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Background

Climate warming, due to an increased release of
greenhouse gases (GHG) into the atmosphere
following energy and food production, waste
management and land use changes, may increase
the risks of serious environmental hazards
(Watson et al. 2001). For nations, mitigation of
such risks will require significant reductions in
anthropogenic GHG emissions. As a starting point
for international collaboration in the mitigation
activities, reliable inventories of emissions were
agreed in the United Nations Framework Conven-
tion of Climate Change (UNFCCC) in 1992, and
in the Kyoto Protocol thereafter (1997). The inven-
tories should follow internationally accepted guid-
ance (Houghton et al. 1997, Penman et al. 2000,
Penman et al. 2003) by International Panel on
Climate Change (IPCC).
While the emissions from
fossil fuel combustion for
energy production can be
calculated with reasonable
accuracy, estimation of emis-
sions originating from biogeo-
chemical cycles, disturbed by
land use is more challenging.
Reporting of GHG emis-
sions due to Land Use and
Land Use Change (LULUCF)
is not straightforward. The
IPCC Good Practice Guid-
ance reports (Penman et al.
2000, 2003) have suggested
three methodological tier
levels for estimating emissions
and removals. For land use
based estimates Tier 1

employs IPCC default emission factors per area and
usually activity data that are spatially coarse, Tier 2
uses the same methodological approach as Tier 1
but emission factors are country-specific and high
resolution land area data are used. Tier 3 uses higher
order methods including models and inventory
measurement systems, and high resolution activity
data. Countries are encouraged to use the two
higher tiers in their inventories, whenever possible.

Biogeochemical models in GHG reporting, the
framework for WG3

Tier 3 reporting relies on models and high resolu-
tion data on soil types and land use categories.
Running of a soil model is only possible when
adequate data are available as model parameters.

Participants of COST E21 meet humic layer over podsol in a Finnish
forest site Hyytiala, central Finland. Photo Jukka Alm, 2004.
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All models are simplifications from reality and
their estimates are uncertain. Consequently, the
quality of model output must be verified against
measured data, and the uncertainty of the esti-
mates quantified. Quality and quantity of available
information on land use and GHG emissions

Figure 1.
Use of natural resources in Finnish landscape: A former clearcut to the
left from the “central divide” where new forest growth is filling the gaps.
To the right from the divide peatland drainage has enhanced tree growth
and the forest area appears striped due to the drainage ditch network.
Forest roads with looping end were built for the harvesting.

Photo Jukka Alm, 2002.

Figre 2.

Peat harvesting in Joensuu region, eastern Finland. Milled and sun-dried
surface peat is collected in the middle of the strips between the drainage
ditches. From there the peat is collected to stockpiles to wait for trans-
Photo Jukka Alm, 2004.

portation to the furnace of a power plant.

related to land use may vary greatly in various
countries. While some EU member states must use
the IPCC default emission factors in their NIR
submissions, some countries have more specific
data and are able to use a higher Tier. Collecting of
land use specific, regionally relevant data are
extremely costly.

COST 639 WG3 needs to
communicate  with  the
previous and other relevant
research activities. Soil types
and land use vary among
countries for geographical
and  historical  reasons.
Thereby also the soil related
information and its avail-
ability greatly varies. The
Action needs to point out the
most important “hot spots”
of land use: “The 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” (MoU, http://
www.cost.esf.org/index.php?
id=205&action_number=
639). These important site
types may prove difficult in
terms of soil modeling. For
example managed organic
soils are strong sources of
GHG?s in the boreal parts of
Europe (Alm et al. 2007, and
references  therein),  but
existing biogeochemical
models such as CO,Fix,
DNDC or Century are
designed for soils not
accounting for the influence
of water table within the
organic layer or the freeze-
thaw cycles that are impor-
tant for non-CO, GHG’s
CH, and N,O. Furthermore
many of the models in use
today are designed for
ecosystems in  temperate
climate conditions. Recently
a modeling system called
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GEFSOC for producing regional C stocks and
stock changes was introduced (Milne et al. 2007,
Batjes et al. 2007). Such large scale systems may
help in GHG inventories in the future, if adequate
data on soil characteristics and land use activity
can be provided.

Activities in WG3 are
divided in two main areas:
Monitoring and Simulation
models. The monitoring part
considers soil sampling in
order to recognize the contri-
bution of hot spots currently
underrepresented in  the
national monitoring schemes.
The work on simulation
models should review the
usability of soil models, iden-
tify needs for improvement
of those models, assess the
uncertainties  of  model
predictions, and communi-
cate with researchers devel-
oping regional upscaling of
the soil models. Climate
warming may increase risks
for C and N losses. A further
task for WG3 is to consider if
European data are usable for
risk assessment. All activities
in WG3 depend on strong
statistical expertise.

Figure 3.

effluents.

Monitoring

Best possible knowledge on
land use is found in various
national inventory systems
and databases, such as
National Forest Inventories
(NFI). In addition to forest
parameters, NFI's  with
spatially systematic sampling
schemes can produce activity
data (land areas) also for land
use other than forest
management. However, the
taxation methodologies vary
between countries. Further,
the knowledge on soil C and
N pools and GHG fluxes may

Figure 4.
Coastal forest and remains of a farm after a severe forest fire in Croatia.
Photo Jukka Alm, 2004.

be distributed among specialists representing
different disciplines. For example in Finland, the
reporting activities are coordinated by Statistics
Finland, which cooperates with e.g. Technical
Research Centre of Finland (VTT), Finnish Forest
Research Institute, Finnish Environment Institute,

Peatland forest floor after harvesting of the trees and soil mounding for
regeneration. Drainage ditches collect the released soil solids and
nutrients into a sedimentation pool. The water in the pool are flooded on
a buffer field established for the protection of watercourses from the

Photo Jukka Alm, 2006.
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Agrifood Research Finland (MTT). Besides the
NFI data, data registers of the Information Centre
of the Ministry of Agriculture and Forestry and the
total land area statistics of the National Land
Survey of Finland are utilized (Statistics Finland
2006).

There are ongoing activities that can help in
improving GHG monitoring and reporting within
the EU. From the list we have identified we only
show here an excerpt. COST Action E43 work
progresses in harmonizing the European NFI
systems  (http://www.metla.fi/eu/cost/e43/reports.
html). Currently, the Institute for Environment
and Sustainability (IES) of the JRC is starting a
study “Climate change impact and carbon seques-
tration in European forests” to improve the green-
house gas reporting activities of LULUCF espe-
cially in the forestry sector (http://forest.jrc.it/).
They also coordinate the Forest Focus project
BIOSOIL  (http://europa.eu/scadplus/leg/en/lvb/
128125.htm) that collects and analyses forest soil
data. IES has outlined a sampling strategy (Stol-
bovoy et al. 2007) for certifying the organic C stock
changes in mineral soils. Research on mineral soils
has produced summaries of topsoil C content in a
form of a map (Jones et al. 2005), but it could be
improved concerning organic soils especially
abundant in the boreal zone. Two major EU
research programs, CarboEurope-IP (http://www.
carboeurope.org/) and NitroEurope-IP (http://
www.nitroeurope.eu/) are working on C and N
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Measuring soil CO, release in a winter day at a peat extraction field in
eastern Finland. Stockpiles in the background store the peat milled from

the surface during the previous summer.

cycles and their contribution to the European
GHG balance, and focusing also on agricultural
lands. These and other information need to be
collated in terms of needs by GHG reporting for all
the LULUCEF sectors and land use forms.

According to the MoU, COST 639 will investigate

1. the probability of C and N stock changes
within a certain type of land use,

2. the extent of stock changes as a consequence of
land-use change, and

3. the impact of ecosystem disturbances on stock
changes.

Bellamy et al. (2005) reported a possible recent loss
concerning all soil organic C in England and Wales.
Perception of the stock changes with monitoring is
difficult because of large spatial variability in soil
constituents. The results from large scale soil moni-
toring programs such as BIOSOIL will give impor-
tant information whether the resolution is good
enough for observing the small temporal changes in
soil C and N stock, and if the spatial resolution is
good enough to reveal the “hot spot” features in land
use as determined by WG1 and WG2. In addition,
COST 639 needs to evaluate how important the hot
spot emissions may be for the country-scale and EU
level GHG inventory results.

For the important land use forms and soil types,
the recommendations for methodology to be used
in soil sampling for key soil types and land uses will
be among the outputs of
WG3. As the IPCC guidance
is different for mineral soil
sites and organic soil sites
(Penman et al. 2003), our
recommendations shall make
similar ~ distinctions  con-
cerning the stock estimates
and GHG emissions.

Principally the changes in
C or N stocks are small with
respect to the stock sizes. This
is especially true in organic
rich soils such as peatlands.
An essential part of soil
monitoring methodology is
to understand the processes
involved in soil organic C
stock changes (Dawson &
Smith 2007), and their
contribution to the uncer-



Greenhouse-gas budget of soils under changing climate and land use (BurnOut) » COST 639 * 2006-2010 51

tainty. Important issues of uncertainty are the vari-
ability in measurements and analyses and lack of
data in specific areas (Dawson & Smith 2007).
Information of the relevant soil processes from all
over Europe and different land use types can be
expected from researchers operating in national
programs and in the multinational EU Integrated
Projects CarboEurope and NitroEurope.

Simulation models

Simulation models can be used for 1) Explaining
observed changes, 2) Predicting future changes, 3)
Evaluating land use and management options.
Models could also form an elementary part of
GHG flux calculation for reporting (Alm et al.
2007, Milne et al. 2007). Agricultural and forest
soils are most important managed soils. Stock
changes of C and N in mineral soil types and GHG
fluxes in organic rich soils are of interest and must
be reported there. With that in mind GIS-coupled
models such as PnET-N-DNDC have been applied
for creating estimates of N,O and NO emissions
across Europe (Kesik ef al. 2005). The reliability of
large-scale regional estimates is subject to how
adequate the parameters are and how well the soil
characteristics and regional land use patterns are
known. European land mass is diverse and the soil
types and climatic conditions vary greatly. There-
fore, the usability of models has to be inspected.

Models are always simplifications of the system

they mimic. It is crucial that the simplified processes

and flows are relevant for the questions posed for the

model. Usability of biogeochemical models can be

tracked to several sources, including the complexity

of the system, and data availability for verification

(van Oijen et al. 2004). The following questions give

an idea of how the models should be evaluated:

+ Do we know all (relevant) matter flows?

+ Do we have data for all the relevant flows?

+ Do we have enough information on the mecha-
nisms and controls?

+ Are we properly using the information that is
available?

- Most current biogeochemical models only
assess parts of the complex atmosphere-vege-
tation-soil biological, physical and chemical
systems.

- Are only the relevant parts included in the
model?

- Are the key feedbacks implemented?

WG3 will examine how process-based models are
currently being used in national inventories for
C & N stocks for inventories of GHG fluxes asso-
ciated with LULUCE. The WG3 will evaluate the
quality of the modeling work, taking into account
the transparency of the methods but focusing on
quantifying and analyzing the uncertainty of the
modeling results.

Risk analysis

Soil C and N stores may be compromised by 1)
Land use changes and 2) Consequences of climate
warming. Land use may change the capacity of
ecosystems to harbour organic matter, and changes
in climatic controls may change the balance
between primary production and decomposition
of organic matter. The probability of catastrophes
can increase, introducing more forest fires and
insect outbreaks in a warmer world.

Risk analysis for the behavior of ecosystems can
be a complex task, but fire is definitely a common
and possibly increasing risk. We need to communi-
cate with JRC/IES, who have environmental soil
risk assessment projects underway (http://eusoils.
jrc.it/themes.html). Among other risks, fire is
already responsible for large losses of aboveground
C in the Mediterranean countries and may be in
the future increasingly so also elsewhere in Europe.
That has led to the establishment of the European
Forest Fires Information System  (EFFIS;
http://eftis.jrc.it/Home/).

WGS3 plans to evaluate the ways in which risk
assessment is currently being carried out and how
it could be improved. The risk assessment question
is certainly more complicated for environmental
risks than for those directly related to economical
activities. In the first place WG3 aims to collect
information on work in European countries on fire
risk assessment, but a coordinated approach for the
work in WG3 on risk assessment in general, i.e.
assessing the modeling capacity to deal with any
form of risk is needed.

References

Alm J., Shurpali N.J., Minkkinen K., Aro L., Hytonen J., Laurila
T., Lohila A., Maljanen M., Martikainen P.J., Mikiranta
P., Penttild T., Saarnio S., Silvan N, Tuittila E-S. & Laine
J.2007. Emission factors and their uncertainty for the ex-
change of CO,, CH,, and N, O in Finnish managed peat-
lands. Boreal Environment Research 12(2):191-209.



52 Greenhouse-gas budget of soils under changing climate and land use (BurnOut) « COST 639 * 2006-2010

Batjes N.H., Al-Adamat R., Bhattarharyya T., Bernoux M., Cerri
C.E.P, Gicheru P, Kaimoni P, Milne E., Pal D.K. & Rawa-
jfih Z. 2007. Preparation of consistent soil data sets for
modeling purposes: Secondary SOTER data for four case
study areas. Agriculture, Ecosystems and Environment
122:26-34.

Bellamy P.H., Loveland P.J., Bradley R.I., Lark R.M. & Kirk
G.J.D. 2005. Carbon losses from all soils across England
and Wales 1978-2003. Nature 437:245-248.

Dawson J.J.C. & Smith P. 2007. Carbon losses from soil and its
consequences for land use management. Sci. Total Envi-
ron. Doi:10.1016/j.scitotenv.2007.03.023.

Houghton J.T., Meira Filho L.G., Treanton K., Mamaty L., Bon-
duki Y., Griggs D.J. & Callander B.A. (Eds). 1997. Revised
1996 IPCC Guidelines for National Greenhouse Inven-
tories. IPCC/OECD/IEA, Paris, France.

Jones, R.J.A, R. Hiederer, E. Rusco, P.J. Loveland and L. Mon-
tanarella (2005). Estimating organic carbon in the soils of
Europe for policy support. European Journal of Soil Sci-
ence, October 2005, 56, p.655-671.

Milne E., Al-Adamat R., Batjes N.H., Bernoux M., Battar-
charyya T., Cerri C.C., Cerri C.E.P,, Coleman K., Easter
M., Falloon P, Feller C., Gicheru P., Kamoni P, Killian
K., Pal D.K., Paustian K., Powlson D.S., Rawajfih Z., Ses-
say M., Williams S. & Wokabi S. 2007. National and sub-
national assessments of soils organic carbon stocks and
changes: The GEFSOC modeling system. Agriculture,
Ecosystems and Environment 122:3-12.

van Oijen, M., Cannell, M. G. R., Levy, P. E. (2004). Modelling
biogeochemical cycles in forests: State of the art and per-
spectives. In Towards the sustainable use of Europe’s
forests - forest ecosystem and landscape research: Scien-
tific challenges and opportunities, Vol. 49 (eds Anders-
son, E, Birot, Y., Paivinen, R.), pp. 157-169. European
Forest Institute, EFI Proceedings, Joensuu, Finland.

Penman J., Kruger D., Galbally I., Hiraishi T., Nyenzi B., Em-
manuel S., Buendia L., Hoppaus R., Martinsen T., Meijer
J., Miwa K. & Tanabe K. 2000. Good Practice Guidance
and Uncertainty Management in National Greenhouse
Gas Inventories. Hayama: Intergovernmental Panel on
Climate Change (IPCC). http://www.ipcc-nggip.
iges.or.jp/public/gp/gpgaum.htm.

Penman J. Gytarsky M. Hiraishi T., Krug T., Kruger D., Pipatti
R., Buendia L., Miwa K., Ngara T., Tanabe K. & Wagner
E (eds.). 2003. Good practice guidance for land use, land-
use change and forestry. Published for the IPCC by the
Institute for Global Environmental Strategies, Hayama,
Japan.

Stolbovoy, V., Montanarella, L., Filippi, N., Selvaradjou, S. Pana-
gos, P. and Gallego, J. (2005). Soil Sampling Protocol to
Certify the Changes of Organic Carbon Stock in Mineral
Soils of European Union. EUR 21576 EN, 12 pp. Office
for Official Publications of the European Communities,
Luxembourg.

Authors:  Jukka Alm

The Finnish Forest Research Institute (METLA)
Joensuu Research Unit

PL 68, 80101 Joensuu

Phone: +358 10 211 3107

E-Mail: jukka.alm@metla.fi

Marcel van Oijen

Head of section Biosystems Dynamics
CEH-Edinburgh,

Bush Estate, Penicuik

EH26 0QB, United Kingdom

Phone: + 44 131 445 8567

E-Mail: mvano@ceh.ac.uk





