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Supplementary Figure 1. Local climate conditions of experimental sites. Mean annual 46 

temperature (MAT; a) and precipitation (MAP; b) of all experiment sites along latitudes. Gray 47 

areas highlight the middle latitudes of the Northern Hemisphere. 48 

  49  
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Supplementary Figure 2. Dependence of warming sensitivities of carbon-cycle variables 50 

on mean annual temperature. The relationships of warming (W) sensitivity (sen) of net 51 

primary productivity (NPP; a), aboveground NPP (ANPP; b), belowground NPP (BNPP; c), 52 

total biomass (TB; d), root biomass (RB; e), litter mass (LM; f), gross ecosystem productivity 53 

(GEP; g), ecosystem respiration (ER; h), and soil respiration (SR; i) with mean annual 54 

temperature (MAT). Each point represents the effect size of an individual study. 55 

  56  
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Supplementary Figure 3. Wetness affecting carbon-cycle variable responses to 57 

normalized increased precipitation. Bubble plots of the meta-regression results between the 58 

response ratio (RR) of NPP, BNPP, TB, AGB, RB, root-to-shoot ratios (R/S), LM, GEP, net 59 

ecosystem productivity (NEP), and ER under normalized increased precipitation (NIP, a 33% 60 

precipitation increase) and the wetness indices. Each point represents the effect size of an 61 

individual study. Greater wetness index values correspond to more humid climate conditions. 62 

See Supplementary Figure 2 for variable abbreviations. 63 

  64  
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Supplementary Figure 4. Wetness affecting carbon-cycle variable responses to 65 

normalized decreased precipitation. Bubble plots of the meta-regression results between 66 

the response ratio (RR) of NPP, ANPP, BNPP, TB, AGB, RB, R/S, LM, GEP, NEP, and SR 67 

under normalized decreased precipitation (NDP, a 33% precipitation decrease) and the 68 

wetness indices. Each point represents the effect size of an individual study. Greater wetness 69 

index values correspond to more humid climate conditions. See Supplementary Figures 2 and 70 

3 for variable abbreviations. 71 

  72  
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Supplementary Figure 5. Observed effects against predicted effects of global change 73 

drivers. The predicted against their observed effects of warming (W), increased precipitation 74 

(IP), decreased precipitation (DP), elevated CO2 (eCO2), and nitrogen addition (eN) on 75 

ecosystem carbon-cycle variables in each experiment (see Methods for details). Points on the 76 

1:1 line indicate perfect predictions. See Supplementary Figures 2 and 3 for variable 77 

abbreviations. Results showed that it is difficult to predict the ecosystem responses at a site 78 

using the mean sensitivities calculated from the other experiments, suggesting a poor 79 

predictive ability of our sensitivity database. 80 

  81  
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Supplementary Figure 6. Publication compilation. Study selection for inclusion in the global synthesis. 82 

  83  
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Supplementary Figure 7. Assessments of publication bias. Funnel plots of ecosystem 84 

carbon-cycle variables (NPP, ANPP, BNPP, TB, AGB, RB, R/S, LM, GEP, NEP, ER, and SR) 85 

under warming (W) treatments. Results of publication bias tests using Egger's regression are 86 

given at the top of each panel (z and P values). P values > 0.05 indicate the absence of 87 

publication bias. See Supplementary Figures 2 and 3 for variable abbreviations. 88 
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Supplementary Figure 8. Assessments of publication bias. Funnel plots of ecosystem 90 

carbon-cycle variables under increased precipitation (IP) treatments. Results of publication 91 

bias tests using Egger's regression are given at the top of each panel (z and P values). P 92 

values > 0.05 indicate the absence of publication bias. See Supplementary Figures 2 and 3 for 93 

variable abbreviations. 94 

  95  
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Supplementary Figure 9. Assessments of publication bias. Funnel plots of ecosystem 96 

carbon-cycle variables under decreased precipitation (DP) treatments. Results of publication 97 

bias tests using Egger's regression are given at the top of each panel (z and P values). P 98 

values > 0.05 indicate the absence of publication bias. See Supplementary Figures 2 and 3 for 99 

variable abbreviations. 100 

  101  
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Supplementary Figure 10. Assessments of publication bias. Funnel plots of ecosystem 102 

carbon-cycle variables under elevated CO2 (eCO2) treatments. Results of publication bias 103 

tests using Egger's regression are given at the top of each panel (z and P values). P values > 104 

0.05 indicate the absence of publication bias. See Supplementary Figures 2 and 3 for variable 105 

abbreviations. 106 
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Supplementary Figure 11. Assessments of publication bias. Funnel plots of ecosystem 108 

carbon-cycle variables and soil pH under enriched atmospheric N deposition (eN) treatments. 109 

Results of publication bias tests using Egger's regression are given at the top of each panel (z 110 

and P values). P values > 0.05 indicate the absence of publication bias. See Supplementary 111 

Figures 2 and 3 for variable abbreviations. 112 
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Supplementary Figure 12. Responses of carbon-cycle variables to changing 114 

precipitation tracks the magnitudes of IP/DP manipulations (%MAP). Bubble plots of 115 

the meta-regression results between the precipitation response ratios (RR) of ecosystem 116 

carbon-cycle variables and different precipitation manipulation levels. See Supplementary 117 

Figures 2 and 3 for variable abbreviations. 118 

   119  
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Supplementary Figure 13. Assessments of publication bias. Funnel plots of ecosystem 120 

carbon-cycle variables under the normalized IP treatments (NIP, a 32.9% precipitation 121 

increase). Results of publication bias tests using Egger's regression are given at the top of 122 

each panel (z and P values). P values > 0.05 indicate the absence of publication bias. See 123 

Supplementary Figures 2 and 3 for variable abbreviations. 124 
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Supplementary Figure 14. Assessments of publication bias. Funnel plots of ecosystem 126 

carbon-cycle variables under the normalized DP treatments (NDP, a 32.9% precipitation 127 

decrease). Results of publication bias tests using Egger's regression are given at the top of 128 

each panel (z and P values). P values > 0.05 indicate the absence of publication bias. See 129 

Supplementary Figures 2 and 3 for variable abbreviations. 130 
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Supplementary Figure 15. Assessments of publication bias. Funnel plots of ecosystem 132 

carbon-cycle variables under the interaction between W and IP treatments (W×IP). Results of 133 

publication bias tests using Egger's regression are given at the top of each panel (z and P 134 

values). P values > 0.05 indicate the absence of publication bias. See Supplementary Figures 135 

2 and 3 for variable abbreviations. 136 
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Supplementary Figure 16. Assessments of publication bias. Funnel plots of ecosystem 138 

carbon-cycle variables under the interaction between W and DP treatments (W×DP). Results 139 

of publication bias tests using Egger's regression are given at the top of each panel (z and P 140 

values). P values > 0.05 indicate the absence of publication bias. See Supplementary Figures 141 

2 and 3 for variable abbreviations. 142 
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Supplementary Figure 17. Assessments of publication bias. Funnel plots of ecosystem 144 

carbon-cycle variables under the interaction between W and eCO2 treatments (W×eCO2). 145 

Results of publication bias tests using Egger's regression are given at the top of each panel (z 146 

and P values). P values > 0.05 indicate the absence of publication bias. See Supplementary 147 

Figures 2 and 3 for variable abbreviations. 148 
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Supplementary Figure 18. Assessments of publication bias. Funnel plots of ecosystem 150 

carbon-cycle variables under the interaction between W and eN treatments (W×eN). Results 151 

of publication bias tests using Egger's regression are given at the top of each panel (z and P 152 

values). P values > 0.05 indicate the absence of publication bias. See Supplementary Figures 153 

2 and 3 for variable abbreviations. 154 

  155  
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Supplementary Figure 19. Assessments of publication bias. Funnel plots of ecosystem 156 

carbon-cycle variables under the interaction between IP and eN treatments (IP×eN) and 157 

between DP and eCO2 treatments (DP×eCO2). Results of publication bias tests using Egger's 158 

regression are given at the top of each panel (z and P values). P values > 0.05 indicate the 159 

absence of publication bias. See Supplementary Figures 2 and 3 for variable abbreviations. 160 

  161  
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Supplementary Figure 20. Assessments of publication bias. Funnel plots of ecosystem 162 

carbon-cycle variables under the interaction between eCO2 and eN treatments (eCO2×eN). 163 

Results of publication bias tests using Egger's regression are given at the top of each panel (z 164 

and P values). P values > 0.05 indicate the absence of publication bias. See Supplementary 165 

Figures 2 and 3 for variable abbreviations. 166 

  167  
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Supplementary Table 1. The number of experiments manipulating single and multiple 168 

global change drivers in different countries.   169 

 170 
Key to treatment abbreviations: W: warming, P: changing precipitation regimes, eCO2: 171 

elevated CO2, eN: enriched atmospheric nitrogen deposition, treatments in multifactor 172 

experiments are shown with multiple letters. 173 

Country abbreviations: UK: United Kingdom, SE: Sweden, SL: Switzerland, NL: The 174 

Netherlands, RU: Russia, SP: Spain, GE: Germany, IT: Italy, FR: France, NO: Norway, DK: 175 

Denmark, FI: Finland, IS: Iceland, IE: Ireland, BE: Belgium, CZ: Czech Republic, EE: 176 

Estonia, HU: Hungary, AT: Austria, The Republic of Greece: GR, PT: Portugal, PL: Poland, 177 

CN: China, JP: Japan, ID: Indonesia, IN: India, KR: Korea, IL: Israel, MN: Mongolia, US: 178 

United States of America, CA: Canada, PA: Panama, MX: Mexico, JM: Jamaica, BZ: Belize, 179 

BR: Brazil, CL: Chile, AR: Argentina, EC: Ecuador, PE: The Republic of Peru, AU: 180 

Australia, NZ: New Zealand, ZA: South African.   181 
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Supplementary Table 2. The numbers of samples and experiments (shown in parentheses) collected in our meta-analysis (all available data).   182 

 NPP ANPP BNPP TB AGB RB R/S LM GEP NEP ER SR pH 

W 43(8) 82(21) 55(10) 34(21) 108(53) 46(27) 45(24) 42(15) 82(24) 80(23) 91(26) 124(40) ‒ 

IP 43(18) 93(27) 64(23) 38(12) 83(32) 41(18) 49(28) 30(10) 67(21) 66(20) 69(22) 105(40) ‒ 

DP 24(9) 44(16) 35(10) 14(5) 28(13) 22(10) 28(14) 37(9) 29(10) 29(10) 29(10) 59(26) ‒ 

eCO2 39(7) 25(10) 51(12) 66(33) 237(59) 171(63) 43(27) 35(16) 23(6) 58(10) 17(8) 110(31) ‒ 

eN 30(10) 82(27) 45(15) 50(22) 357(99) 120(51) 68(39) 40(15) 35(10) 34(11) 39(11) 188(45) 89(53) 

WIP 22(6) 28(8) 28(7) 9(3) 14(6) 12(5) ‒ ‒ 25(5) 25(5) 25(5) 27(7) ‒ 

WDP 17(5) 24(7) 18(7) 3(3) 10(5) 6(5) ‒ ‒ ‒ ‒ ‒ 19(7) ‒ 

WeCO2 9(2) 10(3) 10(3) 8(4) 18(6) 11(5) ‒ ‒ 9(2) 9(2) 9(2) 22(7) ‒ 

WeN 10(2) 12(4) 10(2) 10(5) 20(9) 10(3) ‒ ‒ 13(4) 13(4) 13(4) 18(6) ‒ 

IPeCO2 5(1) 5(1) 5(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

DPeCO2 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 6(2) ‒ 

IPeN 15(6) 23(7) 20(7) 15(3) 57(13) 20(6) ‒ ‒ 20(5) 20(5) 20(5) 26(7) ‒ 

eCO2eN 5(1) 8(2) 7(2) 24(10) 24(10) 29(14) ‒ ‒ ‒ ‒ ‒ 22(7) ‒ 

WIPeCO2 5(1) 5(1) 5(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

WIPeN 5(1) 5(1) 5(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

WDPeCO2 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 6(2) ‒ 

WeCO2eN 5(1) 5(1) 5(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

IPeCO2eN 5(1) 5(1) 5(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

WIPeCO2eN 5(1) 5(1) 5(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

See Supplementary Table 1 and Supplementary Figures. 2 and 3 for treatment and variable abbreviations, respectively. IP: increased 183 

precipitation, DP: decreased precipitation.  184 
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Supplementary Table 3. The numbers of samples and experiments (shown in parentheses) used in our meta-analysis after independent checking 185 

(see Methods for details).  186 

 NPP ANPP BNPP TB AGB RB R/S LM GEP NEP ER SR pH 

W 18(8) 37(21) 20(10) 26(21) 64(53) 33(27) 36(24) 20(15) 34(24) 31(23) 37(26) 51(40) ‒ 

IP 22(18) 41(27) 31(23) 18(12) 40(32) 24(18) 36(28) 15(10) 26(21) 25(20) 27(22) 57(40) ‒ 

DP 11(9) 23(16) 16(10) 8(5) 17(13) 15(10) 22(14) 14(9) 12(10) 12(10) 12(10) 31(26) ‒ 

eCO2 10(8) 13(10) 19(12) 51(33) 99(57) 96(61) 40(27) 25(16) 8(6) 12(10) 9(9) 48(31) ‒ 

eN 12(10) 39(27) 17(15) 33(22) 201(99) 90(52) 65(39) 31(15) 13(10) 15(11) 16(11) 91(45) 89(53) 

WIP 10(6) 14(8) 10(7) 3(3) 6(6) 5(5) ‒ ‒ 5(5) 5(5) 5(5) 7(7) ‒ 

WDP 9(5) 13(7) 10(7) 3(3) 5(5) 6(5) ‒ ‒ ‒ ‒ ‒ 7(7) ‒ 

WeCO2 5(2) 6(3) 6(3) 4(4) 7(6) 5(5) ‒ ‒ 2(2) 2(2) 2(2) 8(7) ‒ 

WeN 2(2) 4(4) 2(2) 6(5) 13(9) 4(3) ‒ ‒ 5(4) 4(4) 5(4) 6(6) ‒ 

IPeCO2 1(1) 1(1) 1(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

DPeCO2 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 2(2) ‒ 

IPeN 7(6) 9(7) 8(7) 3(3) 19(13) 8(6) ‒ ‒ 5(5) 5(5) 5(5) 14(7) ‒ 

eCO2eN 1(1) 4(2) 2(2) 13(10) 14(10) 22(14) ‒ ‒ ‒ ‒ ‒ 10(7) ‒ 

WIPeCO2 1(1) 1(1) 1(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

WIPeN 1(1) 1(1) 1(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

WDPeCO2 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 2(2) ‒ 

WeCO2eN 1(1) 1(1) 1(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

IPeCO2eN 1(1) 1(1) 1(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

WIPeCO2eN 1(1) 1(1) 1(1) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 

See Supplementary Table 1 and Supplementary Figures. 2 and 3 for treatment and variable abbreviations, respectively. IP: increased 187 

precipitation, DP: decreased precipitation.  188 
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Supplementary Table 4. The numbers of samples and experiments (shown in 

parentheses) used in the interaction calculations. 

 NPP ANPP BNPP TB AGB RB GEP NEP ER SR 

W×IP 10(6) 14(8) 10(7) 3(3) 6(6) 4(4) 5(5) 5(5) 5(5) 7(7) 

W×DP 9(5) 12(6) 10(7) 2(2) 3(3) 5(4) ‒ ‒ ‒ 7(7) 

W×eCO2 5(2) 6(3) 6(3) 4(4) 6(5) 5(5) 2(2) 2(2) 2(2) 8(7) 

W×eN 2(2) 4(4) 2(2) 6(5) 13(9) 4(3) 5(4) 5(4) 5(4) 6(6) 

IP×eN 7(6) 9(7) 8(7) 3(3) 19(13) 7(5) 5(5) 5(5) 5(5) 12(6) 

DP×eCO2 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 2(2) 

eCO2×eN ‒ 4(2) 2(2) 13(10) 14(10) 22(14) ‒ ‒ ‒ 10(7) 

See Supplementary Table 1 and Supplementary Figures. 2 and 3 for treatment and 

variable abbreviations, respectively. IP: increased precipitation, DP: decreased 

precipitation.  
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Supplementary Text 1: List of 2230 publications of manipulative experiments in 

global change research used in this synthesis. 

 

1970-1989 

1.   Smirnoff, W. A. & Bernier, B. Increased mortality of the swaine jack pine 

sawfly, and foliar nitrogen concentration after urea fertilization. Can. J. For. 

Res. 3, 112-121 (1973). 

2.   Weetman, G. F. & Algar, D. Jack pine nitrogen fertilization and nutrition studies: 

Three year results. Can. J. For. Res. 4, 381-398 (1974). 

3. Lauenroth, W. K. & Dodd, J. L. The effects of water- and nitrogen-induced 

stresses on plant community structure in a semiarid grassland. Oecologia 36, 

211-222 (1978). 

4.   Lutwick, L. E. & Smith, A. D. Yields and N uptake by seven perennial grass 

species as affected by high rate of N fertilizer. J. Range. Manage. 32, 433-436 

(1979). 

5.   Shaver, G. R. & Chapin III, F. S. Response to fertilization by various plant 

growth forms in an Alaskan tundra: Nutrient accumulation and growth. Ecology 

61, 662-675 (1980). 

6. Steinbrenner, E. C. Growth response of young Douglas-fir to repeated 

application of nitrogen and phosphorus. Soil Sci. Soc. Am. J. 45, 953-955 

(1981). 

7.  Billings, W. D., Luke, J. O., Mortensen, D. A. & Peterson, K. M. Arctic tundra: 

A source of sink for atmospheric carbon dioxide in a changing enviroment? 

Oecologia 53, 7-11 (1982). 
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Supplementary Text 2: Discussion on the discrepancy between our findings and 

those from previous meta-analyses. 

 

Discrepancy between our findings and those from previous meta-analyses: Effects of 

individual global change drivers 

Warming effects 

Our meta-analysis results showed that warming did not affect net primary 

productivity and its aboveground component, root-to-shoot ratios, litter mass, gross 

and net ecosystem productivity, or ecosystem respiration. However, warming 

marginally increased belowground net primary productivity by 18.6% (P = 0.066). In 

addition, warming significantly stimulated total, aboveground, and root biomass, and 

soil respiration by 23.2%, 13.7%, 13.5%, and 14.1%, respectively (all P < 0.05). 

These observations of neutral responses of plant productivity to warming are 

inconsistent with the findings of several previous meta-analyses, which have 

demonstrated significant increases in net primary productivity ranging from 4.4% to 

19.0% (Rustad et al., 2001; Wu et al., 2011; Lu et al., 2013), and a greater 

belowground net primary productivity enhancement (+52%; Wu et al., 2011). Our 

meta-analysis results of significant stimulations in plant biomass are in line with the 

observations of a previous meta-analysis showing a plant biomass increase of 12.3% 

under elevated temperature (Lin et al., 2010). However, another meta-analysis has 

found that warming could only stimulate aboveground biomass by 27%, but has no 

effect on total or root biomass (Wu et al., 2011).  

Our findings of neutral responses of gross ecosystem productivity and ecosystem 

respiration to warming are disagreement with the observations of two previous meta-

analyses, which have demonstrated significant increases of gross ecosystem 

productivity ranging from 15.7% to 20.0%, and an enhancement of 27% for 

ecosystem respiration (Wu et al., 2011; Lu et al., 2013). However, net ecosystem 

productivity, the balance between gross ecosystem productivity and ecosystem 

respiration, showing no response to warming detected in our study is in consistent 

with the findings of two previous meta-analyses (Wu et al., 2011; Lu et al., 2013). In 

addition, a 13.2% increase of soil respiration in response to warming revealed in our 

study is also within the range of previous observations (+12%~+20%; Rustad et al., 

2001; Wu et al., 2011; Wang et al., 2014). 

 

Effects of increased/decreased precipitation 

Our meta-analysis results found that increased precipitation significantly stimulated 

most of the carbon-cycle variables, including net primary productivity (+28.0%) and 

its above- (+37.3%) and below-ground components (+19.4%), total (+13.7%), 

aboveground (+20.3%), and root biomass (+14.8%), gross (+28.8%) and net 

ecosystem productivity (+35.6%), as well as ecosystem (+28.0%) and soil respiration 

(+21.9%), but reduced root-to-shoot ratios by 11.4%. However, increased 

precipitation did not influence litter mass. These findings are similar to the 

observations of a previous meta-analysis, which has found that increased precipitation 

could significantly stimulate net primary productivity (+4%) and its above- (+28%) 

and below-ground components (+6%), aboveground (+12%) and root biomass 

(+11%), gross (+40%) and net ecosystem productivity (+56%), as well as ecosystem 

(+30%) and soil respiration (+45%), but do not affect total biomass (Wu et al., 2011). 

In addition, another recent meta-analysis has revealed that normalized increased 

precipitation (a 28% precipitation increase) could enhance soil respiration by 16% 

(Liu et al., 2016).  
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Our meta-analysis results demonstrated that decreased precipitation suppressed all 

the carbon-cycle variables, including net primary productivity (-14.7%) and its above- 

(-19.0%) and below-ground components (-14.5%), total (-17.7%), aboveground (-

16.3%), and root biomass (-15.6%), litter mass (-19.5%), gross (-24.8%) and net 

ecosystem productivity (-27.4%), as well as ecosystem (-24.7%) and soil respiration (-

23.0%), but stimulated root-to-shoot ratios by 17.9%. However, a previous meta-

analysis has found an inconsistent pattern of carbon-cycle variable responses to 

decreased precipitation that decreased precipitation could reduce aboveground net 

primary productivity (-37%), aboveground biomass (-15%), gross (-9%) and net 

ecosystem productivity (-45%), and soil respiration (-12%), but do not affect total and 

root biomass, net primary productivity and its belowground component, or ecosystem 

respiration (Wu et al., 2011). Another recent meta-analysis has demonstrated that 

normalized decreased precipitation (a 28% precipitation decrease) could suppress soil 

respiration by 17% (Liu et al., 2016). 

 

Effects of elevated CO2 

Our meta-analysis results found that elevated CO2 (eCO2) significantly increased 

most of the carbon-cycle variables, including net primary productivity (+14.3%) and 

its above- (+17.9%) and below-ground components (+35.4%), total (+24.4%), 

aboveground (+17.2%), and root biomass (+28.6%), root-to-shoot ratios (+14.9%), 

and ecosystem (+15.0%) and soil respiration (+30.4%), but did not affect gross or net 

ecosystem productivity. However, several previous meta-analyses have primarily 

focused on the responses of plant biomass production to rising atmospheric CO2, but 

fewer studies examining the eCO2 effects on the other carbon-cycle variables. These 

meta-analyses have demonstrated that eCO2 could stimulate total (+28.8%~+44.0%; 

Curtis & Wang, 1998; Wand et al., 1999), aboveground (+20%; Ainsworth & Long 

2005; Sillen & Dieleman, 2012), and root biomass (+28.8%~+38.0%; Curtis & Wang, 

1998; Nie et al., 2013). However, a previous meta-analysis has reported a negative 

root biomass response to eCO2 (-17.0%; Sillen & Dieleman, 2012). In addition, 

compared with our observations, the previous meta-analyses have revealed a lower 

positive response of root-to-shoot ratios to eCO2 (+6.7%~+8.5%; Luo et al., 2006; Nie 

et al., 2013). 

 

Effects of nitrogen (N) addition 

Our meta-analysis results showed that N addition significantly stimulated most of 

the carbon-cycle variables, including net primary productivity (+16.3%) and its 

aboveground component (+13.4%), total (+55.7%), aboveground (+30.8%), and root 

biomass (+20.1%), litter mass (+27.7%), gross ecosystem productivity (+37.8%), and 

ecosystem respiration (+36.5%), but reduced root-to-shoot ratios and soil respiration 

by 16.8% and 4.8%, respectively. However, N addition did not influence belowground 

net primary productivity or net ecosystem productivity. Several previous meta-

analyses have only focused on plant biomass responses to N addition, revealing a 

lower stimulation in total biomass under N addition ranging from 36% (Janssens et 

al., 2010) to 53.6% (Xia & Wan, 2008), and greater enchantments of aboveground 

(37%) and root biomass (29%; Sillen & Dieleman, 2012) than those detected in our 

study. In addition, a previous meta-analysis focusing on forested ecosystems have 

demonstrated a higher reduction in soil respiration (-10%) under N addition than 

results observed in our study (Janssens et al., 2010), suggesting that including other 

ecosystems such as grasslands and tundra generates a lower negative impact of N 

addition on soil respiration. 
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Overall, since these meta-analyses including ours generally used the same methods 

(weighted log-response ratios) performed with various software (e.g., MetaWin or 

‘Metafor’ package in R), the different findings among studies were generated 

primarily due to that these studies represented different experiments in the analyses. 

Our study encompassing all global change manipulative experiments to 2016 can 

provide a large and valuable database for global change research to facilitate our 

understanding of ecosystem carbon-cycle responses to global change drivers. 

 

Discrepancy between our findings and those from previous meta-analyses: Interactive 

effects 

During the past two decades, there were fewer meta-analyses to examine the 

interactive effects among multiple global change drivers (e.g., Dieleman et al., 2012; 

Zhou et al., 2016; Yue et al., 2017), likely due to fewer multifactor experiments 

precluding the identification of interactive effects. The discrepancy in the findings 

among the previous meta-analyses has been discussed in a previous study (Yue et al., 

2017). Briefly, Dieleman et al. (2012) has revealed antagonistic effects between eCO2 

and warming on plant biomass and soil process variables (e.g., soil respiration, soil 

carbon content, and net N mineralization). However, Zhou et al. (2016) and Yue et al. 

(2017) have suggested that nonlinear influences (i.e. synergistic or antagonistic) 

between two-driver pair were rare. Yue et al. (2017) argued that the differences in 

analytical methods and the variables analyzed in each study could be responsible for 

the discrepancy. For example, Dieleman et al. (2012) assessed interactions between 

warming and eCO2 on plant biomass and soil process variables (e.g., soil respiration, 

soil carbon content, and net N mineralization) by comparing the linear correlations 

between the combined warming and eCO2 influences and the sum of individual effects 

with 1:1 line. Leuzinger et al. (2011) pooled plant biomass and soil process variables 

together to explore the differences in the response magnitudes under one, two, and 

three global change drivers. 

Compared with Zhou et al. (2016) and Yue et al. (2017) which used Hedges’ d 

method, our study used a different method, but generated similar findings of more 

multiplicative influences. In addition, another recent meta-analysis has found that 

eCO2 and warming could multiplicatively affect aboveground biomass of woody 

plants, providing other lines of evidence to support our observations (Baig et al., 

2015). Furthermore, given that a previous analysis has pooled multiple carbon-cycle 

variables together to analyze effects of multiple global change drivers, and found that 

ecosystem responses decline with increasing number of global change drivers 

(Leuzinger et al., 2011). From a global perspective, more direct evidence on whether 

multiplicative effects among higher-order global change drivers hold for experimental 

studies manipulating three or four drivers are crucial for robust projections of future 

global change-terrestrial carbon cycling feedbacks. 
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