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Figure S1. Approximation of fire as an ellipse. Adapted from|van Wagner|(1969) and |Arora and Boer| (2005).
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Figure S2. Performance change in gridcells chosen for optimization (Optimization 3). (a=b): Sum of squared errors from model output
with initial (a) and final (b) parameter sets. (c¢): Difference in sum of squared errors (identical to Fig. 4d, but with non-optimized gridcells
masked). (d): Cumulative SSE before and after optimization, with gridcells sorted by SSE descending. (e): Histogram of relative difference
in SSE from initial to final parameter sets. Blue represents gridcells that either improved or did not change; red represents gridcells where
performance worsened. (f): The total change in SSE for each bin in (e).
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Figure S3. As Fig.[S2] but for Optimization 2.
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Figure S4. Difference in mean value of various fire model functions over 2001-2009 between FINAL_VO0 and FINAL_V1 (Optimization
3). Red indicates regions where the function in FINAL_V1 allows more fire than in FINAL_VO0; blue, less.
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(a) GFED3s
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Figure S6. Coefficient of variation (standard deviation divided by mean) of non-agricultural burned fraction in 6 x 6 gridcell kernels (12°
latitude x 15° longitude). (a) Modeled; (b) from artificially-constructed GFED3s non-agricultural fire data as described in text; (¢) unpacked.
Note log scale of color bars.
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Figure S7. Optimization 2: Changes in functions that were optimized, from original [Li et al.| (2012} 2013) functions (solid gray) to
initial guesses with Gompertz-style functions where necessary (dashed red) to final parameter set (solid blue). Color bar in panel f
indicates difference in the cubed product of fy and fry (range O — 1) between the original and new parameterizations, with blue
indicating a lower value in the new parameterization.
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(a) Mean ann. non-ag. burned frac.: FINAL_v0 (b) Mean ann. non-ag. burned frac.: FINAL_v1
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Figure S8. Change in non-agricultural fire model performance for Optimization 2. (a—b) Mean annual burned fraction on non-agricultural
lands from the initial guess (a) and the final parameter set (b; identical to Fig. 5i.) (c—d) Difference between runs FINAL_VO0 and FINAL_V1
in correspondence of modeled to unpacked non-agricultural burning (Fig. 5e) as measured by mean annual burned fraction (c¢) and sum
of squared errors of burned area evaluated at monthly resolution (d). For (¢) and (d), blue indicates improvement by FINAL_V1 over
FINAL_VO.



Table S1. Initial and final parameter sets for each optimization, at full precision used. Optimization 1 did not complete successfully.

‘ Initial 1  Final 1 | Initial 2  Final 2 Initial 3  Final 3 Initial 4  Final 4
Bacs,1 | 713157 — 6.6137 188.387124808 6.2754 8.76352843608 6.0616 9.10263711122
Bacp,2 | 4.11 — 4.7921 3.93309010451 3.8471 2.68769770241 3.6518 2.53793463318
Bra,m 0.0035 — 0.0033 0.299423657595 0.0036 0.00243189648422 | 0.0041 0.00259814398614
Brp 0.025 — 0.0254 0.00369902210379 | 0.0218 0.0446640311453 0.0253 0.0509001455347
BrH1 0.0062 — 0.0055 6.1731246318 0.0052 0.006922257933 0.0056 0.00686294612402
BrH,2 9.1912 — -9.0809  1.37631745831 -7.5288  -7.14134228066 -6.1629  -5.51016435351
Bo.1 0.075 — 0.0763 0.652392803888 0.0866 0.121057112009 0.0905 0.116869508196
Bo,2 -6.3741 — -7.3291  -2.31502528565 -8.4253  -8.10717381374 -9.3429  -9.5275559021
Brostt | 0.3 — 0.3128 1.58857665252 0.3452 0.685455176922 0.4041 0.776114904211
Brosgr | 0.4 — 0.3742 3.13884933876 0.4112 0.26022084993 0.4622 0.292410633937
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