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I. Relationship between Porporato’s parameter ® and Chourhury’s parameter n
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Supplementary Figure S1 Relationship between Porporato’s parameter « and

Chourhury’s parameter n. The black solid curve represents the best fit relationship

(R*=0.96, p<0.001) provided by the equation given on the figure.



I1. Global pattern of effective rooting depth
We estimated the effective rooting depth (Z;) using an analytical carbon cost-benefit
model based on ecosystem optimality theory (4). The climatological mean Z; during

1982-2010 is shown in Supplementary Figure S2.

' _Effective rooting depth (m)

0.1 02 03 04 05 10 20 3.0 40 50

Supplementary Figure S2 Global pattern of mean annual effective rooting depth

over 1982-2010.



V. Response of stomatal conductance to eCO2

The response of stomatal conductance (gs) to eCO> was determined using meta-
analysis based on observations collected from 244 field experiments as summarized in
Ainsworth and Rogers (5). As the magnitude of eCO> varies in these 244 experiments,
we obtained the sensitivity of gs to eCOz (percentage change in gs per 1% increase in
C,) using linear interpolation. We then classified the 244 observations based on their
biome type to construct a biome type-based look-up table of g sensitivity to eCO-

(Supplementary Figure S3).
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Supplementary Figure S3 Sensitivity of leaf-level stomatal conductance to eCOsx.
Numbers in the brackets indicate the number of observations in each biome type.

Error bars represent one standard deviation among individual observations.



VIII. Sensitivity of Q to eCO2, P and Ep

In addition to showing the relative sensitivity of Q to eCO», P and Ep in the main text
(Figure 7), here we also show the absolute sensitivity of Q to eCO», P and Ep
(Supplementary Figure S4). Similar to the relative values, the absolute sensitivity of Q
to eCOz is higher in dry regions and lower in wet areas (Supplementary Figure S8a).
Regarding the absolute sensitivity of O to P and Ep, both show a higher value in wet

regions and smaller value in dry areas (Supplementary Figure S4b and c).
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Supplementary Figure S4 Spatial distribution of the absolute sensitivity of O to (a)
eCOg, (b) P and (c) Ep.



IX. Literature review of observed plant root characteristics in response to eCO2

In the current study, we modeled the response of effective rooting depth (Z;) to eCO»
and found that Z; increases with eCO> across the majority of global terrestrial
ecosystems. However, it is impossible to directly validate our modeling result with
field observations, as it is impossible to measure rooting depth across large regions.
Here, we collected measured response of plant rooting characteristics (i.e., rooting
depth and root biomass) to eCO> from 97 published observations (Supplementary
Tables S1 and S2). Among these 97 observations, 86 (88.7%) reported an increased
root length and/or root biomass as C; rises. This is in consistent with our modeling
results that eCO» generally increases the effective rooting depth (i.e., more roots,
either in length or biomass). Since there is currently no large scale observations of
rooting depth in response to eCO», the Supplementary Tables S1 and S2 provide an

indirect, yet best available observational support for our modeling results.

Supplementary Table S1 Observed percentage changes (mean =+ 1 standard
deviation) in root characteristics (A root) in response to eCO>. n is the number of
observations and numbers in the brackets under column n indicates the number of

observations showing increased root characteristics in response to eCO».

Root characteristics ~ Free-Air CO2 Enrichment Open Top Chamber / Glasshouse

N eCO2 (%) A root (%) n eCO2 (%) Aroot (%)

Total root Biomass 28 (26) +52.6+7.0 +34.6+32.7 36(32) +91.3+183 +38.0+48.6
Total root length 1(1) +76.5 +38.8 3(3) +90.7+£ 6.9 +33.3+£125
Fine root biomass 24 (22) +52.6 £8.6 +52.6+354 15(14) +80.0£25.8 +57.5+52.1

Fine root length 4(3) +44.0+7.6 +14.7+11.3  3(3) +984 £ 1.5 +96.8 £74.4




1 Supplementary Table S2 Summary of observed root characteristics in response to elevation in atmospheric CO> concentration. aCO> in the

2 ambient CO; concentration (ppm) and eCO:z in the elevated CO> concentration (ppm). DRB is the dry root biomass; TRL is the total root length;

3 DFRB is the dry fine root biomass; FRL is the fine root length. In the Method column, FACE represents Free-Air CO; Enrichment, OTC stands

4  for open-top chamber and GH indicates glasshouse. Superscript 1 indicates root biomass in g m™, superscript 2 indicates root biomass in g per

5  experimental unit, superscript 3 indicates root biomass in g per plant, superscript 4 indicates root length in mm cm, superscript 5 indicates root

6  length in m per plant. NR means not reported.
No.  Species Location COz concentration (ppm) DRB ?or TRL"® DFRB ° or FRL4 Method Reference

Latitude Longitude aCO2 eCO2 Increase aCOz eCO2  Change aCOz eCO2 Change
1 Pinus taeda L. 3597°N  79.08°W 363 563 200(55%)  NR NR  NR 238l 325 +87 (36.5%) FACE Allen et al. (8)
2 Calluna vulgaris, ~ 55.88°N  8.68°E 380 510 130(342%) NR NR  NR 47 ¢! 71 +24 (51%) FACE Andresen et al. (9)
Deschampsia
flexuosa

3 Mixed forest 4747°N  71.5°E 380 550  170(44.7%) NR NR  NR 2901 256 -34 (-13.2%) FACE Bader et al. (10)
4 A. capillaris  5322°N  4.13°W 340 680  340(100%)  0.05*  0.11  +0.06 (120%)  NR NR NR OTC Baxter et al. (11)
5 P alpine 5322°N  413°W 340 680  340(100%) 04523 055  +0.10(222%)  NR NR NR OTC Baxter et al. (11)
6  F vivipara 5322°N  4.13°W 340 680  340(100%) 52  2.80  -2.4(-46.1%) NR NR NR OTC Baxter et al. (11)
7 Lolium perenne  4745°N  8.68°E 350 600 250(71.4%) 112523 125  +0.125(11.1%) NR NR NR FACE Bazot et al. (12)
8 Sweet potato 3578° N 78.68°W 364 666  302(83%) 59283 83.18 +23.9(40.3%)  NR NR NR OTC Bhattacharya et al. (13)
9 Scrub-Oak 28.63°N  80.7°W 363 726  363(100%) 737% 498  -239 (32.4%) NR NR NR OTC Brown et al. (14)
10 Palba 4237°N  11.8°E 370 550 180 (48.6%) 758 1046  +288 (38%) 2651 478 +2.13(80.4%)  FACE Calfapietra et al. (15)
11 Pnigra 4237°N  11.8°E 370 550 180 (48.6%) 8441 1030  +186 (22%) 273l 387 +1.14 (41.8%)  FACE Calfapietra et al. (15)
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P x euramericana
Mixed grasses
Prunus persica
Scots Pine

Ash

Oak

Mixed grasses
Mixed forbs
Oak-palmetto
Sorghum
Cotton
Quercus
myrtifolia Wasd.
Ambrosia
Larrea

Mixed grasses
Pinus taeda L.
Sweetgum
Larix decidua
Pinus uncinata
Mixed grasses
Mixed grasses

Lolium perenne

42.37°N
41.18°N
55.87°N
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454°N
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33.07°N
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11.8°E
104.9°W
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93.18° W
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180 (48.6%)
217 (56.7%)
350 (100%)
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182 (48.1%)
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350 (100%)
193 (51.7%)
193 (51.7%)
350 (96.4%)

137 (36.6%)
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250 (71.4%)
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206 (55.7%)
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310 (83.8%)
360 (100%)
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15.8 3
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580 !
145 a1
NR
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2970 &1
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1011
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19.8
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1333
133.7
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74.5
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NR
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4390
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10.5

+224 (28.5%)
NR
+4(25.3%)
+50% 3

+2.0 (1.5%)
+26.8 (25.1%)
+135 (23.3%)
+25 (17.2%)
NR

+27 (20.1%)
+33.5(81.7%)
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NR
NR

+1420 (48%)
NR

NR

NR

NR
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+12 (33.3%)
+4.5 (75%)
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303.4 ©!
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14.9 44
20.6 94
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363.5 ¢!
112.6 ©!
240.5 ©!
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185 ¢!
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NR
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319
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NR
39.25
20.12
520
125
NR
NR
NR
21

14.6
223
NR
385.4
194.8
221.5
463
405
NR
NR

+1.51 (51.2%)
+15.6 (5.1%)
NR

NR

+8.5 (27.6%)
+11.37 (130%)
+110 (26.8%)
+45 (56.3%)
+63.2% 4

NR

NR

+14 (200%)

-0.3 (-0.2%)
+1.7 (8.3%)
NR

+21.9 (6%)
+82.8 (73%)
-19 (-7.9%)
+201.5 (77.1%)
+220 (118.9%)
NR
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FACE
FACE
OTC
OTC
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OTC
FACE
FACE
OTC
FACE
FACE
OTC

FACE
FACE
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FACE
FACE
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FACE
FACE
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Calfapietra et al. (15)
Carrillo et al. (16)
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Crookshanks et al. (18)
Crookshanks et al. (18)
Crookshanks et al. (18)

Crous et al. (19)
Crous et al. (19)
Day et al. (20)
Derner et al. (21)
Derner et al. (21)

Dilustro et al. (22)

Ferguson et al. (23)
Ferguson et al. (23)
Fitter et al. (24)
George et al. (25)
George et al. (25)
Handa et al. (26)
Handa et al. (26)
Henry et al. (27)
Higgins et al. (28)
Hill et al. (29)
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Luzula

Poa
Ranunculus
Veronica
Sweetgum
Pinus sylvestris
L.

Loblolly pine
forest

Pinus sylvestris
L.

Mixed grasses
Lolium perenne,
Trifolium repens
Pinus sylvestris
L.

Citrus aurantium
L.

Wheat
Trembling aspen
Sugar maple
Aspen

Aspen--birth

46.57° N
46.57° N
46.57° N
46.57° N
359°N

51.22°N

3597°N

51.17°N

39.2°N
3597°N

3597°N

33.42°N

33.07°N
45.55°N
45.55°N
45.68° N
45.68° N

8.42°E
8.42°E
8.42°E
8.42°E
84.33°W
441°E

79.083° W

44°F

96.58° W
79.08° W
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84.78° W
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89.63° W
89.63° W
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380
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360
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346
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560
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720
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560
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195 (50.6%)
195 (50.6%)
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195 (50.6%)
180 (50%)

400 (114%)

200 (54%)

350 (100%)
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260 (76.5%)

360 (100%)

300 (83.3%)
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200 (55.6%)
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201 (58.1%)
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0.72 22
1.132
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NR

81.7 33
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1020 b°
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65 b4
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4.4
0.73
0.98
0.82
NR
3285
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184.6

1430
1410

NR

82.3

NR
NR
NR
NR
NR

+0.2 (4.8%)
+0.01 (1.4%)
-0.12 (-10.9%)
+0.02 (2.5%)
NR

+198.3 (152%)

NR

+102.9 (126%)

+392 (37.7%)
+390 (38.8%)

NR

+17.3 (26.6%)

+17% !
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209 !
13.0 ¢?
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124
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NR
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+228 (109%)
+16.6 (128%)

+59 (23.8%)

+28 (127%)
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+39.9% ©!
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NR

+52 (72.2%)
+1 (0.7%)
+294 (113%)
+144 (83%)
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OTC
OTC
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Inauen et al. (30)
Inauen et al. (30)
Inauen et al. (30)
Inauen et al. (30)
Iverson et al. (31)

Jach et al. (32)

Jackson et al. (33)

Janssens et al. (34)

Jastrow et al. (35)

Jongen et al. (36)

Kasurinen et al. (37)

Kimball et al. (38)

Kimball et al. (39)
King et al. (40)
King et al. (40)
King et al. (41)

King et al. (41)
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Mixed grasses
Wheat

Acacia floribunda
Casuarina
cunninghamiana
Eucalyptus
camaldulensis

P alba

P nigra

P. xeuramericana
P alba

P nigra

P x
euramericana
Pine tree

Mixed grass and
shrub

Pinus echinata
seedlings
Sweetgum
Mixed grasses
Rice

Mixed grasses

40.85° N
32.6°N

33.77° S
33.77° S

33.77° S

42.37°N
42.37°N
42.37°N
42.62° N
42.62° N
42.62° N

3597°N
40.82° N

35.93°N

359°N
39.2°N
31.62°N
40.67° N

104.72° W
119.7°E

151.11°E
I51.11°E

151.11°E

11.8°E
11.8°E
11.8°E
11.81°E
11.81°E
11.81°E

70.09° W
104.77° W

84.31°W

84.33° W
96.58° W
120.47° E
104.75° W

360
378
390
390

390

370
370
370
370
370
370

365
360

368

368
357
375
360

720
578
550
550

550

550
550
550
550
550
550

565
720

695

537
714
575
720

360 (100%)
200 (52.9%)
160 (41%)
160 (41%)

160 (41%)

180 (48.6%)
180 (48.6%)
180 (48.6%)
180 (48.6%)
180 (48.6%)
180 (48.6%)

200 (54.8%)
360 (100%)

327 (88.9%)

169 (45.9%)
357 (100%)
200 (53.3%)
360 (100%)

920 »!
90.7 !
89.5 a!
91.9 2!

235.7 !

NR
NR
NR
NR
NR
NR

NR
1.31 54

1.92 3

25481
181 &1
NR

842 o1

1030
96.7
95.6
172.7

2273

NR
NR
NR
NR
NR
NR

NR
1.98

2.71

491
249
NR
972

10

+110 (12%)
+6 (6.6%)
+6.1 (6.8%)
+80.8 (87.9%)

-8.4 (0.36%)

+19% !
+28% 1
+48% !
+47% !
+76% *!

+71% !

NR
+0.67 (50.8%)

+0.79 (41%)

+237 (93.3%)
+68 (37.6%)
+66% 2

+130 (15.4%)

NR
NR
33.7¢!
26.3 ©!

41.9 ¢!

NR
NR
NR
NR
NR
NR

79.8 &1
NR

1.00 3

240 !
NR
NR
NR

NR
NR
36.0
65.2

27.5

NR
NR
NR
NR
NR
NR

134.2
NR

1.52

375
NR
NR
NR

NR

NR

+2.3 (7.1%)
+38.9 (147.5%)

-14.4 (-34.5%)

NR
NR
NR
+35% ©!
+84% ¢!

+53% !

+54.4 (68.2%)
NR

+0.52 (52%)

+135 (56.3%)
NR
NR
NR

OTC
FACE
GH

GH

FACE
FACE
FACE
FACE
FACE
FACE

FACE
OTC

OTC

FACE
OTC
FACE
OTC

King et al. (42)
Kou et al. (43)
Lawson et al. (44)

Lawson et al. (44)

Lawson et al. (44)

Liberloo et al. (45)
Liberloo et al. (45)
Liberloo et al. (45)
Lukac et al. (46)
Lukac et al. (46)
Lukac et al. (46)

Matamala et al. (47)
Milchunas et al. (48)

Norby et al. (49)

Norby et al. (50)
Owensby et al. (51)
Pang et al. (52)
Pendall et al. (53)



69
70

71
72
73

74
75

76

77
78
79

80
81
82
83
84
85

Mixed grasses
Pinus ponderosa
Dougl. Ex Laws.
Aspen
Populus
Populus
termuloides
Cotton
Longleaf pine
savannahs
Red maple,
winged elm,
sweetgum
Pinus taeda L.
Winter wheat
Phaseolus
vulgaris

Birch tree
Wheat

Pinus
Quercus
Aristida

Asclepias

42.7° S
3597°N

45.67° N
45.57° N
45.58°N

33.07°N
32.1°N

36.15°N

3597°N
37.88° N
55.52°N

55.52°N
55.68° N
32.62°N
32.62°N
32.62°N

32.62°N

147.27°E
79.08° W

89.63°E
84.67° W
84.7°W

111.98°W
85.08° W

79.97° W

79.08° W
114.68 ° E
32°W

32°W
12.2°E
85.48°W
85.48°W
85.48°W
85.48°W

372
420

356
345
357

370
365

365

368
358
350

350
360
365
365
365
365

549
690

534
693
707

550
720

565

567
712
700

700
680
720
720
720
720

177 (47.6%)
270 (64%)

178 (50%)
348 (101%)
350 (98%)

180 (48.6%)
355 (97.3%)

200 (54.8%)

199 (54%)
354 (98.9%)
350 (100%)

350 (100%)
320 (88.9%)
355(97.3)
355(97.3)
355(97.3)
355(97.3)

653 &1
NR

NR
193.323
NR

NR
106.5 !

181.1 3!

NR
NR
4.02 23

470 !
17.8 b4
1000 *!
145 21
190 &1
6.4 !

429
NR

NR
270
NR

NR
115.6

228.6

NR
NR
4.75

1040
21.8
1800
165
130
3.2

11

224 (-34.3%)
NR

NR
+76.7 (39.7%)
NR

NR
+9.1 (8.5%)

+47.5 (26.2%)

NR
NR
+0.73 (18.2%)

+570 (121%)
+4(22.5%)
+800 (80%)
+20 (13.8%)
-60 (-31.6%)
3.2 (-50%)

NR
485.6 ©!

171 ¢!
18.3¢3
79.8 &1

1.73 43
NR

NR

NR
1210 ¢4
NR

200 ©!
NR
NR
NR
NR
NR

NR
563.5

230
272
121

2.11
NR

NR

NR
1540
NR

480
NR
NR
NR
NR
NR

NR
+77.9 (16%)

+59 (34.5%)
+8.9 (48.6%)
+41.2 (51.6%)

+0.38 (22%)
NR

NR

+28.6% 4
+330 (27.3%)
NR

+280 (140%)
NR
NR
NR
NR
NR

FACE
OTC

FACE
OTC
OTC

FACE
OTC

FACE

FACE
OTC
OTC

OTC
OTC
OTC
OTC
OTC
OTC

Pendall et al. (54)
Phillips et al. (55)

Pregitzer et al. (56)
Pregitzer et al. (57)

Pregitzer et al. (58)

Prior et al. (59)

Pritchard et al. (60)

Pritchard et al. (61)

Pritchard et al. (62)
Qiao et al. (63)
Radoglou & Jarvis (64)

Rey & Jarvis (65)
Ronn et al. (66)

Runion et al. (67)
Runion et al. (67)
Runion et al. (67)

Runion et al. (67)



86 Crotalaria 32.62°N 8548°W 365 720 355(97.3) 1.9a! 1.2 -0.7 (-36.8%) NR NR NR OTC Runion et al. (67)
87 Pigeon pea 28.58°N 77.2°E 387 580 193 (49.9%) 450! 600 +150 (33.3%) NR NR NR OTC Saha et al. (68)
88 Mixed grasses 46.58° N 8.38°E 355 680 325(91.5%) 80! 84.4  +4.4 (5.5%) NR NR NR OTC Schappi & Korner (69)
89 Lolium perenne 4745°N 8.68°E 360 600 240 (66.7%) 184! 384 +200 (109%) NR NR NR FACE Suter et al. (70)
90 Pinus radiata D. 43.53°S 172.7°E 350 650 300(85.7%) NR NR NR NR NR +36% ©! OTC Thomas et al. (71)
Don
91 Phalaris swards 3537°S 149.22°E 375 750 375(100%)  NR NR NR 400 ©! 465 +65 (16.3%) OTC Volder et al. (72)
92 Acer rubrum L., 359°N 84.33°W 364 664 300(82.4%) NR NR NR NR NR +122% ©! OTC Wan et al. (73)
Acer saccharum
Marsh.
93 Birch tree 55.95°N 322°W 350 700 350 (100%)  315.5%3 511 +195.5 (62%) 110 ¢3 251 +141 (128%) OTC Wang et al. (74)
94 Mixed grasses 47.45°N 8.68°E 358 598 240 (67%) 04822  0.78  +0.3(62.5%) NR NR NR FACE Warwick et al. (75)
95 Red spring wheat ~ 33.12°N 111.15°W 370 550 180 (48.6%) 88.8®! 1042 +15.4(17.3%) NR NR NR FACE Wechsung et al. (76)
96 P. tremuloides 45.57°N 84.67°W 357 707 350 (98%) 3110*2 4245 +1135 (36.5%) 555 ¢2 750 +195 (35.1%) OTC Zak et al. (77)
97 Cirsium arvense 39.03°N 76.9° W 419 762 343 (81.9%) 0.335*2 0.825 +0.49 (146%) NR NR NR OTC Ziska et al. (78)
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