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Background

(Ward et al. 2012)

Importance of fire emissions

➢ Key component of land C budget

➢ Major source of greenhouse gases

➢ Largest contributor of primary 

carbonaceous aerosols globally

➢ Affect climate, C/nutrient cycles, Air 

quality & human health
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➢ No observations

➢ Estimates methods:

Satellite-based (e.g. GFED)  global but only present-day

Fire proxy records (e.g.  GCD):  long-term but limited spatial extent

DGVM with fire modeling (e.g. FireMIP): local to global scales for past, present, and future

• Regional/global fire emissions
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• Earlier studies: one single time series / based on one DGVM

➢ quantify uncertainty in historical fire emis. (NO)

➢ understand inter-model discrepancy in historical reconstruction  and future 

projections  (NO)

Our study:

➢ provides a new dataset of multi-model global gridded fire emis. (9 DGVMs, 1700-2012, 

C and 33 aerosols & trace gases) 

➢ comprehensively evaluates the model-based estimates

➢ analyzes simulated long-term changes, inter-model diff.,  & their drivers



5P: prescribed    M: modeled

• FireMIP Models

➢ 9 DGVMs

Inc. all fire schemes used in 

CMIP6/IPCC AR6

Also inc. GlobFIRM (most commonly

used in CMIP5/IPCC AR5)

median of six of them determines 

historical changes over most regions 

of the world in CMIP6 fire emis. (as 

input data of CMIP6 CSMs/ESMs)

Methods and data
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➢ Global fire schemes 

in FireMIP DGVMs

Fire C emissions

= burned area (BA) ×fuel load

×combustion completeness (CC)

a PD: population density
b fire suppression increases with PD and 

GDP, different between tree PFTs and 

grass/shrub PFTs
c fire suppression increases with PD
d Assume no fire in grid cell when pre-

calculated rate of spread, fireline intensity, 

and energy release component are lower 

than thresholds
e CLM4.5 outputs in FireMIP include 

biomass and litter burning due to peat fires, 

but don’t include burning of soil organic 

matter
f Coarse Woody Debris
g100-hour fuels and 1000-hour fuel classes
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• FireMIP experimental protocol and input datasets

Atm.:  

CRU-NCEPv5.3.2  (1901-2012)         

LULCC: 

Hurtt et al. (2011) (1700-2012)

Population density:

HYDE v3.1 (1700-2012)             

Lightning: 

Pfeiffer et al. (2013) (1901-2012)

CO2:

Le Quéréet al. (2014) (1750-2012)

Control run

5 sensitive runs:
➢ constant climate

➢ constant atmospheric [CO2]

➢ constant land cover

➢ constant population density

➢ constant lightning frequency
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• Estimate fire trace gas & aerosol emis.

➢ Fire emis. of trace gas and aerosol species i and 

the PFT j

Ei,j = EFi,j× CEj/[C]

EF: emission factors (Andreae, 2019)

CE: fire carbon emis. output from FireMIP DGVMs

[C]=0.5×103 g C (kg DM)-1 unit conversion factor 

EF Table
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➢ Associate DGVMs’ plant 

functional types (PFTs) to EF

Table’s land cover types

T: tree; S: shrub; W: woodland; F: forest; G: grass; P:

pasture; Sava: Savanna; N: needleleaf; E: evergreen;

B: broadleaf; D: deciduous; R: raingreen; SI: shaded-

intolerant; SG: summer-green; M: mixed; I: irrigated;

RF: rainfed; C/W: cool or warm; S/W: spring or

winter, Tro: Tropical; Tem: Temperate; Bor: Boreal;

Sub-Tro: subtropical; Ex-Tro: Extratropical; A: Arctic
a split tree PFTs into tropical, temperate, and boreal

groups following rules of Nemani and Running (1996)

that also used to make CLM land surface data by

Peter et al. (2007; 2012) since CLM version 3;
b LGG and LGBS did not outputs PFT-level fire 

carbon emissions, so land cover classified using its 

dominant vegetation type
c MC2 classifies tropical savannas and tropical 

deciduous woodland regions, and the latter mainly 

represents tropical deciduous forests
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GFED4: Global Fire Emissions Dataset version 4; GFED4s: GFED4 with small fires; GFAS1.2: Global 

Fire Assimilation System version 1.2; FINN1.5: Fire Inventory from NCAR version 1.5; FRP: fire 

radiative power; FEER1: Fire emissions from the Fire Energetics and Emissions Research version1; 

QFED2.5: Quick Fire Emissions Dataset version 2.5; AOD: aerosol optical depth; GFED2: GFED 

version 2; RETRO: REanalysis of the TROpospheric chemical composition; GICC: Global Inventory for 

Chemistry-Climate studies; GCDv3: Global Charcoal Database version 3

• Benchmarks

Satellite-based

Multi-source merged
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Results: Evaluation of present-day fire emissions

• Global amounts

within benchmarks’ range, 

except for MC2 (small BA)  & 

LGG (high CC)

Global totals of fire emis. (2003~2008)
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• Spatial pattern

➢ Overall ok, except for MC2

➢ CLM4.5, JULES, and LGSB are 

better

➢ Inter-model diff. mainly in 

tropics

Inter-model diff.

Spatial pattern of 2003~2008 annual fire BC & sim.-obs. Cor
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Models                                              Satellite-based
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• Seasonal cycle

➢ overall ok

➢ SPITFIRE family 
(ORCHIDEE, JSBACH, 

LGS) is poorer in SH

➢ Only CLM4.5 can 

capture two peak 

periods in NH extra-

tropics (only CLM4.5 

models crop fires)
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* (P<0.1)  ** (P<0.05)  *** (P<0.01) 

Sim. – obs. Cor. of annual global fire PM2.5 emis.

Temporal change & CVs for 1997–2012, 2003–2012

• Interannual variability

➢ Overall fail

partly due to a lack of 

modeling peat fires & tropical 

deforestation fires

➢ CLM4.5, CTEM, &

LGSB are better
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Historical changes and drivers

• Historical global 

changes

➢ All models show a 

weak trend before 

1850s, as CMIP6

➢ Inter-model diff. is 

large for the 20th

century
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mainly LULCC & human 

population density change 

• Drivers
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• Regional long-term 

changes

➢ Inter-model diff. is largest 

in SH South America 

(SHSA), Africa (NHAF & 

SHAF), & central Asia 

(CEAS) Inter-model discrepancy in long-term changes
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➢ Most models reproduce the 

upward trends in the 

CMIP6/CMIP5 estimates 

since 1950s in SHSA and till 

~1950 in Africa

➢ Long-term trends in regional 

fire emis. in SHSA, Africa, 

and CEAS broadly explain 

simulated global trends
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Summary and outlook

1. Dataset: https://zenodo.org/record/3386620#.XXaE1eRYaP8 with wide-ranging use: 

➢ Develop multi-source merged fire emis. products and methods

➢ for the first time, allows end users to select all or a subset of model-based reconstruction 

for their regional or global inter-annual ~ multi-decadal research

➢ quantify uncertainty range of past fire emis. and their impacts

2. Recent state of fire model performance: most models can overall reproduce the 

amount, spatial pattern, and seasonality, but fail to simulate the interannual variability

3. population density and LULCC are the primary uncertainty sources in long-term 

trend simulation 

Fire models need improve modeling of human effect on fire

https://zenodo.org/record/3386620#.XXaE1eRYaP8

