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1. General Introduction
1.1 General description of theforest referencelevel for Lithuania

Forest reference level for Lithuania, determinedoating to the criteria set out in Annex IV of the
LULUCF regulation (EU 2018/841), is -1,429 kt €@€q., assuming instant oxidation (all harvest is
removed and oxidized in current year). With thetforder decay function applied for harvested wood
products, forest reference level for Lithuaniad®272 kt CQ eq. for the compliance period of 2021 -
2025.

Table 1-1. Estimated carbon stock changes in padsd for forest reference level estimation in
Lithuania

Pools Carbon stock change in pools 2021 - 2026(kteq.
Above-ground biomass -1,426.10
Below-ground biomass -364.99
Dead wood -62.33
Organic soils 424.03
Harvested wood products -842.84
Total + HWP 10 -1,429.40
Total + HWP first-order decay function -2,272.24

Forest reference level was calculated for foresd l’emaining forest land only, while all forest diais
considered managed in Lithuania. Land, classifeethad converted to forest land during the refezenc
period (2000 — 2009) was not included in the propes of carbon stock changes in above mentioned
pools.

1.2 Considerationtothecriteriaasset in Annex IV of the LULUCF regulation

Consideration of the criteria set in Annex IV oéthULUCF regulation is explained in this chapter,
accordingly to the list in paragraph A of the Annex

A. Lithuania is projecting declining growing stock wpie change (Figure 1-1), which is
determined by the change of forest stand struceseiming stably increasing area of mature
stands while volume drain due to harvest and nityrtal forest stands is also larger comparing
to the one observed in NFI (Table 1-2). Increasirgn (harvest and mortality) are related to
aging forest and wood use by BAU scenario (useddi@casting) - more volume is available
for wood supply when forests reach age suitablefif@ harvest, older stands also have a
higher probability of natural mortality. Lithuanidarest reference level is consistent with the
aim of achieving a balance between anthropogenisstoms by sources and removals by sinks
of GHGs in the second half of this century due lie goal of sustainable forestry sector
development goal set in National Forestry Sectarelg@ment programme (2012).
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Table 1-2. Wood drain (harvest + mortality) by stestume in Forest land remaining forest land, nmf.

2001 2002 2003 2004 2005 2006 2007 2008 2p09 201@11 P 2012 2013 2014 2015

NFI FL

remaining FL 11.7 11.7 13.0 12)8 13.0 13.1 1.8 112.11.9 115 11.8 12.4 12 134 138

EFDM testing 11.3 11.4 11.6 11.8 12,0 12.2 14 612.12.8 13.0 13.2 13.4 136 138 139

Difference

from NFI,

% -3.4 -2.6 -10.9 -7.8 -7.7 -6./9 -311 41 7.6 13 11.9 8.1 7.1 3.0 0.J7

FRL
projection

13.4 13.9 13{9 14.0 14.214.3

Difference

from NFI,

% 20.0 17.8 2.1 10j2 6.0 3.6

B.

In its forest reference level estimation Lithuahis included only carbon stock changes in
pools, calculated as a change between two stocknesd in different time steps provided by
the EFDM model; remaining carbon stock in livingpiiass of forest land remaining forest
land is excluded from calculation.

Biomass removed from forest is calculated underagsmption of instant oxidation, through
the application of stock change method appliedlifong biomass and dead wood volume
estimation both in National GHG Inventory and FRIiojpction. Carbon stock changes in
harvested wood products pool are calculated applfyist-order decay function for providing a
comparison to assumption of instant oxidation, gidimee EFDM model provided felled stem
volume estimate to calculate activity data for lested wood pool stock change projection.
Carbon stock change in harvested wood products poaihcluded in the reference level,
calculated both with assumption of instant oxida@smd applying first-order decay function.
Ratio between forest biomass used for solid andggnproduction is assumed as in the
reference (2000 - 2009) period, determining thengbaratio between historical harvest and
projected harvest provided by the EFDM model, aipplyestimated ratio to the harvested
wood product commodities activity data (amountsdomestically produced and consumed
products), obtained from FAO database, The Chrenadl Lithuanian Forests (Ministry of
Environment, 2003) and Statistics Lithuania.

Lithuania’s forest reference level is constructealsdnl on historical forest management
practices, as observed during NFI measurementfénence period and development of forest
age classes, taking into account sustainable hdatdorest resource use. There are numerous
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protected areas, such as strict reserves, reseagsnal parks, national parks, established in
forests in Lithuania with specific restrictions diditations for forest resource use set in those
areas, which ensure the needs of biodiversity ptiote

Lithuania’s FRL and reporting of national projectsoof greenhouse gas emissions by sources
and removals by sinks under Regulation (EU) No 3253 is consistent with the FRL
estimation documented as both approaches repddra#it carbon pools (biomass, dead wood,
litter, soil carbon), and also non-CO2 emissioikg those from drained organic soil, nitrogen
fertilization and from controlled burning. Howevenethod used to estimate forest reference
level according to the LULUCF regulation (EU 2014818 is different than in national
projections of anthropogenic greenhouse gas emsdy sources and removals by sinks
reported under Regulation (EU) No 525/2013, sinE®® model was first time applied for
projections of living biomass and dead wood carpoonl changes. National projections of
anthropogenic greenhouse gas emissions by sounceseaovals by sinks will be updated
accordingly.

The EFDM model used for forest reference levelngation is able to reproduce general trend
of living biomass and dead wood carbon pool develu, however, high interannual
variations cannot be produced with the model. Ale tpools represented in National
Greenhouse Gas inventory are included in the cactsdn of projections for forest reference
level and carbon stock changes in those poolsacelated applying the same methodology as
for National GHG inventory report.

Table 1-3. Equivalence table for the NFAP for Lahia.

Annex | Elements of the national forestry accounting placoading to Annex Chapter in the

IVB. IV B. NFAP

item

(@) A general description of the determination of tbeeét reference leve| Ch. 3.1

(@) Description of how the criteria in LULUCF Regulatiavere taken into Ch. 1, Annex |,
account. Annex Il, Annex

I,

(b) Identification of the carbon pools and greenhouaseg which haveCh. 2.1
been included in the forest reference level.

(b) Reasons for omitting a carbon pool from the foneference level Ch. 2.1
determination.

(b) Demonstration of the consistency between the caplois included in Ch. 2.2
the forest reference level.

(c) A description of approaches, methods and modelgluding| Ch. 3.3, Annex llI
guantitative information, used in the determinatioh the forest
reference level, consistent with the most recestlpmitted national
inventory report.

(c) A description of documentary information on susthie forest 3.2.2, Annex lll
management practices and intensity.

(c) A description of adopted national policies. Ch.23.1

(d) Information on how harvesting rates are expectedieweelop undef Ch. 2.3.2
different policy scenarios.

(e) A description of how the following element was cdesed in the

determination of the forest reference level:

()

» The area under forest management

Ch.3.21

(ii)

* Emissions and removals from forests and harvestestl products a

sCh. 2.2, Ch. 4.2

shown in greenhouse gas inventories and relevatdrtgal data




(i) | = Forest characteristics, including: - dynamic agjated forest Ch. 3.2, Annex |,
characteristics - increments - rotation length andther information Annex Il, Annex

on forest management activities under ‘businessaal’ I

(iv)

* Historical and future harvesting rates disaggiedjdetween energyCh. 4.1
and non-energy uses

2. Preamblefor theforest reference leve

2.1: Carbon pools and greenhouse gasesincluded in the forest reference level

Carbon pools included in forest reference levalsiseported in Greenhouse Gas Inventory Report of
Lithuania 2018:

e Above and below-ground biomass carbon stock changes

e Dead wood carbon stock changes

e Harvested wood products pool carbon stock changes

e GHG emissions from soil (organic only) due to degje

Carbon stock changes in mineral soils in forestl llmmaining forest land are not reported in
Lithuania, since after the BioSoil project it wastimated that mineral soils are not a source of GHG
emissions. The results of BioSoil project show $nilt not significant increase in carbon stocklpoo
in mineral forest soils in Lithuania from 1998 006 (Armolaitis et al., 2001; Kuliesis et al., 2009

Table 2-1. Mean carbon stock in forest land acogrdd the soil monitoring in ICP-Forest sample plavel |
in 1998 and 2006

Mean carbon stock | Mean carbon stock
Mean carbon | . . . L :
T in mineral soil (0- | in mineral soil (10- o
Year | stockin litter, 10 em deoth 20 cm deoth Resear ch activity
Clkg cm depth),g cm depth), g
9 Clkg Clkg
Soil monitoring in IPC-Forests
1998 370,69 +12,8 29,1+4,4 15,6 £2,8 Level | sample plots (Armolaitis
et al., 2001)
Soil monitoring in IPC-Forests
Level | sample plots during
2006 399,0 +96,6 29,9 +18,2 15,8 +11,6 BioSoil project (Kuliesis et al.,
2009)

Carbon stock changes in litter were not includedoirest reference level estimation nor in
annual greenhouse gas inventory report. Lithuassaraes that there are no changes in carbon stock
in litter in forest land remaining forest land, assng that the amount of litter after the convenmsio
period in forest remains stable with insignificahanges (Tier 1 method is applied).

Two main greenhouse gases are included in the &stim of forest reference level: GO
(biomass carbon stock changes, dead wood carbok sb@anges, harvested wood products, drainage
of organic soils), BO (from drained organic soils). Methane emissiasnf drained organic forest
soils are not included in the estimation of foreference level due to the lack of default emission
factors for the Tierl method in the 2006 IPCC Glindss, as applied for the National GHG Inventory.

2.2: Demonstration of consistency between the carbon poolsincluded in theforest reference level



All the carbon pools included in National Greenlowms inventory report are included in
construction of forest reference level as descrilmedhe section above. Carbon stock changes in
corresponding pools were estimated applying 2006CIPGuidelines and 2014 Kyoto Protocol
Supplement as in National Greenhouse Gas Invenkanythe estimation of carbon stock changes in
living biomass and dead wood pools the Tier 2 agpgnoand method 2 (stock-change method) was
applied. Soil carbon stock change (organic sols) mon-CO2 GHG emissions due to organic soil
drainage were calculated using Tier 1 method fré®62PCC GL, as in NIR 2018. For estimation of
carbon stock changes in harvested wood product$, ppproach B (production approach) was
applied.

Consistency of the development of carbon stock gasin certain pools can be seen from the
table 2-2. Derivation from development of carboacktchanges in pools are determined by large
interannual variations, which were partly causednbyural causes (i.e. removal of spruce dieback
consequences), in addition to this, large interahmariations cannot be estimated by the modelkesinc
average growing stock volume, felling (probabilityjwctions) and mortality rates of the whole period
(2000 — 2015) is applied for model calibration average of 2000 - 2009 is applied for modelling of
growing stock volume, dead wood volume and felliadume for forest reference level estimation.
Differences in area of forest land remaining forkstd used for EFDM simulation for model
calibration and reported in 2018 National GHG ineey can be explained in different aggregation of
area data and increase in forest land area. Thalka “plot center decision” is used to estimateaa
for National GHG Inventory, while growing stock vohe is calculated for each sector of the sampling
plot. In order to obtain the most accurate datdooést land remaining forest land, for the EFDM
modelling area was aggregated from sampling plctiose with their respective area. This resulted in
underestimation of the area of forest land remgiiamest land in NFI data used for EFDM compared
to NFI data calculated for National GHG Inventospifie sampling plots were included as a forest
land remaining forest with total area (400 ha) espnted in GHGI, while for EFDM simulation only a
part of that sampling plot was included as foresidl remaining forest land). Constant forest land
remaining forest land area from NFI 1998 - 2002 wapglied for the whole modelling period (2001 -
2016), while forest land remaining forest land aieaonstantly increasing in Lithuania due to land
converted to forest land becoming forest land remgi forest land after 20 years of conversion
period.

Table 2-2. Results of model replicability testimgega, thous. ha and carbon stock change, kteQQ, % from
National Greenhouse Gas Inventory report 2018 (@fat®90 — 2016)

2001 2002 2003 2004 200p 2006 2007 2008 2009 201011 2012 2013] 2014 201 2016

Area FL remaining FL 97.2 96. 96.6 96{5 96.3 96.095.8 95.5 95.2| 94.7 94.4 941 93|19 937 986 935

Above-ground biomasg  107.2  137(9 190.2 21p.5 257X8.9 | 160.0| 105.4 82. 66.8 46(4 41.9 48.6 58.1 5 55.29.4

Below-ground biomass  105.2 131)9 1754 191.3 220206.9 | 142.3 97.9 78.3 65.4  46(7 48.2 49.1 585 §6.061.8

Dead wood 130.7] 38.1 33.p 28]1 26.0 16.0 16.9 40.@4.2 35.6 56.8 64.0 80.7 647 67|12 31.0
Organic soils 96.8 96.9 96.8 961 959 95.6 954 195 948 94.4 94.0 93.7 93.6 93/4 93.2 93.1
HWP 121.0| 104.9 89.1 87. 897 1038 101.7 114.04.212 88.6 91.9| 1044 107.2 85,0 9216 96.0
SUM 109.7| 122.00 1473 153 171]8 1451 1139 §9.776.8 64.9 49.1 51.3 52. 550 57}9 33.2

Results of EFDM model calibration with age classtritiution starting as of 2000, according toNFI
cycle data and average forest management pradt@2@08 - 2015 show differences in annual carbon
stock changes, however, total carbon stock devetopns following the same trend (Figure 2-1,
figure 2-2).
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Figure 2-1. Carbon stock changes in living bioniag$IR and EFDM calibration, LFL - land convertexd t
forest land

Two different variations of living biomass carbawwak changes are presented to explain the
impact of interpolation-extrapolation tool appliddr living biomass carbon stock estimation in
National Greenhouse Gas inventory. Interpolatiotnegrolation tool is used for more accurate growing
stock volume changes representation, as well asedace inter-annual variations. Interpolation-
extrapolation tool is used for annual change ofmgng stock volume: growing stock volume change
between each permanent sampling group (remeasueed &' year) between two remeasurements is
calculated using linear interpolation. Estimatidranonual growing stock volume change in two latest
years is based on extrapolation of previous 5 ygeswing stock volume change and change factor
between two latest inventory cycles (tendency ofyg@rs). After the actual measurement data is
available (NFI measurement represents data of X&sy middle of cycle data), extrapolated values
are changed for the actual ones. Due to the chahg615 and 2016 extrapolated data in the 2019
National GHG inventory, significant difference imrbon stock changes is observed (Figure 2-1),
which better conform with the results of EFDM repbility testing.
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Figure 2-2. Living biomass carbon pool developnaatording to NIR 2018 and EFDM calibration



Despite the differences in annual carbon stock gesnmodel is able to represent actual living
biomass carbon stock development in forest lanchnaimg forest land (Figure 2-2).

2.3: Description of the long-term forest strategy

Lithuania has adopted its main legal act, regarflngstry and sustainable forest management,
Forest Law in 1994. The main aim of the Forest Liawo regulate forestry areas, such as forest
regeneration, protection and resource use in atwansure sustainable development - providing the
country with the greatest socio-economic benefitssuring biodiversity conservation, increasing
forest productivity, landscape stability and enmirental quality, the ability to perform ecological,
economic and social functions now and in the futdtBout harming other ecosystems.

2.3.1: Overall description of theforests and forest management in Lithuania and the adopted
national policies

State of Lithuanian forest resources up to thelastiary 2017 using data from the latest forest
assessment is presented in this paragraph. Defindf forest land has not changed since tfie 1
Commitment Period in forest land category and eduss following: land area not less than 0.1 hectar
in size covered with trees, the height of whichaimatural site in the mature age is not less than 5
meters, other forest plants as well as thinnecempbrary vegetation — lost forest due to the atts o
nature or human activities (cutting areas, bureasy clearings). Tree lines up to 10 meters oftwirt
fields, at roadsides, water bodies, in living araad cemeteries or planted at the railway protactio
zones as well as single trees and bushes, pankeg@land grown by man in urban and rural areas are
not defined as forests. All forest land is consedieas managed land in Lithuania.

Statistics are based on the state Standwise Hokesttory (SFI) and National Forest Inventory
(NFI) data. The SFI provides data on forest aréa National Forest Inventory presents more reliable
data about growing stock volume and changes. Aaogrtb this data, the total forest land area was
2,189,600 ha, covering 33.5% of the country’s teryi Since the 1st January 2003, the forest land
area has increased by 144,300 ha corresponding?®% &f the total forest cover. During the same
period, forest stands expanded by 107,400 ha 682400 ha. occupying 1,145,100 ha, coniferous
stands prevail in Lithuania, covering 55.6% of tloeest area. They are followed by softwood
deciduous forests (841,100 ha, 40.9%). Hardwoodddeus forests occupy 72,200 ha (3.5%).
Although forests cover a large part of Lithuaniarnritory and constitute to 2,203.3 thous. ha whsch
more than 33% of the country, it is estimated anwddasted that Lithuanian forest area should ad¢coun
for at least 35% considering the needs of the edt@me and landscape. Despite the fact that forest
land area has increased significantly and manyfoessts have been planted on private and State lanc
the need for further enlargement of forest lantl stimains. According to the statistical data of
National Land Service under Ministry of Agriculturthere was approximately 64 thous. ha of land
that is not used for agriculture or is unsuitaldethat in 2016 and part of it might already be arexd
with woody vegetation (natural afforestation hagrbetarted). In addition to this, a target in the
General Plan for the territory of the Republic @huania (2002) has been set to increase afforestat
of such lands and as a conclusion country foregtrage could increase up to 37-38%. However, this
process is slowed down by incomplete land reformablems related to the transfer of free land from
the state land fund to managers of state-ownedtorfer afforestation, as well as legal restricsion
linked with afforestation of land that has relalyv@igh productivity. Therefore, it is reasonabte t
increase forest coverage by harmonizing the scoteother land use needs.
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The amount of prepared merchantable round woo@a&sed by 4% since 2015 and amounted
7.0 million m23 in 2016. Changes in felling ratessiate forests were insignificant over last fivange
The amount of round wood harvested in state fotesddled 3.9 million m3 in 2016. The volume from
the final felling in state forests was like in theevious year (2.7 million m3). The share of theafi
felling constituted 70% in the total harvest (72862015). Amount of timber prepared in coniferous
stands final felling totalled 1,294,000 m3 like 2015. The roundwood volume from final felling
decreased by 5% in spruce stands and increaseébolin fine stands. Volume of prepared wood in
these stands amounted to 631,000 m3 and 663,00@spéctively. For non-coniferous, the round
wood volume from final felling decreased by 1%,{436,000. Felling in birch stands grew up by 1%
from 738,000 m3 to 747,000 m3. For aspen, the asgevas 1% and removals grew up till 336,000 m3.
The prepared wood volume in black alder standsedsed by 5% to 277,000 m3. For other species,
the removed volumes and changes were as follow80@8n3 grey alder (-3%); 7,400 m3 ash (-55%));
and 12,000 m3 oak (-4%). The volume from intermidfelling increased by 4% to 1.2 million m3.
Strongest storm bypassed Lithuania in June. He dadhéorests from southern part till central regions
of the country. Amount of selective sanitary fajlimcreased by 14%, from 368,000 m?3 in 2015 to
417,000 m3 in 2016. Other felling (mainly clearvsaje felling in immature stands) increased from
90,000 m?3 to 164,000 m3. The volume of wood prepdrg commercial thinning decreased by 1%
until 587,000 m3 and constituted to 15% in the ltdtarvests. The felling rate in private forests
increases to 3.1 million m3 (expert evaluation)v&te forest owners received cutting permits fat 2.
million m3. Half of this (1.2 million m3) was issddo cut in coniferous stands. The allowable cut of
pine stands increases from 545,000 m3 in 2015 &§06® m3 in 2016. The allowable cut in spruce
stands increased by 5% to 607,000 m3. The amoutinbkr allowed to cut in the birch stands was
similar like in 2015 (668,000 m3).
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Figure 2-3. Development of fellings (by merchangalablume) in Lithuania

Forest resource use, management practices andldoegatry sector development is determined by
several main legal documents adopted in Lithuania:

e Forest Law, No 1-671, adopted November 22, 1994.

The Forest Law establishes the rights and dutiealloforest managers, owners and users of the

Republic of Lithuania in the use, restoration, igalion and protection of forests, harmonises the

interests of forest owners and the public, esthbisthe basic principles of forest manageménée

main aim of the Forest Law is to regulate forestrgas, such as forest regeneration, protection anc

resource use in a way to ensure sustainable dewelup- providing the country with the greatest
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socio-economic benefits, ensuring biodiversity ewnation, increasing forest productivity, landscape
stability and environmental quality, the ability perform ecological, economic and social functions
now and in the future without harming other ecosiyst.

e Governmental Resoultion of the Republic of Lithwarof 29th October 2002 No [X-1154
Concerning the approval of the General Plan forTigtory of the Republic of Lithuania

Forestry development is planned accordingly to ldmg-term Lithuanian forestry policy goals: 1)
ensuring multi-purpose and forest-friendly forestnagement by combining economic, social and
ecological functions of forests; 2) Increasing theest area of the country; 3) preserving biodiigrs

in forests and enhancing the recreational potenfifbrests; 4) Supply of wood to domestic industry
and population. General plan sets different foceser increase for specific regions of the counitry:
is valuable to afforest the most infertile landghed country, by increasing the forest cover byl59%

in the Central Samogitia, East Aukstaitija andikia zones. In terms of the ecological stabilitytioé
landscape, forests are most needed in poorly woadkas of Central Samogitia, West AukStaitija and
Suvalkija. For the aim of forest expansion in thassas should be given priority. The mostly fordste
areas will remain in the eastern and southerngddrithuania - Aukstaitija and Oikija - 54-62% . In
the western part, Samogitia, forests will reach398percent, except for its most western part (29
percent). The least forested area will remain imt@ Lithuania - 23—27 percent. Afforestation of
infertile lands should increase forest cover to3®/percent. The creation of valuable forest stasds
planned by regulating the species of planted teees the extent of permitted forest felling. The
balance between the growth and use of stands wilefisured by means of forest management,
regulation of forest use and state control measutras planned that in Group Il forests there will
annually be 0.3-0.4 min. %of wood cut, and in the forest groups 1l and 19.5-7.5 min. m of wood
cut, or up to approx. 4.3% ha of wood in wooded areas.

« Governmental Resolution of the Republic of Lithwzaof 28" September 2011 No 1131 Concerning
the approval of procedures of forest land conversioother land use and compensation for forest
land conversion to other land use and repealingesaithe governmental resolutions

The Resolution sets the rules for limited casedooést land conversion to other land uses and
corresponding compensation mechanism of such csioverlt is explained that forest land can be
converted to other land use only in exceptionaésasd the conversion can either be compensated b
the monetary payment to the State budget or byedfmg another land area, not smaller than the
deforested area. Monetary compensation is calculbyethe State Forest Service summing market
value of forest land converted into other land,exges of the forestry measures applied to reach the
state of the forest being deforested and the vafuke lost wood, which could be gained at thelfina
felling age.

e Governmental Resolution of the Republic of Lithwzaof 23° May 2012 No 569 Concerning the
approval of National Forestry Sector DevelopmewngPamme for 2012 — 2020

The strategic objective of forestry developmentbisncrease the diverse public benefits provided by
forests, taking into account the long durationakst growth and differences in forms of ownership,
as well as ensuring the implementation of sustdénfmvest principles in all forests of the countije
goals to achieve the objective are: to preserveiaagase Lithuanian forests and their resources;
ensure rational use of Lithuanian forest resouesebincrease the productivity of stands; to inceeas
the economic efficiency and competitiveness ofdtige to preserve and enhance the sustainability of
forest ecosystems, taking into account their edobd@nd social role, the impact of climate change.
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e Governmental Resolution of the Republic of Lithwaof 16" April 2015 No XI1-1626 Concerning
the approval of National Environment Protectiorafigy for 2050

By 2050 Lithuanian Forests should reach certairtufea - a natural component of Lithuanian
landscape characterized by health, biodiversitydpctivity and sustainability, meeting all ecolaic
economic and social needs of society based onrtheigles of sustainable development. The aim is to
increase the country's forest coverage to 35 pexfethe territory of the country by 2030. This wil
help to secure the country's ecological balancetept habitats of wild fauna and flora, prevent soi
erosion, purify the air, reduce greenhouse gasseoms in the air and protect ground and surface
waters. The potential of unutilized and unsuitdalel for agriculture needs to be exploited to insee
forest coverage; completed land reform, rationa o$ EU financial measures to promote new
afforestation, smooth transfer of land from a fs&se land fund to state forest managers to create
forests, rationalized legal restrictions on affeatien of high productivity land, thus creating
preconditions for increasing ecological stability Iow-wooded areas. For securing rational forest
resource use it must be ensured that the amoutimber harvested in all forest fellings does not
exceed its increment in all forests in Lithuanie scope of forest felling, sanitary and basidrfgll
needs to be harmonized, the volume of small namdigqvood and logging waste used for biofuel
production increased, and the commercial forestrginess updated in all measures to restore the
ownership of forests in reserved forests, encounagasures to increase the economic efficiency and
competitiveness of private forests. There is alsead to promote the sustainable development of
national forest-based timber industries and reneaifergies, the use of raw wood resources toecreat
high value-added products.

e The rules for forest harvest, as adopted by therastithe Minister of Environment, No 73 March
5, 1999.

Forest felling rules establish the basic biologiealological and technological requirements of ore
felling (logging, removal of harvested trees). Bbrielling is divided into main, thinning, sanitaapnd
special forest fellings. The rules sets the linotag for maximum clearcutting areas in differene&i
groups (accordingly to protection status), numbeliving and dead trees which should be left for
biodiversity purposes, limitations of fellings analthe nests of rare birds, limitations for forietling
area width, felling rotation periods for differdetling practices, etc.

e Governmental Resolution of the Republic of Lithwaof 6th November 2012 No XI-2375
Concerning the approval of National Climate Chakigmagement Policy

One of the aims of the strategy (same as in NdtiBoeestry Development Programme for 2012 —
2020) is to increase the forest cover of unutiliaed unsuitable land for agriculture. Accordinghe
data of the National Land Service under the Migistr Agriculture, on January 1 2011 in the country
there were 168.3 thousand. ha land is not usediasditable for land use, of which 145.6 thous. ha
not used for agriculture and 22.7 thousand. haashabed land. Afforestation of this land would
increase the country's forests by about 3 perdémt.program provides 7 times - from 70 thousant. m
to 500 thousand - increasing harvest of logging waste for biofpebduction every year. The
strategy sets the objective to increase the ahearpf GHG emissions by increasing the country's
forest cover and strengthening the natural framkwtmtal annual absorbed emissions should be at
least 3.7 million t C@ in 2020), which could be achieved by two abovdimead main goals:
implementation of afforestation measures by plantumutilized land that is not suitable for
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agriculture; to implement a sustainable forestrijgydoy extending the scope of harvesting wasteluse
for biofuel production.

e The rules for afforestation of non-forest landadspted by the order of the Minister of Agriculture
and Minister of Environment No 3D-130/D1-144 29 klar2004

The description of potential areas for afforestatativities is provided in the document. Moreover,
the rules sets the limitations for afforestationha most fertile lands in the country.

e The rules of inventory and registration of natwatibrestation of non-forest land, as adopted by the
Order of the Minister of Environment and MinistérAgriculture No D1-409/3D-331 8 May, 2012

The rules provide the definition of procedures &ffiorested/reforested area registration into State
Forest Cadastre and Centre of Registers.

2.3.2: Description of future harvesting ratesunder different policy scenarios

State owned forests. According to data provided by State Forest Sery&017) harvest rates
in State forests are rather stable, 10 percentgdsamay be projected according to the Ministry of
Environment. The use may decrease due to propdsedstrictions for final fellings (prohibited
clearcutting) in Il forests group.

Harvest in State Forests are regulated by the asfiéhe Minister of Environment for the
approval of forest harvest rules (redactions fr@@89to 2010) and Government Resolution for annual
final felling quota for state forests (2004 — 202809 — 2013; 2014 — 2018; 2019 — 2023). Maximum
felling quota in State Forests are determined ® st more than 85 % of growing stock volume
increment. For example, in 2004 - 2008 maximunirfglguota was 2400 thous2mf merchantable
wood, in 2009 - 2013 - 2 800 thous. m3 of merchaetavood, 2014 — 2018: 11 168 ha, 3 145 thous.
m® of merchantable wood, 2019 — 2023: 11 850 ha,®BtBaus. M of merchantable wood.

Private forests. Harvest in private forests are mostly related todv price and economic
situation. Harvest rate less stable than in Swresfts. Fluctuations between 3 mirt gminimum) of
merchantable timber (in 2015) and 4 min® (maximum) of merchantable timber (in 2014) are
observed (State Forest Service, 2017).

Future development of taxes related to forest Idimere is a proposal to change tax of wood
production (5 % of income), which forest owners frayn the gain after selling wood. Change could
be to less production related tax, which may aésml Ito changes in harvest rates in private forests,
since the situation may become more profitabledieners. Forest land has no taxes in Lithuania,
however there is a proposal to introduce foresd kamx for owners as well as in other land useschwhi
may increase forest resource use in order to Keefand profitable to owners.

Strategical planning documents, having impact eadbharvest rates:

e National Environment Protection Strategy adoptedhieyParliament in 2015.

Sets targets for forestry sector, however, not oelgted to harvest: increase forest coverage to 35
% of total country area until 2030; protect biodsity in forests; promote of non-clear final fetisy
resume commercial forestry practice in all foremtserved for restitution, promote measures to
increase economic efficiency and competitivenesgrivhte forests; promote renewable resources in
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energy sector. Planned measures may result inaseref harvest rates due to more beneficial
economic situation and increased demand of biofioagnergy sector.

e National Energy Strategy for 2050 adopted in 2018.

Biomass and wind energy are the main renewabléshania. In 2016, solid biofuel amounted
82.5 % from total energy from renewables. Howewers planned that wind energy will become
prevailing and in 2020 will consist 45 % of totaleegy from renewables, while biomass — 26 %. In
2030: planned that renewables (including biomask)cansist 45 % of total electricity and 90 % of
total heating produced; wind energy — 55 %, sotargy — 25 %, energy from biomass - 9 % of
electricity. In 2050: planned that renewables (dahg biomass) will consist not less than 80 % of
total final energy produced (electricity, heatitiggnsport). Planned targets may result in incredse
harvest rates due to increased demand of biomasséogy sector.

¢ National Bioeconomy Strategy (Study on possib#itié Lithuanian bioeconomy development)

Aim to increase potential of forestry, as bioecog@actor: promotion of sustainable biomass use
from forests (including the residues from roundwopmcurement and industry). Potential of
bioenergy sector: main renewable source for endtgyto price, availability of local resources and
low GHG emission; has a limited potential to inae#\ccording to the information provided in the
study, harvest rates may not increase in the futlwe to limited potential of forestry and more
sustainable use of residues from wood productidastry.

3: Description of the modelling approach

For the estimation of carbon stock changes in divimomass and dead wood, European
Forestry Development Model was used to provide grgwstock volume development during the
period of 2010 to 2025, taking into account ages<lstructure estimated by NFI 2005 — 2009 and
historical (average of 2000 — 2009 NFI data) mareege practice intensity. Calculation spreadsheets,
used for carbon stock change and GHG emissionsramdvals estimation for National GHG
Inventory, were used to calculate carbon stock gbearfrom the EFDM model results for forest
reference level estimation.

3.1: Description of the general approach as applied for estimating the forest
reference level

Forest reference level was estimated using EFDMurofiean Forestry Dynamics Model,
which was adjusted for Lithuanian conditions. Depehent of growing stock volume as well as
harvested and dead tree volume were estimatedB#DM model, using data of NFI measurements
during 2005 - 2009, providing data of age classridigtion and actual forest management practice
intensity, which were estimated as probability fumes. Carbon stock changes and GHG
emissions/removals were afterwards calculated fova and below-ground biomass, dead wood and
harvested wood products using calculation spreadsias in annual GHG inventory with national and
default factors, using 2006 IPCC Guidelines for iblzl Greenhouse Gas Inventories and 2014
Revised Supplementary Methods and Good Practicda@oe Arising from the Kyoto Protocol.

Table 3-1. Factors used in forest reference lestahation

Coniferous Deciduous

Basic wood density 0.41 0.47
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Biomass expansion factors 1.221 1.178
Root-to-shoot ratio 0.26 0.19
Carbon fraction of dry matter,|100.51 0.48
C/td.m.

C loss due to the drainage| @.68

C/ha

N-O emission factor, nutrient0.1
poor soils kg N,O-N/ha

N-O emission factor, nutrient0.6
rich soils,kg N,O-N/ha

Conversion factor from C tp-44/12
CO

Conversion factor from HD to| 298
CO

3.2: Documentation of data sources as applied for estimating the for est
reference level

Main data source used for Forest Reference Lewehason is National Forest Inventory,
measurements executed during the period from 20009 (remeasurements in pairs: 2000/2005,
2001/2006, 2002/2007, 2003/2008 and 2004/2009)ioht Forest Inventory measurements are
presented in statistical yearbooks: Lietuvos mi&ktatistika. Nacionalih miSky inventorizacija
atrankiniu metodyLithuanian Forest Satistics. National Forest Inventory by sampling method).

Another data sources are Food and Agriculture Orgéion, Statistics Lithuania and Ministry
of Environment (The Chronicle of Lithuanian ForestX century, 2003) data on forestry production
and trade for harvested wood production carbonkstb@nges estimation, as used in annual GHG
inventory.

3.2.1: Documentation of stratification of the managed forest land

Stratification is based on the data obtained frdah, egarding forest management practices
occurring in each stratum. Definition of stratunba@sed on several different aspects:

Forest management groups:

e | - strict nature reserves. No management is alipwatural regeneration preferred.

e |l - forests of special purpose - ecosystem praiadorests. Management aims for protection
and restoration of forest ecosystems. No cleargutor final fellings is allowed.

e Il - protective forests. Management aims to fomaductive forests that can perform soil, air,

water protection functions. Clearcutting for fifi@llings is allowed.
e |V - commercial forests. Management aims to formdpictive forests for wood supply.

All Lithuanian forests are distributed into fournfttional groups. In the beginning of 2017,
distribution of forests by functional groups wadaltows: group | (strict nature reserves) — 2h8us.
ha (1.1%); group Il (ecosystems protection ande@tonal forests) — 260.8 thous. ha (11.9%); group
Il (protective forests) — 320.3 thous. ha (14.6%)d group IV (exploitable forests) — 1,583.5, thou
ha (72.3%) from total forest land category.
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Group | contains strict reserves and account fb®lof all forests. No silvicultural practices
are allowed. The main objective is to maintain tregural growth, development and enhanced
biodiversity. Group Il contains forests of spegarpose. They are divided into two subgroups: IIA-
ecosystem protection forests, occupy 9.0% and IHecreational forests occupy 2.9% of all forest
Ecosystem protection forests are used to presemenaprove the recreational forest environment. In
group Il forest wood production is not the primabjective, harvesting is allowed at the age of ratu
maturity only and as a result wood quality is lovgere to an absence of thinnings and selective
cuttings. Group Ill contains protective forests:.olggical, geomorphological, hydrographical and
cultural reserves, forests for soil, water, humamg surroundings and infrastructure protection.
Forests in group Il occupy 15.7% of all countrydsts. The main objective is to form productive
forest stands, capable to perform various proteduimctions. Group IV contains commercial forests,
which occupy the main part of all forests (70.9%he main objective is to form productive forest
stands that continuously supply the industry anergn sectors with wood, while at the same time
following environment protection requirements. Ating to the main objectives of each forest group
and protection level, there are strict limitatidosharvesting determined in each group (Table.3-2)

Table 3-2. Description of legal restrictions formagement of forests applied in reference periahrcltting

Min age of final fellings in forest . : Max clearcut area
Intermediate fellings :
groups in forest groups, ha
Species
v I Il (no Young stand| ., . . Precommercia
(clearcut) (clearcut) clearcutting formation Thinning thinning v o
allowed)
Pine 101 111 170 8-21 21 -41 >41 8 5
Spruce 71 81 120 8-21 21-41 >41 8 5
Birch 61 61 90 8-21 21 -41 >41 8 5
Aspen 41 41 60 6-21 21-31 >31 8 5
Z'jgf 61 61 90 6-21 | 21-3 >31 8 5
ja‘z 31 31 50 6-21 | 21-3] >31 8 5
Oak 121 141 200 8-21 21 -41 >41 8 5
Ash 101 111 170 8-21 21 -41 >41 8 5

Ownership type - state forests, private forestedts reserved for restitution.
Main tree species:

e Pine(Pinus sylvestris)

e Spruce(Picea abies)

e Birch (Betula pendula, Betula pubescens)
e Aspen(Populustremula)

e Black alder(Alnus glutinosa)

e Grey alder(Alnus incana)
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e Oak(Quercusrobur)
e Ash (Fraxinus excelsior)
e Others

It must be noted, that in order to reduce the nurobstrata, some of the strata were merged simee t
management practices applied in those strata ayesumilar. 3rd and 4th forest groups were merged
together, distributed among 6 main species - @peyjce, birch, aspen, black alder, grey alder and
others merged into one group (oak, ash and otredwaus). Tree species in Ist and 2nd forest groups
were merged into 2 groups: coniferous and deciduauasddition to this, Ist forest group is onlytsta
owned. Aggregation of strata and areas, repregpatioh strata, are provided in the table below:

Table 3-3. Distribution of managed forest land isti@ata

Stratum Area during
No Code Forest group Ownership Species | reference periog
1]1gr 1 All All 26,446.21
2 | 2gri2owlsp 2 State and private Pine 100,067.11
3| 2gr12ow2sp 2 State and private Spruce 30,155.22
Birch 81,382.53
Aspen
Black alder
Grey alder
Oak
Ash
4 | 2gr12o0w3-9 2 State and private | Others
5 | 2gr3ow1-9sp 2 Reserved for restitution All 30,160.04
6 | 3grl2owlsp 3 State and private Pine 107,035.94
7 | 3grl2ow2sp 3 State and private Spruce 33,527.35
8 | 3gr3ow12sp 3 Reserved for restitution Pine andegpry ~ 20,444.13
9 | 4grlowlsp 4 State Pine 229,851.14
10 | 4gr2owlsp 4 Private Pine 155,934.59
11 | 4grlow2sp 4 State Spruce 180,461.38
12 | 4gr2ow2sp 4 Private Spruce 96,524.24
13 | 4gr3ow12sp 4 Reserved for restitution Pine andcgpry ~ 55,431.47
14 | 34grlow3sp 3--4 State Birch 157,996.20
15 | 34gr2ow3sp 3--4 Private Birch 148,500.73
16 | 34gr3ow3sp 3--4 Reserved for restitution Birch 50,583.71
17 | 34grl2ow4sp 3--4 State and private Aspen 110,643.30
18 | 34gr12ow5sp 3--4 State and private Black alder| 140,666.06
19 | 34gri2ow6sp 3--4 State and private Grey alder 76,073.49
20 | 34gr1l2ow7sp 3--4 State and private Oak 38,016.99
21 | 34gr12ow89sg 3--4 State and private Ash and others ~ 48,852.10
Aspen 71,206.57
Black alder
Grey alder
Oak
Ash
22 | 34gr3ow4-9sp 3--4 Reserved for restitutipi®thers
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Total area of managed forest land during the refaxgeriod (2000 — 2009) and used for projection of
forest reference level is 1,989.96 thous. ha.

Stratification of managed forest land was donegidlRl 2005 - 2009 data, taking into account
only those NFI plots where land use was definefdi@Est land remaining forest land. Forest land
definition according to the Forest Law, as useNational GHG inventory: area of land, covered with
trees or temporary without tree cover, with 301 cover and 5 m height at maturity stage in
natural site, not smaller than 0.1 ha.

As it is requested in LULUCF regulation (EU 2018(84that forest reference level of a
country shall contain description of forest chagdastics, including dynamic age-related
characteristics, age class distribution during pinejection period (in time steps of 5 years) are
provided in Annex I.

3.2.2: Documentation of sustainable forest management practices as
applied in the estimation of the forest reference level

Forest management practices were set and desadmending to actual forest management
activity applied for certain forest group, forestrership and specie combination — accordingly & th
division of forest into strata. Those managemeacices are as follows: clearcutting (FMP 1), all
selective cuttings including shelterwood logginbinhing, sanitary cuttings and other temporary
cuttings (FMP 2) or no management (FMP 3). Therdgxté each forest management activity applied
in certain strata and age class were defined acgpid actual management practice detectability
observed in sample measurements of NFI 2005 — ZB@®abilities (expressed by logistic regression
functions) for each of 3 management activities i@l strata were defined for 34 age classes (With
years’ time step), 16 volume classes and summavialegs are provided in Annex Ill. Description of
practices in each stratum are described in the taddow.

Table 3-4. Description of forest management prastapplied for projection of forest reference level

Average probability of management practice applied
Stratum No Code Clearcutting Selective cutting No management
1] 1gr 0.000 0.368 0.632
2 | 2grl2owlsp 0.011 0.346 0.643
3| 2grl2ow2sp 0.004 0.417 0.580
4 | 2gr120w3-9 0.004 0.478 0.518
5| 2gr3ow1-9sp 0.000 0.440 0.560
6 | 3grl2owlsp 0.008 0.421 0.571
7 | 3grl2ow2sp 0.025 0.338 0.638
8 | 3gr3owl12sp 0.000 0.422 0.578
9 | 3gr3ow3-9sp 0.000 0.464 0.536
10 | 4grlowlsp 0.033 0.346 0.621
11| 4gr2owlsp 0.032 0.485 0.483
12 | 4grlow2sp 0.068 0.285 0.647
13| 4gr2ow2sp 0.109 0.378 0.514
14| 4gr3owl12sp 0.023 0.426 0.551
15| 34grlow3sp 0.061 0.439 0.500
16 | 34gr2ow3sp 0.072 0.400 0.527
17| 34gr3ow3sp 0.005 0.400 0.595
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18 | 34grl2ow4sp 0.082 0.489 0.430
19| 34grl2ow5sp 0.049 0.433 0.518
20 | 34gr12ow6sp 0.034 0.556 0.409
21| 34grl2ow7sp 0.450 0.236 0.314
22 | 34gr12o0w89sp 0.055 0.589 0.355
23| 34gr3ow4-9sp 0.007 0.501 0.492

Management practice intensity (probability functbfor every age class in certain stratum are
provided in Annex lll. Description of legal restians for forest management, as observed in NFI
measurements and included in development of prbtyafinctions for forest management practices,
applied in 2000 - 2009 period is provided in thieléa below. Actual management intensity for each
management practice in strata are described idbée 3-4.

Pursuance of sustainable forest management is fixélte Forestry development programme
for 2012 - 2020, adopted by the Government Reswiun 2012 as a measure to increase the overall
benefit of forests: “Forest development strategia a increase benefit of forestry to society (..),
ensuring the implementation of the principles oftainable forest management in all forests of the
country”.

Protected areas. The strategic aim of sustainable forest managemegnbeing successfully
implemented through various actions, such as fadassion into 4 different management regime
forest groups with certain restrictions for managetn as described in section 3.2.1. Another
implementation of sustainability is the establishinef special protected areas, which include forest
land as well: national parks, regional parks, steserves, reserves and municipal reserves, l@osph
polygons buffer zones around state parks, ets.eTphexected areas also include areas of interradtion
(European) importance: Special Protected Areas [SPANatura 2000 network, Proposed Sites of
Community Interest (pSCI) of Natura 2000 networlccérding to the data of State Forest Service
(2010), all above mentioned protected areas coweerthan 707 thous. ha of forests (33 % of total
forest land), with dominant area in IV forest grofipore than 40 % from total protected areas in
forests), providing additional special limitatioasd restrictions for forest management in thosasare
Forests in strict reserves make up to 13.8 thaasfdnests in national parks - to 97.2 thous. beedts

in regional parks - 224.0 thous. ha. Areas of Na2000 network covered 735.7 thous. ha in 2009, it
composes 11.3% of the country’s territory.

There also are specific limitations for forest nggraent in forest stands with inventoried nests
of rare birds — no management allowed in specigaaround the nest (buffer zone), time limitations
for logging and other activities, etc. Accordingtte data of State Forest Service, there were 204C
nests of rare birds inventoried in 2009.

Lithuania has also inventoried Woodland Key Habitat its forests, which cover more than
26.7 thous. ha of forest land in Lithuania.

Certification of sustainability. Lithuanian State Forests are certified underRBE certification.
FSC (Forest Stewardship Council) - internationae$d certification scheme, securing that certified
product is produced from wood, harvested in suaté managed forest. All unit$42) of State
Forest Enterprise have the FSC certificate. In eddhe State Forest Enterprise unit there aresfore
areas left to natural development which may mak&.@83% from total forest land area in that unit, as

! Previously there were 42 separate State Forestjiiges established in Lithuania. The reorganipatiok place in 2017
and 2018, continuously merging all separate eritgpiinto one State Forest Enterprise.
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well as plan of environmental protection actionshea unit. Private forests. In 2017, the first granf
private forests (73 private forest owners) achiefiest group FSC certificate, covering approx. 31
thous. ha of forest.

Increment use of forests. As it is explained by European Environment Ager291(7), percentage of
increment use for fellings must not exceed 70 %cohding to the historical data of National Forest
Inventory, harvest rates in Lithuania are signifittalower than total annual increment and contitu
only half of it (Figure 3-1).

Gross increment
17,8 mIn. m31s

Accumulated volume
(33,1%) 5,9 min. m?

16 1,5 mill. m3 | — Il forest group
4,4 mill. m3 [ll — IV forest group

Natural losse$®
(16,3%) 2,9 12 .
min. m3 10 gr;?)/l)f Iling Felled
gr4 min.m3 [ =1l forgst 0 \_volume
25min. m3 1l -1V & Intermediate’ W ((50,6%)
forest gr. . fellings (18,6%) | 9,0 min. m*
Dying (21,3%) Used by cuttings (59

2 <Unused wood v ierement date 20082012

0 Source: NFL

Figure 3-1. Use of growing stock volume incrementithuania

3.3: Detailed description of the modelling framework as applied in the
estimation of the forest reference level

Description of EFDM modelling framework used for forest reference level estimation. European
forestry dynamics model (EFDM) is an open code MuarkChain modelling solution used for
simulations based on data from sampling plot megsents in national forest inventories, which
simulates the development of unit areas of for@stl laccording to probabilities indicating transigo
due to natural processes or management actionshkdaan, Packalen, 2017). EFDM modelling
results are provided as a forest area in certassclith corresponding characterics - growing stock
volume, felled volume, volume reduced due to miytaind dead wood. The distribution of the forest
land, is presented as a matrix defined by a stratibn factors (forest group, ownership type, tree
species). The cell values of the matrix represesdsain each step of modelling. As explained in the
original documents of the EFDM (Sirkia, 2007; Pdekeaet al. 2017) a simulation step is obtained as
transition of certain stratum state (growing steokume in age classes) affected by forest managemen
practices and their probabilities. Consequently Hasic output from an EFDM simulation is a
sequence of areas in their state after each oested number of time steps.

The modelling was done by 3 stages. First of all, the growirgglstvolume and total volume drain

due to harvest and mortality were predicted. Dursegond stage drain prediction separated into

harvest and mortality predictions. During the latige the dead volume prediction was modelled
21



taking into account the relationship between grgwstock volume and accumulated in stand dead
volume.

Input data preparation. Modelling of growing stock volume, dead wood anldirigs was carried out
with all sampling plots sectors representing folast remaining forest land from 2005 - 2009 NFI
measurements (remeasurement of 2000 - 2004 NFluregaents). This data source was used for
description of 3 forest management practices aidlistate of the forest in strata defined.

For the definition of initial forest state 2 dynanfiactors - volume (16 classes), age (34 classeb)fla

static factors - forest group (4 classes), ownergBiclasses), main tree species (9 classes) &nd si
productivity class (2 classes). Boundaries of vaurtasses were defined using NFI growing stock
volume data in all stands as well as clear cuttirepas (temporary unstocked stands), separating then

intg equal groups (up to Y@roup) and increasing the intervals of classe&®¥ in every class after
10" class.

Table 3-5. Values of class parameters used imallyaes

Volume class| Lower limit off Upper limit of | Mean value| Age class Lower limit | Upper limit
volume class | volume class | of volume of age class | of age class
class
1 0 22,194 3 0 0 0
2 22,194 60,661 41.4275 1 1 5
3 60,661 99,128 79.8945 2 6 10
4 99,128 137,595 118.3615 3 11 15
5 137,595 176,062 156.8285 4 16 20
6 176,062 214,529 195.2955 5 21 25
7 214,529 252,996 233.7625 6 26 30
8 252,996 291,463 272.2295 7 31 35
9 291,463 329,93 310.6965 8 36 40
10 329,93 368,397 349.1635 9 41 45
11 368,397 412,6341 390.5155 10 46 50
12 412,6341 463,5067 438.0704 11 51 55
13 463,5067 522,0102 492.7584 12 56 60
14 522,0102 589,2892 555.6497 13 61 65
15 589,2892 666,6601 627.9746 14 66 70
16 666,6601 and more 795 15 71 75
16 76 80
17 81 85
18 86 90
19 91 95
20 96 100
21 101 105
22 106 110
23 111 115
24 116 120
25 121 125
26 126 130
27 131 135
28 136 140
29 141 145
30 146 150
31 151 155
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32 156 160

33 161 and more

There were 34 age classes defined with first cltesse “0”, representing areas with temporarily
unstocked stands, the age class “1” representsisstahere age has not yet reached 5 years. Age
classes from 1 to 33 represent forest land remgifoirest land with forest stands in 5-year agesstep

Probability functions of forest management prasctiggearcutting - FMP1, non-clearcutting - FMP2

and no management - FMP3) were defined suing NB0 22009 measurement pairs. Probability of

each management practice were set in every ageteotlass for separate or aggregated forest group
ownership and species, as defined in forest lanthirgng forest land stratification step. Using the

data of NFI measurements probability model was ldg@esl via multiple logistic regression.

Estimation of probability functions. Development of probability functions of forest mgament
practices was done using historical NFI measurendaté from 2000 to 2009 for calculation of
empirical probabilities for each of the managenpgattice in certain stratum and age class.

Logistical regression was applied for the modelliofy forest management practice and
probability models for each management practiceewseated using dynamic (age class, volume
class) and static (forest group, ownership and ispedactors’ values as independent variables.
Modelling was carried out with STATISTICA 10 softwea usingHooke-Jeeves and quasi-Newtam
Rosenbrock and quasi-Newtomethods fromNonlinear estimation — Quick Logit regression
module. Logistic regression models were developmmbralingly to stratification criteria defined in
Chapter 3 of this document.

Logistic regression model:

EXP(Xo+ X1* Vol + Xo* Aget Xs* Productivity)/(1+ EXP(Xo+ X1 * Vol + Xo* Aget+ X3* Productivity))
WhereXo, X1, X2, X3 — model factors,

Vol — volume class at time

Age — age class at tinte

Productivity — productivity class at timie

After the development of logistic regression moafgbrobabilities, probabilities for each management
practice in certain stratum and age class werestatjito equal the sum of probabilities to 1.

4: Forest reference level
4.1: Forest reference level and detailed description of the development of the
carbon pools

Forest reference level for Lithuania, determinecbading to the criteria set out in Annex IV of
the LULUCF regulation (EU 2018/841), is -1,429 KD{kq., assuming instant oxidation (all harvest is
removed and oxidized in current year). With thetforder decay function applied for harvested wood
products, forest reference level for Lithuania2g272 kt CQ eq. for the compliance period of 2021 —
2025, as explained in Chapter 1.1.

Lithuania is reporting changes in all carbon paolsts National Greenhouse Gas Inventory,
except for mineral soils and litter in forest lanrednaining forest land:
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e Above-ground biomass carbon stock changes;

e Below-ground biomass carbon stock changes;

e Dead wood carbon stock changes (consists of deantl wtems inventoried in forests and
stumps of harvested trees which where inventorsdd/eng in previous NFI);

¢ Organic soils carbon stock changes (carbon lossaltiee drainage of organic soils);

e Harvested wood products.

As it was described in previous chapters, initetldsource for the development of carbon
stock changes in pools was National Forest Invgnas executed in 2005 — 2009.

Above-ground biomass. EFDM model provided projection of growing stock wie for every 5 year
modelling step. Growing stock volume change wasutated annually from model results (Table 4-1).

Table 4-1.Growing stock volume change in forestllsmaining forest land, calculated from model ltssu

Growing stock volume change, millm2010 - 2012 2013 - 2017 2018 - 2022 2023 - 2025
Total 3.227 2.905 2.076 0.814

Coniferous 2.408 2.200 1.744 0.370

Deciduous 0.819 0.705 0.332 0.444

Above ground biomass refers to all living biomabewee the soil including stem, stump, bark, branckesds
and foliage. Calculation of above-ground biomasbased on volume of living trees stems with badsid
wood density and biomass expansion factor. Howe2806 IPCC Guidelines requires to use biomass
conversion and expansion factor (BCEF), which isellaon country specific data, but while Lithuanges mo
country specific values we are using previous neilegy to estimate above and below ground biomass.
Above-ground biomass is calculated by employinghgly modified eq. 2.8, (p. 2.12 8006 IPCC Guidelines):

AAGB = (AGS) - WD - BEF

where:

AAGB - above-ground biomass change, td. m;
AGS - change of tree stems volume with bark, m
WD — basic wood density, t d. m.3n

BEF — biomass expansion factor.

Basic wood density (WD) was estimated on the bakdata provided in Table 4.14 (p. 4.7126006 |IPCC
Guidelines). Density values for coniferous and deciduous veateulated as weighted average values related to
growing stock volume (Table 4-2).

Table 4-2. Total growing stock volume and averaagdwood density values

Total growing stock Basic wood density, tonnesd. m. m™
. 3
Species volume (ng(l)lé_rgoggAver age By species Weighted average

Pine 190.6 0.42

Spruce 76.4 0.40

Total coniferous 267.0 0.41
Birch 83.2 0.51

Aspen 34.0 0.35

Black alder 41.2 0.45

Grey alder 21.6 0.45

Oak 11.2 0.58
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Ash 9.0 0.57
Total deciduous 200.1 0.47
Overall total 467.1 0.44

Default values of biomass expansion factor (BEF)cianversion of tree stems volume with bark to
above-ground tree biomass were estimated using ddEd of stems volume (NFI 2003 - 2007),
national tables of merchantable wood volume (fanbhes) and leaves-needles biomass data by
Usolcev Yconsues, B. A. 2001; 2002; 2003. Rate of BEF for coniferous was estimated to 221

and 1.178 for deciduous. The rates of BEF estimftetithuania are very close to the rates presente
in Table 34.5 (p. 4.50 &1006 IPCC Guidelines), what is showing the consistency between theaos
methods.

Below-ground biomass. Calculated from above-ground biomass carbon stbekge, estimated in
first step (EFDM, as measured in NFI and used itiddal GHG Inventory, provided data of stem
volume (above-ground volume)).

Below ground biomass refers to all living biomasdive roots. Below-ground biomass is calculated
by using modified eq. 2.8 (p. 2.12 2906 IPCC Guidelines) which requires data for above-ground
biomass and root-to-shoot ratio. Default valuesoot-to-shoot ratios R were estimated using data of
UsolceV and Table 4.4 (p. 4.49 80606 |PCC): for coniferous — 0.26, for deciduous — 0.19.

ABGB = AAGB - R

where:

ABGB - below-ground biomass change, t d. m.;
AAGB - above-ground biomass change, t d. m.;
R — root-to-shoot ratio, dimensionless.

Dead wood. For the estimation of carbon stock changes in deaod, EFDM modelling results of
dead tree stems and felled volume was used adiaityadata (Table 4-3).

Table 4-3. Activity for dead wood carbon stock mstiion, provided by EFDM

Volume, mill. n? 2010 - 2012 2013 - 2017 2018 - 2022 2023 - 2025
Dead coniferous sten)s 0.066 0.057 0.038 0.018
Dead deciduous stems 0.013 0.007 -0.008 -0.023
Felled volume, total 10.55|7 10.734 11.193 11.669

Annual change in carbon stocks in dead organicenatt Forest Land remaining Forest Land is
calculated following the summarizing equation fa@lcalation of changes in dead organic matter
carbon pools which is equal to the sum of carbtmsksn dead wood (measured available dead wood)
and carbon stock in dead wood that is left on &ter fellings (BGB). Dead wood that is left onesit
after fellings is assumed to be below-ground biawalsich is roots. It is assumed that BGB decays in
equal parts in 5 years. Modified eq. 2.17 (p. 2&1)006 IPCC Guidelines has been used to calculate
carbon stock change in dead organic matter:

2 yYconsiies B.A. 2001.@umonacca necos Cesepnoti Espasuu.Baza dannvix u 2eozpagpus. 707., Ekatepunoypr.
VYconsues B.A. 2002.@umomacca necos Ceseproii Espasuu. Hopmamuewl u anemenmol 2eocpaguu. 162. ExatepuaOypr.
® Ycomsues B.A. 2001.@umomacca necos Cesepnoii Espasuu.basa dannvix u 2eozpagus. 70%., Exarepunypr.
Ycomnbues B.A. 2002.@Qumomacca necos Cesepnoii Eepasuu. Hopmamuswsl u s1emenmor ceoepaguu. 162Z. ExarepunOypr
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ACpoy = ACpw + ACpwy

where:

ACpom — annual change in carbon stocks in dead orgaaitemt C yr"

ACpw — change in carbon stocks in dead wood (measw@ad stems), t C yr

ACpwi — change in carbon stocks in dead wood (BGB Iefsite after fellings), t C

Annual change of biomass of dead trees stemsaslaééd by using stock change method and
employing equation 2.19 (p. 2.23) 2006 IPCC Guidelines:

[A'(Btgr_Bfl)l.cF

ACppp,,

where:

ACreow — annual change in carbon stocks in dead woodrésf land remaining forest land, t Ctyr

A — area of managed forest land remaining forext,laa;

By — dead wood stock at timefor managed forest land remaining forest land,rhdha’;

B — cilead wood stock at timg(the second time) for managed forest land remgiforest land, t d.

m. ha’;

T (=t - t1) — time period between time of the second stotiknase and the first stock estimate, yr.;

CF — carbon fraction in dry biomass matter (broadks — 0.48; coniferous — 0.51), tonnes C (tonne d.
m.)* (2006 IPCC Guidelines, Table 4.3, p. 4.48).

AB
ACFFDW = T -CF

where:
ACrrpw— annual change in carbon stocks in dead woodréesf land remaining forest land, t Clyr
AB — dead wood stock change for managed forestriemdining forest land, t d. m. ha
T (=t — ) — time period between time of the second stotiknase and the first stock estimate, yr.;
CF — carbon fraction in dry biomass matter (broaweks — 0.48; coniferous — 0.51), tonnes C (tonne d.
m.)-1 006 IPCC Guidelines, Table 4.3, p. 4.48).

AB = B,, — B,

1

where:

AB — dead wood stock change for managed forestriemdining forest land, t d. m. fia

By — dead wood stock at timefor managed forest land remaining forest land,mhdha’;

B, — dead wood stock at timg(the second time) for managed forest land remgiforest land, t d.
m. ha’.

B, = AGB + BGB

where:
AGB — above-ground biomass in dead wood stemsyt. d.
BGB — below-ground biomass (dead wood biomassfédt fellings - roots), t d. m.

AGB =V, -WD - BEF

where:
V4 — available dead wood volume®m
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WD — basic wood density, t d. min
BEF — biomass expansion factor.

Available dead wood volume consists of volume addistems and roots left after fellings. Carbon
stock changes in dead stems are calculated siynilarliving biomass carbon stock change. Dead
wood left on site after fellings is estimated frdhe data of felled volume — below-ground biomass
carbon stock change included in this estimatiorcodding to the IPCC 2003 Guidelines for LULUCF,
p. 3.38, dead wood left on site after fellings (dalecay in 5 years, therefore for the calculabbn
changes in below-ground biomass of dead wood feftite after fellings, for each of the sequent gear
after harvesting below-ground biomass is reducetl/by

BGB = AGB - R

where:
AGB — above-ground biomass, td. m.;
R — root-to-shoot ratio, dimensionless.

Organic soils. Area of forest land remaining forest land wasdusteaight for the estimation of carbon
loss due to drainage of organic soils. Total are&orest land remaining forest land, as estimated
during the reference period, was multiplied withe thercentage of drained organic forest soil.
According toNFI* data, area of mineral soils amounts to 84.3% aed af organic soils — 15.7% of
the total forest area. Drained organic forest smilsstitute to 7.9% of the total forest land. Taisa
consists of 2.6% infertile and 5.3% of fertile a@dl organic forest soils. Area of lands converted t
Forest land was also included into estimations.

Drained organic soil area was multiplied with engisgactor for carbon loss (equation 2.26, p. 285
2006 IPCC Guidelines):

LOrganic = ADrainage ) EFDrainage

where:

L organic— carbon loss from drained organic forest soiyr’;

Aprainage— area of drained organic forest soils, ha;

EFprainage— €Mmission factor for Cfrom temperate climate zone forest soils, t ¢ pa.

Default value of emission factor for drained orgaswils in managed forests provided in Table 4.6 (p
4.53 0f2006 |PCC Guidelines) was used in calculations. Default gzfmagefor temperate forests is 0.68
tonnes C hayr™.

For the estimation of non-G@missions from drained forest soils defaulr 1 method was used, as
in National Greenhouse Gas Inventofyer 1 eq. 11.1 (p. 11.7 02006 IPCC, which is equal to
equation 2.26 p.2.35 of 2006 IPCC Guidelines) is applied with a simple disaggregation of drdine
forest soils intawtrient rich andnutrient poor areas and default emission factors are used.

NZ OemissionsFF

= : :((AFForganic IJK ' EFFFdrainage, organicI]K) + (AFFmineral ' EFFFdrainage, mineral ))
44

28

* Lithuanian National Forest Inventory 2003 — 20BG@rest resources and their dynamics
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where:
N,O emissiongg — annual emissions of,® from managed organic soils, kgyr™;
— area of drained forest organic soils, ha;

— area of drained forest mineral soils, ha;

— emission factor for drained forest organic saditsN,O-N ha* yr™:;

EFF drainage, mineral emission factor for drained forest mineral sditg\N,O-N ha* yr™;

IJK — soil type, climate zone, intensity of drainage, éepends on the level of disaggregation).

Lithuania is using default emission factors fra@®6 IPCC Guidelines (Table 11.1, p. 11.11, Ch. 11.2
of 2006 IPCC Guidelines) for NoO emission estimation due to the drainage of ogswils:

AFForganic
Arr

mineral

EFFFdrainage organic

EFFr ainage organicfor nutrient rich forest soils - 0.6 kg®-N ha' yr?

EFFR ainage organicfor nutrient poor forest soils - 0.1 kg®-N ha'yr*

However, currently due to the lack of data andisiffit knowledge to provide default equations for
Tier 1 method of other non-CQYreenhouse gases emission, onjPNmissions were accounted.

Harvested wood products. EFDM model provided projected data of felled volurmeorder to apply
the same ratio of harvest used for energy and sskd the ratio between historical (2000 — 2009) an
projected felled volume was calculated. This caltad ratio of projected felled volume to historical
felled volume was applied to calculate projectidractivity data for harvested wood products carbon
stock change estimation: solid wood, wood-base@lpapaper and paperboard.

Table 4-4. Ratio of projected felled volume to bigtal felled volume for HWP stock changes estiorati

2010 - 2012 2013 -2017 2018 - 2022 2023 - 2025

1.1552142 1.205935796 1.250769] 1.285078

Emissions and removals from harvested wood prodaretestimated using stock change method, and
only HWP in use are considered, obtaining the mftion from FAO database on harvested wood
production from domestic harvest (historical at¢yi\data used for projection for forest referenceele
estimation).

The worksheet provided 2006 IPCC Guidelinesis a tool for estimating annual carbon balancesund
any of the proposed HWP approaches and was usegstionation of harvested wood products in use
in Lithuania. The model consists of two elementdidswood products and paper products. Both
variables have different half-life values. Greendegas accounting for HWP pool in the worksheet is
based on first order decay function with defaullf-hfe values (eq. 2.8.5, p. 2.120 @013 IPCC
Revised Guidelines).

(1-e™™)

C-(i+1)=e"‘-C(i)+l -

l ~inflow(i)

AC() =C(i+1) —C()

where:
| — year;
C(i) — the carbon stock in the particular HWP categdrhe beginning of yearkt C;
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k — decay constant of FOD for each HWP category B&)\3iven in units yi* (k = In(2)/HL, where HL
is half-life of the HWP pool in years);

Inflow(i) — the inflow to the particular HWP category (HWRJring yeat, kt C yr®;

AC(i) — carbon stock change of the HWP category duréagi, kt C yr™.

Annual change in carbon stock in “products in usbére wood came from harvest in the reporting
country, including export, was estimated using Hgual2.3 (Ch. 12.2, p. 12.12 of 2006 IPCC
Guidelines).

IRWH

InflowDH = P X | RWH + IRWIM — IRWEX + WCHIM — WCHEX + WRIM — WREX

Where:

InflowDH - carbon in annual production of solid wbor paper products that came from wood
harvested in the reporting country (that is, froomestic harvest), Gg C r

P - carbon in annual production of solid wood goeyaproducts in the reporting country, Gg C.yr
IRW, - industrial roundwood harvest in the reportingmmy, Gg C yi*;

IRWy , IRWEx - industrial roundwood imports and exports, resipely, Gg C yi*;

WCH, WCHex - wood chip imports and exports, respectively, Gg™;

WRm, WRex = wood residues from wood products mills importd axports, respectively Gg Cyr

The HWP contribution to the total LULUCF sector egsidons/removals was estimated separately for
HWP produced and consumed domestically and HWPugext and exported. The annual carbon
stock change was subdivided into these two groypthé proportion of exported products and total

production for HWP categories, according to thegmovided in FAO database:

Pgxp
ProTAL

Cexp= CGrortaL X

Coom = CrotaL x (1 ':Ei)
TOTAL
Where:
Cexp - carbon stock change in HWP produced and exported
Cpowm - carbon stock change in HWP produced and consuloestically;
CrotaL - total carbon stock change in HWP category;
Pexp - quantity of HWP exported:;
Poom - quantity of HWP consumed domestically

Lithuania uses default half-life values for ,protkian use“ carbon pools and associated fraction
retained each year listed in the Table 3-10 (Téb&2, p. 2.123 02013 KP-Supplement). As
Lithuania is usingTier 1 methodology for carbon stock changes estimatiorHamvested Wood
Products pool, therefore default factors to conwemn production units to carbon, provided in KP
Supplement (2013 Revised Supplementary MethodsGowtl Practice Guidance Arising from the
Kyoto Protocol) (Table 2.8.1 of KP Supplement, @8.3.1, p. 2.122) is used. Default conversion
factors used in Lithuanian Harvested Wood Prodadban stock change evaluation are provided in
Table 4-5.

Table 4-5. Default half-life values for ,productsuse” carbon pools and associated fraction refa@aeh year

Sawn wood Wood-based panels Paper and paper -
board
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Half-life (years) 35 25 2

0.368 Mg (t) C Mg
0.229 Mg (t) C i 0.269 Mg (t) C rif (t)™* (per air dry
tonne)

Carbon factor (per air dry
volume)

4.2: Consistency between theforest referencelevel and thelatest national
inventory report

Consistency between the forest reference levellaiedt national Greenhouse Gas Inventory
Report is maintained due to the estimation of carbtock changes in the same pools and same
methodological approach applied (approach 2, stotange method applied both for National
Greenhouse Gas Inventory and forest reference éstehation).

Differences between actual carbon stock changasesaleported in latest (2018) National
Greenhouse Gas Inventory and projected for forefgrence level estimation are presented in the
Figures below.

0
S > > o & > S &0
S 200 & ST S
o
O
e -4000
= -6000
>
<)
€ -8000
g
()
£ -10000
(V)
-12000
NIR 2018 Forest reference level

Figure 4-1. Difference between reported GHG renm®iraforest land remaining forest land and forefnence
level
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Figure 4-2. Difference between reported carbonkstdange in above and below ground biomass pools in
forest land remaining forest land and projecteddoest reference level
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Figure 4-3. Difference between reported carbonksthange in dead wood pool in forest land remaifdmgst
land and projected for forest reference level
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Figure 4-4. Difference between reported carbonkstdtange in harvested wood products pool and felled
volume in forest land remaining forest land andqmted for forest reference level

The causes of differences in total GHG removal®ontep in National GHG Inventory 2018
and forest reference level projection are explaine@hapter 2 (similar reasons fit for explanatain
differences between model calibration and NatidbliG Inventory 2018, as well as forest reference
level calculation and National GHG Inventory 201Bj)e main reasons of differences in carbon stock
changes between reported in National GHG InvenRegort 2018 and projected for FRL estimation
are: larger intern-annual variations during the l&2000 — 2016 period which cannot be represented
in modelled results due to the average managemgaisity applied, natural causes of tree diebacks,
which are also hard to capture in model, increaséarvest of living and dead trees due to the
economic conditions, etc.

4.3: Calculated carbon pools and greenhouse gases for the forest reference level

Results of calculations described in Chapter 42paovided in the Table 4-6.

Table 4-6. Calculated carbon stock changes in capbols, kt CQeq.

Carbon stock changes, kt €€xq. 2021 2022 2023 2024 2025
Above-ground biomass -1956.111956.11| -1072.77| -1072.77| -1072.77
Below-ground biomass -485.95 -485.95| -284.35| -284.35| -284.35
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Dead wood -87.81| -87.81| -47.16| -45.18| -43.70
Organic soils 424.03| 424.03| 424.03| 424.03| 424.03

HWP -880.61| -861.27| -842.39| -823.96| -805.96
SUM with HWP (first-order decay function applied)2986.45| -2967.11| -1822.64| -1802.23| -1782.75

SUM with HWP (Instantaneous Oxidation applied) 283 | -2105.84| -980.247| -978.272| -976.791

32




8.

9.

References

Armolaitis, K.., Beniusis, R., Kubertasene, L., Papékien¢, L., Raguotis, A., Vdiys, M.,
Varnagirye, I., Zenkovait¢, J. 2001. Service of forest soil monitoring. Reppr82.

IPCC, 2006. 2006 IPCC Guidelines for National Ghemrse Gas Inventories, Prepared by the
National Greenhouse Gas Inventories ProgrammegBgyl H.S., Buendia L., Miwa K.,
Ngara T. and Tanabe K. (eds). Published: IGES,nlapa

IPCC 2014, 2013 Revised Supplementary Methods audl ®ractice Guidance Arising from
the Kyoto Protocol, Hiraishi, T., Krug, T., Tanalke, Srivastava, N., Baasansuren, J., Fukuda,
M. and Troxler, T.G. (eds) Published: IPCC, Switzed.

Kuliesis, A., Beniusis, R., KvalkauskienM., Gavorka, V. 2009. Accounting of forest
vegetation diversity and soil monitoring in LithuanProject “BioSoil” 2006-2008. Report. p
261.

European Environment Agency, 2017. Forest: growiogk, increment and fellings.
Indicators, created 37June 2017. Available fronfittps://www.eea.europa.eu/data-and-
maps/indicators/forest-growing-stock-increment-égltings-3/assessment

Forsell, N., Korosuo, .A, Federici, S., Gusti, Rincon-Cristobal, J-J., Ruter, S., Sanchez-
Jiménez, B., Dore, C., Brajterman, O. and Gardihe2018. Guidance on developing and
reporting Forest Reference Levels in accordance Retgulation (EU) 2018/841. Available
online at: https://ec.europa.eu/clima/policies/&tsdulucf _en

Good Practice Guidance for Land Use, Land-Use Ghang Forestry, 2003. IPCC National
Greenhouse Gas Inventories Programme. ISBN 4-880883.http://www.ipcc-
nggip.iges.or.jp

Lithuanian National Forest Inventory 2003 — 2003rd5t resources and their dynamics. State
Forest Service, 2009, pp. 283

Lithuanias National Inventory Report 2018. GreerdgoGas Emissions 1990 - 2016. Vilnius,
2018, pp. 617.

10. Ministry of Environment of Lithuania, Forestry depaent, 2003. The Chronicle of Lithuanian

Forests. XX century. Vilnius

11.National Forestry Sector Development Programme 202Q@20, 2012. Adopted by the

Governmental Resolution No 569, Vilnius

12.Packalen, T.; Sallnas, O.; Sirkia, S.; Korhonen,3&@lminen, O.; Vidal, C.;: Robert, N.; Colin,

A.; Belouard, T.; Schadauer, K.; et al., 2017. Hueopean Forestry Dynamics Model:
Concept, Design and Results of First Case StudiRS; Science and Policy Reports; EUR
27004; Publications Office of the European Unioaxémbourg; Volume 93450, p. 20.

13.Regulation (EU) 2018/841 of the European Parlianaeatof the Council of 30 May 2018 on

the inclusion of greenhouse gas emissions and raisérom land use, land use change and
forestry in the 2030 climate and energy framewarld amending Regulation (EU) No
525/2013 and Decision No 529/2013/EU,
https://eurlex.europa.eu/legalcontent/EN/TXT/?uriserv:0OJ.L_.2018.156.01.0001.01.ENG&
toc=0J:L:2018:156:TOC

14.Sirki&, S., 2007. Methodology and System Design—&dathematics behind EFDM.

Appendix 1 in Developing and Testing a PrototypeHaropean Forestry Dynamics Model
(EFDM); Anon.; Specific Contract 10 Report, FramekvGontract for the Provision of Forest
Data and Services in Support to the European Fbast Centre; Reference: 2007/ S 194—
235358 of 09/10/2007; Available online:
https://webgate.ec.europa.eu/ClTnet/stash/profd&@B/repos/efdm/browse/documents/
EFDMinstructions/Seija_Mathematics_behind EFDM.pdf

33



15. State Forest Service, 2010. Lithuanian StatisWealrbook of Forestry. Available from:
http://www.amvmt.lt/images/veikla/stat/miskustatal2010/03%20Misku%20ukio%20statisti
ka%202010_m.pdf

16. State Forest Service, 2017. Lithuanian StatisWeslrbook of Forestry. Available from:
http://mww.amvmt.lt/Images/Veikla/STAT/MiskuStaiist/2017/Metrastis_2017 _CD.pdf

17.Yconsues B.A. 2001.@Qumomacca necos Cegeproti Espazuu.baza oanHuvlx u 2ceocpaghusi.
707c., ExkatrepunOypr. YconbueB B.A. 2002.@umomacca necos Ceseproti Eepasuu.
Hopmamuewt u sanemenmot ceocpaghuu. 762. ExatepunOypr.

34



