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Is the “breath of the biosphere” changing

as a result of climate change?

What does it mean for the future?
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CGR or carbon flux anomaly (Pg Cl/year)

| L 1 i | 1 L L | 1 L L |

1 L L 1 l L L L |

Fossil fuel + Land net flux (INV) + Ocean net flux (INV)

Fossil fuel + Land use change

— CGR

+ LM+ OM

T T T T T T T T T T T T

1980 1985 1990 1995

Bl CGR
B Land net flux (LM), R? = .47
B Ocean net flux (INV), R? = .33

T T T T T

2000 2005 20
Year
B Fossil fuel, R? = .01
B Land net flux (INV), R? = .83
Fire (GFEDv4.1s), R? = 46

T

10

20

T T T T T

0 0.5 1 1.5
Standard deviation (Pg Clyear)

B Land use change, R? < .01
Ocean net flux (OM), R? = .01



100

80

Fully coupled simulation
60
Year
Fully coupled simulation
Year

60

40
40

20
20

—

9 o

00SL 000} 005 0 005- 008 009 00y 0O0Z 0 00Z-
(D 8d) xm)} puej-aiaydsowie aAlze)NWN) (9 84) xn)y ueano-asaydsowne aAnRINWNY

3 8d 9T

1860 1900 1940 1980 2020 2060 2100
Year
1860 1900 1940 1980 2020 2060 2100

o o o o o
(o] (o] <t AN

(06d) xnj} pue| psjejnwngd (,-1ADBd) xn|} pue| |lenuuy

J ©




Scenario categories /M_.__._.-;l; RCP8.5
100 >1000 ppm CO.eq > - 3.2-5.4°C
relative to
% R 7201000 ppm / 1850-1900
= % 804 =~ 580-720 ppm .
g 8 480-580 ppm
o =
€ = ~
e | ~ ™ RCP6
o £ 2014 Estimate — 2.0-3.7°C
- (4} 40 7] 9 B
O o 4
£ % 20. 2|
Historical emissions = (o)
On w\—l
0 ———— » RCP2.6
net-negative global emissions R 0.9-2.3°C
'20 | T T T T
1980 2000 2020 2040 2060 2080 2100



http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/

Climate
(A) — CO, and climate @
Total CO,
e CO, leaf-level

0, greening
Climat

Photosynthesis

Water use

35 1
34 A

33 - 'WN'MW/\/\MMM

32 T T T T T
1900 1920 1940 1960 1980 2000

(O, greening

K]
>
<
T
\ &
2
o~
o
o

>
(0, greening

(©) Ratio of photosynthesis to water use

<]

(O, leaf-level




GPP trends (1960-2014) from CESM large ensemble
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1880-1920s Turublence theory (Reynolds, Prandtl,
Richardson, Taylor)

1940s-1950s Surface-layer theory (Monin-Obhukov,
Kolmogorov), development of fast sensors for anemometry

1960s early measurements (Inoue, Wyngaard, Kaimal)

1970s forest fluxes (Raupach, Lenschow, Denmead) ’l “?“
1970s CO, fluxes (Desjardins, Leuning) LE'§’ '

1980s Infrared gas analyzers (Verma, Anderson, Valentini) —”“

1990s First long-term regional CO, flux networks (Wofsy, . .
Baldocchi, Goulden, Law, Aubinet, Torn) “@-

2000s Global syntheses (FLUXNET, Falge, Papale, Reichstein, 'g\;:'
Moffat, Novick)

2010s Model-data integration, development of operational &
measurements (NEON, ICOS, you?)
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Soil Moisture
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Willow Creek - MetCam SCIR - Thu Sep 20 11:31:17 2012
26,0 *C internal, 2.0 *C outside
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Contrasting responses of autumn-leaf senescence
to daytime and night-time warming
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High rates of primary production in structurally Complex forests
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Wetlands: Scale matters
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Catching the last breath
Rescuing the next breath




Processes and feedbacks triggered
by extreme climate events?
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Global meta-analysis shows pervasive phosphorus
limitation of aboveground plant production
in natural terrestrial ecosystems

Enging Hou 12,3+ Yiqi Luo®, Yuanwen Kuangm, Chengrong Chen 4 Xiankai Lu"?, Lifen Jiang3,
Xianzhen Luo'? & Dazhi Wen'2*

The impact of rising CO, and acclimation on the
response of US forests to global warming

John S. Sperry®', Martin D. Venturas®"?, Henry N. Todd?®, Anna T. Trugman®P®, William R. L. Anderegg®, Yujie Wang?,
and Xiaonan Tai*

Global Carbon Sequestration Is Highly Sensitive to Model-
Based Formulations of Nitrogen Fixation

Jing Peng’, Ying-Ping Wang’, Benjamin Z. Houlton®?, Li Dan’, Bernard Pak’, and Xiba Tang"

Microbial carbon limitation: The need for integrating
microorganisms into our understanding of ecosystem carbon

cycling

Jennifer L. Soong? | Lucia Fuchslueger?? | Sara Marafon-Jimenez*® |
Margaret S. Torn! | Ivan A. Janssens? | Josep Penuelas*? | Andreas Richter>®




50°S

180°W 120°wW 60°W 60°E 120°E 180°W




(Wuyis/ w/mw) 1S

© 0 0 ©
3 3 2 2 1 1 O 0

‘

J

/

J
2018




»
£
[e)
=
-
o
o
Q)

Next generation remote sensing has potential
to continuously monitor the last breath...
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RESTORATION ECOLOGY

The global tree restoration potential

Jean-Francois Bastin'*, Yelena Finegold?, Claude Garcia®*, Danilo Mollicone?,
Marcelo Rezende?, Devin Routh’, Constantin M. Zohner', Thomas W. Crowther’
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Natural forest Acacia plantation

o Deshmukh et al., 2020
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Barrow Atmospheric Baseline Observatory, United States (BRW)
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