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Supplemental Material 

1 Experimental Design 

For this study we modified the parameter for the fuel drying ratio to include simulations with a ratio for low fuel drying of 
66000 °C-2 per (Thonicke et al., 2010), high fuel drying of 13000 °C-2 per (Lasslop et al., 2014), and medium fuel drying of 
25000 °C-2 (Table 1), and compared these against a control without fire disturbance. This impacts daily relative moisture 10 
content of litter fuels through calculations based on fuel surface area to volume and the fuel drying ratio (Eq xx), and the 
accumulation of conducive fire weather days as measured by the Nesterov Index (Eq xx) (Figure S1). Fuel moisture 
consumption parameters were parameterized as in (Thonicke et al., 2010), except for the 1-hr twig fuels which were updated 
with modifications to the minimum- and mid-moisture thresholds and low-moisture coefficient from (Peterson and Ryan, 
1986) to remove spikes in consumption at mid-moisture levels (Table 3, Figure S1). The rate of decomposition parameters 15 
for the fuels were updated for the 1-hr (twig), 10-hr (small branch) and 100-hr (large branch) fuels according to (Eaton and 
Lawrence, 2006), 1000-hr (trunk) fuels per (Chambers et al., 2000), and dead leaves fuels per (Thonicke et al., 2010). 
 

 
Figure S1. Relative fuel moisture across climatic drying ratios for accumulated Nesterov Index. 20 
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Figure S2. Variability in fuel combustion completeness with multiple twig parameterizations from Thonicke et al (2010), Peterson 
and Ryan (1986) and this study labelled as Shuman and modified from Peterson and Ryan (1986). 25 

 

 
Figure S3. Mean carbon use efficiency (NPP/GPP) for parameterizations with a high, medium or low fuel drying, and without fire 
disturbance for the final ten years of a 300 year simulation in CLM-FATES. 



3 
 

 30 

2. Results 

 
Figure S4. Difference between the high and medium fuel drying parameterizations for (a) maximum temperature, (b) minimum 
temperature, (c) relative humidity, (d) aboveground biomass, (e) tree area, (f) live grass, (g) burned fraction, (h) fire intensity, (i) 
rate of spread, and (j) ignitions for the final ten years of a 300 year simulation in CLM-FATES. 35 
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Figure S5. Difference between the low and medium fuel drying parameterizations for (a) maximum temperature, (b) minimum 
temperature, (c) relative humidity, (d) aboveground biomass, (e) tree area, (f) live grass, (g) burned fraction, (h) fire intensity, (i) 
rate of spread, and (j) ignitions for the final ten years of a 300 year simulation in CLM-FATES. 40 
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Figure S6. Seasonal climate changes for (a) maximum and (b) minimum temperature, (c) relative humidity, and (d) total 
precipitation for parameterizations with a low (blue), medium (orange) or high (green) fuel drying ratio in CLM-FATES for the 
final ten years of 300 year simulations across South America. Note that there is no difference for precipitation across 45 
parameterizations, so only one color is visible. 
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Figure S7. Association of burned fraction (colors; %) for live grass fuel moisture (m3 m-3) with (a) precipitation, (b) relative 
humidity, and (c) temperature, and for live grass fuel amount (kgC m-2) with (d) precipitation, (e) relative humidity, and (f) 50 
temperature for fires that burned at least 10% of a grid cell annually from the final ten years of a 300 year of a CLM-FATES 
simulation across South America using a medium fuel drying parameterization. 
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 55 
Figure S8. Association of fire intensity (colors; kW m-1) for dead leaves fuel moisture (m3 m-3) with (a) precipitation, (b) relative 
humidity, and (c) temperature, and for dead leaves fuel amount (kgC m-2) with (d) precipitation, (e) relative humidity, and (f) 
temperature for fire intensities above 100 kW m-1 from the final ten years of a 300 year of a CLM-FATES simulation across South 
America using a medium fuel drying parameterization. 

 60 
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Figure S9. Association of burned fraction (colors; %) for dead leaves fuel moisture (m3 m-3) with (a) precipitation, (b) relative 
humidity, and (c) temperature, and for dead leaves fuel amount (kgC m-2) with (d) precipitation, (e) relative humidity, and (f) 
temperature for fires that burned at least 10% of a grid cell annually from the final ten years of a 300 year of a CLM-FATES 65 
simulation across South America using a medium fuel drying parameterization. 
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Figure S10. Mean annual (a) temperature, (b) precipitation and (c) relative humidity from the final ten years of a 300 year CLM-
FATES simulation using a medium fuel drying parameterization. 70 



10 
 

 

 
Figure 11. Mean annual fraction tree-cohort mortality due to fire effects across tree-cohort sizes from CLM-FATES simulation 
using a high fuel drying parameterization for the final ten years of a 300 year simulation. The top row is a fire-vulnerable tree 
PFT, and the bottom row is a fire-tolerant tree PFT. 75 
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Figure S12. Mean annual fraction tree-cohort mortality due to fire effects across tree-cohort sizes from CLM-FATES simulation 
using a low fuel drying parameterization for the final ten years of a 300 year simulation. The top row is a fire-vulnerable tree PFT, 
and the bottom row is a fire-tolerant tree PFT. 
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 80 
Figure S13. Mean productivity for observations of (a) gross primary productivity (GPP) from the GBAF FluxNet product and (b) 
leaf area index (LAI) from MODIS satellite observations, and CLM-FATES (c) LAI and (d) GPP for the final ten years of a 300 
year simulation with active fire disturbance using a medium fuel drying parameterization. 
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 85 
Figure S14. Mean productivity for observations of (a) gross primary productivity (GPP) from the GBAF FluxNet product and (b) 
leaf area index (LAI) from MODIS observations, and CLM-FATES (c) LAI and (d) GPP for the final ten years of a 275 year 
simulation with active fire disturbance using a medium fuel drying parameterization. 

 

 90 
Figure S15. Mean annual fire intensity (kW m-1) for simulations with parameterizations for a low, medium, and high fuel drying 
ratio for the final ten years of a 300 year simulation in CLM-FATES. 
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Figure S16. Mean annual aboveground biomass (kg C m-2) across tree-cohort sizes from CLM-FATES simulation using a medium 95 
fuel drying parameterization for the final ten years of a 300 year simulation. The top row is a fire-vulnerable tree PFT, and the 
bottom row is a fire-tolerant tree PFT. 
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Figure S17. Mean annual basal area (kg C m-2) across tree-cohort sizes from CLM-FATES simulation using a medium fuel drying 100 
parameterization for the final ten years of a 300 year simulation. The top row is a fire-vulnerable tree PFT, and the bottom row is 
a fire-tolerant tree PFT. 

 
3. FATES-SPITFIRE technical documentation 

3.1 The integrated vegetation-fire model FATES-SPITFIRE 105 

FATES-SPITFIRE has been integrated into the land models of both the Community Earth System Model (CESM, 
(Danabasoglu et al., 2020)) and the Energy Exascale Earth System Model (E3SM, (Golaz et al., 2019)) (the Community and 
E3SM Land Models (CLM and ELM), respectively). This study uses FATES within the CLM, to develop the climate-fire-
vegetation interactions and feedbacks at regional scale. The SPITFIRE module components and approach are described 
below. 110 

3.1.1 SPITFIRE 

The process-based fire behavior and effects module SPITFIRE (Spread and InTensity of FIRE; (Thonicke et al., 2010) is 
implemented in multiple vegetation models (e.g. (Drüke et al., 2019; Lasslop et al., 2014; Yue et al., 2014) with complete 
technical details found in (Thonicke et al., 2010) and modifications for this implementation noted. In FATES, the SPITFIRE 
module operates at a daily timestep and operates separately for each patch to allow for sub-grid representation of different 115 
litter pools and vegetation characteristics according to the FATES patch structure, which tracks time since disturbance. 
SPITFIRE simulates fires through calculation of fire danger, ignition, behavior and effects for live and dead vegetation fuels.  
 
3.1.2 Fire Danger and Ignitions 
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A fire danger index FDI for each grid cell is calculated daily using the Nesterov Index (NI) per (Venevsky et al., 2002; 120 
Thonicke et al., 2010), as a cumulative function of mean daily temperature T (degrees C) and dewpoint (Dew) (degrees C) 
that resets to zero when total precipitation exceeds 3.0 mm 
 

𝐹𝐷𝐼(𝑑) = 1 −	𝑒!"	∗%&(() 
where 𝑎 = 0.00037	per (Venevsky et al., 2002). 125 
 

𝑁𝐼(𝑑) = 	∑𝑇(𝑑) ∗ (𝑇(𝑑) − 𝐷𝑒𝑤(𝑑)	 
 
with Dew calculated as:  

𝑣(𝑑) = 	
717.27 ∗ 	𝑇(𝑑)9
(237.7 + 	𝑇(𝑑))	 + log	(

𝑅𝐻(𝑑)
100 	)	 130 

 

𝐷𝑒𝑤(𝑑) = 	
7237.7 ∗ 	𝑣(𝑑)9
(17.7 − 	𝑣(𝑑)	  

Anthropogenic ignitions and lightning strikes are both potential ignition sources. Lightning strikes are prescribed by a 
lightning forcing dataset used in (Li et al., 2013) derived from the NASA LIS/OTD Gridded Climatology 
(http://ghrc.msfc.nasa.gov), assuming that a percentage of these strikes reach the ground to result in lightning-driven 135 
potential ignitions (Ilightning) (strikes km-2 day-1). For this study the percentage of cloud-to-ground lightning strikes under 
favourable conditions for burning is set at 10% (Latham and Williams, 2001). Anthropogenic ignitions (Ianthro)  (strikes km-2 

day-1) are calculated according to (Li et al., 2012).  

𝐼"*+,-. =	
𝐼/𝐷/𝑘7𝐷/9

0.23

𝑛  
where 𝐼/ 	= 3.89	x	10!3 (count person-1 month-1) is the number of potential ignitions by a person per month per (Li et al., 140 
2012), 𝑘 = 6.8 per (Li et al., 2012), population density or 𝐷/ (person km-2), which is prescribed by a dataset, and 𝑛 is days 
month-1. However, in this study, anthropogenic ignitions were not used and instead set to zero. 
 
3.1.3 Characteristics of Fuel 
Fuel characteristics are updated based on litter input from vegetation turnover and mortality and grass growth for each. Total 145 
fuel load (𝐹/"+4, ) (kg m-2) is the sum of the aboveground coarse woody debris (CWDAG,fc), leaf litter (llitter), and live grass 
biomass (bl,grass). As in (Thonicke et al., 2010), fuels are separated into multiple classes. Dead fuels are grouped according to 
diameter ranges (less than 0.6 cm, 2.5 cm, 7.6 cm, and greater than 7.6 cm) associated with a “burning timelag” (1, 10, 100, 
and 1000 hr) that defines the time necessary for the loss of initial moisture to attain an equilibrium moisture content 
(NWCG, 2002) per the methods of (Rothermel, 1983; Fosberg, 1971).  A fraction of simulated biomass following tree 150 
mortality is partitioned to each of these classes as set by the parameter fates_frag_cwd_frac (0.045, 0.075, 0.21, 0.67). Fine 
and woody fuels accumulate according to litterfall and mortality inputs produced by FATES and temperature- and moisture-
sensitive litter decomposition that varies with depth within CLM  (Lawrence et al., 2019).The 1000-hour fuels are not 
considered in rate of spread or fire intensity equations, but can be combusted during a fire. Rate of spread, fire intensity and 
fuel combustion are determined based on multiple fuel conditions: fuel loading (w, kg m-2), bulk density (BD) (kg m-3), 155 
surface area-to-volume ratio (𝑆𝐴𝑉54) (cm-1), moisture (moistfc) (m3 m-3) and moisture of extinction (moistext) (m3 m-3). 
Weighted averages across fuel types are calculated for each of these variables. 
Dead fuel moisture (moist fc) is calculated as: 

𝑚𝑜𝑖𝑠𝑡54 =	𝑒!∝54	𝑁𝐼 
 160 

∝54=	
𝑆𝐴𝑉54

𝑑𝑟𝑦𝑖𝑛𝑔	𝑟𝑎𝑡𝑖𝑜 

 
Live grass fuel moisture (moist l,grass) is calculated as: 
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𝑚𝑜𝑖𝑠𝑡7,9-":: =	𝑒!∝;,-,54	𝑁𝐼 
 165 
where ∝54 , a user-defined parameter, indicates the rate of drying of the fuel classes. Lower 𝑑𝑟𝑦𝑖𝑛𝑔	𝑟𝑎𝑡𝑖𝑜 values are 
associated with more rapid drying and lower relative moisture (Figure S1) which in turn impacts fuel combustion (Figure 
S2).  
 
Fuel moisture consumption parameters for the 1hr twig fuels are updated from (Thonicke et al., 2010) with modifications to 170 
the minimum- and mid-moisture thresholds and low-moisture coefficient derived from (Peterson and Ryan, 1986) to remove 
a drop in combustion completeness at mid-moisture levels (Table 1, Figure S2). 
 
 
The effective fuel moisture content (Emoist,fc) is used for calculations of fuel consumption, and is a function of the ratio of 175 
moist,fc and the moisture of extinction (moistext,fc), the moisture content at which the fuel can no longer burn, and calculated 
as in Peterson and Ryan (1986) for each fuel class. 

𝐸<.=:+,54 =	
𝑚𝑜𝑖𝑠𝑡54
𝑚𝑜𝑖𝑠𝑡>?+,54

 

 
𝑚𝑜𝑖𝑠𝑡>?+,54 = 	0.524 − 0.066	𝑙𝑜𝑔;0𝜎54 180 

 
3.1.4 Rate of Spread 
Once an ignition event occurs, the potential forward rate of spread (ROSf) (m min-1) is calculated as in (Thonicke et al., 
2010) per the equations of (Rothermel, 1972):  

𝑅𝑂𝑆5 =	
𝐼-		?!(1 +	𝜃@)
𝐵𝐷/"+4,	𝜀	𝑄=9*

 185 
where Ir is the reaction intensity (kJ m2 min-1) and represents the energy release per unit area of the fire front; xi is the 
propagation flux ratio, and represents the proportion of Ir that heats fuel particles to ignition; 𝜃@ is a wind factor; 𝜀 is the 
effective heating number, and represents the number of particles heated to ignition temperature; and 𝑄=9*is the heat of pre-
ignition (kJ kg-1), which is the amount of heat required to ignite a given mass of fuel. 

Reaction intensity (Ir ) (kJ m2 min-1) is calculated as: 190 
𝐼- =	Γ./+	𝑊/"+4,	ℎ	𝜂<.=:+	𝜂<=*>- 

where Γ./+ is the optimum velocity (min-1), which indicates completeness and rate of combustion; 𝑊/"+4, is the mineral fuel 
load (kg m-2), calculated as 𝑊/"+4, = 	𝐹/"+4,(1 − 𝑆A), where 𝑆A is the fractional mineral content is set to 0.055 (Thonicke et 
al., 2010). The heat content of fuel (h) is set to a default value of 18,000 kJ kg-1, and 𝜂<.=:+	and 𝜂<=*>- are moisture- and 
mineral-dampening coefficients, respectively. 195 
 Optimum reaction velocity (Γ./+) is calculated as the ratio of reaction zone efficiency to reaction time, and is based 
on fuel conditions. As in Pyne et al 1996,  Γ./+ is calculated as: 

Γ./+ =	Γ<"?(
𝛽
𝛽./+

)B	𝑒B(;!C) 

where 𝛽 is the packing ratio, calculated as 𝛽 = 𝐵𝐷/𝜌/ , where 𝜌/ is the oven-dry particle density set to a default value of 
513 kg m-3 (Pyne et al 1996). 𝛽./+ is the optimum packing ratio and is calculated as 𝛽./+ = 0.200395	𝜎!0.D;DE (Thonicke et 200 
al., 2010); and 𝐴 = 809033𝜎!0.FE;3 (Brown et al 1994; Pyne et al 1996). 
 
 Maximum reaction velocity (Γ<"?) (min-1) is calculated as: 

Γ<"? =	
1

0.0591 + 2.926	𝜎!;.G 
 205 
 The moisture dampening coefficient (𝜂<.=:+	) is calculated based on the ratio of fuel moisture to moisture of 
extinction (Pyne et al 1996). 
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𝜂<.=:+	 = max(0.0,1.0 − 2.59	 f
𝐹<,/"+4,
𝑚>?+

g + 5.11	 f
𝐹<,/"+4,
𝑚>?+

g
H

− 3.52	 f
𝐹<,/"+4,
𝑚>?+

g
3

 

  
The mineral dampening coefficient 𝜂<=*>-	is calculated as 𝜂<=*>-	 = 0.174𝑆I!0.;E where 𝑆I is the effective mineral content 210 
and set to a default value of 0.01 such that 𝜂<=*>-	is a default of 0.41739 (Pyne et al 1996). 
 The propagating flux ratio (𝑥=) relates the propagating flux to the reaction intensity, and is based on fuel bulk 
density and SAV (Rothermel, 1972) 

𝑥= =	
𝑒0.FEHJ3.FGEF	K",$%&'(

).+ (CJ0.;)

192.0 + 7.9095	𝐹L,/"+4,
 

  215 
The wind factor 𝜃@ is calculated based on wind speed (W) (m min-1) and fuel geometry (Thonicke et al., 2010; Rothermel, 
1972). 

𝜃@ = 𝐶3.281𝑊>55>4+
M (

𝛽
𝛽./+

)!I 

where 𝐶 = 7.747𝑒(!0.DF;;K",$%&'(
).++ ), 𝐵 = 0.15988𝐹L,/"+4,0.G2  , and 𝐸 = 0.7515𝑒(!0.0;E2K",$%&'() and Weffect (m min-1) is the wind 

adjusted by vegetation fraction, with 𝑤𝑖𝑛𝑑 (m min-1) being the site level wind boundary condition: 220 
 

𝑊>55>4+ = 𝑤𝑖𝑛𝑑 ∗ (𝑡𝑟𝑒𝑒5-"4+=.* ∗ 0.4 +	(𝑔𝑟𝑎𝑠𝑠5-"4+=.* +	𝑏𝑎𝑟𝑒5-"4+=.*) ∗ 0.6) 
 
The heat required for fuel ignition (𝐵𝐷/"+4,	𝜀	𝑄=9*) is calculated based on fuel geometry and moisture. The effective heating 
number (𝜀) determines the efficiency of fuel heating as a function of particle size (Rothermel, 1972): 225 
 

𝜀 = 	 𝑒
( !2.GHDK",$%&'(

)
 

 
The heat of pre-ignition 𝑄=9* (kJ kg-1) is based on fuel moisture: 

𝑄=9* = 581 + 2594	𝐹<,/"+4, 230 
 
 
3.1.5 Fire intensity and fuel consumption 
The surface fire intensity (𝐼:N-5)(kW m-1) is then calculated as in (Thonicke et al., 2010): 
 235 

𝐼:N-5 = ℎ	𝐹𝐶/"+4, 	
𝑅𝑂𝑆5
60  

 
where ℎ	(kJ kg-1) is the heat content of fuel set to a default value of 18,000 kJ kg-1 and 𝐹𝐶/"+4, (kg m-2) is the overall fuel 
consumption from the fire. Fuel consumption is calculated for each fuel type as follows:   
 240 

𝐹𝐶54 =	𝑊54	𝑓54 
 
where 𝑊54 is the mineral fuel loading of each fuel type (kg m-2) and 𝑓54 is the fraction burnt for each fuel type, calculated as 
follows per (Thonicke et al., 2010): 
 245 
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𝑓54 =	

⎩
⎪
⎨

⎪
⎧ 1.0, for	

𝑚
𝑚>?+	

	≤ 	𝑚<=*,54

𝑎54	 −	𝑏54		
𝑚
𝑚>?+

,			for	𝑚<=*,54 	< 	
𝑚
𝑚>?+

	≤ 1

0.0, for	1.0	 < 	
𝑚
𝑚>?+

 

 
where 𝑎54	and 𝑏54	 are fuel type-specific parameters, and 𝑚<=*,54 is the fuel-specific threshold for relative moisture content. 
Fuel-specific consumption 𝐹𝐶54 is summed to calculate the overall 𝐹𝐶/"+4,.  
 Fires with a surface intensity below a user defined minimum energy threshold cannot be sustained and are 250 
extinguished. The default value for this threshold in 50 kW m-1 (Thonicke et al., 2010; Peterson and Ryan, 1986). For this 
study, the minimum energy threshold for sustained burning was set to 25 kWm-1 for sites where the tree canopy cover is less 
than the 55% threshold for savanna (Staver et al., 2011) and 75 kWm-1 for areas above this tree cover threshold based on fire 
intensity measurements for savanna (Govender et al., 2006) and neotropical forests (Brando et al., 2016). 
 255 
3.1.5 Fire duration and area burned 
The fire duration Fdur (min) depends on the fire danger index as in (Thonicke et al., 2010) with the maximum fire duration 
per day (Fdurmax) set as 240 min. 

𝐹(N- =
𝐹(N-<"? + 1

1 + 𝐹(N-<"?		𝑒(!;;.0OKP&)	
 

 260 
The total area burned is assumed to be in the shape of an ellipse, with the major axis determined by the forward and 
backward rates of spread (ROSf and ROSb respectively). 
 
ROSb is a function of ROSf and wind speed (W): 

𝑅𝑂𝑆Q =	𝑅𝑂𝑆5	𝑒!0.0;HR 265 
 
The minor axis to major axis ratio, or length to breadth ratio (lb) (m), of the ellipse is determined by the wind speed. If W is 
less than 16.67 m min-1 (i.e., 1 km hr-1) then lb =1. Otherwise, lb is calculated for forest areas or grass fuel areas using prior 
values (Forestry Canada Fire Danger Group, 1992; Wotton et al., 2009) based on a forest to grassland threshold per (Staver 
et al., 2011). Note that there was an typographic error in the 𝑙𝑏 equation for grasses in (Forestry Canada Fire Danger Group, 270 
1992) which was reported and corrected in (Wotton et al., 2009) but nonetheless incorporated into the original SPITFIRE 
code of (Thonicke et al., 2010), we remove that error and use the (Wotton et al., 2009) equation here. 
 

𝑙𝑏 = 	 t
1.0 + 	8.729(1.0 − 𝑒!0.03R,--,'&)H.;GG	, 𝑡𝑟𝑒𝑒5-"4+=.* > 0.55
1.1	𝑊>55>4+

0.2O2,																																																		𝑡𝑟𝑒𝑒5-"4+=.*	 ≤ 0.55
 

 275 
The length of the major axis is calculated for both the front, 𝑑f (m), and back, 𝑑b (m), of the fire ellipse using the associated 
ROS: 

𝑑5 =	𝑅𝑂𝑆5	𝐹(N- 
𝑑Q =	𝑅𝑂𝑆Q	𝐹(N- 

 280 
Fire size, (𝐹:=S>) (m2), is calculated using the methods of (Arora and Boer, 2005): 
 

𝐹:=S> =	
𝜋
4𝑙Q

(𝑑5 +	𝑑Q)H 

 
The total area burned (𝐴QN-*,/"+4,) (m2 km-2) is calculated for fires of size 𝐹:=S> (m2) for each of the daily successful 285 
ignitions (km-2 day-1) (𝐼7=9,+*=*9	and 𝐼"*+,-.) while accounting for the fire danger conditions 𝐹𝐷𝐼. Ignitions (𝐼7=9,+*=*9	and 
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𝐼"*+,-.) are input or calculated for the total gridcell area, and we assume that ignitions are equally distributed per unit area 
across each patch; therefore 𝐼7=9,+*=*9	and 𝐼"*+,-. are provided as strikes per km-2 of patch area per day. The 𝐴QN-*,/"+4, is 
therefore m2 km-2 per patch area per day. 

𝐴QN-*,/"+4, =	𝐹:=S>(𝐼7=9,+*=*9 + 𝐼"*+,-.)𝐹𝐷𝐼 290 
 
 
3.1.6 Fire damage and mortality 
As in (Thonicke et al., 2010) tree mortality from fire is calculated based on both cambial damage to bark and crown scorch 
to the canopy. Damage from crown scorch is calculated in relation to scorch height (𝑆𝐻) (m) of a fire: 295 
 

𝑆𝐻 = 𝐹	𝐼:N-50.OOF 
 
where 𝐹 is a PFT-specific parameter based on field studies. In this study 𝐹 is set to 0.1487 for the fire-vulnerable tree and 
0.06 for the fire-tolerant tree as in the tropical broadleaved evergreen and tropical broadleaved raingreen tree PFTs 300 
respectively from (Thonicke et al., 2010).  

Within FATES, fire effects are evaluated for each PFT and cohort. Assuming a cylindrical crown shape, the 
proportion of crown scorch 𝐶𝑆 is calculated for each cohort as: 

𝐶𝑆 = 	
𝑆𝐻 − 𝐻 + 𝐶𝐷

𝐶𝐷  
where  𝐻 (m) is the height of the tree cohort (m) and 𝐶𝐷 (m) is the crown depth length calculated using a PFT-specific 305 
crown depth fraction (𝐶𝐷5-"4). For this study, the fire-vulnerable tree PFT has a 𝐶𝐷5-"4 of 0.33 and the fire-tolerant tree PFT 
a 𝐶𝐷5-"4 of 0.1. The probability of tree mortality from crown scorch (𝑝4:)is calculated as: 
 

𝑝4: = 𝑟(𝐶𝑆/) 
 310 
where 𝑟 is a PFT specific resistance factor for crown scorch survival and 𝑝 is a parameter based on defoliation from crown 
scorch set to a default value of 3.0 (Thonicke et al., 2010). For this study, the resistance factor for crown scorch survival (𝑟 ) 
is set to 1 for the fire-vulnerable tree PFT and 0.05 for the fire-tolerant tree PFT.  
 Cambial damage is based on the residence time of the fire (𝜏5) and the bark thickness of the cohort. Probability of 
mortality from cambial damage ( 𝑝T) is calculated as: 315 
 

𝑝T =	

⎩
⎪
⎨

⎪
⎧ 0.0, for		

𝜏7
𝜏4
	≤ 0.22

0.563	
𝜏7
𝜏4
− 0.125, for		

𝜏7
𝜏4
> 0.22	

1.0, for		
𝜏7
𝜏4
≥ 2.0

 

 
where 𝜏4 is the critical fire residence time (min) based on bark thickness (𝐵𝑇) (cm bark per cm DBH). 
 320 

𝜏4 = 2.9	𝐵𝑇H 
 
The overall probability of mortality (𝑝<) is calculated as: 

𝑝< =	𝑝T +	𝑝4: −	𝑝T𝑝4: 
 325 
Thus, for each day with a fire, a burned area is calculated for each patch. Fire effects, including consumption of ground fuels, 
damage to vegetation through cambial damage and crown scorch, are applied to the fraction of each patch that burns, which 
in turn splits into a newly-disturbed patch with area equal to the area that burned.  Fire effects on fuels and vegetation thus 
only occur on the newly-burned patch. The newly-burned patches resulting from the burned fraction of each patch are given 
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a time-since-disturbance age of zero and are generally fused together and into other recently-disturbed patches, following the 330 
FATES patch fusion logic (Fisher et al., 2015). 
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