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Motivation for fire modeling

(Giglio et al., 2013)

Satellite-based annual burned area fraction 
Fire:
• primary form of terrestrial 
ecosystem disturbance on a global 
scale

•affects ecosystems, and carbon cycle 
(fire  C emis.: ~2 Pg C/yr)  

• tightly interacts with the    
biosphere/atmosphere

•



•Fire emissions

(Ward et al. 2012)

•contain key greenhouse gases, and the 
largest source of primary carbonaceous 
aerosol mass globally

•affect global radiation balance



Impact on climate

Jiang et al. (2016)

Impact on human and animal 

By emitting fire aerosols By changing ecosystems

Roger et al. (2013)



CLM fire scheme

CNFireEmissionsMod.F90 (CLM5)

CNFireArea in 
CNFireMod.F90

CNFireFlux in 
CNFireMod.F90C
NCStateUpdate3M
od.F90

(Li et al., 2012, 2013;  Li et al., in prep.; Val Martin et al., in prep.)



Non-peat fires in Reg. C (process-based, Intermediate)  

(Li et al. 2012, Biogeosciences)



•Fire occurrence

Fire counts in a grid cell : , ,f i b m ns PD ns GDPN N f f f f 

Ignition counts

Fuel availability Fuel combustibility

Non-suppression rate

fm=fRH fθ

(Li et al., 2012, 2013, 2016)

Ignition counts: Ni= lightning ignitions +  human ignitions



Human ignitions and fire suppression
1- f ns, PD                        human igns. non-suppressed human igns.

R2=0.73 (n=14)

Grass and shrub PFTs
Tree PFTs
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(Li et al., 2012, 2013)

Supported by the 
relationship between 
MODIS active fire counts 
and pop. den /GDP



Average burned area of a fire without 
human suppression (average
fire duration   (s)=1day ) : 

•Fire spread
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(Li et al., 2012, 2013)

More developed /more  densely populated → higher suppression

Average burned area of a fire 

Fire spread rate in the downwind direction:

up= f (fuel wetness) g(wind speed)



1997 Southeast Asia Haze

(Li et al., 2013)



•Fire impact (PFT-level)

fire C/N emis.= C/N pools ×PFT-dependent combustion completeness factor ×burned area frac. 

whole-plant mortality= Pop. den. ×PFT-dependent individual mortality factor 1×burned area frac.

Veg. tissue mortality= C pools ×PFT-dependent tissue mortality factor 2×burned area frac.

Fire C/N emissions

Fire-induced veg. mortality

Adjustment of C/N pool 
Adjusted C/N pools for live veg. tissue= Original C/N pool ▬ C/N loss due to biomass burning and 
mortality

Adjusted litter and CWD pools =original C/N pools ▬ fire C/N emissions + C/N loss from fire-
induced mortality

Surface trace gas and aerosol emissions due to fire (52 species)
= Fire C emis.×PFT-dependent emissions factors 



Performance: CLM4.5 fire with Qian (1997-2004)

•Global total Mod-new: CLM4.5  fire module ; 
Mod-old: GlobFIRM; CLM4 fire module 
Mod-CTEM: Kloster et al.(2010) 

(Li et al., 2013)



Cor: global spatial correlation between obs and simulations

•Global spatial distribution of burned area fraction

(Li et al., 2013)



•Global spatial distribution of fire carbon emissions

(Li et al., 2013)



•Interannual variability

•Contributions from 
different sources

(Li et al., 2013)



•Seasonality of burned area fraction

(Li et al., 2013)



Species
(Tg spec/yr)

CLM
2000−2005

GFED
2000−2005

FINNv1
2005−2010

CO2 5778−8236 6460−7920 6464−7920
CO 302−430 288−394 332−409
NO 3.4−4.6 -- 4−4.8
NOx 10.5−14.6 12−16 --
SO2 2.2−2.8 1.9−2.9 1.9−2.4
BC 1.6−2.4 1.5−1.9 1.9−2.4
OC 16−24 13−19 21−25

Summer O3

Fire Aerosol and trace gas emissions (CLM4.5 with CLM5 fire emissions)

Global Total

America
Present-day
Spatial Pattern

Annual PM2.5

Eastern US
Western US

(From M. Val Martin)



• Simulated burned area in the 20th century (CLM4.5 with Qian)

in the range of long-term 
trends of reconstructions

similar to that from MF05

(Li et al., 2014)



20th Century

Fire simulations in CAM5.1-CLM4.5
1997-2004

(Li  and Lawrence,  JC, minor revision)



*diff in the means passed student t-test at α=0.05 sig. level             Unit: Pg C/yr

• Fire significantly decreases net C gain by 1.0 Pg C/yr

• 42% of fire carbon emissions (1.9) is offset by fire indirect effects (–0.9)

•Global total average across the 20th C

Fire direct impact
Fire indirect impact

Application: Impact of fire on carbon budget (CLM4.5 )

(Li et al., 2014)



Impact on global annual land water/heat budget and climate due to 
changing ecosystems (CAM5.1-CLM4.5)

decrease ET
increase runoff
limited impact 
on precipitation

(Li  and Lawrence,  JC, minor revision)

(Li  et al.,  GRL, under review)

Warming

mainly b/c decrease in 
latent heat (LH)

Impact on runoff

decrease net radiation

limited impact 
on shortwave R.

Thanks!

Unit: 103 km3/yr, * sig. at  α=0.05 


