Modeling Impacts of Farming
Management on CH, and N,O Emissions



Soil Trace Gas Evolution Driven by Redox Potential (Eh)
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Eh Dynamics: The Nernst Equation

Eh is determined by concentrations of the dominant
oxidizing vs. reducing species in a redox reaction system.

Eh = Eo + RT/nF * In([0]/[D])

Eh - redox potential, volts
Eo - standard redox potential, volts
R - gas constant
T - temperature, in kelvins
F - Faraday constant
- concentration of oxidant, mol

D - concentration of reductant, mol



Microbial activity: The Michaelis-Menten Equation

Microbial activity is driven by dual nutrients.

R = Rmax * C/(Ka+C) * O/(Kb+0)
R - reaction rate

Rmax - maximum reaction rate

C - concentrations of dissolved organic C

O - concentrations of oxidant

Ka, Kb - half-saturation constants for substrate A and B



Coupled Nernst and Michaelis-Menten equations for calculating
Eh evolution and microbial activity in parallel

Eh = Eo + RT/nF * In([0)/[D])

R = Rmax * C/(Ka+C) * O/(Kb+O)



Convert the scientific concept to a computable framework by means of
an “anaerobic balloon®
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Denitrification and nitrification are simultanuously calculated based
on the substrates allocated in and outside of the balloon

TN



A series of anaerobic baloons
emerge in succession driven
by soil Eh evolution



Biogeochemical Model is a Mathematical Expression of Biogeochemical Field
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160-year soil organic carbon dynamics at a winter wheat field with different treatments
in Rothamsted Agricultural Station in UK from 1840-1990

86-year SOC dynamics at 3 plots with different crop rotations in the Morrow
Plots, Urbana, IL, 1904
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Observed vs. DNDC-Modeled N20O Fluxes
(Field data from the U.S., Canada, the U.K., Germany, China, Japan, Costa
Rica, New Zealand, and Zimbabwe)
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CH4 fluxes from a paddy rice plot at Wu County, Suzhou, China in 1997
(Field data from Xunhua Zheng)
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CH4 fluxes from a paddy rice field (cultivar Mars, Plot 2) at Beaumont, Texas,
1994
(Field data from Ron Sass)
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CH4 Fluxes from A Paddy Rice Field at Prachin Buri in Thailand in 2000

CH4 fluxes from a paddy rice plot at Fercelli, Italy in 1991
(Field data from Jariya and Nataya)

(Field data from Klaus Butterbach-Bahl)
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Farming practices affect GHG
emissions through...
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Major water management practices for rice fields in China
from 1950-2000

1950-1980: Bi hemical Imolicati _
Continuous iogeochemical Implications:
floodmg ............................................................... _ Improve soil aeration;

- Stimulate root/shoot

development;

- Increase soil mineralization.
1980-2000:
Mldseason .......... .:: .:.....:: .:...:: .: ............................ Consequences
drainage : : :

- Increase crop yield;

- Decrease water consumption;

- Alter GHG emissions.



Rice Paddies with mid-season drainage (estimated)
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All rice -- pure and mixed (per 0.5 degree grid cell)
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Linking DNDC with GIS database for upscaling
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Convert DNDC into decision support systems by linking
it with spatial databases for regions

A Decision Support System for Agroecosystems of China

(China-DNDC)
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Continuous flooding:
9.2+2.8 Tg CH,-C; 0.35+0.06 Tg N,O-N
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Midseason drainage:
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Discussions

> Blogeochemical model

> spatial database

> Uncertainty
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