[bookmark: _Hlk525210720]Table S1 The Pearson correlation coefficients between β-deviation for proportional species turnover (βP) and the standard deviation of each of the environmental variables. 
	Variable
	Spatial extent of regional community (number of local plots)

	
	  2
	  5
	  10
	  20
	  50
	  100

	BIO1
	0.03
	0.06
	0.04
	0.02
	-0.05
	-0.05

	BIO2
	0.03
	 0.13**
	 0.14**
	 0.17***
	 0.26***
	 0.29***

	BIO3
	0.03
	0.04
	0.07
	 0.13*
	 0.20***
	 0.21***

	BIO4
	0.05
	 0.23***
	 0.22***
	 0.18***
	 0.24***
	 0.24***

	BIO5
	0.00
	0.05
	0.01
	-0.01
	-0.08
	-0.11*

	BIO6
	0.01
	 0.17***
	 0.19***
	 0.20***
	 0.19***
	 0.19***

	BIO7
	0.07
	 0.21***
	 0.19***
	 0.23***
	 0.30***
	 0.33***

	BIO8
	-0.02
	0.00
	-0.02
	0.00
	-0.07
	-0.08

	BIO9
	-0.04
	-0.02
	-0.05
	-0.01
	-0.08
	-0.15**

	BIO10
	0.03
	0.03
	-0.01
	-0.04
	-0.12*
	-0.16**

	BIO11
	0.01
	 0.12*
	 0.12*
	 0.11*
	0.07
	0.08

	BIO12
	0.08
	 0.10*
	 0.10*
	 0.10*
	0.05
	0.04

	BIO13
	 0.13**
	 0.16**
	 0.19***
	 0.18***
	 0.23***
	 0.29***

	BIO14
	 0.08
	 0.09
	0.05
	0.04
	-0.01
	-0.06

	BIO15
	 0.13**
	 0.20***
	 0.23***
	 0.24***
	 0.34***
	 0.37***

	BIO16
	0.07
	 0.14**
	 0.19***
	 0.20***
	 0.26***
	 0.34***

	BIO17
	 0.08
	 0.09
	0.05
	0.05
	0.00
	-0.06

	BIO18
	 0.09
	 0.14**
	 0.19***
	 0.21***
	 0.28***
	 0.34***

	BIO19
	 0.09
	 0.11*
	0.08
	0.08
	0.04
	-0.01

	Soil1
	0.08
	-0.01
	0.01
	-0.09
	-0.13**
	-0.18***

	Soil2
	0.01
	0.00
	0.02
	0.07
	 0.13**
	 0.17***

	Soil3
	0.03
	-0.01
	 0.09
	 0.09
	 0.26***
	 0.24***

	Soil4
	0.00
	-0.01
	0.00
	-0.09
	-0.09
	-0.17**

	Soil5
	 0.13**
	-0.02
	 0.10*
	0.07
	 0.24***
	 0.35***

	Soil6
	 0.16**
	-0.01
	 0.09
	0.05
	 0.29***
	 0.40***

	Soil7
	 0.15**
	0.03
	 0.16**
	 0.13*
	 0.29***
	 0.38***

	Soil8
	 0.12*
	0.05
	 0.11*
	 0.09
	 0.26***
	 0.33***

	Soil9
	0.04
	0.02
	0.06
	0.03
	 0.19***
	 0.24***

	Soil10
	0.01
	0.03
	0.05
	 0.10*
	 0.18***
	 0.24***

	Soil11
	0.03
	0.03
	 0.11*
	0.08
	 0.21***
	 0.20***

	Soil12
	-0.01
	-0.07
	-0.05
	-0.13*
	-0.11*
	-0.18***

	Soil13
	 0.15**
	0.01
	 0.13**
	 0.12*
	 0.30***
	 0.41***

	Soil14
	 0.12*
	-0.02
	 0.10*
	0.06
	 0.28***
	 0.39***

	Soil15
	 0.17**
	0.05
	 0.16**
	 0.14**
	 0.31***
	 0.41***

	Soil16
	 0.09
	0.00
	 0.12*
	 0.10*
	 0.31***
	 0.39***

	Soil17
	0.02
	0.01
	 0.08
	0.05
	 0.21***
	 0.26***

	*** P < .001; ** P < .01; * P < .05.

	Meaning of the variables:

	BIO1 =
	Annual Mean Temperature
	BIO19 =
	Precipitation of Coldest Quarter

	BIO2 =
	Mean Diurnal Range (Mean of monthly (max temp−min temp))
	Soil1 =
	Maximum_Soil_Depth

	BIO3 =
	Isothermality (BIO2/BIO7) (* 100)
	Soil2 =
	Subsoil_Cation_Exchange_Capacity

	BIO4 =
	Temperature Seasonality (standard deviation *100)
	Soil3 =
	Subsoil_Clay_Fraction

	BIO5 =
	Max Temperature of Warmest Month
	Soil4 =
	Subsoil_Gravel_Content

	 BIO6 =
	Min Temperature of Coldest Month
	Soil5 =
	Subsoil_Organic_Carbon

	BIO7 =
	Temperature Annual Range (BIO5-BIO6)
	Soil6 =
	Subsoil_pH

	BIO8 =
	Mean Temperature of Wettest Quarter
	Soil7 =
	Subsoil_Reference_Bulk_Density

	BIO9 =
	Mean Temperature of Driest Quarter
	Soil8 =
	Subsoil_Sand_Fraction

	BIO10 =
	Mean Temperature of Warmest Quarter
	Soil9 =
	Subsoil_Silt_Fraction

	BIO11 =
	Mean Temperature of Coldest Quarter
	Soil10 =
	Topsoil_Cation_Exchange_Capacity

	BIO12 =
	Annual Precipitation
	Soil11 =
	Topsoil_Clay_Fraction

	BIO13 =
	Precipitation of Wettest Month
	Soil12 =
	Topsoil_Gravel_Content

	BIO14 =
	Precipitation of Driest Month
	Soil13 =
	Topsoil_Organic_Carbon

	BIO15 =
	Precipitation Seasonality (Coefficient of Variation)
	Soil14 =
	Topsoil_pH

	BIO16 =
	Precipitation of Wettest Quarter
	Soil15 =
	Topsoil_Reference_Bulk_Density

	BIO17 =
	Precipitation of Driest Quarter
	Soil16 =
	Topsoil_Sand_Fraction

	BIO18 =
	Precipitation of Warmest Quarter
	Soil17 =
	Topsoil_Silt_Fraction







Figure S1.1 Distribution of the U.S Forest Inventory and Analysis (FIA) plots (open dots). The whole eastern US was divided into 1°×1° grid cells and one FIA plot, if present, was randomly chosen in each of the cells as focal plot (shaded dots). The nearest n neighboring plots for each of the focal plot were then selected to form a regional community for the focal plot. Different n {1, 4, 9, 19, 49, 99}, which corresponds to the size (i.e., extent) of regional communities, was used to study the effect of the size of regional species pool on β-deviation. 
[image: C:\Users\Dingliang\AppData\Local\Microsoft\Windows\INetCache\Content.Word\map.png]


Figure S1.2 Relation between the mean pairwise distance (± 1 SD) among the FIA local plots that define a regional community and the number of the constituent plots for a regional community.
[image: ]



Figure S1.3 Relation between the mean pairwise distance among the local plots that define a regional community and latitude. Different panels show relationship for different scales of extent of regional communities (i.e., the number of local plots for a regional community, n+1) used in this study. 
[image: ]


[bookmark: _GoBack]Figure S1.4 An alternative method for generating regional communities. (A) Distribution of the U.S. Forest Inventory and Analysis (FIA) plots (open dots) and locations of the generated regional communities (shaded dots). (B) Fifty (which is the 5% quantile of the number of neighboring plots in a circle of radius 70 km) plots (triangles) were randomly selected from all FIA plots (open dots) within a certain distance (70 km in this figure, which corresponds to the scale of n = 99 in the main text) of a FIA plot to form a regional community. To ensure an adequate representation and to avoid the selected plots being concentrated in certain areas, the sampling was restrained so that the minimum distance between two selected plots is no less than 7 km. One such regional community, if existing, was randomly selected from each of the 1°×1° grid cells for analyzing β-deviation–latitude relationship (shaded dots in A). In total, 309 regional communities were selected and the relationships of β-deviation with latitude for these regional communities are shown in (C). Sizes of the circles in (C) are proportional to a species aggregation index. Lines with R2 show the best fit quadratic regression. ragg is the Pearson correlation coefficient between β-deviation and the aggregation index (i.e., sizes of the circles). Different measures of β-diversity are indicated above the plots.
A
B
C

Figure S1.5 Relationships of β-deviation with latitude for the FIA data. A–F are results for n+1 = 2, 5, 10, 20, 50, 100, respectively. Note that the result for βP and n+1 = 100 (left panel in F) was shown in Fig. 2B in the main text. Sizes of the circles are proportional to the regional-community level species spatial aggregation (see Fig. S1.6), with lager circles indicating stronger aggregation. The best fit quadratic regression lines with R2 are also shown. The Pearson correlation coefficients (ragg) between β-deviation and the aggregation index (i.e., sizes of the circles) are shown on top of each panel. Different measures of β-diversity are indicated above the plots. 
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Figures S1.6 Left panels: Relations of observed (black circles) and expected (grey circles with error bars representing 2 SD) average Morisita index of common species with latitude. Right panels: Relations of the regional-community level standardized aggregation deviation ((observed – expected)/SD) with latitude. A–F are results for n+1 = 2, 5, 10, 20, 50, 100, respectively. The best fit quadratic regression lines with R2 are also shown for the standardized aggregation deviation.
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Figure S1.7 Proportions of variation in standardized β-deviation explained by latitude and the aggregation index for regional communities constructed at different spatial extents using the FIA data. [a] = variation explained by aggregation only; [b] = variation explained by aggregation and latitude jointly; [c] = variation explained by latitude only; [d] = unexplained variation. Different measures of β-diversity are indicated in the above of each plot.
[image: ]


Figure S1.8 Proportion of variation in β-deviation explained by latitude and habitat heterogeneity for regional communities constructed at different spatial extents using the FIA data. [a] = variation explained by habitat heterogeneity only; [b] = variation explained by habitat heterogeneity and latitude jointly; [c] = variation explained by latitude only; [d] = unexplained variation. Different measures of β-diversity are indicated in the above of each plot.
[image: ]


Figure S1.9 Latitudinal relationship of standard deviation (SD) of minimum annual temperature (BIO6) for the FIA data, obtained from each regional community consisting of 100 FIA plots (i.e., n = 99). The R2 between the β-deviation for proportional species turnover (i.e., the grey dots in Fig. 4A of the main text) and SD of minimum annual temperature is also shown.
[image: ]
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