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Table S1 Pearson correlations of ecosystem carbon (C) stocks with climate (MAP, mean annual precipitation; MAT, mean annual temperature), elevation and grassland utilization rate, grazing duration, root/shoot ratio (R/S) and plant community characteristics in the grasslands with four grazing intensities. UG, ungrazed; LG, light grazing; MG, moderate grazed; HG, heavy grazed. AGBC, aboveground biomass carbon stocks; BGBC, belowground biomass carbon stocks; LBC, litter biomass carbon stocks; SC_0-20, 0-20 cm soil carbon stocks. 
	Grazing intensity
	Carbon stocks
(Mg ha-1)
	MAP
(mm)
	MAT
(oC)
	[bookmark: _Hlk77789474]Elevation
(m)
	Stocking rate (sheep unit/ha)
	Grassland 
utilization rate
(%)
	Grazing duration 
(yr)
	R/S
	Plant coverage (%)
	Height (cm)
	Species richness
	Shannon-wiener index
	Margelef index
	Pielou index

	UG
	AGBC
	0.214*
(107)
	-0.017
(106)
	0.144
(105)
	-
	-
	-
	-0.097 (108)
	0.440**
(44)
	0.197
(35)
	0.385*
(18)
	-0.067
(17)
	-0.2
(5)
	-0.254
(15)

	
	BGBC
	0.202*
(107)
	-0.062
(106)
	0.127
(105)
	-
	-
	-
	0.349**
(108)
	0.289**
(44)
	0.078
(35)
	0.110
(18)
	-0.007
(17)
	-0.4
(5)
	-0.371
(15)

	
	LBC
	0.212*
(107)
	-0.007
(106)
	0.183
(105)
	-
	-
	-
	0.055
(108)
	0.320**
(44)
	0.205
(35)
	-0.041
(8)
	0.037
(17)
	-0.2
(5)
	-0.098
(15)

	
	TBC
	0.201*
(109)
	-0.051
(108)
	0.126
(105)
	-
	-
	-
	0.258**
(108)
	0.309**
(46)
	0.088
(35)
	0.110
(18)
	0.007
(17)
	-0.4
(5)
	-0.351
(15)

	
	SC_0-20
	0.597**
(211)
	-0.230**
(210)
	0.410**
(207)
	-
	-
	-
	0.005
(100)
	0.330**
(46)
	0.153
(30)
	0.332
(18)
	0.278
(18)
	-0.4
(5)
	-0.106
(15)

	LG
	AGBC
	-0.055
(92)
	0.224*
(91)
	-0.050
(90)
	0.166
(42)
	-0.499**
(84)
	-0.157
(89)
	-0.106
(92)
	-0.093
(43)
	0.082
(34)
	-0.155
(17)
	-0.3
(16)
	0.588
(4)
	-0.619*
(14)

	
	BGBC
	-0.025
(92)
	0.168
(91)
	0.003
(90)
	0.268
(42)
	-0.499**
(84)
	-0.182
(89)
	0.004
(92)
	-0.103
(43)
	0.1
(34)
	-0.119
(17)
	-0.252
(16)
	0.682
(4)
	-0.594*
(14)

	
	LBC
	-0.034
(92)
	0.200
(91)
	-0.042
(90)
	0.195
(42)
	-0.530**
(84)
	-0.157
(89)
	-0.085
(92)
	-0.104
(43)
	0.033
(34)
	-0.174
(17)
	-0.255
(16)
	0.588
(4)
	-0.606*
(14)

	
	TBC
	-0.035
(93)
	0.178
(92)
	-0.011
(91)
	0.254
(42)
	-0.501**
(85)
	-0.182
(90)
	-0.014
(92)
	-0.112
(44)
	0.097
(34)
	-0.125
(17)
	-0.260
(16)
	0.668
(4)
	-0.598*
(14)

	
	SC_0-20
	0.548**
(192)
	-0.195**
(191)
	0.278**
(188)
	0.215
(79)
	0.253*
(95)
	0.169*
(181)
	-0.082
(83)
	0.385**
(45)
	-0.127
(32)
	0.282
(16)
	0.282
(17)
	0.328
(4)
	0.116
(14)

	MG
	AGBC
	0.104
(103)
	0.111
(102)
	0.128
(101)
	0.098
(41)
	-0.348**
(97)
	-0.151
(99)
	-0.149
(103)
	0.203
(45)
	0.028
(39)
	-0.092
(22)
	-0.143
(18)
	0.779
(4)
	-0.131
(17)

	
	BGBC
	0.138
(103)
	0.025
(102)
	0.107
(101)
	0.255
(47)
	-0.386**
(97)
	-0.195
(99)
	0.045
(103)
	0.167
(45)
	0.033
(39)
	0.069
(22)
	-0.088
(18)
	0.957*
(4)
	-0.285
(17)

	
	LBC
	0.066
(103)
	0.166
(102)
	0.093
(101)
	0.107
(47)
	-0.423**
(97)
	-0.136
(99)
	-0.145
(103)
	0.150
(45)
	0.021
(39)
	-0.113
(22)
	-0.182
(18)
	0.779
(4)
	-0.197
(17)

	
	TBC
	0.129
(n=104)
	0.046
(n=103)
	0.111
(n=102)
	0.239
(47)
	-0.396**
(98)
	-0.2*
(100)
	0.005
(103)
	0.167
(46)
	0.032
(39)
	0.034
(22)
	-0.097
(18)
	0.943
(4)
	-0.261
(17)

	
	SC_0-20
	0.572**
(193)
	-0.256**
(192)
	0.446**
(189)
	0.255*
(79)
	0.100
(98)
	0.050
(177)
	0.006
(90)
	0.443**
(46)
	-0.059
(30)
	-0.067
(21)
	0.037
(18)
	0.866
(3)
	-0.183
(16)

	HG

	AGBC
	0.083
(99)
	0.176
(98)
	0.156
(97)
	0.111(50)
	-0.529**
(92)
	-0.149
(95)
	-0.144
(100)
	0.145
(46)
	0.017
(35)
	-0.231(19)
	-0.076
(17)
	0.112
(5)
	-0.380
(15)

	
	BGBC
	0.053
(99)
	0.170
(98)
	0.075
(97)
	0.258(50)
	-0.590**
(92)
	-0.142
(95)
	0.012
(100)
	-0.012(46)
	-0.019
(35)
	-0.075
(19)
	-0.025
(17)
	0.141
(5)
	-0.288
(15)

	
	LBC
	0.002
(99)
	0.238*
(98)
	0.076
(97)
	0.132
(50)
	-0.571**
(92)
	-0.150
(95)
	-0.110
(100)
	0.030
(46)
	0.052
(35)
	-0.218
(19)
	-0.110
(17)
	0.166
(5)
	-0.397
(15)

	
	TBC
	0.056
(100)
	0.177
(99)
	0.087
(98)
	0.248
(50)
	-0.597**
(93)
	-0.152
(96)
	-0.017
(100)
	0.007
(47)
	-0.014
(35)
	-0.108
(19)
	-0.032
(17)
	0.138
(3)
	-0.317
(15)

	
	SC_0-20
	0.606**
(187)
	-0.227**
(186)
	0.442**
(183)
	0.095
(86)
	-0.006
(100)
	0.149
(171)
	-0.092
(92)
	0.588**
(48)
	0.054
(33)
	0.067
(18)
	0.331
(17)
	0.081
(4)
	0.121
(14)


**, Correlation is significant at the 0.01 level (2-tailed); *, Correlation is significant at the 0.05 level (2-tailed). 
As in grazing grasslands, stocks only feed on the aboveground parts, so, we used the following equation to calculate the grassland utilization rate: 
R_u=(〖AGB〗_ck-〖AGB〗_G)/〖AGB〗_CK ×100%
In which, Ru is the grassland utilization rate (%), AGBCK is the aboveground biomass in the ungrazed sites (g m-2), AGBG is the aboveground biomass in the grazing sites (g m-2). Negative utilization rates show the increase of ABG under grazing. All exponential regression lines are significant at p<0.0001.

Table S2 Multivariable linear regression model analysis between ecosystem carbon (C) stocks and five driving factors: MAP (x1), MAT (x2), elevation (x3), stocking rate (x4) and grazing duration (x5) in four grassland types under grazing. AGBC, aboveground biomass carbon stocks; BGBC, belowground biomass carbon stocks; LBC, litter biomass carbon stocks; SC_0-20, 0-20 cm soil carbon stocks. The equations’ regression coefficient is standardized coefficients. p < 0.05 indicate significant. ⁎ Indicate the effect was significant among the five variables.  
	Grassland type
	Carbon pools
	Equations
	r2
	p value
	n

	Typical steppe
	AGBC
	y=0.207x1-0.135x2+0.394x3*-0.404x4*-0.237x5*
	0.270
	0.000
	81

	
	BGBC
	y=0.139x1-0.133x2+0.346x3*+0.108x4-0.127x5
	0.204
	0.004
	81

	
	LBC
	y=0.261x1-0.213x2+0.363x3*-0.384x4*-0.297x5*
	0.290
	0.000
	81

	
	TBC
	y=0.157x1-0.141x2+0.373x3*+0.036x4-0.15x5
	0.204
	0.004
	81

	
	SC_0-20
	y=0.37x1*-0.447x2*+0.295x3*+0.023x4-0.294x5*
	0.279
	0.000
	160

	Desert steppe
	AGBC
	y=0.234x1+0.311x2*+0.253x3-0.059x4-0.011x5
	0.133
	0.147
	62

	
	BGBC
	y=0.165x1+0.276x2*+0.274x3-0.049x4-0.007x5
	0.115
	0.217
	62

	
	LBC
	y=0.301x1+0.296x2*+0.299x3-0.045x4-0.082x5
	0.160
	0.075
	62

	
	TBC
	y=0.175x1+0.282x2*+0.271x3-0.051x4-0.007x5
	0.117
	0.209
	62

	
	SC_0-20
	y=-0.476x1*-0.546x2*-0.279x3*-0.015x4-0.035x5
	0.400
	0.000
	151

	Meadow steppe
	AGBC
	y=-0.197x1-0.137x2+0.34x3*-0.034x4-0.304x5*
	0.237
	0.039
	48

	
	BGBC
	y=-0.203x1-0.238x2+0.246x3+0.042x4-0.314x5*
	0.186
	0.111
	48

	
	LBC
	y=-0.099x1-0.152x2+0.232x3-0.105x4-0.271x5
	0.173
	0.143
	48

	
	TBC
	y=-0.204x1-0.222x2+0.264x3+0.029x4-0.315x5*
	0.195
	0.094
	48

	
	SC_0-20
	y=0.789x1*-0.416x2*+0.275x3*+0.085x4-0.003x5
	0.487
	0.000
	109

	Alpine steppe
	AGBC
	y=0.385x1*+0.275x2*+0.106x3-0.014x4-0.199x5
	0.133
	0.047
	83

	
	BGBC
	y=0.674x1*-0.0.037x2-0.284x3*+0.074x4-0.205x5
	0.312
	0.000
	83

	
	LBC
	y=0.306x1*+0.257x2+0.137x3-0.050x4-0.192x5
	0.120
	0.075
	83

	
	TBC
	y=0.608x1*+0.029x2-0.179x3+0.069x4-0.193x5
	0.242
	0.000
	83

	
	SC_0-20
	y=0.374x1*+0.223x2*+0.165x3*-0.172x4*+0.228x5*
	0.270
	0.000
	147





[image: ]
Figure S1 Stocking rates and grassland utilization rates (see below) corresponding to three grazing intensities in the four grassland types of the dataset, as well as the relationships between stocking rate and grassland utilization rates. UG, ungrazed; LG, low grazing; MG, medium grazed; HG, high grazed. Values in parenthesis are the number of observations. All the data are Mean ± 95% CI. All regression lines are significant at least at p<0.001. 
As in grazing grasslands, stocks only feed on the aboveground parts, so, we used the following equation to calculate the grassland utilization rate: 

In which, Ru is the grassland utilization rate (%), AGBCK is the aboveground biomass in the ungrazed sites (g m-2), AGBG is the aboveground biomass in the grazing sites (g m-2). Negative utilization rates show the increase of ABG under grazing. All exponential regression lines are significant at p<0.0001.



[image: ]
Figure S2 Root/shoot ratios (R/S) depending on grazing intensities in the four grassland types of typical, desert, meadow and alpine steppes. UG, Ungrazed; LG, Low grazing; MG, Medium grazed; HG, High grazed. Small letters above the error bars indicate significant differences among the grazing intensities at 0.05 level (p<0.05). Values in parenthesis are the number of observations. All data are Mean ± SE. Note that in all grassland types the root biomass is at least 4 times larger than the shoot biomass.


[image: ]
Figure S3 Empirical functions to estimate the missing soil bulk density based on data from studies reporting organic carbon content and bulk density in the ungrazed (n=133) and grazed (n=333) sites. Both regression lines are significant at p<0.0001. These empirical functions (Double Exponential Decay, 3 Parameter) were used to estimate the missing soil bulk density in some studies. 
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Figure S4 Plant biomass, litter and soil carbon (C) stocks depending on stocking rates in the four grassland types. UG, ungrazed. Shoot C, aboveground biomass carbon stocks; Root C, belowground biomass carbon stocks; Litter C, litter biomass carbon stocks; Total biomass C, total biomass carbon stocks include both shoot C and root C; Soil C, soil carbon stocks. Small letters above the error bars indicate significant differences among the grazing intensities at 0.05 level (p<0.05), and the absence of letters indicates non-significant differences (p>0.05). Values in parenthesis are the number of observations. All the data are Mean ± SE.


[image: ]
Figure S5 Plant biomass, litter and soil carbon (C) stocks depending on grazing duration under the three grazing intensities of light, moderate and heavy grazing. UG, ungrazed. Shoot C, aboveground biomass carbon stocks; Root C, belowground biomass carbon stocks; Litter C, litter biomass carbon stocks; Total biomass C, total biomass carbon stocks include both shoot C and root C; Soil C, soil carbon stocks. Small letters above the error bars indicate significant difference among the grazing intensities at 0.05 level (p<0.05). Values in parenthesis are the number of observations. All the data are Mean ± SE. 


[image: ] 
Figure S6 Grassland carbon stocks change with grazing duration under the heavy grazing. Shoot C, aboveground biomass carbon stocks; Root C, belowground plant biomass carbon stocks; Litter C, litter biomass carbon stocks; Total biomass C, total biomass carbon stocks include both shoot C and root C; Soil C, soil carbon stocks; Ecosystem C, ecosystem carbon stocks include all plant biomass C, litter C and soil C. All regression lines are significant at least at p<0.05. 
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Figure S7 Plant community height and coverage change with grazing intensities in the four grassland types in China. UG, ungrazed; LG, low grazing; MG, medium grazed; HG, high grazed. small letters above the error bars indicate significant difference among the grazing intensities at 0.05 level (p<0.05). Values in parenthesis are the number of observations. All the data are Mean ±SE. 

[image: ]
Figure S8 The relationships of root/shoot ratios (R/S) with stocking rates (A) and grazing duration (B). 


[image: ] 
Figure S9 Grassland carbon (C) stocks depending on grazing periods of alpine steppes. GP, growth season grazing; UGP, ungrowth season grazing; WY, whole year grazing. Small letters above the error bars indicate significant difference among the grazing intensities (p<0.05). Values in parenthesis are the number of observations. All the data are Mean ± SE. 
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