
RothC modelling of pyrogenic carbon 
in the Brazilian Amazon

Dr Oscar Kennedy-Blundell
Postdoctoral research associate

University of Exeter

Prof Ted Feldpausch and Prof Richard Betts

FAPESP - Amazon PyroCarbon



Background
• Pyrogenic carbon (PyC) are resilient, 

high C content residues produced 
during the incomplete combustion of 
biomass during wildfires

• PyC also has the potential to improve 
soil fertility, suppress GHG fluxes, 
immobilise pollutants

• PyC can remain in soils for millennia 
but is often overlooked in C cycling 
modelling research

• PyC has had limited consideration in 
preceding Amazon modelling

• The RothC model has previously been 
used to model PyC in Australian soils 
(Lehmann et al., 2008)



Feldpausch et al., 2022

Glaser et al., 2001



Fire recurrence Feldpausch et al., 2022



RothC modelling
A single pool (i.e. IOM) modelling approach with set values for 
calculating SOC turnover in relation to vegetation cover, C inputs 
and meteorology. 

Fires are simulated at set times via altered C input with 
corresponding IOM inputs representing PyC. 

Research questions:

1. Which modelled fire/PyC conditions show the best alignment 
with field observations? 

2. What C cycling role does PyC play in future climate scenarios? 



• C input as plant litter (i.e. leaves, fruit, flowers, twigs)

• Soil clay content: 5 and 35% 

• West and east meteorology

• Fire recurrence: 100, 400, 850 years

• Model runs with 70% reduction in C input with fire

• PyC modelled via inert organic matter (IOM)

• PyC yields 1, 10, 25%

• PyC degradation constants vary with fire recurrence

• 1.5, 3 and 5°C future warming scenarios

Methods



Types of Amazon wildfire
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Plant litter input
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Diff to field 

(IOM/SOC)

100 10 e 35 -0.009

100 10 w 35 -0.008

400 10 e 35 -0.007

850 25 e 35 0.000

100 10 e 5 0.001

400 10 w 35 0.001

100 10 w 5 0.002

400 10 e 5 0.005

Results
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No PyC

No fire or PyC

Fire reccurrence PyC yield West / East Future Clay

p ω2 p ω2 p ω2 p ω2 p ω2

DPM <0.001 0.11 1.000 - 0.397 - 0.852 - 1.000 -

RPM <0.001 0.020 0.994 - <0.001 0.681 <0.001 0.006 <0.001 0.024

BIO <0.001 0.005 0.845 - <0.001 0.309 <0.001 0.003 <0.001 0.548

HUM 0.745 - 0.710 - <0.001 0.334 <0.001 0.003 <0.001 0.577

IOM <0.001 0.038 <0.001 0.716 0.014 0.002 1.000 - 0.852 -

SOC 0.763 - <0.001 0.012 <0.001 0.417 <0.001 0.004 <0.001 0.472



Key observations
RQ1 – field vs modelled 

• All 1% PyC runs were markedly lower than field values (contemporary field 
observations may not be representative of Amazon fire over time)

• 850yr fire recurrence with 25% PyC yield results in the closest match to field 
observations

• 400yr fire recurrence with 25% PyC yield results in the most SOC and IOM 
compared to runs with fire but no PyC

RQ2 – future contribution of PyC

• IOM was not significantly affected by future warming scenarios

• Higher PyC yields resulted in higher SOC across all warming scenarios

• Low PyC yields (i.e. 1%) results in negligible difference to 0% PyC yield runs

Not accounting for PyC means that 10’s MtC may be unaccounted for (e.g. ~76 
MtC in 2024)



Future JULES developments

• JULES will be adjusted to produce PyC yields in 
relation to model conditions (e.g. fuel flammability), 
rather than being modelled at set values 

• Possible 3 pool modelling approach (e.g. RPM, HUM, 
IOM)

• Differing PyC composition for different biomass types 
(e.g. woody vs non-woody PFT components)



INFERNO – flammability 

Mangeon et al., 2016
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