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SUMMARY 
 
Drainage of peatlands leads to the decomposition of peat, resulting in substantial losses of carbon and 
nitrogen to the atmosphere. The conservation and restoration of peatlands can provide a major contribution 
to the mitigation of climate change. Improvements to guidance and capacity for reporting of greenhouse gas 
emissions from peatlands will be valuable in the context of the current negotiations towards a post-2012 
climate agreement. This article evaluates IPCC approaches to greenhouse gas emissions from managed 
organic (peat) soils and presents a summary table comparing IPCC default values with best estimates based 
on recent literature. Inconsistencies are pointed out with regard to the IPCC definitions of organic soils and 
climate zones. The 2006 IPCC Guidelines use a definition of organic soil that is not totally consistent with 
FAO definitions, use climate zones that are not fully compatible, present default CO2 values that are 
substantially (often an order of magnitude) too low, and present a default N2O value for tropical cropland 
that is also an order of magnitude too low. An update of IPCC default values is desirable. The IPCC 
Emission Factor Database offers a platform for establishing more accurate emission factors, but so far 
contains little information about emissions from peat soils. 
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INTRODUCTION 
 
Peat consists of incompletely decomposed plant 
remains with or without admixed sand, silt or clay. 
Its formation usually reflects the curtailment of 
decomposition due to waterlogging, such that some 
of the carbon originally fixed from the atmosphere 
by plants is placed in long-term (millennial) storage 
in a water-saturated peat layer beneath the 
vegetation. Peat layers have developed in boreal, 
subarctic and Arctic regions mainly from mosses; in 
temperate regions from mosses, reeds and sedges 
and beneath forests; and in the humid tropics from 
sedges (papyrus) and beneath mangrove and peat 
swamp forests. Peatlands are found at all altitudes, 
but occur mostly in lowlands. In order to permit the 
cultivation of many arable and tree crops, peatlands 
must be drained and are often also limed and 
fertilised. Peat thus becomes the parent material for 
productive organic soils. However, drainage leads to 
aeration and consequent decomposition of the peat, 
resulting in substantial losses of greenhouse gases 
(GHGs) to the atmosphere. Because they are 
attributed to human activities, these GHG emissions 
are reported to the UNFCCC in national greenhouse 
gas inventories. The purpose of this literature-based 
review is to critically evaluate the approach of the 
current IPCC (2006) Guidelines to reporting GHG 
emissions from peat soils. 

THE NATURE OF ORGANIC SOILS 
 
Common names for organic soils include peat soils, 
muck soils and bog soils. They appear in national 
soil classifications as e.g. Moore (Germany); 
Organosols (Australia); Organossolos (Brazil); 
Organic order (Canada); and Histosols and Histels 
(from the Greek histos, which means tissue) (United 
States of America). The last of these is the effective 
international standard (FAO 2006/7). 

The definition of Histosol is complex. It refers 
not only to the thicknesses of soil layers and their 
organic content but also to their origin, underlying 
material, clay content and annual period of water 
saturation (Table 1). Annex 3A.5 of the IPCC 2006 
Guidelines offers criteria for the identification of 
organic (peat) soils which are based on the FAO 
(1998) key to soil types. Basically, apart from 
shallow (≥10 cm) organic-rich soils overlying ice or 
rock, organic soils (Histosols) are identical with peat 
and peaty soils of at least 40 cm total thickness 
within the uppermost 100 cm, containing at least 
12 % organic carbon (~20 % organic material) by 
weight. This definition deviates from most 
European definitions of peat in that it stipulates a 
slightly thicker organic layer and a slightly lower 
organic matter content (Joosten & Clarke 2002). 
IPCC (2003, 2006) omits the 40 cm criterion from 
the FAO definition. 



J. Couwenberg  GREENHOUSE GAS EMISSIONS FROM MANAGED PEAT SOILS 
 

 
Mires and Peat, Volume 8 (2011), Article 02, 1–10, http://www.mires-and-peat.net/, ISSN 1819-754X 

© 2011 International Mire Conservation Group and International Peat Society 2

The properties of the organic material (such as 
botanical composition, stratification, degree of 
decomposition, packing density, wood content, 
mineral admixtures etc.) and the type of peatland 

(fen, raised bog etc.) determine the management 
requirements and potential uses of Histosols (FAO 
2006/7) and are reflected, ultimately, in GHG 
emissions. 

 
 
Table 1. Definitions of organic soils, according to FAO (1998) and FAO (2006/7). 
 

FAO (2006/7) defines organic soils (Histosols) as: 

 Soils having organic material, either: 

 1. 10 cm or more thick starting at the soil surface and immediately overlying ice, continuous rock, or 
fragmental materials, the interstices of which are filled with organic material; or 

 2. cumulatively within 100 cm of the soil surface either 60 cm or more thick if 75% (by 
volume) or more of the material consists of moss fibres or 40 cm or more thick in other materials and 
starting within 40 cm of the soil surface. 

 Organic material has one or both of the following: 

 1. 20% or more organic carbon in the fine earth (by mass); or 

2. if saturated with water for 30 consecutive days or more in most years (unless drained), one or both of the 
following: 

 a. (12 + [clay percentage of the mineral fraction × 0.1])% or more organic carbon in the fine earth (by 
mass); or 

 

 b. 18% or more organic carbon in the fine earth (by mass). 

From the FAO (1998) key to reference soil groups, organic soils (Histosols) are:  

 Soils having a histic or folic horizon,  

 a. 10 cm or more thick from the soil surface to a lithic or paralithic contact; or 

 
 

1. either: 

b. 40 cm or more thick and starting within 30 cm from the soil surface; and 

  2. lacking an andic or vitric horizon starting within 30 cm from the soil surface. 

 A folic horizon must have: 

  1. more than 20% (by weight) organic carbon (35% organic matter); and 

  2. water saturation for less than one month in most years; and 

  3. thickness of more than 10 cm. If a folic horizon is less than 20 cm thick, the upper 20 cm of the 
soil after mixing must contain 20% or more organic carbon. 

 A histic horizon must have: 

 a. 18% (by weight) organic carbon (30% organic matter) or more if the mineral fraction 
comprises 60% or more clay, or 

 b. 12% (by weight) organic carbon (20% organic matter) or more if the mineral fraction has no 
clay, or 

 

 

1. either: 

c. a proportional lower limit of organic carbon content between 12% and 18% if the clay 
content of the mineral fraction is between 0% and 60%. If present in materials characteristic 
for andic horizons, the organic carbon content must be more than 20% (35% organic matter); 
and 

  2. saturation with water for at least one month in most years (unless artificially drained); and 

  3. thickness of 10 cm or more. A histic horizon less than 20 cm thick must have 12 percent or more 
organic carbon when mixed to a depth of 20 cm. 
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CLIMATE ZONES 
 
Climatic setting is a major determinant of land use 
options and the resulting GHG fluxes from peat 
soils. IPCC (2006, Vol. 4, Ch. 3) delineates major 
climate regions on the basis of averaged statistics 
such as mean annual temperature and/or 
precipitation. These climate regions are subdivided 
into ecological zones (FAO 2001; see IPCC 2006, 
Vol. 4, Ch. 4, Fig. 4.1,Tab. 4.1), but there are some 
stark discrepancies between the ecological zones 
and the supposedly higher-order climate regions. In 
the present review the FAO (2001) ecological zones 
are used to distinguish three climate types, namely 
boreal, temperate and tropical. 

Histosols without prolonged water saturation are 
often formed in cold boreal and subarctic 
environments which are unattractive for agricultural 
use. In the warm boreal and temperate zones, 
peatlands have been extensively drained in order to 
permit the cultivation of conventional arable crops 
as well as forestry and grazing and, moreover, to 
allow the extraction of peat for fuel or for use in 
horticultural growing media. In the tropics, 
traditional subsistence farming and pisciculture had 
only low impacts on peatland, but human pressure 
on tropical wetlands (including peatlands) has 
generally increased in recent decades. In south-east 
Asia, increasingly extensive areas of peatland have 
been converted to oil palm and pulp wood 
plantations, and widespread peat fires have become 
common in association with the large-scale 
deforestation and reclamation of peat swamp forest. 
 
 
EMISSION FACTORS FOR ORGANIC (PEAT) 
SOILS: METHODS AND BEST ESTIMATES 
 
Drainage of water-saturated peat soils will increase 
CO2 emissions and reduce CH4 emissions, but CH4 
emissions from undrained organic soils are not 
addressed in the IPCC inventory guidelines unless 
the wetlands are managed and the emissions 
consequently deemed anthropogenic (IPCC 2003, 
2006). Similarly, national inventories do not 
estimate the accumulation of carbon in undrained 
organic soils. In any case, if expressed per unit area, 
rates of accumulation in undrained sites are small 
compared to emissions from drained organic (peat) 
soils. The IPCC (2006) Guidelines do cover CO2 
and non-CO2 emissions from fires, but they take into 
account only above-ground carbon stocks (biomass 
and dead organic material). At Tier 1 (default) level, 
the Guidelines fail to address emissions from 
burning peat; although countries may account for 
these emissions using the more detailed Tier 2 

and/or Tier 3 methodologies. Compared with 
vegetation fires, the uncertainties involved in 
estimating emissions from peat fires are high 
because peat can burn repeatedly and to different 
depths. Furthermore, various compounds and gases 
can be emitted depending on the type and density of 
the peat. Thus, not only the area but also the depth 
of the fires and the types of emissions must be 
determined, and this is feasible only at the higher 
Tier levels. 

The re-wetting of drained peatlands (e.g. after 
peat extraction) has many benefits including the 
reduction of CO2 emissions arising from peat 
decomposition (IPCC 2006). After re-wetting, an 
increase in CH4 emissions may be expected, which 
(partly) offsets the reduction in CO2 emissions. 
These CH4 emissions are considered to be 
anthropogenic and must be accounted. The overall 
result of re-wetting is likely to be a reduction in 
global warming potential (Wilson et al. 2008), but 
generalised methane emission factors are not yet 
available (Couwenberg 2009a). 

The IPCC (2006) Guidelines provide two 
methods for estimating greenhouse gas fluxes in the 
Agriculture, Forestry and Other Land Uses 
(AFOLU) sector: (1) as net changes in C stocks over 
time (used for most CO2 fluxes) and (2) directly as 
gas flux rates to and from the atmosphere (used for 
estimating non-CO2 emissions and some CO2 
emissions and removals). 

For non-organic (mineral) soils the IPCC (2006) 
Guidelines suggest that C stock estimates should be 
carried out for the upper 30 cm only (Tiers 1 and 2). 
In organic (peat) soils, the soil layer becomes 
thinner when degrading, because organic material 
constitutes a major and often dominant component 
of the soil. A stock approach should, therefore, take 
into account the entire thickness of the organic soil 
layer rather than being limited to the uppermost 
30 cm. Such total stock estimates are complex and 
the IPCC (2006) Guidelines use estimates based on 
flux data also for CO2 emissions1. 

Measuring CO2 fluxes from organic (peat) soils 
can be difficult, and reliable measurements are rare. 
Many of the published CO2 flux data from peat soils 
are based on static chamber measurements, which 
involve measuring changes in gas concentration 
within an airtight opaque chamber placed on the 
soil. Such ‘dark chamber’ measurements assess not 
only heterotrophic decomposition of soil organic 

                                                 
1 Considering that IPCC distinguishes only mineral and 
organic soils, the 30 cm criterion used in the Tier 1 and 
Tier 2 stock change approaches for mineral soils 
effectively defines organic soils as soils having an 
organic layer more than 30 cm thick. 
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matter, but also autotrophic emissions from any 
living short vegetation as well as rhizosphere 
respiration. Rhizosphere respiration encompasses 
autotrophic activity of plant roots and heterotrophic 
activity in the rhizosphere, including decomposition 
of root exudates and recently dead root material. 
Whilst the living vegetation can simply be removed, 
excluding rhizosphere respiration is much more 
difficult. Dark chambers also prevent the 
photosynthetic capture of CO2 by vegetation, so that 
CO2 emissions are usually over-estimated. 
Transparent chambers which allow photosynthesis 
to continue can be used to measure fluxes 
approaching the true net exchange of CO2 between 
atmosphere and ecosystem, although the results may 
be affected by headspace heating and high humidity 
within the chambers. Nonetheless, after accounting 
for any natural or anthropogenic changes in standing 
biomass and litter, the net ecosystem CO2 exchange 
measured in this way gives a best-possible 
indication of emissions from the soil. A rigorous 
flux measurement scheme combined with 
monitoring of site conditions at a temporally higher 
resolution so that emissions can be modelled 
continuously over the year forms a robust basis for 
estimating annual emissions caused by peat 
decomposition. 

Like data from transparent chambers, eddy 
covariance measurements reflect the net CO2 
exchange between ecosystem and atmosphere, and 
are effective even amongst tall vegetation including 
forests. Biomass and litter stocks must also be 
monitored, as they can change substantially even in 
natural forests (cf. Luyssaert et al. 2008, Lewis et al. 
2009) and especially in secondary and selectively 
logged forests. Whereas assessment methods for 
above-ground tree biomass are well developed, this 
is much less true for non-arboreal biomass, litter 
stocks, and particularly for below-ground biomass. 

In forested ecosystems changes in soil organic 
carbon (CO2 fluxes) are often assessed using dark 
chambers whilst attempting to exclude rhizosphere 
respiration, and various methods have been 
developed to separate the different contributions to 
soil respiration (see Kuzyakov 2006 for a review). 
Isotopic techniques are imprecise, very expensive, 
or applicable only under laboratory conditions. Non-
isotopic techniques are generally destructive or 
change the system in such a way that it becomes 
difficult to make robust assessments of the 
importance of rhizosphere respiration relative to 
peat decomposition. One method that is often 
applied to exclude rhizosphere respiration is so-
called ‘trenching’, which involves driving cylinders 
into the soil to sever roots and thus prevent them 
from respiring during future flux measurements. As 

severed fine roots may continue to respire for 
several months (or longer), and will ultimately 
decompose, trenching must be done well in advance 
of the flux measurements (Mäkiranta et al. 2008). 
Trenching is known to affect water and temperature 
regimes and to remove the rhizosphere priming 
effect, whereby the presence of roots stimulates 
microbial decomposition of soil organic matter. 
Taking all things into account, trenching is likely to 
lead to under-estimation of actual CO2 fluxes arising 
from the decomposition of soil organic material. In 
order to calculate the CO2 balance of the soil, the 
measured values must be corrected for inputs of 
slowly decomposing buried organic material 
(below-ground litter) (Minkkinen et al. 2007a). 

CO2 emissions from drained peat soils can, 
alternatively, be estimated by measuring peat 
subsidence (lowering of the soil surface). Peat 
subsidence is caused by several processes. In the 
initial stage after drainage, settling or compaction 
occurs due to loss of supporting pore water pressure. 
This initial consolidation can result in drastic 
reductions in surface height during the first years 
after drainage. Subsequent to consolidation there is 
secondary subsidence, which is caused by shrinkage 
and oxidation of the peat. In addition, wind and 
water erosion, leaching of soluble organic matter 
and fire may all contribute to the loss of matter and 
surface altitude. Only oxidation of the peat results in 
direct on-site CO2 emissions to the atmosphere and 
other processes (particularly shrinkage) must be 
excluded in order to derive emission values based 
on secondary subsidence rates. Estimates for the 
oxidative component of secondary peat subsidence 
vary greatly, and generalisation is difficult and often 
inappropriate. More robust assessment is desirable, 
considering that subsidence can be measured by 
remote sensing and would offer good spatially 
diverse data on CO2 emissions from peatland 
degradation. 

Measuring CH4 and N2O fluxes is more 
straightforward and can be done using either (dark) 
chamber or eddy covariance techniques. With 
respect to methane, the use of chambers may lead to 
disturbance that results in ebullition (bubbling up) 
of soil gases which may or may not be captured in 
the chamber. Methane emissions are highly variable 
in time and space. The same applies to N2O 
emissions, which can be very erratic. 

Applying these considerations, best estimates of 
emission factors for different land uses have been 
extracted from published literature, and these are 
compared with IPCC default values in Table 2. In 
the sections which follow, the derivation of the 
values is explained for each greenhouse gas and for 
each IPCC Land Use Sector in turn. 
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Table 2. Summary of emission factors for CO2 and N2O. Values in bold (red) are considerably higher, and 
those in underlined (blue) are considerably lower, than those given by IPCC (2006). Numbers in [square 
brackets] refer to the notes at the foot of this page. 
 

t CO2-C ha-1 yr-1  (range) kg N2O-N ha-1 yr-1  (range) Climate 
zone Land use IPCC (2006) Best estimate IPCC (2006) Best estimate 

(Agro-)forestry 1.36 (0.82–3.82) 

[1] 
11 (8–13.5) 

[2] 
8 (0–24) 

[3] 
3.4 (-0.5–3.4) 

[4] 

Cropland [5] 20.0 (± 90%) 
[6] 

107 (13–252) 
[9,10] 

Grassland 5 (± 90%) 
[7] 

11 (8–13.5) 
[4] 

16 (5–48) 
[8] 4.6 (-1.1–23) 

[10,11] Tr
op

ic
al

 

Peat extraction 2.0 (0.06–7.0) 
[12] 

8 
[11] - - 

Forestry, poor soils 0.6 (0.2–1.3) 

[13,14] 

Forestry, rich soils 

0.68 (0.41–1.91) 

[1] - - 
6.4 (0.7–17) 

[14,15] 

Cropland 10.0 (± 90%) 
[6] - 

Grassland 2.5 (± 90%) 
[7] 

5.5 (4.1–7.6) 
[16] 

8 (2–24) 

[8] 
5.8 (-3.8–56) 

[10,11] 

Peat extraction, rich soils 1.1 (0.03–2.9) 
[17] 

Te
m

pe
ra

te
 

Peat extraction, poor soils 0.2 (0–0.6) 
[18] 

1.9 (0.1–4.4) 
[19] - - 

Forestry, poor soils 0.1 (0.02–0.3) 
[23] 

Forestry, rich soils 

0.16 (0.08–1.09)
[1] 

1.75 (1–4.3) 
[20,21,22] 0.6 (0.16–2.4) 

[23] 

Cropland 5.0 (± 90%) 
[6] 

6.8 (2.1–11.2) 
[22,24] 

Grassland 1.25 (± 90%) 
[7] 

2.6 (-0.7–7.5) 
[22,24,25] 

- 6.8 (-0.8–37) 
[26] 

Peat extraction, rich soils 1.1 (0.03–2.9) 

[17] 

B
or

ea
l 

Peat extraction, poor soils 0.2 (0–0.6) 
[18] 

2.5 (1.0–11.2) 
[27] 

6.8 (4.6–9.1) 
[28] 

- 2.1 (2.0–2.2) 
[28] 

Notes and literature sources: [1]no literature references are given for these values, which are based on an assumption 
that the rate of decomposition in tropical climate is twice that in temperate climate; [2]Melling et al. (2007), 
Couwenberg et al. (2010); [3]due to lack of data, IPCC adopts the emission factor for temperate grasslands and 
croplands; [4]Couwenberg et al. (2010); [5]CH4 emissions from rice paddies on peat soil fall within the IPCC (2006) 
default range; [6]includes fallow land; [7]25% of the value for drained croplands; IPCC (2006) misrepresents the value 
for boreal grasslands as 0.25; [8]unfertilised; [9]Takakai et al. (2006); [10]corrected for fertiliser application using the 
IPCC (2006) default factor of 0.01kg N2O-N per kg N fertiliser applied; [11]emissions from shallow drained bare peat, 
Couwenberg et al. (2010); [12]calculated from relative difference between nutrient-poor and nutrient-rich boreal and 
temperate peat extraction sites; [13]Von Arnold et al. (2005a, 2005b, 2005c); [14]Ernfors (2009); [15]Augustin et al. 
(1998), Augustin & Merbach (1998), Brumme et al. (1999), Augustin (2003), Klemedtson et al. (2005); [16]Mundel 
(1976), Jacobs et al. (2003), Veenendaal et al. (2007), Beyer (2009), Augustin (unpubl.); [17]default for temperate 
peatland when nutrient status unknown; [18]default for boreal peatland when nutrient status unknown; [19]Flessa et al. 
(1997), Müller et al. (1997), Bortoluzzi et al. (2006), abandoned areas with high water levels and partial spontaneous 
revegetation; [20]Mäkiranta et al. (2007); [21]Minkkinen et al. (2007a); [22]Lohila et al. (2007); [23]IPCC (2006) supported 
by Alm et al. (2007); [24]Maljanen et al. (2001, 2004); [25]Shurpali et al. (2009); [26]Nykänen et al. (1995), Maljanen et 
al (2003), Regina et al. (2004); [27]Sundh et al. 2000, Alm et al. (2007), Shurpali et al. 2008; [28] includes emissions 
from stockpiles, CH4 emissions (including stockpiles) amount to 68.8 (54.4–83.2) kg CH4 ha-1 yr-1, total global 
warming potential (using 100-year conversion factors) equals 7.3 (5.2–10.1) t CO2-C-eq ha-1 yr-1. 
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CO2 emission factors 
 
Drained organic soils in managed forests 
For the IPCC Tier 1 approach, soil C stocks for 
forest on mineral soil are assumed not to change 
with management, but default soil CO2 emission 
factors for forestry on drained organic soils are 
given (IPCC 2003, 2006). Current best estimates of 
these fluxes are based on a limited number of 
measurements using trenching (Melling et al. 2007, 
Mäkiranta et al. 2007, Minkkinen et al. 2007a) or 
the eddy covariance technique (Lohila et al. 2007). 
Corrections for below-ground litter input in tropical 
peatlands are based on Melling et al. (2007), and for 
the boreal zone on Laiho et al. (2003) (cf. 
Minkkinen et al. 2007a). The boreal-zone litter 
input values have been halved in order to eliminate 
fast-cycling material, as in the Finnish National 
Inventory Report for 1990–2007 (Statistics Finland 
2009, see http://www.stat.fi/index_en.html). The 
trenches were installed well before measurements 
commenced, so that fluxes resulting from the 
decomposition of this material will be negligible. 
The input of slower-cycling below-ground litter may 
be as small as 25% of total litter input (Domisch et 
al. 1998), which would result in an emission factor 
of 2.3 t CO2-C ha-1 yr-1 for managed boreal forests. 

While the best-estimate values exceed the IPCC 
(2006) default emission factors, much lower 
emissions or considerable net uptake of carbon are 
often cited (e.g. Byrne et al. 2004, Minkkinen et al. 
2008). Such numbers include changes in (above- 
and below-ground) biomass stocks and do not refer 
to net heterotrophic soil fluxes alone. Indirect 
emissions from off-site decomposition of organic 
material and from dissolved CO2 leached through 
drainage ditches can be substantial (up to ~200 kg C 
ha-1 yr-1) (Roulet et al. 2007, Nilsson et al. 2008) 
and are likely to be higher for tropical peat swamp 
forests (Couwenberg et al. 2010), although still 
small compared to direct gaseous emissions. 
 
Cultivated organic soils (croplands and grasslands) 
The IPCC (2006) default emission factors for 
croplands on peat soil are based largely on 
subsidence data combined with generic values for 
the oxidative component. Although these values 
may capture general trends, they are not precise and 
show wide variation. The IPCC (2006) emission 
factor for grassland in each climate zone is taken to 
be one-quarter of the corresponding value for 
drained cropland, this being the approximate 
proportion according to the data presented by 
Armentano & Menges (1986). The IPCC (2006) 
emission factors for croplands and grasslands are 
provided for non-standard climate zones (from Ogle 

et al. 2003) which coincide only partly with the 
FAO (2001) zones. 

Current (conservative) best estimates for drained 
tropical peat soils under crops are derived from 
subsidence studies assuming that 40 % of surface 
height loss is due to oxidation (Couwenberg et al. 
2010). Direct CO2 flux measurements from 
temperate croplands on peat soil are not yet 
available. Preliminary results suggest an emission 
factor between 9.2 and 11.2 t CO2-C ha-1 yr-1 
(Drösler 2008, 2010). Estimates based on 
subsidence (Kasimir Klemedtsson et al. 1997, 
Höper 2007) are highly variable and at times 
extreme. Additional losses of soil carbon from 
croplands due to wind and water erosion can be 
substantial. Emissions from boreal grasslands on 
peat soil are lower than from cropland, although 
there is a large overlap in the values. 
 
Managed wetlands (peat extraction) 
CO2 emissions from land undergoing peat extraction 
comprise two basic elements, namely on-site 
emissions from peat deposits during the extraction 
phase and off-site emissions arising from the use of 
peat, either for energy or for horticultural purposes 
(IPCC 2006). Off-site emissions arising from energy 
use are reported in the energy sector whereas those 
from horticultural use of peat must be accounted 
under the AFOLU sector, with the assumption that 
all C contained in peat used in horticulture is 
released within one year. Off-site emissions are not 
analysed here. On-site emissions comprise 
emissions from the area under extraction itself as 
well as from peat decomposition in stockpiles. The 
IPCC (2006) Guidelines provide estimated emission 
factors derived from flux measurements in boreal 
peatlands not necessarily under extraction. Alm et 
al. (2007) derived emission factors for peat mining 
areas as well as for stockpiles, covering not only 
CO2 but also CH4 and N2O emissions. Best estimates 
for CO2 emissions related to peat extraction lie far 
above the IPCC (2006) default values (Table 2). 
Direct measurements from temperate peat extraction 
areas are lacking, but emissions are likely to exceed 
those from boreal sites. 
 
 
Nitrous oxide emission factors 
 
Drained organic soils in managed forests 
With respect to N2O emissions from (unfertilised) 
peat soils drained for forestry, a distinction is made 
between nutrient-rich and nutrient-poor soils; 
emissions from the latter are almost negligible 
(Table 2). The IPCC (2006) Guidelines provide 
emission factors for the boreal and temperate 
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climate zones together, although the supporting 
literature cited covers boreal sites only. Additional 
data allow the derivation of emission factors for 
temperate drained forested peatlands. The high 
value for nutrient-rich soils is based on data from 
sites with the nitrogen-fixing genus Alnus (alder). 

Due to lack of actual data, IPCC (2006) used the 
N2O emission factor for temperate grasslands and 
croplands to represent tropical peat soils drained for 
(agro-)forestry. Couwenberg et al. (2010) found that 
primary, secondary and drained tropical peat swamp 
forests are indistinguishable from agroforestry sites 
on peat with respect to N2O emissions. Emissions 
from forested tropical sites are lower than from  
temperate European sites which have been drained 
for forestry, and less than half the value assumed by 
IPCC (2006) (Table 2).  
 
Cultivated organic soils (croplands and grasslands) 
While current best estimates for N2O emissions 
from tropical grassland (including abandoned land) 
are much lower than the IPCC (2006) default value, 
emissions from fertilised tropical peat cropland by 
far exceed this emission factor (Table 2). Nitrous 
oxide emissions are particularly high upon fertiliser 
application to wet peat soil, and the emission factor 
for fertiliser-N inputs should probably be much 
higher than the default 0.01 kg N2O-N per applied 
kilogram of fertiliser N. With respect to nitrous 
oxide emissions from fertilised cropland on tropical 
peat soil, there is a need for further studies and 
improved land use guidelines. Emissions from 
boreal soils show considerable winter fluxes related 
to freeze-thaw cycles. These winter fluxes explain 
why the annual fluxes are comparable to those from 
temperate areas. 
 
Managed wetlands (peat extraction) 
On the basis of data from boreal sites only, the 
contribution of N2O emissions to the global 
warming potential of peat extraction sites appears to 
be limited (Alm et al. 2007). 
 
 
Methane emission factors 
 
Although methane emissions from ditches in 
peatlands drained for forestry may be substantial 
(Minkkinen & Laine 2006, Minkkinen et al. 2007b), 
the extent of ditches will be small compared to the 
drained area so that, even allowing for the stronger 
radiative forcing of methane, the effect will be small 
relative to CO2 emissions from the drained area. 
Drained organic (peat) soils have negligible 
methane emissions or display small net uptake. 
Reported methane emissions from drained peat sites 

amount to ~30 kg CH4 ha-1 yr-1 (~180 kg CO2-C 
equivalents ha-1 yr-1) based on area-weighted 
emissions from ditches (Sundh et al. 2000, 
Minkkinen et al. 2007b). Closer spacing of ditches 
will result in higher emissions. Indirect methane 
emissions that occur when organic material leached 
from peat sites is anaerobically decomposed off-site 
are also likely to be small relative to the direct CO2 
fluxes from drained areas. 

For croplands and grasslands, methane emissions 
from rice paddies on peat soil (Furukawa et al. 
2005, Hadi et al. 2005) are within the uncertainty 
range of the IPCC (2007) default emission factor. 
The contribution of CH4 emissions to the global 
warming potential of peat extraction sites is limited 
(Sundh et al. 2000, Alm et al. 2007).  
 
 
CONCLUSIONS 
 
The IPCC Guidelines 2006: 
• use a definition of organic soil that is not fully 

compatible with FAO definitions; 
• use climate zones that are not fully consistent; 
• present default CO2 values that are substantially 

(often an order of magnitude) too low; and 
• present a default N2O value for tropical cropland 

that is also an order of magnitude too low. 
These conclusions underline the inadequacy of 
IPCC (2006) default values alone for estimating 
GHG emissions from peatlands. Especially where 
order of magnitude discrepancies have been 
identified, it would seem imperative that the current 
IPCC Guidelines are improved; and that, 
meanwhile, users should seek more accurate 
emission factors from elsewhere. The IPCC offers 
an additional resource in the form of the Emission 
Factor Database, which is a dynamically updated 
web-based tool intended to serve as both a library of 
well documented and evaluated GHG emission 
factors and a communication platform for those 
generating and using them. As yet, however, it 
contains few data for emissions from peat soils. The 
IPCC Emission Factor Database is available at: 
http://www.ipcc-nggip.iges.or.jp/EFDB/main.php. 
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