Sensitivity of Process-Based Soill

Modelling: The Millennial Model

How sensitive are the output pools in this model to changes in parameters, and what might the effects
be for soil organic matter (SOM)?
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extra complexity comes with an increase in parameters (to 24).

Figure 2. Heatmap showing sensitivity of model output pools and CO,
emissions to parameters. Sensitivities are calculated as proportional change
in output (columns) relative to proportional change in parameter from

Paf minimum to maximum value®. Key parameters of interest are P, and P,.

Discussion

On closer examination, some parameters (notably P, and P,) had little
published experimental backing. The P, parameter is the proportion of C
input allocated to POM. P. is derived from a study on a forest plantation’s
soils from 19607, and is simply 0.5. Given the magnitude of the effect of
varying this parameter (Figure 2), the lack of agriculture-specific parameters
is concerning. The P, parameter (which appears to have no published
evidence) is key to the transfer between MBC and MAOM pools. P.F,,.
controls MBC - MAOM i.e. how much microbial necromass is portioned to
MAOM rather than LWMC. Although theoretically P, is a key parameter in
this process, variation in this parameter in the model does not appear to
cause much variation in either of the MAOM and MBC pools. The effects of
both K, and A, on MBC, CO, and MAOM illustrate that increasing the LWMC
input does not lead to a bigger microbial biomass pool, but does lead to
increased MAOM and decreased CO,

Next steps:

* Planning is underway for pot experiments tracing 13C stable isotopes to
obtain more realistic data on the P, parameter in the context of
regenerative agriculture.

* This data could enable a Bayesian calibration of the model to these
conditions, increasing the accuracy of future predictions.
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Figure 1. Conceptual diagram of the Millennial Model.
Adapted from Abramoff et al. (2017 and 2022).

Box 1. SOM pools in Millennial Model.

Particulate organic matter (POM):

* Mostly plant residues, lighter, more complex, more vulnerable to
disturbance.

Mineral associated organic matter (MAOM):

* Microbial residues, heavier and less complex, more stable.

Low molecular weight carbon (LWMC):

* Also known as dissolved organic C (DOC) — the portion of SOM in
solution. Typically sugars, smaller molecules.

Microbial biomass Carbon (MBC):

* C contained within living soil microbial biomass.

Aggregate C (AGG):

* (Ccontained within soil aggregates.

Methods

Sensitivity analyses are used to determine how variation in the
output of a model or system can be attributed to variations in
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