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MODIS GPP (NASA)

GPP = Gross Primary Productivity = photosynthesis
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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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Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et 
al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019
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Piao et al., 2019



Freidlingstein et al., 2014; Arora et al., 2019
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Global Carbon Project 2019: Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014
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http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


Cernusak et al., 2019
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The true journey of discovery is not in seeing 
new landscapes but in developing new eyes

-Marcel Proust
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History

• 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)

• 1970s CO2 fluxes (Desjardins, Leuning)

• 1980s Infrared gas analyzers (Verma, Anderson, Valentini)

• 1990s First long-term regional CO2 flux networks (Wofsy,      
Baldocchi, Goulden, Law, Aubinet, Torn)

• 2000s Global syntheses (FLUXNET, Falge, Papale, Reichstein, 
Moffat, Novick)

• 2010s Model-data integration, development of operational 
measurements (NEON, ICOS, you?)
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Net Ecosystem Exchange (NEE=Respiration – Photosynthesis), negative = carbon uptake

Cumulative NEE



Source

Sink ???
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Desai, 2014, Photosynthesis Res.

Soil Moisture



US-Los (Wetland)

US-PFa (Tall tower)

US-WCr (Mature Forest)

US-Syv (Old-Growth Forest)

US-ALq (Wetland)

ChEAS core site cluster
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Desai, 2010





B. Butterworth
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So, what have we learned so far 
about spatial variability?

Daily NEE

Cumulative NEE
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Wetlands: Scale matters

Turner et al., 2019
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Reed et al., 2018; A. Baldocchi et al., in review



Catching the last breath
Rescuing the next breath



M Reichstein et al. Nature 500, 287-295 (2013) doi:10.1038/nature12350

Processes and feedbacks triggered 
by extreme climate events?



Huge Ecology?



Metzger et al., 2019, Bulletin AMS; Hinckley et al., 2016, Ecosphere; neonscience.org





Hakkarainen et al., 2019



Turner et al., 2020, Biogeosciences, cf. Reddit r/dataisbeautiful



Next generation remote sensing has potential 
to continuously monitor the last breath…
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Bastin et al., 2019



Deshmukh et al., 2020



Wiesner et al., 2020, Sustainability
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