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Rationale
Tropical peatlands are areas of high carbon density and play an 
important role in providing numerous ecosystem services.

Clearing and drainage of tropical peatlands have resulted in an 
unprecedented increase in peat fires, which not only produce 
deadly toxic haze and pollution, but also endanger the critical 
ecological services of the ecosystem. 

Drainage and burning of tropical peatlands release about 5% of 
the global GHG emissions.

However, there is a great uncertainty in GHG emissions estimates 
from peat swamp forest fires.  

Therefore, need to fill the knowledge gap to improve emission 
estimates, including emission parameters, effect of frequent fires, 
importance of pyrogenic carbon, peat combustion factor. 3



E = A x h x BD x CF x Corg x 3.67

Where: 
A = area of burnt peat (ha)

h = the depth of burnt peat (m) 

BD = bulk density 

CF = combustion factor 

Corg = peat C content

Peat depth = 0.33 m
Peat Bulk Density = 0.153 t/m3

Peat Combustion Factor = 1

Resulting in a single Emission Factor

Background
Currently, emissions from peat fires is estimated as: Majority of emission equation 

parameters are default numbers
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Other parameters affect the magnitude of peat fire emissions: 
e.g. fuels, fire frequency, season
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Fire frequency (f)

Combustion 
Factor
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Ei = FL x CF x PD x EFi Ʃ (A x P x Ʃ((FLt –PyC)x CF x PDf x CFt))
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More data are needed for better estimates of 
emission factors from peat fires

• Add more empirical data to improve GHG 
emission estimates

Only 3 publications

IPCC Guideline

Equation (IPCC GL)

Objectives
• Review the parameters contributing to tropical peat 

fire emissions estimates, as per IPCC Guideline



7

• Review of the parameters contributing to 
tropical peat fire emissions estimates, as 
per IPCC GL

• There are not many studies which support fire emission 
parameters of the Equation in a comprehensive way. 

• The majority of studies report field data collected at least 
ten or more years ago. 

Our Studies

Source: Volkova, Krisnawati, Adinugroho et al. (2021)

• Improve emission parameters by conducting 
field studies to identify differences in emission 
parameters among a range of peat forests 
burnt at different fire frequencies 
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Methods
Study Site

Source: Volkova, Krisnawati, Adinugroho et al. (2021) 8

Central 
Kalimantan
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Methods
Sampling Design

9Source: Volkova, Krisnawati, Adinugroho et al. (2021) 99
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Methods: Fuels to measure
accounting for all Carbon pools

Live aboveground biomass
(trees, shrubs, grasses)

Dead organic matter
(litter, coarse woody debris) 

Peat 
(depth, bulk density, C content) 

Pyrogenic carbon 

Measuring trees in secondary peat swamp forest 
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Result: Impact of fire frequency on 
aboveground carbon

We conducted a comprehensive assessment of the 
above-ground and peat carbon pools as they are 
affected by recurring fires

Chart Title

Source: Volkova, Krisnawati, Adinugroho et al. (2021)

• Great uncertainty in the estimates of peat fire 
emissions, especially where peat swamp forest 
are burnt in more than one fire.

• Our study shows that after one recent fire about 
90 Mg C ha−1 remains aboveground as the 
deadwood carbon pool.

• Following a 2nd consecutive fire, about a half of 
the deadwood is retained, mainly as CWD, or 
converted to pyrogenic carbon. 



Result: Role of pyrogenic carbon 
in emission estimates

• The role of PyC in forest carbon balance and its 
contribution to emissions is largely ignored due to a lack of 
empirical data

• We observed that one fire produced PyC equivalent to 
about 3% of aboveground biomass and that repeated 
burning increased this contribution threefold.

• One fire produces 4.5 ± 0.6 Mg C ha−1 of PyC, with a 
second fire increasing this to 7.1 ± 0.8 Mg C ha−1. 

• PyC becomes an increasingly important carbon pool in 
repeatedly burnt peat swamp forests. Ignoring fire 
produced PyC from carbon mass balance will lead to 
overestimation of atmospheric emissions

Chart Title

Source: Volkova, Krisnawati, Adinugroho et al. (2021) 12



Improved knowledge on peat fires 
emissions estimates

• Contribution of 
deadwood to peatfire
emissions is not 
properly accounted.

• Deadwood accounts 
for 50–60% of 
aboveground carbon 
in recently burnt peat
forests

• PyC accounts for 
12% of aboveground 
carbon in repeatedly
burnt peat forests

Source: Volkova, Krisnawati, Adinugroho et al. (2021)
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Result: New Combustion Factors 
for Peat Peat swamp forests
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CF increases with the depth of peat burnt

Source: Krisnawati et al. (2021)

Current assumption of complete 
combustion of peat (CF = 1) is an 

oversimplification
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Lack of knowledge of the impact of repeated fires on aboveground fuels and on the 
production of pyrogenic carbon adds to uncertainty in emissions estimates. 

Comparison of primary peat swamp forest with secondary forests of different fire 
history shows that logged and burnt forests can retain up to 35% of the AGC as 
standing dead trees, CWD and PyC. 

The estimated CFAGC of 0.56 is similar to the IPCC default value of 0.5;

While the CFPEAT is 0.4–0.7, or 30% to 60% lower than the IPCC default value of 1. 

Conclusion
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A comparison of emissions from peat fire calculated using 
CFPEAT 1 (default) and our study specific CFPEAT (0.4–0.7) 
resulted in emission estimates of 2–4 times lower than default. 

Findings from our studies provide novel data that will reduce 
uncertainties in the peat fire emissions estimates and improve 
the emission reporting from tropical peat swamp forests.

Source: Volkova et al. (2021); Krisnawati et al. (2021)



Our Studies
Have been published in international journals
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Our Studies
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Have been disseminated and presented in international events
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18

Haruni Krisnawati, Liubov Volkova, Wahyu C. Adinugroho, Rinaldi 
Imanuddin, Muhammad A. Qirom, Purwanto B. Santosa, Wawan
Halwany, Suyoko, Christopher J. Weston, and all field crew


