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Preface

The Nordic project “Workshop on assessments of the national carbon
budget within the Nordic region - Current status and sensitivity to chang-
es” was financed by the Nordic Council of Ministers’ Working Group on
Climate and Air Pollution. The establishment of a new global climate
agreement under UN climate convention (UNFCC) is a primary objective
for the Nordic countries and to contribute to this objective is of highest
priority for the Nordic Working group on Climate and Air Pollution.

Further knowledge on the carbon balance and how emissions of
greenhouse gases from anthropogenic activities translate into concen-
trations of greenhouse gases in the atmosphere could contribute to
more cost-efficient and science-based mitigation measures. It would
also enhance the possibility to get consensus in the international nego-
tiations for a global agreement from 2020 on the accounting methods
of emissions and removals of greenhouse gases from land-use, land-
use changes and forestry. However, many uncertainties on the estima-
tion of carbon exchange between the atmosphere and terrestrial and
marine ecosystems still remain. An important objective of the work-
shop was to discuss the challenges on carbon budget estimations and
how to improve the communication of results and conclusions of car-
bon budget research to policy makers.

The Nordic countries could have an important role to play in estab-
lishing the basic premises for the negotiation of the new climate agree-
ment to apply from 2020. Individually the Nordic countries have imple-
mented a wide spread of various climate mitigation measures and are
therefore well positioned to exchange knowledge and to develop further
research co-operation in this field. Joint Nordic analyses and networks
can contribute to the results of the negotiations and to follow-up activi-
ties at national and regional level.



This workshop is a good example of when Nordic co-operation can
give added value to an issue, where further knowledge is needed on a
national, regional and global level. It is our hope that this report can
make a significant contribution to the Nordic and international co-
operation on the efforts to understand the carbon and other greenhouse
gas exchanges between land, ocean and atmosphere and enhance the
assessment of anthropogenic emissions and removals of greenhouse
gases from land-use and land-use changes.

Reino Abrahamsson
Chairman, Nordic Council of Ministers
Working Group on Climate and Air Pollution
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Introduction

In the Nordic Strategy for Sustainable Development an objective is “to
work to stem climate change and help prepare our regions and the rest
of the world for the changes that will be needed” (Nordic Council of
Ministers 2009). To do that, it is essential to understand the carbon
balance as this defines how emissions of greenhouse gases, especially
carbon dioxide and methane, from anthropogenic activities translate
into concentrations of greenhouse gases in the atmosphere and control
important climate feedback mechanisms (Houghton et al. 2007). Esti-
mating and mapping carbon sinks and sources are therefore major
issues concerning also the agreements of the United Nations Frame-
work Convention on Climate Change (UNFCCC) in the Kyoto protocol. It
is needed to ensure maximum cost effectiveness of actions taken to
mitigate anthropogenic emissions of greenhouse gases. However, sur-
face exchange of greenhouse gases are highly affected by anthropogen-
ic forcing (changes in land use and management) and climate forcing.
Therefore, to understand and predict these impacts using models, it is
important to quantify realistically how much carbon is taken up by the
terrestrial and marine ecosystems. Thus, detailed knowledge of the
exchange of the greenhouse gases between land, ocean and atmos-
phere is important, and the processes involved must be fully under-
stood and accurately quantified. However, large uncertainties on the
estimations of carbon exchange remain.

It is clear that man- and climate driven land use changes impact the
greenhouse gas budget, but the interplay between these changes still
needs to be understood (Schulze et al. 2009). Improved information on
the magnitude and location of natural carbon sources and sinks contrib-



utes to the development of new and improved tools to support politi-
cian’s decision making in actions taken to mitigate anthropogenic
greenhouse gas emissions and to develop management strategies.
Thereby, the future environmental legislation can be based on more
realistic carbon budget estimations.

Three Nordic research projects aim at estimating the carbon balance
at national scale; the Danish ECOCLIM, the Swedish LAGGE and the Fin-
ish SnowCarbo. These three projects are analysing the three major natu-
ral carbon resevoirs (terrestrial ecosystems, marine ecosystems and
atmosphere) in respect to global warming, with particular focus on the
future climate and land management. Scientists from these three pro-
jects, other researchers and politicians within this focus area were
brought together for a three-day workshop to obtain an overview of the
current status and knowledge on assessments of national carbon budg-
ets as well as on projections and sensitivities to future changes.

The workshop was organised in four thematic sessions, one poster ses-
sion, and one discussion session. The four themes for the sessions were:

e Observations of carbon sinks and sources

e Modeling the carbon budget

e Remote sensing data for carbon modeling

e Impacts of future climate and land use scenario

This report summarizes the presentations and discussions from each
session of the workshop.

References

Houghton, R. A. (2007). Balancing the Global Carbon Budget. Annu. Rev. Planet. Sci.
35,313:347,10.1146 /annurev.earth.35.031306.140057.

Nordic Council of Ministers (2009). Sustainable Development - New Bearings for the
Nordic Region. Nordic Council of Ministers, Copenhagen, Denmark.

Schulze, E. D., Luyssaert, S., Ciais, P., Freibauer, A, Janssens, I. A,, Soussana, J. F.,
Smith, P, Levin, I., Thiruchittampalam, B., Heimann, M., Dolman, A. ]., Valentini, R,,
Bousquet, P., Peylin, P, Peters, W., Rodenbeck, C, Etiope, G., Vuichard, N., Watten-
bach, M., Nabuurs, G. ], Poussi, Z., Nieschulze, ]., Gash, ]. H., CarboEurope, Team
(2009). Importance of methane and nitrous oxide for Europe’s terrestrial green-
house-gas balance. Nature Geoscience, 2, 12, 2009, 842-850, doi:10.1038 /ngeo686.
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Three Nordic research projects

The global carbon cycle, its sinks and sources, and how different future
scenarios will affect the carbon balance are still not properly under-
stood. ECOCLIM (Ecosystems surface exchange of greenhouse gases in
an environment of changing anthropogenic and climate forcing), LAGGE
(Landscape scale investigation of greenhouse gas exchange) and Snow-
Carbo are three research projects from Denmark, Sweden and Finland
respectively, which aim to shed some light into these unknowns.

ECOCLIM

ECOCLIM is an ongoing research project (2011-2014) and is funded by The
Danish Council for Strategic Research. The project is coordinated by Aarhus
University and other partners involved are Copenhagen University, Roskil-
de University, Technical University of Denmark, and ClimateLab. ECOCLIM’s
overall objective is colletct new data at the air-sea interface and develop
models that quantifies surface exchange of greenhouse gases (GHG) be-
tween terrestrial, marine and atmospheric components. With this system of
models, an estimation of the annual surface flux of CO; in Denmark will be
made and the effects of management scenarios affecting both land use and
nitrogen load as well as climate scenarios will be studied.

LAGGE

The LAGGE project (2010-2013) is supported financially by The Swe-
dish Research Council for Environment, Agricultural Science and Spatial
Planning, BEGG, Vetenskapsradet and University of Gothenburg and is
coordinated by University of Gothenburg. Other involved partners in
LAGGE are Linkoping University, Ghent University, Belgium, Stockholm
University, Orebro University, Royal Institute of Technology, Lund Uni-
versity, and Uppsala University. One aim of the Swedish project LAGGE is
to quantify GHG balances on a landscape scale. This will include ex-
change between land-atmosphere, land-water, and water-atmosphere of
CO2, CH4, N20 and DOC/DON. Another aim of LAGGE is to estimate an
overall watershed net carbon and GHG balance at different scales with
new measurements and technologies from both available data and ongo-
ing measurements and to link this data with models.

Workshop on assessments of National Carbon Budgets 11



SnowCarbo

SnowCarbo (2009-2012) is funded by The European Commission Life+
program and is coordinated by the Finnish Meteorological Institute
(FMI). Other project partners involved are the Finnish Environment
Institute (SYKE) and Le Laboratoire des Sciences du Climat et
I'Environnement (CEA.LSCE). The SnowCarbo project’s main objective is
to implement and demonstrate a new approach for mapping net carbon
balance in Europe and northern Eurasian regions. In this new approach
different information sources are combined; snow evolution, phenology,
land cover, and CO> fluxes and concentrations. Local in situ observations
will be combined with global Earth observation satellite data and land
cover class information in a new way.

Abstracts

Ecosystem services in ECOCLIM

Lise Lotte Sgrensen,! E. Bggh, ]. Bendtsen, E. Dellwik, T. Friborg, C.
Geels, K. Hansen, A. Ibrom, E. T. Jgrgensen, M. K. Sejr, K. Hansen, A. S.
Lansg and C. A. Skjoth.

Surface exchange of greenhouse gases (GHG) between land/sea and the
atmosphere is an important climate feedback mechanism. The processes
involved in exchange of GHG needs to be fully understood and accurately
quantified in order to increase reliability of climate projections and en-
sure that actions initiated to reduce anthropogenic GHG emissions are
sustainable and not destructive to existing ecosystem services. There-
fore it is important to address i.e. land use change in relation to the regu-
lating services of the ecosystems, such as carbon sequestration and cli-
mate regulation. At present, the surface exchange of GHG in Denmark
and Danish waters is unknown and qualified predictions of the effect of
changes in climate or anthropogenic activities are not possible. In ECO-
CLIM it is a goal to quantify the natural sinks and sources controlling the
atmospheric concentration of CO2 and CHs thus a thorough understand-
ing of the ecosystem processes controlling the uptake or emissions of

1 Aarhus University, Department of Environmental Science, Frederiksborgvej 399, 4000 Roskilde, Denmark.
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GHG is fundamental. Here we present ECOCLIM in the context of ecosys-
tem services and the experimental studies within ECOCLIM which will
lead to an enhanced understanding of Danish ecosystems.

A fertile peatland forest does not constitute a major
greenhouse gas sink

Leif Klemedtsson,2 Meyer A., Tarvainen L. Nousratpour A, Bjérk, R.G,
Ernfors M., Kasimir Klemedtsson, A, Lindroth A., Réntfors M., Riitting T,
Wallin G., and Weslien P.

Afforestation has been proposed as a strategy to mitigate the often high
greenhouse gas (GHG) emissions from agricultural soils with high organic
matter content. However, the carbon dioxide (CO2) and nitrous oxide (N20)
fluxes after afforestation can be considerable, depending predominantly on
site drainage and nutrient availability. Studies on the full GHG budget of
afforested organic soils are scarce and hampered by the uncertainties asso-
ciated with methodology. In this study we determined the GHG budget of a
spruce-dominated forest on a drained organic soil with an agricultural his-
tory. Two different approaches for determining the net ecosystem CO; ex-
change (NEE) were applied: for the year 2008, direct (eddy covariance) and
an indirect (analyzing the different components of the GHG budget), so that
uncertainties in each method could be evaluated. The annual tree produc-
tion in 2008 was 8.2 (* 1.7) t C ha'l yr! due to the high levels of soil nutri-
ents, the favorable climatic conditions and the fact that the forest was in its
optimum growth phase. N2O fluxes were determined by the closed chamber
technique and amounted to 3.3 (* 2.4) t COz eq hal yrl. According to the
direct measurements from the eddy covariance technique, the site acts as a
minor GHG sink of -4.1 (* 2.6) t COzeq ha'l yr-L. This contrasts with the NEE
estimate derived from the indirect approach which suggests that the site is a
net GHG emitter of 3.3 (¥10.1) t COz eq ha'l yr-1. Irrespective of the approach
applied, the soil CO; effluxes counter large amounts of the C sequestration
by trees. Due to major uncertainties involved in the indirect approach, the
direct approach is considered the more reliable tool. As the site was in its
optimum growth stage, i.e. the rate of C sequestration was at its maximum

2 University of Gothenburg, Department of Biological and Environmental Science, Tellus, PO Box 460, SE 405
30 Goteborg, Sweden.
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and will decrease with forest age; it will probably become a GHG source
once again as the trees mature. Since forests in their younger stages are
usually GHG sources or have no effect on GHGs, the overall sink potential of
this afforested nutrient-rich organic soil is probably limited to only a short
period.

Feasibility of Space-Borne Earth Observation Data to
Investigate Carbon Cycle

Jouni Pulliainen,3 Ali Nadir Arslan, Kimmo Rautiainen, Anna Kontu, Tiina
Markkanen, Tuula Aalto, Mika Aurela, Kristin Béttcher, Juha Lemmetyinen

Feasibility of space-borne microwave radiometers and optical sensors to
support the mapping of COz and CH4 fluxes and annual balances is dis-
cussed investigated. First, satellite data retrievals and observations with
tower-based reference sensors of satellite instruments are compared
with available in situ data. This is carried out in order to find out the
relevance of these specific satellite data products, such as day of snow
melt information. Secondly, approaches to apply satellite data for map-
ping purposes are demonstrated. The investigated satellite instruments
include current operational and Earth exploring systems such as SMOS,
MODIS, AATSR, AMSR-E and SSM/1.

3 Finnish Meteorological Institute, Arctic Research, Erik Palmenin Aukio 1, 00101 Helsinki, Finland.
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Keynote: Greenhouse gas
inventories with focus on Land-
Use and Land-Use Change

Steen Gyldenkaerne* and Ole-Kenneth Nielsen

The international regulation of issues related to climate change, e.g.
emission of greenhouse gases, is done within the United Nations
Framework Convention on Climate Change (UNFCCC). There are differ-
ent requirements in terms of reporting of greenhouse gas emissions and
only 37 countries have reduction commitments under the Kyoto Proto-
col (KP). The reporting under the UNFCCC and accounting under the KP
only includes anthropogenic emissions. For most activities this is
straight forward such as fuel combustion, agriculture and waste treat-
ment. However, when it comes to land-use and land-use changes, it is
more difficult to assess which emissions/removals are anthropogenic.

The precision of the submitted inventories for land-use and land use-
use change varies among countries depending on national circumstances
(knowledge and resources for the inventory preparation). Over the
years the submitted inventories has improved substantially.

4 Aarhus University, Department of Environmental Science, Frederiksborgvej 399, 4000 Roskilde, Denmark.



The agreed definition by the IPCC and adopted by the KP is to use a
managed land proxy, i.e. all emissions/removals associated with man-
aged land-use are to be included in the inventories to UNFCCC and in the
accounting under the KP regardless that some can be argued not to be
anthropogenic.

To meet the reporting requirements under the KP extensive work has
been carried out in Denmark (the SINKS project) to elaborate a land-use
matrix for 1990 onwards. In addition several variables used in the calcu-
lation of emissions/removals have been updated based on the SINKS
research project. This has particularly improved the emission estimates
from soils. The results have also shown a very high variability between
years which should be taken into account in the negotiations for future
reduction commitments.
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1. Observation of carbon sinks
and sources

1.1 Summary of presentations

To obtain a full understanding of the carbon balance and how green-
house gases influence the climate at present and in the future, monitor-
ing is needed. Monitoring carbon sinks and sources includes compre-
hensive experimental work across a wide range of ecosystems in the
Nordic region covering both marine and terrestrial ecosystems. In ses-
sion 1 “Observations of Carbon sinks and sources,” up-to-date findings of
carbon dioxide (COz) and methane (CH4) exchange between different
types of ecosystems and the atmosphere as well as their biological and
physical controlling processes were reported.

Greenhouse gas exchange between surfaces and the atmosphere is
controlled by processes occurring over different spatial and temporal
scales. Therefore, various observational methods covering different time
and spatial scales are used when monitoring carbon sinks and sources.
In the keynote presentation by A. Rutgersson, the question of whether
we should care about variations in time and space concerning observa-
tions of carbon sinks and sources was adressed. The most direct method
to estimate air-water carbon fluxes is the ecosystem scale Eddy-
Covariance (EC) method. By using EC measurements, variations can be
measured with relatively high temporal resolution, being a great ad-
vantage when investigating the mechanisms controlling the exchange.
However, topographic complexity in surrounding landscapes influences



such measurements. E. Dellwik presented result from a modeling system
that combines the flow model (SCADIS) that takes heterogeneities into
account and a footprint calculator. The model is being developed to es-
timate the flux footprint of EC measurements and was tested for the
Danish complex Risg Tower site.

Aquatic ecosystems as lakes and oceans are found to have significant
effect on the carbon balance. On global scale the oceanic uptake is ap-
proximately 25-27% of the anthropogenic carbon emissions (Le Quere
et al. 2013, Denman et al. 2007), while lakes might reduce the land car-
bon sink by 25% through CH4 emissions (Bastviken et al. 2011). Fur-
thermore, coastal ecosystems play a significant role linking the terrestri-
al, oceanic and atmospheric carbon reservoirs. They are often very bio-
logical active systems and therefore account for an important air-sea
exchange of CO. (Borges et al. 2006). However, when calculating ex-
change of carbon between coastal zones and the atmosphere there exist
uncertainties related to limited knowledge about physical and biological
parameters and processes. And these processes occur over different
time and spatial scales depending on i.e. meteorological conditions and
biological processes. Recent micrometeorological observations from the
Swedish Lake Tamnaren was presented by E. Podgrajsek and show di-
urnal cycle of methane, with high fluxes during night and low during day
most likely controlled by diurnal variations of the convective mixing in
the lake. Likewise, E. T. Mgrk presented results from micrometeorologi-
cal observations from the semi-enclosed sea, Kattegat, which indicated
that physical stratification of the water column worked to separate high
pCO: levels from the deeper waters.

In the Arctic region issues concerning climate changes, and especially
temperature changes, are very important. Northern permafrost regions
contain large stocks of soil organic carbon (Tarnocai et al. 2009), but the
Arctic is very sensitive to temperature increase especially during growing
season (Meehl et al. 2007). The continued warming may cause a reduction
in the Arctic carbon sink and may even switch to a source. The surface
temperature increase is predicted to be stronger in high latitudes and has
for the Arctic in the period 1957-2006 been twice the global average. M.
Lund pointed out the importance of long-term monitoring, as the Green-
land Ecosystem Monitoring (GEM) program that has been very useful in
this region. Further monitoring programs and collaborations such as the
Arctic Science Partnership (ASP) have been established with the aim of
monitoring long-term ecosystem atmosphere exchange of greenhouse
gases and climate change effects and feedbacks in the Arctic and M. Lund
announced that more programs are already planned. H. Njuabe presented
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results from two weeks observations of CO2 fluxes for 10 tundra sites
from Subarctic to high Arctic. They showed that all sites were net sinks of
CO2 during the peak season; however, there is also a large spatial variabil-
ity across the sites. These variations could be caused by differences in air
temperature and leaf area index (LAI). This means that climate changes
will influence these areas differently, which needs to be taken into consid-
eration when predicting carbon sinks and sources under changing climate
conditions. Furthermore, methane is a greenhouse gas which has been
increasingly studied over the past decades due to its high global warming
potential. Northern wetlands are thought to be a major natural source.
Observations of atmospheric methane fluxes of a wet mire and a shallow
lake in the Abisko region presented by M. Jammet shows large differences
in emissions variability, indication the importance of different environ-
mental controls.

Finally, ice covered lakes are currently not considered in annual car-
bon budgets. However, ice cover duration must be seen as a defining
aspect of high latitude regions as it works to regulate climate by i.e. the
albedo and influencing the lake-atmosphere gas exchange (Prowse et al.
2011). B. Denfeld presented observations of pCO2 dynamics for 335
lakes in Sweden that show that Nordic lakes build up CO2 during ice
cover which accumulates and might be highest shortly before the ice
melts. It is therefore suggested to take ice cover duration of lakes into
account when estimating annual carbon budgets in the Nordic region.

From the research presented in session 1, it is clear that
acknowledgeing what scales of time and space our observations are
representing is important in order to interpret data and improve our
understanding of controlling processes on the carbon sinks and sources.

References
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1.2 Abstracts

1.2.1 Key note: Observations of carbon sinks and sources

Anna Rutgersson,> Erik Sahlee, Eva Podgrajsek, Maria Norman.

Significant components of the marine carbon systems relates to the up-
take/release to the atmosphere. Air-sea (air-lake) exchange is controlled
by the difference in concentration between the water surface and the
atmosphere, but also by the efficiency of the transfer. For emissions to
the atmosphere of for example methane additional processes needs to
be taken into account (like ebullition). The most direct method to esti-
mate air-water carbon fluxes is by eddy-covariance (EC) measurements.
By using EC measurements variation can be measured with relatively
high temporal resolution, being a great advantage when investigating
the mechanisms controlling the exchange.

5 Uppsala University, Villavagen 16, 75267 Uppsala, Sweden.
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1.2.2  Diurnal cycle of lake methane flux
Eva Podgrajseks

In this study the Eddy covariance method has been used for measuring
methane fluxes from a lake situated in central Sweden. At several occa-
sions during the long time measuring campaign (autumn 2010-autumn
2012), a diurnal cycle of methane, with high fluxes during night and low
during day, has been captured.

During these occasions the difference between air and water tempera-
ture (AT=Ta-Tw) also displayed an diurnal cycle, with AT being positive
during day and negative during night with the corresponding change in the
sensible heat flux i.e. negative during daytime and positive during nighttime.

The high nighttime methane fluxes could be explained with this differ-
ence in air and water temperature, which will cool the water surface dur-
ing night, creating convective mixing in the lake, while during daytime the
water will be stably stratified. Temperature measurements made at dif-
ferent vertical levels in the lake water confirm this water stratification.
The nighttime convective mixing may act to disturb the bottom water,
triggering methane ebullition events and bringing methane rich water up
to the surface, which can be emitted to the atmosphere.

With this study we want to emphasis the necessity of introducing al-
so complex physical processes when estimating air-water exchange
fluxes and also measure methane fluxes not only on few occasions dur-
ing daytime but also during night and for longer measuring periods.

1.2.3 Biological and Physical control of pCO; in a semi-
enclosed sea: The Kattegat

Eva Thorborg Mgrk,7 Peter Anton Staehr and Mikael Sejr

Coastal ecosystems play a significant role in linking the terrestrial, oceanic
and atmospheric carbon reservoirs and since they are often very biologi-
cal active systems the coastal waters account for an important air-sea
exchange of CO». But because of the complexity of the coastal ecosystems

6 Uppsala University, Department of Earth Sciences, Villavdgen 16, 75267 Uppsala, Sweden.
7 Aarhus University, Department of Bioscience, Frederiksborgvej 399, 4000 Roskilde, Danmark.
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the exchange of CO: in these waters are connected with large uncertain-
ties. Hence, understanding the controls of the air- sea CO; exchange in
coastal waters is critical when developing robust carbon budgets.

We investigate the spatial distribution of water pCO; and the pro-
cesses responsible for the observed variations in the shallow coastal sea
Kattegat in August 2011. The results of the vertical variation show that
pCO2 most often increases with measuring depth and is controlled by the
salinity and thereby the stratification of the water column. The variation
of surface water pCO, show, that the lowest pCO; is observed in the
northern part of Kattegat and in the shallow water inlet Smélands-
farvandet. The surface water pCO; is neither correlated with salinity,
temperature or chlorophyll a concentration, which is the most common
parameters describing open water pCO. The variations of surface water
pCO2 are instead connected to dissolved organic matter and water col-
umn light attenuation.

The presented results indicate that the vertical variation of pCO; is
controlled by physical processes like stratification and mixing of saline
bottom water from the North Sea and fresh surface water from the Baltic
Sea. The surface water pCO- is estimated to be more controlled by biologi-
cal processes with primary production controlled by light availability and
the dissolved organic matter being oxidized by heterotrophic populations.

1.2.4 Rispg tower measurements and analysis in the
ECOCLIM project

Ebba Dellwiké and Andrey Sogachev

In 2012, the 120m tall Risg tower was instrumented with concentration
and flux measurements of carbon dioxide. A first analysis of the generat-
ed datasets is presented.

The area around the Risg tower is heterogeneous and a flow model,
that can take the heterogeneities into account, together with a footprint
calculator were used to estimate the flux footprint of the measurements.

The flux footprint was calculated for several measurement levels on
the Risg mast, using the common wind direction from the south-west.
The calculated footprints were narrow over the Roskilde fjord and wider

8 Technical University of Denmark, Wind Energy, Frederiksborgvej 399, 4000 Roskilde, Denmark.
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over the land surface, due to the different turbulent regimes over these
two types of surface.

1.2.5 Terrestrial monitoring of greenhouse gas exchange
in Greenland

Magnus Lund,® Torben R. Christensen, Birger U. Hansen, Mikkel P. Tamstorf

Within the Greenland Ecosystem Monitoring (GEM) programme, an in-
tegrated monitoring and long-term research programme on ecosystems
and climate change effects and feedbacks in the Arctic, we are monitor-
ing the exchange of greenhouse gases between Arctic terrestrial ecosys-
tems and the atmosphere. In 1995, Zackenberg Basic in high Arctic
northeast Greenland was established as a long-term monitoring site of
Arctic ecosystem effects and feedback processes induced by climate
change. A similar monitoring programme, Nuuk Basic, was established in
2007 in a low Arctic west Greenland site. At these locations, land-
atmosphere exchange measurements of CO; and CHy in dry and wet are-
as using ICOS level instrumentation have been implemented as an inte-
gral part of the monitoring programmes, and several studies on land-
atmosphere greenhouse gas exchange have been published. During
2012, another site on Disko Island (Arctic station) in west Greenland
was established, and in 2014 a site in northernmost Greenland (Station
Nord) will be installed. Within the Arctic Science Partnership (ASP), an
extensive Greenlandic-Danish-Canadian research collaboration, further
attention will be drawn towards studying gradients of ecosystem pro-
cesses and climate change effects in Greenland as well as expanding
current monitoring efforts towards full annual coverage. Recently, a
GEM financed PhD project has been initiated to facilitate up-scaling of
ecosystem processes, such as snow cover, vegetation greening and ter-
restrial carbon cycling, from local to regional scale.

9 Aarhus University, Frederiksborgvej 399, 4000 Roskilde, Denmark.
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1.2.6 Spatial variability in peak season net ecosystem
exchange across the Arctic tundra

Herbert Njuabe,10 Magnus Lund, Mikkel Tamstorf

We have investigated the spatial variability in carbon dioxide (CO2) flux-
es on 10 tundra sites from the Subarctic to high Arctic during the peak of
the growing season. Flux data has been collected using the micro-
meteorological eddy covariance technique. Sites include dry Arctic
heaths, mixed tussock and polygonal tundra; and mires.

Comparison is based on common light response curve (LRC) parame-
terization during most productive two-week period in summer. The
functional response of CO2 exchange to photosynthetic photon flux den-
sity (PPFD) has been interpreted from the LRCs and their parameters
used to investigate similarities and differences in aspects of ecosystem
COz exchange.

This study shows that there is a high variability between Arctic tun-
dra sites. LRC parameters ranged between 1.55 and 8.04 pmol m-2 s-1 of
CO (fcsat); 0.78 and 3.85 pmol m-2 s'1 of CO2 (Rd) and 0.01 to 0.06 pmol
m-2 s1 of CO2 per pmol m-2 s-1 of PPFD (alpha). All sites were net sinks of
CO2 during the peak season. Site variations could be explained mainly by
differences in air temperature and leaf area index (LAI). Thus, climate
change effect will vary considerably within the Arctic tundra due to het-
erogeneity and differences in climate characteristics, vegetation compo-
sition and phenology.

10 Aarhus University, Frederiksborgvej 399, 4000 Roskilde, Denmark.
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1.2.7 Ecosystem-scale methane dynamics in a subarctic
mire landscape, Northern Sweden: on the
importance of lake emissions

Mathilde Jammet,11 Thomas Friborg, Patrick Crill

Methane is a greenhouse gas which has been increasingly studied over
the past decades due to its high global warming potential. Northern wet-
lands are thought to be a major natural source of methane, and the role
of open water areas on methane dynamics is still an open question.

Surface carbon exchanges, with a focus on methane emissions, are
monitored continuously in the Stordalen mire (68°20’N, 19°03’E) since
late May 2012. The area is underlain by discontinuous permafrost, re-
sulting in a dynamic landscape comprising dry palsa mounds elevated by
permafrost, water-saturated areas with deep summer active layers, fen
areas without permafrost, and open water bodies. Using high frequency
eddy covariance (EC) observations, we take an ecosystem-scale ap-
proach to analyze emissions from different surface types and integrate
the effect of landscape heterogeneity on methane dynamics.

The EC tower is situated at the shore of the wettest part of the mire,
bordered by a shallow lake. Thanks to a stable bimodal east-west wind
direction, we are able to clearly distinguish methane emissions between
the vegetated productive fen and the lake. Results from 2012 growing
season indicate much higher fluxes from the wetland quadrant: average
methane emissions of 7.4 + 2.7 mg m2 h-! from the fen were six times
higher than those observed at the lake (1.2 = 2.6 mg m-2 h-1). We observe
large differences in emissions variability between the two ecosystems,
reflecting a difference in environmental controls.

Ongoing chamber measurements conducted in the vicinity of the
tower validate the average summer emissions. Low lake fluxes were
unexpected given recent publications about subarctic lakes. Eventually,
yearly measurements will help assessing annual methane and carbon
budgets of these different ecosystems. Permafrost in the area is expected
to further degrade. Therefore, the fen is likely to represent a future state
of the mire, that is to say a stable methane source.

11 University of Copenhagen, Center for Permafrost, @ster Voldgade 10, 1350 Kgbenhavn K, Danmark.
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1.2.8 Under ice CO; dynamics in boreal lakes (aquatic
ecosystems): Implications of a changing cryosphere

Blaize Denfeld,1? Gesa Weyhenmeyer, Pirrko Kortelainen

It is well established inland waters have the capacity to efficiently trans-
form carbon, resulting in substantial emissions of carbon dioxide (CO2)
to the atmosphere. However, annual CO, emission budgets do not ac-
count for the ice-cover period, which is a defining aspect of high latitude
regions. Thus, there is a need to better understand and quantify pCO-
dynamics during ice cover; in particular since climate change will un-
doubtedly alter the formation and duration of ice on lakes. We investi-
gated under ice pCO; for a diverse set of 335 lakes in Sweden and related
them to lake water chemistry, lake morphometry and ice duration data.
We also measured under ice pCO- in a single lake ecosystem to evaluate
vertical and horizontal pCO; variations. Our results show that pCO2 un-
der ice variations are dependent on nutrient conditions in the lake water
and lake morphometry. Further, under the ice cover CO; concentration
profile between bottom waters and surface waters was less sharp com-
pared to the open water period. We conclude that the accumulation of
CO2 below lake ice is primarily driven by nutrient conditions and less by
ice cover dynamics.

12 Uppsala University, Norbyvédgen 18D, 75236 Uppsala, Sweden.
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2. Modeling the carbon budget

2.1 Summary of presentations

Within the research area of modeling the carbon cycle a wide range of
research fields are present (Denman et al 2007). Many parameters influ-
ence the carbon cycle, thus it can be very complicated to model. There-
fore, modelers have to decide on model complexity and model parame-
terization. The degree of complexity and parameterization is further-
more linked to the spatial scale of the model i.e. site specific, regional etc.
Model wise the different spatial scales are connected by up- or down
scaling; however the detailed description in site specific models might
be parameterized in regional models. In Session 2 an introduction to
some of the research fields within carbon cycle modeling were given
starting with modeling of marine systems followed by terrestrial model-
ing both of forest and agricultural ecosystems, and concluded by region-
al modeling of the carbon cycle.

Many presentations in Session 2 showed how observations are
important for modelers. Real time observations have several usages
for developing and evaluating the performance of models such as
tuning of model parameters, model validation and model inversions.
B. Tupek uses an extensive data base of biomass of needles and leafs
to estimate litter in forests, while A. Koyama uses observation in an
inversion to estimate regional methane fluxes. R. Jensen uses obser-
vations of leaf chlorophyll and leaf photosynthesis to estimate V cmax
and parameterize a model to simulate LAI and GLAI. Of course the
same observations cannot be used for both parameter settings and



validation - independent data is needed for that, and as such there is
always a wish for more observations.

Input data are essential for model simulations and often weather da-
ta are one of the needed inputs. However, the choice of selected weather
data can alter the results greatly as shown by A. Lethonen, where the soil
carbon exchange varied significantly with the change of meteorological
input data. Thus, modelers should genuinely consider which inputs to
apply for their models.

A challenge for most models is the heterogeneity of many land sur-
faces, which can make the estimation of carbon exchange between the
terrestrial biosphere and the atmosphere difficult both for footprint
analysis and models of different spatial scales. This was shown for CH4
emissions from wetlands by A. Budishchev.

The many branches of carbon cycle modeling are all contributing
with a part of the puzzle to determine the carbon cycle. Models are
needed, as observations have a very sparse spatial representation, and
from observations alone you would not be able to get the full picture of
the carbon budget. It is essential to understand the current processes
influencing the carbon cycle in order to be able to predict future chang-
es. Models are continuously being improved, and better representations
of the physical, chemical and biological processes governing the carbon
cycle are implemented. As shown by keynote speaker C. Heinze natural
variation in atmospheric CO; has existed as long as our records go back
in time (400,000 years) following the glacial cycles. However, our sys-
tem is irreversible and with the present anthropogenic interference it is
not certain that the atmosphere of the Earth ever again will experience a
level of CO; being equal to that of the pre-industrial level (Archer 2005,
Denman 2007). Thus, it is of greatest importance to further develop
models for carbon cycle studies as to determine where the current situa-
tion will take us in the future.

References

Archer, D., (2005). The fate of fossil fuel COz in geologic time. ]. Geophys. Res.,
110(C9), C09S05, doi:10.1029/2004JC002625.
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2.2 Abstracts

2.2.1 Key note: Towards the quantification of marine
carbon budgets with models

Christoph Heinzel3

The ocean is important for carbon cycling primarily due to three main
factors: 1. The Ocean is a huge carbon reservoir with a relative short
turnover time. 2. Carbon dioxide in sea water is effectively dissociated
inorganically into other substances. 3. Marine plankton is keeping the
surface ocean carbon dioxide concentration at a lower level than a life-
less ocean would provide. For natural carbon dioxide variations, such as
during the glacial-interglacial cycles, the biological carbon cycling pre-
sumably played a key role as shown by sediment core data. For the up-
take of human produced carbon dioxide, the inorganic uptake by the
ocean (dissolution, dissociation, transport, and mixing) plays the most
prominent role. Ocean acidification, changes in ocean circulation, and
other factors can, however, also lead to a modification of organic carbon
cycling. On intermediate to long time scales, the ocean provides the most
important uptake reservoir for anthropogenic carbon dioxide. The prin-
ciple modeling concepts for simulating the marine carbon cycle will be
described. An overview about present projects on establishing the global
and regional marine carbon budgets will be presented. The inclusion of
the coastal zone and the land-ocean transfer of matter provide specific
challenges for Earth system modellers. New and emerging data synthe-
ses provide a basis for combining models with observations in a system-
atic way in order to arrive at best possible estimates for the fate of an-
thropogenic carbon in the Earth system.

13 University of Bergen, Geophysical Institute & Bjerknes Centre for Climate Research, Allégaten 70, 5007
Bergen, Norway.
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2.2.2 CO;: uptake in the inner Danish waters

Jorgen Bendtsenl*

The ocean takes up a significant part of the global anthropogenic CO>
emissions. For example, about half of the total CO, emissions from fossil
fuel combustion and cement-manufacturing production has been dis-
solved in the ocean since the industrialisation, equivalent to about 160
Pg C. Currently the ocean absorbs about one third of the total global an-
thropogenic CO; emissions of ~8 Pg C yr-! and this global carbon ocean
sink is expected to continue in the near future, and even increase be-
cause of the increasing atmospheric pCO2 level. However, the ocean CO;
sink is characterized by large spatial and temporal variations with areas
of large CO2 out-gassing or uptake. Coastal areas also show a large spa-
tial and temporal variation and, for example, in our region the current
estimates varies from an annual CO2 uptake of -1.2 mol m2 yr! in the
North Sea area to a net outgassing of about 1.6 mol m-2 yr-! in the central
Baltic Sea. The inner Danish waters, i.e. Kattegat, the Belt Seas and
Sounds, are a part of the transition zone between the North Sea and the
low-saline Baltic Sea and therefore located in this large spatial gradient
of ocean carbon uptake. As a part of the on-going ECOCLIM project we
analyse the CO; dynamics in the region through regional ocean modeling
and preliminary results of the CO; uptake in the area will be presented.
Finally the implications of further global warming on the future CO--
uptake in the region will be discussed.

2.2.3 Predicting damage vulnerability based on ground-
based observations of forests and weather

Mikko Peltoniemi, !5 Petteri Muukkonen, Sanna Hdrkénen, Aleksi Lehtonen,
Annikki Mdkeld, Seppo Nevalainen, Seppo Neuvonen

Climate has direct influence on forest carbon and water balances, but it also
influences forest damages. Populations of some pests can grow enormously
when climate and other factors turn favourable, and they can cause wide-

14 ClimateLab, Symbion Science Park, Fruebjergvej 3, Box 98, 2100 Copenhagen East, Denmark.
15 Finnish Forest Research Institute, METLA, Jokiniemenkuja 1, 01301 Vantaa, Finland.
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spread forest damages, which have further consequences on forest carbon
balances and growth. It is expected that the influence of forest damages to
large-scale carbon budgets will increase with climate change.

We are building a model-data system, which draws from ground-
based estimates of forest structure and weather in order to make infer-
ences about forest carbon balances and damage vulnerability. Forest-
inventory data provides the basic structural information about forests,
which we scale wall-to-wall Finland using satellite images, and then use
as input to a forest carbon-water balance model. Forest inventory data,
together with permanent sample plots, also provides information about
forest damages.

In this presentation, we will present on-going work that we are con-
ducting in order to estimate vulnerability of forests to damages associat-
ed with low or high soil moisture. We will present our preliminary at-
tempts to predict damage vulnerability of forests based on permanent
sample plot and forest inventory data, topographic map data and weath-
er. We further evaluate the potential of model predicted drought in ex-
plaining the occurrence of forest damages.

Climforisk, 2011-2014 LIFE0O9 ENV/FI/000571 Climate change in-
duced drought effects on forest growth and vulnerability, www.metla.fi/
life/climforisk

2.2.4 The uncertainty of modeled soil carbon stock change
for Finland

Aleksi Lehtonen,16 Juha Heikkinen

Countries should report soil carbon stock changes of forests for Kyoto
Protocol. Under Kyoto Protocol one can omit reporting of a carbon pool
by verifying that the pool is not a source of carbon, which is especially
tempting for the soil pool. However, verifying that soils of a nation are
not a source of carbon in given year seems to be nearly impossible. The
Yasso07 model was parameterized against various decomposition data
using MCMC method. Soil carbon change in Finland between 1972 and
2011 were simulated with Yasso07 model using litter input data derived
from the National Forest Inventory (NFI) and fellings time series.

16 Finnish Forest Research Institute, Jokiniemenkuja 1,01301 Vantaa, Finland.

Workshop on assessments of National Carbon Budgets 31


http://www.metla.fi/

The uncertainties of biomass models, litter turnover rates, NFI sam-
pling and Yasso07 model were propagated with Monte Carlo simula-
tions. Due to biomass estimation methods, uncertainties of various litter
input sources (e.g. living trees, natural mortality and fellings) correlate
strongly between each other. We show how original covariance matrices
can be analytically combined and the amounts of simulated components
reduce greatly. While doing simulations we found that proper handling
correlations may be even more essential than accurate estimates of
standard errors.

As a preliminary results, from the analysis we found that both South-
ern- and Northern Finland were soil carbon sinks, coefficient of varia-
tions (CV) varying 10%-25% when model was driven with long term
constant weather data. When we applied annual weather data, soils
were both sinks and sources of carbon and CVs varied from 10%-90%.
This implies that the success of soil carbon sink verification depends on
the weather data applied with models. Due to this fact IPCC should pro-
vide clear guidance for the weather data applied with soil carbon models
and also for soil carbon sink verification. In the UNFCCC reporting car-
bon sinks of forest biomass have been typically averaged for five years -
similar period for soil model weather data would be logical.

2.2.5 A synthesis on carbon budget in a Danish, temperate
deciduous forest

Jian Wu,17 Klaus Steenberg Larsen, Leon van der Linden, Claus Beier, Kim
Pilegaard, Andreas Ibrom

A synthesis on carbon budget in a temperate deciduous forest, Sorg
(Zealand, Denmark) was performed by combining all available data from
eddy covariance, chamber, suction cups and biometric measurements.
The net ecosystem exchange of CO; (NEE), soil respiration, tree growth,
litter production and the leaching of dissolved organic carbon were in-
dependently estimated and used to calculate other unmeasured ecosys-
tem carbon budget (ECB) components, based on mass balance equa-
tions. This provided a complete assessment of the carbon storage and
allocation within the ecosystem. The results showed that this tempera-

17 Technical University of Denmark, Frederiksborgvej 399, 4000 Roskilde, Denmark.
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ture deciduous forest was moderately productive (259 + 41 g C m-2 yr-1)
with both high rates of gross primary production (GPP, 1881 + 95 g C m-
2yr-1) and ecosystem respiration (Re, 1624 + 197 g C m-2 yr-1). Approxi-
mately 62% of the gross assimilated carbon was respired by the living
plants, while 21% was contributed to the soil as litter production, the
latter balancing the total heterotrophic respiration. The remaining 17%
was either stored in the plants (mainly as aboveground biomass) or
removed from the system as wood production. The SOC was considered
to be unchanged over the period of observation, given the high degree of
uncertainty associated with the small loss detected (33 + 85 g C m-2 yr-1).
The results of the study yield valuable information that helps checking
the plausibility of the multiple datasets in an ecosystem context. The
plausibility analyses reported here, using simple mass balance equations
to constrain the uncertainty of estimated ecosystem components of ECB,
may be widely applicable among other experimental sites.

2.2.6 Variation of pine, spruce, and birch litterfall data
exceeds modeling inputs for soil carbon stock
change

Boris ’fupek 18 Aleksi Lehtonen, Tatu Hokkanen, Liisa Ukonmaanaho, Pek-
ka Néjd, Eero Nikinmaa

Prerequisite for precise estimates of soil carbon stock change is a correct
model function; moreover, exact model inputs. Systematic errors in
model inputs propagate into large offsets with soil carbon stocks and
their changes on regional level estimates.

Here, we aim to test the differences between the existing Pine, Spruce
and Birch litterfall data and litterfall estimates based on models. We
applied biomass models and litter-turnover rates for litter trap sites and
then compared the quantity of measured and modeled foliage litter.

The litterfall data showed in comparison to foliage estimates larger
variation, which is presumably driven by differences in climate and en-
vironment, a subject of further investigations.

18 University of Helsinki, Department of Forest Sciences, Latokartanonkaari 7, 00014 Helsinki, Finland.
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2.2.7 Validation of PEATLAND-VU methane emission
model using eddy covariance observations and
footprint modeling

Artem Budishchev,?® Y. Mi, ]. van Huissteden, G. Schaepmann-Strub, F. ].
Parmentier, G. Fratini, L. Belelli, A. Gallagher, A. J. Dolman, T. C. Maximov

Several methane emission models were developed recently. However,
validation of these models is currently performed using data collected
by closed chamber method. While being a simple and relatively inexpen-
sive way to measure fluxes, this method has a number of limitations
such as small measurement area and low temporal resolution. Further-
more, chamber measurements are unsuitable to register ebullition
events, which can have a significant influence on observed fluxes. Eddy
covariance (EC) measurements on the other hand provide data on a half-
hourly basis and cover larger areas, while being non-intrusive way to
measure fluxes and account for ebullition.

In this study, we present a validation of PEATLAND-VU methane
emission model using eddy covariance data, collected in summer peri-
ods of 2008 and 2009 at the Indigirka lowland site in Eastern Siberia.
High resolution vegetation map together with Kormann & Meixner, 2001
footprint model were used to produce footprint weighted methane flux-
es. Consecutively, these values were compared to EC data.

Results of the comparison show good agreement of the modeled flux-
es and EC flux. The model was able to reproduce daily variations of the
fluxes albeit some mismatch.

19 VU University Amsterdam, De Boelelaan 1085, 1081HV Amsterdam, The Netherlands.
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2.2.8 Temporal variation of leaf nitrogen: a key
parameter for photosynthesis modeling

Rasmus Jensen20

Leaf photosynthetic capacity is limited by leaf nitrogen concentration
(Na) and leaf chlorophyll content (Cab) and these parameters often
show a characteristic seasonal dynamic. When simulating CO2 exchange
over vegetated surfaces, model outputs are sensitive to leaf photosyn-
thetic capacity.

In the present study we investigate the temporal change in nitrogen
and thus photosynthetic capacity and the implications when parame-
terizing a CO2 exchange model. Field measurements of leaf photosyn-
thesis (LI-6400, LICOR Inc.), leaf reflectance (SPAD-502, Minolta), and
LAI (LAI-2000, LICOR Inc.) were conducted on agricultural fields in
Western Denmark during one growing season. The leaf photosynthesis
measurements provided the basis for estimating photosynthetic capac-
ity. SPAD measurements and LAI was measured with a higher spatial
and temporal resolution. SPAD readings were calibrated against Cab
and Na analyzed on leaf material in the laboratory and later correlated
to photosynthetic capacity. These data were used to parameterize a
coupled photosynthesis and stomatal model that was run for the grow-
ing season 2012 to estimate NEE. In parallel fluxes of greenhouse gases
were continuously measured by eddy covariance systems at the field
site, providing the basis for estimating the exchange of energy, water
vapour, and COz on canopy scale. We compare modeled NEE with the
measured CO; fluxes.

The presented approach is shown to provide an efficient field sam-
pling method for model parameterization with high temporal and spatial
resolution and a physiological basis for scaling fluxes from leaf level to
canopy scale.

20 University of Copenhagen, Department of Geosciences and Natural Resource Management, @ster Voldgade
10, 1350 Kgbenhavn K, Denmark.
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2.2.9 Modeling of regional CO: balance in Life+ project
SnowCarbo

Tiina Markkanen,?! Tea Thum, Jouni Susiluoto, Niina Puttonen, Tuula Aalto.

In SnowCarbo project a regional modeling framework was developed to
estimate current land ecosystem CO; balance in region covering Fen-
noscandia and Baltic countries. The modeling framework consists of a
Regional Climate Model (RCM), REMO, and a land surface scheme (LSS)
JSBACH. The models are one-way coupled so that REMO provides the
meteorology for the surface processes of LSS.

REMO is derived from the operational weather forecast model of the
Deutscher Wetter Diendst (DWD), therefore it has been extensively
evaluated for its capability to predict the synoptic scale meteorological
phenomena. In this project the RCM have been driven with daily initiali-
zation from boundary conditions so that the climate remains close to the
actual weather conditions. The boundary data is from ERA-INTERIM. As
REMO model does not presently consider carbon cycle, JSBACH is used
to simulate CO exchange in the present work.

JSBACH is the LSS of general circulation model (GCM) ECHAMG6 of
MPI-Hamburg. The role of a LSS in GCM is to provide the lower boundary
condition to the atmosphere for 1) the vertical diffusion scheme; 2) ra-
diation scheme and 3) hydrological cycle such that the surface energy
balance and water balance are closed. Stomatal functioning, that is the
most crucial control of water vapor exchange between the vegetation
and the atmosphere, constrains the photosynthetic CO, exchange as
well. Thus LSS JSBACH, that treats the surface water cycle by considering
the physiological response of vegetation to the climatic variables, is
readily able to predict the photosynthetic CO, exchange rate. Moreover,
in order to produce a reliable net ecosystem exchange of CO, (NEE), the
allocation of carbon into various pools in soil and vegetation and the
decomposition of these storages are described in JSBACH.

We present the land CO2 balances estimated by the modeling frame-
work for years 2001-2009 and discuss its reliability, practical applica-
bility and future developments.

21 Finnish Meteorological Institute, P.0.Box 503, 00101 Helsinki, Finland.
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2.2.10 Methane surface flux estimations by inverse
modeling: CarbonTracker Data Assimilation Shell

Aki Koyama,2? Tuula Aalto, Peter Wouters, Leif Backman, Maarten Krol,
Karolina Stanislawska.

In recent years, inverse models are becoming common tools to estimate
greenhouse gas surface fluxes by source categories, such as anthropo-
genic, natural fire, biosphere and oceanic. One of such models, Carbon-
Tracker Data Assimilation Shell (CTDAS), has been further developed to
derive optimized estimates of global methane surface fluxes, using the
forward and bottom-up estimates as priors. EDGAR v4.2, LP]-WhyMe,
GFED and NOAA GMD Carbon Cycle GHG MBL References are used as the
prior emissions for anthropogenic, biosphere, fire and ocean respective-
ly. Further, prior for termites added. The priors are transported by
chemistry-transport model (TM5) to match time and location where
atmospheric observations are available, and two of those (anthropogen-
ic and biosphere) are optimized through the data assimilation system
(Ensemble Kalman filter). The latest version of TM5, driven by ERA-
Interim ECMWF meteorological fields, with a two-way nested European
domain and 12x12 grid over high Northern latitudes (up to 702N), is
used to focus the estimates over Europe and European Boreal regions.
Atmospheric methane sink with OH is included with contributions from
tropospheric and stratospheric OH, Cl and O(1D). The atmospheric ob-
servations are collected from WDCGG. The forward model result for year
2007 is compared to the atmospheric observations in Europe in order to
prepare and validate the modeling system for inverse approach.

22 Finnish Meteorological Institute, P.0.Box 503, 00101 Helsinki, Finland.
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3. Remote sensing data for
carbon balance modeling

3.1 Summary of presentations

Remote sensing data have various applications to carbon balance model-
ing such as: model inputs, model validation, coordinating tools for mo-
bile measurements, regional analysis, upscaling of local measurements,
and several others (Anderson and Norman 2007, Rosenqvist et al. 2003,
Turner et al. 2004). They all play important roles in regional and large
spatial scale estimations, which cannot be discovered by only local
measurements.

The invited speaker, K. Bottcher discussed the impacts of land cover
maps as inputs to a one-way coupled REMO-JSBACH model, developed in
SnowCarbo Life+ project. The land cover maps influence carbon budget
estimations because most of the natural carbon cycle on land is con-
trolled by the vegetation. The amount and types of vegetation determine
the balances between sinks and sources, and affect the temporal varia-
tion of the carbon exchange. Therefore, a good land cover map is essen-
tial to carbon balance modeling. The comparison illustrated the large
impacts on estimated carbon balances by using different land cover
maps. Also, the validation of model results using MODIS normalized dif-
ference vegetation index (NDVI), water index and snow cover area data
illustrated the difficulties in estimating snow cover seasons over the
Nordic region. However, applying remote sensing data as an adjustment
of model parameters could potentially improve the model.



Using high resolution land cover data generally improve model esti-
mations, especially for heterogeneous land. T. Becker used remote sens-
ing data of a coordinate reference system (CRS) in the estimation of local
land surface map. He used a system, where a camera is placed in an air-
borne mobile platform, taking pictures of study area (Salmisuo). Com-
bining those pictures, a very fine resolution map has been created. Such
map cannot be obtained by satellite observations from space, and is use-
ful in detailed local carbon cycle estimation.

Another application is discussed by A. Gallagher, where the remote
sensing data were used for pond detection of the Siberian arctic tundra.
The satellite images of reconnaissance satellite KH-11 KENNAN (also
known as Key Hole) image from 1977 and earth observation satellite Geo-
Eye-1 image from 2010 were compared to determine the changes in the
number of ponds around the area. Although the two images differ much in
resolutions, the comparison illustrated a clear increase in the number of
ponds, which indicates the thawing of permafrost. As permafrost contains
the vast amount of carbon, its changes has impacts on greenhouse gas
emissions. The changes in the land also affect local vegetation.

The carbon cycle is not only dependent on natural processes, but also on
human activities. A. Nordbo discussed the use of MODIS global land cover
data for upscaling the local urban measurements to continental urban lev-
els. From the remote sensing data, the fraction of natural area were deter-
mined and meta-analysis of data from 14 flux measurement sites were used
as scaling factor for estimation of Net Urban Ecosystem Exchange (NUE).
The results showed good agreements with inventory data.

It is important to be aware that remote sensing data does not reveal
everything. Old data tend to have low resolutions, making it difficult to
use for past analysis and small regional scale estimation. Furthermore,
clouds have been problematic in retrieving the data; the satellite data
are limited for the Nordic region in winter because the region is mostly
clouded during the season.

To conclude, the applicability of remote sensing data to carbon balance
modeling is diverse. Data such as land and snow cover map are especially
useful for the Nordic region, where the natural land is extensive, and the
carbon balance is especially sensitive to snow cover and melting of perma-
frost. Other remote sensing data are also useful in modeling carbon ex-
change of heterogeneous lands, such as swamps and cities. In summary
new and improved understanding of regional to global scale carbon bal-
ance is obtained through the use of remote sensing data.
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3.2 Abstracts

3.2.1 Key note: Remote sensing data for carbon balance
modeling

K. Bottcher,?3 M. Tormd, P. Hdrmd, T. Markkanen, O.-P. Mattila,
S. Metsdmdki, A. Arslan, T. Aalto, J. Pullianen

In the framework of the project SnowCarbo (http://snowcarbo.fmi.fi),
we investigated the use of remote sensing data in support of carbon
balance modeling. The work focussed on (i) the implementation of up-to
date land cover information and (ii) the evaluation of modelled phenolo-
gy and snow cover. For the modeling of annual carbon balances in
Northern Europe, the land surface model JSBACH (Jena Scheme for Bio-
sphere-Atmosphere) of Max Planck Institute (MPI) in Hamburg was ap-
plied in an instantaneous form. JSBACH was forced with regional mete-
orological data in hourly time resolution that was generated with the
regional climate model REMO (MPI, Hamburg). Era-INTERIM data from
the European Centre for Medium-Range Weather Forecasts (ECMWF)
was used as boundary data for the regional model.

Land cover information affects both the regional climate (REMO) and
the carbon cycle (JSBACH) and alternative land cover data sets (CORINE
Land Cover, GlobCover version 2.2) were evaluated and compared to the
standard model version (Global Land Cover Characteristics Database by
USGS). Additionally, allocated surface parameters (e.g. forest ratio) for
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land cover categories were evaluated and revised using local estimates
from Finland.

The performance of the JSBACH model regarding the start of the grow-
ing season (hereafter referred to as Growing Season Start Date, GSSD) and
the melting of snow cover in spring were assessed with satellite observa-
tions from Moderate Resolution Imaging Spectrometer (MODIS). The sat-
ellite retrieval method for GSSD in evergreen coniferous forest was cali-
brated to in situ observations of CO fluxes at eddy covariance (EC) sites in
Finland. A fixed fraction of peak growing season gross primary production
(GPP) was used as a threshold value for the growing season onset from EC
measurements. Modelled GSSD from regional GPP predications by JSBACH
showed good spatial correspondence, but a delay (about 2 weeks) com-
pared to satellite observations.

3.2.2 Climate driven permafrost degradation and the
resulting increase in pond cover impacts on the
Siberian tundra greenhouse gas emissions

Angela Gallagher,?* A. Budischev, B. Li, R. Petrov, J. van Huissteden,
M.M.P.D.Heijmans, T.C. Maximov, A.J. Dolman.

Rising global temperatures threatens the stability of continuous perma-
frost environment, resulting in the release of previously frozen carbon,
creating a positive climate feedback from terrestrial systems. The result-
ing permafrost degradation will impact on both a large scale, expansion
of thaw lakes, and small-scale features, such as superficial pond for-
mation and mass wasting.

The increased occurrence of thaw ponds and their impact on vegeta-
tion is been studied at the Kytalyk research station, located in Indigirka
lowlands, Northeast Siberia. This area is located on the drained bed of an
Early Holocene thaw lake. The area is characterised by the presence of
low palsas (flat ice mounds), covered with mosses and Betula nana. The
edges of these palsas are subject to frequent thawing, creating shallow
ponds with decaying palsa vegetation.

Comparison, using high resolution satellite images from 1977 (Amer-
ican Keyhole project image) and 2010 (Geoeye), showed increased oc-
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currence of thaw ponds over a 33 year period. Flux measurements from
a selection of these ponds showed elevated emission of CO; and CHa.
Dead Betula nana produced fluxes of 106.84mg CO2 m2 hr-! and 3.58mg
CH4 m2 hr-1 in the summer of 2011.

However, a decrease of GHG fluxes occurs when Carex and Eriopho-
rum (sedges) vegetation invades these ponds. The CH4 emission from
sedges is still high, 9.1mg CH4 m2 hr-t in 2010 and 3.9mg CHs m2 hr-! in
2011, but this is compensated by rapid CO; uptake. It is therefore likely
that GHG emission from this type of shallow permafrost degradation is
strongly influenced by ecosystem recovery rates.

3.2.3 The use of high resolution aerial photography to
estimate source area contributions to
heterogeneous ecosystem fluxes

Thomas Becker,?> ]. Sievers, 1. Forbrich, J. Schneider, M. Gazovic, L

Accurate determination of carbon balances in heterogeneous ecosys-
tems requires an estimate of the spatial extent of the different surface
types. In peatlands, small-scale variations of surface structures, vegeta-
tion cover and hydrology influence the carbon exchange on the micro-
form scale. To extrapolate plot data, detailed knowledge of the small-
scale variations is required. But even for the evaluation of ecosystem-
scale measurements estimates of the landcover are needed. Here, we
evaluate the influence of landcover maps of differing high resolution on
the estimation of vegetation period net ecosystem exchange of a hetero-
geneous peatland.

The studies have been conducted in the near-pristine boreal peatland
complex Salmisuo located in North Karelia, eastern Finland. An eddy co-
variance system was running all year round in 2006 and 2007, while
closed chamber measurements were performed from May-October 2006
and May-July 2007. Both chamber measurements and eddy covariance
measurements were modelled based on irradiance and temperature func-
tions. Aerial photographs have been obtained utilising a blimp and a digi-
tal camera, resulting in a surface classification of the 200m radius fetch of
the eddy covariance system. To evaluate dependencies of the ground reso-
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lution with respect to coverage changes of land use classes, we resampled
to resolutions of 13cm (best), 60cm and 100cm. The resulting maps are
used to extrapolate the chamber measurements and in combination with
an analytical footprint model (Kormann & Meixner) to estimate the 30min
source area fractions of the different microform types.

We will demonstrate the advantages of using very high resolution
aerial photographs in combination with an analytic footprint model to
achieve more accurate model results at higher resolution. Additionally,
we assess the relative merits of using extrapolated modelled chamber
measurements and eddy covariance measurements in modeling gas
fluxes in the study area.

3.2.4 Fraction of natural area predicts CO; budgets of
cities

Annika Nordbo?6

Cities are the largest source of greenhouse-gases, especially that of COx.
We perform a meta-analysis of annual CO; budget estimates from 14
cities. The estimates are based on direct eddy-covariance flux measure-
ments that take into account sources within a few hectares around a
measurement tower. We show that the fraction of natural land area can
explain 84% of the intercity variation in the CO; budget. Thus, this de-
pendency is used as a proxy for predicting CO2 budgets around the
world based on satellite-driven land cover data. The upscaling proce-
dure is verified by extracting 56 case study cities from the mapping and
by comparing their inventory-based estimates to our estimates based on
land cover. The correspondence is high (r2=0.72) and thus the fraction of
natural area can be corroborated to be a valid proxy for CO; budgets of
cities. Furthermore, the annual budget is zero when the fraction of natu-
ral area is about 80%.
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4. Impacts of future climate and
land use scenarios

4.1 Summary of presentations

In order to assess the future evolution of the carbon cycle, scenarios are
needed. In the framework of IPCC various climate scenarios have been
conducted. They span a wide range in which the actual future climate
change most likely will lie (Meehl et al. 2007, Moss et al. 2010).

Many scientist working within research areas where natural responses
to climate change are investigated are dependent on climate scenarios in
order to assess the future changes. However, due to the large spread in the
climate scenarios it can be troublesome to select which and how many
climate scenarios to use in a study, since scientists can be limited by both
accessibility to the climate data, time and money. The question is not just
which scenario to use, but also from which Global Circulation Model
(GCM) these data should come. Among GCMs large variations can be seen
for the same applied scenario, and as explained by invited speaker Martin
Drews one cause for these variations is the different land use models used
in the GCMs. Thus, it is important to consider both the scenarios and GCMs
used when applying such data in a study.

Another important consideration is how to present the results -
should it be a mean across scenarios, a mean across GCMs, should it be
communicated as just one figure or a range, and with or without uncer-
tainties? These reflections were all pointed out by Tuomo Kalliokoski
during his presentation on climate induced change in Finnish forest for
which the use of climate scenarios are very important.



There is no doubt that a changing climate will induce changes in eco-
systems, and with this changing climate a need to change our habits and
our perspective on land use management exists. For this land use sce-
narios can be very useful and for which the same considerations as cli-
mate scenarios can be conducted. Examples of change in habits are man-
agement changes of ecosystems such as forests and agricultural sites,
but also the idea of biomass utilization for energy, sustainability and
carbon storage could be considered as presented by Kim Pilegaard.

Assessment of climate induced changes on ecosystems is most often
investigated by models, but at the heathland of Brandbjerg an experi-
mental site has been built. Here the effect of three parameters is being
tested - enhanced CO, higher temperature and drought, alterations
which all are likely in the future climate. The influence from these varia-
bles was found not necessarily to be additive revealing the nonlineari-
ties and complexity in our natural system and climate.

The sinks from terrestrial ecosystem have continued to grow with in-
creasing anthropogenic emissions. It is, however, uncertain how efficient
the sinks will continue to be in the future. The uncertainties lies within
errors in the estimation of land-use changes, ecosystems possible recov-
ery from past disturbance or induced change in metabolism caused by
alterations in COg, nitrogen (N), temperature and water. As mentioned
by Camilla Geels fertilization by N has widely been used throughout the
20th century, but as its harmful effect on natural ecosystem was discov-
ered legislation has decrease the use. Nevertheless, the decreased input
of N might reduce ecosystems ability to uptake CO,.

Climate and land-use scenarios are important tools for scientist in
this field of research. But one should keep in mind that these scenarios
do not tell exactly what will happen in the future, rather they are made
to give possible pathways of the future development. No one in the sci-
entific community can tell exactly what will be happening in the future.
Scientist can only give qualified guesses based on the assumptions made
in their modeling framework.

References

Meehl], G. A., Stocker, T. F., Collins, W. D,, Friedlingstein, P., Gaye, A. T., Gregory, ]. M.,
Kitoh, A., Knutti, R., Murphy, ]. M., Noda, A, Raper, S. C. B, Watterson, L. G., Weaver,
A.].,and Zhao, Z.-C. (2007). Global Climate Projections. In: Climate Change (2007):
The Physical Science Basis. Contribution of Working Group I to the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate Change [Solomon, S., D.
Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

46 Workshop on assessments of National Carbon Budgets



Moss, R. H., Edmonds, J. A, Hibbard, K. A, Manning, M. R,, Rose, S. K., van Vuuren, D.
P., Carter, T. R,, Emori, S., Kainuma, M., Kram, T., Meehl, G. A., Mitchell, ]. F. B.,
Nakicenovic, N,, Riahi, K., Smith, S.]., Stouffer, R. J., Thomson, A. M., Weyant, ]. P.,
and Wilbanks, T. ]. (2010). The next generation of cenarios for climate change re-
search and assessment. Nature 463(7282), 747-756, doi:10.1038 /nature08823.

4.2 Abstracts

4.2.1 Key note: Climate models and land surface

Martin Drews?7 and Jens Hesselbjerg Christensen

The land surface constitutes an important component in climate models.
For example the terrestrial surface plays a key role in dividing the avail-
able energy between sensible and latent heat fluxes, it determines
whether water drains or remains available for evaporation, it influences
the surface fluxes of carbon, and it defines the surface albedo. Due to the
relatively coarse resolution of coupled atmosphere-ocean circulation
models (AOGCM), however, land processes are only described in such
models in a fairly simplistic manner. Higher resolution regional climate
models are generally better equipped to resolve the land surface, but
many problems remain and there is general agreement that the land
surface component in climate models should be improved. For example
Christensen and Boberg (2012) has suggested that the temperature de-
pendent climate projection deficiencies in CMIP5 models and in ENSEM-
BLES RCM’s are linked with the ability of models to capture complex
feedbacks accurately, in particular land surface-atmosphere interac-
tions. Likewise, Wei et al (2010) argue about the importance of land
models for climate simulations. Recent developments in land surface
schemes in climate models include the Noah land surface scheme in
WREF, the LPJ-GUESS ecosystem model and the LSM advanced land sur-
face scheme used in the COSMO-CLM regional climate model.
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4.2.2 Biomass utilization for energy, sustainability,
carbon storage, and sinks

Kim Pilegaard?s

There are few possibilities to mitigate climate change by actually remov-
ing CO2 from the atmosphere. Use of biomass for energy is generally not
CO2 neutral since some energy is needed for the production and conver-
sion of biomass. One possibility to improve the situation is BIO-CCS,
where biomass utilization is combined with carbon capture and storage.
Another possibility is to store carbon in the soil in the form long-lived C-
compounds such as biochar and ash. When growing biomass for energy-
purpose it should be carefully assessed how much benefit there is, when
all the necessary inputs are taken into account. Also it is important to
assess the stocks created. From a climate point of view long-term stor-
age of C in the soil as seen in old forests might be more beneficial than
high uptake in above ground biomass in short rotation crops.

The terrestrial sink for carbon has been increasing over some dec-
ades, but might be vulnerable due to climate change and extreme climate
events. It is demonstrated how the heat-wave in Europe in 2003 led to a
net release of carbon from terrestrial ecosystems equal to 4 years of
normal net carbon sequestration.
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4.2.3  Effects of elevated COz, warming and summer
drought on the carbon balance in a Danish
heathland after seven treatment years - results
from the CLIMAITE project

Klaus Steenberg Larsen,?9 Per Ambus, Claus Beier, Andreas Ibrom, Johanes
Ransijn, Inger Kappel Schmidt, Jian Wu

In a Danish heathland co-dominated by heather (Calluna vulgaris) and
grasses (Deschampsia flexuosa) we simulated realistic future climate
scenarios in a full-factorial design of elevated atmospheric CO:
(510ppm), increased temperatures (0.5-1.5 °C) and intensified summer
drought events (4-6 weeks per year). Treatments were initiated in
2005. Using manual chamber techniques, we measured soil respiration
(SR), ecosystem respiration (ER) and net ecosystem exchange of CO>
(NEE) and determined gross ecosystem photosynthesis (GEP) as NEE -
ER. We also monitored carbon losses in the form of dissolved organic
carbon (DOC) in leached soil water.

Across all combinations of treatments with elevated CO-, SR rates in-
creased by 20-30%, whereas GEP rates increased by <5% leading to a
net loss of carbon under elevated CO; compared to the carbon balance
under ambient CO». Elevated CO; did not significantly affect above-
ground ecosystem respiration rates or below-ground DOC leaching. The
warming treatment had only small effects on both GEP and respiration
rates, i.e. slightly decreased uptake rates by photosynthesis and slightly
increased loss rates by respiration, resulting in increased overall net
carbon losses from the system. In contrast, the drought treatment led to
reduced rates of both photosynthesis and respiration, while the net bal-
ance was almost unaffected.

The drought treatment therefore exhibited the smallest change in
climate change feedback (i.e. no change in NEE), whereas both warming,
but especially elevated CO; treatments overall showed a surprising posi-
tive feedback to climate change even after seven years of treatments.
Furthermore, the effects of elevated CO; interacted with the other cli-
mate drivers. The results highlight that not all ecosystems may be ex-
pected to increase their net carbon uptake in a future CO; enriched at-

29 Technical University of Denmark, ECO Centre, Department of Chemical and Biochemical Engineering,
Frederiksborgvej 399, 4000 Roskilde, Denmark.

Workshop on assessments of National Carbon Budgets 49



mosphere especially because other climate drivers may significantly
affect the final ecosystem response.

4.2.4 Climate change induced changes in gross primary
production in Finland

Tuomo Kalliokoski,30 Mikko Peltoniemi, Annikki Mdkeld

During this century, mean annual temperature may rise 2-6 °C and pre-
cipitation increase 10-20% in Finland. These changes combined with
higher atmospheric COz-concentration have yielded several tens of per-
centages increase in growth of trees in some modeling studies. However,
the local and regional level climate change scenarios derived from Global
Circulation Models (GCM) includes lot of uncertainty. Timing of precipi-
tation is particularly difficult to predict and possible drought spells dur-
ing growing seasons may influence the expected growth increase of
trees. Further development of both regional climate and growth models
is required to capture these effects.

Here we present preliminary results of on-going study in which we
will estimate the change of the Finnish forests gross primary production
(GPP) due to climate change. Implemented climate scenarios are con-
structed on basis of SRESB1, SRESAB1 and SRESA2 emission scenarios
and predictions of altogether of 14 different GCMs. Based on the GCM
predictions, the daily mean change of four variables, temperature, pre-
cipitation, vapour pressure and global radiation, have been estimated for
regular 10 x 10 km grid of Finland for three periods, 2011-2040, 2041-
2070 and 2071-2100.

The gross primary production of forests will be estimated with PRE-
LES model, which has been developed and parameterized for the predic-
tion of GPP, evapotranspiration (ET) and soil water balance in boreal
conditions. First preliminary results show up to 40% increase in GPP
and over 10% increase in ET at whole country level.
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4.2.5 Past, present and future changes in the atmospheric
input of Nitrogen to the biosphere

Camilla Geels,3! Ellermann, T, Hansen, K. M., Christensen, J., Hertel, O.,
Lansg, A. S.,, Ambelas Skjoth, C,, and Brandt, J.

The atmospheric deposition of nitrogen to natural surfaces is an im-
portant component in the nutrient cycling at the local to global scale.
However, the spatial distribution of the deposition is highly hetero-
geneous due to the complex nature of sources and especially deposi-
tion processes.

International and national agreements and regulations (e.g. the EU
National Emission Ceiling (NEC) directive) have through the last two
decades led to emission reductions of sulphur, nitrogen oxides and am-
monia in Northern Europe. This has led to a decrease in the atmospheric
input of Nitrogen (N) through deposition to both land and sea areas. In
Denmark measurements show for example a ca. 30% decrease from
1990 to 2008 in the atmospheric N input to the land areas. Emission
projections used in the newest IPCC work points in the direction of even
lower N emissions towards year 2100. Significant changes can also be
foreseen in the future due to projected changes in the climate.

In order to assess past, present and future changes in the atmospheric
deposition of N related to local, regional and international emissions a
model framework has been setup based on the atmospheric chemistry
transport model DEHM (the Danish Eulerian Hemispheric Model). The
DEHM model has been driven on past, present and future meteorology
projected by the Atmosphere-Ocean Climate model ECHAMS5/MPI-OM and
anthropogenic emissions prescribed by the RCP4.5 emission scenario.

Assessments of the past and current as well as projections of future N
deposition levels and patterns will be discussed. Simulations of the com-
bined effect of both future climate and emission changes (i.e. our best guess
of the future), show that the effect of emission changes dominates in most
areas. Changes up to +/- 40% are seen across the Northern Hemisphere.

Projections like this are an important input to terrestrial biosphere
models including the nutrient cycling and describing the current and
future vegetation-atmosphere interactions.
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5. Posters

5.1 Abstracts

5.1.1 First step towards a mesoscale model system
modeling the carbon cycle and carbon greenhouse
gases for Denmark

Anne Sofie Lansg32 C. Geels, M. Tum, ]. Bendtsen, J.H. Christensen, M. S.
Plejdrup, J. Brandt, L. L. Sgrensen

As part of the Danish project ECOCLIM (Ecosystems Surface Exchange of
Greenhouse Gases in an Environment of Changing Anthropogenic and
Climate forcing) a mesoscale model system is under development.
Numerical models are an important tool for studies of the processes
related to atmospheric CO; and have been used for decades. More re-
cently mesoscale models have been exploited to simulate the exchange
of CO; between terrestrial ecosystems and the atmosphere at a high
spatio-temporal scale. The fine resolution of mesoscale models help
capture the heterogeneity of terrestrial ecosystems and its correspond-
ing exchange of CO, with the atmosphere. Not many mesoscale studies
have included the exchange of CO; between marine ecosystems and the
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atmosphere in coastal regions. However, global measurements have
indicated that open shelves at high latitudes act as sinks for atmospheric
CO2, while inner estuaries and near-shore coastal areas act as sources of
atmospheric CO».

For the area of Denmark it is of greatest importance to include the
marine exchange as Denmark is surrounded by estuaries and coastal
shelves. In this study a modeling framework of high spatio-temporal
resolution is developed for the area of Denmark and its surroundings
with the aim of determining the exchange processes between the atmos-
phere and terrestrial and marine ecosystems, and the resulting concen-
tration of CO; in the atmosphere. The model system is based on the at-
mospheric model DEHM (The Danish Eulerian Hemispheric Model) us-
ing a nest over Denmark with a spatial resolution of 5.6 x 5.6 km.
Anthropogenic emissions are taken from the national emission invento-
ry of Denmark aggregated onto an hourly 1x1 km grid according to
source regions and CRF sectors. The marine component to be imple-
mented will be based on the COHERENCE ocean model, while the terres-
trial exchange will facilitated by the Biosphere Energy Transfer Hydrol-
ogy model (BETHY/DLR) operated at the German Aerospace Center.
Validation of the simulated atmospheric CO; will be enabled by real time
measurements from a new Danish tall mast positioned at Risg.

5.1.2  Surface Energy Balance of Scandinavian Peatlands

Pavel Alekseychik,33 Annalea Lohila, Anders Lindroth, Jurgen Sagerfors,
Narasinha Shurpali, Mats Nilsson, Matthias Peichl, Janne Rinne,
Timo Vesala

Wetlands, and specifically peatlands, represent an important class of
biomes on Earth. Besides covering a major fraction of the land surface,
they contain vast amounts of organic carbon, which they have accumu-
lated since the last glacial era. Since wetlands remain undersampled and
less understood compared to boreal forests and tundra, some of their
features have received insufficient attention. Surface energy balance
(SEB) remains one of the most unexplored aspects in the wetland stud-
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ies. The problem deserves more effort, since SEB links such important
aspects as temperature, hydrology and carbon budget.

There is a concern that the modern anthropogenic activities may
drive the climate towards warming, so that the peatlands will get free of
permafrost and climatic constraints, emitting their carbon resources
into the atmosphere. However, the effects of anthropogenic intervention
will not be limited to the altered peatland carbon budgets: various man-
agement practices, such as drainage, peat harvesting and afforestation,
will also affect peatland-atmosphere energy exchange.

We intend to study SEB in several boreal peatlands, including Siikaneva
(two sites of different trophicity), Kalevansuo, Alkkia and Linnansuo in Fin-
land; Deger6 Stormyr and Fajemyr in Sweden. The listed sites represent
both the natural and managed peatlands, and have together provided more
than 30 site-years of data on peatland-atmosphere interactions.

Our study will attempt to explore the potential shifts in the peatland
SEB caused by management. To address this question, we will: compare
the SEB closure at the said locations; determine the main controllers of
the energy balance in peatlands; assess inter-and intra-site variation in
SEB and its components; finally, draw a comparison between the boreal
peatland and forest SEB. This is a pioneering effort to present a compiled
evidence of the boreal peatland energy balances.

5.1.3 Simulating CO; fluxes for a Danish beech forest
using a coupled photosynthesis and stomatal
conductance model - The first step in the
development of a coupled NH3 - COz model

Kristina Hansen,3* R. Jensen, T. Friborg and E. Boegh

Future changes in climate and land use affect the carbon (C) balance of
the Danish forests. Particularly, nutrient availability and nitrogen (N)
deposition represent uncertainties for the prediction of future green-
house gas exchange for Danish forests as the mechanisms describing
nutritional effects are not well developed in climate and ecosystems
models. However, measurements of N fluxes between the forests and
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Roskilde, Denmark.
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atmosphere are limited, and large uncertainties are related to the model-
ing of the dry deposition velocity (vd) of ammonia (NHz). Currently, the
parameterisation of the canopy resistance is based on the early empiri-
cal Jarvis (1976) approach to describe the stomatal resistance. However,
we wish to exchange this description using a more dynamical descrip-
tion such that the impact of nutrient availability and N deposition on CO-
fluxes can be represented in terms of leaf photosynthetic capacity.

This study presents the first step in the development of an integrated
modeling system to simulate COz and NHj3 fluxes for a Danish beech for-
est which includes the dynamical modeling of the CO; flux. A coupled
photosynthesis and stomatal conductance model based on the Collatz
approach (1991, 1992) has been applied to the beech forest Lille
Bggeskov for the year 2010. The model was adapted to the forest eco-
system based on input parameters from the literature, measured climat-
ic parameters and measured LAI for the forest. The preliminary results
show that the coupled photosynthesis and stomatal conductance model
matches very well the diurnal variations during the photosynthetic ac-
tive season, however, the model underestimates the max CO; flux both
during daytime and night time.

5.1.4 Climate changes in the Nordic region 8-km
resolution according to the RCP4.5 and RCP8.5
scenarios

Cathrine Fox Maule3> and P. Thejll

As climate changes the conditions for plant growth in the Nordic region
will change. A new downscaling experiment using an 8-km horizontal
resolution in the Nordic region has recently been conducted for the two
future greenhouse gas emission scenarios RCP4.5 and RCP8.5 at the
Danish Climate Centre. Here we will present results of the expected cli-
mate changes in the 21st century for temperature, precipitation, cloud
cover, sunshine duration and sea surface temperatures according to the
HIRHAM regional climate model for both scenarios.

35 Danish Climate Centre, Danish Meteorological Institute, Lyngbyvej 100, 2100 Copenhagen @, Denmark.
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6. Discussion and concluding
remarks

Multiple sensitivities and uncertainties exist in the field of research cov-
ering carbon budgeting in the Nordic Regions. During the workshop
“Workshop on assessments of the national Carbon budget within the
Nordic region - Current status and sensitivity to changes,” an important
objective was to discuss these challenges and to improve the ways to
communicate results and conclusions to policy makers. A discussion
session covered five research areas; terrestrial carbon modeling, meas-
uring terrestrial carbon fluxes, measuring and modeling marine and lake
carbon, remote sensing and climate and land use scenarios. From this
session and discussion throughout the workshop the following were
agreed upon.

6.1 Current state of research

We currently know that lakes are an important source of both CH4 and
CO2 on a regional scale. We estimate that CO; is important because inor-
ganic carbon can be formed from organic carbon in the lakes. However,
it is still unknown if the lakes are an important CO; source on a global
scale. It was agreed upon that we still know very little on exchange of
CH4 and CO; in both the lakes and in the marine environment.

The boreal region is fairly well covered with regards to measure-
ments of terrestrial carbon fluxes. However, studies of carbon fluxes in
agricultural areas and urban areas are highly underrepresented and



more measurements in these areas are of high interest to the research
community.

In modeling the terrestrial carbon exchange, we currently experience
a lack of usable input and validation data on a regional level. There exists
a deficiency in understanding the key processes controlling the carbon
exchange on the plant and stand level. These gaps of knowledge com-
bined with the current up-scaling difficulties leave a requirement of
further studies on carbon exchange and the coupling to carbon models.

6.2 Sensitivities and impact

We estimate that the fraction of oceanic carbon uptake will be reduced over
time. It is uncertain what will happen in the coastal areas but the current
knowledge indicates that the outgassing of carbon will increase in these
areas. The primary production in the water phase will likely decrease in the
future which will reduce the ability of the marine environment to take up
carbon. At the moment very little is known about the sensitivities of the CHs
exchange in lakes with regards to future climate change but it is known that
the impact depends on the latitude of the lakes.

The sensitivities of the terrestrial carbon exchange with respect to
the effect of land use changes are investigated through measurements in
restored ecosystems, which at the current time are extensively being
done in the Scandinavian areas.

At the ecosystem level the terrestrial modeling of the temperature
response is handled well compared to the response of CO; or H20. It is
known that the snow cover in the high-latitude regions will diminish in
the future; hence the growing season will be longer in terrestrial ecosys-
tems which will have implications for the carbon cycle. What is still un-
known is the acclimation of soil carbon stock in the future climate.

6.3 Research improvement

The close connection between the freshwater systems on land and the
coastal waters might be of importance to the regional carbon budget;
hence we need further investigation on how lakes and ocean research
can be connected. Measurements of carbon exchange in oceans and lakes
are complicated and expensive to execute and we still need more meas-
urements and improvement of the sensors. It is of high importance that
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focus is laid on developing accurate continuous measuring sensors for
the water phase, which would add to the coverage of available data.

On the terrestrial measurements, improvements to the instrumenta-
tion and a standardisation of measurements and post processing are
needed. We need further research on the effect of the variety of eddy
covariance footprint areas and we need more consistency in the filtering
and gap-filling process in data sets. More interaction and exchange of
data and duties between research groups of different profiles would
improve our research substantially.

More collaboration between different fields of science will in carbon
modelling play an important role in the future research through in-
creased available resources both financial and work force. In the future
new questions will arise, creating new needs that might change the for-
mer traditions of research.

6.4 Largest uncertainties

Large uncertainties of the future climate scenarios still exist due to the
unknown feedback processes in the marine environment. The reminer-
alisation processes are at this point not described to satisfaction and the
physical forcing and stoichiometry in the marine and lake ecosystems is
very uncertain in the future scenarios.

The link between the aquatic and the terrestrial ecosystems is still
not fully understood which may cause large uncertainties. In connection
with need of improving research on eddy covariance footprint we see
large uncertainties on the eddy covariance footprint models; hence the
models need further verification through comparisons of footprint areas
and point measurements. The terrestrial measurements of carbon ex-
change are possibly containing large uncertainties caused by the lack of
knowledge of the role of non-turbulent transport in eddy covariance
measurements.

6.5 Communication to policymakers

National and international politics are often established through good
communication between scientists and policy makers. An example is
how scientific work has revealed the rapid increase of greenhouse gases
since the Industrial Revolution, and the effect of the greenhouse gases on
environment and societies. Close work between the two groups lead to
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the Kyoto Protocol, setting international targets on emission reduction.
Communication between the policy makers and the scientists is often
important in creating new guidance in our societies.

However, the communication sometimes becomes difficult because of
a gap between the two groups due to their different perspective. For
policy makers it can be hard to assess uncertainties levels, and whether
reported results lie reasonable within these levels. For example, when
future scenarios are discussed, policy makes preferred one number from
scientific studies to base their policy on. Thus, to answer questions such
as “how much anthropogenic emissions should be reduced to prevent
further global warming,” the quantity “how much” should be reported in
the simplest possible manner. Policy makers need clear answers to build
their policy upon.

On the other hand, in the scientific community it is important to report
the uncertainties because none of the scientific models used for scenario
studies are perfect in predicting unknowns. The uncertainties tell us fea-
tures of the models, such as sensitivities and representativeness. Fur-
thermore, no models are identical and neither are their results. There are
many assumptions behind the scientific framework of a given modeling
study, and the obtained scientific results are not what will happen, but the
estimation of what will happen based on the framework sat for the study.
This is an important point for policy makers to remember.

How should the scientists communicate with the policy makers, to
avoid misinterpretation of model results and uncertainties connected
with them? One way could be to put more emphasis on clarifying the
scientific frameworks. It will help the policy makers to understand the
meaning of the uncertainties, and the influences the frameworks have
over the obtained results, and hopefully at the same time make the poli-
cy makers better to regocnise the importance of the scientific framework
and its related uncertainties.

The question on how best to report actual scientific results have still
not been answered - should it be with or without uncertainties and con-
fidence levels, one figure or a range etc.? One should keep in mind the
“type of study,” and what question the study tries to answer when as-
sessing how best to pass on scientific results. To conclude, scientific
work gives suggestions and of guidance to the policy makers. Let us
hope that the two groups continue and improve their communication in
the future.
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Workshop program

Workshop on assessments of the national Carbon budget within the
Nordic region - Current status and sensitivity to changes, 20-22 March
2013, Roskilde University, Denmark.

Program

Wednesday 20 March - Day 1

13.00 -13.30 Arrival and registration
13.30-13.45 Welcome and practical information
13.45-14.15 Keynote: Green house gas inventories with focus on Land-Use and Land-Use Change

Steen Gyldenkzerne

14.15-15.45 Opening Session: Project Presentations
Chair: Eva Podgrajsek

Ecosystems Surface Exchange of Greenhouse Gases in an Environment of Changing Anthropogenic
and Climate forcing (ECOCLIM)
Lise Lotte Sgrensen

Landscape Scale Investigation of Greenhouse Gas Exchange (LAGGE)
Leif Klemedtsson

Overview of project achievements and future prospects (SnowCarbo)
Jouni Pulliainen
15.45-16.00 Coffee break

16.00-17.30 Session 1: Observations of carbon sinks and sources
Chair: Kristina Hansen

Keynote: Observations of carbon sinks and sources
Anna Rutgersson

Diurnal cycle of lake methane flux
Eva Podgrajsek

Biological and Physical control of pCO; in a semi-enclosed sea: The Kattegat
Eva Thorborg Mgrk

Risg tower measurements and analysis in the ECOCLIM project
Ebba Dellwik

18.30 Dinner at Rddhuskaelderen




Thursday 21 March - Day 2

08.30-09.00 Coffee and roll

09.00-10.20 Session 1: Observations of carbon sinks and sources (continued)
Chair: Kristina Hansen

Terrestrial monitoring of greenhouse gas exchange in Greenland
Magnus Lund

Spatial variability in peak season net ecosystem exchange across the Arctic tundra
Herbert Njuabe

Ecosystem-scale methane dynamics in a subarctic mire landscape, Northern Sweden: on the
importance of lake emissions
Mathilde Jammet

Under ice CO, dynamics in boreal lakes (aquatic ecosystems): Implications of a changing cryosphere
Blaize Denfeld
10.20-10.40 Coffee break

10.40-12.30 Session 2: Modeling The Carbon Budget
Chair: Anne Sofie Lansg

Keynote: Towards the quantification of marine carbon budgets with models
Christoph Heinze

CO, uptake in the inner Danish waters
Jargen Bendtsen

Predicting damage vulnerability based on ground-based observations of forests and weather
Mikko Peltoniemi

The uncertainty of modelled soil carbon stock change for Finland
Aleksi Lehtonen

A synthesis on carbon budget in a Danish, temperate deciduous forest

Jian Wu

12.30-13.30 Lunch

13.30-15.10 Variation of pine, spruce and birch litterfall data exceeds modeling inputs for soil carbon stock change
Boris Tupek

Validation of PEATLAND-VU methane emission model using eddy covariance observations and
footprint modeling
Artem Budishchev

Temporal variation of leaf nitrogen: a key parameter for photosynthesis modeling
Rasmus Jensen

Modeling of regional CO; balance in Life+ SnowCarbo
Tiina Markkanen

Methane surface flux estimations by inverse modeling: Carbon Tracker Data Assimilation Shell
Aki Koyama

15.10-16.10 Session 3: Posters

First step towards a mesoscale model system modeling the carbon cycle and carbon greenhouse
gases for Denmark
Anne Sofie Lansg

Surface energy balance of Scandinavian peatlands
Pavel Alekseychik
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Simulating CO, fluxes for a Danish beech forest using a coupled photosynthesis and stomatal
conductance model — The first step in the development of a coupled NH3 — CO, model
Kristina Hansen

Climate changes in the Nordic region 8-km resolution according to the RCP4.5 and RCP8.5 scenarios
Cathrine F. Maule

16.10-17.30 Session 4: Discussion Session
Chair: Eva Thorborg Mgrk

19.00 Young scientist networking at Café Satchmo

Friday 22 March - Day 3

08.30-09.00 Coffee and roll

09.00-10.40 Session5: Impacts On Future Climate And Land Use Scenarios
Chair: Anne Sofie Lansg

Keynote: Climate models and land surface
Martin Drews

Climate change induced changes in gross primary production in Finland
Tuomo Kalliokoski

Biomass utilization for energy, sustainability, carbon storage and sinks
Kim Pilegaard

Effects of elevated CO,, warming and summer drought on the carbon balance in a Danish heath-
land after seven treatment years — results from the CLIMAITE project
Klaus S. Larsen

Past, present and future changes in the atmospheric input of Nitrogen to the biosphere
Camilla Geels

10.40-11.00 Coffee break

11.00-12.30 Session 6: Remote Sensing Data For Carbon Balance Modeling
Chair: Aki Koyama

Keynote: Remote sensing data for carbon balance modeling
Kristin Béttcher

The use of high resolution aerial photography to estimate source area contributions to heteroge-
neous ecosystem fluxes
Thomas Becker

Climate driven permafrost degradation and the resulting increase in pond cover impacts on the
Siberian tundra green house gas emissions

Angela Gallagher

Fraction of natural area predicts CO, budgets of cities

Annika Nordbo
12.30-13.00 Concluding remarks and closing
13.00-14.00 Lunch
14.00 End
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projects; ECOCLIM, LAGGE and SnowCarbo brought together
scientists and other actors from Nordic countries to communicate
and discuss research on carbon budget estimations in the Nordic
region. Through presentations of most recent research in the field
and following scientific discussions, the workshop contributed
to strengthen the scientific basis of the identification and
quantification of major natural carbon sinks in the Nordic region
on which integrated climate change abatement and management
strategies and policy decisions is formed from.

This report summarizes presentations and discussions from the
four thematic sessions; Observations of carbon sinks and sources,
Modeling the carbon budget, Remote sensing data for carbon
modeling, and Impacts of future climate and land use scenarios
and gives an overview of the current status and knowledge on
research on assessments of national carbon budgets as well as on
projections and sensitivity to future changes in e.g. management
and climate change in the Nordic Region.

TemaNord 2013:560
ISBN 978-92-893-2597-4

9778 5974‘

9289732

09G:€10C piONeWs|


http://www.norden.org

	TN2013560.pdf
	Preface
	Introduction
	Three Nordic research projects
	Abstracts

	Keynote: Greenhouse gas inventories with focus on Land-Use and Land-Use Change
	1. Observation of carbon sinks and sources
	1.1 Summary of presentations
	1.2 Abstracts

	2. Modeling the carbon budget
	2.1 Summary of presentations
	2.2 Abstracts

	3. Remote sensing data for carbon balance modeling
	3.1 Summary of presentations
	3.2 Abstracts

	4. Impacts of future climate and land use scenarios
	4.1 Summary of presentations
	4.2 Abstracts

	5. Posters
	5.1 Abstracts

	6. Discussion and concluding remarks
	6.1 Current state of research
	6.2 Sensitivities and impact
	6.3 Research improvement
	6.4 Largest uncertainties
	6.5 Communication to policymakers

	Workshop program
	Program
	Participants





