Soil biogeochemistry in a changing world
Will Wieder

2019 CTSM Tutorial




Soils Store Carbon
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Code base: src/soilbiogeochem
esp. SoilBiogeochemDecompCascadeBGCMod.F90
Technical note 2.21: Decomposition

Rate constant (1) COZ
Water function

Temperature function
Transfer coefficients
(among pools & respiration)

Stoichiometry



https://github.com/ESCOMP/ctsm/tree/master/src/soilbiogeochem
https://github.com/ESCOMP/ctsm/blob/master/src/soilbiogeochem/SoilBiogeochemDecompCascadeBGCMod.F90
https://escomp.github.io/ctsm-docs/doc/build/html/tech_note/Decomposition/CLM50_Tech_Note_Decomposition.html

Code base: src/soilbiogeochem
esp. SoilBiogeochemDecompCascadeBGCMod.F90

Technical note 2.21: Decomposition

Parameter file

Rate constant (1) tau_I1, tau_s1, tau_s2, etc.
Water function
Temperature function

Transfer coefficients
(among pools & respiration) rf_11s1_bgc, rf_s1s2_bgc

Stoichiometry cn_I1_bgc, cn_s1 bgc, etc



https://github.com/ESCOMP/ctsm/tree/master/src/soilbiogeochem
https://github.com/ESCOMP/ctsm/blob/master/src/soilbiogeochem/SoilBiogeochemDecompCascadeBGCMod.F90
https://escomp.github.io/ctsm-docs/doc/build/html/tech_note/Decomposition/CLM50_Tech_Note_Decomposition.html

esp.

Code base: src/soilbiogeochem

SoilBiogeochemDecompCascadeBGCMod.F90

Technical note 2.21: Decomposition

Century Soil C pool structure

CLM-CN Soil C pool structure
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https://github.com/ESCOMP/ctsm/tree/master/src/soilbiogeochem
https://github.com/ESCOMP/ctsm/blob/master/src/soilbiogeochem/SoilBiogeochemDecompCascadeBGCMod.F90
https://escomp.github.io/ctsm-docs/doc/build/html/tech_note/Decomposition/CLM50_Tech_Note_Decomposition.html
https://www.biogeosciences.net/10/7109/2013/
https://www.biogeosciences.net/10/7109/2013/

Code base: src/soilbiogeochem
esp. SoilBiogeochemDecompCascadeBGCMod.F90
Technical note 2.21: Decomposition

Parameter file

Rate constant (1)

Water function minpsi_hr =-2 CLM5 & -10 CLM4.5

. 10 hr =1.5
Temperature function a0

Transfer coefficients

NnTEC
ORCHIDEE

lemperature scalar
Moisture scalar

10 20 30 - 2 4 i 8 1.0 Yizhao et al.

Soil temperature Soil moisture condition 2015 Sci Reports



https://github.com/ESCOMP/ctsm/tree/master/src/soilbiogeochem
https://github.com/ESCOMP/ctsm/blob/master/src/soilbiogeochem/SoilBiogeochemDecompCascadeBGCMod.F90
https://escomp.github.io/ctsm-docs/doc/build/html/tech_note/Decomposition/CLM50_Tech_Note_Decomposition.html

Global soil biogeochemical models




CMIP5 Models = 6x variation
Tropical rainforest
Cropland and urban
= Desert and shrublands
Grasslands and savanna
Temperate forest
Boreal forest
Tundra

Permanent wetlands
CMIP5 MODELS=>
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Todd-Brown et al. Biogeosciences 2013, Friedlingstein et al. 2006; Jones et al. 2003



http://www.biogeosciences.net/10/1717/2013/
http://journals.ametsoc.org/doi/full/10.1175/JCLI3800.1
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0889.2003.01440.x/abstract
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http://www.biogeosciences.net/11/2341/2014/

Soil carbon [Pg C]
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Todd-Brown et al. E-Sioiéosci'ences 2013


http://www.biogeosciences.net/10/1717/2013/

CLM4.5bgc & 5.0

www.fedre.org
14




Permafrost C “observations”

18000 27000 36000 45000

gCm?

www.fedre.org

NCSCD from Hugelius et al. 2013




Permafrost soils CLM4.5bgc & 5.0
Carbon rich

Vertically complex

CENTURY-like soil biogeochemistry
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Koven et al. Biogeosciences 2013



http://www.biogeosciences.net/10/7109/2013/

Permafrost soils CLM4.5bgc
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Koven et al. Biogeosciences 2013



http://www.biogeosciences.net/10/7109/2013/

CLM4.5bgc




Turnover times

Soil carbonto 1 m (kg C m2)
MODIS NPP (kg C m™2 yr™)
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https://www.nature.com/articles/nclimate3421

Turnover times

Koven et al. 2017 NCC

Inferred turnover time (yr)
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Inferred turnover time (yr)

IPSL-CM5A-LR

CLM45;Z,=05m

102

10’

100 +— : :
-20 -10 0 10

Mean air temperature (°C)

CMIP5 ESMs

MPI-ESM-LR

MIROC-ESM

HadGEM?2

GFDL-ESM2G

Offline models

CLM4.5;Z =10 m

102 {RERARK, . 102

10" 1 B E 10"

MIMICS

100 + ; ‘ 10° +
-20 -10 0 10 30 -20

Mean air temperature (°C)

300 600 900 1200 1,500 1,800
Precipitation (mm yr™)

-10 0 10 20

Mean air temperature (°C)



https://www.nature.com/articles/nclimate3421

Permafrost soils CLM4.5bgc & 5.0

CENTURY-like soil biogeochemistry
Stoichiometry
Rate constant (k)
Water function

Temperature function
Transfer coefficients

(among pools & respiration)
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Koven et al. Biogeosciences 2013



http://www.biogeosciences.net/10/7109/2013/

Permafrost soil C loss

PF Domain Soil C
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Koven et al (2015) PNAS



http://www.pnas.org/cgi/doi/10.1073/pnas.1415123112

Coupled C:N Biogeochemistry

“N limitation of Decomposition fluxes”

Yes, that’s really a thing in CLM &
other demand-based models




Coupled C:N Biogeochemistry

‘donor’ ‘receiver’

Litter & Wood

N immobilization




Coupled C:N Biogeochemistry

‘donor’ ‘receiver’

Litter & Wood

/

N immobilization

‘receiver’

C:N=7.5
N:C=0.133

N Mineralization




N Demand




CLM 5 & beyond
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Subgrid hillslope hydrology
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Animals :>

NH,*(aq) = NH;(aq)

Animals eat
plants

ao Nitrogen
|:> Soil nitrogen
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RTM

Riddick et al. (2016) BG



http://www.biogeosciences.net/13/3397/2016/
https://www.geosci-model-dev.net/7/613/2014/

N uptake & competition

CLM4.0cn [inorganic N]
CLM4.5bgC [NH4+' NO3_]

Microbes
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Known Issues:

e High N fertilization effects
Thomas et al (2013) GBC

e Huge denitrification fluxes
Thomas et al. (2013) BG
Houlton et al. (2015) NCC

e No leaching (or DON losses)
Nevison et al. (2016) JAMES
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http://onlinelibrary.wiley.com/doi/10.1111/gcb.12281/abstract
http://www.biogeosciences.net/10/3869/2013/bg-10-3869-2013.pdf
http://www.nature.com/nclimate/journal/v5/n5/full/nclimate2538.html
http://onlinelibrary.wiley.com/store/10.1002/2015MS000573/asset/jame20256.pdf?v=1&t=it1r3j8s&s=3591e4c3c2b667419398c1467834f6e2aa94fa0c

N uptake & competition
CLMS5 + ELM
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Zhu et al. (2016), BG

ECA approach
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http://www.nature.com/nclimate/journal/v5/n8/full/nclimate2696.html
http://www.biogeosciences.net/13/341/2016/

eochemistry in CLM 5+

Adding functionality & reality




Rapid soil C turnover in CLM4.0-cn

Mass remaining (%)
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http://onlinelibrary.wiley.com/doi/10.1111/gcb.12031/abstract

Absurd soil N behavior in CLM4.0-cn
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http://onlinelibrary.wiley.com/doi/10.1111/gcb.12031/abstract

Soil C improved w/ DAYCENT?
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Soil C improved w/ DAYCENT?
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Wieder et al. GBC 2014 36



http://onlinelibrary.wiley.com/doi/10.1002/2013GB004665/full

