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Why work in tropical peatlands?

A research journey …. With some unforeseen consequences …. Both positive & negative



CARBON
CONFLICT 

COMPROMISE



Carbon stocks in organic soils

Page et al. (2011), IPCC (2013), Dargie et al. (2016)

Global soil carbon

Peat soils All other  soils

~1900 Gt C 650 Gt C

Some other global C pools (Gt):

• CO2 in the atmosphere: 830

• All vegetation: 550

• Known oil reserves: 220

Tropical peat carbon (Gt)

• Total (mostly SE Asia, Congo): 105

Size of the global peatland C stock is not widely recognised or understood 
– even by scientists



Global peatlands 

(Map – Wetlands International)

Global peatland distribution *

~400-500    Gt C

~90-120    Gt C

~5    Gt C

(From: * Yu et al. 2010 Geophys. Res. Letts.; ** Biancalani, R. & Avagyan, A. (eds) 2014 FAO, Rome)

**



New knowledge: increased tropical peat C stock

New study of peatlands in the Cuvette 
Central, Republic of Congo reveals largest 
contiguous area of tropical peatland &        
30 Gt peat C (Dargie et al. 2017)

(Photos: G. Dargie; F. Draper)

(Dargie, G. et al. 2017 Nature; Draper, F. et al. 2014 Environ. Res. Letters; Lähteenoja & Page 2011 J. Geophysical Res.) 

Recent studies reveal extensive peatlands 
within Amazon basin, northern Peru.
Estimated 3 Gt peat C = 50% of total above-
ground C stocks in whole country (Lähteenoja
& Page 2011; Draper et al. 2014)

Global tropical peat C stock >120 Gt ?



But…..peatlands are vulnerable carbon pools



Peatland contribution to GHG emissions

IPCC 2013 Assessment Report:

• 250,000 km2 of drained organic soils under cropland
and grassland

• emitting 0.9 Gt CO2e yr-1 in 2010 via oxidation (mostly
from Europe and SE Asia)

• A further 0.2 to 0.4 Gt CO2e yr-1 from
peat fires (mostly from SE Asia)

• Total global GHG emissions in 2014
were 36 Gt CO2e

• So drained peatlands contribute
~3.3% of all global GHG emissions

• Most vulnerable peat C pools:
SE Asia & Europe

AFOLU sector GHG emissions (IPCC, 2013)



Global distribution of GHG emissions from 172 crops (year 2000) 
Includes CH4 from rice cultivation & CO2, N2O and CH4 from peatland drainage 
& fertilizer applications
Emissions concentrated in Asia

Peatland drainage – focused in Europe & SE Asia –
accounts for 32% of cropland GHG emissions 
yet peatlands produce only 1.1% of total global crop kilocalories

(Carlson et al. 2016 Nature Climate Change) 

GHG emissions from global croplands



Why are peatlands so vulnerable?

• Peatlands are part land – and (a very large) part water

• Water-table depth is key regulator of peat accumulation and 
decomposition rates 

– Under natural conditions, peatlands exhibit hydrologic self-regulation

– This protects peat C stocks from oxidation & combustion – i.e. they are too wet to 
support aerobic decomposition or smouldering fires

Peatland in Riau's Kampar peninsula
(JG Photo/Safir Makki)

Mendaram peatland in Brunei



Why are peatlands so vulnerable?

• Anthropogenic disturbance and/or climate warming lower the water table 
in peatlands

– Drying removes anaerobic constraints on decomposition → oxidative loss of peat carbon 
to the atmosphere (microbial decomposition proceeds rapidly in warm climates)

– Drying increases risk of peat combustion from natural or anthropogenic ignitions

Intact peatland: peat water table at or above the peat surface for most
of the year with limited drawdown (30-40 cm) 
(From: Page, Morrison et al., 2011 ICCT White Paper)



Why are SE Asian peatlands so vulnerable? 

➢ Rapid land use change on a very large scale

➢ Agricultural conversion (smallholder → industrial-scale plantations)



Why are SE Asian peatlands so vulnerable? 

➢ Rapid land use change on a very large scale

➢ Agricultural conversion (smallholder → industrial-scale plantations)

➢ High hydraulic conductivity of the peat

(Baird, Low, Young, Swindles, Lopez, Page 2017. Geophys. Res. Letts)



Why are SE Asian peatlands so vulnerable? 

➢ Rapid land use change on a very large scale

➢ Agricultural conversion (smallholder → industrial-scale plantations)

➢ High hydraulic conductivity of the peat

➢ Use of fire as a cheap & widely used land clearance tool

➢ Presence of anthropic ignition sources (people) in previously uninhabited 
landscapes



Land uses on peat: 2015

(Miettinen et al. 2016 Global Ecol. & Cons;  Miettinen, Page et al. (2017) Env. Res. Letts.)

Pristine
PSF

Degraded 
PSF

Tall shrub & 
2° forest

Ferns & low 
shrub

Small-holder 
areas

Industrial
plantations

Other

6.4% 22.8% 11.1% 5.4% 22.4% 27.4% 4.5%

~50%



Southeast Asian peatlands

SE Asian Peat area:
363,490 km2

(including Papua New Guinea)

• 70% deforestation of 
Indonesian and 
Malaysian peatlands, 
mostly since 1990

• 50% conversion to 
plantations / other 
agriculture

• Rapid increase in area 
of oil palm plantations

(Miettinen et al. (2016) Global Ecol & Cons)

Industrial plantation areas on peat



Smallholder Sector 

Extensive and growing smallholder farming sector on 
peat in SE Asia – particularly in Indonesia

Scale of C loss and GHG emissions not well 
characterised, but likely significant 

Drainage + fertilisation + regular soil disturbance + fire

Subject of current Sustainpeat research programme                             
(Uni Nottingham + Uni Leicester)



GHG emissions from drained peatlands (excluding fire) 

Net source of 
CO2 & N2O

Peat oxidation & 
fertilisation

Fluvial losses – additional 5% C loss
(mostly DOC)

DOC flux

C burial in sediments?

Ultimate fate?
CO2 & CH4 evasion?

CH4 source
or sink

Cook, S., Whelan, M.J. … 
& Page, S.E. (2018)
Biogeosciences



Radiocarbon age of DOC from intact and drained tropical peat

Modern

3000-4000 years



Fluvial C losses



From: Miettinen et al. (2016) Global Ecol. &  Conservation; 
Miettinen, Page et al. (2017) Env. Research Letters;
Page et al. (2011) Global Change Biology

Total 2500 Mt C* loss 
= 4% region’s C pool 
over 25 yrs

CO2 emissions from SE Asian peatlands

(*excluding fluvial & fire emissions)

Compare with:        
England peat C stock 580 Mt
UK peat C stock 5500 Mt



Sept 2002: “Smoky haze chokes 
Southeast Asia …. Again this year 
hundreds of fires burn deep into 
the underlying peat layer … 
spreading smoke across the 
region”.

Peat fires

Singapore – June 2013

Sept 2015: “Six Indonesian provinces 
declare a state of emergency as haze 
from the wildfires on Sumatra and 
Kalimantan worsens...”

(http://www.prokerala.com/news/photos/an-indonesian-student-shows-a-placard-during-a-339799.html)



• Smoldering peat fires have significant environmental effects  
– high carbon emissions*  
– large amounts of reduced compounds (e.g. CO, CH4)
– other toxic gases  (e.g. ammonia, benzene, hydrogen cyanide) 
– small particulates (PM2.5)**
– enhanced fluvial C flux (DOC)***

• Smoldering fires are difficult to extinguish - often remote and                           
can reignite (even after rain)

• All fires caused by anthropic ignitions

• Clear link between forest disturbance,
peatland drainage and fire occurrence

(* e.g. Page et al. (2002) Nature; Huijnen et al. (2016) Scientific Reports) 
(** particulate matter with diameter less than 2.5 μm)
(*** Gauci et al. in rev.)

Peat fires



Peat fire – 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.)



Peat fires

• Impose massive environmental, health & socio-economic burdens

• But for many, using fire is part of everyday life



Estimates of C emissions - peat fires in SE Asia

– Fire emissions: ~2.9 Gt C over 25 yrs

– Similar order of magnitude to peat oxidation emissions: ~2.5 Gt C over 25 yrs

– Combined annual emission from SE Asian peatlands equal to ~2% of global 
annual GHG emissions

Year C emission 
(Gt)

Ref.

1997 0.9 Page et al. 2002; van der Werf et al. 2008

2002 0.7 Langner & Siegert unpub. data

2004 0.2 Van der Werf et al. 2008

2006 0.3 Van der Werf et al. 2008

2009 0.2 Van der Werf et al: GFED

2014 0.2 Van der Werf et al: GFED

2015 0.4 Hooijer, Vernimmen & Page 2016;
Huijnen et al. 2016



Comparing:
* Yearly peat oxidation C emissions (Mt C yr-1) for Pen. Malaysia, Sumatra and Borneo - derived from Miettinen, Page et al. (2017).
** C emissions (Mt C yr-1) from fires in equatorial Southeast Asia  - derived from the Global Fire Emission Database (GFED). 

C emissions from SE Asian peatland fires

Peat fires cause temporary peaks in C emissions.

But peat oxidation occurs continuously every year & 
emissions can be of a similar magnitude. 



• Subsidence
• Initial rapid  surface lowering (up to ~100 cm / 5 yrs)

• Subsequent slower but continuous lowering (3 - 5 cm / yr)

Other consequences of peat oxidation & fire

Plantation
4.3 cm yr-1

Forest 
3.4 cm yr-1

(Evans, C.D. …. & Page, S.E. (2018) Geoderma) 



Peat subsidence 

Rapid land cover change on coastal
peatlands: conversion to oil palm 
plantations – 2004, 2009, 2014

(Hooijer et al., 2015, Deltares report)

Increased risk of & duration of 
flooding & saline intrusion



• Increased risk of flooding and loss of production in plantations

• BUT smallholders at greatest risk as usually occupy land on shallow peat at 
fringes of peat domes where risk of riverine/coastal flooding is greatest

Peat subsidence
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Research Impact 



Research impact



Alternative ‘scientific’ narratives

Alternative ‘scientific’ views:
• Peat swamp forest emits more CO2 than drained peat under OP plantation 

management

• OP plantations on peat are a net C sink

• Subsidence is not an issue for tropical peatland – tropical peat is ‘different’

• There is no link between plantation development and loss of forest

• “…. there is no credible evidence to suggest that Malaysian management 
of peat soils is contributing to climate change*.”

* http://theoilpalm.org/misinformation-campaign-against-
malaysia-peat-management/ (posted 2013)



Alternative ‘scientific’ narratives

Supported by socio-economic/political arguments:
• OP provides employment opportunities, secure incomes, a route out of 

poverty 

• Turning once unproductive virgin peatland into valuable palm oil 
plantation (resource) for the state

• “……hypocrisy of foreign NGOs that criticise …. peatlands management 
……. (given that) peatlands in the Netherlands had shrunken (sic) to 
around 3 per cent of their original size….* ”

* http://theoilpalm.org/misinformation-campaign-against-
malaysia-peat-management/ (posted 2013)
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Bridging the divide

“Diverse 
expertise”

“Expert
understandings”

Can both sides work together to find the most 
appropriate and effective solutions for

peatland management?

versus



Bridging the divide : Emissions mitigation

“Business as 
Usual

Responsible 
Management”

Understanding a common desire for responsible peatland management. 
Recognising this is not (just) about palm oil/pulpwood.

Recognising the need to support livelihoods & economies.
And that the costs of peatland mismanagement are shared regionally and globally.



Bridging the divide : Emissions mitigation

“Business as 
Usual

Responsible 
Management”

Busting some myths.
There is no such thing as ‘sustainable’ management of drained peat soils.

There are solutions, but no ‘easy’ solutions – compromise necessary.
There is no ‘colonial’ or protectionist agenda – but there is a global climate agenda.



UK peat emissions by land-use

GHG emissions from all UK organic soils

(Evans et al. (2016) Lowland Peatland Project. DEFRA)



Subsidence & peat loss: Eastern England

Extent of peat loss (orange areas) in Eastern England

The Holme Post



Peatlands support livelihoods & food security: the Fens

Estimated 27,000 people employed in 
agriculture in the Fens

(The Guardian, 9/11/2013)



UK upland peatlands – increasing risk of fire

Homes are evacuated and a major incident is declared 
as  fire-fighters work to control large wildfires 

spreading across Saddleworth Moor

https://www.manchestereveningnews.co.uk/new
s/greater-manchester-news/gallery/joel-

goodmans-pictures-saddleworth-moor-14833425



Responsible peatland management

• Undertake peatland management according to the principles and within the 
framework of ‘Wise Use’ by safeguarding environmental, social and economic 
functions and respecting local, regional and global values. 

• Ensure that 
– high conservation value peatlands are identified and conserved 

– ‘utilised’ peatlands are managed responsibly  

– drained, degraded or otherwise irreversibly changed peatlands are rehabilitated to 
restore as many ecological and landscape functions as possible. 

• Provide those involved in or responsible for                                                peatland 
management with strategic objectives and                                                                         
actions for implementation. 

(International Peatland Society, 2010)



Time for responsible peatland management?

Conserve

✓

Role of private companies 
in Indonesia 

(e.g. see Wijedasa, Page et al. 
(2018) Global Change Biol.) 



Time for responsible peatland management?

Restore

?



Time for responsible peatland management?

Mitigate

?

• Can C emissions be mitigated by raising water table?
• Yes! Very clear relationship between  CO2 balance and 

mean water table depth
• No emission of CH4 from the soil until water table 

within ~25 cm of surface

(Evans et al (2016) Lowland Peatland Report. DEFRA) 

• Same applies to tropical peatlands 
+ reduced risk of fire

(Evans…. & Page 2018 Geoderma)



Time for responsible peatland management?

Mitigate

?
There are constraints on introducing high(er) 
water tables on agricultural peatlands:

Poor trafficability of wet(ter) peat soils

Crops poorly adapted to high(er) WT conditions

‘Adapted’, high WT crops are not economically
viable – may need market development

Reduced nutrient supply (e.g. K) as a result of 
reduced peat decomposition – need for increased 
inputs of fertilisers? GHG emissions implications?

Increased risk of pathogens

Danger of raising expectations of what can 
realistically be achieved in peopled landscapes



Time for responsible peatland agriculture?

“Denial of known issues slows progress toward responsible 
solutions, which are urgently needed to prevent avoidable losses 
of peatlands, as well as global consequences” 

(Wijedasa et al. 2017. Global Change Biology; Wijedasa, Page et al. 2017. Science)



New directions?

National and international initiatives to improve practices 
– Roundtable on Sustainable Palm Oil – e.g. peat drainability assessment

– Company policies - zero burn, zero deforestation, zero peatland

– Research programmes – reducing GHG emissions - oil palm on peat (MPOB)

– Peatland Restoration Agency (Govt. of Indonesia)

– Peatland management advisory group & Fire Free Village initiative (e.g. APRIL)

– Peatland re-wetting programmes & research on alternative plantation species 
for high water table conditions (e.g. APP, APRIL)



How much mitigation is possible?

FAO/IPCC:

- 250,000 km2 of cultivated organic soils

- Total emissions 0.90 Gt CO2 yr-1

- Mean CO2 emissions 36 t CO2 ha-1 yr-1

- Implied depth to water table ~1 m

Mitigation potential:

- Reducing water table to 40 cm: total 
emissions decrease to 0.23 Gt CO2 yr-1

- Reduce water table to 30 cm: total 
emissions decrease to 0.14 Gt CO2 yr-1

- Suggests potential to reduce CO2

emissions from organic soils by ~80%, 
and total CO2 emissions by ~2%

- And increase peat soil & crop/plantation 
lifetimes, if higher water table 
agriculture can be made viable 

Collated data from published CO2

flux tower studies in temperate and 
boreal peatlands

Challenge: developing economically 
viable crops for high WT conditions(Evans et al (2016) Lowland Peatland Report. DEFRA) 



Time for responsible peatland management?

Conserve Restore Mitigate

✓ ? ?



Conclusions

• Drainage-based agriculture on organic soils cannot be considered truly 
sustainable, because peat oxidation is inevitable

• This is equally true in the UK, Europe, SE Asia and everywhere else

• It therefore makes more sense to consider organic soils as a finite 
resource (similar to a mineral deposit) 

• ‘Responsible’ use of organic soils does not prohibit their cultivation, but 
does require more efficient use of a finite resource

• ‘Sustainable’ high water table agriculture represents an ideal end point, but 
more research is needed to develop economically viable crops

• Economic livelihood and social constraints, and inefficient current 
consumption of peat resources mean that interim solutions are needed to 
reduce emissions from existing agricultural systems 

• Mitigating carbon loss from drained organic soils could contribute 
significantly to reducing global CO2 emissions, and simultaneously extend 
the economic lifetime of croplands and plantations

• Urgency of bringing about net carbon neutrality!



Sweden Sarawak

Carbon – Conflict – Compromise

Common Problems

Thanks for listening

Photo: C. Evans (CEH)


