Submission of information on forest management refence levels by Italy

March 2011
as requested by the Decision 2/CMP.6, “The Cananed@ments: Land use, land-use change and forestry”

1. Forest management reference level value

The figures provided below (Table 1) represent aerages of the projected forest management (Felté) skeries for the period 2013-2020, taking accotipblicies
implemented before mid-2009, with emissions/reme¥aim harvested wood product (HWP) using the firster decay functions (A), and assuming instaidaiion
(B) (this latter one is provided for transparenegsons only). This submission updates and repja@sous information informally submitted by Belgiuand the
European Commission on behalf of the European Uaiahits Member States to the UNFCCC dated 23 204.0. The projections are methodologically cdesis
with the previous submission (23 July 2010), midleainges are due to new input data on historicalelsting rates which have been aligned with thosd as inputs in
the models applied in the NIR 2010 as well as emXHR 2011. No policies implemented after April 20@ere taken into account (i.e. excluding the eftdadhe EU

Climate and Energy Package).

Table 1 . Value of proposed reference levels (Gg @@q).

Proposed Reference Levél ¥ (GgCO.eq per year)

(B) assuming instantaneous oxidation of HWP
©)

(A) applying first order decay function for HWP @

-16 240 -14 331
(1) The reported values are averages of the pegjdeM data series for the period 2013-2020, takiocpunt of policies implemented before mid-2008. @xcluding the effect of the

Climate and Energy Package).

(2) Including emissions/removals from HWP estimatethg the product categories, half lives and nalagies as suggested in par 27 of FCCC/KP/AWG/RDR@.4/Rev.4. Activity
data is starting from 1964.

(3) Provided for transparency reasons only.

(4) The reference level includes emissions and vatsdrom natural disturbances of the period 200082



2. General description

Projections for Italy are provided by the Joint &esh Centre of the European Commission (JRC),dbaseelaboration of the results of independent Ebdleling
groups, coordinated by the International Institiaie Applied Systems Analysis (IIASA), assisted lne tJRC and funded by the European Commission [Diaset
General of Climate Action (DG CLIM).

When constructing the national forest managemeietreece level (RL) for Italy, all elements mentidne footnote 1 of paragraph 4 of the decision -FC&on
LULUCF were taken into account:

(a) Removals or emissions from forest managemeshagn in greenhouse gas inventories and relevatdrical datataken into account by adjusting results of the
modeling exercise through an “ex-post processimpadels results” (see section 5 “Description ofstarction of reference levels).

(b) Age-class structurethe present age structure is based on a prelmiassessment of the information public availaiieh as the latest national forest inventory
(INFC 2005) and yield tables (see section 5 “Desicnn of construction of reference levels”).

(c) Forest management activities already undertaikalirectly taken into account through the uselaf latest available forest time series data (frational forest
inventory and other country statistics), and th@negion of the evolution of harvest demand by 2@28ed on macroeconomic drivers and the applicatigiolicies
implemented by April 2009 and legislative provisadopted by April 2009 (see section 6, “Policreduded”)

(d) Projected forest management activities und®rsiness as usual scenatiken into account through the estimation ofdtelution of harvest demand by 2020 based
on macroeconomic drivers and the application ofcpd implemented by April 2009 and legislativeoyisions adopted by April 2009 (see section 6 ‘Eledi
included”)

(e) Continuity with the treatment of forest manageinin the first commitment peripdtaly has elected forest management among thisi@ual activities of art. 3.4
under the Kyoto Protocol for the first commitmeatipd, and the continuity of the inclusion of faresanagement is foreseen in the second commitnegittdo

() The need to exclude removals from accountin@dnordance with decision 16/CMP.1, paragrapthé projections included in this submission fallthe general
principles that govern the treatment of land usegiuse change and forestry activities as deschietle GPG of IPCC (20083)Furthermore, in line with the previous
EU submission (July 2010), Italy does not see thednto separate indirect effect of elevated cadioxide concentrations above the pre-industriakllend indirect
nitrogen deposition when using the reference lapproach as these effects cancel out when sulbigatie reference level from net emissions/remowetsirred during
the commitment period. The use of projected refmelevels therefore implicitly exclude, to a firgspproximation, indirect effect of elevated carbdoxile
concentrations above the pre-industrial level aditéct nitrogen deposition in its proposed refeectevels.

1 IPCC 2003. Good Practice Guidance for Land Usel-ldse Change and Forestry. Penman, J., GytarskyHivhishi, T., Kruger, D., Pipatti, R., Buendia, Miwa, K., Ngara, T.,
Tanabe, K. and Wagner, F. (Eds). Intergovernmdtdakl on Climate Change (IPCC), IPCC/IGES, Hayalapan. http://www.ipcc-nggip.iges.or.jp/public/gggtf/gpglulucf.htm
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3. Pools and gases

To ensure data accuracy, the pools included ttheatational reference level for Italy are the abawad below ground biomass (living biomass podtishact, the living
biomass data are based on two National forestgnitories (1985 and 2005), therefore consideretleambst reliable data available at the moment. Sjhnic Carbon
(SOC) and Dead Organic Matter (DOM) are affectedhigy uncertainties levels at the present time (RCRO), therefore they are not included in theresfee level.
Under the Convention and the Kyoto Protocol, far finst commitment period, SOC and DOM are estighate the basis of a model and reported and thegaries is
available in the NIR (2010).

Consistency in the coverage of carbon pools wiliriaéntained for accounting purposes.
The table below shows the list of pools and gadeshnhave been included in the projections usesttdhe reference level.

Table 2. C pools and GHG sources included in the ference level.

Change in C pool included in the reference level GHG sources included in the reference level

Above-  Below- Soil Drainage Biomass burning

ground | ground | Litter Dc2d Fertilization ~ of soils  Liming

) ! wood
biomass, biomass
Mineral organic N,O N,O CcO, CO, CH; | N,O

Yes Yes No No No No No No No Yes | Yes | Yes

Yes/No indicate if the pool or gas is included ot im the projections used to set the referencellexx carbon pool is not included only if it isgected to be not a source in the second commitpeziad. In
any case, full consistency will be ensured withageaiphs 15 quater, 15 quinquies and 25 of the destiFCCC/KP/AWG/2010/CRP.4/Rev.4

4. Approaches, methods and models used

The models used to project emissions and remorais FM are G4M (from IIASA) and EFISCEN (from ther6pean Forest Institute, EFI). Table 3 and figutelow
provide the essential features of the main modawisived and an overview of the modeling architestur

The reference level builds on macro projection&bBP and population which are exogenous to the rsagsdd. They reflect the recent economic downfotiowed by
sustained economic growth resuming after 2010. @ata is entering GLOBIOM model that uses thesgeptions to translate them into demand for tim{see main
assumptions for the baseline scenario on pp.13+IBapros et al. (201Djor more information). Bioenergy demand was prigddy the PRIMES biomass model (see

2 p. Capros, L. Mantzos, N. Tasios, A. De Vita, Nularitakis (2010), EU energy trends to 2030 — URBA009, European Commission, Directorate-GeneraEhergy in collaboration with Climate
Action DG and Mobilty and Transport DG. Luxembourg Publications Office of the European Union, 2010ISBN 978-92-79-16191-9. Available online:
http://ec.europa.eu/energy/observatory/trends_2080tends_to_2030_update 2009.pdf
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http://www.e3mlab.ntua.gr/e3mlab/PRIMES%20ManuaETINEW PRIMES BIOMASS_ MODEL.pjlif The biomass system model is incorporated inkhseline
scenario of the PRIMES large scale energy modeEtoope (see_http://www.e3mlab.ntua.gr/e3mlab/PREME20Manual/The_ PRIMES MODEL_2008.pdt is an

economic supply model that computes the optimalofisesources and investment in secondary and iiaasformation, so as to meet a given demanchaf iiomass
energy products, driven by the rest of sector;maBRIMES model. The primary supply of biomass ardter has been linked with resource origin, avditgkand

concurrent use (land, forestry, municipal or indastvaste etc). The total primary production leviir each primary commodity are restricted bytdahnical potential
of the appropriate primary resource.

Data on potential yields and GHG emissions and vatsofor diverse forest management alternativesdareved from the more detailed forestry models NiGaind

EFISCEN). For baseline scenario (BAU), the econolaicl use models project domestic production anmswmption, net exports and prices of wood prodaots
changes in land use for EU member states and oitwd regions. The sector specific information freine economic models is used by the forest modefsdject
GHG emissions and removals.

A more detailed description of modeling steps mvjted in following sections. More detailed destidps of each model are provided in the Annexes.

Table 3. Essential features of the main models inlked in projection of FM emissions and removals.

G4aM The Global Forest Model (G4M) provides spatiallpkoit estimates of annual above- and belowgrousddvincrement, development of above- and belowgtdarest
biomass and costs of forestry options such astfararagement, afforestation and deforestation bypewing the income of alternative land uses.

EFISCEN | The European Forest Information Scenario Model $EFHN) is a large-scale model that assesses thdysoppood and biomass from forests and projectedb
resource development on regional to European sbabed on forest inventory data. EFISCEN provjategections on basic forest inventory data (stentveolume,
increment, age-structure), as well as carbon iestdbiomass and soil.

GLOBIOM | GLOBIOM is a global static partial equilibrium mddetegrating the agricultural, livestock, bioengrand forestry sectors with the aim to give polivice on globa
issues concerning land use competition betweem#jer land-based production sectors.




_— Exogenous projections (GDP, population) and
drivers bio-energy projections by country (from
— Primes model) for EU27 and other regions

Elaboration I
of basic

d GLOBIOM
rivers

Inputdata
- Forestarea data:

from JRC based on
countries’
submission to KP /
UNFCCC;

- Other forest
parameters: from
National Forest
Inventories.

Elaboration
of
projections

EFISCEN

Projections
of net
emissions

Forest

ELVmember states Otherregions

\ T
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historical data and consistency in coverage of C pools and GHG sources

Figure 1 - Synthetic flowchart of information exchange between models

The modeling approach essentially included the¥dlhg steps:

1) Selection of relevant input data

- Forest area used by the models is taken from radtforest inventories and scaled to match the ggparted in GHG inventories (EFISCEN) or from rdcen
literature (G4M), see Table 8.

- Main forest and forest management parameters (agetige, increment, historical harvest) are takem national forest inventories and other country
statistics (see Figure 2, and Table 8 and Tabl®®er forest parameters and management chargictedse taken from relevant sources (see Table 8).

- Future harvest demand under a business as usubl)(8#enario (see Table 9) was derived from key oemnomic drivers (GDP, population), based only
on policies and measures enacted up to April 2689 KEU 2020 renewable target and the 20% GHG rigtutdargets are not included in this baseline). In
particular, the bioenergy demand was estimatechéyPrimes model and the timber demand was estingtéde Globiom model. See section 6 “Policies
included” and the Annex Il for more information.

2) Elaboration of input datathe input data (area, age structure, incremeatagement characteristics, rotation lenght, fubamwest demand,...) were elaborated
by the two forest models (G4M and EFISCEN) to pmmlestimates of emissions and removals from FM2GRO (for the above and below ground biomass
carbon pools). The two models differ in the wayytialocate harvest demand to thinnings and finbihfgs (including rotation lenghts) with implicatis on
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emissions and removals from the forest. In gend&a@h models follow the rules of sustainable fomasihagement, securing sustainable yields. Furtieyr t
follow different growth concepts (EFISCEN foresbwth is based in inventory data, whereas G4M eséisngrowth from productivity maps, i.e. NPP maps)
representing alternative approaches of forest drowgtimation and projection. Given the unavoidaloheertainties which characterize any projections of
emissions and removals from the forest sector,hivik tthat taking the average of two different misdmakes the future trend illustrated below (sd@et 8)
more robust. Elaborations also included a simutatibthe impact of +/-20% harvest as compared ag BArvest (see sensitivity analysis in table 8¢ Senex

| for more details on the models.

Ex-post processing of models’ resulls order to ensure consistency between modelsTteeand historical data reported by the countrg, ¢éimissions and
removals estimated by the models for the entire ts@ries (up to 2020) were “calibrated” (i.e. awjd¥ using historical data from the country for fferiod
2000-2008 (for which we had both data from the GiH@ntories and data projected by the models).hi® @im, an “offset” for biomass was calculated as
difference between [average of country’s emissant removals from biomass for the period 2000-20@®le 5)] and [average of models’ estimated emissi
and removals from biomass for the period 2000-20@d®le 6)]

The calibrated average of models, which is usedhf@rsetting of reference level, is obtained byiraglthe total offset (biomass offset and GHG sosi@itset)

to the models’ average. In other words, modeRilte were adjusted to match the average histodatl provided by lItaly for the period 2000-2008isT
ensures consistency between country data and madbgks in terms of: (i) absolute level of emissicaisd removals from biomass, i.e. the calibration
.reconciles” differences in estimates which maydue to a large variety of factors, including diffet input data, different parameters, differentnestion
methods; (ii) coverage of GHG sources. The cdiimgorocedure automatically incorporates into phaiections the average rate (for the period 200082 of
the GHG impact of past disturbances, not estimyetthe model (e.g. emissions from fires).

The future trend of emissions and removals up @028 predicted by the model is not affected by tailibration procedure, but only by the curreme$o
characteristics (e.g., age structure,...) anduhed harvest demand.

It is important to note that, to maintain consistermn the future, technical corrections (as reférne par. 15 quarter and 15 quinquies of the doecume
FCCC/KP/AWG/2010/CRP.4/Rev.4 ) will be needed ia tbllowing cases: (i) if recalculations of emiggoand removals from FM (or forest land remaining
forest land) for the period 2000-2008 will be cadriout in any future submission of annual GHG ineees; (ii) if any future threshold selected fdorte
majeure” indicates that an event in the 2000-2088od can be considered “force majeure”, the immdcevent (in terms of GHG) should be removed from
historical FM emissions/removals (according to jsimns of any future force majeure decision) , thffecting the calibration procedure described abowor
transparency reasons, the section "disturbancibeinontext of force majeure” reports the emissfoms forest fires from 1990-2008 (expressed in@&R-eq.
and as % of 1990 total GHG emissions excluding LGE)



5. Description of construction of reference levels

I. Description of how each of the following elements were considered or treated in the construction of the forest management reference level, taking into account the
principlesin decision 16/CMP.1

(a) Area under forest management
In the table below the time series of the area ufatest management used by the models is presented

Table 4. Area for FM as used by models (kha).

Source of Projected
historical data  data (2010-
2008 2010 2015 2020  (up to 2008) 2020)
G4M 8.883 8.880 8.878 8.877 8.874 8.871 Q) @)
EFISCEN 7.453 7.451 7.449 7.446 7.444 (3)

(1) G4M model: Gallaun, H., G. Zanchi, G. J. Natsy G. Hengeveld, M. Schardt and P. J. Verkerk @20'EU-wide maps of growing stock and above-gbhiomass in forests based
on remote sensing and field measurements.” Foredby and Management 260(3): 252-261 (Based onl@8Rnd TBFRA). G4M is a spatially explicit foregtmodel and relies on

the information from forest maps for its initialigm. This map served as a basis that was adjustéw degree possible to data reported by cognfsiee points 2 and 3 below)

(2) Estimated by the JRC from UNFCCC reporting[asea of “Forest land” in 1990 (assuming that "aged forest" under UNFCCC equals to land under FNBtea deforested since
1990 as included in KP reporting)]

(3) Taken from FM area reported in latest avédadP submission for the yr 2008. 2000 and 200%vestimated based on deforestation area reporteB.to
(4) Data of 2008 minus the area of deforestatiamjgoted by G4M.
(b) Emissions and removals from forest management

1) Historical emissions and removals from forest manaament

The table below shows the historical emissions rantbvals from forest management, consistent wigh2®l1l GHG inventory methods and data used to aithe
living biomass. For more details on the methodologgd for the construction of the time series sé&e2010, (par.7.2.4) available at the UNFCCC webdihe method
is also applied in the most updated NIR 2011

3 CRF tables of the NIR 2011 are available at tiieviong URL:

http://nfp-it.eionet.europa.eu:8980/Public/irc/eifit/reportnet/library?l=/ae2sunfcccsandsghgsdetad/ainfcccghg_2011&vm=detailed&sb=Title
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Table 5. Country’s historical emissions and removalfrom FM (pools and GHGs, Gg CO2eq)*

1990 1991 1994 1995 1998 1999 2000 2001 2002 2003 %.Ogooo
Biomass (1) -16002| -28275| -26601| -16025| -26223| -29489| -28353| -20822| -18610| -24278| -22161| -28594| -31164| -25470| -28860| -30421| -29450| -14402| -25637| -26240
Non-biomass pool$ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GHG sources (2) 161 49 73 185 77 35 33 103 118 65 93 61 34 71 42 42 34 217 51 72
TOTAL -15841| -28225| -26528| -15839| -26147| -29454| -28320| -20719| -18492| -24213| -22068| -28533| -31130| -25399| -28818| -30379| -29417| -14186| -25586| -26168

(1) Above and below-ground

(2) as listethble 2.

* The historical time series here reported are thels¢ed to the pools and gases included in thererte level (see Table 2).

2) The relationship between forest management and fosé land remaining forest land as shown in GHG invetories and relevant historical data,
including information provided under Article 3.3., and, if applicable, Article 3.4 forest management fothe Kyoto Protocol and under forest land

remaining forest land under the Convention

Italy has chosen to eleEbrest ManagemenEM) as an activity under Article 3.4 in the fidmmitment period of the Kyoto Protocol. The fordefinition used for
forest land remaining forest land is the same agdlbr activities under art.3.3 and under 3.4 breanagement). Since all forests fulfilling théiniéon are considered
as managed, the area related to Forest managemeert (art.3.4), afforestation and reforestation.38) corresponds to the area classified as fda@st remaining

forest land.



3) Modeled emissions and removals from forest managemie

Table 6. Emissions and removals from FM as estimadeby models(above-ground biomass, Gg CO2eq), calibration of naels’ results, and sensitivity analysis.

av.
2000 2005 2010 2015 2020 2013-
2020
Step 1: EFISCEN (1) -19501 | -19376 -20003 -17807| -7621 1609 -4924
models' GAM
results (only 26907 | -29576 26266 22799 -1862% 15624  -17d11
biomass) Average of models 23204 | -24476 23134 -20303 13121 -7008 -11367
biomass -3036
Offset ]
Step 2: ex- (2) |non-biomass pools 72
post and GHG sources
processing total offset -2964
é‘;‘"brated average of models| o 00 | 7440 | -26000|  -23267  -1608% -997{ -14331
L . +10% harvest 21525 -14064 -7536 1217
Sensitivity analysis (4
-10% harvest 24794 -17891 -11735|  -1610p

(1) Efiscen model estimates emissions and rela@rdy for dates subsequent to the year to whiehatvailable information from national forest intawy refers (e.g. if data from national forest intay
refers to the year 2005, no direct estimates be&fofs have been produced). In these cases, aedéhdstimate has been derived, using the harvesasea driver. In the case of Italy, the sink 2800
was estimated as the sink in 2010 multiplied byrdte of harvest 2010/2000. This approach assutrasin the short term the harvest is the onlydadetermining the sink. This approach thus
provides an approximate estimate. Any possiblesction or improvement to this approximation will toensparently discussed during the review process.

(2) The "offset" is distinguished between:

- biomass: calculated as difference between [ageohgountry’s emissions and removals from bionfasthe period 2000-2008T@ble 5] and [average of models’ estimated emissionsranbvals

from biomass for the period 2000-2008able 6]
- non-biomass pools and GHG sources: calculatéideasum of non-biomass pools and GHG sources astegpby the country for the period 2000-200@ble 6.

(3) The calibrated average of models, usedhfersetting of reference level (see grey cell) bimimed by adding the offset to the average of hso&ee "ex-post processing of model’s results'details.
(4) Simulation of the impact of +/-10% harvesttampared as BAU harvest on the emissions andvamfsom FM. Data are calibrated averages of ngddesults.



(c) Forest characteristics and related management

1) age class structure
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Figure 2 - Evolution of the forest age class straare (in yrs) as modeled by EFISCEN on the basis dfalian National Forest Inventory 2005 data (see @ble 8).
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2) increment
The table below shows the time series of the ineregmsince 2000 used by the models.

Table 7. Increments as estimated by models frha™ yr™)

2000 = 2005 2010 2015 2020
G4M 4.7 4.4 4,2 4.1 4.0
EFISCEN 3.6 3.2 2.7

3) rotation length
See information in Table 8.
4) information on forest management activities under business as usual”

See information in Table 8.
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5) other relevant information

Table 8 - Source of the main forest parameters ancharacteristics as used by the models.

Forest parameters and characteristics

Area (ha) by  Growing stock | Increment (m3 BEF, root/shoot ratioywood densityby species and age-class Management regime
species group (m°®) by species  ha'y™) by (rotations, thinning...)
Model/country : .
and age class group and age| species group by species (years, ...)
class and age class BEF and R/S ratio (dimensionless) Wood density (t dry
matter/ m fresh volume)
Recent inventory data were providg Increment Species-specific and age-dependent BEFs are cdmimg| Basic wood densities aff  Management regimes
by national correspondents. functions was national reports (22). based on IPCC defaults (1)| have been derived from a
derived from country-wise compilation
yield tables of guidelines, handbooks
and personal
EFISCEN communication (6).
Input data for all countries: for area GLC 2000)(édd for forest area (62, scaled to JRC datag@éyree possible); for the increment NPP (63eddal MCPFE 2005); BEF and
G4M root/shoot ratio are assumed to be constant; carbbiomass, soil, litter and dead trees are framdErmann et al., based on FAO and GLC 2000 (64)age structure is desumed
from NFI.
GLOBIOM Same input data of G4M Input data from G4M
21, 38, (60), 62, 63, 64 All species 22 1 (IPCC default values) | Expert assessment baged
Italy on (49), (50), (51), (52),

(53), (54)

(1) IPCC, 2003. Good practice guidance for land les®l-use change and forestry. IPCC national ¢r@ese gas inventories programme. In: Penn
J., Gytarsky, M., Hiraishi, T., Krug, T., Kruger,,[Pipatti, R., Buendia, L., Miwa, K., Ngara, T.afabe, K., Wagner, F. (Eds.). Institute for Glo
Environmental strategies for the IPCC, Hayama, igama.

(6) Nabuurs, G., Pussinen, A., van Brusselen, chelBaas, M., 2007. Future harvesting pressure wop€ean forests. European Journal of Fo
References Research 126, 391-400.

(21) Yield Tables used by EFISCEN for Italy wereimhabased on data collected by Castellani, C8219avole stereometriche ed alsometrig
costruite per  boschi italiani. Istituto  Sperimeatal per  I’Assestamento Forestale e I’Alpicoltura. Halle at:
http://www.isafa.it/scientifica/pubblicazioni/pulithzioni.ntm#TAVOLE
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(22) Romano D., Arcarese, C., Bernetti, A. Capéto,Condor, R.D., Contaldi, M., De Lauretis, R., Qiistofaro, E., Federici, S., Gagna, A., Gone
B., Liburdi, R., Taurino, E., Vitullo, M., 2009.dlian Greenhouse Gas Inventory 1990-2007. Natibmadntory Report 2009. ISPRA - Institute fi
Environmental Protection and Research, Rome.

(38) NFI year 2005. Reference: Ministero delle fddie Agricole, alimentari e forestali. Inventafitazionale delle Foreste e dei Serbatoi foresta
Carbonio. Stime di superficie | e Il parte, 200RAGISAFA, Trento

(49) Cappelli, M., 1991. Selvicoltura Generale. @itzole, Padova (ltaly).
(50) Del Favero, R. Lasen, C., 1993. La vegetazieorestale del Veneto, second ed. Progetto Editadova (Italy).

(51) Del Favero, R., 2000. Biodiversita e Indicateei tipi forestali del Veneto. European Commissi®¥eneto Region, Italian Forest Accaden
Venezia (ltaly).

(52) Del Favero, 2004. | boschi delle regioni adpitaliane. Tipologia, funzionamento, selvicoltutd.EUP, Padova

(53) Del Favero, 2008. | boschi delle regioni meeni@li e insulari d'ltalia. Tipologia, funzionamenselvicoltura. CLEUP, Padova

(54) Nocentini S, 2009. Structure and managemeheeth (Fagus sylvatica L.) forests in Italy. iRbi2 105- 113.

(60) Global Forest Model (the output may be useihst data for area for EU FASOM and GLOBIOM)

(62) Global Land Cover 2000

(63) Cramer . W, D. W. Kicklighter, A, Bondeau, Blpore, Ill, G. Churkina, B., Nermy, A. Ruimy, A.,, Schloss, and the Participants of the Potsg
NPP Model Intercomparison (1999). Comparing glabhatlels of terrestrial net primary productivity (R)P. overview and key results. Global Char]

Biology, Volume 5 Issue 51, pp 1-15

(64) Kindermann G., McCallum I., Fritz S., Oberstsi M., 2008. A global forest growing stock, biomasd carbon map based on FAO statistics. S
Fennica, Vol 42(3), pp 387-396.

(d) Harvesting rates
1) Historical harvesting rates

The data used as model inputs are those used witaitatest NIR/KP reporting for LULUCF (2010) aglivas in the NIR 2011. According to the NIR2010:
"total commercial harvested wood, for constructiond energy purposes, has been obtained from nhstaiestics (ISTAT, several years [a]); severalrses
have considered data on biomass removed in comahéianivest published by ISTAT (disaggregated at 8P Tevel, in sectoral statistics (ISTAT, severairge

[a]) or at NUTS1 level for coppices and high fosest national statistics (ISTAT, several years )[ajhderestimated, particularly concerning fuelwood
consumption (APAT - ARPA Lombardia, 2007, UNECE A5 Timber Committee, 2008, Corona, 2007). In patdr a specific survey conducted in the
framework of the Inventory of Forests and CarboolpdINFC) have done a regional assessment of éineebted biomass; these data were used to infer a
correction factor, on regional basis, that wasiegdpb the entire time series of commercial haestood." (IT NIR 2010, pag.184).
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2) Assumed future harvesting rates

Table 9. Historical harvest rate and projected BAUharvest demand used by models (roundwood overbarkdD0 m3)

ratio (av. 2013- Source of historical

2005 2010 2015 2020 2020)/2005 data (till 2007)

country data

Notes: values in the table express 5-yrs averageZ800 is the average 1998-2002, 2005 is theagee2003-2007). Till 2007, data are from natiortetistics or other country data. Data
for 2020 were estimated by the models Primes (wWoodioenergy) and Globiom (timber). Data betwe®®& and 2020 are interpolated. The harvest ratéd bgeeach model may
slightly deviate from harvest demand (e.g. if thedel did not “find” all the wood in the forests).

A general assumption has been done that all theesiapredicted till 2020 is allocated to FM, itewas assumed that the harvest till 2020 on arfaested/reforested
or deforested after 1990 is negligible as comptwebe harvest of forest areas which qualify as FM.

(e) Harvested wood products
The contribution of HWP to the reference leveltafy amounts to -1,908 Mt CO2.

It was calculated using the C-HWP-Model, whichrastes delayed emissions on the basis of the astaek change of semi-finished wood products asrmdtlin the
2006 GL (Ruter, 2011). The estimation uses theymbdategories, half lives and methodologies agestgd in para 27, page 31 of FCCC/KP/AWG/2010/CRey.4.

The activity data (production and trade of sawnwawdod based panels and paper and paperboardjivedlérom the TIMBER database (UNECE 2011) (tireeiess
1964-2009).

In order to achieve accurate results, the HWP nusnbave been calculated applying the sub-categofisawnwood, wood based panels and paper andlhuspdras
specified in Table 10. Sawnwood includes the 1t&832 and 1633, wood based panels comprising oklte884, 1640, 1646, 1647, 1648, 1649 and 1650paper and
paperboard corresponds to Item 1876.
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Following conversion factors have been used:

Table 10 - Conversion factors of considered commadks*

Classification | Description of commodity Air dry density| C conv. factor| Source

FAO | UNECE [g/cm?] [Gg C/1000m3

1866| 1.2.C | Industrial roundwood, coniferous 0,450 2,260E | Kollmann (1982), (oak, beech)
1867| 1.2.NC | Industrial roundwod, non-coniferogus 0,670 3,350E-01 Kollmann (1982), (oak, beech)
1632| 5.C | Sawnwood, coniferous 0,450 2,250E-01L Kollmak88R), (oak, beech)
1633| 5.NC | Sawnwood, non-coniferous 0,670 3,350E-01 Kalim(1982), (oak, beech)
1634| 6.1 Veneer sheets 0,590 2,950E-01 IPCC (2003)

1640| 6.2 Plywood 0,480 2,402E-01| IPCC (2003)

1646| 6.3 Particle board 0,630 2,898E-01 Hasch (2002%h1B€2011)

1647| 6.4.1 | Hardboard 0,850 4,165E-01 Kollmann (1982ybB42011)
1648| 6.4.2 | Medium density fibreboard 0,725 3,190E-0l  dHgR002), Barbu (2011)
1649| 6.4.x | Fibreboard, compressed 0,788 3,504E-01 (B@utboard / 50 % medium density fibrebodrd)
1650| 6.4.3 | Other board (Insulating board) 0,270 1,148E-0 Kollmann (1982), Barbu (2011)
1876| 10 Paper and paperboard 0,900** 4,500E-01** IPCE)

* ltems 1866 and 1867 are needed for methodologézedons only (see following section), ** in [gayjd [Gg C/1000t]

In order to only estimate emissions from HWP renabfrem forests which are accounted for by Italy endrticle 3, in a first step, the annual shareaton in HWP

coming from domestic forests has been calculated.

Following equations were used as industrial rourmbvs assumed to serve as raw material for theystah of HWP.

(Production;yppw — EXPOTE1npRW )

(1) ratiogy - =
LY INDRW 1ot d h t . .
consumption from dom harves (Production;ynpw + IMBOTtnpew — EXPOTtinpew )

(2) Production HWDP from dom harvest — P?OdquionHH?P . Tafio.FNDRH’ consumption from domostic harvost

The ratio (Equation 1) was calculated both for fameius and non-coniferous industrial roundwoldDRW, Items 1866 and 1867). For coniferous sawnwoodpamer
and paperboard, the ratio for coniferous industoahdwood was applied. For non-coniferous sawnwbedatio for non-coniferous industrial roundwomds applied.
For the other HWP, the ratio of the annual masged average of coniferous and non-coniferoussin@l roundwood was applied.

As a result, this share of HWP produced from doiv@léy harvested timber is presented as a percenta@able 11.
15



The presented approach follows the initial assupnptiiat all forests in Italy are managed, and greoto simplify matters, it is presumed that alivest is allocated to
forest management. This assumption is to be vdrdied corrected where necessary. The final allmeadf carbon in HWP to forests which are accourfibeclinder
Article 3 shall be part of a technical correctiensaiggested in para 15 quater, page 27 of FCCCIR010/CRP.4/Rev.4.

Table 11 - Historic time series of amounts and sharof accountable carbon Inflow to the HWP pool [inl000t C and %]

1964| 1965| 1966| 1967| 1968| 1969| 1970| 1971| 1972| 1973| 1974| 1975| 1976| 1977| 1978| 1979| 1980
907| 986| 1346| 1477 1664| 1692| 1841| 1962| 1978| 1812| 1644| 1714| 1898| 2031| 2023| 2004| 2188
72,4%| 76,1%| 67,5%]| 65,8%| 66,0%)| 61,8%| 65,5%| 69,4%| 63,9%| 72,1%| 51,2%| 59,8%| 54,6%| 58,7%| 57,7%| 55,7%| 57,7%

1981 1982| 1983| 1984| 1985| 1986 1987 1988| 1989| 1990| 1991| 1992| 1993| 1994| 1995| 1996| 1997
2170 2073| 1861| 1879| 1998| 1971| 2063| 2686| 2582| 2367| 2336| 2049| 2160| 2310| 2799| 2566| 2900
57,7%| 60,3%| 58,2%| 53,9%| 56,7%| 58,3%| 57,4%| 61,0%| 58,1%| 52,8%| 52,7%| 47,4%| 50,5%| 50,4%| 57,3%| 52,8%)| 54,3%

1998 1999| 2000| 2001| 2002| 2003| 2004| 2005| 2006 2007| 2008 2009
2981 3107| 2949| 2961| 2908| 2943| 3020 3140| 3313| 3579| 3339| 3126
51,2%| 52,5%| 47,4%| 48,3%| 46,0%| 46,9%| 46,8%| 47,8%| 49,6%| 53,5%| 54,3%| 58,3%

The annual carbon Inflow (= carbon in produced HWRPhe HWP pool prior to the year 1964 (first yarwhich activity data from TIMBER database (UNEQ011)

is available for Italy) has been calculated from fhyears average from 1964 to 1968 and was assintmxrithe constant carbon pool Inflow for the tipsgiod 1900-
1963.

In order to provide a projection for the developmeinthe HWP pool consistent with the assumptionsghe future harvest, the rates of change of togBted harvest
(Model GLOBIOM) as compared to the last 5 yeargagye of historic harvest, for which up-to-date datavailable, was calculated (cf Table 12).

These projected growth rates as cp. to the averfailpe years 2003-2007 for Italy were applied t® shme 5 years average of historic carbon InflothedHWP pool in
order to receive the future Inflow to the HWP pool.

Table 12 - Projection of carbon Inflow to the HWP mol

Average of historic harvest (2003-2007) [in 1000m3] 14.496
Average HWP pool Inflow* (2003-2007) [in 1000t ] 3199

years| 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Projected harvest rate [in 1000m3|6283,8 16641,2| 16998,7| 17356,2| 17713,7/ 18071,1] 18429 18786 19144| 19501|19858,5
Change as cp to historic harvest (2003-2007) [ir] 0@ 33%

14,80%| 17,26%]| 19,73%| 22,19%)| 24,66%| 27,13%]| 29,59%| 32,06%)| 34,52%| 36,99%
Projected carbon Inflow to HWP pool [in 1000t |(3593,65| 3672,54{ 3751,43 3830,32 3909,21| 3988,1| 4066,99 4145,88 4224,77| 4303,66| 4382,55
*a similar approach was chosen by Kangas and Ba@@io3): ECE/TIM/DP/30
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For calculating the pool of HWP in use, three Mhi#ds for application in the first order decay faoo have been used as suggested by para 7, pagé 31
FCCC/KP/AWG/2010/CRP.4/Rev.4.

» Sawnwood: 35 years

» Wood based panels: 25 years

* Paper and paperboard: 2 years

The projected net-emissions are calculated fromatiraial stock change estimates following the catmri method provided in IPCC 2006, Vol.4, Ch. Ezjation
12.1).

Table 13 - Historic (up to 2009) and projected neémissions from HWP pool [in 1000t CO2]

1990| 1991 1992| 1993| 1994| 1995| 1996| 1997| 1998| 1999| 2000 2001| 2002| 2003| 2004| 2005| 2006
-1989|-1917| -919|-1322|-1707|-3131|-1923| -2835| -2893| -3158| -2416| -2369| -2085| -2088| -2215| -2433| -2738

2007| 2008| 2009| 2010| 2011| 2012| 2013| 2014| 2015| 2016| 2017| 2018| 2019| 2020
-3244|-1935| -1724| -2172| -1990| -1885| -1834| -1819| -1831| -1860| -1902| -1951| -2006| -2064

(f) Disturbances in the context of force majeure

The calibration procedure described above autoalBtimcorporates the average rate of past dishabs (for the period 2000-2008) into the projeciddee further
comments in section ,Ex-post processing of modelsults” on the need of future consistency. Fardparency reasons, the tables below report thesemssfrom
forest fires from 1990-2008 (expressed in Gg CO2aed as % of 1990 total GHG emissions excluding UGF).

Table 14 - Emissions from forest fires (Gg CO2egra % of 1990 total GHG without LULUCF)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 av.2000-2008

GgCO2eq 14038| 3768| 5735| 13419| 4713 3084| 2641 9259| 8854 5022| 7359| 4750| 2829| 5776| 2584| 2725 2092| 15184 4037 5260

% 1990
GHG 2,7 0,7 1,1 2,6 0,9 0,6 0,5 1,8 1,7 1,0 1,4 0,9 0,5 1,1 0,5 0,5 0,4 2,9 0,8 1,0

(1) CO, emissions are taken from the last NIR 2011, wBith and NO emission data are taken from the last availalt€ @bles (NIR 2011), rows "wildfires" of Tables LUCF 5(V) (Biomass
burning).
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(g) Factoring out in accordance with paragraph 1(h) (iJand 1(h) (ii) of decision 16/CMP.1

Not relevant (see par 2 ,General description” above

Il. Description of any other relevant elements considered or treated in the construction of the forest management reference level, including any additional
information related to footnote 1 in paragraph 4 of decision [-/CMP.6]

6. Paliciesincluded

I. Pre-2010 domestic policiesincluded

Policy assumptions are made in the baseline seepirihe PRIMES model which underpins the projetidor the construction of the reference level. ther
purpose of this submission, policies and measungdaded are those implemented by mid-2009 andlidiyie provisions adopted by mid-2009 that are rdiin
such a way that there is almost no uncertainty thewy should be implemented in the future. The ¢dfe€ the EU “Climate and Energy package” are noluded in
the construction of the reference level. An inveytof legal measures and EU financial support idetliin the PRIMES model is reproduced from Captas.e
(2010) in Annex Il to this submission. However mdegails are provided on pp.17-21 ("BASELINE") bétpublicatiorEU energy trends to 2030 - UPDATE 2009

I1. Confirmation of factoring out policies adopted and implemented after 2009

See point 6.1 above

* p. Capros, L. Mantzos, N. Tasios, A. De Vita, Nouaritakis (2010), EU energy trends to 2030 — URBA2009, European Commission, Directorate-GenamalEhergy in
collaboration with Climate Action DG and Mobilitynd Transport DG. Luxembourg: Publications Officetioé European Union, 2010. ISBN 978-92-79-16192@ilable online:
http://ec.europa.eu/energy/observatory/trends 2@@0ttends to 2030 _update 2009.pdf
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ANNEX | — Description of models

GLOBIOM

GLOBIOM is a global static partial equilibrium mddetegrating the agricultural, bioenergy and forgsectors with the aim to give policy advice dabgl issues concerning land use
competition between the major land-based producsiectors. Concept and structure of GLOBIOM are laintio the US Agricultural Sector and Mitigation @freenhouse Gas
(ASMGHG) model (Schneider, McCarl and Schmid 200 He global agricultural and forest market equilibr is computed by choosing land use and processitigities to maximize
the sum of producer and consumer surplus subjeeistaurce, technological, and political restricsioas described by McCarl and Spreen (1980). Paicdsnternational trade flows are
endogenously computed for 28 world regions.

The market is represented through implicit produgiply functions based on detailed, geographieplicit, Leontief production functions, explicésource supply functions (land and
water), and product demand functions.

Land and its characteristics are the key elemdntsiomodeling approach. In order to enable gldiialphysical process modeling of agricultural aaceét production, a comprehensive
database has been built (Skalsky et al., 2008);wbbntains geo-spatial data on soil, climate/werattopography, land cover/use, and crop manage(eantfertilization, irrigation).
The data are available from various research uist(NASA, JRC, FAO, USDA, IFRPI, etc.) and sigrahtly vary with respect to spatial, temporal, atidibute resolutions, thematic
relevance, accuracy, and reliability. Therefordadaere harmonized into several common spatialluéea layers including 5 and 30 arcmin as wellcasintry layers. Consequently,
Homogeneous Response Units (HRU) have been dediohégtincluding only those parameters of landsceyich are almost constant over time. At the glatzalle, we have included
five altitude classes, seven slope classes, argbiiglasses. In a second step, the HRU layerigead with other relevant information such as dglehimate map, land category/use map,
irrigation map, etc. to delineate Simulation Unitdich are actually input into the Environmentali®pIntegrated Climate model (EPIC, Williams 1995aurralde et al. 2006). This
HRU concept assures consistent aggregation of gatally explicit bio-physical impacts that are silated with EPIC (e.g. crop yields, nitrogen leachisoil carbon sequestration).

Currently, two major land cover types are repre=gtimh the model: cropland and forest. Crop producticcounts for about 20 globally most importaopst The data are taken from
FAOSTAT, where national averages over the yeard 205 are used to define base levels for yieldsydsted areas, prices, production, consumptiadetrand supply utilization.
Irrigated crop yields, crop specific irrigation watrequirements, and costs for five irrigation eys$ are derived from a variety of sources as dusttiin Sauer et al. (2008). For selected
crops (corn, sugarcane and wheat), managemenaaddjlality specific yields have been estimateth &iPIC. Four management systems are currentlygepted which correspond to
the IFRPI crop distribution data classificatiorri§jated, high input - rainfed, low input - rainfatd subsistence management systems). The numbesps, systems, and parameters
(especially environmental parameters like soil oarlerosion, and nutrient leakage) estimated WRHCHs being expanded.

Crop supply can enter one of three processing/ddncaiannels: consumption, livestock production afu@l production. Consumption is modeled by corstlasticity demand
functions parameterized using FAOSTAT data. Onpyreliminary regional livestock production represgion is applied in the present version of the rhedere a bundle of livestock
products is assimilated to a generic commoditynirfeal calories”. Feed requirements have been catledifrom the Supply Utilisation Accounts, FAOSTAJemand for livestock
products is represented through upward sloping ddnsarves. Biofuel options from crops include figeineration technologies for a) ethanol from sumagoor corn, and b) biodiesel
from soya or rapeseed. The processing data ard baddermann and Patel (2007) for ethanol and ldaak (2006) for biodiesel. Market demand for atilaand biodiesel is represented
through vertical demand functions.

Primary forest production is characterized alsotlm basis of HRUs and the resulting Simulation &lnithe most important parameters for the modelna@an annual increment,
maximum share of sawlogs in the mean annual inangra@d harvesting cost. These parameters arecshéttethe G4M Model — a successor of the modetdiesd by Kindermann et
al (2006). More specifically, mean annual increnfentthe management, is obtained by downscalingptbmass stock data from the Global Forest Reseukssessment (FAO, 2005)
from the country level to the grid using the metldedcribed in Kindermann et al. (2008). This dowatest biomass stock data is subsequently used &onederize the increment curves
Kindermann (2008). Finally, sawnwood share is estatl by the tree size which in turn depends omlyaed rotation time. Harvesting costs is adjusteslope and tree size as well.
Five primary forest products are defined: sawlgudplogs, other industrial logs, firewood, and gyebiomass. Sawlogs, pulplogs and energy biomaséuather processed. Sawnwood
and woodpulp production, and demand parametersorethe 4DSM model described in Rametsteiner §2807). FAO data and other secondary sources hee used for quantities
and prices of sawnwood and woodpulp. For produatiost estimates of these products, for exampld,aodts, an internal IIASA database and purchasdd dere used. The energy
biomass can be converted into methanol and healeotricity and heat, where processing costs am¢ersion coefficients are obtained from Leduc e(2008), Hamelinck and Faaij
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(2001), Sarensen (2005), and Biomass Technologyfs2005). Demand for woody bioenergy productiomriplemented through minimum quantity restrictiosisnilarly as demand
for other industrial logs and for firewood.

The final model calibration, supposed to corret¢adimperfections and get the baseline solutionectoghe observed values, is done by adjustingdise parameters of selected activities
so that for the baseline activity levels, their giaal cost equals to their marginal revenue, asrasd by the microeconomic theory. The controlletivdies are crop areas, primary
forest products supply and animal calories supply.

Input
* Baseline prices and quantities of considered yetsd

* Supply and demand elasticities

» Ressource requirements (land, water,...)
* Production cost

* Transformation cost

* Transport cost

« Conversion coefficients from primary to final pects
* Initial land use

Output

* supply and demand quantities

* equilibrium prices

« volumes traded between the regions

* land use change

 water consumption
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EFISCEN

The European Forest Information Scenario (EFISCEN)lel (Sallnds 1990; Schelhaas et al. 2@03)large-scale model that assesses the supppad and biomass from forests and projects
forest resource development on regional to Eurogeate (Eggers et al. 200Bupek et al. 2010).The core of the model was developed in the 18804, as a forest resource projection model for
Sweden.

EFISCEN uses forest inventory data as an inpulydeg:

* area (ha);

» average standing volume of growing stock (m3/ha);

* net annual increment (m3/haly).

Based on this data, the state of the forest isritest as an area distribution over age- and volatasses in matrices. During simulations, foreshar®ves between matrix cells,
describing different natural processes (e.g. grawith mortality) and human actions (e.g. forest mangnt). Growth dynamics are simulated by shiftirea proportions between matrix
cells. In each 5-year time step, the area in eaatnixrcell moves up one age-class to simulate agdtart of the area of a cell also moves to a lighkime-class, thereby simulating
volume increment. Growth dynamics are estimatethbymodel’s growth functions whose coefficientslameed on inventory data.

Management scenarios are specified at two levelkarmodel. First, a basic management regime defime period during which thinnings can take placd a minimum age for final
fellings. These regimes can be regarded as comistran the total harvest level. Thinnings are im@ated by moving area to a lower volume class ara fellings by moving area
outside the matrix to a bare-forest-land clasanfuehere it can re-enter the matrix. The applied ag@ment regimes are based on a country level catigpilof management guidelines
(Nabuurs et al. 2007). Second, the demand for weagecified for thinnings and for final fellingsrately and EFISCEN may fell the demanded woodnael if available. If wood
demand is high, management is intensive and roté&iogths are close to the lower limit definedhiea management regimes. If wood demand is low,iontd¢ngths are longer, because
less fellings are needed to fulfill the demand.

EFISCEN projects (i) stemwood volume, (ii) incremdii) age-classes and (iv) wood removals foefigear time-steps. To assess biomass carbon stteksyood volume is converted
into carbon in stems, branches, foliage, coarsefiaedroots, using basic wood densities, a gengaibon content, and age-dependent biomass distiibfatctors. Felling residues and
litter production of trees, due to turnover andunatmortality, are used as input data for the dyicasoil model YASSO (Liski et al., 2005) and inporated as independent module.

The soil modelYASSO is used to estimate changes in the soil C podBYSCEN model. YASSO consists of three litter cortipants and five decomposition compartments. Fer th
soil carbon module, the litter is grouped as nomdayolitter (foliage and fine roots), fine woodytéit (branches and coarse roots) and coarse wabely(tems and stumps). Each of the
litter compartments has a fractionation rate deitgirng the proportion of its contents released ®dkecomposition compartments in a time step. Foc@impartment of non-woody litter,
this rate is equal to 1 which means that all otdstents is released in one time step, whereathéowoody litter compartments this rate is smatan 1. Litter is distributed over the
decomposition compartments of extractives, celedosnd lignin-like compounds according to its cleaincomposition. Each decomposition compartmentshsisecific decomposition
rate, determining the proportional loss of its ewni$ in a time step. Fractions of the losses froendecomposition compartments are transferredthosubsequent decomposition
compartments having slower decomposition ratesemtié rest is removed from the system. The fraation rates of woody litter and the decompositiates are controlled by
temperature and water availability and are basditerbag data across Europe (Liski et al., 2003).
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The model is especially suited for simulating mathgeven-aged forests at large scales. The moddbdwn validated for Finland (Nabuurs et al. 2G01d Switzerland (Thirig and
Schelhaas 2006) by running EFISCEN on historic.dather validations have been performed by by caimgats growth functions against growth functiosfsother models and by
comparing projections against projections of othedels (e.gTupeket al. 2010).
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GLOBAL FORESTRY MODEL -G4M

General description

The Global Forest Model (G4M) is applied and depetbby IIASA and estimates the annual above graumad increment and harvesting costs. By compaliegricome of managed
forest (difference of wood price and harvestingtgoscome by storing carbon in forests) with ineobyy alternative land use on the same place, thiside of afforestation or
deforestation is made. As G4M is spatially expl{ciirrently on a 30"x30" resolution) the differatgforestation pressure at the forest frontier dao be handled. The model can use
external information (like wood prices, prescridadd-use change) from other models or data baseishvguarantee food security and land for urbaretbgment or account for
disturbances. As outputs, G4M produces estimatéendfuse change, carbon sequestration/emissidiesasts, impacts of carbon incentives (e.g., aaideforestation), and supply of
biomass for bio-energy and timber.

The model handles age classes with one year wAditbrestation and disasters cause an uneven age-dlatribution over a forest landscape. The mpdgbrms final cuts in a manner,
that all age classes have the same area afterotat@n period. During this age class harmonizatiore the standing biomass, increment and amouh&ofest is fluctuating due to
changes in age-class distribution and afterwamtsliting.

The main forest management options considered by &4 variation of thinning and choice of rotati@mgth. G4M does not model species explicitly behange of species can be
emulated by adapting NPP, wood price and harvestisgs. The rotation length can be individually s#o but the model can estimate optimal rotatiogtlesito maximize increment,
maximize stocking biomass or maximize harvestaldmbss.

Adjustments and harmonisation

An EU-wide forest/ non-forest map was generatedsistent with the Temperate and Boreal Forest Resoissessment —-TBFRA 2000 (UNECE-FAO, 2000) antiteonal level. For
areas where CORINE land cover data are availdideCORINE dataset was aggregated from the oridid@lmeters to 500 meters spatial resolution. irtite number of forest pixels
within each 5 by 5 pixel aggregation unit was chlted. Secondly, a threshold with the minimum nundfdorested pixels within the aggregation unissvdetermined for each country.
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This threshold was selected accordingly, to gepeaadorest map in agreement with the total foresa given by TBFRA 2000 at the national level. Baras not covered by CORINE
data, a similar approach was applied with Vegeta@ontinuous Fields (VCF) data (Hansen et al. 2008 area covered with woody vegetation in the \d@t is given in percent. A
percentage threshold of the minimum area covereevtnydy vegetation was defined for each country &itcm total forest area from TBFRA 2000. Based orDFdata the map
distinguishes between managed and unmanaged fOristiia of wilderness and remoteness where usédchate the unmanaged forest areas on the mapinitia¢ growing stock per
grid cell was taken from the European forest bismaap from Gallaun et al. (in press). For countoigiside Europe the forest biomass map compilelibgiermann et al. (2008) was
used.

Increment is determined by a potential NPP majut@r et al. 1999) and translated into mean annoaginent (MAI). At present this increment map &istbut can be changed to a
dynamic growth model which reacts to changes optrature, precipitation or CO2 concentration. fer purpose of this study the increment map wasda country level to match
either MCPFE or reported country data. Age strigcaumd stocking degree are used as additional irsfitwm for adjusting MAI. If stocking degree of fetemodelled with a given age
structure (country average) in a cell is greatantth.05 age structure of the modelled forest iftezhiteratively by a few age classes towards ofdegst. If stocking degree of forest
modelled in a cell is smaller than 0.5 age struchfrthe modelled forest is shifted iterativelydjew age classes towards younger forest. It igired that the shifts are symmetrical to
keep country average age structure close to $tatisalue. If the age structure shift distributieithin a country is skewed towards older forelsg, tountry’s average MAI is increased
iteratively. If the age structure shift distributiavithin a country is skewed towards younger fooestntry MAI is decreased iteratively.

The model uses external projections of wood denmeanctountry to calculate total harvest iterativ@liize potential harvest amount per country undereaaio of rotation lengths that
maintain current biomass stocks is estimated.t#l toarvest is smaller than wood demand the mod@hges grid per grid (starting from the most proigacforest) management to a
rotation length that optimizes forest increment #ngs allows for more harvest. This mimics the ¢gpiobservation that managed forests in Europe@rently not managed optimally
with respect to yield. The rotation length is chethgit maximum by 5 years per time step. If harggéttoo small and unmanaged forest is availahke status of the unmanaged forest
will change to managed. If total harvest greatantdemand the model changes management to maxinomnads rotation length, i.e. manages forests fdyarasequestration. If wood
demand is still lower than potential harvest madafpeest can be transferred into unmanaged fofgshning is applied to all managed forests. Thedsaare thinned to maintain a
stocking degree specified (between 0.5 and 1.@5)thinning mimics natural mortality along thefgbinning line. The model can consider the usdarfvest residues e.g. for bioenergy
purposes.

Despite the harmonization efforts to reproduce okeskdata on increment, area and harvest, thetfoagbon balance as described in the model mighdstiate from the observed
forest carbon sink or source. This might be dudifferences in forest management or forest disturba. The model cannot account for such effectscdarmpensate for processes
affecting the carbon balance that cannot be matledle adjustment algorithm has been introducedati®ot length of unmanaged forest is set to theev#that yields constant biomass
(equal to observed biomass in 2000). If modelleth@a sink/source from forest management (averaged 1990-1995) is smaller/larger than reported bguntry, the rotation length of
unmanaged forest is changed to maximizing biomEss.procedure is applied cell by cell within theiotyy’s unmanaged forest until the reported stdwknge is matched.

Some references

- Bottcher H., Aoki K., De Cara S., Gusti M., H&vP., Kindermann G., Schneider U., Obersteiner 008). GAINS GHG mitigation potentials costs froamdi-use, land-use change
and forestry (LULUCF) in Annex 1 countries. Methdmlyy. International Institute for Applied Systemadlysis, Laxenburg, Austria, 39 pp.

- Gusti M., Havlik P., Obersteiner M. (2008). Tewdah description of the IIASA model cluster. IASAZ2 p.

- Kindermann G., McCallum I., Fritz S., ObersteiiMer(2008). A global forest growing stock, biomassl carbon map based on FAO statistics. Silva Eankiol.42(3), pp.387-396.

- Kindermann G., Obersteiner M., Rametsteiner H. ligCallcum |. (2006). Predicting the Deforestatidbnend under Different Carbon—Prices. Carbon Balaara@d Management, 1:15;
doi:10.1186/1750-0680-1-15.

The PRIMES Energy Systems Model

General Description
A summary description of the energy systems moaleld provided on_http://www.e3mlab.ntua.gr/e3mRRIMES%20Manual/The PRIMES_MODEL_2008.mufd of the biomass
system model, which is incorporated in the largdesmodel, on http://www.e3mlab.ntua.gr/e3mlab/PR8%20Manual/The_ PRIMES MODEL_2008.pdf
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ANNEX |l — Description policies and measures inclded in the Reference Level

This table has been extracted from pp.17-19 in &pr&s, L. Mantzos, N. Tasios, A. De Vita, N. Koutakis (2010), EU energy trends to 2030 — UPDATED20European
Commission, Directorate-General for Energy in dadlation with Climate Action DG and Mobility and dhsport DG. Luxembourg: Publications Office of theropean Union, 2010.

ISBN 978-92-79-16191-9. Available online: httpc/europa.eu/energy/observatory/trends 2030/dod&rén 2030 update 2009.pdf

Table 15 - INVENTORY OF LEGAL MEASURES AND COMMUNIT Y FINANCIAL SUPPORT INCLUDED IN PRIMES

Measure

| How the measure is reflected in PRIMES

Regulatory measures

Energy efficiency

Eco-design implementing measures

Eco-design Framework Directive 2005/32/EC

Stand-by regulation 2008/1275/EC

Simple Set-to boxes regulation 2009/107/EC

Adaptation of modelling parameters for differenbguct groups. As requirements concern only newymtsd the effect will be

Office/street lighting regulation 2009/245/EC

gradual (marginal in 2010; rather small in 2015 apdo full effect by 2030). The potential envisdge the Eco-design

Household lighting regulation 2009/244/EC

supporting studies and the relationship betweehamas efficiency improvements in the model's datebaere cross-checked.

External power supplies regulation 2009/278/EC

Other energy efficiency

Labelling Directive 2003/66/EC

Enhancing the pmicechanism mirrored in the model

Cogeneration Directive 2004/8/EC

National meassugporting cogeneration are reflected

Directive 2006/32/EC on end-use energy efficienc
and energy services

yNational implementation measures are reflected

Buildings Directive 2002/91/EC

National measurgp en strengthening of building codes and intégnadf RES are reflected

Energy Star Program (voluntary labelling program

Enhancing the price mechanism mirrored in the model

Energy markets and power generation

Completion of the internal energy market (includin
provisions of the 3rd package)

gThe model reflects the full implementation of trex8nd Internal market Package by 2010 and Thiethial Market Package by
2015. It simulates liberalised market regime fecéicity and gas (decrease of mark-ups of powaegdion operators; third
party access; regulated tariffs for infrastructuse; producers and suppliers are considered asasegampanies) with optimal
use of interconnectors

EU ETS directive 2003/87/EC as amended by
Directive 2008/101/EC and Directive 2009/29/EC

The ETS carbon price is modelled so that the cutivelaap set for GHGs covered by the ETS is regpkcThe permissible total
CDM amount over 2008-2020 is conservatively estamatt 1600 Mt. Banking of allowances is reflectBlde model
endogenously calculates carbon prices clearing & market that allow to match cumulative emissiovesr the period 2008-

2030 with cumulative allowances assuming the marirpermissible use of CDMs. Resulting carbon pringhe baseline 2009

® For the allocation regime for allowances in 20th@,

current system based on National Allocatiom®bnd essentially cost-free allowances is assuwittdprice effects stemming

from different investment and dispatch patterrggered by need to submit allowances. For the futthee periods, in the power sector there will bgradual introduction of full

auctioning, which will be fully applicable from 202

nwards, in line with the specifications of theeaded ETS directive. For the other sectors (arnadnd industry), the baseline

follows a conservative approach which reflectsghecifications in the directive on the evolutioraattioning shares and the provisions for freecalion for energy intensive sectors

based on benchmarking.
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are: 25 €08/t CO2eq in 2020 and 39 €08/t CO2&6is0.

Energy Taxation Directive 2003/96/EC

Tax rates (Bldimal rates or higher national ones) are kepstant in real term. The modelling reflects thectice of MS to
increase tax rates above the minimum rate due tinflation.

Large Combustion Plant directive 2001/80/EC

Eroisdimit values laid down in part A of Annexes 1t VII in respect of sulphur dioxide, nitrogen ogfland dust are
respected. Some existing power plants had a déoogahich provided them with 2 options to complytiwihe Directive: either
to operate only a limited number of hours or taupgraded. The model selected between the two aptiora case by case basis.
The upgrading is reflected through higher capiteits.

IPPC Directive 2008/1/EC

Costs of filters and otthevices necessary for compliance are reflectédemparameters of the model

Directive on the geological storage of CO2
2009/31/EC

Enabling measure allowing economic modelling tedaine CCS penetration

Directive on national emissions' ceilings for certa
pollutants 2001/81/EC

PRIMES model takes into account results of RAINSIS$A modelling regarding classical pollutants (SARXx). Emission
limitations are taken into account bearing in minalt full compliance can also be achieved via éalufitl technical measures in
individual MS.

Water Framework Directive 2000/60/EC

Hydro powngs in PRIMES respect the European frameworkHerprotection of all water bodies as defined leylirective

Landfill Directive 99/31/EC

Provisions on wastedtment and energy recovery are reflected

Transport

Regulation on CO2 from cars 2009/443/EC

Limitseamissions from new cars: 135 gCO2/km in 2015, h1&020, 95 in 2025 — in test cycle. The 2015 taspeuld be
achieved gradually with a compliance of 65% offteet in 2012, 75% in 2013, 80% in 2014 and findlB0% in 2015. Penalties
for non-compliance are dependent on the numberashg until 2018; starting in 2019 the maximum pignial charged from the
first gram.

Regulation EURO 5 and 6 2007/715/EC

Emission §nmtroduced for new cars and light commercial elelsi

Fuel Quality Directive 2009/30/EC

Modelling parasrs reflect the Directive, taking into account timeertainty related to the scope of the Directildressing alsa
parts of the energy chain outside the area of PRAM©delling (e.g. oil production outside EU).

Biofuels directive 2003/30/EC

Support to biofusleh as tax exemptions and obligation to blendsfiseteflected in the model The requirement of % %H all
transportation fuels to be replaced with biofugi2D10 has not been imposed as the target is iieBc&upport to biofuels is
assumed to continue. The biofuel blend is assuméeé tavailable on the supply side.

Implementation of MARPOL Convention ANNEX
VI - 2008 amendments - revised Annex VI

Amendment of Annex VI of the MARPOL Convention redwsulphur content in marine fuels which is refielcin the model by 4
change in refineries output

Financial support

TEN-E guidelines (Decision 1364/2006)

The modkésinto account all TEN-E realised infrastructprejects

European Energy programme for Re-covery
(Regulation 2009/663/EC)

Financial support to CCS demonstration plantssbffre wind and gas and electricity interconnectismeflected in the model.
For modelling purposes the following amounts forSO@bwer plants were assumed, following as-sumptéssimmer 2009:
Germany: 950 MW (450MW coal post-combustion, 200My¥ite post-combustion and 300MW lignite oxy-fudtaly 660 MW
(coal post-combustion), Netherlands 1460 MW (8008l post-combustion, 660MW coal integrated gaaiitn pre-
combustion), Spain 500 MW (coal oxy-fuel), UK 3408V (1600MW coal post-combustion, 1800MW coal intetgd
gasification pre-combustion), Poland 896 MW (306M@al post-combustion, 590MW lignite post-combustion

RTD support (7th framework pro-gramme- theme

6) naRtial support to R&D for innovative technologggh as CCS, RES, nuclear and energy efficienmflescted by technology
learning and economies of scale leading to costatazhs of these technologies

State aid Guidelines for Environmental Protection

inaRcial support to R&D for innovative technologmsch as CCS, RES, nuclear and energy efficien®fliected by technology
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and 2008 Block Exemption Regulation

learning acohemies of scale leading to cost reductions afgiechnologies

Cohesion Policy — ERDF, ESF and Cohesion Fun

d

rieiadsupport to national policies on energy efficiy and renewables is reflected by facilitating apeeding up the uptake
energy efficiency and renewables technologies.

National measures

Strong national RES policies

National policieseog. feed-in tariffs, quota systems, green cedifis, subsidies and other cost incentives arectefle

Nuclear

Nuclear, including the replacement of plants dueadtirement, is modelled on its economic merit andompetition with other
energy sources for power generation except for MB hegislative provisions on nuclear phase out.e®al constraints are put o
the model such as decisions of Member States n@damuclear at all (Austria, Cyprus, Denmark, BstoGreece, Ireland,
Latvia, Luxembourg, Malta and Portugal) and closafrexisting plants in some new Member States atisgrto agreed
schedules (Bulgaria 1760 MW, Lithuania 2600 MW &halvakia 940 MW).

The nuclear phase-out in Belgium and Germany igereted while lifetime of nuclear power plants wateaded to 60 years in
Sweden.

Nuclear investments are possible in Bulgaria, thedi Republic, France, Finland, Hungary, LithuaRiamania, Slovakia,
Slovenia and Spain. For modelling the followingnsan new nuclear plants were taken into accourgaia (1000 MW by
2020 and 1000 MW by 2025), Finland (1600 MW by 20Bsance (1600 MW by 2015 and 1600 MW by 2020fhdiania (800
MW by 2020 and 800 MW by 2025), Romania (706 MW2B5L0, 776 MW by 2020 and 776 MW by 2025), Slovdki&0 MW
by 2015).

Member States experts were invited to provide imfttion on new nuclear investments/programmes iing@009 and
commented on the PRIMES baselines results in sur@d@9, which had a significant impact on the madgltesults for nuclear
capacity.

-
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