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Abstract

In recent years, the importance of renewable energy sources, including biomass, has
considerably increased in EU and Nordic regions. The target level for EU is to reach 20%
of total energy consumption. Latvia has to increase its share of renewables by 7% to
reach its goal of 40% by 2020. The main, and still not fully used, renewable resource is
biomass in Latvia.

The aim of this study is to evaluate available and potential resources of biomass from
clear cuts now and in the future. Core data is taken from the National Forest Inventory
(NFI), which is done for the first time in the history of Latvia. Availability of biomass is
estimated at three levels and nine sublevels showing the change of available biomass
today and in the future if harvest intensity and technologies of collecting energy wood in
clear cuts are improved. Also, possible changes in the pulpwood market are reviewed.
Level 1 expresses harvest intensity according to data from the State Forest Service.
According to data from NFI level 2 shows the same pattern as level 1 and level 3 gives
the maximum level of available biomass. Results are expressed in oven dry tones of
energy wood.

Today the main limiting factor for the expansion of energy extraction from wood from
clear cuts is the cost of energy wood. About 20% of all clear cuts are used for energy
wood collection. The quantities that are produced today may be increased by about three
times by optimizing the utilization of clear cuts used for energy wood extraction and
slight improvements in methods and technologies. The main assortment of energy wood
at the moment is logging residues and firewood. At level 1, biomass potential is 0.79 m
odt (oven dry tons) annually. If, at the same level, stump lifting would be introduced,
available biomass would be 0.98 m odt (level 1.1). With improved technologies and
optimal land use, biomass for energy would reach 2.54 m odt. If in the market situation
price for pulpwood is too low and it is used as energy wood, available biomass would be
3.66 m odt. At the base of level 2, available biomass is 1.06 m odt annually. With the
stump lifting at level 2.1, the volume of energy wood is 1.30 m odt. Optimal land use and
improved technologies at level 2.2 gives 3.40 m odt. By adding pulpwood biomass
potential at the level 2.3, it is possible to reach 4.89 m odt. At the maximum harvest
intensity at level 3 biomass potential is 2.21 m odt, level 3.1 gives 2.73 m odt, level 3.2 —
7.10 m odt, and the maximum annually available biomass potential at level 3.3 is 10.23 m
odt.

It is rather hard to estimate biomass potential from the raw data of NFI, but the results
look realistic when compared to other studies. Extra quantities of energy wood could be
added from wood processing as a secondary source of biomass, which is not considered
in this paper.

Keywords: biomass, potential, logging residues, stumps, firewood, pulpwood, Latvia



Anotacija

Pédgjos gados atjaunojamu energoresursu, ieskaitot biomasu, nozimigums ES un ziemelu
rajonos ir ievérojami piecaudzis. ES mérkis ir sasniegt 20% atjaunojamas energijas no
kop€ja energijas patérina, tas nozim¢, Latvijai ir japalielina atjaunojamo energoresursu
patsvars par 7%, lai sasniegtu 40% mérki 2020. gada. Galvenais un joprojam pilnigi
neizmantotais atjaunojamais resurss Latvija ir biomasa.

S pétijuma mérkis bija biomasas pieejama un potenciala apjoma noteikana no
kailcirteém Sobrid un nakotn€. Pamata informacija ir npemta no nacionalas meza
inventarizacijas, kas Latvijas veéstur€ ir veikta pirmo reizi. Biomasas pieejamiba ir
noverteta tris pakape€s un kopa devinas apakSpakapes, uzradot pieejamas biomasas
izmainas Sodien un nakotng, ja mezistrades intensitate un energokoksnes savaksanas
tehnologijas kailcirt€s tick uzlabotas. Ari iesp&jamas izmainas papirmalkas tirgt ir
virspusgji apskatitas. Pirmais [imenis izsaka cirSanas intensitati saskana ar Valsts meza
dienesta datiem. Otrais limenis parada to pasu, ko pirmais, bet saskana ar NMI. Tresais
Iimenis uzrada maksimalo pieejamas biomasas apjomu saskana ar NMI. Rezultati ir
izteikti energokoksnes tonnas sausnas.

Sodien galvenais limitgjosais energokoksnes savaksanas izplatibas faktors no kailcirtém
Ir cena un izmaksas par energokoksni. Apm&ram 20% no visam kailcirtém ir izmantotas
energokoksnes savakSanai. Izstradatie apjomi Sodien var tikt palielinati apméram 3 reizes
optimizgjot kailcirSu izmantoSanu energokoksnes savakSanai, un nedaudz uzlabojot
metodes un tehnologijas biomasas izstradé. Galvenais energokoksnes sortiments Sobrid ir
mezistrades atliekas un malka. Pirmaja Iimeni biomasas potencials ir 0,79 milj. sausnas
gada. Ja tada pasa pakape tiktu ieviesta celmu izstrade, pieejamais biomasas daudzums
butu 0,98 milj. sausnas (1.1 Iimenis). Ar uzlabotam tehnologijam un optimalu zemes
izmanto$anu, biomasa energijas razo$anas nolikiem sasniegtu 2,54 milj. sausnas (1.2
Iimenis). Un pie nosacijuma, ka papirmalkas cena ir parak zema, un ta tiek izmantota ka
energokoksne, pieejamais biomasas daudzums biitu 3.66 milj. sausnas (1.3 [imenis).
Otraja pamatlimeni, pieejamais biomasas apjoms ir 1,06 milj. sausnas. Ar celmu izstradi
2.1 limen1 energokoksnes apjomi ir 1,30 milj. sausnas. Optimala zemes izmantoSana un
uzlabotas tehnologijas 2.2 Iimeni dod 3,40 milj. sausnas. Un pievienojot papirmalku,
biomasas potencials 2.3 limeni sasniedz 4,89 milj. sausnas. Pie maksimalas cirSanas
intensitates 3. Iimeni biomasas potencials ir 2,21 milj. sausnas, 3.1 Iimenis dod 2,73 milj.
sausnas, 3.2 ltmenis 3.2 — 7,10 milj. sausnas, un maksimalais pieejamais biomasas
potencials 3.3 liment ir 10,23 milj. sausnas.

Ir diez gan sarezgiti novertet biomasu potencialu no NMI pamatdatiem, bet salidzinatie
rezultati ar citiem autoriem izskatas ticami. Papildus energokoksne var tikt pievienota no
kokapstrades ka sekundars biomasas avots, kas nav ieklauts Sai darba.

Atslegas vardi: biomasa, potencials, cirSanas atliekas, celmi, malka, papirmalka, Latvija
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1. Introduction

According to the directive 2009/28/EC of the European Parliament and of the Council on
the Promotion of the Use of Energy from Renewable Energy Sources, the proportion of
renewable sources in Latvia at the year 2020 must reach 40% of the total energy
consumption. Today the share of renewables is 32.6% (The European Parliament and The
Council of the European Union, 2009). In the European Union context, biomass is the
only renewable source, which, in the short term, can ensure the sustainability of the
power industry. In 2004, 4.13% of the total Gross Inland Consumption in the EU, came
from biomass resources (Ragossnig, 2007). The EU target for the year 2020 is to reach
20% share of renewables (The European Parliament and The Council of the European
Union, 2009). The forest is one of the most important resources in Latvia. With an
increasing global demand for biomass, forest resources will play an important role in the
fulfillment of economic, social, environmental and national energy requirements in a new
market situation.

1.1. Energy Sector and Primary Energy Sources

The total consumption of primary energy resources in Latvia was 204.6 PJ (Peta — Joule)
or 56.8 TWh (terawatt hour) in 2007 (Ministry of Economics of the Republic of Latvia,
2009). Due to climatic conditions, the heating season in Latvia is 200 — 210 days. 44% of
the energy generated in Latvia is used for thermal heating (Figure 1) (Latvia Distric
Heating Association, 2009).

Electricity
Heat 11%
44% ~ /_
Losses, Other
15%

Transport
30%

Figure 1. Energy balance in Latvia, year 2007
Attels 1. Energo bilance Latvija 2007 gada.

Of the total final energy consumed in Latvia, 25.5% comes from biomass, the second
highest figure in EU 27 (European Biomass Association, 2009). However, this figure is
likely higher since the use of firewood is likely not accounted for in the statistics. The
final energy consumption includes 100% of biomass used in households, industry, and
transport.
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Figure 2. The annual use of natural gas and energy wood in Latvia, year 2007
Attels 2. Dabas gazes un energétiskas koksnes vietéja ikgadéja izmantoSana Latvija, 2007 gada

If comparing the two main competing resources in production of thermal energy; natural
gas and energy wood, it’s apparent that user groups are split in two main groups: big
scale energy producers and small scale energy producers or households (Figure 2). In
general, big scale energy producers i.e. combined heat and power plants (CHP), central
heating plants and enterprises produced heat and electricity by utilizing natural gas. The
local use of biomass has been quite stable from 2004 to 2008, while biomass export has
been fluctuating more relative to local use. As figure 3 shows, export of biomass
dominates over local use when biomass for technological processes and production of
heat and electricity is used. Export of biomass is fourth greatest use of all forestry goods
in Latvia, and, expressed in monetary value, is just behind sawn goods, roundwood and
plywood (Lazdina, 2008).
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Figure 3. Use of biomass for technological processes, heat and electricity and export in Latvia
(Latvijas republikas Zemkopibas ministrija, 1993-2009), (Latvian Environment Geology and
Meteorology Centre, n.d.).

Arntels 3. Biomasas izmanto3ana Latvija tehnologiskajiem procesiem, siltuma un elektroenergijas
raZoSanai un eksportam.



Figure 4 shows that gas price index has increased by 170 index points, from 2004 to 2009
(CSB of Latvia, n.d.). Together with the financial crisis, the increase in gas price has
dramatically increased the heating bills to a level that many people are no longer capable
of paying for delivered heat.
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Figure 4. Index of gas price in Latvia from year 2000 to 2009. Index at year 2000 is assumed to
be 100.

Attels 4. Gazes cenu indekss Latvija no 2004 [idz 2009 gadam. Indekss 2000 gada ir pienemts ka
100.

As figure 1, 2 and 3 show, to produce the thermal energy at needed level in Latvia,
instead of importing increasingly expensive gas, local resources could be used, mainly
biomass from forestry.

1.2. Forest coverage and ownership structure in Latvia

According to data from the National Forest Inventory (NFI), forest coverage in Latvia has
increased to 50% compared to 23% in 1923 according to State Forest Service (SFS)
(Valsts meza dienests, n.d.;Latvijas republikas Zemkopibas ministrija, 2004).
Afforestation has occurred on abandoned agricultural land, and in the future, further
increase of forest area is expected. Forest coverage over the whole country is not evenly
distributed and varies from 29.9% to 64.3% (Figure 5).

In Latvia, 47% of the total forest land is owned by the state and is managed by joint stock
company Latvijas valsts mezi (LVVM). The rest of the forest is privately owned and
accounts for the remaining 53% (Latvijas republikas Zemkopibas ministrija, n.d.-a).
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Figure 5. Forest coverage by districts in Latvia (Latvijas republikas Zemkopibas ministrija, n.d.-
b)

Attels 5. Mezainums Latvija pa rajoniem.

The trees species distribution varies between the state—owned and private—owned forests.
State—owned forests are comprised of 58% conifers compared with 29% of private—
owned forest (Latvijas republikas Zemkopibas ministrija, n.d.-a). Deciduous trees,
especially grey alder which is mostly used for firewood, dominate the private—owned
forests (Figure 6).
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Figure 6. Tree species distribution in private and state forests in Latvia.

Attels 6. Koku sugu sadalijums privatajos un valsts mezos Latvija.



Figure 7 shows the present age structure of all the main tree species in Latvia. In the next
30 years there will be an increase of mature birch stands with the area reaching 155
thousand hectares and a slight increase of area for spruce (Figure 7). In next 40 years an
increase of pine stands is expected, but after that a rapid decrease will follow.

Figure 8 shows, a peak of mature grey alder stands which accounts for 83 thousand
hectares. Grey alder is sometimes used for packaging and charcoal production, however,
there is very little market for grey alder other than for biofuel. After 10 to 20 years, a
rapid increase of aspen stands is predicted and area of aspen stands may reach 69
thousand hectares. (Latvijas republikas Zemkopibas ministrija, 2004).
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Figure 7. Age structure of pine, spruce and birch in Latvia.
Attéls 7. Priedes, egles un berza vecumstruktiira Latvija.
90
80 =o—Black alder Grey alder =s#=—Aspen =>e=0ak, Ash

2
50 \
0 —
30 \

i Mi‘\& .

O S I SRR S SR
/ '5\/ b&\/ 5\/ b\/ ,\\/ oo\/ 0)\/

Area (1000 ha)

Age Class (years)

Figure 8. Age structure of black alder, grey alder, aspen, oak and ash-tree in Latvia.

Attels 8. Melnalksna, baltalksna, apses, ozola un osa vecumstruktiira Latvija.



1.2.1. Study limitations
Current biomass use in Latvia could be divided into three main groups: agriculture
byproducts, waste from landfills, and biomass from forestry.

Abandoned agriculture land has been the object of discussions for some time with
regarding to biomass, however, this area of interest lacks data, to make a good overall
estimation of biomass. Development and utilization of the waste from landfills is
improving and today one of the main energy sources from the landfills is biogas.

Forest biomass is the most widely used type of biomass in Latvia today. It is divided into
two major groups: direct biomass from forest (branches, tops, stumps and firewood) and
forest industry by—products (woodchips, offcuts, sawdust, bark, etc.). Forest industry by—
products are not considered in this paper as it is a secondary flow of biomass.

Although woody biomass for energy purposes can be produced in all types of wood
harvesting this study will not consider biomass from selection fellings, thinnings and
cleanings due to lack of reliable data and time restriction.

Removing undergrowth from road sides and cleaning ditches may give rather high
volumes at a local level, but not at a state level. A lack of good data makes it difficult to
estimate available biomass from these infrastructure objects.

Most of the volume of merchandisable timber is produced from clear cuts, which gives
83% of the total annual cut in 2009 (Valsts meza dienests, 2009b). The other 17% come
from other types of harvest activities (e.g. selection fellings and thinnings). Because of
this, the focus of this study is on clear cuts where most of the resources are located and
where the development of applied technologies will be easier to implement in the near
future.

This study includes biomass from three types of clear cuts; a) clear cuts where at least
five ecological trees per ha are left (Anon., 2001), b) clear cuts where seed trees are left
in order to promote natural regeneration and c) clear cut where cutting is done according
to a target diameter (if stands of pine, spruce and birch reach target diameter before
minimal acceptable felling age, they can be harvested).

There is no pulp industry in Latvia and that means almost all pulpwood is exported. Only
a small share is processed locally to OSB boards (oriented strand boards). However small
changes in market situations regarding the use of pulpwood may switch in favor to the
energy industry. Because of this, pulpwood is partly included in biomass estimation.
Today all available sources of biomass as energy wood from forestry are used, with the
exception of pulpwood and stumps at the industrial scale.

The purpose of this paper is to estimate which biomass resources are available from clear
cuts based on three different harvest levels and utilization practices and how the situation
could change if harvest intensity and efficiency of collecting energy wood would change.

10



2. Materials and Methods

2.1. National Forest Inventory

The input data for calculating biomass potential comes from National Forest Inventory
(NFI) carried out by the Latvian State Forest Research Institute Silava. NFI data was
collected from year 2004 to 2008. It was the first time an NFI had been carried out in
Latvia. An NFI is done at a three level sampling system: In the first level, an orthophoto
map is used. In the second level, a network, entity, and temporary plots are set up. Entity
plots are located 4 km from each other, while temporary plots are located 2 km from each
other with the aim of increasing the credibility of the obtained results. In the third level,
the trees are selected in each plot. During the rotation period of five years, each plot
(entity and temporary) represents the total forest area of 300 ha (Latvijas republikas
Zemkopibas ministrija, 2004). All data representing forest stands are based on the
dominant tree species in the stand.

As long as the second cycle of NFI is not finished, estimations of the annual increment
may contain errors as the amount of dead wood is not clear.

2.2. Forest Typology

In Latvia almost all forestry activities are based on forest types and site index. That gives
information about growing conditions such as moisture, drainage, nutrient content in the
soil and other characteristics of the forest. The harvesting methods and time is decided by
forest types. It gives information about which actions are allowed in the current locations.
Each forest type may has seven site index classes, which show the productivity of the
specific forest type (Appendix 1).

In total there are seven site index classes: la, I, II, 111, IV, V, Va. The first four classes
correspond to forest on rich soils while the last three correspond to forest on poor soils.

11
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Figure 9. Forest types, abbreviation of forest type and percentage (of total area) of each type. The
dark color shows the forest types, which are not suitable for extraction of logging residues. The
grey color shows forest types that are not suitable for stump lifting. This rule works at the perfect
weather conditions for the harvesting operation.

Anels 9. Meia augSanas apstakju tips, MAAT saisinajums un katra MAAT procentudala daja.
Tumsa krasa norada uz MAAT, kuri nav piemeroti meZistrades atlieku savaksanai, un peléka
krasa norada uz MAAT, kuri nav pieméroti celmu plésanai. Sie pienémumi darbojas pie
perfektiem laika apstakliem meZistrades operacijam.

By the Latvian forest typology, there are five forest type lines. The first three are natural
forest; dry, wet, and naturally wet forests on peat soils. The other two are drained,
organic layer less than 20cm and more than 20cm (dark color in Figure 9). In total there
are 23 forest types unevenly distributed over all five forest type lines (Figure 9).

2.3. Logging Residues

Today, logging residues are extracted from almost all forest types if the economic
situation and technical possibilities allow it. Logging residues are, however, not extracted
from naturally wet forest on peat soils and drained forests with organic layer more than
20 cm (Palejs, n.d.;LVMI "Silava™, 2007), as the bearing capacity is low in these forest
types and, therefore, residues are used for the reinforcement of strip roads.

12



2.4. Stump Extraction

According to data from the NFI, poor forest types, such as Cladinoso-callunosa (SI),
Vacciniosa (Mr) and Myrtillosa (Ln), cover 8% of the total forest area and are not
economically acceptable for stump lifting.

Other excluded forest types comprise 23% of the total forest area whereas the remaining
69% is suitable for extraction of all kinds of fuel wood. Technically it is possible to
extract stumps from swampy and drained forest in cold winters and dry summers. If
weather conditions allow, the share of suitable forests for stump extraction may increase
to 92% of the total forest area (Palejs, 2010), where poor and sandy forest stands such as
Sl, Mr and Ln, are still excluded.

2.5. Assortment Structure

The average outcome of firewood from clear fellings is 10% in the private forests and
7.4% in the forests managed by the JSC Latvijas valsts mezi (LVM) (Table 1). Table 1
shows the share of firewood by different tree species in the private forests. The amount of
firewood assortment varies between different tree species. For pine it is only 3.7%, but
for deciduous trees, except for birch, the share of firewood is up to 24.4%. Tree species
like grey alder may end up as firewood for all 100% (Palejs, 2010;Lazdins, 2010).

Table 1. Assortment structure in the private and state forests in Latvia, year 2004 (Lipins et al.,
2004).

Tabula 1. Apajo sortimentu struktiira privatajos un valsts mezos Latvija 2004 gada.

Private and other forests,

(%) State forest
Assortment
Other 3
Pine Spruce Birch deciduous Average Average Total amount, m
year 2003
trees
For sawing, 74 68.6 29.9 40.8 54.5 58.1 1952 160
including.
Sawlogs 40.4 38.2 17 18.3 28.5 44 1478 400
Small roundwood
and packing case 25 29.7 10.1 18.8 22.3 14.1 473 760
timber
I class sawlogs 8.6 0.7 2.8 3.7 3.7
Veneer logs 1 - 25.6 14 7.3 5.3 178 080
Poles 2 - - - 0.54 1 33600
Pulpwood 19.3 24.7 40.7 23.4 27.7 28.2 947 520
Firewood 37 6.7 3.8 24.4 10 74 248 640
Total 100 100 100 100 100 100 3360 000

13



2.6. Levels of biomass potential

There are two main methods of how to increase the production of forest biomass: to
increase harvest intensity or to improve technologies for more efficient energy wood
harvesting. In this study both methods are considered.

2.6.1. Level1,2and 3:

Level 1 shows today’s situation when harvest intensity is about 50% of the total annual
increment in Latvia (Table 2). Harvested timber volumes are corrected according to data
from SFS and represent official harvested timber volumes in 2009. From interviews with
professionals from JSC LVM and LATbioNRG the share of clear fellings, which are used
for extraction of logging residues today, is assumed to be 20% of all clear fellings
(Keziks, 2010;Palejs, 2010). Extracted quantities from each site are supposed to be at the
same level as in the Nordic countries, which is 60% (Athanassiadis et al., 2009;Lazdins,
n.d.). This means that 40% of logging residues are left in the stand. Also, 10% of the total
volume of stemwood is counted as firewood, with the exception of grey alder, where
100% is used for firewood. Because there is currently only about 50% of annual
increment that is harvested and only 20% of the clear felled area is used for extraction of
logging residues, no environmental and technical restrictions are applied.

Level 2 shows the actual available amount of biomass when the current harvest level is
corrected in accordance with NFI data based on area and average growing stock of each
dominant tree species. In this case, official data from SFS is not taken into account and
harvested volumes are entirely based on data from NFI. The calculations at level 2 follow
the same pattern as in level 1.

Level 3 shows the available amount of biomass if all annual increment is harvested.
Calculations are done in the same way as for Level 2. Also, in this case there are no
restrictions of protected areas as it is assumed that such management is not used in the
long term planning.

2.6.2. Sublevels
Sublevel 1. The same pattern is used as at levels 1, 2 and 3. The extraction of stumps is
introduced at 20% of all clear felled sites (60% of the stumps is extracted).

Sublevel 2. The same harvest intensity is left as in the corresponding levels at 1, 2 and 3.
All clear felled sites are used for extraction of logging residues, except for sites which are
on naturally wet soils and where the site index class is IV, V and Va. The restriction in
this case will take away 21% of the total volume or 26% of the total area. The same
principle is used for stump lifting where the only restriction is poor sandy stands. This
will cause a loss in volume of 8% from the total volume of stumps and 8% from the total
area. Also, the efficiency of extraction of logging residues and stumps in this case has
been increasing to 80% (Athanassiadis et al., 2009) and only 20% of logging residues are
left in the clear felled sites. The same rate of firewood is used as in levels 1, 2 and 3.

Sublevel 3. This is the optimal scenario if in the future the harvest intensity stays at the
same level as it is in the corresponding level 1, 2 or 3. Depending on what the harvesting

14



intensity is at the current level, calculations are done as in the sublevels 2 but with extra
pulpwood added, which means an additional 28% from the volume of stem wood.
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Table 2. Characteristics of different levels of biomass potential in Latvia.

Tabula 2. Dazadu biomasas potenciala limenu raksturlielumi Latvija.

Share of

Share of clear extracted Share of clear Share of
H t intensi fellings used loggin fellings used extracted Firewood* Pulpwood Site index
Level arves v, for fuel-wood 1099ing for stump stumps from a ' P ' Forest types not used
(%) - residues from e - (%) (%) not used
extraction, a clear felling lifting, clear felling,
(%) o) (%) (%)
1 Present 20 60 0 0 10
1.1. Present 20 60 20 60 10
Pv, Nd, Db, Lk and Kv, Km, Ks,
1.2. Present 74 80 92 80 10 Kp for logging residues / SI, Mr, 1V, V, Va
Ln for stump lifting
Pv, Nd, Db, Lk and Kv, Km, Ks,
1.3. Present 74 80 92 80 10 28 Kp for logging residues / SI, Mr, 1V, V, Va
Ln for stump lifting
2. Present NFI 20 60 0 0 10
2.1 Present NFI 20 60 20 60 10
Pv, Nd, Db, Lk and Kv, Km, Ks,
2.2. Present NFI 74 80 92 80 10 Kp for logging residues / SI, Mr, 1V, V, Va
Ln for stump lifting
Pv, Nd, Db, Lk and Kv, Km, Ks,
2.3. Present NFI 74 80 92 80 10 28 Kp for logging residues / SI, Mr, 1V, V, Va
Ln for stump lifting
3. Increment 20 60 0 0 10
31 Increment 20 60 20 60 10
Pv, Nd, Db, Lk and Kv, Km, Ks,
3.2. Increment 74 80 92 80 10 Kp for logging residues / SI, Mr, 1V, V, Va
Ln for stump lifting
Pv, Nd, Db, Lk and Kv, Km, Ks,
3.3 Increment 74 80 92 80 10 28 Kp for logging residues / SI, Mr, 1V, V, Va

Ln for stump lifting

*grey alder in 100% is assumed to be firewood



2.7. Volume Calculation

To find out what the actual potential of biomass is today, the harvest level in 2009 was
calculated. The total harvested area in hectares in 2009 was used, in the calculations
(Table 3). For oak and ash, the area was summed because the NFI data groups these two
species together.

Table 3. Felled area by dominant tree species in Latvia, year 2009 (ha) (Valsts meZa dienests,
2009b).

Tabula 3. Latvija izcirstd platiba péc valdosas koku sugas, 2009 gads (ha).

Ownership Pine Spruce Oak Ash Birch E\ll?izl: Aspen SE?; Total
State 21405 10 092 46 201 11 843 612 2547 345 47090
Other 13 068 5 495 109 238 10 506 845 1715 6401 38376
Total 34 473 15 587 155 438 22 364 1458 4262 6751 85487

In the next step, the relative numbers of clear cuts were found. To find out what is a clear
cut area in relative numbers for each tree species and age class, a compiled table of State
Forest Service was used showing what share of different forest management activities
were carried out, divided by age classes and tree species in 2009 (Appendices 2 and 3).
The total area, in ha, of clear cuts from all forest management activities for specific tree
species (Areaccr) was calculated according to:

Areaccr =axb (ha) [1]

where a is total felled area of each tree species from table 3 and b is total share of clear
cuts for all age classes and specific tree species (Appendices 2 and 3).

The clear cut area, in ha, for each specific age class of each tree species (Areacc4) was
calculated according to:

Area
Areaccy = % (ha) [2]

where c is the share of clear cuts for each specific age class within each tree species
(Appendices 2 and 3).

The harvested volume, in cubic meters, at clear cuts (Cy,) was obtained by multiplying
the harvested area with the mean growing stock per hectare (Appendix 4) according to
the equation:

Cy = Areaccy * d (m®) [3]
where d is the mean growing stock per hectare.

The total harvested volume is calculated by summarizing all volumes from each age
class. According to statistics from SFS (State Forest Service) the total harvested volume
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from clear cuts is 8 937 974 m® in 2009 (Knéts, 2009;Valsts meZa dienests, 2009b).
According to [3], the harvested volume is 11.95 million solid m* (C,). Because of the
difference between official and obtained volumes, a correction factor of 0.748 was used
for harvest volumes today. The correction factor was obtained by dividing harvested
volume according SFS with the volume according calculations from the NFI. When
available, the amount of biomass is calculated according the NFI where no correction
factors are applied. When harvest of annual increment is calculated, a correction factor of
0.478 is used according to calculated harvested volumes in 2009. The current annual
increment according to NFI is 25.28 million cubic meters (Latvijas republikas
Zemkopibas ministrija, 2004).

2.8. Conversion and Expansion factors

In order to obtain the quantity of biomass according to Marklund 1988 (Marklund, 1988),
the following conversion and expansion factors were used for pine, spruce and
broadleaves trees (Table 4). Coefficients for broadleaves trees were used for all
deciduous trees species. Data in Table 4 are representative of the standing stock in
Sweden’s productive forests averaged for 1998 to 2002. Expansion factors were
represented at the stand level and at the same shape applied for whole state level. The last
update of the expansion factors was done by Petersson (2010).

Table 4. Conversion and expansion factors of different tree parts and species. 1 m® solid stem
wood over bark corresponds to x t dry weight (Marklund, 1988;Petersson, 2010).

Tabula 4. Dazadu koku daju un sugu konvertacijas un ekspansijas koeficenti. 1 cieSkubikmetrs
stumbra koksnes ar mizu izsaka x t sausnas.

Species Stem and bark Living branches Stumps Total
and needles

Pine 0.406 0.102 0.152 0.660

Spruce 0.402 0.197 0.171 0.770

Broadleaved 0.491 0.140 0.184 0.815

As Marklund’s expansion factors refer to living branches and stem wood separately, the
tops of the trees are included under stem wood. To estimate the volume of the tree tops,
the relative volume from the stem of the tree is calculated. According to assortment
requirements at LVVM, the minimal diameter of firewood assortment is six cm for pine
and spruce. No minimal diameter requirements are applied to birch, aspen and black alder
(Latvijas Valsts mezi, 2009). For this reason the minimal diameter from each tree top is
assumed to be five cm. For calculations of the tree top volume, tables for computing taper
from South Sweden are used (Engren, 1949). Data about mean height and diameter in
each age class from the NFI of Latvia is used. First, the relative height at 1.3 m from the
total height of the tree is found by using Engren’s tables (Engren, 1949). Next, the
relative diameter at the height of 1.3 m from the total diameter at the stump is
determined. Diameter at the stump (Do) and relative diameter at the height where the
diameter of the tree is five cm (Ds) is calculated for every tree species and every age class
which has reached felling age (Appendices 5 and 6). After the relative value of the
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diameter at breast height is gained, it is transformed into an absolute number at stump
height according to:

Dy = 2 (cm) [4]

R13
where D, is the diameter at the stump height expressed in cm, Dy 3 is the diameter at
breast height in cm and Dgy 3 is the relative diameter in %, expressing D1 3 as a % of D,,.

The relative diameter of a tree section when the top of the tree is starting, expressed in %,
(Ds) is calculated according to:

Dg = — (%) [5]

The value of Ds is used to read the relative volume of the tree’s top from the table. In all
cases a form factor 0.500 is used from the book (Engren, 1949).

The volume of tree tops is excluded from the volume of the stem and bark and is instead
added to volume of the branches.

2.9. Age of Final Felling

The minimum final felling age for a species is set by the Law on Forest (Anon., 2000),
which means that final felling is permitted at the age of 101 for pine and larch, 81 for
spruce, ash and lime tree, 71 for birch and black (common) alder, 41 for aspen, 101 for
oak. For grey alder there is no age limit for final felling. Therefore in this study the
minimum age is set to 21 years, which makes it reasonable for harvesting. In many cases,
grey alder stands up to age of 30 years are not worth to keeping since the increment slows
down and stands may start to break down if the stand density is high (Dreimanis et al.,
2005). Oak and ash are represented together in the NFI, but their minimum final felling
age is different. For that reason the felling age for oak and ash is in this study, considered
to be 91 years (the average minimum final felling age for these tree species).

2.10. Exceptions

When the maximum levels in all scenarios are calculated, only the suitable forest types
are included. In this case, forest types as purvays, niedrajs, dumbrajs, liekna, virsu
kiidrenis, métru kiidrenis, Saurlapju kiidrenis and platlapju kiidrenis are not used for
extraction of logging residues. Also forest types sils, métrajs and lans are not used for
stump lifting or extraction from the stand. Stands are considered poor stands if the site
index is IV or higher (Appendix 1). This assumption gives a volume reduction of
20.86% for logging residues and 7.99% for extraction of stumps.
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3. Results

Level 1:

With current practices, the available biomass from clear cuts is estimated to be 0.79 m
odt (million oven dry tons) (Table 5). The major part of it is firewood and only 0.15 m
odt comes from logging residues as branches and tops of the trees.
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Figure 10. Available biomass at level 1 and its sublevels from logging residues, stumps,
firewood and pulpwood in Latvia.

Attels 10. Latvija pirmaja liment un ta apakslimenos pieejamais biomasas apjoms no mezistrades
atliekam, celmiem, malkas un papirmalkas.

Level 1.1:

If stump lifting and extraction were introduced in the same clear cuts, the produced
amount of biomass would rise to 0.98 m odt. This means that the introduction of stump
lifting in Latvian forestry could give extra 0.18 m odt of stump biomass.

Level 1.2:

Appreciably higher volumes would be extracted if all suitable forest stands were used for
production of forest biomass. Also, as scenario 1.2 shows (Table 5), an increase in
extraction efficiency to 80 % would increase the available amount of logging residues
and stump wood. Improvements in technologies and an increase of stands used for
extraction of energy wood would give 2.54 m odt of which 1.12 m odt would be from
stump extraction and 0.77 m odt from logging residues.
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Level 1.3:

If the assortment of pulpwood is used for energy production, it would add an extra 1.12 m
odt. If extraction technologies for energy wood from clear cuts improve from 60% to
80%, then by keeping the current harvest level, the total amount of available biomass
would be 3.66 m odt.

As figure 10 shows, the available biomass from stumps is slightly higher than from
logging residues and at optimal planning and with a slight improvement in technologies
the availability of biomass could rise from 0.98 m odt to 2.54 m odt without including
pulpwood. Improved technologies mean that more time may be spent on collection of
felling residues. Also, improvements in grapples and harvester heads may increase the
rate of extracted fuel-wood.
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Table 5. Share, extraction intensity, and mass of stands used for biomass extraction in Latvia.

Tabula 5. Biomasas iegiiSanai izmantotas mezaudzu dajas, izstrades intensitate un apjomi Latvija.

Logging residues Stumps Firewood Pulpwood
) Share of Share of Share Share Total
Level Harvest Intensity clear Extraction clear  Extraction from total from total Mass,
fellings  intensity, (mMgS;LI_) fellings  intensity, (mMSSSlI') stem (mMSSSlI') stem (mMgSDSLl_) (m ODT)
used, (%) used, (%) wood wood,
(%) (%0) (%) (%0)

1. Present / 8.94 m m® 20 60 0.15 0 0 0.00 10 0.65 0.79
1.1 Present/ 8.94 m m® 20 60 0.15 20 60 0.18 10 0.65 0.98
1.2. Present / 8.94 m m® 74 80 0.77 92 80 1.12 10 0.65 2.54
1.3. Present/ 8.94 m m® 74 80 0.77 92 80 1.12 10 0.65 28 1.12 3.66

2. Present NFI1/11.95 m m? 20 60 0.20 0 0 0.00 10 0.86 1.06
2.1. Present NFI1/11.95 m m? 20 60 0.20 20 60 0.24 10 0.86 1.30
2.2.  Present NFI/11.95mm? 74 80 1.03 92 80 1.50 10 0.86 3.40
2.3. Present NFI/11.95 m m® 74 80 1.03 92 80 1.50 10 0.86 28 1.49 4.89

3. Increment / 25 m m? 20 60 0.41 0 0 0.00 10 1.81 221
3.1 Increment / 25 m m® 20 60 0.41 20 60 0.51 10 1.81 2.73
3.2. Increment / 25 m m® 74 80 2.15 92 80 3.14 10 1.81 7.10
3.3 Increment / 25 m m® 74 80 2.15 92 80 3.14 10 1.81 28 3.12 10.23

22



Level 2:

If we assume that, suggested by the NFI data, the harvest level today is underestimated,
and by keeping the same harvest intensity and increasing forest land, the timber flow
from clear cuts could be 11.95 m solid m® over bark. Then, by utilizing the same 20%
from all forest stands with 60% extracted logging residues from each, available biomass
could be 1.06 m odt, from which a major part is firewood — 0.86 m odt (Figure 11).
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Figure 11. Available biomass at level 2 and its sublevels from logging residues, stumps,
firewood and pulpwood in Latvia.

Attels 11. Latvija Otraja liment un ta apakslimenos pieejamais biomasas apjoms no mezistrades
atliekam, celmiem, malkas un papirmalkas.

Level 2.1:

If stump lifting is introduced in the same clear cuts where logging residues are extracted,
an extra 0.24 m odt would be obtained. With such practices the total potential of biomass
is 1.3 m odt.

Level 2.2:

With the optimal use of all clear cuts available for obtaining energy wood, and better
handling of energy wood at the clear cuts, a total of 3.4 m odt could be obtained, 1.03 m
odt would come from logging residues such as branches and tree tops, 1.5 m odt from
stump lifting and a small portion is firewood, which in this case 0.86 m odt. If comparing
the same situation at level 1.2, then an increase of available biomass is for 0.86 m odt
annually.

Level 2.3:

If all produced pulpwood is utilized for energy purposes, the available amount can be
4.89 m odt.
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Level 3:

In level 3 and its sublevels, the harvest level is assumed to be the same level as the
current annual increment, which means that without changing today’s order of production
of energy wood, available biomass for the energy industry could reach 2.21 m odt, which
is 1.42 m odt more than it is today.

Level 3.1:

If stump extraction is introduced at the same level as extraction of logging residues, then
an extra 0.51 m odt could be delivered to the energy industry, which yields a total of 2.73
m odt.

Level 3.2:

In the top scenario, if all suitable clear cuts are used for production of energy wood,
which includes extraction of 80% of the logging residues and stumps from 74% and 92%,
respectively, of all clear cuts available, biomass could reach 7.10 m odt. In this case, 2.15
m odt is from logging residues, 3.14 m odt is from stumps and only 1.81 m odt comes
from firewood.
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Figure 12. Available biomass at level 3 and its sublevels from logging residues, stumps,
firewood and pulpwood in Latvia.

Attels 12. Latvija tresaja limeni un ta apakslimenos pieejamais biomasas apjoms no mezistrades
atliekam, celmiem, malkas un papirmalkas.

Level 3.3:

If pulpwood is added to the energy wood assortments, the total volume of biomass is
10.23 m odt. In this study 10.23 m odt is considered as the maximum available amount of
biomass (Figure 12).
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Figure 13. Available biomass at different levels in Latvia.
Attels 13. Latvija pieejamais biomasas apjoms pie dazadiem limeniem.

As Figure 13 shows, the fastest way to increase production of biomass is to increase
harvest intensity. However, as higher is harvest intensity as more obvious is the increase
of biomass gained from increased efficiency in production and collecting process. It is
apparent that in the future, pulpwood may become an important product for the energy
industry, as the graph at level 3 shows in Figure 13.
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4. Discussion

The data provided by the NFI contained average values for each tree species and other
variables used in the calculations. This made it impossible to use applied biomass
functions for separate trees. Furthermore, data quality put a restriction on further
calculations of biomass by regions. Other limitation from available data is that all tree
species are presented as the dominant tree in the stand, which does not give information
on tree species composition. Conversion and expansion factors used in the study were
made for pine, spruce and birch in Sweden and were applied in the same way for
calculations in Latvia by ignoring tree species composition. The conversion factor for
birch was used to obtain biomass for all deciduous trees. The mixture of tree species in
Latvia may be very high and some cases, the dominant tree species may build up even
less than 50% from all species in the stand, but still have the highest growing stock. At
large extend, reasons of so high mixture is historical development and differences in
forest management itself. This also affects the assortment structure in individual stands
and amount of firewood and pulpwood. Better results could be reached if the sample plot
data from the NFI could be used.

To find out to what extent the logging residues are used at level 1.1, many assumptions
were made based on personal communications. Even within the country, extraction of
logging residues is not at the same level in all regions. As a considerable proportion of
industrial biomass is exported, the extraction of logging residues is more intensive close
to the harbors. The main reasons for this is a lack of technologies that use woody biomass
locally, as well as higher investments in establishing a CHP or heat plants (Latvia Distric
Heating Association, 2009). In addition, the calculations did not consider economical
restrictions, which is a related issue to lack of local, big scale use of biomass. Small
households and single farms are mostly using firewood and small forest owners are not so
much interested in collecting logging residues and stump lifting as it is not their goal.
This is one of the reasons why collection of logging residues is better developed close to
harbors where there is market for industrial wood chips. The transport distances from the
east part of the country to the harbor are much greater. Because of this, the economical
aspect is not taken into account in this study.

Figure 14 shows that exported mass of biomass from Latvia during the years 2004 to
2009 was much higher than the calculated result at level 1 in this study. The main reason
for this is that in the present study only direct flow of biomass from clear cuts is
calculated. Losses in primary processing of roundwood are 30% to 50% (Lipins et al.,
2004). If it assumed that 40% of losses are in primary processing of saw timber, then
level 1 would give an extra 0.89 m odt of secondary biomass. Level 1.1 would then total
1.68 m odt of biomass. As shown in figure 14 the sum of all types of energy wood that
was exported in 2009 reached 2.72 m raw tons. If moisture content in raw biomass is
50%, it will give 1.36 m odt of exported biomass. This shows that the results obtained in
the present study could be realistic.
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Figure 14. Export of different energy wood products from Latvia.

Attels 14. Dazadu energétiskas koksnes produktu eksports no Latvijas.

Results given in this paper are rather close to results presented in earlier studies. Lazdins
(2008), estimated the extracted mass of logging residues (tops, branches and low quality
timber parts, which do not match up to criteria of firewood) from final fellings in the state
forests to be 0.2 m odt in 2007. The estimation of available biomass at level 1, which
gives an overview about production today, is 0.14 m odt, i.e. a rather close result. In this
study, low quality timber is not taken into consideration. In addition only clear cuts are
considered in potential calculations, which may also cause an extra error in the calculated
mass of energy wood. Even if the state forest is the biggest producer of timber, private
owners are also, to some extent, collecting logging residues. The problem with private
forests is that there are small clear cut sizes and no cooperation between private forest
owners to ensure enough big volumes in small areas. Lazdins (2008) estimates the total
potential to be 1.4 m odt that is twice as big as the potential reported in level 1.2 of this
study (0.77 m odt) where no stump biomass and firewood is extracted. An explanation for
such a big difference is the same as previously mentioned, this study has some limitations
and it is not considering bad quality stem wood parts. Lazdins also points out that the
potential of stump biomass in Latvia is not apparent, but it should be at least at the same
level as logging residues (Lazdins, 2008). Results in this study shows, that, at level 1, the
potential of logging residues is 0.14 m odt, and the biomass from stumps is 0.18 m odt.
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Figure 15. Comparison of biomass potential between various authors in Latvia.
Attéls 15. Biomasas potenciala salidzindajums Latvija starp dazadiem autoriem.

Asikainen et al’s evaluation of biomass potential in Latvia shows that at present there is
1.8 million m® of available felling residues (Asikainen et al., 2008), which corresponds to
around 0.74 m odt annually (conversion coefficient 0.410). Available volumes from
stumps are estimated at 0.14 m m®, which is around 0.06 m odt (conversion coefficient
0.410) of stump biomass. Results in the present study are higher for stumps, and only
slightly higher for logging residues, if optimal land use is taken into account. That means
that in both cases, when comparing with Lazdins (2008) and Asikainen et al. (2008), the
estimation of logging residues is lower. This could be due to the error introduced by
treating all forest stands as monocultures stands as well as by not taking into account any
bad quality timber. The surplus of annual change rate for Latvia, (annual increment
which is not harvested) is estimated to be 1.39 m odt of logging residues and 0.01 m odt
of stumps. In total it gives 2.13 m odt of logging residues and 0.07 m odt of stumps.
Asikainen et al. (2008) have also included stem wood in the surplus results of biomass.
To compare with these numbers, level 3.2 could be used, which shows biomass mass of
logging residues and stumps if better methods of energy wood handling would be used,
optimal land use would be considered, and the whole annual increment would be
harvested. At level 3.2, biomass of logging residues (branches and tops only) is estimated
at 2.15 m odt which is almost the same result as Asikainen et al. present. Stump biomass
at level 3.2 is 3.14 m odt which is much higher than what Asikainen et al. estimate. The
difference most probably is due to the NFI data used in this study where the updated
annual increment is taken and in more detailed calculations of stump biomass, since the
results are closer if comparing with papers made in Latvia. The real potential of surplus
biomass by Asikainen et al. is probably even lower. Stem wood was also included.

28



The result of logging residues could be higher if other methodology of biomass
estimations from clear fellings would be used. For example, volumes of logging residues
from one hectare of clear felling or harvested merchantable timber based on practices
today. This would include low quality timber which does not fit into the criteria of any
other assortment. In this study, the results are more theoretical and are based on the
conversion coefficients made by Marklund and Petersson (Marklund, 1988;Petersson,
2010), which do not include any deviation from practical harvest operations.

From all biomass used today in Latvia, 99% comes from forestry (Asikainen et al., 2008),
but it is not the only source of biomass and therefore more work could be done to
estimate future potential for other types of biomass. This study covers only biomass
production in clear cuts and more work could be done to investigate other sources of
woody biomass including losses in primary processing.

Cost analysis and logistics are not covered in this study but could be of high interest for
future resource planning, where also GIS and Heureka software could be used.

As mentioned previously, biomass potential from logging residues could be
underestimated in this study. But biomass from forestry is an important resource in
Latvia, which can increase energetic independence from imported energy resources and
create more workplaces in the rural regions of the country. It is one of the keys for
sustainability in Latvia.
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Appendix 1. Area and growing stock divided by forest type and site index

Forest Type Unit Type ST O PR BT iV _V__Va Va Total
Sils Total Growing Stock 0.02% 0.07% 0.16% 0.20% 0.08% 0.01% 0.54%
Area 0.04% 0.11% 0.22% 0.40% 0.15% 0.02% 0.93%
Meétrajs Total Growing Stock 0.86% 1.00% 1.05% 0.20% 0.07% 3.18%
Area 0.73% 0.98% 1.36% 0.19% 0.08% 3.35%
Lans Total Growing Stock 0.24%  1.78% 1.57% 0.53% 0.11% 0.03% 4.26%
Area 0.15% 1.44% 1.44% 0.45% 0.05% 0.02% 3.55%
Damaksnis Total Growing Stock 0.00% 0.04% 0.18% 1.87% 13.21% 3.38% 0.92% 0.16% 0.02% 0.00% 19.78%
Area 0.01% 0.04% 0.11% 1.13% 11.23% 2.57% 1.00% 0.16% 0.08% 0.01% 16.33%
Veéris Total Growing Stock 0.05% 0.28% 1.25% 3.10% 11.86% 2.91% 0.97% 0.18% 0.01% 0.00% 0.00% 20.67%
Area 0.05% 0.21% 0.87% 233% 12.20% 3.00% 1.24% 0.40% 0.08% 0.04% 0.05% 20.50%
Garsa Total Growing Stock 0.05% 0.04% 0.15% 112% 1.77% 0.54% 041% 0.01% 0.01% 4.10%
Area 0.02% 0.03% 0.09% 0.30% 1.66% 0.62% 0.43% 0.04% 0.02% 3.20%
Grinis Total Growing Stock 0.00% 0.00%
Area 0.01% 0.01%
Slapjais métrajs Total Growing Stock 0.00% 0.18% 0.40% 0.44% 0.23% 0.09% 1.34%
Area 0.01% 0.22% 0.46% 0.56% 0.58% 0.12% 1.95%
Slapjais damaksnis Total Growing Stock 0.02% 0.04% 137% 133% 0.60% 0.15% 0.04% 0.00% 3.54%
Area 0.03% 0.02% 1.29% 1.11% 1.12% 0.27% 0.05% 0.01% 3.90%
Slapjais veris Total Growing Stock 0.00% 0.03% 0.15% 1.47% 0.80% 0.24% 0.11% 0.03% 2.82%
Area 0.01% 0.03% 0.16% 1.35% 0.97% 0.72% 0.15% 0.04% 3.43%
Slapja garsa Total Growing Stock 0.01% 0.08%  0.27% 0.13% 0.08% 0.00% 0.00% 0.58%
Area 0.01% 0.03% 0.25% 0.13% 0.11% 0.02% 0.01% 0.56%
Purvajs Total Growing Stock 0.00%  0.01% 0.05% 0.17% 0.27% 0.29% 0.19% 0.07% 1.04%
Area 0.00% 0.02% 0.13% 0.30% 0.56% 0.82% 0.62% 0.30% 2.78%
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Appendix 1. Area and growing stock divided by forest type and site index (continued)

Forest Type Unit Type la la la la la la la > |Index Il m vV V _ Va va va_'ow
Niedrajs Total Growing Stock 013% 0.32% 062% 038% 021% 0.06% 1.72%
Area 015% 041%  0.81% 084% 049% 0.11% 2.82%

Dumbrijs Total Growing Stock 0.06% 006% 0.55% 098%  059% 0.21% 0.01% 0.00% 2.46%
Area 001% 003% 054% 1.04%  115% 0.36% 0.03% 0.00% 3.16%

Lickna Total Growing Stock 001% 005% 0.10%  0.02% 0.18%
Area 001% 007%  009%  0.02% 0.18%

Vir$u arenis Total Growing Stock 0.01% 0.01% 0.01%
Area 0.00% 0.08% 0.08%

Métru drenis Total Growing Stock 002% 0.72%  0.68%  0.19% 0.04% 0.02% 1.66%
Area 001% 057% 071% 0.17% 0.04% 0.03% 1.53%

Saurlapju arenis Total Growing Stock 0.06% 0.15% 031% 137% 7.60% 321% 0.86% 0.18% 0.00% 0.00% 0.00% 13.74%
Area 0.02% 008% 024% 100% 752%  272% 111% 0.22% 0.01% 0.01% 0.00% 12.94%

Platlapju drenis Total Growing Stock 0.02% 0.00% 002% 005% 0.16% 0.82% 254%  0.99%  0.31% 0.03% 0.01% 4.96%
Area 001% 001% 001% 003% 0.10% 054% 2.85%  0.76%  0.31% 0.04% 0.00% 4.67%

Virdu kiidrenis Total Growing Stock 0.01%  0.02% 0.03% 005% 0.03% 0.06% 0.00% 0.20%
Area 002% 003% 0.10% 0.14% 009% 0.16% 0.03% 0.57%

Matru kiidrenis Total Growing Stock 001% 044%  0.75%  0.42% 021% 0.17% 0.02% 2.02%
Area 002% 037% 090% 0.48% 026% 0.18% 0.04% 2.26%

Saurlapju kidrenis ~ Total Growing Stock 0.09% 002% 046% 3.85% 2.35% 131% 0.41% 0.05% 0.01% 8.55%
Area 0.02% 002% 025% 3.80% 230% 155% 0.56% 0.08% 0.03% 8.62%

Platlapju kiidrenis ~ Total Growing Stock 0.01% 0.02% 019% 123% 0.87%  0.25% 0.05% 0.01% 2.63%
Area 0.00% 002% 014% 121% 0.88%  0.34% 0.08% 0.02% 2.68%

Total Growing Stock 0.02% 002% 002% 0.19% 0.65% 221% 953% 49.92% 22.46% 10.18% 3.18% 1.18% 0.36% 0.07% 0.00% 100.00%
Aream? 0.01% 0.02% 003% 0.12% 0.41% 154% 6.11% 47.53% 21.35% 13.66% 535% 2.39% 1.05% 0.40% 0.03% 100.00%
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Appendix 1. Area and growing stock divided by forest type and site index (continued)

Forest Type Unit Type la Ia la Ia la la la e |Index I i Vv vV Va Va va_ o
Total share of growing stock and area excluded from extraction of bio-fuels
Total Growing Stock  Logging Residues 0.00% 0.00% 0.00% 0.01% 0.09% 0.10% 0.74% 6.27% 5.44% 341% 3.18% 1.18% 0.36% 0.07% 0.00% 20.86%
Area 0.00% 0.00% 0.00% 0.00% 0.02% 0.04% 0.45% 6.17% 5.79% 4.77% 535% 239% 1.05% 0.40% 0.03% 26.46%
Total Growing Stock ~ Stump Lifting 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.24% 265% 265% 173% 052% 0.18% 001% 0.00% 000%  7.99%
Area 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 2.21% 2.53% 2.03% 0.63% 0.25% 0.02% 0.00% 0.00% 7.83%
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Appendix 2. Age distribution of the most common management activities according to the managed area and tree species, in %, year
2009 (Valsts Meza Dienests, 2009a)

Specie Management Age Class (years) Share
p type by area 0-10 10-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 >120 of total

Pine (Pinus Pre-commercial

sylvestris) thinning 2.34% 55.56% 24.85% 16.37%  0.00% 0.00% 0.00%  0.00% 0.88% 0.00% 0.00% 0.00% 0.00% 0.12%
Commercial
thinning 0.00% 0.07% 1.06%  4.06% 9.01% 16.14% 17.98% 20.64% 16.45% 10.23% 2.31% 0.77% 1.27%  56.77%
Clear-cuts 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 42.50% 21.81% 35.70% 37.85%
Selective
harvesting 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 21.71% 18.64% 59.65% 5.26%

Spruce (Picea Pre-commercial

abies) thinning 3.30% 60.28% 26.53%  9.05% 0.84% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.82%
Commercial
thinning 0.01% 0.54% 11.23% 34.28% 3565% 8.36% 532% 2.86% 1.03% 0.34% 0.19% 0.05% 0.14% 63.23%
Clear-cuts 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 40.20% 28.95% 16.55% 7.53% 6.77%  34.77%
Selective
harvesting 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 37.85% 18.24% 20.29% 9.25% 14.35% 1.19%
Pre-commercial

Birch (Betula sp.) thinning 19.30% 80.70% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.24%
Commercial
thinning 0.04% 0.94% 499%  13.48% 22.98% 32.06% 21.54% 2.33% 1.04% 0.41% 0.17% 0.00% 0.00%  44.58%
Clear-cuts 0.00% 0.00% 0.00% 0.00% 0.00% 0.43% 0.66% 52.81% 25.17%  15.03% 4.66% 0.00% 0.21% 53.22%
Selective
harvesting 0.00% 0.00% 0.00% 0.00% 0.00% 0.28% 0.62% 42.27% 25.89% 26.33% 3.52% 0.00% 0.00% 1.96%

Black alder Pre-commercial

(Alnus glutinosa)  thinning 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.26%
Commercial
thinning 0.00% 0.16% 6.85% 16.17% 28.18% 23.33% 20.86% 2.49%  1.44% 0.53% 0.00% 0.00% 0.00%  44.09%
Clear-cuts 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 60.45% 39.53% 0.00% 0.00% 0.00% 0.00% 54.17%
Selective
harvesting 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 41.15% 20.38%  38.46% 0.00% 0.00% 0.00% 1.48%
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Appendix 2. Age distribution of the most common management activities according to the managed area and tree species, in %, year
2009 (Valsts Meza Dienests, 2009a) (continued)

Specie Management Age Class (years) Share
P type by area 0-10 10-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 >120 of total
Grey alder (Alnus  Pre-commercial
incana) thinning 100.00% 0.00% 0.00%  0.00%  0.00%  0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.03%
Commercial
thinning 0.17% 7.56% 2544% 28.93% 30.60% 6.93% 0.30% 0.07% 0.01% 0.00% 0.00% 0.00% 0.00%  40.91%
Clear-cuts 0.08% 2.38% 13.98% 32.78% 38.15% 11.20% 1.44% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00%  56.65%
Selective
harvesting 0.00% 2.70% 8.66% 22.64% 5441% 816%  3.43% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00%  2.40%

Aspen (Populus Pre-commercial

tremula) thinning ) 4.64% 95.36% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.75%
tcf:1?r?:1?:1egjr[:|al 0.04% 15.01% 29.10% 32.32% 10.37%  4.65% 564% 2.07% 0.25% 0.55% 0.00% 0.00% 0.00% 10.01%
Clear-cuts 0.00% 0.00% 0.00%  0.00% 10.50% 25.72% 26.62% 21.19% 10.11%  4.06% 1.40% 0.41% 0.00% 87.98%
ﬁaelll’\e/(;tslt\i/ﬁg 0.00% 0.00% 0.00% 0.00%  13.26% 18.47% 30.62% 24.23% 6.06% 7.37% 0.00% 0.00% 0.00% 1.25%

Other species Pre-commercial

(oak. ash) thinning ) 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.70%
tcf:1?r?:1?:1egjr[:|al 0.04% 1.61% 8.32%  10.46% 20.60% 17.51% 18.41% 9.93% 4.41% 2.11% 4.35% 1.54% 0.70%  58.94%
Clear-cuts 0.00% 0.00% 167%  542% 417% 017%  0.00% 0.00% 44.99% 16.64%  16.09% 0.00% 10.85% 37.17%
ﬁaelll’\e/(;tslt\i/ﬁg 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 3.19%
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Appendix 3. Age distribution of the most common management activities according to the managed area and tree species, in ha, year

2009 (Valsts Meza Dienests, 2009a)

Age Class (years)

Specie Ma”agegee’;t wpeby  o_1g 10-20  21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 >izo Srareoftotal
fg,?:us Pre-commercial thinning ~~ 0.97 23.05 1031 679 000 000 000 000 036 000 0.00 0.00 0.00 41.49
sylvestris) - commercial thinning 0.85 12.75 20830 79504 176387 315829 351864 403884 321982 200190 45303 15110 24821  19570.64

Clear-cuts 0.00 0.00 000 000 000 000 000 000 000 000 554504 284565 4657.88 13 048.56
Selective harvesting 0.00 0.00 000 000 000 000 000 000 000 000 39338  337.81 108101 181220
Spruce  Pre-commercial thinning 420 76.70 3376 1151 107 000 000 000 000 000 0.00 0.00 0.00 127.24
g’)llgg;i Commercial thinning 1.46 5279  1107.06 3377.93 351281 82419 52441 28141 10168 3337  10.13 507 1356  9854.87
Clear-cuts 0.00 0.00 000 000 000 000 000 000 217815 156857 897.02  408.07 367.02  5418.82
Selective harvesting 0.00 0.00 000 000 000 000 000 000 7026 3386  37.66  17.17  26.64 185.59
Birch Pre-commercial thinning ~ 10.29 43.02 000 000 000 000 000 000 000 0.0 0.00 0.00 0.00 53.30
(Betula  commercial thinning 3.83 93.50 497.42 134363 229177 319677 2147.73 23261 10390 4049  16.55 0.00 0.00 9970.73
) Clear-cuts 0.00 0.00 000 000 000 5125 7912 628495 299600 1789.26 55463 000 2516  11901.37
Selective harvesting 0.00 0.00 000 000 000 122 271 18551 11362 11554 1543 0.00 0.00 438.89
Black . L
alder Pre-commercial thinning ~ 0.00 3.83 000 000 000 000 000 000 000 0.0 0.00 0.00 0.00 3.83
gﬁj‘zﬂz gy Commercial thinning 0.00 1.00 4400 10391 18109 14991 13402 1598 924 341 0.00 0.00 0.00 642,57
Clear-cuts 0.00 0.00 000 000 000 000 017 47727 31209  0.00 0.00 0.00 0.00 789.50
Selective harvesting 0.00 0.00 000 000 000 000 000 891 441 832 0.00 0.00 0.00 21.64
Grey . -
alder Pre-commercial thinning ~~ 1.92 0.00 000 000 000 000 000 000 000 0.0 0.00 0.00 0.00 1.92
I(ﬁ\clg:aS) Commercial thinning 4.66 20893 70272 799.05 84506 19131 831 183 018 0.0 0.00 0.00 0.00 2762.04
Clear-cuts 3.01 90.96 53466 125361 1458.86 42832 5507 000 000  0.00 0.00 0.00 0.00 3824.40
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Appendix 3. Age distribution of the most common management activities according to the managed area and tree species, in ha, year
2009 (Valsts Meza Dienests, 2009a) (continued)

Age Class (years)
0-10 10-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 >120

Specie  Management type by area Share of total

Grey

E(i,lb(\jlirus Selective harvesting 0.00 4.38 14.06 36.75 88.33 13.24 5.57 0.00 0.00 0.00 0.00 0.00 0.00 162.33

incana)

Aspen . -

(Populus Pre-commercial thinning 1.49 30.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.02

tremula)  commercial thinning 0.17 64.03 12416  137.94  44.26 19.86 24.06 8.84 1.05 2.36 0.00 0.00 0.00 426.73
Clear-cuts 0.00 0.00 0.00 0.00 393.67 96430 998.26 79464 379.25 152.08 52.40 15.37 0.00 3749.90
Selective harvesting 0.00 0.00 0.00 0.00 7.09 9.87 16.36 12.95 324 3.94 0.00 0.00 0.00 53.43

Other . -

species Pre-commercial thinning 0.00 417 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 417

(0ak. ash)  commercial thinning 0.12 5.64 29.08 36.57 72.03 61.23 64.35 34.73 15.42 7.36 15.22 5.40 245 349.60
Clear-cuts 0.00 0.00 3.68 11.94 9.20 0.37 0.00 0.00 99.17 36.69 3547 0.00 23.93 220.44
Selective harvesting 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.90 0.00 0.00 0.00 0.00 18.90
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Appendix 4. Areas of forest stands, clear cuts in hectares and harvested volumes in cubic meters, and mean growing stock on hectare
in cubic meters

Dom. Age Class (years) Total
Species 110 1120 2130 3140 4150 5160 6170 7180 8190 91100 101 110 111 120 >120
Pine AREA, thousand ha 36.70 35.04 27.21 39.51 64.32 101.19 131.44 117.26 108.59 80.31 60.89 41.24 70.84
Clear cut 2009, thousand
ha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.55 2.85 4.66
Harvested VVolume, M m3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.96 1.47 4.25
Mean growing stock on ha 0.61 13.80 94.71 130.80 197.12 238.10 257.81  287.37 309.37 316.21  328.65  337.02 315.37
Spruce AREA, thousand ha 46.01 34.74 84.90 96.93 58.99 50.80 51.96 41.62 29.48 13.77 12.01 6.22 9.94
Clear cut 2009, thousand
ha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.18 1.57 0.90 041 0.37
Harvested VVolume, M m3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.68 0.48 0.26 0.12 0.11 1.64
Mean growing stock on ha 0.39 21.88 91.13 17943  219.15 243.09 27422 31153 312,00 307.88 286.35 286.72 295.45
Birch AREA, thousand ha 137.49 79.04 67.23 11492  155.73  154.12 95.10 52.49 19.37 5.18 1.69 0.31 0.88
Clear cut 2009, thousand
ha 0.00 0.00 0.00 0.00 0.00 0.05 0.08 6.28 3.00 1.79 0.55 0.00 0.03
Harvested Volume, M m3 0.00 0.00 0.00 0.00 0.00 0.01 0.02 1.83 0.92 0.53 0.13 0.00 0.01 3.42
Mean growing stock on ha 3.72 39.22 110.01 166.18 219.23 256.73 270.75 291.81 306.24 296.16 234.86 167.87 255.98
Black alder ~ AREA, thousand ha 15.21 10.27 24.30 26.24 30.93 28.25 17.63 5.88 2.45 0.00 0.00 0.00 0.00
Clear cut 2009, thousand
ha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.31 0.00 0.00 0.00 0.00
Harvested VVolume, M m3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.09 0.00 0.00 0.00 0.00 0.27
Mean growing stock on ha 2.05 52.84 13464  198.72  255.63 306.11 34142 366.43  301.39 0.00 0.00 0.00 0.00
Grey alder  AREA, thousand ha 53.53 59.61 83.58 70.66 33.38 8.14 1.26 0.00 0.00 0.00 0.00 0.00 0.00
Clear cut 2009, thousand
ha 0.00 0.09 0.53 1.25 1.46 0.43 0.06 0.00 0.00 0.00 0.00 0.00 0.00
Harvested VVolume, M m3 0.00 0.01 0.08 0.26 0.32 0.10 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.76
Mean growing stock on ha 8.03 80.21 148.85 204.14  216.69  226.69  293.92 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix 4. Areas of forest stands, clear cuts in hectares and harvested volumes in cubic meters, and mean growing stock on hectare
in cubic meters (continued)

Dom. Age Class Total
Species 110 11 20 21 30 31 40 41 50 51 60 61 70 71 80 81 90 91 100 101 110 111 120 >120
Aspen AREA, thousand ha 69.89 16.37 17.27 25.43 38.28 39.97 24.35 7.83 3.55 0.74 0.69 0.35 0.00
Clear cut 2009, thousand
ha 0.00 0.00 0.00 0.00 0.39 0.96 1.00 0.79 0.38 0.15 0.05 0.02 0.000
Harvested Volume, M m3 0.00 0.00 0.00 0.00 0.13 0.38 0.43 0.38 0.15 0.07 0.04 0.00 0.00 1.57
Mean growing stock on ha 3.93 66.11 179.86  300.87 332.86 392.09 426.23 483.16 390.68 44526 689.30 234.13 0.00
Oak, Ash  AREA, thousand ha 3.50 1.81 221 3.38 5.55 471 6.83 4.08 5.80 3.13 1.38 0.00 4.77
Clear cut 2009, thousand
ha 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.10 0.04 0.04 0.00 0.02
Harvested Volume, M m3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.01 0.00 0.01 0.03
Mean growing stock on ha 0.37 20.49 54.60 99.24 16799 273.20 251.18 256.02 291.13 309.98 330.26 0.00 281.97
All species  AREA, thousand ha 369.50 25151 324.27 387.74 392.07 390.76 329.94 230.20 170.28 104.17 76.97 48.60 86.43
Clear cut 2009, thousand
ha 0.00 0.09 0.54 1.27 1.86 1.44 1.13 7.56 5.96 3.55 7.08 3.27 5.07
Harvested Volume, M m3 0.00 0.00 0.06 0.23 0.42 0.39 0.32 2.27 1.85 112 2.29 1.08 1.58 11.95
Mean growing stock on ha 3.69 45,54 117.82 182.07 228.09 266.64 281.41 300.74 310.15 315.06 323.81 329.56 310.63
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Appendix 5. Mean height (m) of I floor dominant tree species of forest stands by the main tree species and age class

Age Class (years)

Dom. Species Total
110 1120 2130 31.40 4150 5160 6170 71.80 8190 91100 101_110 111 120 >120

Pine AREA, thousand ha 36.70 35.04 27.21 39.51 64.32 101.19 13144 11726 108.59 80.31 60.89 41.24 70.84 91454
Mean height, m 1.18 431 9.86 1293 1668 19.84 2084 2218 22.89 22.75 23.35 24.08 2334 1944

Mean value error, % 8.59 3.35 4.18 281 2.03 1.36 1.24 1.26 1.37 1.52 1.82 1.82 1.69 0.73

Mean value error, m 0.10 0.14 041 0.36 0.34 0.27 0.26 0.28 0.31 0.35 0.42 0.44 0.39 0.14
Spruce AREA, thousand ha 46.01 3474 8490 96.93 5899 50.80 5196 4162  29.48 13.77 12.01 6.22 9.94  537.38
Mean height, m 0.82 5.45 10.62 15.07 18.24 20.45 22.81 23.78 25.28 24.49 25.05 25.96 25.70 16.15

Mean value error, % 6.50 3.88 1.73 124 1.40 1.49 111 1.27 1.65 3.13 3.36 4.42 2.40 114

Mean value error, m 0.05 0.21 0.18 0.19 0.26 0.30 0.25 0.30 0.42 0.77 0.84 1.15 0.62 0.18
Birch AREA, thousand ha 137.49  79.04 67.23 11492 155.73 15412 95.10 52.49 19.37 5.18 1.69 0.31 0.88 883.56
Mean height, m 2.78 8.41 1409 1774 2060 2318 2398 2531  26.59 27.51 24.00 20.58 2404 17.14

Mean value error, % 3.15 2.03 1.73 1.20 0.96 0.78 0.89 1.24 1.69 5.46 10.07 0.00 7.49 0.90

Mean value error, m 0.09 0.17 0.24 0.21 0.20 0.18 0.21 0.31 0.45 1.50 242 0.00 1.80 0.15
Black alder AREA, thousand ha 1521 1027 2430 2624 3093 2825 17.63 5.88 2.45 0.00 0.00 0.00 0.00 161.16
Mean height, m 271 8.61 13.88 17.36 19.25 21.72 23.40 24.37 2531 0.00 0.00 0.00 0.00 17.06

Mean value error, % 8.55 6.43 2.29 1.90 1.70 157 1.64 2.39 4.28 0.00 0.00 0.00 0.00 1.65

Mean value error, m 0.23 0.55 0.32 0.33 0.33 0.34 0.38 0.58 1.08 0.00 0.00 0.00 0.00 0.28
Grey alder AREA, thousand ha 53.53 59.61 83.58 70.66 33.38 8.14 1.26 0.00 0.00 0.00 0.00 0.00 0.00 310.16
Mean height, m 3.28 9.66 1373 1692 1858 1952 2259 0.00 0.00 0.00 0.00 0.00 0.00 12.58

Mean value error, % 4.15 2.00 121 1.08 1.48 2.56 3.23 0.00 0.00 0.00 0.00 0.00 0.00 1.34

Mean value error, m 0.14 0.19 0.17 0.18 0.28 0.50 0.73 0.00 0.00 0.00 0.00 0.00 0.00 0.17
Aspen AREA, thousand ha 69.89  16.37  17.27 2543 3828 39.97 2435 7.83 3.55 0.74 0.69 0.35 0.00 24471
Mean height, m 2.86 10.01 17.78 23.95 26.20 28.40 29.74 31.19 30.96 26.74 31.66 30.00 0.00 18.59

Mean value error, % 4.37 491 3.39 1.92 1.28 1.17 0.96 1.90 2.95 11.97 0.63 0.00 0.00 2.09

Mean value error, m 0.13 0.49 0.60 0.46 0.34 0.33 0.29 0.59 0.91 3.20 0.20 0.00 0.00 0.39

Oak, Ash AREA, thousand ha 3.50 1.81 221 3.38 5.55 471 6.83 4.08 5.80 3.13 1.38 0.00 477 47.14
Mean height, m 1.63 5.78 1283 1445 1891 2317 2208 2425  25.90 26.97 24.87 0.00 2752 2031

Mean value error, % 21.33 13.67 11.84 434 2.90 3.15 3.76 4.05 2.85 5.77 8.67 0.00 2.24 3.04

Mean value error, m 0.35 0.79 1.52 0.63 0.55 0.73 0.83 0.98 0.74 1.56 2.16 0.00 0.62 0.62
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Appendix 5. Mean height (m) of I floor dominant tree species of forest stands by the main tree species and age class (continued)

Age Class (years) Total
7180 8190 91 100 101 110 111 120 >120

Dom. Species
110 1120 2130 3140 4150 5160 6170
All species AREA, thousand ha 369.50 25151 324.27 387.74 392.07 390.76 329.94 230.20 170.28 104.17 76.97 48.60 86.43 3162.43
Mean height, m 248 7.88 1284 1669 1981 2229 2290 2358  24.03 23.39 23.74 24.34 2385 17.26
Mean value error, % 214 1.40 0.88 0.72 0.67 0.61 0.65 0.78 0.96 1.32 1.57 1.66 1.42 0.46
Mean value error, m 0.05 0.11 0.11 0.12 0.13 0.14 0.15 0.18 0.23 0.31 0.37 0.41 0.34 0.08
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Appendix 6. Mean diameter (cm) of | floor dominant tree species of forest stands by the main tree species and age class

Dom. Age Class (years)
Species Total
110 1120 2130 3140 4150 5160 6170 7180 8190 91100 101 110 111 120 >120
Pine AREA, thousand ha 36.70 35.04 27.21 39.51 64.32 101.19 131.44 117.26 108.59 80.31 60.89 41.24 70.84 914.54
Mean diameter, cm 1.34 5.75 12.93 16.01 19.95 23.38 25.13 26.83 28.23 28.84 31.14 32.69 33.20 24.40
Mean value error, % 5.69 4.66 4.38 3.35 2.32 1.56 133 134 1.38 1.67 2.00 2.02 1.80 0.78
Mean value error, cm 0.08 0.27 0.57 0.54 0.46 0.37 0.33 0.36 0.39 0.48 0.62 0.66 0.60 0.19
Spruce AREA, thousand ha 46.01 34.74 84.90 96.93 58.99 50.80 51.96 41.62 29.48 13.77 12.01 6.22 9.94 537.38
Mean diameter, cm 1.08 6.18 12.22 16.53 20.48 24.14 27.10 28.89 30.63 31.49 32.95 35.55 3241 19.03
Mean value error, % 5.28 451 2.00 157 173 1.94 1.60 178 221 3.51 3.94 7.74 4.49 127
Mean value error, cm 0.06 0.28 0.24 0.26 0.35 0.47 0.43 051 0.68 1.10 1.30 2.75 1.46 0.24
Birch AREA, thousand ha 137.49 79.04 67.23 114.92 155.73 154.12 95.10 52.49 19.37 5.18 1.69 0.31 0.88 883.56
Mean diameter, cm 1.93 6.68 12.47 16.60 19.98 23.30 25.42 29.05 32.44 37.30 38.69 28.55 32.53 17.10
Mean value error, % 3.27 2.69 2.39 1.59 116 1.06 119 1.90 2.62 8.20 20.27 0.00 5.10 1.07
Mean value error, cm 0.06 0.18 0.30 0.26 0.23 0.25 0.30 0.55 0.85 3.06 7.84 0.00 1.66 0.18
Black alder ~ AREA, thousand ha 15.21 10.27 24.30 26.24 30.93 28.25 17.63 5.88 2.45 0.00 0.00 0.00 0.00 161.16
Mean diameter, cm 244 8.09 14.39 18.28 20.76 24.32 25.83 3117 33.94 0.00 0.00 0.00 0.00 18.62
Mean value error, % 21.27 7.60 2.86 2.48 2.02 173 2.37 2.46 3.19 0.00 0.00 0.00 0.00 1.89
Mean value error, cm 0.52 0.61 0.41 0.45 0.42 0.42 0.61 0.77 1.08 0.00 0.00 0.00 0.00 0.35
Grey alder ~ AREA, thousand ha 53.53 59.61 83.58 70.66 33.38 8.14 1.26 0.00 0.00 0.00 0.00 0.00 0.00 310.16
Mean diameter, cm 2.34 7.97 1291 16.03 18.53 21.03 23.61 0.00 0.00 0.00 0.00 0.00 0.00 1171
Mean value error, % 4.97 2.45 1.49 117 1.50 2.87 5.39 0.00 0.00 0.00 0.00 0.00 0.00 1.53
Mean value error, cm 0.12 0.20 0.19 0.19 0.28 0.60 127 0.00 0.00 0.00 0.00 0.00 0.00 0.18
Aspen AREA, thousand ha 69.89 16.37 17.27 25.43 38.28 39.97 24.35 7.83 3.55 0.74 0.69 0.35 0.00 24471
Mean diameter, cm 1.92 8.25 18.25 26.00 30.16 33.82 38.65 42.71 49.56 46.39 50.66 46.08 0.00 21.61
Mean value error, % 4.56 7.07 5.52 291 231 2.15 2.61 3.12 5.17 19.78 331 0.00 0.00 2.52
Mean value error, cm 0.09 0.58 1.01 0.76 0.70 0.73 101 133 2.56 9.17 1.68 0.00 0.00 0.54
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Appendix 6. Mean diameter (cm) of | floor dominant tree species of forest stands by the main tree species and age class (continued)

Dorr_1. Age Class (years) Total
Species 1.10 11_20 2130 3140 41 50 51_60 61_70 71.80 8190 91100 101 110 111 120  >120

Oak, Ash  AREA, thousand ha 3.50 1.81 221 3.38 5.55 471 6.83 4,08 5.80 3.13 1.38 0.00 477 47.14
Mean diameter, cm 1.52 6.61 19.30 19.89 22.81 28.19 30.80 31.57 43.82 47.67 47.55 0.00 65.30 31.95
Mean value error, % 20.90 15.91 20.37 9.15 6.46 5.38 5.09 6.85 6.13 11.02 11.36 0.00 476 456
Mean value error, cm 0.32 1.05 3.93 1.82 1.47 1.52 1.57 2.16 2.69 5.26 5.40 0.00 3.11 1.46

All species  AREA, thousand ha 369.50 25151 32427  387.74  392.07 390.76  329.94 23020 17028  104.17 76.97 48.60 86.43 3162.43
Mean diameter, cm 1.87 7.15 13.43 17.31 21.18 24.73 26.71 28.49 30.33 30.54 32.14 33.37 34.87 19.72
Mean value error, % 2.33 1.58 1.12 0.89 0.85 0.80 0.83 0.95 1.21 1.72 1.87 2.11 1.98 0.55
Mean value error, cm 0.04 0.11 0.15 0.15 0.18 0.20 0.22 0.27 0.37 0.53 0.60 0.70 0.69 0.11
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