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Fires can exert a substantial forcing on the Earth's climate by affecting different
components of the Earth System
• Largest source of carbonaceous aerosol globally
➢ ~ 60 % of the of primary OC and BC aerosol emissions
➢ Dominant source for central Africa and Amazon regions

• Total net negative radiative effect of -1.02 W m-2
pre-industrial period (1850) (Ward et al. 2012)
• Low agreement on the regional changes in future fire
regimes
• Global scale assessments highlight the complexity and
uncertainties of these impacts

Total radiative effect of fires remains uncertain making
climate-fire feedbacks relevant in the context of
climate change research

Objective → Development and evaluation of a coupled fire-composition-climate Earth system model

Model Setup
UK’s Earth System Model UKESM1- AMIP historical
• Prescribed SST and sea ice from Durack and Taylor (2017)
• Interactive stratosphere-troposphere chemistry and GLOMAP-mode aerosol scheme from the UKCA model.
• Dynamic vegetation model is deactivated and replaced by prescribed vegetation properties from a coupled historical simulation
• Model resolution is N96L85 - Equivalent to a horizontal resolution of 135 km in the mid-latitudes and 85 terrain-following
vertical levels ranging up to an altitude of 85 km above sea level
• Experiments were run for the period 1974 to 2014 (discard spin-up period 1974-1979)

INteractive Fires and Emissions algoRithm for Natural envirOnments (INFERNO)
Based on the work by Mangeon et al. (2016) with further developments
• Anthropogenic fire ignitions based in population density + Human Development Index

• Revised fire parameters - average burnt area (Andela et al., 2018) and emission factors (Andreae, 2019)
• Interactive coupled emissions at every model timestep
➢ 𝐶𝑂, 𝑁𝑂𝑥 , 𝐶2 𝐻6 , 𝐶3 𝐻8 , 𝐻𝐶𝐻𝑂, 𝑀𝑒𝐶𝐻𝑂, 𝑀𝑒2𝐶𝑂, 𝑁𝐻3 , 𝐷𝑀𝑆, 𝑂𝐶 and 𝐵𝐶
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Observation Datasets
Global Fire Emissions Database (GFED4s)
(Giglio et al. 2013)
• Burnt area including small fires

Regions of focus:

Global Fire Assimilation System (GFAS)
(Kaiser et al. 2012)
• carbon monoxide (CO)
• black carbon (BC)
• organic carbon (OC)
Tropospheric Emission Spectrometer (TES-AURA) data
(Beer et al. 2001; Bowman et al. 2006)
• Carbon monoxide (CO)
Combined MODIS Dark Target and Deep Blue algorithms (MODIS)
(Hsu et al. 2004; Sayer et al. 2014)
• Aerosol optical depth (AOD)

NHAF – North hemisphere Africa
SHAF – South hemisphere Africa
NHSA – North hemisphere South America
SHSA – South hemisphere South America

Burnt area fraction (%) mean annual average (1997 - 2010)
GFED4s

UKESM1+INFERNO

•

Global pattern of the annual average burnt area fraction is well reproduced

•

Global pattern correlation of 55.3 %

•

Large (50%) underestimation of the fires over Africa (even more over Australia)

Biomass burning emissions (kg m-2) mean annual average (1997 - 2010)

• Global pattern well reproduced
• Large overestimation of the biomass
burning emissions
➢ NHAF
➢ SHAF – emissions extend further south
➢ SHSA – large bias on the eastern edge

• Underestimation over the peatland regions
(e.g. Indonesia and boreal regions)

Emissions annual mean time series and climatology
Annual mean

Climatology

• Largest bias in the global annual mean time series – dominated by savanna biomes (e.g. Africa)
• Seasonal cycle well reproduced – partially due to regional compensating bias

What drives the NHAF and SHAF bias?
Dominant vegetation Plant Functional Type (PFT)
prescribed from UKESM1 Historical

Bias in underlying vegetation
Overestimation of tree fraction in savanna biomes impacts the fire model:
• Underestimation of burnt area

• Overestimation of biomass burning emissions

Land surface sensitivity
Two sensitivity experiments (1980 – 1985):
• T2G10 – 10 % of trees are changed to grass
• T2G50 – 50 % of trees are changed to grass
• Specific region in SHAF
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0.36
(-14.28 %)

•

Burnt area hypersensitive to this land surface change

•

Significant changes in emissions for T2G50

•

Regional changes in the land surface can have remote
impacts

CO and AOD mean annual average
CO column volume mixing ratio (ppm) averaged between 700 and
300 hPa (2007-2012)

AOD at 550 nm (2003 – 2012)

TES-AURA

UKESM1-INFERNO

MODIS

UKESM+INFERNO

UKESM1 – TES-AURA

UKESM1+INFERNO – TES-AURA

UKESM1 – MODIS

UKESM+INFERNO – MODIS

• Overestimation of 𝐶𝑂 over NHAF and SHAF → emission bias

• Similar results to CO

• Long CO lifetime → overestimation in the South Hemisphere

• Overestimation of AOD over NHAF and SHAF → emission bias

• Improves the western and central parts of NHSA

• No significant differences over South America

CO and AOD monthly mean time series and climatology
AOD at 550 nm
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CO column volume mixing ratio (ppm) averaged between 700 and 300 hPa

•
•
•
•

Improves interannual 𝐶𝑂 variability and seasonality over the studied regions
overestimation of AOD over NHAF and SHAF regions
improvement of the variability and seasonality of AOD in South America,
Does not capture the spikes in AOD, or CO observed over SHSA during the period 2004 to 2007 and 2010

Summary
❖Coupling a fire model to UKESM1 results in a similar performance in reproducing the distribution of
aerosols and CO atmospheric column globally – Existent regional bias are understood

❖Limitations of current set-up
➢ No fire-vegetation feedbacks
➢ Peat fires are not represented
➢ Underlying vegetation bias can have a significant impact in modelled results

❖This shows that we have developed a useful coupling framework that allows the representation of
complex fire-composition-climate interactions and feedbacks in the Earth system

Future work
❖Include fire-vegetation feedbacks - brings improvements to Africa and South America

❖Include representation of peatland fires - impact in the northern hemisphere
❖ Study and quantify the impacts of fire in climate change scenario and on atmospheric
composition-climate interactions
Teixeira et al.: Coupling interactive fire with atmospheric composition and climate in the UKESM
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