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INDONESIA PEATLANDS

Variation of peat depth in Indonesian peatlands (https://doi.org/10.1016/j.geoderma.2021.115235)

Indonesian land contains a high percentage of peat, a carbon-rich type of soil. The large quantity of 

carbon stored can be emitted as a number of compounds, mostly CO2, CO and HCN when it burns.

HCN is a good atmospheric tracer for peat fires due to its low chemical reactivity and long lifetime 

(2–5 months in troposphere many years in stratosphere).
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https://doi.org/10.1016/j.geoderma.2021.115235


In 2015, over 100,000 land and forest fires 

burned, covering 2.6 million hectares. The 

air quality was extremely affected across 

SE Asia.

2015 MODIS active fire density (https://doi.org/10.1073/pnas.1524888113)

INDONESIA FIRES

Wildfires in Indonesia are seasonal events regulated mainly by the agricultural practice of land clearing in 

order to prepare the soil for the new planting season.

El Niño exacerbates the extreme weather conditions of the Indonesian fire season, making burning events 

difficult to control, as they were towards the end of 2015.
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Unprecedented amounts of HCN have 

been observed emitted from Southeast 

Asia during September–November 2015.
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IASI - MetOp-B

IASI properties

IFOV 14.65 mrad

IFOV shape circular

Nadir size 12 km

Edge size 39 km (across track) 20 km (along track) 

ULIRS: full optimal estimation method used to 

perform global total column and concentration 

profile retrievals from IASI spectra, each 

measurement has errors and sensitivity profiles. 
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• Spectra: sampling 0.25 cm-1, resolution 0.5 cm-1, TIR range – 645 to 

2760 cm-1 (15.5 to 3.62 μm)

• 15 orbits/day in a polar sun-synchronous orbit, local time ~09:30 

• Global daily coverage due to large 2200 km swath



EMISSION FACTORS

𝐸𝑅HC ΤN CO =
𝐻𝐶𝑁 𝑠𝑚𝑜𝑘𝑒 − 𝐻𝐶𝑁 𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝐶𝑂 𝑠𝑚𝑜𝑘𝑒 − 𝐶𝑂 𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝐸𝐹HCN = 𝐸𝐹CO
𝑀HCN

𝑀CO
𝐸𝑅HC ΤN CO

Atmos. Chem. Phys., 17, 12239–12252, 2017 https://doi.org/10.5194/acp-17-12239-2017

Peatlands HCN EF (g kg-1)

Akagi et al. 2011 5.00 (4.93)

Andreae 2019 4.40 (1.20)

Stockwell et al., 2016 5.75 (1.60) (Kalimatan)

Smith et al. 2017 3.79 (1.97) (Malaysia)
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• Enhancement ratios

• Emission factors

GFED 

BB EFHCN



HCN MODEL

The HCN lifetime in the troposphere is 2–5 months, but much longer (many years) in the stratosphere.

Atmospheric HCN has been modelled by the 3D Chemical Transport Model TOMCAT at a spatial

resolution of 2.8° × 2.8° and 60 levels (surface to ~60 km).

Sources

o Biomass burning (main) – monthly means from 

GFED inventory 

o Anthropogenic sources (minor)

▪ Industry

▪ Transport

Sinks

At the surface level:

o Ocean uptake (main)

▪ Li et al. 2003

▪ Li et al. 2000 x 

0.25

In the stratosphere:

o Oxidation by OH -

Kleinboehl et al. 2006

o Oxidation by O(1D) -

Kleinboehl et al. 2006

o Photolysis (negligible)
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Surface emissions of HCN:

➢ GFEDv4.1s biomass burning emissions – monthly mean

➢ CMIP6 anthropogenic emissions

➢ CCMI annually fixed biogenic emissions

➢ CMIP6 annually fixed ocean natural emissions



MODEL SIMULATIONS: HCN204
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CONCLUSIONS

• Our first estimations of EFHCN do not match with the EFs used to calculate GFED emissions from 

Akagi (2011). Further investigation on box choice, plume origins and age are necessary to improve 

our estimation.

• At the initial stage of the wildfire season the HCN concentrations in Indonesia measured by IASI are

substantially different from that modelled using the Global Fire Emissions Database (GFEDv4.1s) 

emission inventory, highlighting uncertainties in its estimates on HCN emissions.

• Using only the 25% of the GFED HCN emissions during September 2015 produced a more realistic 

result in comparison to the satellite measurements. 

• IASI-based fire emissions capture observed variations more accurately, thus atmospheric composition 

satellite observations have a high potential to constrain the actual emission inventories whose 

estimates are based only on fire information such as fire counts, fire radiative power and burned area.

Next step
• Satellite observations can be used to estimate HCN fire emissions using the INVICAT inverse 

modelling framework. 
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