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• ‘Land’ = plants, soil, inland 
water bodies.

• Without land and ocean sinks, 
atmospheric CO2 would be 
rising twice as fast.

• Sinks caused by disequilibrium 
of the Earth system.

• Land sink probably due to 
multiple mechanisms:

• sediments of inland water 
bodies

• forest regrowth
• CO2 fertilization

www.globalcarbonproject.org
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The numbers in this slide have units Gt CO2 / year, where 1 Gt = 1 gigaton = 1 billion metric tons = 1 Pg = 1 petagram = 1015 grams. The mass of a CO2 molecule is 3.67 times the mass of a C atom.



Arora et al. 2020

CO2: positive response

climate: negative response

Earth System Models predict 
a sustained land sink due to 
CO2 fertilization.

1% yr−1 increase in [CO2]

Presenter Notes
Presentation Notes
This is Fig. 2c from Arora et al. (2020).
Fig. 2 caption: Model mean values and the range across models for annual simulated atmosphere–land CO2 flux (a, b) and their cumulative values (c, d) for participating CMIP6 (a, c) and CMIP5 (b, d) models from the fully, biogeochemically, and radiatively coupled versions of the 1pctCO2 experiment. Individual CMIP6 model results are shown in Fig. A1.
Explanation of 1pctCO2 experiment (quoted from Arora et al. 2020, p. 4175 left column): 1 % yr−1 increasing CO2 experiment in which the atmospheric CO2 concentration increases from its preindustrial value of around 285 ppm until it quadruples over a 140-year period (referred to as the 1pctCO2 experiment in the framework of the Coupled Model Intercomparison Project, CMIP). 



Hubau et al. 2020

ne
t b

io
m

as
s c

ha
ng

e
(M

g 
C 

ha
−1

 y
r−1

)

Africa Amazon

Tropical forest carbon sinks are weakening
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Fig. 3 | Modelled past and future carbon dynamics of structurally intact old-growth tropical forests in Africa and Amazonia. a–f, Predictions of net aboveground live biomass carbon (a, d), carbon gains (b, e), and carbon losses (c, f), for African (left panels) and Amazonian (right panels) plot inventory networks, based on CO2-change, MAT, MAT-change, drought (MCWD), plot wood density, and plot CRT, using observations in Africa until 31 December 2014 and Amazonia until mid-2011, and extrapolations of prior trends to 31 December 2039. Model predictions are in blue (Africa) and brown (Amazon), with solid lines spanning the window when ≥75% of plots were monitored to show model consistency with the observed trends, and shading showing upper and lower confidence intervals accounting for uncertainties in the model (both fixed and random effects) and uncertainties in the predictor variables. Light-grey lines and grey shading are the mean and 95% CI of the observations from the African and Amazonian plot networks.



Scheiter et al. (2013): “In reality, one might expect that phenotypic 
plasticity, local adaptation, and shifts … to more drought-tolerant 
forest tree types may buffer the impacts of decreasing precipitation 
and thereby avoid a catastrophic dieback of the Amazon rainforest.”

Terrestrial C balance in 
11 Earth System Models

Friedlingstein et al. 2006

Amazon dieback:
physiological 
tolerance of tropical 
tree type exceeded

Earth system model
projections
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Scheiter, S., L. Langan, and S. I. Higgins. 2013. Next-generation dynamic global vegetation models: learning from community ecology. New Phytologist 198:957–969.



Resilience of Amazon forests emerges from plant trait diversity

Experiments with a 
process-based 
vegetation model 
suggest that plant trait 
diversity increases 
ecosystem resilience to 
climate change.

Sakschewski et al. 2016
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LPJmL-FIT model predicts that diversity increases resilience, but not resistance, to climate change.



Biodiversity provides the raw material for shifting trait distributions 
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Sakschewski et al. 2016
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Figure 2 | Climate-change-induced plant trait shifts lead to biomass recovery. Biomass-weighted plant trait distributions of the high-diversity model (see Fig. 1 and Methods). a,c, Annual biomass contribution of individual trees assigned to classes of specific leaf area (SLA) and wood density (WD), respectively. The black line shows the mean of the respective trait distribution.



Drought-MIP: A model intercomparison project to study the role of 
plant functional diversity in the response of tropical forests to drought

 Dynamic global vegetation models: 
aDGVM2, aDGVM-BT, LPJ-GUESS-NTD, 
LPJmL-FIT
 Earth system model components: ED2, 

FATES, GFDL-LM4
 Forest dynamics models: FORMIND, 

TROLL
 Interested? Contact jlichstein@ufl.edu

• Wet site (GYF): GuyaFlux tower at Paracou 
Field Station, French Guiana

• Dry site (TNF): Santarém-Km67 tower at 
Tapajós National Forest, Brazil 

• Models that allow for shifts in trait distributions over time as an emergent outcome of 
diversity, individual-level competition, and demography.

Longo et al. 2018

mailto:jlichstein@ufl.edu


Meteorological reconstruction (1972-2021)

Wet site 
• historical: 3421 mm
• obs. dry:   2534 mm
• novel dry: 1708 mm 

Marcos Longo

Dry site 
• historical: 1915 mm
• obs. dry:   1131 mm
• novel dry: 950 mm 



Experimental design

historical    →    observed dry

historical    →    novel dry

wet

dry

2 sites      ×      2 climate scenarios      ×      2 diversity scenarios

high

low

dominant species/type from 
high-diversity scenario



high diversity low diversity

observed dry observed dry

historical

Wet site
LPJ-GUESS-NTD model
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Presentation Notes
Black line is mean across replicates.
Gray shading is 10th to 90th percentile across replicates.
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Wet site
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Resistance (short time-scale)
(yr 101-200)/(yr 1-100)

Resilience (long time-scale)
(yr 501-600)/(yr 1-100)



low resistance
high resilience

low resistance
low resilience
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Presentation Notes
Black line is mean across replicates.
Gray shading is 10th to 90th percentile across replicates.






Conclusions

• Results differ among models.

• Diversity has only moderate simulated effects on resistance and resilience to 
drought.

• Need to understand how diversity effects relate to coexistence mechanisms:
 Sampling from regional species pool (metacommunity processes).
 Niche partitioning (local stability).

• Results are preliminary:
 Waiting for results from some collaborators.
 New collaborators welcome (contact jlichstein@ufl.edu).

mailto:jlichstein@ufl.edu
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