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Fires emissions in C-LAMP version of CLM-CN were too low

• Em

Fire emissions difficult to simulate:
Requires correct distribution of NPP, aboveground biomass, 
burned area, fuel moisture levels, combustion completeness, 
ignition sources

Randerson et al. (2009)



Adjustments to fires in CLM-CN
• Move from a Thonicke et al. (2001) LPJ algorithm to one proposed by Arora and 

Boer (2005)

– First step is to estimate burned area as a function of climate and fuel loads

– Thonicke et al. (2001) estimated burned area empirically as a function of fire 
season length

– Arora and Boer algorithm estimates fire spread rates using wind speed and 
fuel moisture (top 5 cm soil moisture) each day

– Potential burned area reduced by probabilities of fuel load and ignition

– Emissions then estimated by: E = A x C x cc x mort

• Combustion completeness and mortality differ for different pfts and pools

– Ignition probability modified to include human ignition and suppression as a 
function of time-varying population density in each grid cell

• Deforestation fires now represented

– Conversion flux from land use now enters a pool that is either combusted or 
decomposed depending on fire weather; may accumulate over time

– Captures seasonal and interannual variations in deforestation emissions

• Performed transient simulations from 1798 to 2004

• Paper in Biogeosciences Discussion at http://www.biogeosciences-
discuss.net/7/565/2010/bgd-7-565-2010.pdf



Burned area in some regions observed to have highest 
levels at intermediate levels of population density





Contemporary global patterns of burned area have 
improved

% of grid cell burning during 1997-2004





Global burned area increases with Aurora 
and Boer algorithm

• Global burned area from GFEDv3 is 370 Mha (Giglio et al. 
(2010) Biogeosciences Discussions

• Giglio reference: http://www.biogeosciences-
discuss.net/6/11577/2009/bgd-6-11577-2009.pdf





Model simulates reasonable interannual variability of 
global fire emissions



Deforestation fire emissions now vary seasonally 
and interannually with climate 

Currently 11% of deforestation carbon losses occur as fire emissions
Likely number closer to 50% ->  GFEDv2 deforestation fires are ~0.3 – 1.0 Pg C/yr



Conclusions
• The last three decades in the 20th century are dominated by 

an upward trend in global total fire carbon emissions (+30%) 
caused by climate variations and large burning events 
associated with ENSO induced drought conditions.

• Land use change activities between 1850 and 2000 lead to 
simulated total carbon emissions from deforestation fires of 
14 Pg C, but reduced carbon emissions from wildfires by 24Pg 
C. Thus, total (wildfire and deforestation) fire carbon 
emissions are reduced by 10 Pg C (−3%).

• The net flux of carbon to the atmosphere due to land use 
activities is simulated as 1.2 Pg C/year for 1990–1999 (similar 
to previous estimates in Ito et al., 2008; Shevliakova et al., 
2009). For 2000–2004 this source decreases from 1.20 to 0.85 
PgC/year. 11% of this source is in the model attributed to 
deforestation fires.



Next steps

• Migrate Kloster’s improved fire algorithm to CLM-CN version 4

– Reassess in context of proposed adjustments to wood 
harvesting

– Need to improve climate driving datasets for transient 
simulations for 20th century

• Allow fires to change the distribution of PFTs within a grid cell

• Examine fire-climate feedbacks!

– CO2 emissions

– Aerosols

– Ozone

• Examine fire contributions to global redistributions of N and P  





Global burned area

• Where available, we use 
500-m burned area maps 
produced by a change 
detection algorithm with 
surface reflectance from 
MODIS

• Burned area extended to 
other periods and area by 
relating this burned area 
product in each region to 
active fire detections 
from MODIS, VIRS, and 
ATSR instruments



Regions of analysis
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