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Learning from the tropical peat fire experience

• What have we learnt?

• Peat fires massive emissions

• Peat fires  significant burdens on environment, economies, people

• Peat fires are difficult to control

• Peat fires are started by multiple actors, for multiple reasons                                                              
(no easy solutions)

• Peat fire occurrence correlates with (now) populated landscapes –
human activities = ignition sources

• The fire resistance of peat landscapes has changed

• Peat fire return interval is very short



Tropical peat fire emissions –
new knowledge from satellite technologies

Aerosols from biomass burning 
captured by Copernicus project 
– Sept 2015

Ammonia emissions from 
biomass burning - IASI satellite 
- 25 Oct 2015

(From: www.atmosphere.copernicus.eu; Whitburn 
et al. (2016) Geophys. Res. Letts.)



Tropical peat fire emissions –
new knowledge from field studies

• Tom Smith, Kings College, London

Variability in methane emissions

Emissions include N-gases
e.g. ammonia: NH3

hydrogen cyanide: HCN   etc
Secondary pollutants
e.g. low level ozone
All highly noxious, injurious to human 
health, other animals, plants

Influence of land use change,         
land use intensification?



Fire in tropical peat landscapes – resilience?

• Once burnt, highly susceptible to repeat fire (combination of physical 
and anthropic factors) – reducing fire interval

• Effect of increasing fire frequency on fire emissions?

• Effect of increasing fire frequency on carbon balance?

• Any evidence of resilience?



Increasing frequency of fire                        Riau, eastern Sumatra: 
Peatland conversion ‘hot spot’

Most land affected by fires is on cleared 
peatland, especially the deeper peatlands 
that were 
cleared since 2000

Very frequent fires occur almost 
exclusively on peatlands

(Imagery courtesy of Hooijer et al., Deltares)



Increasing frequency of fire – impact on fire emissions
Up to 8 successive fires in some locations – 1990 to 2011

(Konecny … Page et al., 2016, Global Change Biology)



Increasing frequency of fire – impact on fire emissions

Fire frequency Cumulative peat 
suface lowering 

(cumulative peat 
burn depth) [m]

Peat surface lowering 
(peat burn depth) of 

individual fire events [m]

Number of points

1 0.18 0.18 20035

2 0.29 0.11 2918

3 0.33 0.04 29664

4 & each
subsequent fire

0.38 0.04 5137

• Depth of burn decreases with increasing fire frequency (excluding locations 
within close proximity to canals)

Depth of burn according to fire frequency (1 to 4+ fires)



Decreasing depth of burn with increasing fire frequency

• Successive fires lower the peat surface i.e. peat surface is closer to water table. 
Higher peat moisture content reduces the incidence of fire

• Reduced aboveground fuel load (loss of woody fuels after 2nd fire)

• Change in peat chemical characteristics: loss of more labile C compounds with 
successive fires

Unburnt peat

Burnt peat

(Milner, Boom, Page submitted)

Also reflected in 
lower
rates of peat soil
respiration



Fire-driven degradation cycle

(Page et al., 2009 Ecosystems)

Return to 
pre-
disturbance 
conditions 
unlikely 
without 
intervention, 
or at
least within 
“acceptable” 
timescales



Autonomous resilience response?

Northern peatland PSF

2֯ PSF

Ferns + trees

Ferns

FIRE

Tropical peatland

FIRE

FIRE

(Page & Baird 2017, ARER)



Frequency of burning

Fire return interval for SE Asian peatlands is a matter of years –
compare with longer (millennial) return intervals for fires on boreal
peatlands

(Turetsky et al., 2015
Nature Geoscience)

Fires on Southeast Asian peatlands characterised by a short fire 
return interval



Tropical peatland fire-vegetation dynamic



Fire-driven degradation cycle

(Page et al., 2009 Ecosystems)
Is this the evidence of ultimate 
ecosystem ‘resilience’?



Subsidence

• Land surface lowering (~5 cm/yr)

• Increased risk of flooding and loss of production in plantations

(Hooijer, Page, Jauhiainen, 2012                   
Biogeosciences)



Other consequences of peat fires:                
Fluvial carbon losses

• Fire leads to enhanced loss of carbon in the form of DOC and POC (dissolved & 
particulate organic carbon) in waterways draining tropical peatlands

• Study before/after 2009 fires : 

• Cumulative total organic carbon (TOC) fluxes 32 - 68% larger in  catchment channels 
affected by fire, when compared to fluxes during the same interval in the previous 
non-fire year 

• Implications for channel CO2 and CH4 evasion?

• Implications for water quality & aquatic ecology?

(Gauci, Moore, Page, Evans et al. (in prep).)



Understanding the (new) dynamic

• Severe fires did not occur before there was intensive land use development*

• ENSO events increase the severity of fires, but in themselves are not the direct 
cause

• Increasingly fires occur during every dry season – even during quite short dry 
periods**

(*Field et al., 2009 Nature Geoscience; **Gaveau et al., 2014 Scientific Reports) 

(Photo credit: OuTrop)



• Recent study of 2006 fire emissions* :

• 59% of Sumatra fire emissions & 73% of Kalimantan emissions 

originated outside timber and oil-palm concession boundaries

• Results are in line with several previous studies and on the ground 

observations

• Fire activity in Indonesia is complex –

• involves interactions between different forms of land ownership, land 
management and land covers

• many actors involved: large plantation companies, medium sized 

enterprises and smallholder farmers

• But everyone suffers

(*Marlier et al., 2015 Environmental Research Letters)

Understanding the (new) dynamic

“My view driving down the road 
from my house at 2pm.  I think it 
was clear skies but the smoke 
(200m) meant I couldn't even see 
the sun”
Laura Graham, Palangkaraya, Sept 12th

2015



Solutions?

• Solutions need to focus on the substrate – i.e. the peat

• In a pristine state, tropical peatlands largely contain non-flammable fuels 

• Following drainage, these peatlands become very hard to manage

• All actors involved in peatland management need to understand 
• Drainage has greatly decreased landscape resilience to fire
• Peatland fires are not “accidents” but part of an unsustainable management system
• Peat fires are very difficult to control – require high levels of resources to suppress fires in 

remote locations 

• Fire management requires changing human behaviours and practices 



Solutions?

• Focus on the peat

• Prevent further peatland clearance & drainage

• Rehabilitate drained peat in critical areas – e.g. where remaining peat domes 
are threatened by total loss to fire

• Mitigate fire risk and peat loss in plantation landscapes by water management 
improvement - however accept that this may only yield a limited reduction and 
be a short-term solution – production will not be ‘sustainable’ in the longer 
term.

• Support small-holder farmers who collectively manage a large land area, but 
are poor and use fire as a cheap means to clear land: they need cost-effective 
alternatives to the use of fire for land clearance and guidance on when fire 
should/should not be used

• Educate all land managers – peat is a problem substrate that is entirely 
different from mineral soil

• Emphasise fire prevention rather than fire fighting



Turetsky et al (2014) Global vulnerability of peatlands to 
fire and carbon loss. Nature Geoscience.

Contrast direct human-
mediated change in fire 
susceptibility of SE Asian 
peatlands 

vs.

Indirect human-mediated 
change in northern 
peatlands                   
(climate change  drying 
and warming)

BUT, for northern peatlands 
this could change!



Future prospects – northern peatlands?

• Lessons from the tropics for northern peatlands?

• In the future, C losses from peat fires will likely equal or exceed those due 
to enhanced decomposition brought about by drying (anthropogenic 
disturbance/climate change)

• Fire return intervals will shorten – with implications for vegetation recovery 
and net C balance

• The SE Asian situation is a harbinger of the potential for destabilisation of 
very large peat C stocks in northern peatlands*

2010 Russian peat fires

2015 Ukraine peat fires

(Image: http://www.nytimes.com/2010/08/13/world/europe/13russia.html?_r=0)

(*e.g. see: Kettridge et al., 2015 Scientific Reports; 
Turetsky et al., 2015 Nature Geoscience & 2014 Nature Comms.)



Thank you


