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Supporting Information

Table S 1. JULES-ES’s Plant Functional Type (PFT) and their respective Average Burnt Area (BApgr ) and Emission
Factors for CO (EFco ) for INFERNO modelling, and CC values used for the CC-VAR experiment described in section

2.4 of the main manuscript

Control experiment CC-VAR experiment
Plant functional type BAppr [km? EFco [gkg™] CCleatmin | CCuwood_max
fire™]

Broadleaf deciduous trees 0.6 93 0.4 0.4
Tropical broadleaf evergreen trees 0.6 93 0.4 0.4
Temperate broadleaf evergreen 0.6 89 0.4 0.6
trees

Needleleaf deciduous trees 0.6 127 0.5 0.4
Needleleaf evergreen trees 0.6 89 0.5 0.4
C3 grass 1.4 89 0.75 0.5
C3 crop 0.2 0 0.8 0.6
C3 pasture 1.4 98 0.8 0.6
C4 grass 1.4 63 0.7 0.5
C4 crop 0.2 0 0.8 0.6
C4 pasture 1.4 63 0.8 0.6
Deciduous Shrub 1.2 89 0.7 0.6
Evergreen Shrub 1.2 127 0.7 0.6
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Figure S1. Simulated Fire CO emissions from Crops PFTs (a) percentage compared with total

simulated emissions and (b) absolute magnitudes




(a) PFTs based on Land_Cover_cci and (b) PFT from TRIFFID modeled fractions
Land-Use Harmonization (2004-2019) (2004-2021)
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Figure S2. Average dominant Plant Functional Types over South America from 2004 to 2021 (a)
generated by JULES ISIMIP3a team (Mathison et al., 2023) based on ESA Land Cover Climate Change
Initiative (Land_Cover_cci) and the Land-Use Harmonisation datasets and (b) modelled by TRIFFID
for this study.
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Figure S3. Spatial scatter plots of the comparison of total monthly surbregional CO emissions [Tg
month™] between pairs of the inventories studied. The correlation squared (R?) between emissions is
also shown. The yellow, grey and light blue scatter represent the emissions in North-SA, Mid-SA and
South-SA, respectively. Notice that the y- and x-axes are on a logarithmic scale.
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Figure S4. Average seasonal CO emissions in South America (2004 - 2021) simulated by INFERNO for
MAM: March-April-May, JJA: June-July-August, SON: September-October-November and DJF:
December-January-February
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Figure S5. Average seasonal soil moisture and gross primary production in South America (2004 -
2021) simulated by INFERNO for MAM: March-April-May, JJA: June-July-August, SON: September-
October-November and DJF: December-January-February
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Figure S6. Normalised seasonal cycle of precipitation, gross primary productivity (GPP), flammability,

and soil moisture in (a) North-SA, (b) Mid-SA and South-SA. Every cycle has its interquartile range
described by the shaded region.
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Figure S7. Estimated carbon monoxide (CO) emissions time series for (a) North-SA, (b) Mid-SA and
(c) South-SA (SA = South America).
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Figure S8. 2004 to 2021 trends (%/year) of the JULES-INFERNO modelled flammability, wood carbon
and burned area. The areas hatched with dots describe when the calculated trend is not significant
according to the Mann-Kendall Trend Test.
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Figure S9. Annual CO emission differences for INFERNO Experiments — Inventories. See Table 1 of
the main manuscript for the description of the different INFERNO experiments.



Control

CO emission trends [% yr~1]

Figure $10. 2004 to 2021 CO emission trends for the different INFERNO simulations/experiments.
See Table 2 of the main manuscript for the description of the different INFERNO experiments. The
areas hatched with dots describe when the calculated trend is not significant according to the Mann-
Kendall Trend Test.
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Figure S11. Pearson correlation between pairs of selected predictors. This step aims to prevent the
model from potential multicollinearity.
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Figure S12. (a) Scatter plot of the comparison through South America of the actual INFERNO-
inventory biases in CO emissions (Ggy™) vs. the machine learning predicted INFERNO-inventory CO
emission biases and (b) Mean absolute error (MAE) by pixel. N represents the sample size, R2 is the

correlation between the two variables, RMSE is the root mean square error.
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Figure S13. Average annual bias of CO emissions simulated by INFERNO for different ranges of
Tropical broadleaf evergreen trees, Broadleaf deciduous trees, C4 Pastures, soil moisture and leaf
carbon. The dot size describes number of pixels.



