
The main objective of COST Action 639 is (i) the
improved understanding of the management of
greenhouse gas emissions from European soils
under different forms of land-use and in particular
disturbance regimes, (ii) the identification of hot
spots of greenhouse gas emissions from soils, (iii)
the identification of soil and site conditions that are
vulnerable to GHG emissions, (iv) the develop-
ment of an advanced reporting concept across
different forms of land use and land-use changes,
(v) the delivery and communication policy relevant
GHG reporting concepts, so as (vi) the improve-
ment of the communication between soil C experts.
The Action aims to identify gaps in previous proj-
ects such as the response of carbon and nitrogen
pools in soils under typical regimes of ecosystem
disturbances and land-use change. To achieve our
objectives, we will establish a communication plat-
form between experts for different forms of land
use, modellers and statisticians, and the contribu-
tors to the existing framework of greenhouse gas
reporting.

A. Background

Carbon (C) stored in soils represents the largest
terrestrial organic carbon (C) pool. The biogeo-
chemical cycles of C and nitrogen (N) are closely
interwoven. Although the discussion on climate
change focuses on CO2, the coupled cycling of C
and N deserves equally much attention. As a result
of mineralization processes, both elements are
liberated from soil organic matter and can be lost
from the soil via the aqueous or the gaseous phase.
Both C and N occur in terrestrial ecosystems in

several chemical forms and are potentially emitted
as greenhouse gases (GHG). On the contrary, soils
can act as a strong sink for GHGs. Considerable
uncertainty exists regarding the sink strength of
soils under different forms of land-use, especially
under future climate conditions and in regimes of
ecosystem disturbances, that are typical for partic-
ular regions. Due to the significance of the GHG
exchange between the atmosphere and soils, C
changes in terrestrial ecosystem pools are included
in international treaties (Kyoto Protocol,
UNFCCC).
The issue of soils acting as a GHG sink is contro-

versial. Cultivated soils have lost a substantial part
of their original C and N as a consequence of
anthropogenic use. GHG emissions due to land
use change include those by deforestation, biomass
burning, conversion to agricultural use of natural
ecosystems, drainage of wetlands and soil cultiva-
tion. The current sink strength of soils for the
retention of C and N is bound to decline, if no
specific incentives for adapted forms of land-use
are provided. Crucial topics are the maintenance of
the current sink activity of forests soils, agricultural
forms of management that turn arable soils into
GHG sinks, and the protection of pristine land-
scapes such as wetlands and old forests, that are
currently large reservoirs of C and N.
Biogeochemical models indicate that forest soils

will act as a slow and continuous sink for C and N.
Agricultural soils are most likely a continuous
source of GHGs. Modelling results are difficult to
verify by field experiments, because the spatial
variability often exceeds the temporal trend. Only a
few long-term research projects exist and the
temporal trend of C and N pools in field experi-
ments is less clear than in simulation models. Stock
changes in soils are difficult to detect because the
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spatial variability of soil chemical properties is
large and blurs the signal of a temporal trend. Soil
inventory methods that allow the efficient detec-
tion of temporal changes in the C and N stocks are
still to be developed.
Recognizing that the required soil monitoring

for a complete periodic assessment of soil C and N
stocks throughout Europe is prohibitively expen-
sive, we will focus on the identification of sites,
where stock changes are most likely, according to
expert judgement.We will investigate (i) the proba-
bility of C and N stock changes within a certain
type of land use, (ii) the extent of stock changes as
a consequence to land-use change, and (iii) the
impact of ecosystem disturbances on stock
changes. Our target is to identify site types and
land management practices, where the stock
changes are most likely to happen, because these
are the areas where monitoring efforts need to be
concentrated. We will focus on the interfaces of
different land uses (agriculture, forestry, unman-
aged land), that are often treated separately by
researchers in different fields of environmental
sciences. Among the consequences of the lack of
communication is that the effects of modification
of land management within a certain type of land-
use are better understood than the effect of land-
use changes. This is unfortunate, because land-use
change (e.g. afforestation of agricultural land), is
expected to have a large effect on the GHG sink
strength of soils. The diversification among
different scientific approaches is accentuated, when
Good Practice Guidelines for GHG Reporting
(IPCC Good Practice Guidance 2000) takes care of
direct N2O emission from soils while GPG
LULUCF takes care of N2O emissions from
management (including disturbances) and carbon
emissions from management and disturbances
however, not all processes have been covered by the
default methodologies due to lack of data.
Disturbance of ecosystems often leads to the

release of GHGs into the atmosphere. The term
‘slow in / fast out’ has been coined for the fact, that
the increase of C and N stock in terrestrial ecosys-
tems is a slow process (time scale of decades) that
can be optimised by ingenious land management,
but that disturbances as instantaneous events can

lead to immediate losses of C and N (time scale of
hours). In this context we focus on disturbances
that are typical for specific regions. In the Nordic
countries and Western Europe, peatlands currently
retain large quantities of C and N, because the
decomposition of soil organic matter is slow under
wet and cold conditions. Global warming and
drainage of these wetlands could release large
quantities of GHGs into the atmosphere. Drying of
peatlands therefore is a slow, but potentially
extremely effective ecosystem disturbance and
peatlands are therefore assumed to be hotspots of a
future GHG release. - In the temperate region
forests are presently a sink of GHGs and will
continue to work as sinks for the foreseeable future
(decades), but the future development of distur-
bances (wind throw, pest infestations) is difficult to
predict. Secondary spruce plantations have been
shown to be particularly vulnerable to disturbance.
This forest type is quite common in regions where
forestry has already a long history. The GHG sink
strength of Mediterranean ecosystem is currently
under-exploited, because degraded landscapes are
wide-spread. Reversing the effect of past land
disturbances is on the political agenda. This land-
use change is believed to have a great potential for
the sequestration of GHGs.

Organization of COST 639

The fourWorking Groups (WG) are:

WG 1 - Hot spots for effects of climate change on
soil C and N

WG 2 - Relation of Land-use, land-use change,
and land-use history on soil C and N

WG 3 - Monitoring, statistics, simulation models

WG 4 - Implementation of results

Working Group 4 assumes a central position. The
objective is to translate knowledge on ecosystem
dynamics (WGs 1 and 2) into rules for GHG accoun-
ting. The tools to do so are delivered byWG 3.
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Research focuses on landforms and situations that
are expected to respond strongly to climate change
in a manner that is likely to turn these ecosystems
into sources of GHGs. Landforms with a particular
relevance for different regions in Europe have been
selected. In addition, forms of ecosystem distur-
bances that are believed to be of wide spread
importance are chosen.
Landform peatland: Peatlands are a frequent

landform in Nordic countries andWestern Europe.
As a soil type, they have peculiar properties. From
the knowledge of processes and responses of
upland (mineral) soils to global warming only
limited predictions can be deduced for peatlands.
Even their delineation on soil maps is uncertain.
There is growing concern about peatland degrada-
tion in response to climate change or land manage-
ment and the deleterious effects of such degrada-
tion on GHG release, hydrology, water quality and
ecosystems. Virgin peatlands (mires) accumulate
atmospheric C and N, but emit methane. Nitrogen
oxide emissions from natural mires are insignifi-
cant. However, peatlands are a heterogenous group
of soils with different emissions. Drainage can have
a dramatic effect on GHG emissions. In the Nordic
countries, approximately 15 million ha of peatland
are used as managed forest land and have to a
certain extent been drained. Following drainage,
the methane emissions decrease, and the net
primary production and NO and CO emissions
increase. An integrated assessment of research
needs to include an understanding of the links

between hydrological processes, biogeochemistry,
soil ecology, water flow paths, and the interactions
between peatland and climate change. Moreover,
peatland is understood as a renewable source of
energy. Therefore, peatland is at some places
exploited as a source for fuel. The impact of land-
use change of peatlands (e.g. afforestation, see
WG 2) and the natural aggradation of peatlands as
a consequence of global warming requires a
rigorous evaluation. A GHG budget of the entire
ecosystem is required in order to establish the net
response (i.e. sink of C and N in higher biomass
production vs. source of GHGs from soils). The
loss of peatland also affects the richness of the
landscape and needs to be treated in the context of
biodiversity issues. The GHG emissions from peat-
land ask for a close cooperation between forest soil
scientists and soil biologists. We want to stimulate
discussion on appropriate methods for coupling
small-scale peatland studies with global or regional
scale studies.
High elevation/latitude ecosystems: In these

ecosystems the biological activity of soil microor-
ganisms is constrained by low temperatures and a
short growing season. In a warmer climate
substantial quantities of CO2 and nitrogen oxides
may be lost from soils. The loss of GHGs from soils
can be rapid, because large amounts of C and N
occur in chemically labile forms that are rapidly
mineralised. Thawing of permafrost may in some
areas have a profound impact of emissions of CO2,
N2O and CH4. The extent to which increased plant
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productivity will compensate for soil GHG emis-
sions is unknown. Budgeting the overall effect of
soil warming is impossible, as long as the mecha-
nisms of stabilization and the stock of readily
decomposable soil C are unknown. We will collate
soil C data from case studies where total C has been
fractionated into a labile and a recalcitrant pool
and will establish pedotransfer functions for the
estimating of the labile C pool from easily acces-
sible site factors. - High elevation ecosystems are
also undergoing a change because the land-use is
changing. Societal changes lead to the abandon-
ment of pastures and the subsequent reforestation.
The consequences for GHG emissions are not yet
quantified.
Mediterranean ecosystems: Simulation models

predict a low C sequestration potential for
Mediterranean forest soils, mainly because the
productivity of sites with a prolonged summer
drought is slow. More important than adapted
forest management may be the effect of land use
change (afforestation), because it may reverse the
effects of earlier soil degradation. Afforestations in
the Mediterranean region have been shown to lead
to considerable increases in soil C and N stocks. It
needs to be shown how representative these results
are for the entire region and how land-use changes
can be communicated to land owners. An obstacle
is that land use and soil data are scattered over
institutions and are not yet harmonized. The
Action is an incentive to exploit these data sets.
Natural and human induced disturbances: Forest

ecosystems are subject to wind throw and fire with
a certain region-specific periodicity.Within a short
time, large quantities of soil C and N are converted
to GHGs (‘slow in / rapid out’). In Central Europe,
secondary Norway spruce forests are common.
This forest type is highly productive and is the
backbone of forestry in several regions. The
production risk of spruce monocultures is consid-
erable and storm events regularly destroy vast areas
of spruce forests. A second importance are insect
infestations, that often follow storm damages. As

long as merely the economic value of timber
production is compared, this forest type is superior
to mixed-species forests. An extra-value is created
in continuous-cover forestry due to the mainte-
nance of high stocks of C and N in the ecosystems,
these forests have a higher value due to their types
need to be re-evaluated. This assessment is to be
the basis for scientifically funded incentives for the
establishment of mixed-species forests, if they
prove to have low GHG emissions. - The main
reason for GHG emissions from agricultural soils
is tillage and adapted forms of agriculture have a
large potential for the reduction of emissions.
However, agricultural soils are also responsive to
climatic change. A major problem is erosion, espe-
cially when soils are bare during a part of the year.
Case studies will help to quantify, how adapted
land management can reduce erosion and how
much erosion contributes to GHG emissions form
soils.
Drought impacts and rewetting: Soils emit GHGs

especially during drying/re-wetting cycles. These
pulse emissions are contributing a lot to the annual
N oxide fluxes into the atmosphere. This knowl-
edge has been soundly established on the basis of
laboratory experiments and single case studies.
The relevance for a national GHG budget is not
clear. Preliminary results show that discontinuous
monitoring of N oxide emissions can underesti-
mate the annual emissions substantially, when the
short drying/re-wetting cycles are missed.We want
to link this process-level-knowledge with the
current land use in order to quantify their potential
contribution to annual GHG emissions.
Expertise on emissions of CO2 and nitrogen

oxides from different types of ecosystems and
differently treated/disturbed ecosystems has been
established in sectorial approaches, i.e separately
for agricultural and forest ecosystems and
wetlands, and either with emphasis on C or N. We
aim at fostering the interfaces between these find-
ings by means of joint data evaluations and by
consultation of experts in these fields.
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WG 2 - Relation of land use, land-use change, and land-use history on soil C and N

In the first commitment period (2008-2012) of the
Kyoto Protocol, different types of land use are
treated separately (IPCC Good Practice Guidance).
In order to avoid double accounting of GHG emis-
sions and emission reductions across different
forms of land use, a complex patchwork of
reporting requirements has been established. It is
anticipated that for future periods a transparent
system, applicable to types of land use, types will
be necessary. Soil experts for different types of
ecosystems (peatland, agriculture, forestry) need to
be prepared for this situation. The Action will
provide a discussion platform, where expertise on
key soil processes under specific forms of land use
will be exchanged. That will foster the required
mutual understanding for the seamless GHG
accounting across different land-use forms.Within
each type of land use we will quantify the effect of
specific forms of management on soil C and N
stocks (forestry: thinning, site amelioration, N
fertilization, stand conversion, continuous forest
cover, and drainage regime; agriculture: tillage/no
tillage; unmanaged: conversion of peatland), for
common changes in land use we will compile the
impacts on GHG emissions (Afforestation of
marginal agricultural land vs. grassland, conver-
sion grassland/agricultural land). Land-use history
has a strong effect on the soil C and N stocks. For

the relevance of land-use changes for GHG reports,
it needs to be shown, how long the transition
periods after a land-use change are and how long
an ecosystem can build up its C and N stocks in the
soil until a new equilibrium is reached.

The aim of WG2 is to re-evaluate existing studies in
the context of the questions that did arise with GHG
reporting. Close collaborative links between WG1
andWG2will ensure that the relevant interfaces be-
tween land-use types are established. The important
of the contributions of the hot spots (WG1) for the
soil GHG emissions in a particular form of land-use
will be elaborated. Based on this analysis, sugges-
tions for monitoring efforts for soil C and N stocks
in specific regions will be made.
The data for WG 2 also already exist. In several

countries forest soil scientists and agricultural soil
experts have pursued projects side by side in
regions that are of interest for the objectives of the
work package, but the interface between the diffe-
rent forms of land use have never been established.
Within the Action these data will be harmonized in
order to allow for comparative studies. Moreover,
the researchers of the Action have recognized the
need for experiments across different forms of land
use and yet unpublished data are available for the
Action.
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European forest soils are monitored in a harmo-
nized way (ICP Forest, Forest Focus), but for other
forms of land-use the harmonization is less
advanced. Peatlands are fundamentally different
from mineral soils and require a specific moni-
toring method. The loss in C stocks is difficult to
measure and less relevant in relation to emissions
of CH4 and N2O. - The detection of small changes
in soil C and N stocks requires great sampling
efforts. We will recommend specific sampling
schemes for the detection of subtle soil C and N
stock changes with a large impact on greenhouse
gas budgets (sampling in hot spots / WG 1).
We will evaluate already existing soil C and N

models for the verification of stock changes. As an
interaction between WG1 and WG3, the represen-
tation of ecosystem disturbance in a model frame-
work is sought. It is crucial to show where models
are currently failing and to improve the interface
with experts in field research and modelling. The
assessment of stock changes requires a baseline for
comparison. The present baseline is, arbitrarily, the
pool size in the year 1990.We will attempt to estab-
lish a more meaningful baseline based on land-use,
land-use history, and site properties.
Pool sizes for soil C and N are calculated from

several input values. Each has an error that propa-
gates. On top of the variability at the spot, the
small- and medium-scale spatial variation has to

be considered.We will clarify how the variability of
C and N pools can be comprehensively assessed
under different situations of data availabilities. We
will address the size of soil C and N stock changes
that are theoretically required in order to be rele-
vant for GHG reporting purposes. An error budget
for undisturbed forests has been established in the
project CarboInvent (FP 5) and the rules of
accounting for errors are described in the Good
Practice Guidance of the IPCC. Based on data that
are available from WG1, error budgets of C and N
pool changes will be presented for peatlands.
An additional task of WG3 is to develop a risk

assessment for GHG emissions from ecosystems.
Signatory countries of the Kyoto Protocol are
including the sink strength of terrestrial ecosys-
tems in their GHG budgets. Ecology teaches that
ecosystems have an inherent stability, a typical life
span, and have a certain probability of being
subject to disturbances. A risk assessment needs to
express the probability of ecosystem disturbances
based on the knowledge of the past course of
events and with hindsight to the effects of future
changes (both with respect to land use and to
climate).Within theWG, the data requirements for
a risk assessment will be collected and compared
with the availability of useful statistics in Europe
(spatial / temporal resolution of records of wind
damages, insect damages etc).

WG 3 - Monitoring, statistics, simulation models
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WG 4 - Implementation of results

‘End-users’ of the suggested methods (experts in
greenhouse gas budgets) will be involved in this
WG in order to communicate upcoming reporting
needs, recommendations for improvements, feed-
back on the relevance of the suggestions, and
testing of suggested methods). Our accounting
concept will utilize existing information on Euro-
pean soils. The IPCC-Good Practice Guidance
presents a balanced view of available methods and
approaches, but has not the intention of developing
new methods. Moreover, the soon to be initiated
discussions on post-2012 reporting requirements
will make amendments of existing Reporting
Guidelines necessary. The Action aims at the Tier 3

level of the IPCC-GPG in order to utilize available
information in many countries for the optimization
of the level for reporting of soil changes. - Several
cycles of feedback betweenWG 1, 2, 3 andWG 4 are
foreseen. - From the experts of WG 4 the otherWGs
expect to receive information on the ongoing polit-
ical process with respect to land-use, land-use
change and forestry. Suggestions for specific form
of landmanagement with the objective of the reten-
tion of GHG in soils can be in conflict with aspects
of nature conservancy (protection of rare ecosys-
tems, biodiversity issues). These topics need to be
resolved early on in order to avoid unrealistic
suggestions for adapted land management.

Authors: Robert Jandl
Federal Research and Training Centre for Forests,
Natural Hazards and Landscape (BFW)
Seckendorff GudentWeg 8
A-1131 Vienna, Austria
Phone: +43 1 87838 1302
Fax: +43 1 87838 1250
E-Mail:robert.jandl@bfw.gv.at

Mats Olsson
Swedish University of Agricultural Sciences (SLU)
Arrheniusplan 8
Box 7001,
750 07 UPPSALA, Sweden
Phone: +46 (0) 18-672213
E-Mail: Mats.Olsson@sml.slu.se




