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Preface

The idea to organize a yearly scientific forest-linked seminar between Finland and Japan arose 
during the visit of Kazuo Suzuki, the President of the Japanese Forestry and Forest Products 
Research Institute (FFPRI), and his delegation at the Finnish Forest Research Institute (Metla) in 
2008. The two organizations wanted to intensify their co-operation that started already in 2007. 
The aim of the seminars is to combine and develop knowledge of researchers in both countries on 
important and timely forestry related research topics. 

The impacts of climate change on forest recourses, the adaptation of forests to climate change 
and their contribution to mitigation reflect important issues for both countries. These were the 
reasons why “Sustainable use of forest resources and bio-energy for mitigating and adapting 
climate change” was chosen as the topic for the first forest seminar. The seminar was organized in 
Joensuu, Finland 7–9 September 2009. 

The forest seminar was a great success, increased the general knowledge base on climate change 
issues of both countries and helped Finnish and Japanese researchers to create a new research 
network or to deepen already existing relations. Altogether 30 participants from Metla, FFPRI, 
Nagasaki University, the University of Tokyo, the Japan International Research Center for 
Agricultural Sciences (JIRCAS), the Advanced Industrial Science and Technology – Biomass 
Technology Research Centre (BTRC-AIST) Japan, Finnish Wood Research Oy and the Seinäjoki 
University of Applied Sciences participated in the first seminar.

The abstracts and presentations of the first Finnish–Japanese Forest Seminar are published in this 
issue of Metla’s Working Papers. The Academy of Finland financed the publication of this issue. 

Timely and important topics have been chosen for the next Finnish–Japanese forest seminar 
organized by FFPRI in autumn 2010 in Japan. The seminar will focus on three main issues: 
ecosystem services and public goods; physical and chemical properties of wood; and promoting 
private forestry. The preparations are already underway. 

We would like to take the opportunity to thank all the participants for their contributions and effort 
in making the first Finnish–Japanese seminar a successful event. 

Markus Lier, Anne Luhtala and Arto Rummukainen
Finnish Forest Research Institute (Metla) 
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Programme

Monday 7 September 2009

09:00–09:30 Opening

Welcoming Hannu Raitio, Metla Director General 

Greetings from FFPRI Isamu Okochi, Vice President

10:00–11:30 Session 1 Monitoring forests to understand impacts of climate change 
Chairs: Hannu Ilvesniemi, Metla and Ken Sugimura, FFPRI

Sustainable use of forest resources and bioenergy for mitigating and adapting to climate change in 
European Union Jari Parviainen, Metla

Monitoring of impacts of global climate change and human activities in vegetated area by satellite 
remote sensing Haruo Sawada, University of Tokyo

Carbon sequestration to fine roots in forest ecosystems Leena Finér, Metla

Impact of climate change on C and N transformations in organic soils Tytti Sarjala, Metla 

12:30–13:30 Demonstration on the root laboratory research in Metla Leena Finér, Metla

13:30–17:00 Session 2 Utilization of woody biomass for mitigating climate change

Chairs: Antti Asikainen, Metla and Tomoko Sugimoto, JIRCAS

Production of 2-pyrone-4, 6-dicarboxylic acid as a novel polymer-based material from lignin by 
metabolic engineering of microbial functions Yuichiro Otsuka, FFPRI

Improving maturing process of compost using ozonated Japanese cedar as auxiliary feedstock 
Tomoko Sugimoto, JIRCAS

Research topics for expanding the use of logging residues in FFPRI Hirofumi Kuboyama, FFPRI

Utilization of woody biomass: future feedstock for biorefining Antti Asikainen, Metla

Process estimation of liquid fuel production process from woody biomass Shinji Fujimoto, BTRC-
AIST

Future biorefinery Hannu Ilvesniemi, Metla
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Tuesday 8 September 2009

09:00–12:00 Session 3 Evaluating forest value under changing climate condition for

sustaining healthy forests 
Chairs: Tytti Sarjala, Metla and Kentaro Yoshida, Nagasaki University

A stated preference approach to value ecosystem services of forests Kentaro Yoshida, Nagasaki 
University

Nature-based recreation in Finland Tuija Sievänen, Metla

Research projects for cultivation of Tricholoma matsutake in FFPRI Takashi Yamanaka, FFPRI

Ectomycorrhization of Tricholoma matsutake and two major conifers, and a field investigation in 
Finland Lu-Min Vaario, Metla

Bioactive compounds in endophytic fungi Katja Viitala, Metla

Wood construction in Finland – natural way of mitigating climate change Henrik Heräjärvi, Metla
 

13:00–14:00 Discussion on future forestry cooperation between Finland and Japan

14:00–16:30 Demonstration on European Forest Institute (EFI) activities Risto Päivinen, Director EFI

Wednesday 9 September 2009

08:00–18:00 Excurssion 
Mitigation of Climate Change – Use of wooden bioenergy in Finland

- Harvesting forest biomass 
- Case study Eno Energy Power Plant
Urpo Hassinen, forest energy adviser Forestry Centre of North Karelia
Antti Asikainen, Metla

 
Integrating biodiversity in multifunctional managed forests – Forest Biodiversity Action Programme 
for Southern Finland (METSO)
Hannu Lehtoranta, forest adviser Forestry Centre of North Karelia 
Jari Parviainen, Metla

Matsutake growing site
Eira-Maija Savonen, Metla
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Session 1 Monitoring forests to understand 
impacts of climate change 
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Sustainable use of forest resources and bioenergy for 
mitigating and adapting to climate change in the European 
Union

Jari Parviainen

Finnish Forest Research Institute (Metla), Joensuu Research Unit, jari.parviainen(at)metla.fi

The goal of EU climate policy is to curtail global warming so that the average increase in global 
temperature does not exceed 20th century levels by more than 2°C. This threshold would mean 
that the level of CO2 in the atmosphere should stay below 450 p.p.m.

EU targets in addition to those set under the Kyoto Protocol by 2020 (The climate and energy 
package European Parliament 17 December 2008):

greenhouse gas emissions should be reduced by 20% compared to 1990 levels;• 
the share of renewable energies should be increased to 20% of the EU’s final energy • 
consumption; 
energy efficiency should be increased by 20%; • 
the share of biofuels should be increased to 10% of transport fuels; • 
the EU is promoting a new target for developed countries – to reduce greenhouse • 
emissions by 30% by 2020 compared to 1990 levels. If an international agreement is 
reached, the EU will sign up to it.

Forests cover 31% of Europe’s land area and it is estimated that they sequester approximately 10% 
of Europe’s annual CO2 emissions. European forests have been functioning for several decades now 
as carbon sinks because their annual growth has exceeded fellings, thus helping to slow the build-
up of CO2 in the atmosphere. This means that over the last 40 years the average forest utilisation 
rate, or ratio of felling to growth, was less than 60% within the European area. These facts indicate 
that there is considerable potential for expansion of the use of wood for construction and also for 
forest bioenergy purposes (even when biodiversity considerations are taken into account).

At the request of European Commission Vice-President Margot Wallström, the European Economic 
and Social Committee (EESC) has adopted an opinion “The role of forests and the forest-based 
sector in meeting the EU’s climate commitments” in its plenary session in March 2009. The main 
recommendations of EESC are that the EU should take measures to:

endeavour to use wood in different ways and for different purposes, by promoting, • 
for example, the use of sustainably produced forest bio-energy, increasing information 
about using wood in construction on the basis of life cycle calculations and common 
construction standards and by the Member States making wood construction part of 
their national timber procurement policy;
be more active than at present in international forestry policy and to take the lead in • 
promoting sustainably managed forests worldwide;
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set up a European committee of leading experts made up of representatives from the • 
forestry industry, those framing forestry policy, researchers, forest owners and other key 
forestry, environmental and climate protection players. Its brief will be to enhance and 
widen the scope of dialogue on forestry issues and improve the transfer of know-how 
and decision-making;
make every effort to meet the requirements for greenhouse gas reporting in the • 
post-Kyoto period by the acceptance and inclusion of carbon stored in sustainably 
manufactured wood products as a mandatory instrument in carbon balance calculations, 
and by the development of a REDD [Reducing Emissions from Deforestation and Forest 
Degradation] instrument as an effective carbon trading tool and its acceptance in carbon 
balance calculations of land-use changes, particularly with a view to preventing forest 
loss in developing countries.
support research, inventories of forest reserves, the mapping of risk areas susceptible • 
to the effects of climate change and the development of systems for monitoring the 
condition of forests and to ensure funding for these. 

In addition EU Member States should develop forest management contingency plans for the 
prevention of forest damage caused by extreme phenomena (storms, drought, forest fires, damage 
by insects) and for remedying the effects of such damage, in addition to increasing information 
about the importance of forest management.

In Finland the latest climate and energy strategy was accepted by the Government on 6 November 
2008. This strategy covers climate and energy policy measures in great detail up to 2020, and in 
brief thereafter, up to 2050. 

The main effects of expected climate change in Finland’s boreal vegetation zone are: The 
growing season is likely to lengthen; forest growth may increase; wind damage will become more 
prevalent; and in the temperate zone insect pests are expected to spread northwards, possible 
causing damage on a massive scale. Good and timely forest management is the main way of 
improving the ability of forests to adapt to climate change. Strong emphasis has been put on the 
mitigation issues by promoting the use of wood. These actions include the increased use of wood-
based bioenergy (including biofuels) and wooden construction. In the land use, land-use change 
and forestry (LULUCF) sector Finland has a sink of carbon that amounted to -25 million tons of 
CO2 during 2007. That sink originated mainly from a sink in the tree biomass, which is driven by 
the amount of annual fellings – i.e. the sink is greater when annual fellings are less.

The EESC opinion can be downloaded by all the EU member states languages on the address: 
http://eescopinions.eesc.europa.eu/EESCOpinions.aspx , selections NAT, opinion no 626.
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Appendix 

Presentation: Sustainable use of forest resources and bioenergy for 
mitigating and adapting to climate change in the European Union
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Monitoring of impacts of global climate change and human 
activities in vegetated area by satellite remote sensing 

Haruo Sawada 

Institute of Industrial Science, The University of Tokyo, sawada(at)iis.u-tokyo.ac.jp

Although human activities have developed natural landscape and established agricultural land 
and expanded cities, human life still depends upon natural blessings, for example, forest products, 
fuels, natural food, and water. Even when we consider these environmental issues in a country, 
it is necessary to consider global environmental changes which affect each country. Global 
environments including atmosphere and ocean (ex. temperature, precipitation and sunshine), are 
very much correlated with terrestrial environment. Especially, vegetation reflects these environment 
conditions in time and space. Therefore, if we monitor natural vegetation with appropriate way by 
remote sensing, we may get the environmental information as well.

There are several ways to monitor natural environmental parameters. Meteorological station 
has a long history of such measurement. Flux tower offers sophisticated ways of measuring the 
interaction between ecosystem and atmosphere. The AsiaFlux is one of such groups who are 
promoting the flux measurement. The collected data are quite useful for evaluating the relations 
between global environment parameters and response of ecosystems. It is also unique information 
for evaluating global models to predict future environmental problems.

In these activities, remote sensing plays important role to apply the plot based information into 
broad area, named as the scale-up process. Satellite remote sensing allows us to observe the Earth 
with the same instruments, such as TM, MODIS, and AVHRR. Therefore, we have the possibility 
to compare the data in various observation areas with the same instrument for a certain period of 
time. It is a good characteristic of remote sensing to share data of the same quality with people in 
different countries and different fields. We have several project in Asia and South America and 
found that information with the same quality is essential for mutual understandings in regional 
issues. 

Remote sensing data offers some indices which help us understanding the situation of land covers 
and their environmental parameters. NDVI, NDII, SAVI and other indices are very popular ones 
to monitor vegetated area. Land surface temperature (LST) is also obtained from the satellite data. 
It must be useful to understand the global warming and its influences on the Earth. SAR makes us 
possible to get clear images even on rainy day. The full polarimetric SAR provides three indices 
which correspond to one-bounce, two-bounce and multi-bounce layers. The colour composite 
image of these three channels forest structures.
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The modelling methodology LMF-KF for time-series remote sensing dataset allows us monitoring 
seasonal changes and phenological aspects of land surface. The impact of global environmental 
changes is shown as phenological changes of vegetation at the first stage. The LMF-KF allows 
us to monitor the vegetation conditions very frequently. The LMF-KF applies the combination of 
cyclic functions to time-series satellite data. The combination of NDVI and LST of the processed 
data provides good colour composite images of the world. The combination can create various 
datasets which are useful for zoning the area from the ecological point of view.

One of the major objectives of our studies is to establish the integrated network of forest ecosystem 
observations including environmental parameters using flux tower as well as remote sensing. The 
network may integrate the information in both time and space and contribute the conservation 
of natural ecosystem through the monitoring of impacts of global climate change and human 
activities in vegetated area. 
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Impact of climate change on C and N transformations in organic 
soils 

Tytti Sarjala

Finnish Forest Research Institute (Metla), Parkano Research Unit, tytti.sarjala(at)metla.fi
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Session 2 Utilization of woody biomass 
for mitigating climate change 
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Production of 2-pyrone-4,6-dicarboxylic acid as a novel 
polymer-based material from lignin by metabolic engineering of 
microbial functions

Yuichiro Otsuka1, Masaya Nakamura1, Seiji Ohara1, Eiji Masai2, Kiyotaka 
Shigehara3 and Yoshihiro Katayama3

1Forestry and Forest Products Research Institute (FFPRI), Tsukuba, Ibaraki, Japan, corresponding author: 
yotuka(at)ffpri.affrc.go.jp
2Nagaoka University of Technology, Nagaoka, Niigata, Japan
3Tokyo University of Agriculture and Technology, Koganei, Tokyo, Japan

Lignins are the most abundant aromatic biomass in nature. Utilization of this abundant biomass 
has been expected but has not yet been established. One of the practical ways to utilize lignin 
is to degrade it using the chemical reactions or enzyme reactions of microorganisms to produce 
utilizable aromatic compounds such as vanillin for aroma or polymer-based chemical. However, 
these chemical or enzyme reactions concurrently produce various aromatic compounds from 
lignin not only vanillin and also vanillic acid, syringaldehyde, syringic acid and other mono- 
or di-aromatic compounds. If we utilize lignin in this way, it is necessary to purify the target 
compounds from various aromatic compounds mixture. As yet, an efficient system for utilizing 
lignin has not been established. 

The soil bacterium, Sphingobium sp. SYK-6, which can degrade various low molecular weight 
compounds derived from lignin, metabolizes these substances via 2-pyrone-4,6-dicarboxylic 
acid (PDC). We focused on this metabolic intermediate as a raw material for novel bio-based 
polymers. We cloned the genes encoding aromatic compound metabolic enzymes from SYK-6, 
into a broad host-range plasmid vector, pKT230MC. The resulting plasmid, pligVABCvanAB, 
was introduced into the PpY1100 strain of Pseudomonas putida, and we found that PDC could be 
reliably produced from various aromatic compounds such as vanillin, vanillic acid, syringaldehyde 
and syringic acid, and accumulated. 

PDC has a unique structure (pyrone ring and two carboxyl groups) and its synthesis method had 
not been established by artificial chemical reactions. Now that we have mass-produced PDC for 
the first time, various polymer studies and applied research will be able to proceed. Using the 
PDC as a raw material, it is expected to lead to the development of novel PDC-based plastics 
and fibers, etc. just as they can be obtained from petrochemicals. In addition, PDC is one of 
major intermediates of aromatic compound metabolic pathway in various soil bacteria. Therefore, 
it is considered that the PDC-based materials are biodegradable materials. Now that we have 
established a production system of PDC from vanillin, vanillic acid, syringaldehyde and syringic 
acid, it will be possible to organize the systems of PDC production from various other compounds 
found in lignin derivatives by further application of the metabolic pathways of SYK-6. We expect 
that in future we will be able to produce PDC from lignin that is abundantly present in woody 
biomass and to produce bio-based polymers in further studies.
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Appendix 

Presentation: Production of 2-pyrone-4,6-dicarboxylic acid as a novel 
polymer-based material from lignin by metabolic engineering of microbial 
functions
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Improving maturing process of compost using ozonated 
Japanese cedar as auxiliary feedstock

Tomoko Sugimoto 

Japan International Research Center for Agricultural Sciences (JIRCAS), 1-1 Ohwashi, Tsukuba, Ibaraki 
305-8686 Japan, tomosg(at)affrc.go.jp

The odor is one of a problem with composting process. The ammonia release from manure is one 
of the causes of such odor. The composting process sometimes takes a long time. When keeping 
cows, Japanese cedar (Cryptomeria japonica) sawdust is spread on the floor of the cow shed to 
absorb some of the odor. This sawdust can be used as a feedstock of compost, however making 
compost from Japanese cedar is not easy because of slow decomposition due to its high lignin 
content. The sawdust of this species is used because of its abundant availability.

When wood meal is treated with ozone, carbon-carbon double bonds in lignin are attacked by 
ozone . When these double bonds in lignin aromatics are attacked, ring cleavage takes place. From 
our laboratory-scale experiments, it was shown that the resultant muconic acid-type structures 
can absorb ammonia in aqueous solution. It was also shown that oxidation of lignin by ozone 
accelerated the white-rotting of wood chips by Coriolus versicolor.

Based on the above results, we have 50 kg batches of ozonated Japanese cedar wood meal and 
Japanese cedar bark pieces. In the case of ozonated wood meal as ozonation progressed, the 
Klason lignin content and the reaction products obtained by nitrobenzene oxidation of ozonated 
wood meal decreased, while the ammonia absorbing ability from aqueous solution increased. In 
the case of the ozonated bark pieces the changes associated with ozonation were smaller.

Using these ozonated feedstocks as auxiliary feedstocks, we have tried to make cow manure 
using 1.8 m3 scale batch composting reactors. Although we could not completely stop the release 
of ammonia, addition of ozonated wood meals reduced ammonia release from the composting 
reactor by up to 70%. Also, decomposition of organics was faster in the reactor with ozonated 
wood meal. Ammonia absorption ability of untreated bark pieces was 1.6 times higher than that 
of untreated wood meal, and was the highest among of the ozonated wood meals used in our 
experiments. On the other hand, the decomposition rate of organics in untreated and ozonated bark 
pieces were less than in untreated wood meals, although ozonation accelerated decomposition of 
organics. These results suggests that ozonation of wood meal would shorten the period required to 
complete composting of both Japanese cedar wood meal and bark pieces, however the efficiency 
of ozonation itself is low in the case of bark pieces.
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Research topics for expanding the use of logging residues in 
FFPRI

Hirofumi Kuboyama, Kana Kamimura and Masaki Jinkawa

Forestry and Forest Products Research Institute (FFPRI), 1 Matsunosato, Tsukuba, Ibaraki 305-8687, 
Japan, corresponding author: kuboyama(at)affrc.go.jp

Since 2000, several waste-related laws have been enforced or drastically amended to make the 
supply of construction derived wood residues (CDWR) more apparent and stable. On the other 
hand, several laws and policies related to renewable energy have also been launched. Additionally, 
the rising prices of fossil fuels have led to the greater use of biomass for energy.

As a result, the fuel chip demand rose rapidly from 1.5 million tons in 2004 to 6.0 million tons in 
2008, mainly because low-priced fuel chips from CDWR are highly cost competitive with fossil 
fuels: whereas the thermal cost of coal was 1.5 yen/kWh, it was 0.7 yen/kWh for CDWR. According 
to the Ministry for Agriculture Forestry and Fisheries (MAFF), the total amounts of CDWR, 
sawmill residues and logging residues were 4.7, 5.0 and 3.7 million dry tons per year, respectively. 
Furthermore, sawmill residues have begun to be used for energy production because their thermal 
cost is around 1.4 yen/kWh. However, logging residues have not yet been used because at over 3 
yen/kWh, they cannot compete with coal (although they can compete with fuel oil).

Although thermal power plants which use fuel chips are still being constructed, some existing 
plants have stopped or scaled down their operations because of the shortage of cheap fuel chips. 
Therefore, there is growing demand for research on reducing the supply cost and establishing a 
supply chain for logging residues. At the Forestry and Forest Products Research Institute (FFPRI), 
we have set up the following four study topics: (1) To identify regions with high potential for 
supplying wood biomass; (2) To assess the efficiency of the system for supplying logging residues; 
(3) To assess the profitability of energy utilization styles; and (4) To develop demonstration models 
of using wood biomass in several regions.

Regarding topic (1), we developed 
a model for estimating the wood 
biomass supply for each municipality 
by using GIS and statistical analyses. 
Through this model, we found that 
Kyushu Island is very promising for 
wood biomass utilization (Fig. 1). On 
Kyushu Island, two areas, Hita City and 
Kobayashi City, were identified as the 
most promising locations for large-scale 
biomass utilization, such as bio-refinery 
plants. Below the cost of 52€/t-wet 
(1€=135 yen), the potential supply of 
wood biomass was estimated to be over 
100 000 t-wet in Kobayashi City.

Figure 1: Promising area for wood biomass utilization in 
Japan. Map: FFPRI
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In Japan, about one-third of logging 
systems use forwarders. A typical Japanese 
forwarder can carry only 1.4 t-wet of 
logging residues even though its maximum 
load is 3.5 t. To reduce the cost of supplying 
logging residues, it is important to modify 
the forwarder to handle both commercial 
logs and logging residues. One solution is 
to compress logging residues on the carrier 
of the forwarder. Researchers in the Wood 
Engineering Department are working on 
developing a new forwarder which can carry 
double the load of logging residues (Fig. 2).

We developed a simulation model to assess the profitability of biomass energy by using pay back 
time analysis. As shown in Table 1, four actual wood biomass utilization styles were assessed 
in this study: (1) heat supply by chip boiler; (2) small-scale gasification in a combined heat and 
power (CHP) plant; (3) medium-scale gasification in a CHP plant; and (4) power plant with large-
scale boiler and steam turbine. We found that the heat supply by chip boiler was most profitable. 

Figure 2: Improved forwarder, Japen. Photo: FFPRI.

Table 1: Pay back period for each biomass energy plants.
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Utilization of woody biomass: future feedstock for biorefining

Antti Asikainen

Finnish Forest Research Institute (Metla), Joensuu Research Unit, antti.asikainen(at)metla.fi

All biomass components of trees can, in principle, be used as the feedstock for biorefining 
processes. Three main strategies in feedstock supply can be identified: (1) reallocation of current 
biomass flows (mainly from pulping to biorefining); (2) mobilization of the surplus forest growth; 
and (3) boosting the biomass production by intensifying wood production on the existing forest 
area or by establishing new plantations. 

Forests form a vast source of biomass globally. Forests cover 3.9 billion hectares representing 
about 30% of the total landmass (FAOSTAT 2009). Although the total forest area has decreased 
by 50 million hectares since the year 2000, different trends can be found between the continents: 
in Europe, North America and Asia, forest area is increasing; and in Africa, South America and 
Oceania decreasing. Global growing stock totals 434 billion m3 stemwood measured over bark. 

Current global use of wood is 3.7 billion m3 per year over bark. More than half (1.9 billion m3) is 
used directly for fuel mainly in developing countries (FAOSTAT 2009). The other 1.8 billion m3of 
the material is used by forest industries, but 40% of this ends up in energy use via by-product and 
residues. Thus already now about 70% of utilized wood goes to energy production. 

The justifiable volume of reallocation of current flow of industrial roundwood to biorefining 
purposes has not been estimated before. If 10% of global industrial roundwood utilization would 
be redirected to biorefining, the annual volume would be 170 million m3 (71 million dry tonnes). 
This is roughly 25% of the wood consumption in chemical and mechanical pulping today. 

Assuming that 25% of the surplus forest growth could be mobilized for biorefining, there would 
be 340 million m3 (143 million dry tonnes) available globally. This would still leave 75% of the 
surplus forest growth unutilized or as a potential raw material for the traditional energy generation 
and forest industry (Anttila et al. 2009).

Boosting of biomass production on plantations allows a future resource for feedstock. By 2020 
all industrial woody biomass could in principle be produced on plantation forests. If one-third of 
the wood coming from plantations was directed into biorefining, it would add 270 million m3 per 
year to the potential feedstock. 

The total biomass potential for biorefining is 780 million m3 per year (330 dry tonnes per year). 
This is close to the figures that have been estimated to be available for the traditional heat and 
power production (1 billion m3 per year). Together these resources would represent about 2% of 
the global energy consumption. 

References
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Process estimation of liquid fuel production process from 
woody biomass

Shinji Fujimoto 

Biomass Technology Research Center, National Institute of Advanced Industrial Science and Technology 
(AIST), s.fujimoto(at)aist.go.jp

Biomass is a carbon neutral and renewable resource that has become an attractive alternative 
in Japan since the Biomass-Nippon Strategy was decided upon in 2002. A process to produce 
transportation liquid fuel from biomass is also attractive. In this study, the Biomass to Liquids 
(BTL) process was considered from economic and environmental viewpoints. The BTL process 
comprises a number of phases:

conversion of biomass into syngas (gasification) (syngas is a mixture of carbon monoxide 1. 
(CO) and hydrogen (H2)); 
cleaning and compression of the syngas; 2. 
synthesis of hydrocarbons from the syngas; and 3. 
distillation of FT diesel. 4. 

An economic and environmental evaluation was made based on process simulation and process 
analysis. In this presentation, the effect of the utility of the process on CO2 emission and the effect 
of syngas composition on product yield are considered. 

The BTL process requires thermal energy in gasification and distillation phases, and electricity 
in the compression phase. In this study, the effect on CO2 mitigation when the requirements 
were fulfilled by fossil fuel or biomass was considered. Consequently, the combustion of a part 
of a biomass as a heat source decreased the total CO2 emission though the partial combustion 
decreased the feedstock biomass and the yield of FT diesel. Further, the power generation using 
biomass was not useful if the efficiency was low. In other words, a process that does not depend 
on a fossil fuel is not necessarily effective.

In the process, a lot of off-gas was discharged after FT synthesis. The off-gas had approximately 
half the heating value of feedstock biomass. Therefore, the combustion of the off-gas and the 
recycling of the off-gas for effective utilization of the off-gas were examined. Consequently, it 
was found that the combustion of the off-gas as a heat source was effective for CO2 mitigation. On 
the other hand, the recycling of the off-gas to the gasifier where hydrocarbons were reformed into 
CO and H2 notably increased the yield of FT diesel. However, it increased the amount of power 
needed to compress the syngas and the consumption of electricity because of the increase of 
syngas flow rate. Accordingly, CO2 mitigation decreased in this case. The compression capacity 
strongly affected CO2 mitigation.
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In the process, the H2:CO ratio, is limited by the following reaction: 

CO + H2O = CO2 + H2

Therefore, the CO that is the feedstock of FT synthesis decreases to increase the H2:CO ratio. 
The H2:CO ratio can be adjusted by controlling the amount of supplied H2O. When the carbon 
conversion to syngas in the gasification was 95% and the CO conversion to hydrocarbon in FT 
synthesis was 80%, the yield of FT oil was maximized at an H2:CO ratio of 1.78. That is, the 
increase of H2:CO ratio decreases the yield of FT oil because CO is consumed to increase H2:CO 
ratio when the H2:CO ratio is more than 1.78. On the other hand, when the carbon conversion to 
syngas decreased, the yield of FT oil also decreased. The yield of FT oil that was calculated in the 
condition of the carbon conversion to syngas of 80% and the H2:CO ratio of 1.78 became equal 
to the yield calculated in the condition of the carbon conversion to syngas of 95% and the H2:CO 
ratio of 2.25. 

In the BTL process, it is not only the increase of the carbon conversion to syngas, but also syngas 
composition that is important.
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Future biorefinery 

Hannu Ilvesniemi

Finnish Forest Research Institute (Metla), Vantaa Research Unit, hannu.ilvesniemi(at)metla.fi
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Session 3 Evaluating forest value under changing 
climate conditions for sustaining forest health  
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A stated preference approach to value ecosystem services of 
forests

Kentaro Yoshida

Faculty of Environmental Studies, Nagasaki University, ykentaro(at)nagasaki-u.ac.jp

A forestry conservation tax was implemented by the prefecture of Kochi in 2003. It was 
implemented in order to conserve headwater forests. The prefecture imposes a tax of 500 yen 
annually on each taxpayer to raise a fund to conserve forests. In 2004, the prefecture of Okayama 
introduced a similar local tax to conserve forests. Since then more than 20 local governments 
have introduced similar local environmental taxes; an effective method for evaluation of these 
instruments is called for. 

In order to value non-market goods, stated preference approaches are often employed. Yoshida 
(2004) used stated preference approaches to evaluate headwater forestry conservation program and 
suggested that the choice experiment method was more reliable than contingent valuation method 
(CVM) in terms of a scope test. One of the advantages of the choice experiment is that it allows 
researchers to evaluate and compare a number of different attributes using one question. Because 
of this, the choice experiment method has recently drawn attention in environmental economics. 
However, since local environmental taxes are conducted in a number of local governments, the 
constraint of budget and expertise may make it difficult to apply a social cost–benefit analysis 
to the measures. Therefore, it appears to be important to assess the reliability of benefit transfer 
using choice experiment as well as CVM although it may present formidable challenges.

In this study, by conducting CVM and choice experiment in almost identical forms in three locations, 
Kochi Prefecture, Okayama Prefecture, and Tottori Prefecture, the results of the experiments are 
examined to see the transferability of benefit estimates. In the field of environmental and natural resource 
economics, research on benefit transfer and stated preference approaches has increased recently.

Benefit transfer is the process to predict a benefit estimate of a new policy site by using benefit 
estimates or functions of existing studies. If existing studies for a similar environmental good 
can be applicable to cost–benefit analysis of a new policy site, government agencies will be 
able to avoid wasting time and money for tedious work. It is often required by the government 
agencies for practical reasons to obtain benefit estimates at a new policy site. Benefit transfer 
can be divided into three major types: (1) fixed value transfer; (2) expert judgment; and (3) value 
estimator models. A number of empirical studies have been conducted to assess the transferability 
of benefit estimates. However, they have mostly focused on the CVM and the travel cost method. 
Benefit transfer of choice experiments is a relatively new field, which should be explored by 
intensive empirical studies. 
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Since choice experiment has the advantage of producing per-unit benefit valuation of policy 
effects, it makes the connection with cost–benefit analyses easy and is efficient in terms of cost 
and time. If a benefit transfer approach of choice experiment is established, it will further enhance 
the efficiency of cost–benefit analyses. In order to test the reliability of choice experiment, 
comparison with CVM results would be useful to interpret the results. Therefore, both CVM and 
choice experiment were employed. 

By conducting both likelihood ratio test and direct transfer test by a complete combinatorial 
approach, both tests were likely to generate a different result. As Downing and Ozuna (1996) 
indicated, nonlinearity may cause such a result.

Reference

Yoshida K. (2004) “Testing the Transferability of Environmental Benefits for the Local 
Environmental Tax.” Journal of the City Planning Institute of Japan, 39 (3), pp.571–576.
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Nature-based recreation research in Finland

Tuija Sievänen

Finnish Forest Research Institute (Metla), Vantaa Research Unit, tuija.sievanen(at)metla.fi

Nature-based recreation research has been going on in the Finnish Forest Research Institute (Metla) 
since the mid-1970s, and the National Outdoor Recreation Demand Inventory (LVVI) -study was 
established in the late-1990s. The LVVI-study collects statistics and data on a continuous basis in 
order to monitor changes in outdoor recreation behaviour patterns. The main issues for the study 
were to produce data concerning participation in outdoor activities and recreational use of different 
forest areas (state land, community land, private land). The study also focuses on different special 
themes such as human wellbeing and health impacts of nature and environmental changes such as 
climate change and nature-based recreation and tourism. The LVVI study provides national and 
regional outdoor recreation statistics and research reports and scientific articles on different topics 
based on the LVVI-data. The second national recreation survey is on-going in 2009-2010. The 
outdoor recreation statistics are widely used in forest policy and environment policy documents 
(e.g. National Forestry Program and VILMAT program), by the tourism sector, and by municipal, 
regional and state agencies which manage recreation resources and services in Finland. The project 
description and publications can be found at http://www.metla.fi/metinfo/monikaytto/lvvi. 

A special study topic based on LVVI-data is participation in different outdoor activities such 
as mushroom picking. The study revealed that the majority of Finnish people participate in 
picking mushrooms, and two out of every five Finnish people participate in an average year. Both 
participation rates and numbers of picking occasions vary depending on whether the mushroom 
crop is good or poor in a particular year. The most important socio-economic factors affecting 
the participation and the number of picking occasions are gender, age, place of residence (size of 
municipality and location of region). Interestingly mushroom picking frequency was not related 
to the income of picker. It seems that mushrooms are not a necessity in a Finnish household, but 
rather they are luxury of more highly educated Finns. The same conclusion can also be drawn from 
the decrease in picking frequencies in poor crop years. This gives an impression that Finns do not 
have an annual mental quota or goal for amount of mushrooms picked and conserved. Rather they 
take advantage of the plentiful crops of mushrooms on those years when they appear.    

Another research topic has concerned outdoor recreation and adaptation to climate change. The 
focus was in recreation activities which are dependent on natural snow cover (cross-country 
skiing, downhill skiing and snowmobiling), and also summer activities which are related to warm 
temperature and sunny conditions (swimming in natural waters). The study produced recreation 
participation models based on the data of the national inventory of outdoor recreation (LVVI). 
Based on scenarios for near term (2005–2020), mid-term (2021–2050) and long term (2070–
2099) according to participation models, the study concludes that (1) decrease in participation 
rates and days occur in winter activities, particularly in cross-country skiing and snowmobiling; 
(2) participation in downhill skiing is less sensitive to changes in climate conditions compared 
to cross-country skiing; (3) participation rate increases in swimming in natural waters. The 
recreation participation scenarios provide a vision of how current patterns of recreation behaviour 
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follow the changes in climate, demography and socio-economic development. People adapt their 
participation in recreational activities in various ways: (a) shifting to activities which are less 
sensitive to weather conditions; (b) by travelling to more distant locations; and (c) by investing in 
new types of recreation equipments with high-tech solutions in changed climate conditions. 

In Metla, a 5-year research program ‘Wellbeing of Forests’ (HYV) was established in 2008 (http://
www.metla.fi/tutkimus). It includes seven main projects and several sub-projects. The aim of 
the program is to produce new information on the following topics: (1) integration of different 
forest uses; (2) benefits and economic values of forest recreation and tourism; (3) demand and 
trends of nature-based recreation and tourism; (4) cultural and social values of forests; and (5) 
entrepreneurship and new products and services. The main projects are:

The meaning of tourism and recreation in rural development and landscape;• 
Environmental and recreation services of forests: economic impacts, valuation, and • 
business opportunities;
Impacts of forest management practises on landscape and recreational values;• 
Integrating ecological and social information in urban planning;• 
Land-use planning for sustainable tourism destinations;• 
Nature-based recreation monitoring and assessment (including LVVI study);• 
Developing services for efficient utilization of forest resources for the welfare of forest • 
owners and society.

The HYV program is the strongest unit in this field of research in Finland. HYV -program 
researchers have contacts and co-operation with international research networks in Europe (e.g. 
COST Actions E33, E39 and E45) and also worldwide (International Union of Forest Research 
Organisations (IUFRO), International Symposium of Society and Resource Management 
(ISSRM). Co-operation with Japanese research units are an interesting opportunity. Common 
issues could be forest impacts on human health and wellbeing, and interest in wild mushrooms as 
a source of food and recreation among other possible up-coming issues. 
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Research projects for cultivating Tricholoma matsutake in FFPRI

Takashi Yamanaka

Forestry and Forest Products Research Institute (FFPRI), Matsunosato 1,Tsukuba, Ibaraki 305-8687, 
Japan, yamanaka(at)ffpri.affrc.go.jp

Tricholoma matsutake (S. Ito & Imai) Sing. is one of the most economically important edible 
ectomycorrhizal mushrooms in the world. However, in spite of many attempts to cultivate T. 
matsutake, none has succeeded. Therefore, commercial demand is met by harvesting fruit bodies 
that grow spontaneously in coniferous ectomycorrhizal forests, mainly under Pinus densiflora 
trees. In the early 1940s about 12 000 tons of T. matsutake were harvested each year in Japan; 
production has since drastically decreased to less than 100 tons per year. Possible causes are 
pine wilt disease and modern forestry management practices, which might have damaged the 
symbiotic association between T. matsutake and pine trees.

This fungus develops mycelial aggregations in association with mycorrhizal roots and soil particles, 
which are called “shiros”, in well-drained and nutrient-poor forest soil. Fruit bodies of T. matsutake 
develop on these shiros, and so research on the mechanisms of development of shiros and the 
mycorrhizal association between T. matsutake and pine trees (Fig. 1) is necessary to improve the 
production of matsutake in pine forests and to establish an artificial cultivation system.

For shiros to develop in nutrient-poor soils, carbon is translocated from pine trees into T. matsutake, 
and nitrogen might be obtained from soil microbes in or near shiros in soil. At FFPRI, we started 
a research project on the nutrient acquisition of T. matsutake by estimating the physiological and 
morphological reactions of pine roots against infection by T. matsutake and by clarifying the changes 
in gene expression by colonization of T. matsutake. We also examined the nitrogen-fixing activity in 
shiros, as well as soils outside and inside the shiros for clarifying the nitrogen acquisition of shiro.

In Japan, two Tricholoma species (T. bakamatsutake and T. fulvocastaneum) closely related to 
T. matsutake have been reported from oak trees (Quercus spp.). Among these two species, T. 
bakamatsutake has a strong fragrance similar to that of T. matsutake, whereas T. fulvocastaneum 
has a faint fragrance. These two species are expected to be valuable edible mushrooms which 
can be cultivated. We have started another project to cultivate these two Tricholoma species. 
Initially, the relationship of T. bakamatsutake and T. fulvocastaneum with T. matsutake will be 
investigated genetically. By developing a technique to synthesize ectomycorrhiza between these 
two Tricholomas and oak seedling in vitro, the host range of these fungi will be clarified for 
selecting an adequate combination of fungus and its host tree.

Figure 1: Ectomycorrhizae of Pinus densiflora 
formed by Trihcoloma matsutake. Photo: FFPRI
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Appendix 

Presentation: Research projects for cultivating Tricholoma matsutake in FFPRI
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Ectomycorrhization of Tricholoma matsutake and two major 
conifers, and a field investigation in Finland 

Lu-Min Vaario1, Jussi Heinonsalo3, Tytti Sarjala2, Eira-Maija Savonen2, 
Taina Pennanen1

1Finnish Forest Research Institute (Metla), Vantaa Research Unit, corresponding author: lu-min.vaario(at)
metla.fi
2Finnish Forest Research Institute (Metla), Parkano Research Unit
3 University of Helsinki, Faculty of Agriculture and Forestry, Department of Applied Chemistry and 
Microbiology, Finland

Tricholoma matsutake (S. Ito et Imai) Sing. is an ectomycorrhizal fungus, which produces 
commercially valuable mushrooms. T. matsutake resources are endangered in Japan and more 
than 2000 tons of T. matsutake or closely related species are imported to Japan annually (having 
a total annual value of more than €120 million). This mushroom was selected as the mushroom 
of 2007 in Finland. There have been many studies concerning matsutake and Pinus densiflora (in 
Japan); however, there is not much information about matsutake in northern Europe both with 
European host tree species and shiro in field (‘shiro’ refers to the dense mat of fungal filaments 
that Matsutake forms in soil in association with pine roots and soil particles).

One of main aims of the project is to test the ability of T. matsutake isolates to form mycorrhizas 
with two major conifers in northern Europe: Scots pine (Pinus sylvestris L.) and Norway spruce 
(Picea abies (L.) Karst.). Germinated seedlings of Scots pine and Norway spruce were separately 
inoculated with either Finnish or Japanese isolates (kindly provided by Prof. K. Suzuki). Eight 
months after inoculation, the Finnish isolate had formed a sheath and Hartig net on both pine 
and spruce. Inoculation with the Japanese isolate resulted in an initial Hartig net-like structure 
in pine but not in spruce. This study documents and describes the in vitro ectomycorrhization 
between T. matsutake and Scots pine or Norway spruce and the variable mycorrhizal structures 
that matsutake isolates can form.

The second aim of our study is to provide information on fruitbody formation of T. matsutake and 
other fungi species within the matsutake growing area during the matsutake producing season. 
Furthermore, we wanted to compare matsutake DNA contents within shiro soil in early summer 
with matsutake fruitbody numbers in each fairy ring. This study was conducted at one experimental 
site (1.5ha) in a mixed conifer and birch forest near Helsinki, Finland. During July to October 
2009, the site was visited every other day to ensure comprehensive sampling of sporocarps 
including T. matsutake and other mushrooms. Shiro soil samples were collected at the beginning 
of June, 2009. Crude genomic DNA was extracted from soil and was analyzed by matsutake ITS 
specific primers (Kikuchi et al. 2000) and RT-PCR. The results showed that T. matsutake was not 
the only mushroom within the matsutake shiro area since Russula sp. Cortinarius sp. were also 
frequently found in the matsutake growing area. However, the fruiting time of matsutake was 
a little bit different from the other mushrooms. Furthermore, the results showed that matsutake 
DNA contents of shiro soil in early summer are correlated well with later emerging fruitbody 
numbers. 
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The third aim of this study is to provide information on the dynamics of mycorrhiza formation 
and development in natural forest by microscope observation. The root tips of T. matsutake 
mycorrhizas were collected and observed from spring to autumn. The roots colonized by T. 
matsutake were alive and white in color in the spring season. However, the mycorrhizas sampled 
during the summer and autumn were becoming brown and dying even when they were still fully 
colonized by T. matsutake hyphae (Vaario et al. 2009). This morphological phenomenon raises a 
question: does T. matsutake have multiple trophic statuses depending on the time of year.

In conclusion, our studies have demonstrated that T. matsutake can develop typical ectomycorrhizas 
with Scots pine and Norway spruce, two major European conifers. Our in vitro system provides 
an experimental platform for further investigation of the relationship between matsutake fungi 
and these two conifers. The native isolate had higher infectivity compared to the Japanese isolate, 
which raises the interesting question of whether the host tree species/genotype has an established 
relationship with the local T. matsutake that cannot be co-opted by strains from elsewhere. The 
results of a field investigation showed the dynamics of shiro formation and development of T. 
matsutake which will give hints for evaluating the role of shiro formation in our further studies. 

This research was supported by the Foundation for Research of Natural Resources in Finland.
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Wood construction in Finland – a natural way of mitigating 
climate change

Henrik Heräjärvi 

Finnish Forest Research Institute (Metla), Joensuu Research Unit, henrik.herajarvi(at)metla.fi

Owing to the global economic recession striking especially hard against the pulp and paper 
industries, we expect to face fundamental changes in the structure of the forest industries in 
Finland. We expect that wood product manufacturing, and subsequently, wood-based construction 
will have a more profound role in the society and business. Based on indisputable facts, we do have 
political and ecological support for wooden construction, and even more importantly, consumers 
appear to be willing to purchase wooden houses. However, there are still some technical, economic 
and regulatory obstacles that slow down the process of moving towards a more sustainable course 
of construction. One crucial point is the gap between wood product manufacturers and builders. 
The wood product manufacturers cannot, currently, provide the builders with solutions based on 
integrated product systems. It means that the current wood products, i.e., sawn timber, gluelam 
beams, plywood, etc., have not been developed to be smoothly applicable to the modern product 
systems used in the construction business. Instead, today’s wood products are still mainly equal 
to the ones traditionally used in private building processes of single houses, resulting in lots of 
carpentry work and lots of waste during the various phases of construction work. Hence, there is 
a lack of component and system manufacturers that could act between the primary industries and 
modern industrial building contractors. This problem is pronounced in the value chain of business 
customers in the construction field, where in many cases the current wood product solutions are not 
cost competitive enough in comparison to the concrete- and steel-based alternatives, for instance. 
Radical innovations are, therefore, necessary both from the product and business points of view.

Another challenge is related to the education of structural engineers and architects. Based on 
several decades of domination of concrete and steel in large-scale construction, Finland has 
almost completely lost the expertise of wood construction at the university level. The graduating 
building contractors, designers and architects are thus mostly not competent to make structural 
calculations and plans for timber structures.

Construction in general, is responsible for approximately 50% of the consumption of natural 
resources and 40% of the waste production. The majority of the resources consumed are non-
renewable. It is expected that volumes of construction will increase globally due to the growth in 
population, urbanisation and general welfare. At the same time, the availability of non-renewable 
resources is expected to decrease.
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Wood is the only construction material that is renewable and certified. Wood-based construction 
consumes far less energy and natural resources compared to any other industrial construction 
material. Energy consumed in wood product manufacturing processes is almost entirely renewable, 
originating from burning the waste wood. All other construction materials use mostly non-
renewable energy. Production of aluminium, for instance, consumes almost 50 times more energy 
than production of the same volume of plywood. In addition, wood products, when disposed by 
burning, produce more energy than their production has consumed. Wood products also store 
carbon over their life cycle, and replace fossil fuels at the end of their life cycle.

In Finland, approximately 88% of single family houses are currently made with timber frames, 
and 12% are based on concrete, steel or stone. However, public buildings and multi-storey houses 
are still almost entirely based on concrete and steel structures. In the case of public building and 
multi-storey houses, the general figure at the European scale is about the same as in Finland. The 
Finnish Forest Industries Federation has calculated that if the dwellings in Europe would be built 
using wood instead of concrete and steel, the total consumption of natural resources (expressed 
as kg/m2), would drop by 70% from its current level. Furthermore, the consumption of energy 
during the production of building materials, and overall CO2 emissions would drop more than 
40% and more than 60%, respectively. Using wood in all residential construction is, of course, 
impossible. However, the figures presented above illustrate the possibilities related to wood-based 
construction from the viewpoint of sustainability.
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Appendix 

Presentation: Wood construction in Finland – a natural way of mitigating 
climate change
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Conclusions and outlook to the future

The basic idea of forest research cooperation between FFPRI and Metla grow from the similarities 
and the importance of forests in both countries. The forest area is about the same, as well as the 
volume of forest industry. Total wood volume and growth is larger in Japan because of more 
advantageous conditions. On the other hand domestic wood is utilized more in Finland. Both 
countries have a well developed society and infrastructure, but on the other hand they also have 
an ageing population. 

Forest research has over a hundred-year long traditions and it is well organized in both countries. 
Preventing climate warming and mitigating its consequences raises many important research 
tasks. Maintaining a vibrant forest-based economy and the health effects of forests are significant 
for the well-being of society. Renewable versatile forest resources offer a good base to tackle 
potential future problems with help of efficient forest research. Combining the strengths of 
two different cultures and traditions offer new research perspectives. Combining resources and 
dividing research tasks wisely generates effective research with lower costs.

Single researchers of both research institutes had visited each others on many topics. Some, mostly 
international seminar articles were written together. These showed the possibilities which could 
be gained with broader cooperation. Thus the visit of Metla director general Hannu Raitio to 
FFPRI headquarters in Tsukuba in 2007 offered the occasion to sign the treaty on mutual research 
interests between Metla and FFPRI. 

Then FFPRI president Kazuo Suzuki visited Metla in 2008 to plan forms of cooperation. The 
first cooperation was a seminar on the mitigation of climate change. Others forms of cooperation 
will include enabling researcher to visit other facilities, and later also the planning of common 
research programs. 

Now we had the first researcher forest seminar between Metla and FFPRI in Joensuu 7–9 
September 2009. There was a Matsutake excursion before and a wood bioenergy harvesting and 
utilization excursion after the seminar. Altogether 12 Japanese researchers under the leadership of 
vice-president Isamu Okochi from FFPRI and some other Japanese research organizations took 
part in the seminar. Metla director general Hannu Raitio and director of Joensuu Research Unit 
Jari Parviainen were leaders of the Finnish researchers. 

There were vivid discussions after each presentation. According to the questionnaire after the 
seminar, most participants found that the seminar fulfilled their expectations. The interesting 
program was the most often mentioned reason to join the seminar. Networking with other 
researchers and exchanging information between each other were also mentioned as important 
benefits of this seminar. Some participants considered that the program was too broad. Since the 
seminar the Finnish and Japanese researchers have continued to be in contact about the seminar 
topics. 

After the seminar it was proposed that another seminar should be held in Japan. FFPRI promised 
to be the host for seminar, which would be located in both Tsukuba and in Sapporo. The date was 
set as the week after the IUFRO WORLD CONGRESS 2010 in Seoul. 



Working Papers of the Finnish Forest Research Institute 144
http://www.metla.fi/julkaisut/workingpapers/2010/mwp144.htm

81

The main target of the Metla–FFPRI Forest Seminar is to find mutually beneficial cooperative 
research projects which offer wider and deeper views on each topic. Resources can thus be more 
efficiently utilized and solutions may have wider application. Both institutes may also invite 
members of other research institutions to join the seminars.

Themes for the next seminar were agreed:
- General theme 

- Climate change 
- Sub themes

- Ecosystem services and public goods (ncluding also forest tree breeding, entomology and 
pathology) 
- Physical and chemical properties of wood
- Promoting private forestry

Both parties apply cooperatively funding for seminar arrangements and participation from the 
Japan Society for the Promoting of Science and the Finnish Academy. Other possible sources can 
also be used. 

This first Finnish–Japanese Forest Seminar has shown the usefulness of face-to-face discussions 
in finding new knowledge and especially in finding ways to develop research projects and to start 
cooperative studies between our two organizations.

Arto Rummukainen
Finnish Forest Research Institute (Metla) 
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1 Finnish–Japanese Forest Seminar group picture in front of Metla House in Joensuu, Finland 
(Photo: Metla/Markus Lier). 2 First seminar day. 3 Demonstration of Metla’s root laboratory in 
Joensuu, Finland. (Photos: Metla/Arto Rummukainen)
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4 Second seminar day (Photo: Metla/Arto Rummukainen). 5 Excurssion: harvesting forest biomass in 
Eno, Finland. 6 Excurssion: Matsutake growing site near Kontiolahti, Finland. (Photos: Metla/Markus 
Lier)
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