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Soil BGC in S
CMIP models

Ll Todd-Brown et al. 2013,2014
Ito et al. 2020,
Varney et al 2022
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‘Single-layer models of evaporation
from plant canopies are incorrect
but useful, whereas multilayer
models are correct but useless’

- Raupach & Finnigan 1988

“simplicity illuminates, and
complication obscures”
- Box 1979




Motivation:

a Historical view b Emerging understanding
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© Molecular structure
determines timescale
of persistence

@ Deep soil carbon: age of carbon reflects
timescale of process. Rapid destabilization
possible with change in environmental conditions
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Schmidt et al. Nature 201 |
Lehmann & Kleber Nature 2015
Lehmann et al. Nature Geo Sci 2020
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Blankenship et al. Biogeochemistry 2018
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Linking theory,
models, &
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Flavors of soil biogeochemical models




Time to rethinl< soil biogeochemical models?




Catalyst  soil Conditions

Chemistry




Functional traits and the global C cycle
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Depth resolved

Year of change to C source
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Koven et al. 2015
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Nutrient enabled
with real feedbacks to vegetation
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Improved Geochemistr
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Georgiou et al




Improved Geochemistry
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mechanisms of Persistence

Rasumssen et al. Biogeochemistry (2018)



Improved Parameterization

MIMICS
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Scale independent

(a) Theory of scale invariance

‘ Cool-temperature domain
. Mild-temperature domain

A\ Warm-temperature domain
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Common local and macrosystem
belowground community-process
relationship (a)

Temperature

Bradford et al. Biogeochemistry (2021)

Estimated decompostion (% mass C loss)

-0
o-o-o-ad
= D-yC}-yD—"C}-—-E}--D---D--D o
- ...D_-_E}_-- o
h-0-0

-0~ Site-mean climate

I I I I I

35 45 55 65 75
Litter moisture (% mass)

Bradford et al. Nature Eco Evo (2017)




Scale Dependence

(b) Competing theory of scale
dependence

Macrosystem belowground
community-process
relationship (a) emerges from
unique domain-level
relationships (B, y, )
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Bradford et al. Biogeochemistry (2021)

Estimated decompostion (% mass C loss)
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Building models that reflect our understanding

. resolved

. enabled with real vegetation feedbacks

* Better represent & mechanisms of persistence
* Improved — considering scale dependence

Thanks! wwieder@ucar.edu
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Moving forward!’

L

Landscape variation &
response to perturbations

Physiological traits &
geochemical insights

Global evaluation &
projections
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Wieder et al. 2019



Chemistry Catalysts Conditions

Wieder et al. BG 2014, GMD 2015



