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Abstract: Natural and anthropogenic fires, along with grazing, are dominant features of Australian 

landscapes, shaping ecosystem functions such as carbon cycling that governed both carbon inflows and 

outflows. Therefore, proper representation of these events has always been very challenging in soil organic 

carbon (SOC) modelling, particularly when a long model initialization, creating uncertainties in baseline SOC 

estimates against which management effects are assessed. 

We developed a framework to constrain the DayCent biogeochemical model using measured SOC fractions 

and by integrating fire and grazing regimes across 66 sites in a Hillston, New South Wales, Australia. SOC 

fractions were linked to model conceptual pools by tuning decomposition rates and parameters related to fire 

and grazing impacts on above ground biomass and SOC dynamics. We hypothesize that this approach improves 

alignment between model’s conceptual pools and measured SOC fractions, particularly for the difficult-to-

calibrate pyrogenic SOC pool (Dangal et al., 2022). 

The model was applied across three periods: spin-up, historical land use, and current land use. Grazing events 

were included for all sites and periods, while fire events were applied in the spin-up phase for all sites and, 

additionally, in permanent pasture during the historical and current phases. Fire frequency was fixed at a 10-

year cycle during the latter two phases but optimized during spin-up to enhance calibration. 

To rigorously evaluate parameter importance, we performed a sensitivity analysis using the Sobol method 

(Soboĺ, 1993) on 14 fire- and grazing-related parameters, including fire frequency. Computational efficiency 

was achieved by training an emulator on 1,000 parameter samples. Subsequently, eight influential parameters, 

along with three decomposition rates, were then calibrated within a Bayesian hierarchical framework, allowing 

for an explicit representation of uncertainties. 

The developed framework is scalable and has the potential to improve the representation of uncertainties in 

greenhouse gas inventories. 
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