 
 
 
 
 
Stan code for change over time in log or logit CWM traits (Fig. 3a). 
 
data { 
  int<lower=1> Nplot; // number of plots 
  int<lower=1> Nsite; // number of sites 
  int<lower=1> Nregion; // number of regions (CRU grid cell) 
  int<lower=1> Nobs; // number of observations 
  int<lower=1> Nregionyears;  // the number of region x year combinations 
  int<lower=1> Nxhats; // length of xhat vector (for predictions) 
   
  int<lower=1,upper=Nregion> region[Nobs]; 
  int<lower=1,upper=Nsite> site[Nobs]; 
  int<lower=1,upper=Nplot> plot[Nobs]; 
  int<lower=1,upper=Nregionyears> regionyear[Nobs];   
  int<lower=1,upper=Nsite> siteplot[Nplot]; 
  int<lower=1,upper=Nregion> regionsite[Nsite]; 
  int xregion[Nregionyears];  
  vector[Nregionyears] xyear; // year of observation (centered) 
  vector[Nxhats] xhat1; // for predictions – gradient of values for “year” (centered) 
   
  // these indicate whether a plot is repeatedly measured (1=yes, 0=no),  
  // whether the plot is from a site that has multiple plots,  
  // and whether the site is from a region that has multiple sites within in 
  int<lower=0,upper=1> repplots[Nobs]; 
  int<lower=0,upper=1> multplots[Nobs]; 
  int<lower=0,upper=1> repplots2[Nplot]; 
  int<lower=0,upper=1> multplots2[Nplot]; 
  int<lower=0,upper=1> multsites[Nobs]; 
  int<lower=0,upper=1> multsites3[Nsite]; 
   
  vector[Nobs] CWMmean; 
  vector[Nobs] CWMsd; 
} 
 
parameters { 
  real<lower=-10,upper=10> ap[Nplot];     // plot effect 
  real<lower=-10,upper=10> as[Nsite];  // site effect 
  real<lower=-6,upper=6> ary[Nregionyears]; // region x year effect 
  vector[Nregion] alpha; // intercept of region effect with time 
  vector[Nregion] beta; // slope of region effect with time 
   
  real<lower=-2,upper=6> mu_alpha;  // normal hyperparameter for region effects (alpha) 
  real<lower=-2,upper=2> mu_beta; // normal hyperparameter for the region effects (beta) 
  real<lower=0,upper=3> sigma_alpha; 
  real<lower=0,upper=3> sigma_beta; 
  real<lower=0,upper=3> sigma_site[Nsite]; // plot-level variation within each site 
  real<lower=0,upper=3> sigma_region[Nregion]; // site-level variation within each region 
  real<lower=0,upper=3> sigma_ry; // variation of region x year combination effects around prediction 
} 
 
transformed parameters { 
  vector[Nobs] traitpred;    
  vector[Nobs] app; 



  vector[Nobs] ass; 
   
  for (i in 1:Nobs){ 
     
    if((repplots[i]==1 && multplots[i]==1)) 
      app[i] = ap[plot[i]]; 
    else app[i] = 0; // set plot effect to 0 if plot is not remeasured or is the only plot within a site 
     
    if((multsites[i]==1)) 
      ass[i] = as[site[i]]; 
    else ass[i] = 0; // set site effect to 0 for sites that are the only site within a region 
     
    traitpred[i] = app[i] + ass[i] + ary[regionyear[i]];  
     
  } 
} 
 
model { 
   
  CWMmean ~ normal(traitpred, CWMsd); 
   
  for(i in 1:Nregionyears){ 
    ary[i] ~ normal(alpha[xregion[i]] + beta[xregion[i]] * xyear[i], sigma_ry);  
  } 
   
  for (i in 1:Nplot){ 
    if(repplots2[i]==1 && multplots2[i]==1) 
      ap[i] ~ normal(0, sigma_site[siteplot[i]]); // plot random effect 
  } 
   
  for (i in 1:Nsite){ 
    if(multsites3[i]==1) 
      as[i] ~ normal(0, sigma_region[regionsite[i]]); // site random effect 
  } 
   
  for (i in 1:Nregion){ 
    alpha[i] ~ normal(mu_alpha, sigma_alpha); // intercept hyperparameter 
    beta[i] ~ normal(mu_beta, sigma_beta); // slope hyperparameter (change over time) 
  } 
   
} 
 
generated quantities{ 
   
  vector[Nxhats] preds; 
   
  for (i in 1:Nxhats){ 
    preds[i] = (mu_alpha + mu_beta*xhat1[i]); // predictions 
  } 
   
}       
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