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Table S1. 22-year averages and standard deviation (± std) of annual daytime mean air temperature from the ERA5 dataset (TADT-ERA5), annual precipitation from the ERA5 dataset (PERA5), gross primary production (GPP), and transpiration (T) at the five sites.
	Site name
	US-VAR(GRA)
	US-TON(WSA)
	US-WKG(GRA)
	US-SRG(GRA)
	US-SRM(WSA)

	TADT-ERA5 
(°C)
	19.1 ± 0.6
	19.1 ± 0.6
	19.6 ± 0.6
	19.9 ± 0.6
	19.9 ± 0.6

	PERA5
 (mm year-1)
	754 ± 237
	754 ± 237
	220 ± 59
	329 ± 76
	329 ± 77

	GPPVPM-ERA5
(gC m-2 year-1)
	768 ± 127
	899 ± 51
	287 ± 139
	565 ± 223
	454 ± 165

	TVTM-ERA5
(mm year-1)
	207 ± 34
	243 ± 14
	43 ± 21
	92 ± 36
	86 ± 31



Supplementary methods 1. The method to estimate  
The  is derived from Physicochemical and Environmental Plant Physiology 5th ed (Nobel, 2020). The relationship between transpiration and photosynthesis is defined as: Specifically, WUE averaged over a day for mature leaves is usually 1g CO2 (kg H2O)-1 to 3g CO2 (kg H2O)-1 for C3 plants, and 2g CO2 (kg H2O)-1 to 5g CO2 (kg H2O)-1 for C4 plants:

                                                                                
Based on the above conception, the transpiration (T) of C3 (eq. S3) and C4 (eq. S4) plants can be estimated using the subsequent formula:



Therefore, the VTM model defines  as 0.27 mm / g C m-2,  as 0.135 mm / g C m-2.
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Fig. S1 Comparison between TADT from EC tower site and ERA5 dataset, PAR from EC tower site and ERA5 dataset.

[image: A group of graphs showing the different numbers

Description automatically generated with medium confidence]
Fig. S2 The comparisons between eddy covariance-derived gross primary production (GPPEC) and vegetation photosynthesis model-based GPP estimates using in-situ eddy covariance measured climate data (first panel) and ERA5 climate data (second panel) at the five flux tower sites. In the first panel, the green point and green text show the GPP simulated using Topt-biome (GPPEC-Topt-biome), and the orange point and orange text show the GPP simulated using Topt-site (GPPEC-Topt-site). In the second panel, the yellow point and yellow text show the GPP simulated using Topt-biome (GPPERA5-Topt-biome), and the blue point and blue text show the GPP simulated using Topt-site (GPPERA5-Topt-site).
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Fig.S3 Interannual variation and trend of GPPEC and ETEC.S means the Sen’s slope** indicates significant at P=0.05 level.
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