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Roadmap for Presentation

* General Model-Based Methods
 DayCent Process-Based Model Framework

 Limitations



Model-Based Methods
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Roadmap for Presentation

 DayCent Process-Based Model Framework

 Limitations



DayCent Ecosystem Modeling Platform

Model Development/
Calibration

(A) Global Sensitivity Analysis
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Observations/Measurements

(b) IPCC climate zones
B Tropical montane Tropical dry Coal temperate moist Boreal dry
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Bayesian Calibration — SOC Dynamics

(A) Global Sensitivity Analysis
A 'DECA' | B: “TEFF(1Y C: 'DECS(2)!
Variable Inputs
- weather Measured 9 - J
- soill Nele ||
= Z?al;agemem \ D ayC ent Data i e — o o o o = e
MOdel - I e e ——— 4 ., T e —-—
N S, : 0001 0002 0003 0004 0005 5 10 15 0 25 30,05 0.10 0.15 0.20 02!
/ l Calculate
N —>( Sensitivity D: ‘TEFF(2) E: Till_Eff F:'PS153(2)
/ \ Indices 4 J
[ Model Parameters ] l _E," E i
Ranked Sensitivity Indices/ sl 00000 A (| SN ([~ — - —iEEe = —
Parameter Selection D= == == = = = = by
N o J ]
(B) Bayesian Calibration \ ] 4 _
2 0.1 0.2 03 4 & 8 10 12 14 160.02 0.03 0,04 0.05 0.08
G 'PMCO2(2) H: 'WEFF{2) I: 'P2C02(2)
Measured D ayC ent / ] - o
Data Model | _,_ e Y
. - weather
Irsnartr)lftl:nie — g 1o - - . — : : r : 7 : | ;
POTER SHaiASemen, 0.3 0.4 0.5 0.6 0.7 B g 10 12 14 18 0.5 0.8 0.7 0.8
Resampling Value
X e L Gurung et al. 2020,
| Posterior Distribution | Hyperparameters I
m n Geoderma

NATURAL R ES OURTCE ECOLOGY LABORATORY




Bayesian Calibration — Crop Production
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Management Practices

Manure
Tillage Fertilizer Amendment

l Planting Harvest
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Conservation Tillage
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Planting Date — Corn, Spring and Winter Wheat

Sacks et al. 2010, Global
Ecology and Biogeography
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Global Fertilizer Datasets

N fertilizer use .
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Soil Organic C Stock Change (2015)
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Limitation: Observational/Measurement Sites

( c) IPCC climate zones
P Tropical montane Tropical dry

Cool temperate maoist Boreal dry
B Tropical wet Warm temperate moist Cool ternperate dry Polar moist
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Limitation: Process-Based Understanding

(1) ‘Humification’ Consolidated view

Soil continuum model

Plant, animal residues Formation Adsorption

€ e Plant, animal residues ________ >

EEER I*-------

-~ me= " Carbohydrate, protein, lignin, lipid, pyrogenic

Fauna | Exo-enzymes

olecular size

Formation Y Adsorption
Large biopolymers mmnnmnn I >
(not assimilable) ioinuieid Large biopolymers €rununin 9
= :ig LA llLe . L= L é
E I | __ Notassimilable (~600 Da) 2
Xo-enzymes g L 2 Assimilable (<600 Da) =
2 Formation Y Adsorption 2
Small biopolymers, pdataiainir e Small biopolymers pinie =
002* rno_no_mers Destruction Desorption
y (assimilable) \
Formation \J Adsorption
*------- EEEEEEN
Microbes ———m - > Monomers e _’:
Y
Y CO, Lehmann and Kleber, 2015,
Humic substances Turnover time Turnover time Nature

(not assimilable)

NATURAL R ES OURTCE ECOLOGY LABORATORY




80

60

40

20

-20

-40

Limitation: Management Data

.| + Crop Rotations
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e Monocultures
* Time Series

* Other Practices
* e.g., Cover crops

* Spatial Resolution

* Bias in data
* Non-linear responses




Sample-Based Approach
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Conclusions

e Optimistic about future of soil C modeling
* Further advancements in models
 Expanding observational networks
* Enhancing management activity data collection

* Support biofuel analyses and other assessments of GHG
mitigation potentials
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