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Figure S1. GFED reference region map. The 14 classified regions and global domains are used for model training and evaluation. (BONA: Boreal North America, TENA: Temperate North America, CEAM: Central America, NHSA: Northern Hemisphere South America, SHSA: Southern Hemisphere South America, EURO: Europe, MIDE: Middle East, NHAF: Northern Hemisphere Africa, SHAF: Southern Hemisphere Africa, BOAS: Boreal Asia, CEAS: Central Asia, SEAS: Southeast Asia, EQAS: Equatorial Asia, AUST: Australia and New Zealand)
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Figure S2. Time-series of burnt fraction predictions. The averaged burnt fraction from GFED4 (black) and DL-fire (blue) are compared on each GFED region (Figure S1) over the years 2011-15.
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Figure S3. Spatial maps of JSB4-simple burnt fraction and its seasonality. a. shows annual burnt fraction averaged over the years 2001-15, and b. visualizes the peak month of burnt fraction. All areas with annual burnt fraction less than 0.1%/yr are masked out (white).
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Figure S4. Spatial and temporal comparison between JSBACH4 simulations. The maps of a. JSB4-DL-fire and b. JSB4-simple visualize annual burnt fraction averaged over the DL evaluation period (2011-15). c. compares global mean of burnt fraction from GFED4 (black), JSB4-DL-fire (green) and JSB4-simple (red).
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Figure S5. The highest 30 LRP relevance scores are compared on each GFED region (Figure S1) and they are color-coded in four groups: weather conditions (blue), land properties (green), anthropogenic effects (gray) and PFTs (orange). Full names of PFTs and land use states (LU) are in Table 2 and Table S1. Bars on the upper right of each figure compares the relevance between the groups and their scores are displayed on top of the bars.
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Figure S6. Global monthly mean burnt fraction. Burnt fractions for GFED4 (black), JSB4-DL-fire (red), JSB4-simple (green) during 2001-15 and DL-fire (blue) during 2011-15 are averaged for each month. Gray shadings indicate 1-sigma intervals of the GFED4.
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Figure S7. Comparison of monthly mean LAI. LAI used as input predictor (black), LAI simulations by JSB4-DL-fire (red) and JSB4-simple (green dash) during 2001-15 are averaged for each month and compared on each of GFED regions (Figure S1). Gray shadings indicate 1-sigma intervals of the LAI inputs.
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Figure S8. Comparison of monthly mean SWL1 (volume of water in the 1st soil layer) . SWL1 used as input predictor (black), SWL1 simulations by JSB4-DL-fire (red) and JSB4-simple (green dash) during 2001-15 are averaged for each month and compared on each of GFED regions (Figure S1). Gray shadings indicate 1-sigma intervals of the SWL1 inputs.
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Figure S9. Comparison of monthly mean SWL2 (volume of water in the 2nd soil layer) . SWL2 used as input predictor (black), SWL2 simulations by JSB4-DL-fire (red) and JSB4-simple (green dash) during 2001-15 are averaged for each month and compared on each of GFED regions (Figure S1). Gray shadings indicate 1-sigma intervals of the SWL2 inputs.
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Figure S10. Comparison of monthly mean SWL3 (volume of water in the 3rd soil layer) . SWL3 used as input predictor (black), SWL3 simulations by JSB4-DL-fire (red) and JSB4-simple (green dash) during 2001-15 are averaged for each month and compared on each of GFED regions (Figure S1). Gray shadings indicate 1-sigma intervals of the SWL3 inputs.
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Figure S11. Comparison of monthly mean SWL4 (volume of water in the 4th soil layer) . SWL4 used as input predictor (black), SWL4 simulations by JSB4-DL-fire (red) and JSB4-simple (green dash) during 2001-15 are averaged for each month and compared on each of GFED regions (Figure S1). Gray shadings indicate 1-sigma intervals of the SWL4 inputs.
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Figure S12. Regional importance assessment of anthropogenic predictors. The highest 5 LRP relevance scores are compared on each GFED region (Figure S1). Full names of land use states (LU) are in Table S1.
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Table S1. Land use variables.
	land use 14 states
	    - forested primary land fraction (LU_primf)
    - non-forested primary land fraction (LU_primn)
    - potentially forested secondary land fraction (LU_secdf)
    - potentially non-forested secondary land fraction (LU_secdn)
    - urban land fraction (LU_urban)
    - C3 annual crops fraction (LU_c3ann)
    - C4 annual crops fraction (LU_c4ann)
    - C3 perennial crops fraction (LU_c3per)
- C4 perennial crops fraction (LU_c4per)
- C3 nitrogen-fixing crops fraction (LU_c2nfx)
    - managed pasture fraction (LU_pastr)
    - rangeland fraction (LU_range)
    - secondary mean biomass carbon density (kg/m2, LU_secmb)
    - secondary mean age (years, LU_secma)
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