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1. Introduction

CEUBIOM! is a project funded by the European Commissiol's-iamework Programme
submitted in response to an FP7 Call for Propasaldevelop a common methodology for
gathering information on biomass potential usingdstrial and earth observations, and for
gathering and disseminating this informatififtiropean Commission, 2007]. The project
deployed a systematic work programme to achieve dfijective that started with the
assessment of current practices in biomass asseisanteresulted in a conceptual framework
for harmonisation. Special focus has been giveasgessing the conditions in the Western
Balkan Countries (WBCs) and to satisfy the needb®fktakeholders from this region.

The need for harmonising biomass assessments leas dolressed by the professional
community for years pointing out thahere are no standard measuring and accounting
procedures for biomass, so it is often impossibleake comparisons between sets of existing
data...[Rosillo-Calle et al., 2007]The urgency for harmonising biomass resource sssad
has also been addressed on a political level fallgwhe launch of the Biomass Action Plan
as the ‘first, coordinating step’that established specific targets and a compréhens
framework for accelerating the deployment of biosnts electricity, heating and transport
purposes [European Commission, 2005]. The diffiesltn comparing (let alone combining)
various datasets have been addressed at sevdrdélae workshops and there was an overall
consensus thdthe wide variety of biomass feedstocks make ficdlf to put forward a
harmonized scheme at this stagigiropean Commission, 2010]. making long-term piag
difficult for the sustainable use of Europe’s biesgy resources.

If one considers the various types of approachesdifferent methodologies and the broad
array of purposes of biomass assessments an aimfiofie humber of combinations exist as
to the ways biomass resources can be assesséeirineport the BEE Consortitfneompiled

a database of about 250 types of assessment owhioh they selected 28 for detailed
comparison [BEE, 2010]. There is an apparent neetidrmonisation and the establishment
of a common framework.

On the other hand there is a reason why such a namge of assessment methods exists and
this reason is the complexity of user needs ancctineesponding boundary conditions. The
purpose of biomass assessments can range frommiolgtaverall estimates of bioenergy on a
global or national level (typically motivated byaigon and/or policy making purposes) to
serving local user needs (can be very specifiafparticular type of biomass/residue taking
some unique constraints into account). The metlafddoing the actual assessment work
would then depend on these purposes taking othastreints (such as available financial
resources) into account. The resulting bioenerggliss often produce results that are difficult
to compare, because the original purpose of afletessessments is different in most cases.
But this fact should be considered as a naturdufeaof biomass assessments rather than a
shortcoming.

Although from a policy-making perspective it woldd desirable to create uniform guidelines
according to which bioenergy assessments are daoig at all levels, in practice such
standard would be unpractical, counterproductiveraost likely impossible to create as well.
The market players should be able to decide wimat & assessments they require depending
on their specific needs and specific boundary dmms. The same stands for academic and

! Classification of European Biomass Potential fareéBergy Using Terrestrial and Earth Observati@rant
Agreement No 213634yww.ceubiom.org
% Biomass Energy Europe. Grant Agreement No. 2134t17://www.eu-bee.com
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industrial research. There should always be rodifde the development of new methods,

models and technologies, challenging current prastand exploring new ways of assessing
bioenergy. The harmonisation of biomass assessmettitods therefore cannot be vertically
implemented for all actors of the bioenergy chain.

There is however a sector where the harmonisatioiomass for bioenergy resource
assessment is overdue. Biomass resource assesstudies of different scales and scope
have been developed by the authorities of EU MerSiaties for decades. These national and
regional studies are similar in purpose (provideogarview on the availability of biomass
and/or provide updates in the changes bioenergyousavailability). The studies have
deployed various internationally accepted approscrel best practices and supported the
development of national statistics from the resuBgt since no uniform criteria have been
established on how these policy-support assessnséoidd be carried out the results are
difficult to compare and aggregate to Europeanllard for this reason the actual amount and
type of bioenergy available for European userstils difficult to establish. There are of
course some European-level studies that use existational and European statistics to
provide top-down assessments on a European le# [FD06a,b, EEA 2007a,b]. Still, the
overall accuracy and reliability of studies thae dgjures from national statistics (that may
have been based on different methods) could béeurimproved if the methods are
harmonized.

The need to provide comparable and compatible efstasn a national level has become
imperative in Europe. Member states are now expli@ncouraged by the EC to develop
national biomass action plans. A uniform methodylfoy assessing bioenergy will be needed
for a European-level aggregation of data and stisThis further underlines the need for
harmonisation not only of the statistics. Also, ttmmonisation of methods for how these
national assessments are to be carried out is atiperbecause the issue of availability and
assessment of biomass'@é@nsidered important by almost all membe{§IBAP, 2008].

CEUBIOM intends to contribute to these efforts bgusing exclusively on the public sector
(i.e. national governments and municipalities) witle mission to propose a framework for
bioenergy assessment methodology that could ba tadoy the authorities with a relatively
small effort. If such a single ‘core’ assessmenthoeé is accepted the results could then be
easily aggregated to European level allowing foniech more accurate comparison between
the Member States and also a very accurate estimatipotentials for Europe as a whole.

In order to reach this objective a careful revieas been necessary as to what elements of the
general biomass assessment framework are suitableafmonisation, requiring some rather
difficult compromises. The Consortium implementedoaused and pragmatic work plan
where the ultimate goal was to propose a specifie anethod as opposed to simply
reviewing the various possibilities.

10
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CEUBIOM APPROACH

The methodology described in this document is basethe above three pillars, used as a
best possible compromise. This proposed assessimamiework is neither the most
sophisticated, nor is it the most comprehensiveaggh currently available. The advantage is
that it could be readily adopted by the authorittfsthe member states allowing for
comparable information from all over Europe, whikeeping the possibility of conducting
more comprehensive bioenergy studies on a locé.sca

Clearly CEUBIOM was not set up with the purposeaing over the entire task of providing
answers to the challenges of biomass harmonisatiothe EU and several constraints
regarding the level of support this project canegte ongoing efforts. The two main
constraints of CEUBIOM are:

* The project was submitted to a specific call foopgmsals that focused on the
Western Balkan Countries. This means that the Bpeser requirements of these countries
have had a significant weight in the formulationtbé CEUBIOM methodology. If user
requirements were to be updated by the requirenoérasveral additional EU Member states
then the proposed methodology should also be &gilaccordingly.

» The project was formulated according to the cajecdiives having a very strong
emphasis on the integration and explicit use oftfEabservation data. Accordingly, a
spatially-explicit method was formulated with aliet constraints that come with such an
approach. In practical terms it means that the oteitogy described here places a lot of
weight on the cost efficient derivation of the imlttheoretical potential (using EO data) and

11
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somewhat less focus on the subsequent processthgsohformation into specific bioenergy
potentials.

The intention of the CEUBIOM Consortium is to prdeia deliverable that describes the
workflow of the proposed approach and provide ehadggails so that it could be used in the
formulation of a detailed Terms of Reference foe thethodology to be implemented in
European countries. A great advantage of such &flear approach is that additional
requirements (if they are fit for harmonisationutbalso be integrated at a later stage. This
should also serve as an answer to the first canstra

The methodology framework proposed by CEUBIOM coédconsidered a “core” part in
any bioenergy assessment activities that may tate account technical feasibility,
economic, environmental, socio-political and otlenstraints. Only this “core” part is
proposed for harmonisation resulting in datasegtswhll be comparable and available for
European level aggregation. Naturally users mayl &@ve any number of specific
requirements and they may request any number affgpboundary conditions to be taken
into account. These constraints fall outside thepecof CEUBIOM and they are not
considered for harmonisation.

The benefit of the CEUBIOM proposal for harmonigatis that two important requirements
are met simultaneously.

e On the one hand key elements of national bioensx@ed information will now be
generated in a uniform, harmonized manner all dnarope allowing for an easy
aggregation of this data to European level and ttiusctly supporting relevant
decision and policy making processes, and

* On the other hand the proposed approach will aftavthe subsequent integration of
any national (or regional) priorities and the cdesations of any number of
environmental, technological, legal, social, ecompretc constraints that otherwise
would be very specific to a particular country egion.

Elements of this harmonized ‘core’ framework coaldinge as a result of expert discussions

but it is the proposal of the CEUBIOM consortiumattthis overall approach be implemented
as a general concept for harmonisation.

1.1. Terms & Definitions

In terms of terminology CEUBIOM has generally admptFAO’ Unified Bioenergy
Terminology [FAO, 2004] and definitiohsWhenever a different term is used or there are
ambiguities it is always indicated in all CEUBIOMalments and reports.

For the sake of providing a quick guide to any eapert reader some key terms and
definitions are briefly discussed below.

Biomass

Different definitions of biomass can be found ie thherature, some of them are given below:

% http://www.fao.org/docrep/007/j4504e/j4504e00. hffopOfPage
12
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- Biomass- material of biological origin excluding materiambedded in geological
formations and transformed to fuel (CEN TC 335 H#dSBiofuels)

- Biomass means the biodegradable fraction of products, evastd residues from
biological origin from agriculture (including vegétand animal substances), forestry
and related industries including fisheries and aqltare, as well as the biodegradable
fraction of industrial and municipal waste; (RESdative 2009/28)

- Biomass means nonfossilized and biodegrable organic n@teniginating from
plants, animals and micro organisms. This shab at€lude products, by-products,
residues and waste from agriculture, forestry agldted industries as well as the
nonfossilized and biodegrable organic fractionsimafustrial and municipal waste
(Biomass in Commission Decision 29/01/2004 Guidsinfor monitoring and
reporting greenhouse gas emissions)

Renewable biomass

According to UNFCCC (Annex 18), biomass is ‘renelgalif one of the following five
conditions applies:

1. The biomass is originating from land areas #naforests, where:
(a) The land area remains a forest; and
(b) Sustainable management practices are undertakéimese land areas to ensure, in
particular, that the level of carbon stocks on ¢hied areas does not systematically
decrease over time (carbon stocks may temporaeityedise due to harvesting); and
(c) Any national or regional forestry and natur@servation regulations are complied
with. The forest definitions as established by tmeintry in accordance with the
decisions 11/CP.7 and 19/CP.9 should apply.

2. The biomass iwoody biomassand originates fromsroplands and/or grasslands

where:
(a) The land area remains cropland and/or grasslani reverted to forest; and
(b) Sustainable management practices are undertakémese land areas to ensure in
particular that the level of carbon stocks on thesel areas does not systematically
decrease over time (carbon stocks may temporaeityedise due to harvesting); and
(c) Any national or regional forestry, agricultumad nature conservation regulations
are complied with.

3. The biomass ison-woodybiomass and originates froonoplands and/or grasslands
where:
(a) The land area remains cropland and/or grasslani reverted to forest; and
(b) Sustainable management practices are undertakémese land areas to ensure in
particular that the level of carbon stocks on thesel areas does not systematically
decrease over time (carbon stocks may temporagityedise due to harvesting); and
(c) Any national or regional forestry, agricultumad nature conservation regulations
are complied with.

4. The biomass islaomass residueand the use of that biomass residue in the prajotity

does not involve a decrease of carbon pools, iticoéar dead wood, litter or soll
organic carbon, on the land areas where the bioneasdues are originating from. For

13
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example, if bagasse from sugar production wouldhie absence of the CDM be

dumped or left to decay and is used for energy rg¢io@ under the CDM, it can be

assumed that the use of the bagasse does not iikéestigar cane cultivation practices
and hence the carbon pools of the respective region

Biomass residue is defined as biomass by-produessues and waste streams from
agriculture, forestry, and related industries. émtcast, where a CDM project involves
the collection of dead wood from a forest, whichukdonot be collected in the absence
of the CDM, the extracted biomass cannot be regaederenewable, since it would
result in a decrease of carbon stocks.

5. Biomass is also the non-fossil fraction ofirrgtustrial or municipal waste

‘Any substance or object the holder discards, iteto discard or is required to
discard’ is WASTE under the Waste Framework DikectiEuropean Directive
(WFD) 2006/12/EC), as amended by the new WFD (@ivec2008/98/EC, coming
into force in December 2010). Once a substancebmcbhas become waste, it will
remain waste until it has been fully recovered aodonger poses a potential threat to

the environment or to human health (from:
http://aggregain.wrap.org.uk/waste management a&guabk/background/definition o
f.html).

Otherwise, where none of these conditions appiesbiomass is considered as
‘nonrenewable’

Biomassconsidered inCEUBIOM is therenewable, biodegradable fraction of products
and residues from biological origin from agriculture (including vegetal but excluding
animal substances), forestry and related primary idustries excluding fisheries and
aquaculture. The biodegradable fraction of secondary induswiesmdustrial and municipal
waste have not been considered in this project.

Biomass potential

Regarding definitions dbiomass potentials,international practice and standards were used
within CEUBIOM. Estimations vary according to thalaulation methodology and the
assumptions made (e.g. land use patterns for faoduption, agricultural management
systems, wood demand evolution, production teclyiesoused, natural forest growth etc). In
terms ofbiomass potentials the following potential types are often discussed

» Theoretical potential: the theoretical maximum potential is limited lagtors such as
the physical or biological barriers that cannotaltered according to the current state
of science.

* Technical potentiat the potential that is limited by the technologsed and the
natural circumstances.

* Economic potential: the technical potential that can be produced anh@wically
profitable levels.

* Implementation potential: the share of the economic potential that can be
implemented within a certain time and under speaficio-political and economic
conditions.

* Environmentally sustainable potential the potential that takes into account
ecological criteria, e.g. loss of biodiversity oilsrosion.

14
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The classification of a methodology strictly inteese categories is often difficult, since there
are overlaps between the potential types. It i® aore important to clearly define the
boundary conditions and assumptions made than tega@aze. Thus, the suggested
assessment protocol in CEUBIOM can not clearly beategorized into any of the above
mentioned potential types, but is rather a mixture of technical, environmentally
sustainable and to some extent implementation potéals that suit the needs of the
project endusers

The term ‘frame conditions’ include all basic camahs and assumptions, that have to be
made in order to move from the theoretical potétdianother potential.

Bioenergy

Bioenergy comes from any fuel that is derived from biomasscently living organisms or
their metabolic by-products. Unlike other naturakaurces such as petroleum, coal and
nuclear fuels, bioenergy is a renewable energyceourike all methods used to generate
energy, the combustion of biomass generates pmtiats a by-product. However, because the
carbon in biofuels was recently extracted from apheric carbon dioxide by growing plants,
the combustion of a biofuel does not result in ainerease of carbon dioxide in the Earth's
atmosphere.

Apart from the above mentioned definition of biokgye there are many other definitions of
bioenergy with some of them listed below:

Bioenergy is defined as energy from biomass or peat (usoatl wsed for energy associated
with biomass).

Bioenergy refers to the technical systems through which lssnis produced or collected,
converted and used as an energy source.

Bioenergy is energy of biological and renewable origin, ndtynaerived from purpose-
grown energy crops or by-products of agriculture.

The termbioenergy encompassethe overall technical means through which biomiass
produced, converted and used.

Modern bioenergy refersto some technological advances in biomass cororembined
with significant changes in energy markets thatvalexploring an increased contribution of
biomass to be used for our energy needs, whethreughout traditional or emerging
technological areas (e.g. from combustion to liquafuels).

For further reading on assessment methods and digerdefinitions the reader is kindly
referred to the international literature and the UBEOM e-learning tool at
http://ceubiom.geonardo.com
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2. Objectives & User requirements

The aim of the CEUBIOM project has been to develdparmonized approach for national-
level biomass assessments for energy by combirimgstrial methods with remote sensing
based applications with an emphasis on South-Eadieropean and Western Balkan
countries. The underlying reason for this work lhaen the fact that national results of
national surveys often provide incomparable anérogeneous results that are difficult to be
used for consolidated actions or political decisiormhus the harmonization of the
methods/work processes is essential especially matianal/European level. Results include
clear guidelines on how each country should unlerthe biomass potential assessment in
terms of input data, biomass types considered, eogared and methods and assumptions
used in order to create a database which is corleattroughout Europe.

In this context CEUBIOM has aimed to assess theentipractices in biomass assessment in
order to develop a proposal for a harmonized methduch should be applicable and
relatively easy to implement and in line with thesessed user requirements. Since the
integration of remote sensing techniques gives emarchdded value in terms of spatial
information, it is a vital component of the methpposed by CEUBIOM. Therefore the
project focused exclusively on the development opraposal for a spatially explicit
methodology, providing a uniform resource-focusapgroach for the users.

The logical framework of CEUBIOM is that of a batteup approach (i.e. country level
assessments), which then can be aggregated to maoriRuropean result; this approach
provides detailed and potentially multi-purposemiation. The aim has been to find the best
compromise in terms of costs, feasibility and mdtheuitable for national users in order to
achieve a common and comparable assessment fgpdzuro

The assessment procedure designed in this stuohsied on the user requirements collected
in the considered countries. The users have beé&nedeas the national ministries and
national bodies, which deal with biomass and enégyes. In terms of ministries these are
primarily the Ministries of Agriculture, Forestrgnvironment, Energy and Economy. In
terms of national bodies and agencies, these amxmple environment agencies or energy
agencies. As mentioned in the EURISY Position PapefCreating sufficient user pull to
secure the benefits of satellite services for sgcidPioneering local or regional authorities,
as well as SMEs, already use satellite informaion services as innovative, high value-
added tools for their work. However, the procesadiption of innovation can be accelerated
with specific measures and incentives for end-u4&idRISY, 2010].Thus, there are users
with the willingness to take up new technologyitifits their need and possibilities. The
detailed assessment of these needs and posssbifitid earnest considerations are the
prerequisite to user acceptance. According to tstipn paper, satellite service providers
should then deal with aspects such as improved eharlechanisms, better balancing of
supply and demand as well as incentives for end-esgagement and covering of initial
Ccosts.

During the course of the project end-user requirdmgere duly assessed (see CEUBIOM
Deliverable 4.%). The main requirements are summarised as follows:

* CEUBIOM Deliverable 4.1 - Summary of country rejsosf requirements. Available on the project websit
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a) Generate one basic potential with well defined #aoonditions (assumptions and
restrictions) applicable for many users. This bamtential can be further used for
individual potential assessments of specific usguirements.

b) Full update every 3 - 6 years, whenever spatiad,daty. core service products, are
available. In addition, an annual statistical updaithout a synchronous update of the
spatial component can only be done for agricultbi@mass.

c) Existing — archived - data should be used in otddieep costs as low as possible.

d) The resulting potential should be to satisfy ddfer purposes, as e.g. internal
information, policy and planning, disseminatiomading and maybe (lower priority)
also for subsidies and subsidy control. Potentads very specific frame conditions,
which are only important or available in one coymtr region, cannot be considered.

e) The requested accuracy ought to be in the ranggof 85 %, whereas the errors
should be documented transparently and tracealdeewdr possible.

f) It can be recommended to derive at least three rematic classes, i.e. ‘forest
biomass’, ‘agricultural biomass’, and ‘other biosiag-urther differentiation should
be done based on conditions for accuracy, timeostscas well as based on the
existence of data (e.g. if from core services alyelaardwood/ softwood and crops/
permanent crops/ grassland is available).

g) The product should be a continuous GIS map rangivey a scale of 1:75.000 —
1:100.000. Vector data on NUTS levels can be géeeifaom this base level.

h) The method should not be too complex and be accoiegbaby training. The
processing time (without EO data pre-processinghoto be in the time frame of 6 —
9 months.

The above user requirements are based on the coicatian with the project’s stakeholders
from the target countries. These requirements wben processed in the conceptual
framework and constraints of CEUBIOM. Two differesgts of frame conditions have been
distinguished: first, frame conditions, which caa barmonized throughout Europe; and
second, specific frame conditions, where local exieowledge (including scientific studies
and literature) is needed to generate a usefultré&uch frame conditions are in general not
transferable throughout Europe without loosing uggband accuracy in the results.
Accordingly the resulting approach is that of ehtacal-sustainable bioenergy potential using
‘snapshot’ assessment, meaning that basically norefuscenarios and projections are
included. For this reason, the suggested assessnathod will not take economic boundary
conditions into account because they are subjetadibchanges and speculative prognosis,
which should be avoided in order to provide rekasatcuracy information for the users.

Naturally, projections and various models are ater&id an important tool for decision
making therefore special attention has been madkefioe the ‘core’ methodology in a way
that it can support subsequent modelling and sier@aralysis for various purposes. This
work can be carried out on a regional, nationaEoropean level by utilising datasets that
have been generated in a uniform manner. Someiofiribdelling work could directly be
integrated into the framework of the CEUBIOM metblad)y, making the resulting biomass
potential assessment a tool for future scenaridsraore advanced assessments. For example:
use the class ‘grassland’ and assume a percent&§e% of Miscanthus on these grasslands
calculating the additional amount of biomass fogrgy from this.

Clearly if such a harmonized approach is to be @mgnted on a European level, additional
user requirements may arise, which could resulicianges in the requirements. The
methodology itself, however, is believed to be aBls enough to be accepted as a baseline
and to accommodate any reasonable changes inaggeraments.
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As mentioned before, the initial goal of the CEUBIQproject was to develop a single
harmonized approach for European biomass asses$onartergy with special emphasis on
South-Eastern European and Western Balkan coundigsng the course of the project work
and especially when taking into account the usgmirements such as costs, it turned out that
the definition of a single approach will not befstént to satisfy all demands. To overcome
this dilemma it was decided by the consortium tdinge two approaches, described
individually for the following biomass types: fotdsomass, annual crops, permanent crops,
grassland and energy crops. The two approachabearBasic approach’ and the ‘Advanced
approach’.

In this document, the term®8asic Approach’ and ‘Advanced approach’ are used when
referring to the proposed methodology. The diffemmplexity is mainly related to the level
of integration (and also its sophistication) of mensensing data and spatial manipulation
methods while the general framework conditionsuaggions and terrestrial data mostly
remain the same:

« The basic approacis defined in order to fulfil the user requirememtainly in terms
of cost, thus providing options to integrate datadpced for other purposes or in
other projects in biomass for energy potential sssent. However, there are
disadvantages to this integration, especially eelab spatial thematic detail and to
more frequent updates (e.g. in the agriculturaios®c

* In order to avoid these disadvantages, the advaapprbachis an alternative using
more advanced remote sensing tools and methodelassvmore detailed (and thus
often also more costly) data. If the resources pietire advanced assessment can be
performed leading to a more detailed and possilsly emore accurate result in both
domains, namely agriculture and forestry.
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3. Overall process

Terrestrial methods such as statistical surveysrgt measurements and questionnaires are
frequently used to derive biomass potentials orfediht scales and for different types.
However, there are some main drawbacks in usingetineethods: first, the location of the
biomass or biomass potential is generally not @effimlthough statistics are given for specific
administrative units, the distribution within a givunit is unknown. Second, the figures can
not be checked for accuracy and third, the resargshighly heterogeneous, if the persons
involved are not well coordinated. A fourth disadtzge would be that remote and less
accessible areas are often underrepresented ie #tadies than well developed regions,
which could lead to biased results.

Remote sensing systems are currently being extgsised for assessing land cover and
corresponding biomass potential. Various sensoesypecord different properties, thus
advantages and disadvantages have to be consigesetsely when using one specific

system. The main advantage of remote sensing isttheovides a very cost efficient way to

collect the required information at areas that aseally remote and poorly accessible

Analysis of remote sensing data is also the onéctral approach to measure actual land
cover and changes at national or international escallwo main approaches can be
differentiated when talking about biomass assessfr@an remote sensing:

a) indirect biomass assessment and
b) direct biomass assessment.

For indirect biomass assessment, remote sensing delivers the land ctags for a defined
area and this information is then combined witloinfation on biomass content of a certain
land cover type. This biomass content informatias ko be derived by other means (e.g.
through field work). In contrastdirect biomass assessment uses relations between the
spectral signal of remote sensing data and thekbliomass content on the ground to directly
estimate the biomass amount. Both approaches limani@ges and disadvantages and they
are both utilized within CEUBIOM depending on thgiitability.

The combination of terrestrial and remote sensieghods can be considered as a powerful
approach for a variety of reasons: lower costshdrigaccuracy, better coverage, more spatial
or thematic details, etc. Depending on these reagtifferent combination methods can be
recommended. The overall process with its main aomapts is sketched in a very simplified
manner in Figure 1. The main input components &ee remote sensing products, the
terrestrial (statistical) information, local exp&rtowledge (including scientific literature) and
a set of boundary conditions.

Local expert knowledge (LEK) is needed in order to fill certain informatiqgaps. These
gaps cannot be filled by remote sensing productsstatistics, because the required
parameters/values change constantly in space ara&d LEK includes scientific literature as
well as knowledge on local and temporal conditidtiSK on local conditions can be more
easily extracted from literature or would have &odstimated only once and can be re-used
for the next assessment. In contrast, temporalgngimg parameters, such as the water
content of plants, would have to be assessed addtegh for each individual biomass
assessment.
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Figure 1: Simplified approach of using terrestrial and remote sensing data for biomass potential
assessment for energy.

Based on the reasons mentioned before it was dkdgiethe consortium to define two
approaches, described individually for the follogvihiomass types: forest biomass, annual
crops, permanent crops, grassland and energy ¢crbpswo approaches are:

* abasic approachand
* anadvanced approach

The basic approachis designed in order to fulfill most of the usequirements given in
Chapter 2. This approach implies only a minor irdégn of remote sensing techniques, since
the users require a method which is similar tortkeown procedures and they often do not
have the capacity to do extensive remote sensinggsl Since most users are interested in
implementing the assessment in their own instihgjdhe latter is an important restriction.
Thus, the basic approach is an indirect assessm&ng mainly existing land cover
classification based on remote sensing data in gwtibn with well established terrestrial
surveys such as EUROSTAT. The added values of dbie lapproach compared to a simple
statistical assessment as currently done in mamytdes (see Deliverable D3.1) are the
following:

» spatial dimension By including land cover maps, the potential cargbo-located
and thus enable the stakeholders to obtain a meteeletd view not only on the
amount but also on the distribution of the biomass.

* low cost The basic approach is designed to make optimebtiexisting products
and services at national and European level- mgattat this approach is
relatively cheap.

» fast implementation: Since basically all input information is availabthrough
other projects or initiatives, the combination loége input data can be done quite
fast.

* harmonized data Although the basic approach strongly relies ocaloexpert
knowledge in order to guarantee the incorporatiblo@al conditions, the use of a
quality assurance system as suggested by CEUBIOMsighificantly improve
the harmonization.

» Applicability to all considered countries: The approach reli@s existing
information and thus it was checked, that all ndadput data are available or can
be substituted.

The main drawbacks of the basic approach are somalso related to the advantages. As an
example, the use of existing data as an advantags into a disadvantage in case this
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existing data is not accurate or reliable. Themdétails of land cover maps are sometimes
not detailed enough to accurately combine them stgkistical data. In order to overcome the
drawbacks of the basic approach, a more advancptbagh in the inclusion of remote
sensing methods is also developed.

The advanced approachcontains a set of remote sensing options, whichbsacombined
either in a direct or indirect assessment. Se\agtbns are given in order to give the user the
option to pick the one that suits his/her datalabdity and knowledge best. More detailed
and thus costly data is considered, such as LiDA#Ra cor multi-temporal data sets.
Furthermore advanced methods are suggested, waiclordy be applied by remote sensing
experts and also might need longer processing dingethus increase the costs considerably.
However, there are significant advantages usingtivanced approach:

« more thematic and spatial details Using target-oriented land cover classes
instead of existing ones. Classes which are spadifi selected for biomass for
energy can be distinguished thus leading to a metaled result. The use of more
detailed data can also improve the classificatmmugeacy.

* independence from existing data Sometimes an independent assessment is
needed, especially if existing initiatives are depieg on political decisions and
may be on hold for some time. In this case, theaaded approach is an
independent and suitable alternative.

» less local expert knowledge needecenerally the use of local expert knowledge
is important in order not to ‘equalize’ circumstasc which are not equal in
different countries and regions. However, the usenore advanced tools helps
minimize the efforts for local experts incorporatiand at the same time keeps the
quality and (correct) heterogeneity of the outpudoicts.

» faster updates In case of big projects, such as European-widé tver maps or
statistical assessments, the delivery time is somest quite long for the basic
approach and the results might not be sufficiengyto-date. With the advanced
approach, national assessments can be done fasterdimg to the specific
temporal needs.

The advantages and disadvantages of the two apm@®dar the individual biomass types are
discussed in detail in Chapter 8.
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4. Frame Conditions

The flow of biomass potential assessment in genesad this applies also for biomass with
special focus on energy — is to start from a thezakepotential and then coming to technical,
ecological or sustainable potentials, and, finedlyan economic/implementation potential (see
schematic outline in Figure 2). However, as alreadgntioned in the introduction, the

processing chain is not as straightforward as Eigumight suggest. In reality, the different
potentials intersect and some frame conditionsccdnd counted as restrictions in several
steps. It is thus more important to clearly deglareich frame conditions are applied than to
classify the potential into one of these categoridswever, the theoretical potential is the
foundation for all further calculations. It is imp@nt to mention that any error in the

theoretical potential will be retained in all otheotentials and also in the results of any
applied modeling approaches.

Frame conditions

e. g. annual yield

Slope. aspect, elevation —
limits; protection zones (e.g.
protection forest), soil.,
accessibility

Protected areas. ecological
aspects of soil, water,
biodiversity

Market, prices, subsidies,
industrial/social structures,
mobilization etc.

¥

: .

2

s 2

Ecological/

Implementation/

Sustainable Potential Economic Potential

Theoretical Potential b Technical Potential H H

Figure 2: Different potentials and needed frame conditions.

In order to calculate the technical, ecologicakoonomic potential, several restrictions and
assumptions, often also termed as framework or demynconditions are necessary. The
frame conditions listed in Figure 2 are just examspthere can be many more.

According to the user requirements, we proposelcutate a technical-sustainable potential
in a snapshot assessment, meaning that basicalljytooe scenarios and projections are
included. For this reason, the suggested assessnathod will not take economic boundary
conditions into account because they are subjetdsibchanges and speculative prognosis,
which should be avoided in order to provide useith accuracy information of the potential
assessment.

However, it is important to note that future prdojess are also needed for several purposes
and they are important tools for policy decisiohkerefore, the resulting biomass potential
assessment proposed by CEUBIOM can be used asfbasisodeling future scenarios and
other, more advanced assessments.

Two different sets of frame conditions can be dmished: first, frame conditions, which
can be harmonizedthroughout Europe; and secorspecific frame conditions where local
expert knowledge (including scientific studies dmerature) is needed to generate a useful
result. Such frame conditions are in general nahgferable throughout Europe without
loosing usability and accuracy in the results.
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Table 1 lists the general frame conditions, whiinformation needed for all biomass types.
These are for example digital terrain models (DTMpil information, accessibility
information, etc.

DTMs can be used to derive elevation data or predulclitional products such as slope maps
and aspect maps (calculations see Equation 12 gudtibn 13). Digital terrain models are
available at high resolutions in many countriessqiinle data gaps can be filled using the
globally available DTM from the Shuttle Radar Topmghy Mission (SRTM, [SRTM,
2008]). Soil maps are also available for most mendoeintries and can be completed by
European soil database.

In Table 2, Table 3 and Table 4, all specific franmnditions for forest-related biomass,
agricultural biomass and other biomass (energys;rgpassland) are listed. For each frame
condition, a classification of harmonizability isrte and a summary of possible sources for
all considered countries is given. In additionisitassessed, whether the information can be
available spatially and whether it is a techniadplogical or even a simple economic
restriction.

Table 1: General frame conditions

Boundary condition Harmo- | Possible source (including substitute Spa- | Tech- | Ecolo- | Eco-

nizable | source in case of gaps) tial nical | gical no-

(yes/no) mic
Slope, aspect andYes National DTM available in most countries X - -
elevation information gaps can be filled with global SRTM model

[SRTM, 2008]

Protected areas whereYes Natura2000 area maps from EEX - X -
no use is possible (http://www.eea.europa.eu/data-and-
maps/data/natura-2000-eunis-
database/natura-2000-eunis-datapase

Maps of national protected areas available
for almost all countries (full coverage).
Exceptions are Slovenia & FYROM where
only point information is available

Protected areas withYes Maps available for almost all considefex - X -
restricted use possible countries (full coverage). Exceptions are
again Slovenia & FYROM - in these
countries, either no other protected argas
except Natura 2000 exist or local
experts/administrations have to be asked to
locate the respective areas

Soil quality | Yes Soil maps available for whole territory |irx X X )
information Hungary, Czech Republic, Poland and
Slovakia

Parts of the territory:

FYROM, Bulgaria, Greece, Austria
Germany, ltaly

Statics with location (point-wise informatia
only):

BiH and Slovenia;

Statistical figures: Romania, Croatia;
Data gaps can be filled with the European
soil database
(http://www.eea.europa.eu/data-and-
maps/data/soil-type

>
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Table 2: Agricultural frame conditions

Boundary condition Harmoni | Possible source (substitute in case ofSpa- | Tech | Ecolo- | Econo-

zable gaps) tial nical | gical mic
(yes/no)
Slope limits for| No Statistics available for Italy, Austria,x X - -
different crops Slovenia and BiH,;
Substitute by local and topographic
expertise
Elevation limits for| No Partly statistics available, howeverx X - -
different crops there might be several different values

per country (according to region)

Substitute by local and topographic
expertise
Cultural/Social aspects No Difficult to assess - Ilyorfrom | - X - X
experienced biomass experts
Product-to-residue- Partly Literature exists, however, values have X X X
ratios for different to be wupdated by local experts
crops according to climate conditions of the
year, local conditions, type of seeds,
etc.

Table 3: Forest-related frame conditions

Boundary condition Harmoniz- | Possible source (substitute in Spati | Tech | Ecolo- | Econo-
able case of gaps) al nical | gical mic
(yes/no)
Slope limits / elevation limits no Absolute limitations  from x X - -
for forest harvesting literature, difference
depending on degree of
mechanization - local
expertise needed
Protection forest areaYes Available for: Austria, Czechx X - -
(protection from avalanches Republic, Germany, Hungary,
etc) with restricted use Italy, Poland, Romania,
Slovakia, Ukraine and
Slovenia

Not available for BiH,
FYROM, Greece, Bulgaria
and Croatia
For these gaps, it can either pe
assumed, that there are no
areas of forest with protective
functions or one has to rely gn
local expert knowledge
combined with information on
slope inclination and soil.

National forest inventory No NFI and FMP available for all x X X X
information including various countries, but with different
topics (allometric equations, actuality (see details in Table|)

annual increment, etc.)
Forest management plan
(including  for  example
sustainable level of volume
management practices
percentage of biomass aboye
the sustainable level)
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Industry needs (residuesNo Partly from different industry - X - X
imports, exports, etc) statistics, to be filled up by
local expert knowledge

Table 4: Grassland and energy crops - related frameonditions

Boundary condition Harmoniz- | Possible source (substitute in Spati | Tech | Ecolo- | Econo-
able case of gaps) al nical | gical mic
(yes/no)

Amount of grass needed forN Local expert knowledge - - - X

fodder

Amount of grass needed to beN Local expert knowledge - - X -

left on the ground (fo

ecological reasons, such as

re-fertilization)

There are some widely accepted general frame dongdjtwhich also relate to the suggested
harmonized approach.

1) utilization of forest biomass for energy can noterfere with use of forest fiber for
industry (timber, pulp and paper)

There are three main reasons for this statement:
1) employment issues
2) transport issues
3) market (price) issues.

Employment is a sensitive issue in the wood-, patpd paper industry: if the industry can not
be supplied with the needed raw material, industméght migrate to other countries. This is
clearly a critical situation thus most countries gery specific in their frame condition to not
touching the supply of industry.

A second issue is the ecological negative impadbid-distance biomass trade in order to
supply the industry, if the raw material is not iéadale in the close proximity any more.
Recent examples in Austria show that pulp industmyow importing material from Chile in
order to supply their demand. Due to increasedafidggomass for energy the local supply
chain has been cut.

A third reason is the current market and priceuifice on biomass use. A well managed
forestry activity produces several kinds of wooddurcts:

* Roundwood of several diameters and qualities (steitm®ut treetops and branches).

* Roundwood is used in sawmills and the lower quedith pulp mills and in the
chipboard industry.

» Firewood (ready for the stove) is made from shottirigs, branches etc. Firewood is
usually sold to private households for heating.

* Wood chips usually are chipped forestry restsestdps and small branches. Wood
chips are used as fuel in private or public butdiand in industries as fuel.

Processing roundwood in sawmills to joints and Bsgroduces by-products such as sawdust
(3-10 %) and industry wood chips (up to 25 %). SdimMoy-products are used as fuel or as
industrial feedstock in the pulp and chipboard stdu
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What is used as a fuel and what is used as antmalusedstock can be a principal decision
(What can be used as industrial feedstock shoutdbadournt!) or can also be seen as an
economic issue (More expensive feedstock goediigsiny, cheaper to energy use.

In Table 5, the situation is shown on the examplh® well developed Austrian wood market
(June 2010). In less mature markets the situatidinbe similar or more decisive (higher
value for roundwood).

The figures that allow a comparison are on thedefé (€/kg dry wood). All the figures for
roundwood are for unchipped material, chipping a@sly from 0.02 to 0.08 €/kg dry wood,
and have to be added to the cost per kg of roundwibcan be seen, that forestry wood chips
and industry wood chips are relatively cheap comgbao roundwood and are typically used
for energy purposes. Only the costs for poor gealiof industry roundwood (Industry 11) are
in the same range as wood chips.

Table 5: Comparison of cost for different wood quaties

Forest product unit €/unit kg dry €/kg dry wood | Comments
wood/unit

Wood chips (fine) 1000 kg abs. dry 80 1000 0,08 3

Industry wood chips h 10 150 0,07 4

Firewood m 55 320 0,17 2

Roundwood industry | Solid ! 40 460 0,09 1,3

Roundwood industry Il 1000 kg abs. dry 60 1000 0,06 1,

Roundwood sawmills || Solid i 53 460 0,12 1,3

Roundwood sawmills Il Solid ™ 70 460 0,15 1,3

Roundwood sawmills | Solid ! 110 460 0,24 1,3

Roundwood color defects Solid®m 40 460 0,09 1,3

Quiality roundwood beech Solid®m 350 640 0,55 1,3

Quality roundwood oak Solid 500 640 0,78 1,3

Comments:

1 — unchipped (chipping cost=~0,02-088)

2 —ready for the stove, water content =~25%

3 — water content= ~30%

4 — water content=~50%

Source: Own calculations based on published markeeports for Austria (June 2010)

So for the biomass potential assessment it seemsake sense to concentrate on forestry
products that cannot be used as a typical feed$to¢kdustry. This means that roundwood is
not to be considered as an energy source.

Sawmill by-products such as industry wood chips aadidust can be (and are) used for
energy as well as for industrial feedstock. A dé&bn of a boundary (framework) condition
Is needed in this case (see second reason).

2) utilization of agricultural biomass for energy canhnnterfere with use of agricultural
products for food or livestock feeding

Example: In the RENEW project [Seyfried, 2008.¢ #mount of cereal straw, oilseed straw

and maize straw were estimated and reduced by theuats needed for animal feed or

bedding and other fibre needs. Studies and recordatiems like this can be used as frame

conditions, however, they should be checked byl lexperts for their transferability and

timeliness.
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3) land in protection areas cannot (or at least naesirictedly) be used for biomass
production

Example 1: The European Environment Agency (EEA)ighed a report on: ‘How much

bioenergy can Europe produce without harming theéirenment?’ [European Environment

Agency - EEA, 2006b]. In their prediction for 203they define the following key

environmental (ecological) constraints, which arainty considering agricultural land:

1) The present share of 'environmentally orientatadning would need to increase to
about 30 % of the Utilised Agricultural Area (UAB)most Member States, except for
densely populated countries such as Belgium, Nietheés, Luxembourg and Malta
where the agricultural land per head ratio is vesynall. In these countries, the
necessary share was set at 20 % of UAA by 2030.

2) Atleast 3 % of currently intensively used farmlamduld be made available by 2030
for nature conservation purposes in order to reateeecological 'stepping stones' to
increase the survival and/or re-establishment ainfand species in these areas.

3) If in future extensive land use categories suclpersnanent grassland, olive groves
and dehesas/montados are released from agricultiaed therefore become
potentially available for biomass production, theskould not be ploughed for
targeted biomass crops. Instead they should be taiagd under their current land
cover and ecological structure, while biomass frgmss cutting or tree pruning
could be harvested for bioenergy production.

4) Biomass crops chosen for future bioenergy prodactbould be selected carefully
with respect to both their environmental pressuaes their potential to positively
influence the landscape and biodiversity quality af area. The criteria for
prioritising these crops on the basis of their eammental performance should
involve effects on water, soil and farmland biodsity.

Example 2. Another EEA publication from 2007 isulging on the environmentally
compatible biomass for bio-energy from Europeardts [European Environment Agency -
EEA, 2007a]. They considered protected areas, berdity, soil erosion and —compaction,
site fertility and nitrogen inputs as parameters fooundary conditions in terms of
sustainable and environmentally compatible poténtra addition, also an economic model
was applied assuming a fixed price for wood chipd &arying costs for extracting wood
residues from the forest. More details on the maael model structure are given in [Kallio
et al., 2004].

4) usage has to be sustainable, e.g. in a well marfagest, only the increment of forest
biomass can be harvested.

Example: The Austrian Research and Training Ceifdre Forests, Natural Hazards and

Landscape (BFW) carried out a study assessingdtest biomass in Austria commissioned
by the Austrian Ministry of Agriculture and Foregtr see [Forschungszentrum Wald - BFW,
2008] and [Forschungszentrum Wald - BFW, 2009].tHese studies, different aspects such
as sustainability and biodiversity, economic depgients (five different scenarios) and four
different silvicultural treatment scenarios wereed4o model the biomass until the year 2020.
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5. Basic approach

The basic approach is designed primarily to satiséyuser requirements. It is largely based
on statistical data, since this is the data culyarged and accepted. The main added value of
this approach compared to simple statistics issphaial dimension. It is clear that the basic
approach cannot satisfy all user needs, but itasmapromise in terms of costs and benefits.
For the basic approach, special attention was givetata availability and feasibility of the
method. Generally it can be stated, that not thsetradvanced tools and most recent data sets
are used in the basic approach, but reliable andrgy accepted ones.

5.1. Input data sets

The data used as input can be distinguished iadigial data and remote sensing based data.
Typically, terrestrial data are statistics avakaddbr a point, a specified area or most
frequently for an administrative unit. The followjiisections compile the existing and needed
input data for biomass from forestry, agriculturefuding grassland) and energy crops.

5.1.1. Terrestrial data sources

FORESTRY

For forest-related biomass, the main sources ofggial data available in most countries are
the National Forest Inventory (NFI) and Forest Mgagraent Plans (FMP). Information on the
availability of NFI and FMP data in the consideuntries as well as the year of the last
update and the sources are giverAimex 7.1: Forestry data available for each consede
‘CEUBIOM’ country’. From the NFI databases, information such as taihlme (growing
stock of stemwood over bark over a certain diametercalculated annual growth can be
obtained both on a plot level as well as aggregaag@ub-) national statistics. Due to data
confidentiality, the plot information with geo-lagan is often not publicly available.
However, if the biomass assessment is done by dhienal authorities, this data should be
available to the respective national entities. émtrast, the aggregated data is generally
published in a report and can be used freely.

Important terrestrial information needed for thécakation of woody biomass for energy are
the so-called Biomass expansion factordBEFs). BEFs describe the relation between
growing stock and total biomass (above-ground aadldelow-ground). In CEUBIOM, we
use only above-ground biomass (see explanationedb®able inAnnex 7.1: Forestry data
available for each considered ‘CEUBIOM’ countrghows the availability of national
specific BEFs in the considered countries. Theee\wo alternatives to fill gaps:

1) to use the BEFs from a country and transfeo ithe same bio-geographic region
(e.g. use of the Polish BEFs also for Czech Repbfi
2) to use the IPCC-GPG default values for tempduatssts (Source: [IPCC, 2006]).

Based on the NFIs and other national data souElIBROSTAT provides statistical data on
wood production and forestry{vw.eurostat.ec.europa)elhll data exists only at a national
scale, no subdivision into NUTS 2 or NUTS 3 regidesse Annex 1. NUTS regions of
Europe) is available. An overview on this data can benfibun Table . The year of last
update is given in the respective cell. All rediceepresent data missing in EUROSTAT,
mostly regarding non-EU countries in the BalkanaegIn these countries data is available
in from the national statistics. The sources farsth national data sets are listed below the
table.
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AGRICULTURE

For agriculture, the terrestrial data sources ngamoinsist of the statistical agricultural data
sets. They are available from different data cend¢rEuropean level (EUROSTAT), national
level and in some cases at regional level. All E&hber states are required to report certain
agricultural statistics to the EU. These data setspublished on the EUROSTAT website
(http://epp.eurostat.ec.europg.asually with a time lag of 1-2 years after theviest. The
most important statistics for agriculture biomassessments are:

- production statistics
- area (land use) statistics
- yield statistics

These data sets can be found in the EUROSTAT dsetadita
http://epp.eurostat.ec.europa.eu/portal/page/gstdtistics/search_database

under:—> ‘Data Navigation Tree> ‘Data by Themes= ‘Agriculture, Forestry, Fisheries’
-> ‘Agriculture/Regional agricultural statistics® ‘Areas harvested, yields, production’

EUROSTAT provides statistical data on NATIONAL lévdUTS-1 level and NUTS-2 level,
but only if they have been provided by the natiodata centers. For some countries,
statistical data is therefore not available aadlninistrative levels, as some countries e.g. do
not have defined NUTS-1 regions (or they are etmalational level), and others have not
delivered any data to EUROSTAT for several yeaheré is currently no NUTS-3 level data
available through EUROSTAT.

Some of the CEUBIOM partner countries are not parthe EU and, therefore, no data is
listed in the EUROSTAT database. For these coumnitiess necessary to contact the national
data centers in order to obtain agricultural datanational, regional and department (or
equivalent) level. These levels should be comparablthe NUTS regions used for EU

countries. For the future, we recommend harmonitiregacquisition of agricultural data in

these countries using the EU methodologies in otdeobtain comparable data at equal
spatial scales. In some countries this will alrebeyhe case. The non-EU countries are:

- FYROM

- Bosnia-Herzegovina
- Ukraine

- Croatia

As EUROSTAT does not include agricultural data ighbr spatial resolution than NUTS-2
level, these more detailed data sets will needet@iovided by the national data centers as
well. More detailed spatially data will lead to reolccurate results in the biomass
assessments. Thus all partners were requeste@d& @r available agricultural statistics. An
overview of all available data sets at each speafiministrative level (NUTS-3, NUTS-2,
NUTS-1, national) for all countries is given in Aexn7:

How to use the production and land use statistics?

For most accurate results, information on produncstatistics and land use statistics for each
crop type shall be used at the highest availabell@.g. NUTS-3 data (county/communal).
This data is only available through national daaters (see Table ). Where NUTS-3 data is
not available NUTS-2 data (provincial/regional) lsba used instead etc.

When using the EUROSTAT data, one has to remenhiagrthe statistics are representative
for one specific year. As a result of climatic ciiwhs during the growing season and harvest
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time both the production statistics and the yiebdisagricultural products can vary by a

considerable degree each year. A biomass assesbasad on yearly data is therefore also
likely to vary significantly each year. If a yearyaluation is needed, this effect is wanted
and thus does not pose a problem. If an assessmenly carried out every 3-5 years, a
different strategy might be needed. In this caseyder to overcome the yearly variations, we
recommend using average values for each crop typéhé last 3-5 years of data for each
country/NUTS-region, whenever these are availatolen fthe statistics.

ENERGY CROPS

Based on CEUBIOM partner survey and our literategearch, we can say that statistical
information on energy crops (from statistical offi@nd ministries too) is generally very poor.
Actually, there is no energy crops statistics sajgdy within official statistics in any of the
considered CEUBIOM countries. However, it is poksito find statistics for some energy
crops for some countries. The results from oureyare very heterogeneous:

- in some countries it is possible to find the ta@aiount of biomass used for energy,
but not dividing between the different crops (faample, Germany and Austria),

- in other countries, there is no statistical infotim@a on energy crops at all (for
example, Bosnia and Herzegovina, Bulgaria)

- in many countries, energy crops are not separatetked and statistically evaluated
(for example, Slovenia, Croatia)

- sometimes, there is more information available naergy crops from other sources
(outside of statistical offices and ministry), buts not reliable and not reproducible
(for example, Austria)

- there is no specialized statistics on energy crapd,data from agriculture statistic or
from statistic on bio fuels are not suitable fasthurpose (for example, Czech
republic)

- in Poland for example, there are data about thee @frenergy crops, but data about
yields is currently still missing, although planrtecbe available this year

- in some countries, it is known even without enexgyps statistics, that there is no
large extent of energy crops such as SRC, butrativee pilot/demonstration areas

- the use of energy grasses is near zero in all gesr{bctually there are only some
pilot /demonstration areas with these energy crops)

This survey shows the need for a common reportystesm for energy crops within Europe,

optimally including also non-EU countries in thellga region and Eastern Europe. It can be
recommended to include Energy crops as a speaifegory into EUROSTAT.
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5.1.2. Remote sensing/spatial data sources

The Deliverable on European and International Stedsland Recommendations (CEUBIOM
D2.3) already lists a variety of land use and laogter products at a European scale and
analyses their advantages and disadvantages v@fieceto the use in biomass potential
assessment for energy. The two main products focwdtyral and forestry applications are
CORINE Land Cover (CLC) and the GEOLAND?2 core segvproducts developed with the
EUROLAND programme.

CORINE Land Cover is a geographic land cover/lasel database encompassing most of the
countries of the European Community and the mgaftthe Central and East European
countries and parts of the Maghreb. CLC descriaed tover (and partly land use) according
to a nomenclature of 44 classes organized hieicltiin three levels. CLC was elaborated
based on the visual interpretation of satellite gega (SPOT, LANDSAT TM and MSS).
Ancillary data (aerial photographs, topographic wegetation maps, statistics, local
knowledge) were used to refine interpretation dmel assignment of the territory into the
categories of the CORINE Land Cover nomenclatuhe. 9mallest surfaces mapped (minimal
mapping units MMU) correspond to 25 hectares. Lirfeatures less than 100 m in width are
not considered. The scale of the output product fixasl at 1:100.000. Thus, the location
precision of the CLC database is 100m. The mairaatdge of CLC is the detailed thematic
differentiation into e.g. the different permanertps (olives, vineyards, orchards), while the
main disadvantage is the very coarse MMU of 25 ha.

One of the large projects in the European GMESiatne is the currently ongoing
GEOLAND2 project (www.gmes-geoland.info). One paftthis project is the component
called EUROLAND, which develops operational methddsproduce a high resolution
generic land cover layer of Europe. The basic rensansing data is SPOT and IRS. The
main advantage of the GEOLAND?2 land cover informatproducts is their high spatial
detail; the main disadvantage is the relativelyrsealass definition.

Originally, GEOLAND?2 high resolution land cover datvas expected to have a MMU of 1
ha and covering 16 classes including arable larmt parmanent cropésee also Figure 2).
During the project implementation, the procedurad to be changed. Currently (July 2010,
phone communication with coordinator of GEOLAND#Rg priority within the GEOLAND
consortium based on recommendations of the mentdessthe GMES bureau, EEA and EC
is to focus on the most needed classes.. Thusndie HR layers to be realized as part of the
proposed content for GMES Initial Operations (G@) most probably have the following
characteristics:

1) Imperviousness layer

2)Forest laye including the crown cover density information,

3) Grassland layer with intensity information (for extensive vs. ingve usage)
including natural grasslands and pastures

4) Wetlands

5) Water (with small water bodies)

The data will be pixel-based raster products witMBIU of 20m (pixel size of ‘Image

2006/2009’ satellite coverage). For the HR forestel an elimination of forest patches
smaller than 1 ha is foreseen. The differentiatbdragricultural classes ‘arable land’ and
‘permanent crops’ is not a priority issue in thereant discussion. Furthermore, the intention
Is not to produce discreet classes such as egstfoon-forest, but continuous forest cover
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percentages on a pixel level. This would allowuker of such a dataset to interactively apply
a threshold on specific purposes, e.g. to use rdifteforest definitions thus leading to
customer defined forest/non-forest maps. The sagpbkea for coniferous percentage instead
of discreet coniferous/deciduous and mixed classekalso for crown cover as a density
parameter. In essence, the output of the data eaerdy similar to the results of the previous
idea, i.e. a forest map with pixel-based percentdgeown cover and species mixture.
Even after the completion of this European-wide piag for the above mentioned five HR
layers, there will be a high probability that inetfollowing countriesspatial gapsmight
remain:

- Ukraine

- Croatia

- FYROM

- Bosnia and Herzegowina (BiH)
In addition, thematic gaps with respect to biompssential assessment for energy are
information on arable land and permanent cropsnietie gaps are always more difficult to
deal with than spatial gaps, because of the riskoable-counting areas, if information comes
from different sources. Thus whenever data sets fdifferent sources are combined, a
thorough GIS analysis has to be done in advanexaa errors such as double-counting or
missing areas. Table 6 summarizes the possiblestat@es taking into account the newest
developments within GEOLAND?2 and lists possiblemdatives.

Table 6: Land cover information from different sources

Land cover Inside EU 27 - sources Outside EU 27 - sources

information

Geoland 2, Not needed Not needed for CEUBIOM

Imperviousness layer

Geoland 2 National, JRC forest layer, CLC

forest layer

grassland layer

Geoland 2

National/ CLC

Wetlands Geoland 2, Not needed Not needed for CEUBIOM
Water Geoland 2, Not needed Not needed for CEUBIOM
Arable land National/ CLC/advanced approach National/ CLC/advanced approach

Permanent crops

National/ CLC/advanced approach

National/ CLC/advanced approach

For non-EU countries, the followiraternative procedures for forestcan be proposed:

Alternative 1

For Croatia, FYROM, BiH as well as the rest of Balkan region, the JRC forest area map
and the forest type maps htip://forest.jrc.ec.europa.eu/forest-mapping/fooeser-
map/2006-forest-cover-magould be used. Another option would be to use GERland
cover (CLC), however due to the much more detaifedimum mapping unit, JRC forest
maps should be preferred over CLC. The tree densaty would have to be calculated as an
additional processing step. For Ukraine, one pdggilvould be to calculate all three needed
input data sets. The instructions on how to cateulaese data sets can be found in Annex 3
and Annex 4.

Alternative 2
The second alternative would be to follow the adeshapproach (see Chapter 6) for these
countries.
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Alternative procedures for agriculture (‘annual crops’ and ‘permanent crops’):

Since currently GEOLAND2 might not distinguish betm arable land and permanent crops
any more (see five high resolution layers aboveg tlu different priorities and limited
resources within the project, the basic approadhichwwas designed based on previous
information, needs slight updates with these neveld@ments. There are two alternatives to
obtaining this information:

Alternative A) Use of CLC for the differentiation
Alternative B) Use of national classifications

Using these two basic agricultural classes pluschagormation on the percentages of
different crops within each class, a basic spatakntial can be calculated without spatial
differentiation of the crop types. This is a basjtion, if no more information is available.
However, the result is not very detailed. The cctgssification scheme needed for accurate
biomass assessment (see Table ) would be much aetaded than the one available and
would include, e.g. all cereals (wheat, barley, nyat...), sugar crops (sugar beet) and oil
crops (rape, sunflowers) as individual classes

In order to obtain information on crop-distributigvithin the annual and permanent crops
classes, two options are feasible:

1) Use national land use/cover classifications withreraetailed thematic classes
(e.g. LaND25 (Germany)). According to the partnéns'estigations, national
classifications should be available from all parto@untries, but their thematic
and spatial resolutions may vary. If the classifaaclasses and statistical data
classes are not congruent, adaptations to the Hasimass assessment
approach might be necessary in that some claseseed to be reorganized.

2) rely on local/regional experts to provide additiongormation concerning
crop distribution

For crops changing repeatedly (catch crops), sonestieven 3 times a year, the first option is
difficult to realize, since such up-to-date datasate usually non-existent. For permanent
crops such as vineyards, orchards and olive tegesific classifications may exist in national

land cover maps. Therefore, it is recommended &osush data whenever available. If not,
the use of national or CLC classes with no furttiéierentiation of permanent crops and

arable land in combination with local expert knadge is the second choice. The most simple
and thus easiest procedure to implement is thd thption, which is described in the basic

approach presented in this document.

A general drawback in using existing land covetaod use classifications is the time gap
between the satellite data acquisition and theftam®e for the statistical data. Pan-European
classifications are only updated approximately g\elyears. The same is usually valid for
most national land use classifications. Land us#issics though, are updated on a yearly
basis for most countries. So land use statisticslamd use area defined by the classification
might not be equal leading to problems in the gpatistributions and minor errors in the

accuracy of the final biomass values.
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Figure 3: Originally planned classes for GEOLAND? (inner circle).

ENERGY CROPS

There is no existing remote sensing product aviailedy Europe, which specifically considers
energy crops. Due to its small extent, SRC is glpiart of the forest area mask in the large
European products (GSE-FM, JRC, Geoland?2 foreskshadnother problem is that SRC is
often classified as forest area in the nationdissies as well.
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5.2. Forest biomass

Forest biomass for energy purposes as calculatethensuggested approach contains
stemwood over bark (0.b.), branches, foliage (alhsidered from forests and forest
plantations), by-products and residues from woart@ssing industry.

Trees and tree residues outside forests / foresitations are not considered in the basic
approach.

In both, the basic and the advanced approach apg ©f recovered wood (e.g. from

demolished constructions, furniture etc.) are akeh into account. Below-ground biomass is
also not considered here. The reasons for not dermsg below-ground biomass are

threefold:

1) Harvesting of below-ground biomass is not an optdthin this study due to high
harvesting efforts and costsThe stump removal costs are variable and depend o
status and characteristics of soil, stumps andsr@igpe of tree in terms of root
system shape, stump diameter, etc.), removal tegbn{manually, with use of
various stump-clearing machinery or explosives)né&ally, tree stump removal
involves a mix of these three techniques. Harvgshiom a utilization of stump
material point of view seems therefore to be aematxpensive endeavour. Only
removal of oak (for tannin production) and piner (fesin production) are stated as
economically justifiable, provided that the costti@nsporting the stump material
to the extraction plants is not exceedingly higlorfstry Encyclopedia, 1963].
Accordingly, for energy production, stump remowagenerally not cost-efficient.

2) Harvesting below-ground biomass is also very aitifor two sustainability
reasons loss of organic matter, fertilizers and stabiligxtraction of below-
ground biomass would remove valuable organic nwdtereeded to retain the
fertility and structure of the soil. Another pothdanger is related to steep slopes
which significantly increase of risks such as ldiggs, avalanches and water/wind
erosion. The removal of tree stumps facilitates themation of gullies and
torrents.

3) In some countries, harvesting of stumps and rost®vien prohibited for
ecological reasons mentioned above. Exceptionladeuse change from forest to
e.g. agricultural land, which is not very commomvadays in Europe.

The investigations on orchards and olive grovesansidered in the agricultural approach.

It has to be mentioned, that in thasic approachwe assume that the amount of biomass is
based on statistical figures, which are assumebet@orrect (e.g. EUROSTAT). Remote
sensing is primarily used to give the figures atigpaimension, i.e. to show the result as a
spatially explicit map.

The advanced approachin contrast uses terrestrial information at anothevel and
integrates the remote sensing data in a more aallyvay. This means that the advanced
approach does not necessarily lead to the samésresuterms of biomass values as the
national statistics and the basic approach.

The basic approach is shaped in order to make aptise of existing data and products. The
processing chain is sketched in Figure 4 and desetiater on in this section.
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Figure 4: Processing chain for basic forest biomass for energy.
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1) Take theforest area map including speciesand density/crown cover information
derived from remote sensing data (from GEOLANDdieservices or from JRC or from
CLC)

- see detailed explanation about the calculatidch@femote sensing basic products above.

2) Use nationakoil map and national digital terrain moddd{M ), fill gaps with European
soil maps and SRTM DTM. Calculate slope and asfreot DTM as described iAnnex
6: Calculation of Slope and Aspect

3) Use statistics aboutet annual increment (NAI) and total standing volume of forest
biomass— basic figures from EUROSTAT and natiorfal databases.
NAI: m3 over bark (total amount per country)
Total standing volume: m3 over bark (total amouet gountry)

4) Use local expert knowledgeto give index weights for the increment and thending
volume per elevation, soil, species (coniferous deciduous only) and density. There is
already a large variety of scientific literatureadable for several of these issues, however
in order to ensure the best available data is utesl,scientific literature has to be
complemented by the local experts. Following ougputl be created:

A) Table ofweights (Table 7) for average annual increment for théofaihg different
parameters (\Ahr)

» elevation/altitude

» soil type (classes)

e species (coniferous/deciduous)

e density / crown cover

» forest management regimes, if available

The weights always have to sum up to 1.

Table 7: Example for weights of the different paraneters given by the local experts (cursive are
exemplary values).

Parameter Weight
Elevation 0.15
Soll 0.2
Species 0.2
Density 0.05
Forest management regimes 0.4

Sum of weighimust be equal 1!

B) Table ofindex values(Table 8) for each parameter classldx,.ssx €levation class/
soil class/ species class/ density class/ foresagement class)

The values for each index should range from 0 tArLindex O represents the worst
case, i.e. very bad growing conditions, while atled value of 1 represents the best
case.
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Table 8: Example for index values given by the lod@&xperts for each of the parameters and each
parameter class (cursive are exemplary values).

Parameter Elevation Index
High elevation 0.2
Low elevation 1

Sum of indexesloes not have to be 1

An example of the use of the index values is giremable for NAI in relation to soil
quality; yellow are the local expert inputs.

5) Calculate anap of average annual incrementavNAlyix)
Example calculations in Table and Table:
Red: Inputs from statistics (NAI = 1000 m3)
Turquoise: Inputs from soil map/ elevation clas§#sels per class
Dark green: Input from forest area map: Totalafqixels with forest = 100
Yellow: Local expert knowledge

The details on how to calculate the values is givelow Table 9 and Tablel0.
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Table 9: Example calculation NAI in relation to soi quality.

Contract\e: 213634

Soil Forest areg Index.ssx (0 = | Intermedia | MF avNAl i per | Total NAI per
(pixels) worst; te  result| calculation | pixel per clasg class
1 = best soil| (no unit) (no unit) (tons) (tons)
no unit)
Perman | 5 pixels 0.2 1 4.4 tons 22 tons
ently aregys indexys Plws avNAlys NAlws
wet = aregs * =MF *indexys | = avNAlys =
soils indexys aredys
(ws)
Sandy | 10 0.2 2 4.4 44
soils areas indexsg Plss avNAlgg NAl g
(s9 = areas * = MF * indexss = avNAlgg -areag
indexsg
Shallow | 8 0.5 4 11 88
soils areas indeXghs Plshs avNAlgps NAl ghs
(sh9 = areaps * =MF *indexghs | = avNAlg,s +
indexgns areans
All 77 0.5 (if no info| 38.5 11 847
other areg available: Ploth avNAl g, NAl 5
soils assumption = = aregy* = MF * indexn = NAI -
(oth) average) indeXy, >(NAlws, NAlss
NAl shs
Total 45.5 ~21.9
Sum of | Multiplica-
pixels by| tion factor
index MF
SPI = NAI/SPI
=2(Pl)

Table 10: Example calculation NAI in relation to eévation.

Elevatio | area Indexassx | INntermediate| MF aVNAlgevation per| Total NAI per class
n (pixels) (0 = | result (no| calculation | pixel per clasg (tons)
worst; unit) (tons)
1 = best
soil)
High 40 0.2 8 2.94 118
ele- areqe indexse Plye avNAlqe NAIl e
vation = areag* = MF * index.e = avNAlye < areqe
(HE) index:e
Low 60 1 60 14.7 882
ele- areag index g Pl e avNAlI e NAI g
vation = aregag* = MF * index g = avNAl g - areqg
() indexe
Total 68 ~14.7
Sum of | Multiplica-
pixels by| tion factor
index MF
SPI = NAI/SPI
=>(SPL)

Under the assumption, that both factors (soil dedation) influence the NAI in the same
extent (weights: 0.5/0.5), the calculation for epotel is done
(avNAlsoi + avNAlgjevation / 2
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A pixel in the low elevation with a shallow soil wid thus be calculated:
(aVNA|5h§}' aVNAh_E)/ 2
i.e. (11+14.7)/2 =12.85

In case of different weights (M\,) for the different influencing parameters (soigwation,
etc.), the following equation applies:

avNAI pix = Z(aVNAI Parx * WParx * NOinPar)/ NOinPar

where

avNAl = average net annual increment per pixel

avNAlp,« = average net annual increment per pixel in paranter x
Wparx = Weight of parameter x

Noinpar = Number of input parameters

Equation 1: Net annual increment per pixel

Note that the weights have to be between 0 andihawe to sum up to 1.

Example:

Under the assumption, that the soil influence i%38hd the elevation influence is 70%, a
pixel in the low elevation with a shallow soil wdube calculated:
Noinpar = 2 (soil, elevation), Wi = 0.3, Wijevation= 0.7

(aVNA|ShS* Wsoil * NOinPar"' aVI\lAlLE * Welevation* NOinPar)/ NoinPar
(11*0.3*2+14.7*0.7*2)2=14.91

6) Calculate anap of total growing stockof forest biomass (TGS)
The same system applies as for point 5) see Equat® result is a map with total

growing stock per pixel (avTGg). This calculation is basically done in the sanasy/ \as
the calculation of avNA.

aVTG‘Spix = Z(aVTGSParx * WParx * NOinPar)/ NQnPar

where

avTGS,,= average net annual increment per pixel

avTGSp,« = average net annual increment per pixel in paranter x
Wparx = Weight of parameter x

Noinpar = Number of input parameters

Equation 2: Total growing stock of foresbiomass per pixel
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7) Overlay withprotected areas map(Natura 2000 from EEA and national protected areas
from national data sources) as well as witmes of protection forest(forest used as
protection against avalanches etc. if existing) dindle the forest area into three zones:

Zone A: ‘production forest area’

Zone B: ‘protetion forest area’ (if existing) and

Zone C: ‘proteted forest area’

Core areas of protected forests (zone C), wherkangesting is permitted should be
removed from the map as no-potential areas. Howeliere are protected areas,
where forest harvesting is allowed and often nee@adse areas can be kept but
have to be treated separately, since different atsoof biomass for energy
percentages will apply in a later stage.

Areas of protection forests (zone B) have to besiciared in a similar way as the outer
parts of protected forests. These areas have todo@aged in order to sustain their
protective functions. Although the amount of hatgdgimber and also residues is
reduced compared to production forest, it shouldb&t considered as a factor.

8) Uselocal expert knowledgeandforest management plando assess the ‘sustainability
level' (SustLeyonexin m3 per pixel) and the ‘time frame to reach tleigel’ (TimeLeVonex
in years) of forest growing stock in each of theeéhzones. The assumed ‘sustainability
level and ‘time frame’ is needed for two differesttenarios:
a. Scenario ithere is less growing stock in the forest thaousth be
- part of the increment has to be left in the forastl cannot be harvested, the
amount of increment left is depending on the tinaene and on the increment
b. Scenario 2there is more growing stock in the forest thaousth be
—> in order to reduce the amount of growing stock, ttital amount above the limit is
divided by the time frame in years to reach theuahramount of additional
harvestable volume. This is additional growing ktdbat can be harvested
annually in addition to the annual increment.

AAGSx = (avTGSix - SustLeVgney) / TimeLeV,gnex

where

AAGS,;, = Additional annual amount of growing stock per pkel
avTGS;= Total growing stock per pixel

SustLev,nex = Sustainability level of zone x

TimeLevV,one= Time to reach sustainability level of zone x

t=gion 3: Calculation of the additional annual amount of growing stock

In Europe, Scenario 1 is not very common [MCPFH &AO, 2003], thus all further
explanations are based on Scenario 2. Howeverldsa of Scenario 1, the values will be
reduced instead of increased by the annual amduen,gthe procedure still remaining
basically the same.

9) Add the annual amount of additional harvestableuma@ from step 8) to the annual
increment values to generate the amounarafually available standing volumein all
three zones.
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TAAGS pix/zoneX = aVNAIpix + AAGSpix/zoneX

where
TAAGS iyzonex= Total annual amount of growing stock per pixel

Equation 4: Calculation of total amount of annuallyavailable growing stock

10)Calculate thebove-ground biomasdased on
a. the additionally annually available standing voluamel
b. on the NAI
using first thespecies-specific biomass expansion factamsl, second thé&ree
species maps

Due to high cost of extraction and probably a nggatnpact on the environment, especially
on soil and soil biodiversity, the below-ground ro@ss is not to be considered as a biomass
for energy source.

Use national BEFs, where available. The availgbilt the CEUBIOM countries has been
assessed and is shown in Table . For countriesingisgtional information (N/A in the
table), the IPCC-GPG values [IPCC, 2006] for thepeetive region (boreal or temperate) can
be used. Since all countries considered in CEUBI@Mvithin the temperate region, these
values should be applied.

- the result of this step is a map of domestic altyaaailable above-ground biomass
(AGByix for all different purposes) and its sum (SAGB).

11)Use theDTM information,soil map andlocal expert knowledgeto reduce the amount of
biomass volume per slope and soil class. The #ntallable above—ground biomass is
thereby converted into extractable above—grounothbss.
Examples are e.g. commonly used slope threshof#f, above which no harvesting is
done due to high costs and soil erosion problems.

12)Uselocal expert knowledgeto reduce the amount of extractable biomass frasteption
forests and protected areas (zones B and C) isatme way as in step 11)

-> result from steps 11) and 12) is a map of extldetabove-ground biomass (EAGB
PRODUCT FM1

13)Usestatistics (EUROSTAT productions statistics, where existiather countries can be
filled up with national data, see Table ), of timeeds for domestic wood, pulp and
paper industry.

14)Uselocal expert knowledgeto assess the amount of domestic woody biomassstbhaed

for industry and what percentage remains for eriergese. An example of such local
expert knowledge for Austria is given in Figure 3.
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Figure 5. Timber/wood flow in Austria (from [Nemestothy, 2009])

15)Reduce thamount of total domestic woody biomasby the amount needed for industry
and calculate a map of amount of domestic woodynbgs for energy, i.e. areas with a
high amount of total biomass will also have a ragiount of biomass for energy.

16)Add/reduce theamount of domestic industry woody biomassvith import and export
statistics.

17)Obtain the percentages aidustry residues for energetic use from statistics. Such
statistics are available for Austria, Bulgaria, @any, Italy, Romanian and Ukraine. For
the remaining countries, local experts have to esglted to obtain the percentage of
residues from the total industry wood.

18)Calculate thendustry residuesfor energetic use.

19)Add industrial residues for energy use to the domestic woody biomass fargy to
obtain the total woody biomass for energyPRODUCT FS1

Based on the amount of biomass available in tdvesehergy content can be calculated. This

issue is a specific topic dealt with Wnnex 5: Determination of the energy content of
biomass
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5.3. Agricultural biomass

This chapter deals with biomass potential assedsniem agricultural residues from both
annual crops and permanent crops and grasslandsifiSpenergy crops are considered
separately in Chapter 5.4.

Crops:
There are two groups of agricultural crop typesicWinave to be handled differently:

- annual crops: Crops that are planted and harvested during tinge saroduction
season, such as cereals, vegetables, etc.

- permanent crops Crops that occupy the land for a long periodiofetand do not
need to be replaced after each harvest, e.gtfe@s, vineyards, etc.

Following our defined boundary conditions, we ferttdistinguish two different types of
agricultural residues of both crop types that cam$ed for bio-energy production:

Primary by-products are by-products or residues of agricultural cregsch
- accrue on the field, where the plants are grown;
- have a rather low energy density and
- are rather expensive to transport.

Secondary by-productsare by-products or residues of agricultural cregsch
- accrue in a processing plant situated at a spgmifiat location (plot);
- have a rather high energy density and
- are comparably cheap to transport.

To assess the potential of these by-products mg@f biomass energy it will be necessary to
estimate the amount of e.g. straw (as the most rirapo primary by-product in European
agriculture) produced per area. This value willdependant on the amount of land covered
by straw producing crops, and the amount of stieat ¢an be produced from these crops, as
well as on the amount that will remain on the figtd re-fertilize the soil. Sustainable
management of agricultural land requires a pathefresidues to remain on the land. This
part of the residues cannot be used for bio-enprgposes. The amount left on the field
depends on the fertility of the soil type and tkquired organic matter for the forthcoming
crops planted. As a very basic approximation aalea ‘sustainability factor’ of 0.25 is often
used in statistical assessments.

It is also important to know the ‘product to resedratio’ or specific ‘residue yields’ of a
specific crop at a local/regional level. This infation can only be obtained from local
experts or from generalized statistical values €bimagricultural literature. Literature values
are usually not available at regional level and geaerally less accurate than local expert
information. Thus the values used should be basedeneral literature, but be checked for
local adaptation needs and updates by local experts

The potential of crop residues can then be estinate the basis of cultivated area and
residue yields for each specific crop:
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FBP =Y (CA* AP * PtR* Av)
where:

FBP= primary agricultural residues (e.g. straw, stalk$, in tonnes
CA = cultivated area of the crop, in hectares (ha)
AP = agricultural production of the crop, in tonnes pe hectare (t/ha)
PtR = product to residue ratio of the crop
Av = availability of residues for the crop according b current harvesting system

Equation 5: Amount of primary crop resdues

For orchards, olive groves and vineyards the yielthe land use area themselves are of little
importance to estimate the amount of biomass ferggnuse from tree pruning. It is only
useful when the number of trees or plants per hedtaknown. Combined with an average
statistical value of prunings per tree or plantetypis possible to estimate the overall residue
potential per hectare for each of these crops.rimétion on residues per hectare or plant
density is not available in the EUROSTAT or natiostatistics though and has to be provided
by local experts in the basic approach. The advhraggroach described in Chapter 6
overcomes these issues by providing estimategefpiant density.

When assessing the potential from agriculture ctiop itself is not of interest, as it is part of
the second boundary condition, i:gtilization of agricultural biomass for energy caot
interfere with use of agricultural products for fboor livestock feeding’If a crop is
specifically grown for energy purposes, it is désedl in the chapter on energy crops. In this
chapter, the residues of the crops will be asse#tssdherefore important to know which and
how many tons of residues accrue on the field aming processing of each crop. The
classification of crops containing only primarymimary and secondary residues is given in
Table 11. The crops and their major residues (pynaad secondary) are provided in Table
12.

Table 11: Crops and major residues divided into prinary and secondary by-products.

Primary only Primary and secondary
Annual Corn, cereals, potatoes, sugar beets Suer|oapeseed, rice
Permanent Orchard, vinyards olive groves, nuts

Table 12: Crops and major residues divided into prnary and secondary by-products.

Crop Primary by-product(s) Secondary by-product(s)

Olives Branches, grass Pressing cake, stones igi¢ ol
oil is produced)

Sunflower Stalks and leaves Sunflower husks

Rapeseed stalks Pressing cake

Maize/Corn Corn stover (stalks and leaves) -

Vineyards/Wine Branches mash

Cereals (wheat, rye, barley, oat) Straw, stalks -

Potatoes leaves -

Orchards Branches, grass Pressing cake (onlyitfjéiae
is produced)

Sugar beets leaves

Rice Stalks and leaves Rice husks

Nuts Branches, leaves Nut shells
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The ‘basic approach’ is called basic as it reliesegristing European remote sensing products
and on available agricultural statistics to astiesdiomass potential of different crops and on
different spatial scales. Hence the RS componeatrather straight-forward and less time-
consuming approach, standing in contrast to theensmphisticated ‘advanced approach’
described in Chapter 6. The methodology basicalhsists of spatially integrating statistical
data with selected land cover classification raesulhe output is a map of total biomass for
energy. It is based on agricultural statisticalreal of administrative units (NUTS) which are
attributed to pixel via remote sensing based laoswkc classifications and product to residue
ratios. These biomass-for-energy-maps therefore flavwnuch higher spatial resolution as
region based statistics. The overall accuracy efgpatial distribution is dependent on the
thematic and spatial resolution, as well as theimum mapping unit of the land cover
classification used. The schematic system of thscbapproach is shown in Figure 6. The
final step of switching from biomass amounts torggecontent by use of energy conversion
rates is described separatelydinnex 5: Determination of the energy content ofrtaies

Local Expert Input:

Due to the very large regional differences in agtical production methods and natural
settings, many parameters for estimating the bisnpadential will have to be defined by
regional or local experts. Many agricultural paréene cannot be harmonized without
falsifying the results. Thus harmonization shouddumderstood in terms of harmonizing the
methods, but not averaging values all over Europe.

The following table (Table 13) gives an overviewatiflocal expert inputs which are needed
or are advantageous for the calculation of the hssmpotential from agricultural residues
(excerpt from Table 29).

Table 13: Local expert knowledge needed for agrictural biomass assessment.

ID Input short Explanation Example
Al | Index values for DTM Each parameter can be subdivided intodex values from
derived parameters:meaningful classes. The number of classe0id  for  each

elevation, slope and aspecbpen. For each class, an index should| parameter and eagh
Needed for each crop typeassigned between 0 (no growing) and 1 (besbp
on local/regional scale growing condition).The sum of index values
per parameter does not have to sum up to 1.
No common unit definition applies.

A2 | Index values for soil Each parameter can be subdivided infoil index between
parameters: Needed fpmeaningful classes. The number of classe0id for each crop
each crop type onopen. For each class, an index should| be

local/regional scale assigned between 0 (no growing) and 1 (best

growing condition).The sum of index valuges
per parameter does not have to sum up to 1.
No common unit definition applies.

A3 | Local product to residugEach crop is attributed a local product|te.g. 1/4

ratio for each crop residue ratio depending on the plant

physiognomy, on the crop quality, on théne 4th is
amount of e.g. straw left on the field andgricultural crop
other parameters. product, 3/4th are
residues)

A4 | Conversion values farThe energy content for each residue (s€®nversion value:
residue biomass to energy| separate list of residues) has to be evaluated.
Average statistics exist in scientific literatures.g. kilojoules per
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but values may differ significantly locally
One important issue is the water content
the biomass, which significantly reduces 1
energy content per ton of biomass.

ton of biomass for

thedministrative

gach residue at

level x (NUTS-x)

A5

Conversion values for crapThe

biomass to energy

energy content for each cr
(=agricultural product) has to be evaluat
Average statistics exist in scientific literatu

energy content per ton of biomass.

but values may differ significantly locally
One important issue is the water content
the biomass, which significantly reduces tredministrative

ogonversion value:
ed.

res.g. kilojoules pet
ton of biomass for
gach crop at

level x (NUTS-x)

A6

Plant/tree
information

density Plants per ha. Needed for estimating

biomass from permanent crops

thdants/trees per ha

A7

Amount of residues in tonsResidues per plant/tree in tons. Needed

per plant/tree

estimating the biomass from permanent cr

foons of biomass
opsr plant or tree

A8

Soil-related reduce

extraction

dThese thresholds define restrictions

Unit: percent of allowed extraction

biomass extraction based on the soil types

&fery shallow soils;
. No extraction
Shallow soils: only
40% extraction

All  other soils:
80% extraction

A9

Sustainability factor

biomass from primary residues must rem
on the field for soil fertilization an
sustainable production. ATTENTION: |
case this value is already considered in

not be used again.

The sustainability factdefines how much Expressed

product to residue ratio (A3) this value mus$t.25 or

as
aimeight or
d percentage:

n

tBxample:

25% of residues
must remain on th
field

19%)

Al10

Weights  for

production These weights determine to what extent

values for each parameteradditionally used parameters influence

elevation,
soil, ...

aspect, slop

eproductivity of crop i at administrative lev

common unit definition applies.

X. The weights must sum up to 1. No

dlevation: 0.2
thspect: 0.1
elSoil: 0.7

In this case the so
has the Ilargest
influence on
productivity of
crop i in region X.

Grasslands:

Grassland products are already used for energyptioth in a number of European regions.
There are several forms of deriving bioenergy frgmassland products, which include
gasification, pyrolysis, hydro thermal upgradingr(®) or biogas production and possibly the
production of fuels for transportation. In Switzertl, the Netherlands, Germany and
Denmark bio refineries which use grassland prodingtge already been developed. In
Germany the ‘surplus’ grassland biomass is loazdlyd as an additional energy source. It has
been shown that this ‘surplus’ grassland biomassb&aused as either substrate for biogas
plants or for combustion devices.

The main grassland products relevant for bioenargy(EEA):

1. Fibres which are used for materials of thermal epsion for heat and electricity
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2. Sugars, which are converted to bioethanol

However, there are yet only few studies focusingbayenergy potentials specifically for
grasslands. Several research studies clearly shatthe usage of available grassland could
prove to be a significant contributor to the enemgy used.

[Tilman et al., 2009] state that biofuels derive@nfi low-input high-diversity (LIHD)
mixtures of native grassland perennials can provitwe usable energy, greater GHG
reductions and less agrichemical pollution per drecthan corn grain ethanol or soybean
diesel as they can be produced on agriculturalyratted lands and thus don’t impact food
production or weaken the biodiversity. The energgtent of grassland products is estimated
at 90 GJ per hectare per year.

In order to draw concrete and more straightforwaoticies in this aspect, further research is
recommended. Systematic assessment of the avagat#atial is required for the European
region in order to obtain a good overview of thesgbilities for economically and
environmentally sustainable utilization of this éypf biomass. CEUBIOM supports this need
by defining a basic approach for grasslands antlpess which is similar to the methodology
used for the estimation of biomass energy fromlari@nd crops. The approach will be based
on the statistical data (from either EUROSTAT oe tiational statistical data centers) and
land use classifications including grasslands aeparate class. Within the GEOLAND2
classification grasslands was always intended ttrdeted as an individual class. The new
developments within GEOLAND2 suggest that this €lagll be subdivided into two
grassland categories: intensive and extensive lgrats (always including pastures).
Therefore, we recommend using this homogeneous GEDI2 classification as the main
classification source once it has been implemented.

The method described in this chapter still relissaocgeneral grassland layer, however, it can
easily be adjusted for using two grassland clastesses by applying different LEK and
statistical values. A classification with higheethatic resolution as currently envisaged by
GEOLANDZ2 would then enable a more accurate apprakhe statistical data sets currently
available are at a higher thematic resolution ti@nexisting remote sensing based layers for
grassland.

Currently EUROSTAT hierarchically lists the followg classes for grasslands:

- Temporary grasslands and grazings
o Grasses
o Grazing

- Permanent grasslands (pastures and meadows)
o Permanent meadows
o0 Permanent pastures
= Grasslands
= Common pastures and heathland

Data on permanent grasslands and temporary grdsataravailable at national, NUTS-1 and
NUTS-2 level for land use area. But for the mor@amant production statistics (in tons per
ha) data are only available at national level. &#bsubdivisions of temporary and permanent
grasslands only data on national level is availdhteugh EUROSTAT. In some partner

countries regional statistics will be availableotigh the national data centers. The non-EU
partner countries that are not listed in EUROSTAIThave at least national statistical data
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available through their national data centers. Areraew of available data through
EUROSTAT is given in Table 8.

The methodology described in this chapter is basedhe national grassland yield data
available through EUROSTAT. If a higher spatialolesion is needed, regional yield data
from national statistic centers can be used instElae methodology remains identical.

Workflow:

The following paragraphs describe the processingfloov for all three agricultural biomass
types (annual crops, permanent crops and grasslendpore detail. Three different
processing schemes are distinguished dependingeaype of crop:

1. ‘Annual crop residues’ for which production statistand product to residue ratios are
the most significant information. These crops idele.g. all cereals, potatoes, sugar
beets, sunflowers, oil flax, dried pulses.

2. ‘permanent crop residues’ (i.e. vineyards, orchamls/e groves) for which the
number of trees per ha and the amount of biomasglaet/tree is the most significant
information.

3. ‘grasslands’ for which production statistics (ag tamount/percentage needed for
livestock fodder) are the most significant inforroat
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Annual crop residues
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National DTM/SRTM production statistics Local Expert
of crop i per pixel in adminis- :
* trative boundary x and class LE Knowledge for @
@ ) ’ Crop 1:
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level x at administrative level x at administrative level x

Figure 6: Processing chain for basic agriculture biomass (primary and secondary
residues) from “arable land” crops (e.g. all crops except olive trees, vineyards
and orchards).
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. Check the availability of agriculturatatistical data for the required crops and at the
highest level of spatial (administrative) resolati@he highest existing resolution should
always be preferred. The hierarchy is as follow&lTiS-3 -> NUTS-2 -> NUTS-1 ->
national data. All of the data should be at theesagministrative level for each crop type.
If the assessment is only carried out every fewsyetiis recommended to use average
values for the selected time-period. For ‘arabtelldhe most important statistical value is
the ‘total production value’ per crop typERV crop ).

. Depending on the spatial level chosen for the afjtical statistics, the required NUTS
boundary maps (shapefile) have to be downloadedn frthe related website
(http://cidportal.jrc.ec.europa.eu/thematic-portadsi4cast).

. Choose thdand cover classificationwhich best suits the agricultural classes from the
statistics and which has the highest spatial réisoluand is most up-to-date. In many
cases this will be the national LCC. The CORINE LE€D also be used as remote sensing
based input. The processing scheme in this docummérised on the CORINE LCC, as it
is comparable between different countries.

. Data from 1), 2) and 3) are integrated iGES to create a production value of crop i for
each pixel defined as class ‘crop 1’ (if existimgliCC). Each production value for crop i
in NUTS region x is first attributed to the corresging spatial area defined by the NUTS
region map. To further refine the spatial restig integration with the LCC is followed.
As most relevant crops in CORINE LCC fall under ttess ‘arable land’, the production
values of crop i among all pixels defined as ‘agdahd’ will equally be distributed. Now
each pixel defined as ‘arable land’ in CORINE LC&3been attributed a value calculated
by Equation 6. In case the LCC only contains thassl‘arable land’ without any
subdivision, each crop available in the statistuil$ be distributed to each ‘arable land’
pixel. This would result in multiple crop residuesr pixel, which is certainly not true for
one specific point in time, but reflects the sitoatover several years or — in case of catch
crops — even over one year (see also step 13)iflgrta subdivision into separate crop
types would be beneficial; however, if this infoioa is not available, it cannot be used
in the basic approach. In case this informatioerigial, the advanced approach should be
used.

PF’Vcropi (region X) = P&ropi (region X) / NrPCfo\rable Iand(region X)
where
PPV.opi (region x) = Pixel production value of crop i in rgion x
PS.opi (region x) = Production statistic of “crop i” in region x

NrPC 4abie 1and (region x) = Number of pixels in class “arable lad” in region x

Equation 6: Calculation of PV for each crop and each pixel

. From DTM, elevation classes and aspect maps (see Annexléul&ion of Slope and
Aspect) can be derived, which are later used asitinp set boundary conditions
(threshold) by local experts.

. National or Europearsoil maps are integrated, which are later used as inputeto s
boundary conditions.

. Based orlocal expert knowledgeseveral indexes (ranging form 0.0 (not suitabde).O
(ideal)) are produced determining growing condgiaepending on a) elevation criteria,
b) aspect criteria; c) soil criteria. The soil ind&hould follow the same classes used in the
soil map.
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The local expert has to define weights for eachhefthree parameters soil, aspect and
elevation. These weights reflect the influence adheparameter on the crop growth. The
values have to be between 0 and 1 and have to pumaxactly 1.
8. The results of step 4 — the pixel based valuese—naw refined with the local expert
defined indexes and weights. Each pixel is mubgbliwith an index value based
multiplication factor, in such a way, that the aleragricultural statistics values do not
change. An example of how to use a soil and elenatidex is given below.
Example: Calculation of refined production valuer pexel and crop (PPdop ) with
boundary condition indexes (soil and elevation).
Red: Inputs from statistics
(TPV = Total production value for crop i (e. g. TRy 1= 1000 t)
Turquoise: Inputs from soil map/ elevation clasg@sels per class
Dark green: Input from land cover map: Total niopigels with arable land = 100
Yellow: Local expert knowledge

Table 14: Example calculation of refined productionvalue per pixel and crop using soil boundaries

Soll area Index (0| Intermedi | MF avP Vg per | Total PV per
(pixels) =worst; | ate result| calculation | pixel per class | class
1 = best| (no unit) = MF * Index | = avPV,* area
soil)
Perman | 5 0.2 1 4.4 22
ently areays inde)(/\/s Plys avPWys PVws
wet = MF *|= avPVs -
?0';5 indexys areays
Sandy | 10 0.2 2 4.4 44
soils areas inde)@;s PISS aVPVSS PVSS
(s9 = MF * indexss | = avP\ks -areas
Shallow | 8 0.5 4 11 88
soils areans indexg,hs PIShS aVPVShS PVShS
(sn9 = MF *|= avwPVs -
indexshs areans
All 77 0.5 (no| 38.5 11 847
other aream info, e.g.| Plyn avPVy PV
soils assumpti =MF *indexy, | = avPVyy -«
(otn) on = areamn
average)
Total 45,5 ~22
Sum of | Multiplicati
pixels by| on factor
index (SPI) | (MF)
=Y (PIx) = TPV/SPI

Table 15: Example calculation of refined productionvalue per pixel and crop using elevation boundaeis

Elevati | area Index (0| Intermediat| MF avVPVeevation Per| Total PV per
on (pixels) = worst; | e result (no calculation | pixel per class | class
1 = best| unit) =MF *Index | = avPVievation *
soil) area
High 40 0.2 8 2.94 22
ele- areqe inde)q."; Plye avPVue PVws
vation =MF*indexe | = avPMys ~«
(HE) areays
Low 60 1 60 14.7 44
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inde)ﬁ_E Pl e avPVie PVss
= MF *indexg | = avP\Vs-areas

ele-
vation

68 ~14.7
Sum of | Multiplicati
pixels by| on factor
index (SPI)| (MF)
=>(SPIX) | = TPV/SPI
Under the assumption that both factors (soil aegatlon) influence the TPV to the same
extent (0.5/0.5), the calculation for each pixedase by:

(aVPVsoil + aVP\éIevatior)/ 2

The value calculation for a pixel assigned to tas<‘low elevation’ with a ‘shallow soil’
would thus be calculated by:

(aVPVShs‘F aVP\,{_E)/ 2
ie. (11+14.7)/2 = 12.85

In case of different weights (Myy for the different influencing parameters (soil,
elevation), Equation 7 applies. Note that the wesidgtave to be between 0 and 1 and have
to sum up to 1.

aVPVCropi = Z(aVPVParx * WParx * NOinPar)/ NOinPar

where

avPVq,i= average production value per pixel per crop i

avPVp, = average production value per pixel per crop i irparameter x
Wparx = Weight of parameter x

Noipar = Number of input parameters

Equation 7: Production value per pixebf crop i

Example:
Under the assumption, that the soil influence & 2hd the elevation influence is 70%, a

pixel in the ‘low elevation’ class with a shallowikwould be calculated by:
NOinpar = 2 (s0il, elevation), \A4i = 0.3, Wjevation= 0.7

(aVPVShS* Wsoil * NOinPar+ aVPV_E * Welevation* NOinPal)/ NOinPar
(11*0.3*2+14.7*0.7*2)2=14.91

9. The ‘product-to-residue-ratio’ for most crops has a high spatial variability ahds
should be set by a local expert. If no expert imfation is available averaged values from
literature can be used as well.

10.Based on the ‘product-to-residue-ratio’ for crophgamount of residuesper pixel can be
calculated.

11.Using local expert conversion factors the energy content of the calculated agricultural
residues of crop i per pixel is calculated.

12. Steps 1-11 are repeated for each crop type growthe region in order to have a
complete estimate of primary residues and theirggnealues.

13.For each pixel defined as ‘arable land't@al energy value for primary residues is
calculated by adding all energy values for thisepifkom each specific crop calculation
(step 12).-> Product AM1
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14.Steps 14-17 consist of calculating the additioeabsdary residues resulting from ‘arable
land’ crops in region x for crops i and integratitihgem in the overall biomass energy
calculation. The amount of secondary residues frodustries is provided by national
statistics or from local experts.

15.The energy contentof each secondary residue at the administrativel ke needs to be
calculated based on local expert knowledge. Sagex 5: Determination of the energy
content of biomass

16. Sum up the energy content from all secondary vesidt the administrative level x.

17.The total amount of biomass energyfrom all crop residues (primary and secondary)
contained in class ‘arable land’ is calculated dgliag the sum of all pixel-based energy
values from the primary residue map and the plsetaotal biomass energy value from
secondary residues.
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Figure 6: Processing chain for basic agriculture biomass (primary and secondary
residues) from “arable land” crops (e.g. all crops except olive trees, vineyards

and orchards).
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Workflow for residues and biomass energy from ‘pament crops’:

1)

2)

3)

4)

5)

Check the availability of agricultural statistiodita for the required crops and at the
highest level of spatial (administrative) resolatioThe highest existing resolution
should always be preferred. The hierarchy is devi@: NUTS-3 -> NUTS-2 -> NUTS-

1 -> national data. The data should all be at #mesadministrative level for each crop
type. If the assessment is only carried out evewy years, it is recommended to use
average values for the selected time-period. Thst impportant statistical information
for permanent crops is “area” per crop type.

Depending on the spatial level chosen for the afjtial statistics, download the
required NUTS boundary maps (shapefile) from
http://cidportal.jrc.ec.europa.eu/thematic-portaisi4cast/

Choose the land cover classification which bestssihie agricultural classes from the
statistics and which has the highest spatial résoliand is most up-to-date. In many
cases this will be the national LCC or the CORINEQ

Local Expert Knowledge: Since most primary resid(stgems, branches, twigs, leaves)
with biomass relevance from orchards, vineyardsaive trees are not harvest related,
but rather dependent on the number of trees, tha@uption statistics (of orchards) have
a limited relevance for biomass assessments framameent crops. Since statistical data
on the number of plants per hectare is not avalablEUROSTAT or national level, it
Is necessary to involve local experts in the assestsof plant density per hectare. The
plant density combined with knowledge on the amadmesidues per plant will give an
average amount of residues per hectare. Data camtbent of residues per tree per crop
type can be found in the literature or values hi@vee defined by a local expert. By
multiplying the area (in hectares) of crop i witie taverage amount of primary residues
per hectare of crop i, we obtain a total amounprohary residues of crop i within the
administrative boundary x.

The workflow of step 4 can be summarized by thfahg formula:

TPRV perop i (region x) = PSyeropi (region x) * ERV peropi (region x)
where
TPRV peropi (region x) = Total primary residue value of “pcropi” in tons in region x
PSicropi (region x) = Area (land use) statistic of “pcrop’iin region x

ERV peropi (region x) = Estimated residue value of crop i pehectare in region x

Equation 8: Calculation of PV for each crop and each pixel

We now integrate the data from 1), 2), 3) and 43 i61S to create a primary residue
value (PRV) in tons of residue per crop i for eqtkel defined as class ‘permanent
crop’. This means: Each pixel defined as ‘permanaops’ is attributed a region
specific averaged residue biomass value from ALtm@ament crops (e.g. olives trees,
vineyards, orchards) cultivated in the region. Egkan A vineyard defined as
‘permanent crop’ will also be attributed a biomaatue for olives and orchards if these
exist at the same administrative level. The bagpr@ach without a land cover
classification distinguishing between the differpetmanent crop types cannot attribute
the residues for vineyards and orchards accordiniflyational LCCs with higher
thematic resolution are used, this problem canveecome. Many spatial data bases on
national or regional scale exist for olive groves avineyards (e.g. OLIAREA, for
details see advanced approach).
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In step 4) the total primary residue value (TPR&) déach crop type is calculated. The
total amount per crop type is now equally distrdslutamong all pixels defined as
‘permanent crops’. By doing this, a pixel-baseddes value will be obtained. This is
done separately for each crop type.

The workflow of step 5 can be summarized by thiovahg formula:

PPRVyeropi (region X) = TPRV yerop i (fegion X) / TNPyerop (region x)
where

PPRVpeop i (region x) = Pixel-based primary residue value of gcrop i” (permanent crop i) in
tons in region x

TPRV erop i (region x) = Total primary residue value of “pcropi” in tons in region x

TNP 0 (region x) = total number of pixels defined as clas“permanent crops” in GEOLAND
LCC

Equation 9: Calculation of PV for each crop and each pixel

FromDTM, elevation classes and aspect maps (see Anneal@ul&tion of Slope and
Aspect) can be derived, which are later used astin@ set boundary conditions
(threshold) by local experts.

National or Europeasoil mapscan be integrated, which are later used as inpset
boundary conditions.

Based orocal expert knowledgeseveral indexes (ranging form 0.0 (not suitalie).0
(ideal)) are produced determining growing condiialepending on a) elevation criteria;
b) aspect criteria; c) soil criteria. The soil ird&ghould follow the same classes used in
the soil map.

The local expert has to define weights for eackhefthree parameters soil, aspect and
elevation. These weights reflect the influenceasfreparameter on the crop growth. The
integration of other parameters, such as pruninghoas, can be integrated in the same
way. The values have to be between 0 and 1 andtbhaen up to exactly 1.

The results of step 5 — the pixel based residueegal are now refined with the local
expert defined indexes and weights. Each pixelu#tiptied with an index value based
multiplication factor, in such a way, that the alengricultural statistics values do not
change. An example of how to use a soil and eleratidex is given below.

Example: Calculation of refined residue value per pixel amdp (PPRVcrop i) with
boundary condition indexes (soil and elevation):

Red: Input from statistics (TERV = Total Estimateésidue Value. E.g. 1000t)
Turquoise: Inputs from soil map/ elevation clas$@gels per class

Dark green: Input from land cover map: Total nopixkls classified as ‘permanent
crops’. E.g. = 100 pixels

Yellow: Local expert knowledge
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Table 16: Example calculation of refined productionvalue per pixel and crop using soil boundaries.

Soil area Index (O | Intermedi | MF avRVy,; per | Total RV per
(pixels) =worst; | ate result| calculation | pixel per class | class
1 = best| (no unit) =MF *Index |= avRVgi
soil) area
Perman | 5 0.2 1 4.4 22
ently areays indexNS Plws avRVys RVws
Bt = MF *|= avRWs -
?O')'S indexys areays
Sandy | 10 0.2 2 4.4 44
soils areas inde)@s Plss avRVsg RVss
(s9 = MF * indexs | = avRVss -areas
Shallow | 8 0.5 4 11 88
soils areans indeXshs | Plsns avRVgys RVshs
(sn9 = ME *| = avRVgs
indeXghs areans
All 77 0.5 (no|38.5 11 847
other | aregy info, €.9.| Plon avR Vo RVorn
soils assumpti =MF *indexy | = avPVhy -
(orn) on = aregmn
average)
Total 45.5 ~22
Sum of | Multiplicati
pixels by| on factor
index (SPI) | (MF)
=2(PIx) =
TERV/SPI

Table 17: Example calculation of refined productionvalue per pixel and crop using elevation boundarg

Elevati | area Index (0| Intermedi | MF avVRVejevation Total RV per
on (pixels) =worst; | ate result| calculation | per pixel per | class
1 = best| (no unit) class = avRVeevation *
soil) = MF * Index | area
High 40 0.2 8 2.94 22
ele- areqe inde)ﬁ-"g Pl avRVue RVws
vation =MF *indexe | = avRWys «
(he) areays
Low 60 1 60 14.7 44
ele- areqg inde)ﬁ_E PILE aVRVLE RVSS
vation = MF *indexg | = avRVss-areas
(L)
Total 68 ~14.7
Sum of | Multiplicati
pixels by| on factor
index (SPI) | (MF)
=Y(SPIx) | =
TERV/SPI

Under the assumption that both factors (soil aedatlon) influence the TPV to the same
extent (0.5/0.5), the calculation for each pixedase by:

(aVPVsoiI + aVP\éIevatior)/ 2
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The value calculation for a pixel assigned to tlas< ‘low elevation’ with a ‘shallowoil’
would thus be calculated by:

(aVPVShs‘F avP\,{_E)/ 2
ie. (11+14.7)/2 = 12.85

In case of different weights (M¥y for the different influencing parameters (soil,
elevation), Equation 12 applies. Note that the Wsidhave to be between 0 and 1 and
have to sum up to 1.

avacropi = Z(aVPVParx * WParx * NOinPar)/ NOinPar

where

avPVq,i= average production value per pixel per crop i

avPVp, = average production value per pixel per crop i irparameter x
Wparx = Weight of parameter x

Nonpar = Number of input parameters

Equation 10: Production value per pixebf crop i

Example:

Under the assumption, that the soil influence & Zhd the elevation influence is 70%, a
pixel attributed to the ‘low elevation’ class anket‘shallow soil’ class would be
calculated by:

NOinpar = 2 (soil, elevation), 4 = 0.3, Whievation= 0.7

(avPVshs* Wil * NOinpar+ aVPM e * Welevation* NOinpa)) / NOinpar
(11*0.3*2+14.7*0.7*2)2=14.91

10)Definition of energy conversion values for permanemp primary residues by local
experts or scientific literature (see also Anne&termination of the energy content of
biomass).

11)Based on théocal expertor literature information on energy conversionues we can
now calculate the amount of energy from permaneag esidues of crop i per pixel.

12)Steps 1-11 are repeated for each permanent crepgtgovn in region X in order to have
a complete estimate of primary residues and theargy values. For each pixel defined
as ‘permanent crops’ a total energy value for primmasidues is calculated by adding all
energy values for this pixel from each specifigctgpe calculation.

13)Steps 13-16 consist of calculating the additioredlosdary residues from permanent
crops in region x for all crops i and integratirigen in the overall biomass energy
calculation. The amount of secondary residues firmastries will have to be provided
by national statistics or from local experts.

14)The amount of energyderived from each secondary residue at the adiratiise level
X needs to be calculated based on local expert letipe or averaged values from
literature. For conversion values and methodologg/Annex 5: Determination of the
energy content of biomass.’

15)The total amount of biomassenergy at the administrative level x is calculated by
summing up all energy values for the secondarglues of each crop i from step 15.

16)The total amount of biomass energyin region x from all permanent crop residues
(primary and secondary) contained in the classvaent crops’ is finally calculated by
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adding the sum of all pixel-based energy valuemftbe primary residue map and the
plot-based total biomass energy value from secoriddustrial residue products.

5.3.2.Biomass from grasslands

Land Use Classification Maps Statistical data
- National LCC @ Administrative @ - grassland production @
- Geoland2 Land Cove boundary maps at in t/ha
classification (class “grass- level x: NUTS-3, (- grassland area in ha)
lands” NUTS-2, NUTS-1, (- grassland yield in t/ha)
- (CORINE LCC) national
all at same administra-tive
+ \ 4 level & averaged
Additional RS data Caleulate map with @
: - ; production statistics of Local Expert
/SRT) R ..
National DTM/SRTM grass per pixel in administra-
* tive boundary x and class LE Knowledge: @
e 2rassland”
Calculate aspect, - define index values for aspect
and elevation @ * - define index values for elevation
classes ' X . classes
Ref?nc? A ch pm(-:luctlon - define index values for soil
Add I g statistics by elevation quality
itional map info i ot ‘ i
= m":‘f .x.daspen.t i - define weights for the influence
Soil map b2 ..> of aspect, soil and elevation
(national/European) *
Calculate map available LE Knowledge: @
yield in t per pixel based on ‘- - availability index (amount
expert knowledge available for bioenergy use)
* LE Knowledge:
- Conversion factors from tons of
Calculate final map of energy content per pixel for biomass to energy in kilojoule (or
primary residues of crop i @ similar)

Figure 8: Processing chain for basic grassland biomass.

Processing chain:

The processing chain for grasslands is identicttedirst 11 steps as outlined in chapter 0 on
annual crop residues. There are a number of difée® in the input data and the expert
knowledge required though. Instead of repeatingetiitre processing chain for grasslands,
we refer to chapter O and focus on the differeietaeen the two processing chains here:
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Step 1. Input data is the grassland statisticslavai through EUROSTAT. 1t is
necessary to add together both the production satuéons per ha for temporary and
for permanent grasslands.

Step 2: EUROSTAT data for grassland productionvalable at national level only.

If data at higher spatial resolution is availalbiheotigh national data centers then
NUTS boundary maps will have to be included.

Step 3: From the GEOLAND2 LC classification thesslagrasslands’ can be used as
RS classification input. If the GEOLAND2 consortiumplements a higher thematic
resolution in their final grassland layer, - seesalgtion above - a further
differentiation of grassland types is feasible,l@sy as these classes are congruent
with the EUROSTAT grasslands statistics. In cassy tare not congruent, transfer
functions can be set up, but this would need some etailed investigations on the
relation between temporal/permanent and intensit@fisive grasslands and their
respective yields.

Steps 4-8 are identical to the annual crop regumiaeessing.

Step 9: Instead of the ‘product-to-residue ratieeded for the assessment of crop
residue biomass, we need to know the amount ofdrest is not used for livestock
feeding or other purposes and which can be uselidoenergy purposes. While it is
agreed among the scientific community that grasislgirovide a valuable source of
bio energy, there are still many discussions cariogrthe available energy from
grassland biomass and it has been shown that enagyes and the available
production of grass for energy purposes vary camallly at each specific site
(Tilmann et al., 2009; Rosch et al, 2009). Furtlesearch is still needed to solve these
issues. In order to account for these site speeé#i@tions it is currently necessary to
rely on local experts to define the amount of gragailable for energy purposes
(index value).

Stepl0: identical to ‘annual crop residues’ process

Step 11: the conversion factor for grassland biemagrassland bio energy is largely
based on water content, grass type and growingitbmmsl These are site specific
values and are best assessed by local expertsraBeee values can also be found in
the scientific literature, e.@ttp://www.vt.tuwien.ac.at/Biobib/biobib.html
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5.4. Energy crops biomass

Certain tree species and agricultural crops haeepthtential to produce large amounts of
biomass per unit of area occupied. These vegetdtipas are of particular interest for
systematic fuel production. The typical energy sropn be divided into five groupsoody
plants, starch crops oil seeds sugar cropsandgrasses However, the products of some of
these vegetation types also can be used as fooohdoistrial feedstock. Therefore a
competition between food and biomass use is toxpeated in some cases. For example,
agricultural crops are primarily grown for food amimal feeding, grasslands are often used
for grazing and woody forest biomass is used byluh#er industry. This section will focus
on vegetation types providing a high energy yidldt without a currently competitive use
beside biomass production for energy, which arayodainly SRC and energy grasses.

Starch crops, sugar crops and oil seeds are nagyensps per se, but used mainly for other
purposes (food, fodder). Only within the last dessadthe use of such crops for energy
purposes is increasing. New species, such as tkieale speciesTritosecale sp.became
more important. Triticale is a man-made hybrid gggaesulting from the crossing of wheat
(Triticum sp) and rye $ecale sp. The species was the result of efforts to imtheewheat
crop with the resistances of rye to environmenttalss factors and diseases. Originally it was
aimed for food production, however it also saw aseanimal feed and is nowadays used as an
energy crop. Especially for oilseeds, the use fargy purposes is not congruent with the
defined frame conditions as Europe is importingidaamounts of oil and fat for food. This
situation can of course change in future. Withia @EUBIOM basic approach, these crops
can only be treated statistically due to the ugagblem given above.

The following sections give a short overview on SR@ energy grasses, as those are the
ones with currently the least competitive use,ofoltd by a proposal for a basic statistical
approach. The reason for not integrating remotsisgnn this approach here is the lack of
operational or at least well tested tools and theblpm of usage. The problem of usage
occurs, as it is not possible to assess from res®ging, whether a crop is used as energy
crop or whether is used for food or feeding. Foatigtly explicit methods using remote
sensing technology, the reader is referred to thvareced approach on energy crops, where
some fairly well developed approaches for TriticAigscanthus and SRC are given, although
the usage issue still remains unsolved.

5.4.1.Woody energy crops: Short rotation coppice (SRC)

Short rotation coppice (SRC) is an adjusted metbbdhanaging woodland consisting of
vegetation types with high energy-yielding biomalse most common species used in such
systems are WillowSalix sp) and PoplarRopulus sp.varieties. Willow is densely planted
with 15,000 plants per hectare, while Poplar mgrarsely at 10,000 — 12,000 plants per
hectare. Harvesting of the woody biomass takeseplaenore frequent intervals for Willow,
between 1 and 5 years usually, as opposed to & Yer Poplar. The initial establishing
period for both vegetation types is about 4-5 yeafter harvesting, they regenerate from the
stools, which are expected to survive 5 rotatidrisast. Yield is quite variable and it depends
on plant genotype and environmental conditions,amnat average production is about 4.9 to
10.7 over-dry tonnes per hectare per year (Ayiotale 2008).

The development of SRC for renewable energy praoludgs a new sector with potential for
considerable expansion, offering benefits for gn®wedevelopers, consumers, local
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communities and the environment. Planting in tvaws allows harvesting of two rows at a

time, usually using direct cut and chip methodssdaech is continuing into the optimum

spacing between varieties. It is one of the facttmgether with better pest management,
which may lead to increased productivity. Convertaxisting arable land to SRC will reduce

the amount of agricultural chemicals required a€ $Ra low input crop: once established it
requires a very much lower input of chemicals tbanventional arable crops.

Table 18: Typical data on short rotation coppice inEurope

Species Willow Poplar Robinia

Part of Europe Scandinavia, | Central Europe| Mediterranean Europe
British Islands

Crop density stools/ha 18-25,000 10-15,000 8-12,000

Rotation years 3-4 1-3 2-4

Av. butt diameter at 15-30 20-50 20-40

harvest (mm)

Av height at harvest 3.5-5.0 2.5-7.5 2.0-5.0

(m)

Growing stock alf 30-60 20-45 15-40

harvest (fresh tons/ha

Moisture content (9 50-55 50-55 40-45

weight)

The system used to harvest, store and transporS®@ crop depends on the scale of the
operation, the specification of the end user ahdst of local factors such as access and road
size. SRC is usually harvested after two to fivargeof growth. The average harvesting of
SRC, using a chipper or mechanical harvester,dara three hectares a day, depending on
the type of harvester used and the size and layfabe plantation. With this in mind, it might
be possible to have three different age-class&&R6f in one 10-hectare field.

There are two main systems for harvesting SRC:

« Direct cut systems are based on principles usedtfar agricultural crops, where the
whole crop is cut and chipped or billeted in oneragion. This system is most likely
to be operated by contractors or grower co-operativecause of the initial high
investment in machinery. Less expensive tractor ntexliversions are also available
and may be feasible for smaller operations.

« Stick harvesting systems involve a number of opmnatbefore the chips are available
for use. Sticks are cut with one pass of eitheel&mopelled or trailed machine,
which are less expensive than cut and chip hamgestée sticks are then laid on the
headland. From here they are loaded onto a traeithr suitable attachments and
transported to the farm storage area, where theegtacked and stored.

5.4.2.Energy grasses

Perennial grasses are widely used as fodder cnogpshave in former times significantly
contributed to the energy supply on farms. Sinee rthid-1980s there has been increasing
interest in the use of specific perennial grassesrmergy crops through a number of modern
energy conversion routes.

The characteristics which make perennial rhizomatgnasses (PRQ@ttractive for biomass
production are their high yield potentials, the hhiggnin and cellulose contents of their
biomass and their generally anticipated positiveirenmental impact. Because the need for
soil tillage in perennial grasses is limited to ylear in which the crops are established the risk
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of soil erosion is significantly lower than in ammhiwcrops and soil carbon contents increase.
The rhizome system of perennial rhizomatous grasdlesvs them to recycle and store
nutrients. This results in very efficient use otrmrents and low demand for fertilizers. Since
few natural pests occur they may also be produdd#dlittle or no pesticide use. Studies on
flora and fauna showed that perennial rhizomatotsssgs increase the abundance and
activity of different species, especially birds, mmaals and insects. Perennial rhizomatous
grasses can therefore contribute to the ecologresle of agriculture and function as
landscape elements.

Table 19: An overview on perennial grasses tested &nergy crops in Europe and the reported yields.

Common Latin name Photosynthetic | Yields reported
English name pathway

[tdry

matter/halyear |
Miscanthus Miscanthus spp. C4 5-44
Switchgrass Panicum virgatum L. C4 5-24
Giant Reed Arundo donax L. C3 3-37
Reed canarygragsPhalaris arundinacea L. C3 7-13
Meadow Foxtail | Alopecurus pratensis L. C3 6—-13
Big Bluestem Andropogon gerardii Vitman C4 8-15
Cypergras, Cyperus longus L. C4 4-19
Galingale
Cocksfoot grass | Dactylis glomerata L. C3 8-10
Tall Fescue Festuca arundinacea Schreb. C3 8-14
Raygras Lolium ssp. C3 9-12
Napier Grass Pennisetum purpureum Schum C4 27
Timothy Phleum pratense L. C3 9-18
Common Reed | Phragmites communis Trin. C3 9-13
Sugar cane Saccharum officinarum L. C4 27
Giant Cordgrass/ Spartina cynosuroides L. C4 5- 20
Prairie Cordgrass$ Spartina pectinata Bosc. C4 4-18

Source: Lewandowski et al., 2002

The choice of the appropriate location is the nigtortant factor driving the biomass yields
of the grasses. Miscanthus (Miscanthus spp.), bgitss (Panicum virgatum), reed
canarygrass (Phalaris arundinacea) and giant Aeeahdo donax) are particularly interesting
for the following reasons:

+ their high biomass yield potential

« the concentration of the yield in one harvest, daldyed harvest is possible

- their persistence and yield stability

« their efficient use of resources and low input dedha

« the benefits of their rhizome systems.

Many of the tested C3 grasses shown in the talmeeabave a high potential, but high yields
are only obtained with multiple cutting systems aigh nitrogen input. A delayed harvest of
these grasses is not possible due to lodging. The §rasses mentioned above are
characterized by concentrating the yield in onevésstr Furthermore a late harvest, i.e. after
winter in early spring, can be performed. A latevieat is the most important mean to
optimize the combustion quality of biomass fromsthegrasses because over winter the
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biomass can dry out to water contents of 20 % amstgmaificant reduction of combustion
relevant components like chloride, potassium, ggroand others occurs.

Switchgrass is native to North America where it occurs natiyrdfom 55°N latitude to
central Mexico. It is a tall C4 grass. It does weill a wide range of soil types and is drought
tolerant.

Table 20: Switchgrass yields by region

dry matter yield
Country y[t/h a/yez;/r]
The Netherlands 4-9
U.K. 5-12
Italy 5-22
Greece 15-24

Miscanthus is a perennial grass, originally an ornamentahfpia Japan and arrived in
Europe in the early 1930s. Due to its C4 photostittpathway it has a high yield potential
for cellulose and fibre, which was investigatedtiie 1960s. Trials on its potential for the
production of bioenergy began in the 1980s (Scurl@®98). Energy production is achieved
either through combustion or anaerobic digestidre &rop requires a year to be established
and from the second year onwards can be harvestedhbly, remaining viable for up to 15-
20 years. The species most commonly uséd.ig gigantheusa sterile hybrid produced by
crossingM. sinensisandM. sacchariflorouswhich can reach up to 4 metres height (Zub and
Brancourt-Hulmel, 2009).

Table 21: Miscanthus yields by region

dry matter yield

Country thalyear]
Denmark 5-15
Germany 4- 30
U.K. 10 - 15
Switzerland 13-19
Austria 22
Spain 14 - 34
Greece 26 - 44
Italy 30 - 32

Reed canarygrassis a C3 grass which is native in the temperatéonsgof Europe. It is
naturally found in wet areas and in some worldargistill used as fodder crop. Reed canary
grass grows on most kind of soils and is one obiks grass species for poorly drained soils
because it tolerates flooding. Reed canary graagapted to and grows very well in a cool
climate. It has good winter hardiness and surviwedl in north Scandinavia. Dry matter
yields typically reported for Scandinavian courdrage 6 — 12 t DM/hal/year.

Giant reed is thought to be originated from Asia but is atemsidered as a native species to
the countries surrounding the Mediterranean Seant@eed is a very tall growing C3 grass. It
tolerates a wide range of ecological conditions iara species adapted to warm temperate or
subtropical regions.
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Table 22: Giant Reed yields by region

dry matter yield

Country [t/%a/year] ’
South Greece 7-31
North Greece 5-17
Spain 8- 37

South Italy 15-34
North Italy 3—-32

Germany 15-20

One of the main barriers for the production of peral rhizomatous grasses for bioenergy is
the high biomass production costs. These can urduie reduced by:

« The development of more cost effective and satabishment methods

« Mechanisation of establishment and harvest of PRG

- Breeding of varieties for biomass production anadpaeld to all areas of Europe,

especially dry areas

« Further development of the crop management systeRG

« Biomass quality management

- Quantification of ecological benefits, integratioto multiple land use systems.
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5.4.3. Proposed approach for energy crops assessment

Until now there are no energy crop statistics amd (or they are very poor), but so far the
area covered by energy crops is still very smadkiiig into account this information, it is
time to start collecting energy crop statisticsfarmly within the EU and even better
throughout Europe.

Official statistics should have, at least, the doling data on energy crops which are
summarized in Table 23. These data should be &skasteast on national level spatially and
on an annual base temporally to be able to repaset data to EUROSTAT. Of course,
statistics offices in a country could have datdroyn regions within a country. In addition to
the statistical information and due to the smatkakand thus small effort, additional spatial
information should also be given (which parcels @mpcerned). Based on these two sources,
it is possible to calculate a map of biomass faergy from energy crops using the same
methodology as for agricultural crops. The mairfedénce is that instead of only using
residues the whole crop is used (and thus cald)lak®r a detailed classification of energy
crops from remote sensing, the reader is refeoeke advanced approach.

Table 23: Proposal for energy crop statistics

Yield
Total area sown | Area harvested (ha) | (dry matter t) in
Crop type/Crop group (ha) in year X in year X year X

SRC

willow

poplar

robinia

Other SRC

Oilseeds for bio-energy only

Rapeseed

Sunflower

Soybean

Other oilseeds for bio-energy only

Sugar crops for bio-energy only

sugar cane

sweet sorghum

Other sugar crops

Starch crops for bio-energy only

maize
triticale
Other starch crops

Energy grasses

miscanthus

switch grass

reed canary grass

giant reed

other energy grasses
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6. Advanced approach

The advanced approaches include more detailedat@tanore sophisticated methods from
the remote sensing side than the basic approacthdronore, the results will be different,
since more detailed data and methods will leaddceraccurate results.

6.1. Input data

The input data for the advanced approaches fodifferent biomass types are much more
heterogeneous than for the basic approach. Thigsniot useful to give a complete list on
input data at this point. Instead, the needed (et terrestrial/statistical and remote sensing
data) is given for each approach individually ire trespective sections. Generally, the
statistical/terrestrial data sources are mostlysdnae as for the basic approach, while the EO
data vary more significantly.

6.2. Advanced approach for forestry biomass

There are several methods and options currentlyladne for the assessment of forestry
biomass from remote sensing data. It is difficoltcompare them, because they generally
cover different areas, forest types and may be émmdifferent purposes (forest management
vs. biomass potential assessments). One alreadgssially implemented system is the use
of KNN methodology to combine medium resolutionicgdt data with NFI plots for the
estimation of biomass in Europe [Gallaun et al1@® This is a very good product for a top-
down overview on above-ground biomass, howevedpés not meet the spatial resolution
requirements requested by our end users. Thusali@mative approaches are described in
this section: an indirect approach based on LiDAfadand one direct approach based on
SAR data.

6.2.1. Advanced approach using LIDAR data

Very accurate results for estimating biomass carolit@ined by using tree species, stem
number and diameter at breast height (DBH). Howel&H can only be measured in the
field, which is for large areas very time consumargl costly. Instead of DBH, tree height
can be measured more efficiently by remote sendihgs as already mentioned in D4.2, the
key parameters to estimate forest biomass from tesensing are the following:

- forest area

- tree species (-mixture)

- tree density (crown cover or stem density dependimthe data source)

- tree height

Forest area, tree species and crown cover as #&ylpasameter are foreseen to be available
through the GMES core service products for lané GEOLAND 2 project: [GEOLAND?2,
2009]). In order to generate tree height, a DTMyi(el terrain model) and a DSM (digital
surface model, i.e. the height of the canopy) aexled.

DTMs are available from many sources, as alreadgngabove. These DTMs are perfectly

suitable to generate aspect, slope or elevatissetaetc; and they are also quite accurate in
terms of absolute height outside forest. In fomsias however, these models show severe
errors in height. Investigations in Austria shovegrbrs of up to 10 m beneath forest and this
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is expected to be similar in other countries. Seigbrs in DTM would lead to similar errors
in the estimation of the tree height. The only optio derive a high quality digital terrain
model (DTM) beneath forest over large areas cugrésmby using LIDAR technology.

While there are several options to generate a D3INMDAR, photogrammetry and
interferometric SAR processing (INSAR)) LIDAR istimost accurate remote sensing source
for generating a DTM. Both are needed for an adeuestimation of tree heights. Thus
currently LIDAR is the best option to derive tregidhts, but unfortunately at very high costs.
However, LIDAR data is currently used for natiomal sub-national assessments of forest
resources and biomass (digital surface model DSkbmbination with the DTM) in many
European countries. Thus existing LIDAR data sbt#h( DTM and DSM) should be used
wherever available. For future updates, generaily the DSM has to be updated, because
the terrain (DTM) does not change significantly ovene in most cases. Since LIDAR
acquisitions are expensive and time consumingrnative systems might be more suitable
for updating the DSMs. For a homogeneous DSM updatie whole of Europe, satellite
image photogrammetry would be a much more econaattiernative, which could be
developed to an operational use for such large area

It has to be mentioned, that due to the high castBight campaign for a LIDAR based
advanced approach would probably never be dona fmomass study alone. Therefore, the
use of other remote sensing methods to obtain tfpaasmeters as an intermediate result on
the way to a direct biomass potential assessmenildabe beneficial to a number of users,
such as forest management services and admirosisatnational forest services, national
parks, managers of protection forests, forest imgugorest owner associations, etc. These
organizations could use this forest parameter métion to encourage e forest owners to do
the necessary management measures. This coulcsectiee amount of biomass available for
energy on the market.

Airborne LIDAR (Light Detection and Ranging) is attive remote sensing technology
emitting laser pulses in the visible or near irdthwavelength and measuring the time lag
between the emission and the return of the refligptdse(s). If a laser pulse is send out over a
vegetated surface such as forest, multiple refiastican occur. Typically the first reflection
(first pulse) represents the height of the caneyyle part of the beam penetrates the canopy
and is reflected as a last pulse from the grounitering techniques are used to separate
ground and canopy signals [Wack and Wimmer, 200Bis kind of data has proven to be
very useful to derive main forest attributes, darge amount of scientific papers have been
dealing with this issue over the past decade. Seemlg works were done in the frame of the
HIGHSCAN project [Hyyppa and Hyyppa, 1999, Hyyppdak, 2000, Hyyppa et al., 2002,
Ziegler et al., 2002]. There are basically two elfint ways of deriving forest parameters
using first and last pulse data: either on an iidial tree basis [Koch et al., 2006, Pitkanen et
al., 2004] or on stand level [Andersen et al., 20B&rbati et al., 2009, Koch et al., 2009,
Neesset, 2002, Wack and Stelzl, 2005]. For indiithe® measurements, the most frequently
derived forest attributes are tree position, heighdtwn width, crown base height and as
secondary products diameter at breast height (didgal area and timber volume of the
individual trees. Few studies have been tryingxtnaet species information, e.g. [Donoghue
et al., 2007]. Stand-level forest attributes arterttimber volume or above-ground biomass
[Barbati et al., 2009, Hollaus et al., 2009].

A combined single-tree and stand-wise approachiggested to derive the following forest
parameters at a stand level: age class, specigsraixrown cover percentage, dominant tree
height, standing timber volume and total above gdobiomass. In this regard, the individual
tree detection process is only an intermediateltrdsu the derivation of the stand-wise
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attributes. The aim of this development was to geeea practical and operational approach
of the use of airborne LIDAR data in combinatiorthwimultispectral satellite images for a
large area forest mapping. The idea behind thigldpment was to significantly reduce the
amount of both field work and manual digitizing Wand thus to reduce costs for the forest
inventory. This or a similar approach has been ulsedforest inventories in Austria,
Switzerland, Germany, Norway and Finland.

Based on the total biomass, the amount availabie/gar for energy purposes can again be
calculated by following the processing chain of llasic approach.

Work flow

Input data
LiDAR data or alternatively a combination of LIDARTM and stereo DSM plus image data
available already through GMES (e.g. Image 200@&agye of Europe).

Methods

The overall process is sketched in Figuge with the inputs in light gray and the main
processing steps in dark gray. The blue parts easulbstituted, if core service data (both
orthorectified image data and species informatisrgvailable. First, the LIDAR DSM and
DTM are used to calculate a vegetation height m@delM). This VHM is used for the tree
top detection. In parallel, the orthophotos canulsed to identify ground control points
(GCPs) in the satellite scene and further to odtiifiy the satellite image (only if an
orthorectified satellite image, such as from Im&@®6 coverage is not available or not
sufficiently up-to-date). This orthorectified sditel image and the VHM are used for the
segmentation of forest stands. For the classiGioadf the tree species, a standard pixel-based
maximum likelihood classification is performed (be core service product on tree species or
the JRC tree species map is used). Finally, afinéediate results (tree tops, forest stands and
species information) and auxiliary information orlg are used for the derivation of the
stand-wise forest parameters.

LDARDSM | | LIDARDTM Orthophotos Original satellite
image

'

VHM Training dafa Ground control
points
v
Individual tree segmentation of forest .
detection stands \
Tree tops Forest stands A )
Maximum Likelhond
image classification
Information — : {k
on yield ——*| Derivation of stand-wise
{LEK) forest parameters i

e

Map of forest stands with attributes |

Figure 9: Overall process description
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Individual tree detection
The method was developed at the Institute of Digm@ge Processing, Joanneum Research
[Wack and Stelzl, 2005] and is based on Laplacia@auss (LoG) filtering. For
mathematical details on this filtering approacle eeg. [Gonzalez and Woods, 2002]. The
procedure consists of the following steps; interi@dresults are shown in Figure 8.
1. The LoG is used to blur the image, with the degfdadurring being determined by
the value of the standard deviation. The procedsesl here involves three scales of
LoG filtering based on three different sigma val(®s3, 4) in order to detect trees of
different sizes. The results of the LoG filteringwdifferent sigma values are
depicted in Figure 8 b, c and d. The dependenteediree detection success from a
single chosen sigma has been discussed [Chen 2086].
2. A local maximum approach is performed on the oagWHM, see Figure 8 e.
3. The LoG images are weighted according to tlesipective level and then added (Figure 8
f).
4. From this summation image, intensity maximadatected again using LMA; the result is
shown in Figure 8 g.
5. Finally, these intensity maxima are draggedh&rtnearest height maximum (result from
step 2). The final result is visualised in Figure.8

(a)  Ongnal

VHM

(h} Final 1sult superim-
posed on VHM

(g) LMA of LoG sum su-
perimposed on LoG sum

sum  of

if) Weighted
LoGs

VHM

Figure 10: Processing steps and intermediate results for the LoG approach based
on LiDAR data (from [Hirschmugl, 2008])

Segmentation of forest stands

A forest stand is typically defined by propertiels as age and age distribution, species,
density, yield, necessity of measures, site quadity. These properties are traditionally
assessed through field work and through visuatpnétation of aerial (stereo) images. In this
project, the use of automatic segmentation is asges order to save time for manual

delineations. A processing chain of several fittgrisegmentation and merging steps was set
up to generate homogeneous segments. The maindafasets used are again the VHM and
the satellite image. In addition, existing inforimaton infrastructure such as roads and forest
roads, which are generally considered as fixed dstharders, can optionally also be

integrated. It has to be mentioned, that it ismestessary that these segments perfectly mimic
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typical traditional forest stand borders, but iastét is vital that segments are homogeneous
entities.

Not all properties typically used for forest stadelineation can be derived from remote

sensing data; examples are local yield or site itiond. However, some main characteristics

can be used:

- the spectral signature of the satellite image hetsamg correlation with the tree
species (especially the NIR and SWIR bands forfeamiis and deciduous
differentiation);

- the tree height (VHM) is typically correlated witie age of a stand (with some
restrictions);

- tree density and structure are well representélae.iDAR VHM.

Thus, the first step for a forest stand segmentasidhe generation of an artificial stack of
three bands consisting of

1) the first principal component image of the multisippal SPOT image

2) the mean height information generated from the LKOYWHM

3) a structure feature, also calculated from the LIDARM with a so-called ‘sector-
statistics’ approach

All three inputs were resampled to a common reswiubf 5m. This three-band image was
then integrated with existing forest roads as figghd borders and segmented using a region
growing approach. In a post-segmentation step, setgrbelow the minimum mapping unit
were merged with the adjacent, spectrally mostlamsegment. The automatically generated
segments of the forest stands were finally revigsdally where necessary.

Figure 11: (a) SPOT image; (b) VHM, (c) artificial stack of properties, (d) VHM overlaid with

segment borders
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Derivation of stand-wise forest parameters

Height information:

Based on the individual tree detections, threeetbfit segment-wise height values are
estimated: dominant height, mean height and doniinaight of the suppressed trees. These
three values are calculated as follows:

- Dominant height = Mean height of the 20% higltedected trees of the segment

- Mean height = mean height of all detected tregisinvthe segment

- Dominant height of the suppressed trees = memhthef the 20% highest detected
trees smaller than 2/3 of the dominant height.

Crown cover percentages:

For the estimation of the crown cover percentageach segment, the VHM was cut off at a
user-defined threshold (in the current study am).and all areas above this threshold are
considered as covered. By merging this info witle thegmentation, the crown cover

percentages can be calculated for each segment.

Stage of stand development:

There is a variety of definitions for the differashévelopment stages of forest stands. As an
example we here list the definitions according le yield tables from Badoux [Badoux,
1983] in Table 24.

Table 24: Definitions for stages of stand developme

Structure Stage of Crown cover | Diameter of Dominant height Code
development dominant layer (& | (hgom
homogeneous | Young stands > 20% <=1.3m 1
Thicket > 20% <12 cm >1.3m- 2
Pole timber 1 >= 20% 12-20 Relation between 3
Pole timber 2 >= 20% 21-30 hgom - dyomaccording | 4
Timber 1 >=20% 31 -40 to yield tables from | 5
Timber 2 >= 20% 41 -50 Badoux 6
(Timber 3 - >=20% >50 7
strong timber)
heterogeneous| mixed >=20% mixed Threshold through8
standard deviation of
height values
N/A Not interpretable - - 99

Timber volume and total above-ground biomass:

For the estimation of the timber volume, two opsi@ne possible:

1) use the total amount of timber volume from NFLhis is a trustworthy value and just use
the LIDAR data for an accurate distribution on #nea or

2) correlate the parameters per segment with loceddtral timber volume calculations and
scale up to a full coverage.

Option 1) would result in the same amount of biosnasailable as from the statistical
assessment, while option 2) would provide differanns.

For detailed description of option 1), the readekindly referred to [Wack, 2006]. Based on
these parameters different predictive models casebep and tested with regression analysis
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using ground truth data. The parameters were umethé estimation of forest parameters of
eucalyptus plantations [Wack et al., 2003] andnfioted forests in Austria [Wack, 2006] with
good results.

Based on the forest parameter values, the amounibofass for energy can be estimated by
using conversion values or equations from liteetar from local expert knowledge as
described in the basic approach.

6.2.2. Advanced approach using SAR data

State of the art in direct biomass assessment fro®AR data

Initially, methods of deriving information on vegébn growth conditions and biomass were
based on optical data, collected by environmentdklltes with sensors of different
resolutions (low and high-resolution satellite iraggand indirect estimation of biomass. The
application of multitemporal SAR data proved to bery useful for classification of
vegetation and application for direct biomass assest.

Depending on the frequency and polarization, waypesetrate into the vegetation.
Backscatter and beam penetration will not only viardependence on the sensor properties,
but also due to different forest canopy, forest position, density, stems per hectare [Manual
of Remote Sensing, 1998].

Generally longer wavelengths (such as L and P)ecatr®nger penetration into the forest
canopy, while shorter wavelengths (like X and Khgteate less far. The study of backscatter
and the interaction of the radar beam with treevosoand trunks is an important subject for
assessing the biomass from radar data. There #eszedi interactions with various tree
elements at different wavelength. The recorded adigit different wavelengths contains
information on the above ground biomass. The doution of leaves to radar backscatter is
significant at short wavelengths (K; X). At longeavelengths (L; P) leaves do not contribute
to backscatter and attenuate the wave.

a) Vegetation classification

The first step for a biomass assessment is toifjlagsgetated areas. This part can also be
skipped by using up-to-date land cover maps (egnfGEOLAND 2 core services or
national maps).

b) Biomass Assessment
Radar signals of different frequencies are seresitov above-ground biomass up to 80-200
tons/ha [Hussin et al, 1991; Dobson et al., 1992Tban et al., 1992; Beaudoin et al 1994.
Rauste et al., 1994; Rignot et al., 1994; Ransah €1997].
Due to backscatter saturation the following frequies are useful for measuring biomass with
certain limitations:

C band may measure forestry biomass up to maxhag t

L band up to approximately 100 t/ha

lower frequencies such as P-band (68-cm wavelengihip 200 t/ha [Dobson et al
1992; Le Toan et al 1992; Ulaby et al 1993]
L band the biomass was saturated [Watanabe e0&l 20
o above 50 t/ha is° VV
o over 100 t/ha i’ HH
o over 100 t/ha is° HV when all forest species are included.
The 6° HH for spruce revealed greater saturation leveds tfor the other forest
species.
P band for HHpolarization, the trunk ground backscatter donasat
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Biomass assessment using L and P BAND

Table 25 presents adjusted coefficients of detaatitin R betweenc® and the biophysical
parameters and regression coefficients. The coilwakwere examined using two regression
models, logarithmic and third-order polynomial ftions and the correlation coefficients and
fitting parameters [Watanabe et al 2006].

Table 25: Ras for different polarizations and equabns to calculate biomass and tree height from L bz
SAR

y=aln(x) + b y = ax+ bX + cx + d
a b R a b c d R

HH 1.5 11.2 0.28 4.2E-0B3-1.6E-01| 1.98 -15.6 0.34

Height HV 2.3 18.3 0.48 6.5E-03-2.5E-01| 3.06 -25.0 0.60
\'A% 2.0 13.3 0.49 3.4E-08-1.4E-01| 1.91 -16.9 0.55

HH 0.7 10.8 0.50 3.0E-0f-2.0E-04| 0.05 -10.2 0.50

AG biomass |HV 1.1 17.4 0.80 1.0E-06-6.0E-04| 0.09 -16.8 0.74
\AY 0.8 12.0 0.61 1.0E-06-5.0E-04| 0.08 -11.8 0.69

Advantages & Limitations

L band and P band analysis offers the potentiabfomass retrieval in forests however the
backscatter from stands of similar biomass can dapending on forest structure. Also the
density of trees has a significant impact.

Biomass assessment using C BAND

Using C band SAR data, two methods are currentlgdusoherence measurements
(multitemporal) and coherence modeling with an riet®metric Water Cloud Model
(IWCM). Coherence modeling shows advantageous ifanass assessment for densities up
to 200 m3/ha. ERS-1/2 tandem coherence informat@as also been used for forest stem
volume mapping showing good overall accuracies.

[Askne et al 1997] used data from the 3-day repgee of ERS-1 and from the ERS-1/ERS-
2 tandem mission. The SIBERIA Project (SAR Imagiiog Boreal Ecology and Radar
Interferometry Applications), at the beginning bfst decade, was a pioneer project which
demonstrated that with an ERS-1/2 tandem coheriemage and a JERS backscatter image it
is possible to derive forest growing stock volunt@sses up to 80 m3/ha with nearly 90%
accuracy over a 106 km? area in Central Siberiardier to achieve this, it was necessary to
apply over hundred ERS images at a spatial resolati 50 m [Wagner et al. 2003].

[Santoro et al 2010] presented a new approach wdllows the training of a semi-empirical
model on a frame-by-frame basis using the MODIS efaigpn Continuous Field product
without further need of ground data. The new apgrdaas been applied which is based on
the multi-seasonal and multi-baseline ERS-1/2 tan@®herence. Current work concerns
improvements to make the algorithm adaptive to skasonal conditions of the ERS-1/2
coherence and to develop a quality flag for are#is strong topography.

Preliminary classification results of the ENVISATSAR data (also C band) showed a good
agreement with previous results obtained from ERSdndem data, thus making the HH/HV
ASAR AP data suitable for forest map updates. Sunmseason data are better suited for this
purpose [Santoro et al 2010]. An improved appraattiorestry biomass using C band SAR
was presented by [Santoro et al 2010]. The muitipgral combination has been applied in
the BIOMASAR algorithm. Forest Growing Stock Volur@SV) maps of Central Siberia,
Europe and Quebec have been elaborated from ENVISSBAR ScanSAR data with an
accuracy of 20-30% for a resolution of 10 km.
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Advantages & Limitations

Because of the large area and the multi-tempoi@iacheristic of the ERS dataset, coherence
strongly varies with meteorological and environnaéronditions both in space and in time.
A further limitation is the area covered by ERS-&f the comparably low resolution. In
addition, the use of more than 60 scenes is vellgyand difficult, especially for a user not
familiar with SAR processing.

Work flow

Due to the advantages and limitations given abdlves recommended to use longer
wavelengths like L and P in cross polarization HWr(zontal — vertical) mode, because it
results mainly from canopy volume scattering andhkr scattering. [Le Toan et al 1992]
presented models describing the relationship beti@est biomass and SAR data.

A model for obtaining Above Ground Biomass for faigeand height of the trees is presented
by [Watanabe et al 2006]. There are adjusted aveffis of determination Rbetweers® and
the biophysical parameters and regression codft€iehe big advantage of using L band is
the satellite data availability. At present Advath¢@and Observing Satellite (ALOS) has been
launched mostly for precise land coverage obsematispecially for forestsDuring its
operational cycle, also the JERS satellite wasatjpey in L-band therefore many images of
forest areas have been archived.

Generally, there are two options to proceed whésulzing the biomass from SAR:

(1) using existing models or
(2) setting up a new model for the area.

The dominant underlying method for these modelggsession analysis, where a regression
curve is fitted to a set of backscatter versus mggemeasured biomass values. This curve
(usually a line) is then used over adjacent fostmhds to obtain the biomass value from the
corresponding radar backscatter measurement. tbhaes noted that the accuracy of the local
results also depends on the number of points useéveloping and checking the regression
curve, which in turn translates into more field swaments. However, the field
measurements are very often difficult to get. Theme differences between biomass values
obtained for the same area depending on the metbed [Saatchi and Moghaddam, 2000].
Radar signals are highly affected by the canopysaildmoisture variations which are often
difficult to measure. The same stand could produsenificantly different radar backscatter
value depending on environmental conditions th&ecefeither soil moisture or canopy
moisture. Thus meteorological information shouldoabe integrated in the set up and
suitability analysis of a model.

For option (1) it is important that the existing aeb is flexible in terms of data, acquisition
time, forest type and —density, etc. If this is tlm¢ case, additional in situ measurements
should be conducted to improve the model and teneikthe model to various geographical
areas.

Setting up a new model (option 2) requires a cati@h of radar data with several forest
parameters to calculate the biomass or to dirextiyelate the radar data with biomass
measurements. Forest parameters such as dengtgndgvolume are important information
for forest management and are thus standard pagesnet national forest inventories.
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Volume, defined as the quantity of wood within aeyi area, is considered as the most
important forest parameter. Volume estimation mashare based on data from ground plots.
Thus if the plot level information is available anp-to-date, it can directly be used for the
SAR processing. The whole processing is depicteal stmplified manner in Figure 10, for
further details the reader is referred to Delivegdh?.2.

Data pre- L>

processsing

SAR DATA

(see D2.2) Application of existing
model to pre-processed +

Existing } Suitability | S8 SAR data

models analysis
no

Check
availability
of NFI plot data
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- >
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%

Figure 12: Simplified processing chain for forest biomass from SAR data

dVIA SSVIANOI4 'TVNIA

The main limitation of this approach is the satioraiof the signal which occurs at about 100
t/ha in HV polarization. This limitation should lmvercome with the new P-band satellite
BIOMASS from ESA.

Based on the total biomass, the amount of bion@mssniergy can be estimated using existing
eqguations or local expert knowledge as describélderasic approach.
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6.3. Advanced approach for agricultural biomass

Similarly to the forest section, an advanced apgroaith more sophisticated methods for
agricultural biomass is presented here. As destriime D2.1, there are two different
methodologies for the estimation of biomass usemate sensing data. One is the direct
biomass estimation using empirical, semi-empirmabeterministic/physical modeling. The
second would be an indirect approach based ongbassification biomass calculation. Figure
11 gives a rough overview of both workflows. Fortlfer detail on both approaches the
reader is referred to D2.1.

In correlation to the basic approach, annual crppsinanent crops and grasslands are again
treated separately in the respective sub-sectid$;.3.2 and 6.3.3.

Remote Sensing Signal

Direct Estimation

Attribute
Products

v z (Vegetation Indices)

N Models 9 Biomass

Preprocessing Bt
stimates
Landcover A
Products
(Land use /
land cover change)
Indirect Estimation
Anciliary data

Figure 13: Flow of remote sensing information for biomass estimation adapted from Rosillo-Calle et al., 2007.

6.3.1. Annual crop residues
6.3.1.1. Direct biomass estimation

Direct biomass assessment can be done based cal@rid/or SAR data. The idea behind it
is basically the same as for the advanced apprmadbrest using SAR data. For estimating
biomass statistical regression-based methods arentst commonly used remote sensing-
based approaches [Wall et al., 2007]. They are doaseempirical relationships between

terrestrial data and reflectance based vegetatiditas for optical data or backscatter for
SAR data. Typically they are straightforward to lexpent without requiring numerous other
inputs, such as management practice or soil infaoma The main drawback of these

empirically-based approaches is that the asses$atibnships are typically crop dependent,

78




CEUBIOM Contract\e: 213634

local and are not easily transferable to other omgi [Becker-Reshef et al., 2010],
[Doraiswamy et al., 2003], [Moriondo et al., 200Bjeterministic / physical models on the
other hand have the disadvantage that they typicaljuire numerous crop specific input
information, such as soil characteristics, managempgactices, agro-meteorological data and
so on [Becker-Reshef et al., 2010]. Despite extenstudies, crop models have rarely
progressed successfully to operational implementand are typically only applicable in the
region for which they were developed.

For the harmonized assessment of the agricultuiandss potential within Europe a
generalized (meaning without too much addition&nmation) empirical, remotely sensed
biomass estimation model for all kinds of crop typavhich is still simple, robust,
economical, widely applicable, transferable, natdieg ground truth data and also meeting
the user requirements in regard to spatial reswiudnd accuracy, would be needed. Some
possible options with regard to data input andntiaén processing characteristics are given in
this section, divided into:

A) using multispectral data and
B) using SAR data.

A) Using multispectral data

In Becker-Reshef et al., 2010 a model was builtlierestimation of winter wheat yield in the
USA based on low resolution MODIS time-series datd national statistics. As an additional
input they also used a crop type map, masking olytthe winter wheat regions. Using these
low resolution time series data they obtained a yeild estimation error of 7% for the USA
and when transferring the model to the Ukraineraor ®f 15%, equalling 0.44 MT yield/ha.
For them the coarse resolution was sufficient, h@vé was not spatially explicit.

As the CEUBIOM users require a higher resolutionase faced with major problems when
generating a generalized regression formula widicoefficients. This is due to the fact that
moderate and high resolution data scales and spigéd of winter wheat will likely shift
between crop types from one year to the next dwedp rotations. As the regression model is
based on relating the wheat specific NDVI signayitdd, it requires a-priori knowledge of
the winter wheat locations and more informatiommmagement practices [Becker-Reshef et
al., 2010]. Another critical point is that the mbgeobably will not work in regions featuring
small field plots (< 30ha), or have very high yeldnd very dense green biomass (NDVI
saturation). When working at this scale specifiopéenvironment information is needed
requiring a large set of experimental/ground trdétta, which also have to be assessed in a
harmonized way. It must be stated, that the abosstioned model only worked for winter
wheat and did not regard any other agriculturedsga.

With respect to the CEUBIOM goals complex deterstini models show more potential,
especially if it is possible to simplify them wonky with more generalized assumptions. One
example is the AGRI4CAST model from MARS/JR@&tp://mars.jrc.if). It couples remotely
sensed variables with crop growth models (WOFOS¥)Vield forecasting. Next to the
remote sensing information which is needed foritierpretation of the vegetation conditions
and biomass development, additional information uabthe weather, crops, soils and
management options are integrated. The cruciakigswnce again the spatial resolution as
the results are aggregated on Nuts-3 level andharenot spatially explicit [Gallego, 1999],
[Carfagna and Gallego, 2005]. However by reducimg temporal resolution it might be
possible to increase the spatial resolution amekifntegrate with an a-priori classification we
would be able to identify the crops of interesdained by CEUBIOM. Thus the suggested
approach would integrate remote sensing informa#éibtwo points: First, using it for the
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classification of the crop areas and second foreftenation of the vegetation condition for
the crop growth and yield estimation models (see3J).

B) Using SAR data

For high frequency SAR — Ku and X band — the baattec signal is mainly a result of
canopy scattering, while backscatter at low fregyerL and P band - is mostly dominated by
soil effects and only to a small part by vegetatidherefore lower frequency radar is better
suited for soil moisture estimates, especially wthenvegetation covers the ground, while the
higher frequency could be applied for vegetatiomiss.

In general it was shown that a correlation exisgtsveen the radar backscatter signal and
vegetation biomass. The higher frequencies likerXXg band are used for discriminating
lower biomass like wheat, grass, or root crop. Adrdm the wavelength, the incidence angle
of the SAR acquisition plays a crucial role in besa assessments. For example, an X band
image at VV polarization and incidence angle of 89 50 was found to work best for
biomass assessments of cereals just after heating( al 1985). Tall vegetation with higher
biomass values showed higher backscatter coeffgigiman low vegetation with small
biomass values. Also it has been shown that indofteaf crops, backscattering from stalks
dominate at L band, while at C band leaves makgrafisant contribution to backscatter and
attenuate the contribution of stems (Macellonil &2091).

The strong interaction of the wave signal with samild vegetation is often presented in
complex models which better characterize the doution of the various parameters on the
observed backscattering signatures than simplarliregressions. Therefore, combinations of
multifrequency polarimetric SAR give better resufgphysical parameters related to biomass
such as Leaf Area Index, crop height etc. The implatation of a water-cloud model (Atema
and Ulaby 1978) extended by Ulaby et al 1986 offées possibility to derive several
vegetation parameters that describe vegetationsaildmoisture values. The water cloud
model represents the total backscatter from themaa® (m?m?) as the sum of the signals
coming from vegetatiom? (m?m?) and from underlying soib? (m%m?

Recommendations & Limitations for using SAR data
Short wavelength radar systems provide better bssraasessments
The viewing angle should be between 30 and 50°
Integration of different types of polarizationsesftimproves the result

Combination of several wavelengths has been reppoot@nprove the assessment,
but requires more complex procedures

Interpretation of images requires knowledge of rawdi@raction with surfaces
Speckle (dark and bright pixels) limits interpreiat

Limitation with regard to saturation effects whearbass is large

Not well applicable in steep topography and rowgghain due to layover effects

6.3.1.2. Indirect/post-classification based biomass estiomati
In the basic approach, the agriculture class ‘arédohd’ is not further subdivided; hence the

class actually includes cereals, sunflower, rapgatpes, sugar beets, maize, fallow land and
so on. This is due to the fact that the agricultlass is highly dynamic, thus the subclasses
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change annually and even within a single year jfi@tch crops are sown. A pan-European
classification of crops at high spatial resolutisntherefore very complex and very time
consuming.

Within the advanced CEUBIOM harmonization approtwse land use classes will need to
be further sub-classified — however masking outottiler classes such as urban and forest.
Within this indirect biomass estimation approackdashon a post-classification analysis, the
agricultural classes which are important from aargy point of view will be assessed. These
are: cereals (summer and winter), barley, maize, riried pulses, oilseed, rape, sunflower
seed, potatoes, sugar beet and fallow. The bigraage of this approach in contrast to the
basic harmonized approach is that it is more dhatexplicit while also featuring more
thematic detail.

The following paragraph contains an outlined desiomn of the necessary preprocessing (for
a detailed description see Annex 3) and the ciaasibn strategy, for a theoretic description
of the classification strategy and data used referthe deliverables: D2.1 (Methods
compendium on current state-of-the art in EO fantass assessment), D2.2 (Study on SAR
potential for direct biomass assessment) and DR&&dmmendations on EO data for
European users).

For the advanced approach for indirect biomasssassant, two different multi-temporal
remote sensing data sets can be used - opticaBARJ both are usable. The data are first
classified and in a second step the classes aveiates] with the respective biomass statistics.
This approach has been chosen, as the resultbareomparable with the basic CEUBIOM
approach and no additional data, e.qg. field datanacessary.

A multi-temporal classification approach for a het discrimination within the agricultural
class is essential, as the classes exhibit a wargndic feature space during the vegetation
period. In Figure 14. the multi-temporal charactiécs of different land cover classes are
shown. What becomes obvious is that, e.g. the edas®reals’ and ‘rapeseed’ are mono-
temporal and rather similar for most of the timalyoduring May a discrimination of both is
possible. However, during May the feature spacthefclasses rapeseed and root crops are
rather similar, they can be more easily discrimgdain April. Next to multi-temporal
dynamics within each class a multi-temporal appgnaa@lso necessary to identify fields with
catch crops, especially because these are veny a$ed for bioenergy.
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Figure 14: Comparison between multi-temporal characteristics of different land
cover classes (ERS-2, C-Band, VV polarization, from Waske, 2007)

In generalthe input data should consist o&t least three imagescovering the following
time spansearly vegetation period, mid vegetation period andate vegetation periodin
accordance to the phenology and the respectivgdnaones (see Figure 15).

An overview of the general phenological cycles fesch country can be found at:
http://www.pik-potsdam.de/~rachimow/epn/html/frarkdam|

or at the European Phenology Network (EPN): httpuit.dow.wau.nl/msa/epri¥an Vliet et
al., 2003].

These are generalized data based on time seriessassnts. Current information on the
respective phenological stages is frequently upbate the MARS bulletin:
http://mars.jrc.it/mars/Bulletins-Publicatians

The satellite data should be chosen based on tinetrgespecific vegetation cycle. Special
attention should be given to choosing imagery frihva right phenological stages of the
respective cereals in a certain area[Lancashiat ,et991]. When working with SAR images

it is very beneficiary to have information from theading stages as this phenological stage is
very well detectable due to complex changes of tatige geometry.

The image time series can either be based onlypticab data (e.g. RapidEye), only on SAR
data (e.g. TerraSAR-X) or a combination of bothadatpes, whereby the multisource
approach is the most advanced and will discussetieiuin D5.3 -Definition of gaps in
European EO/biomass research and policies-, aappi®ach is still in a research phase.

Prior to the classification, a preprocessing isessary. This may involve atmospheric and
geometric corrections for optical data and a starground range conversion, a sigma and
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beta naught calculation as well as filtering praged for the SAR data (see D2.1 and D2.2
for further detail on SAR and the Annex 3 for theical data).

For the actual classification process an objedraed classification approach is suggested.
For further discussions and descriptions of othassifiers please refer to D2.2. In general,
the concept behind the object-oriented approachesaggregate adjacent pixels with similar
properties to ‘image segments’. In a second stepattual classification is performed, using
not only the spectral, but also the spatial infarorapattern. The assumption is that the image
is made up of relatively homogeneous ‘patches’ndpdarger than individual pixels. The
approach is mimicking human visual image intergi@ta using color, shape, texture, patterns
and context information to group the environmertie Bnvironment is therefore created at
multiple scales rather than single scale and be#presents each individual object. For
example, a small street needs to be captured #temedt segmentation level then a large
lake. Once the segmentation process has been studlesompleted, the classification
process starts, whereby different kinds of chareties can be used. The object inherent
properties, such as spectral and time series ifbom texture, shape and specific
characteristics that describe the relationshipsrantbe objects, including their connectivity,
their proximity to other objects and so on. By gsan hierarchical classification form, e.g.
starting with small objects, each class can beridest by its optimal scale [Lillesand et al.,
2008].

After the classification process an accuracy assessis essential, either on a visual basis or
using reference information. One of the most commueans for expressing the actual
classification accuracy is the classification ematrix / confusion matrix / contingency table
[Congalton and Green, 1999]. Within the matrix, ith@ependent reference data (independent
ground truth data or visual interpretation by adejpendent analyst) are compared with the
corresponding classification result for a givendetalidation samples. The most commonly
used evaluation criteria include: overall accurgrpducer accuracy and the user accuracy.

In a final step the land cover information has édibked with the actual biomass values from
statistics using the CEUBIOM basic approach. Alévant framework conditions must also
be included at this stage

Special issue: catch crops
In some parts of Europe it is common to grow (wintatch crops, which can be used for
energy purposes. For considering these kinds qdsciiois important to know where this
agricultural system is in practice. Thus the sutggesmethod is two-fold: 1) identify areas
with catch crops and 2) identify the actual catabpaype with relevant data (in terms pf
geometric resolution and acquisition date).
The information for point 1) can come either framedl experts or by using rather complex
remote sensing techniques, i.e. spectral unmixikdams et al., 1986] and time series
analysis. Input data should be of high temporabltg®n, which is currently mainly low
geometric resolution data such as Envisat MerisaaN@vhrr, Spot Vegetation ¢
Terra/Aqua Modis.

The following procedure of identifying catch crogpés is still far from being ali
operational remote sensing method. Also, thererisently no operational service to ass¢ss
catch crops or the land management practices éowtiole of Europe. Thus this topic |is
part of CEUBIOM Deliverable D5.3.

=

=
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A) Workflow using multispectral data
Input data are high to medium resolution satellite sensotesys (20 — 60 m) that fulfill the
User requirements (the order of the satelliteamnslom):
- Landsat 7 ETM+ (gap-filled)
- Landsat5T™M
- SPOT 4/5
- RapidEye (higher resolution)
- DMC - Disaster Monitoring Constellation
- EO-1/ALI
- Aster
- THEOS
- Future Sentinel -2

Timeframe:
1. Early vegetation period
2. Mid vegetation period
3. Late vegetation period

As explained above images should be chosen in daooce to the local/national
phenological development and the bio-geozones.

Preprocessing(for further detail please refer to Annex 3):

As the advanced CEUBIOM approach works with muatiporal data and requires
integration of an additional information layer (rkasf annual crops from other sources) a
careful preprocessing including an atmosphericagdometric correction is necessary.
Atmospheric distortions and effects influence th#lectance within each image as well as
between different images, making the spectral cedlece profile of the different land cover
classes incomparable to each other. In order tgoeasate for these atmospheric distortions
induced by water vapor and aerosols in the atmaeplamd by seasonally different
illumination angles (scattering, illumination eftec adjacency effects), an atmospheric
correction should be applied to each image usieg ATCOR [Richter, 2006]. This
preprocessing step performs a calibration of th&a déth respect to an artificial surface
reflectance without atmospheric distortion effedhis calibration method facilitates scene
comparability, which is crucial for multi-temporahalysis.

The next essential preprocessing step is the geieroetrection of each image. For the actual
correction, control points have to be collectedha reference and the input image. This can
be done either manually or automatically. In a r&tep the transformation parameters are
estimated and the image is corrected accordinglythe calculation of the new pixel values
different resampling approaches can be used, egrest neighbor, cubic convolution,
bilinear. The cubic convolution approach is commgarded, as it produces no artifacts while
nearly keeping the original pixel values.

Segmentation/Classification:

A multi-resolution segmentation is necessary fer dietailed classification of the agricultural
class. For the first segmentation level the outliobthe annual crop areas are used in a mask
— image objects in accordance with the shapefiten@s are generated by using a chess board
algorithm. In a next step, a further sub-segmemtatithin the ‘arable land’ class is
performed using a multi-resolution segmentationsdgiaon these sub-segments the ‘arable
land’ class is further divided. The actual classifion process should be twofold. In a first
step a simple nearest neighbor classification baseaining samples can be done using the
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three time points and their respective NDVIs (Ndreesl Difference Vegetation Indices). If
beneficiary also other Vegetation Indices can Heutaed and integrated. The samples for
each class can either stem from reference datae directly extracted from the image by an
expert. A fine-tuning should follow the basic clfisation using explicit class descriptions
for each class. Especially the multi-temporal pateof the agricultural classes should be
considered. For monitoring these kinds of dynandiéferent techniques are used, such as
statistical approaches, e.g. multi-temporal stashadrivation, spectral-frequency techniques
or wavelet decomposition [Martinez et al., 2009). deneral the characteristics of the
phenological cycles can also be addressed by adilcglthe ‘NDVI metrics’, i.e. the date of
greenup, characterized by a sudden NDVI increasa surpassing of a certain threshold
value, the date and magnitude of maximum NDVI, tém@poral integration of NDVI, the
length of the growing season and the rates of NENAnge [Galford et al., 2008].

If necessary a manual post-processing can be doadiaal step.

Accuracy Assessment:
In order to finally judge the classification resaltvalidation using a statistical approach —
accuracy assessment - is necessary. The detemomiradtihe accuracy is based on a random
sampling comparison of the class affiliation betweke individual pixels and their ‘real’
pendants. The ‘real’ pendants can either be grdurnttl points or be extracted from other
reference material. For the CEUBIOM accuracy assessthe following data sources could
be used:
 LUCAS data, if available for the respective year,
» other national reference data, i.e. additional me&golution imagery, or
ground truth points,
» ground truth data collected in the field for thisific study or
» the same remote sensing data could be used amplrettzl by an
independent specialist

Additional information can also come from the CI&gri-Env service from GEOLAND,
displaying information about the European croptrotapattern.

A crucial point is that pixels used for training thfe classifier should not be used for the
subsequent accuracy assessment, as this wouldng#uthe results. For the actual illustration
of the accuracy a confusion matrix is often createdicating the error of commission and
omission as well as the overall accuracy and tipp&andex.

In general the overall classification accuracy #thooe in the range of 85 ~ 95%, in
dependence of the heterogeneity of the area anubotteprocessing effort.

Linking to actual biomass:
The final linking to actual biomass values will hene in accordance to the CEUBIOM basic
approach.

B) Workflow using SAR data
Input data that fulfill the User requirements (the order loé satellites is random):
- TerraSAR-X
- COSMO-SkyMed
- Radarsat-2
- Envisat/ASAR
- ERS-2/SAR
- ALSO/PalSAR
- Future Sentinel-1
- Future BIOMASS satellite
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When working with multi-temporal SAR data it is essary to use the same frequency, i.e.
C-band, X-band or L-band and the same polarizafitid, VV or cross-polarization) for all
aquisitions.

For mapping of the crop type a short wavelengthdbsuch as Ku; X and C is most often
used, but also L band can be used [Holmes, 1980do and Protz, 1980] used L and X
band for corn classification, as on the L band camd forest were well distinguished from
other classes. Corn was distinguished from forgsa llexture signature analysis on X band
imagery — corn was found to have a smooth texfarest a rough one. The lower frequencies
such as L and P band are used to discriminate typgs with high biomass such as
sunflowers, canola and maize. Also, different pgaktions provide valuable information for
crop classifications, e.g. HV polarization provedatal for distinguishing corn from forest in
the above mentioned study.

Timeframe:
1. Early vegetation period
2. Mid vegetation period
3. Late vegetation period

As explained above, images should be chosen inrdacoe with the local/national
phenological development and the biogeozones.

Preprocessing:

In addition to the geometric correction of SAR datious other preprocessing steps are
essential and depend on the initial processing Evhe input data. For a detailed description
of the respective preprocessing steps please tefeR.2. However, for operational use it is
recommended to use either Geocoded Ellipsoid Ceae(GEC) or Enhanced Ellipsoid
Corrected (EEC) data. The GEC products are mubk-jaroducts, resampled and projected to
a reference ellipsoid. In contrast, the EEC praslace orthorectified multi-look images, in
which image distortions caused by varying terragight are compensated using a digital
elevation model.

These products, therefore only need to be calibrateeaning the DN values have to be
converted into Beta Naught (Radar Brightness) utiegsensor specific calibration constant.
Beta Naught is then finally corrected to Sigma Nau(Radiometric Calibration). This
calibration step is necessary as the backscathen & target is influenced by the relative
orientation of the illuminated resolution cell ame sensor, as well as by the distance in range
between them. The derivation of Sigma Naught tlegsires detailed knowledge of the local
slope, i.e. local incidence angle. As a final preegssing step a speckle filtering can be done,
suppressing the noise inherent in SAR data, whicklue to multiple interactions of the
scatterers within one resolution cell, interferingh each other in either a constructive or a
destructive manner. Constructive interference tesal a strong return signal and a bright
pixel in the image. Destructive interference resuita weak return signal and dark pixels in
the image. A speckle filtering is a compromise lestw speckle removal by reducing the
radiometric resolution and high spatial resolution.

Segmentation/Classification:

The proposed workflow for the SAR data is actuakyy similar to the optical approach. A

straight forward classification is suggested. Mooenplex approaches i.e. also integrating
change information (coherence or amplitude changees) are mentioned in D2.2 and will
be described in D5.3.
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Also for SAR data a multi-resolution segmentatisrsuggested, using existing outlines for
masking out the arable land class at the first seagation level. Building upon this
segmentation level a further sub-segmentation withe segments of the arable land class has
to be performed. For further class discriminatiddigonal indices as the Haralik parameters
or temporally induced differences in backscattetwben two or three images can be
calculated. The actual classification of the imaglesuld also be two folded using in a first
step a simple nearest neighbor classification bagettaining samples and in a second step
introducing explicit class descriptions for theefituning of the classification. If necessary a
manual post-processing can be done as a final step.

Accuracy Assessment:

See multispectral data for a rough descriptiorhefapproach.

The overall accuracy using SAR data will in mostesabe slightly below the accuracies of
only using optical data, ranging between 80~90%p ah dependence of the final post-
processing.

Linking to actual biomass:
The final linking to actual biomass values will t@ne in accordance to the CEUBIOM basic
approach.

6.3.2. Permanent crop residues

The class ‘permanent crops’ as one spatial infaondayers is already existing in CLC and
was originally also foreseen as part of GEOLOANDEdand HR land cover layer. Due to
recent developments, permanent crops will not leeajrthe five high priority HR land cover
classes in GEOLAND2 any more. Nonetheless, CL&aslable and thus this chapter focuses
on the distinction of the individual crop types lnit the class permanent crops.
Permanent crops are much easier to classify thamshcrops, because
» They are permanent, i.e. time of data acquisitsonat so critical and updates have to
be made much less frequently.
* There are only three main types: orchards, vineyandl olive groves
» They have a relatively clear structure
* They are often planted in specific climatic regigagy. there are no olive groves in
Germany)

The use of very high-resolution multispectral seasigte SPOT V, Ikonos, Quickbird or even
orthophotos allows the extraction of features sashspectrum information, texture, and
geometric shape from the images for identifying esal classes of permanent crops.
Currently, the usual way to accomplish this taskiik supervised classification techniques.

Orchards and vineyards are a common land coves atgstified on governmental survey
maps and the European Commission has stresseahplogtance of information derived from
orchard and vineyard distribution maps for develeptof European agricultural policies.

The Joint Research Centre (JRC) provides the DG IXBRection General of Agriculture of
EC) and the Member States (MS) with technical #mst® for policy making and
implementation. The JRC was involved in statistisatveys and in the implementation of
registers of permanent crops which are the basishi® management and control of these
subsidies schemes (the vineyard registers, the odigisters and NUTS GIS).
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For the management of the olive sector, the us®ehote Sensing and GIS has been
extensive in the OLISTAT and OLIAREA projects iretperiod 1997-1999. OLISTAT stands

for the estimate of the number of olive trees i BU, OLIAREA stands for the estimate of

the olive area and the number of maintained tredise EU.

The methodology for the OLISTAT project was basedachigh-resolution black and white

orthophoto acquisition, computer aided photo-intetggion of the number of olive trees

within a selected systematic sample, field visitsl @&xtrapolation to national levels using

statistical estimators. For these projects, the dBsigned an automatic counting tool called
OLICOUNT, for counting olive trees on the basisloh aerial orthophotos (Peedel et al.,
2000) and a tool called OLIAREA to derive the ola@a from the position of olive trees.

The vineyard register has a longer history. Orilynikne use of GIS was not compulsory for
the implementation of the vineyard register, buterg regulation encouraged its use.
Nowadays, with the obligation of compatibility bet@n the vineyard register a majority of
Member States have already set up a vineyard @I8esmes using VHR data (0.5m and
even 0.1m pixel resolution for some small vineyards the end of 2004, the JRC launched a
feasibility study for the NUTS GIS in order to dedihow to implement the NUTS GIS and
how to control this scheme, using Remote Sensinlg&® techniques. For subsidized citrus
plantings the requirement is to declare the arearaes at parcel level.

The outputs of the above mentioned projects andites, 100% financed by EC, are today
the basis for registers of permanent crops of \angsy and olives trees in France, Italy, Spain,
Portugal and Greece. This was the scope of Reg.) (£¥66/98. Subsequently the

management of registers passed to local authoatidss still administered by them.

Methods ofcounting of lone-standing treegeither olive or any fruit trees) are based on a
combination of image threshold (i.e. using the #péccharacteristics of trees), region
growing and tree morphological parameters (i.engishe morphology of individual trees).
More details on the method can be found in (Peetlal., 2000). It operates with four
parameters:

* Grey value threshold (minimum, maximum)

* Tree diameter (maximum, minimum)

* Crown shape (maximum, minimum) calculated with thdo between minor and
major axes

» Crown compactness (range) calculated with the tdtb surface to envelope surface.

This is a semi-automatic approach where an opeigtequired for tuning the parameters per
parcel during the training step and for manualleaiting the results. OLICOUNT was
adapted to support VHR images and the JRC carngdsame tests with other fruit trees
species (nuts and citrus).

Other investigations were also carried out by tR€ Jvith the intent of reducing the manual
work. Mathematical morphology was tested, usingriethod of regional minima based on
the principle that since crowns are dark objettsy tusually contain a regional minimum. A
regional minimum is defined as a connected compookpixels whose neighbors all have a
strictly higher intensity value [Soille, 2003].
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Workflow

As an inventory (register) of vineyards and olivewgs is available for France, Italy, Spain,
Portugal and Greece, they can directly be usectadsbf the less detailed CLC. For the
remaining countries, the same methodology shoulappdied (semi-automatic assessment) in
order to guarantee comparability in the resultse Thain steps for such a method are
described below. Since orchards have similar ptegserthe methodology can also be applied,
although might need some adaptations in differeazenes.

With VHR images it is possible to separate the cr®wf permanent crop trees from other

classes and from the background vegetation inrfagé using a Gaussian process classifier.
This separation is done based on textural and notwgital features. The method consists of

identifying the boundaries of the canopy from thadows on the periphery of each tree. Each
image model is defined by both geometric and radioim aspects. The geometric aspects
consist of the crown envelope shape and the seg&oametry, while the radiometric aspects

consist of the scene irradiance, the interactiothefscene irradiance and the tree crown, and
the sensor irradiance. The typical flow chart fos tapproach is shown in Figure 125.

i . IKONOS
m NIR Band Classifier ‘- DATASET
v ) *
H Vegetation Filtering Histogram
< Green band mask (contouring) ' normalization
N Sea/Land Filtering
% Mask (smoothing)
) Density
M Pancro band Density Map 4— Slicing
b=
Figure 15: Flowchart for the classification of permanent crops based on VHR
images

This procedure was applied in a case study of tlw®@ean Project called EOBEM (Earth
Observation for grassland, shrub land and woodlaamhass estimate and management, see
http://events.eoportal.org/get_announce.php?an 3885 [Borfecchia et al., 2001]) that
aimed at defining and mapping the vegetation thgtron and estimating the related biomass
in three different European test areas. Figurest®fvs an automatic classification product of
this project on IKONOS panchromatic imagery witkentified Aleppo Pines marked with

89




CEUBIOM Contract\e: 213634

crosses and a regular pattern of olive plantatisite dots (red or blue). In particular the
Aleppo Pines are marked by crosses of differem, sizcording the extension of their crowns
and their relative biomass calculation. The big®ltrees are marked by red dots and the
small ones by blue dots.

Figure 16: Olive tree detection based on IKONOS panchromatic image (from
EOBEM project)

In most cases, a simple texture measure can neidgrenough information on ground object
discrimination. Better segmentation results canob&ined by considering multi-feature
fusion. For this case there are many texture aisalgshniques that are used for the extraction
of features and which are well-described in therditure: statistical methods (grey level co-
occurrence matrix, grey level difference vectoilfefing techniques (energy filters, Gabor
filters), wavelet decomposition- based methods, etc

It has been shown in the above mentioned projéuas,automatic detection combined with
visual refinement is a very good method to assesdrtdividual trees in olive groves and
citrus plantations in the Mediterranean regiorcalh be expected that this discrimination is a
bit more difficult for orchards in other ecozonbscause the background vegetation is more
similar to the spectral information of the treesthis case, height information (from LiDAR
data or through photogrammetric procedures) cap thiscriminate trees from the vegetated
ground.

6.3.3. Grassland

Regarding the direct biomass estimation of grasistae same concerns as for annual crop
residues have to be considered (see Chapter 6A3sb)grasslands can vary greatly and often
feature a different species type, which makes Kteaetion of a generalized retrieval model
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for the whole of Europe very complicated. Howevtbere are successful implementations on
regional level, e.g. in Italy [Schino et al., 20G8]d also in Lappland [Colpaert et al., 2003].

Sometimes, a combination of indirect (first classifion of different grassland types) and

direct biomass assessments (within each classged [Jianlong et al., 1998]. This is most

probably very useful, as it is foreseen in GEOLANRR provide two grassland classes:

intensive and extensive grassland. In additionehypectral data has been used in scientific
studies. [Wamunyima, 2005] gives an overview onstia¢e-of-the-art on this topic.

The problems with most of these approaches areetated intensive field measurements and
the high costs. Up to now ‘normal’ grass is not getsidered as very important for energy
purposes, thus this effort would be difficult tosiifly. However, in case of an increased

demand of grass for energy purposes in future, suokethod, currently still in a research

stage, should be further developed towards an tpeahlevel.

6.4. Energy crops

This section will focus on remote sensing basedchou for vegetation types that have a high
energy yield and are thus primarily used for biosrfas energy production. These include the
agricultural crop TriticaleTritosecale sp, the Miscanthus grass specibtigcanthus sp.and

the group of short rotation coppice species (SR@)ch includes Willow $alix sp) and
Poplar Populus sp.species.

The basic problem with these energy crops is thienilarity with other vegetations types
used for different purposes, such as triticalemseat; Miscanthus vs. other grasses and SRC
vs. ‘normal’ young deciduous forest. Their simili@s are logical, since the plants are either
the same or closely related species. Thus the drdpnce to estimate the amount of biomass
from energy crops is to get the area informatianefwergy crop production zones from local
experts and then calculate the amount of biomasthé&se specific areas. Miscanthus could
be an exception, which can be distinguished diyeltim remote sensing, as some studies
suggest.

Existing studies

Triticale

The earliest study regarding the use of remoteisgrspecifically on theTriticale species
was conducted by [Railvan and Korobov, 1993]. A& time the crop was not aimed for
bioenergy production and the study merely assesedelationship between the red edge
inflection point location and the growth stage bé tplant. A relationship between the red
edge position and biomass has already been indicatbe past suggesting that an increase in
chlorophyll concentration or biomass, results i thhifting of the red edge to longer
wavelengths [Dawson and Curran, 1998]. As a rdheltred edge position has been used as
an indicator for chlorophyll concentration, leaéarindex (LAI) and biomass [Curran et. al.,
1991; Danson and Plummer, 1995].

TheTriticale sp.species has many structural and phenological aiitis with wheat. This is
possibly the cause for the lack of research on aousthusing remote sensing data for
monitoring this particular species. On the othemdchaapplication of remote sensing data in
monitoring crop yield and biomass has been eviftantnany years. A study by [Serrano et.
al., 2000] has shown questionable results whentithéitional vegetation indices were
employed for the assessment of LAl of winter whéat, promising results for the estimation
of chlorophyll content (amount of chlorophyll peaf area unit), absorbed photosynthetically
active radiation (APAR) and grain yield. More retstudies showed several Water Indices to
be related with grain yield [Prasad et. al., 20Bdtierrez et al., 2009]. Also the introduction
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of SAR data for biomass and crop yield monitoripgyticular in conjunction with optical data
has produced some promising results [McNairn et2808; Laurila et. al., 2010].

Miscanthus

The Miscanthus grass has a high LAI value of aro8ndihen maximum yield is achieved

and is also very densely planted (1 metre distapgroximately, giving 10,000 plants per
hectare). Reflectance spectra of Miscanthus phaete found to be closely related with the
LAI, as well as the amount of absorbed photosyidaly active radiation [Vargas et. al.,

2002; Jorgensen et. al.,, 2003]. The main researab @onducted in methods of using
reflectance data for the assessment of dry mattatuption between various genotypes of
Miscanthus, in an effort to identify the most protive breeds.

Studies on Miscanthus plants found naturally in alég wetlands, focused on its
discrimination from the Phragmites species whickexist in those areas. Since these two
vegetation types are similar in structure, they lbareasily confused. In the study of [Lu et.
al., 2006] the matched filtering (MF) method of sfpal mixture analysis was applied on an
airborne hyperspectral image, in an effort to idgrthe percentage cover of each species
within each pixel of the image. The method showet Miscanthus stem volume and shoot
density were closely correlated with the image-tgsercentage cover. In addition, stepwise
multiple linear regression was used to estimate sheot density and biomass. The
independent data sets included original reflectarm@nd ratios, significant components
identified by principal components analysis (PCa&)d significant components identified by
decision boundary feature extraction (DBFE). Thefficient of determination (] and the
root-mean-square error (RMSE) of model calibratiad validation were used to evaluate the
models. The significant DBFE components showedebetbility at predicting shoot density
of the two grasses than the other variables ivd#fidation areas [Lu et. al., 2009].

Short Rotation Coppice

Methods of monitoring SRC and estimating biomastemqal through the use of Earth
Observation are similar to those for most woodlgymes. Studies focusing particularly on
willow and poplar have found a significant relasbip between the Normalized Difference
Vegetation Index (NDVI) and LAI, which is also entdered for other tree species [Nagler
et. al., 2004]. Direct estimates of biomass throtighuse of vegetation indices have also been
successful for willow [Mirik et. al., 2005].

Some indirect methods of estimating biomass pakrgmploy empirical relationships
established using a particular set of data, betwegetation indices and biomass [Marsden
et. al. 2010] or other parameters directly linkediomass, such as photosynthetic activity or
mean diameter-at-breast height [Grace et. al., 2000 et. al., 2009]. Remote sensing based
estimation of the amount of energy absorbed bythet can provide an indication of the Net
Primary Production (NPP), which is directly relatedthe amount of biomass [Gehrung and
Scholz, 2009].

Another group of methods employ multi-spectral gpdr-spectral images to classify the
various types of vegetation, calculate the areaigied by the vegetation type of interest and
estimate the amount of biomass present, assumugegtain amount of biomass per unit of
area occupied by the vegetation [Cho et. al., 2089ktudy has used multi-temporal bi-
seasonal images to improve the classification aoguof willow [Noonan and Chafer, 2007].

A third category of methods usees models to cadleubddomass through the use of various
parameters [Landsberg and Waring, 1997]. Someeasktimodels directly employ reflectance
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data for calculation of difficult-to-measure pardere and thereby increase the accuracy of
the estimates [Castel, et. al., 2001; Waring et24l10].

Workflow

Due to the already mentioned similarity to otheops and the heterogeneity among the
energy crops, it is not possible to propose onekilaw for these crops. Instead, it is
proposed to

» Treat Triticale in the same way as other annuaicaljural crops especially taking
care of the timing of the multi-temporal data sétsaddition, local expert knowledge
on the general occurrence of Triticale in a givegion can significantly reduce the
effort and/or improve the results.

» Treat Miscanthus also like an agricultural cropsing a direct approach based on
optical (vegetation index) or SAR data. The onliffedlence would be not to reduce the
total biomass by a crop-to-residue ratio, but iadtese the whole amount, so the total
crop for energy.

» Treat SRC separately, although SRC areas are gyopati of existing forest maps.
The risk of confusion with young forest stands ighh thus a combined spectral-
textural analysis should be made for all young digmiis forest areas in regions with
known SRC existence (knowledge from local expeifhjs check could be done for
all of Europe too (in order to avoid the use ofaloexperts), but it is a matter of
cost/benefit, whether this makes sense. After thalaxtent of SRC is identified, it
can be combined with an annual yield of biomasgetoerate an annual biomass map
available for energy (since almost all SRC is Useenergy).
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7. Expected Product List

This chapter provides examples of the products doekpected as an output from the
implementation of the assessment works describ#udsmeport.

The maps are based on national maps. However, @smanon coordinate system, UTM
should be used. If all data is in UTM, the maps baneasily transformed to a common
European map coordination system such as the Eamoperrestrial Reference System 1989
(GEOGCS['GCS_ETRS89' ,DATUM['ETRS89’,SPHEROID['GRS980’,6378137.0,298.25
7222101]],PRIMEM['Greenwich’,0.0],UNIT['Degree’,01¥4532925199433]]) as used in
many pan-European databases such as the IMAGEZ208Get.

Map Products

Product: Forest Biomass for Energy - Map

Product ID: FM1

Approach: basic and advanced

Description:

This product includes the average annual domestést and primary forest residues expected
to be available for energy purposes. Not includethis product are residues from saw mills
and wood, pulp and paper industry. There is notpafirspatially mapping the latter residues
over the entire forest area, since they are pleetbaand occur at a specific processing plant
(e.g. saw mills, etc). The base map will have a MBIUL ha (in line with the forest area
map).

Product: Agricultural Biomass for Energy - Map

Product ID: AM1

Approach: basic and advanced

Description:

This product includes the average annual primarigcalgural residues, primary residues from
permanent plots and grasslands expected to beblafbr energy purposes. Not included are
(secondary) residues from food industry. Thereaspnoint of spatially mapping the latter
residues over the entire forest area, since theplat based and occur at a specific processing
plant. The map will have a MMU of 1 - 5 ha (depergdon the base map used).

Product: Map of Biomass from Energy Crops

Product ID: ECM1

Approach: advanced

Description:

This product includes the annual amount of biomagsected from specific energy crops
grown solitarily for energy use. These energy cropkide Miscanthus grasses, Triticale and
SRC. Since due to their very different charactessfpermanent vs. annual, grass vs. trees)
all three types have to be treated differently, rsailting maps will also be slightly different;
however they can be combined into one layer of ggnerop biomass once converted to
energy units like kJ.
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Statistical Products

Product: Forest Biomass for Energy

Product ID: FS1

Approach: basic and advanced

Description:

This product includes the aggregated data froniRbeest Biomass for Energy - Map’ (FM1)

plus all industry residues, which can also stenmfittmber imports. Since the statistics on
imports and exports are only available on a natidr@sis, the statistics will be national
figures.

Product: Agricultural Biomass for Energy

Product ID: AS1

Approach: basic and advanced

Description:

This product includes the aggregated data frontAlgeculture Biomass for Energy - Map’
(AM1) plus secondary plot-based agricultural resglwhich accrue at processing plants (e.g.
oil mills) and can also stem from imports. Since #atistics on imports and exports are only
available on a national basis, the statistics balhational figures.

Product: Biomass from Energy Crops

Product ID: ECS1

Approach: basic and advanced

Description:

This product includes the whole amount of energymfrenergy crops either through a
statistical survey as suggested in the basic apbroaan aggregation of the map results from
the advanced approach.

The actual specifications of these products cary tel defined after a series of targeted
workshops with decision makers and bioenergy egpert

8. Discussion on costs and local expert knowledge

This deliverable is a first proposal for a harmedibiomass potential assessment framework
for bio-energy in Europe. It should be considered dasis for discussion and a guideline for
implementation. The next step should be the deveéop of the specifications of the foreseen
products followed by the actual implementation leé tmethod(s) in one or more countries
and/or regions throughout Europe. The lessons tdebened from the implementation
exercise could be used to revise the original ptbdange and their specifications eventually
resulting in strict (but realistic) guidelines asthe methods used and type of data generated
in national bioenergy surveys. Depending on tharfaial resources available and the level of
political commitment this could be done in 2-4 ygaafter which “official” bioenergy
assessments would be carried out in a compatibheenan all over Europe.

The significance of such coordination of bioenesiydies and data gathering would be
enormous. As results any national surveys couldeaelily aggregated to European level
providing very accurate information for policy magiwithout the need to launch top-bottom
assessment campaigns. At the same time - if thealbwapproach outlined in this document
and other CEUBIOM deliverables is followed — theegmtance for the proposed procedures
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would be very high as existing national practicesild not need to be completely replaced.
For countries where such practices do not exishetmoment these specifications could be
readily adopted as a national standard.

An over-ambitious, over-regulative approach wouikely to be met with significant

resistance by stakeholders and also the expert coiitynlIt is a proposal of the CEUBIOM

consortium that such harmonisation is carried autseveral phases combined with
implementation monitoring before a new phase isreeid.

During the establishment of the procedures propdsetharmonisation cost-efficiency was
continuously considered. A detailed cost analysid accuracies values can only be given
after a successful demonstration phase. Howeveedoan previous studies and experience, a
rough summation of data costs and man-hours ndedé¢lde assessments are given below in
Section 8.1. A short overview of the areas whecallexpert knowledge would be needed can
be found in Section 8.2.

8.1. Costs & Accuracy

Costs and accuracy values can be given in detailnfaut data and roughly for specific
processing steps. There are several obstaclesdmplete and detailed analysis of costs and
accuracies for the CEUBIOM basic and advanced aabro

1) The methods and data are different for each biotygss which is especially true for
the advanced approach.
The accuracy of the input data is always affectiregyaccuracy of the outpt® since
no mapping was done (this was not planned in thggt), a final accuracy can not be
given. However, an overview of the input accuracpriovided.
Due to the fact that no actual mapping was foreseehe project, the specific costs
can not be verified.
The costs for data processing are always highly@gant on the institution carrying
out the analysis; on the salary system in diffesnintries and on other employment
related issues that are unknown.

2)

3)

4)

The accuracy and costs of statistical/terrestngdui data is summarized in Table 26.
EUROSTAT data is generally available for free.

Table 26: Costs and accuracies of statistical/terstrial input data

Input data | Costs Accuracy

EUROSTAT/| Free For quality reports see
http://epp.eurostat.ec.europa.eu/portal/page/pquality/quality _reporti
ng

NFI Free According to national regulations, generaighh

aggregated

data

NFI plot Nationally According to national regulations, generally medihigh

data different

FMP data Typically free| According to national reggidns, generally high

National Typically free | According to national regulationgngrally high

statistics

BEFs Typically free | Varying, fallback on IPCC BEFs is always possible

(literature)
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The costs for remote sensing data, if purchasedperational use, are given in Table 7.
These are the prices for new acquisition and fe urpose only. It has to be kept in mind,
that most remote sensing data is acquired for akdéferent purposes, e. g. the expensive
LIDAR data sets are purchased for a variety of igppbns such as terrain mapping, flood
risk assessment, forest applications and even deploig applications using the volume of

buildings. By cost sharing, individual applicatiosan be performed with much lower

budgets. In addition, existing European data sath as Image2000 or CLC are available for
free fromhttp://image2000.jrc.ec.europa.eBEOLAND core service products will also be

available at no cost in future. Outputs from ergtprojects as referred to in this document,
e.g. the OLISTAT project should also be used ireotd minimize costs. Partly such project
data is available; partly the usage will have tombgotiated with the respective institutions.

Table 27: Data sets and respective operational imagosts per km2 (from CEUBIOM D2.3)

Satellite sensor Forest/ Forest Forest |crops/ Crop | Crop Spatial | Tempora | Data costs [€ /

non-forest | types biophy. | non-crops | types |biophy. |resolutio |1 km?] (new
Param Paramete [n resolutio | acquisition)
eter r n

Low resolution

SENS0IS

DMC - Disaster 32m 3 days 0.121
Monitoring
Constellation
ENVISAT 300m- 3 days 0.434
MERIS 1.2km
IRS-1C/IRS-1D - 188m 24 days 0.134
WIFS
IRS-P6 - AWiFS 56m 24 days 0.15
NOAA-6to 18- - 1.09km Daily 0
AVHRR
SPOT 5/5POT 4 - 1km Daily 0.00025-0.00062
VEGETATION 2
Terra/Aqua 250- 1-2 days 0.0128
MODIS 1000m
resolution sensors
ALOS AVNIR 10m 2 days 0.102
EO-1/ALI ml ml m3 m2? 30m 16 days 0.086
FORMOSAT-2 -- 8m Daily ?
IRS-P6 - LISS 3 ml ml m2 235 24 days 0.15
Landsat 5 TM ml ml m2 30m 16 days 0
Landsat 7 ETM+ ml ml m2 30m 16 days 0
RapidEye ml ml m2 6.5m Daily 0.95
SPOT 5 HRG ml ml m2 10-20m 5 days 0.75
SPOT 4 HRVIR ml ml m2 10-20m 3 days 0.75
Terra Aster ml m2 15-90m | 4-16 days 0.083
THEOS ml m2 15m 26 days N/A
High spaiial
resolution sensors
IKONOS ml ml 32m 3 days 12.92
KOMPSAT-2 ml ml 4m 3 days 0.262
Orbview 3 ml ml 4m 3 days 7.88
QuickBird-2 ml 23m 2-3 days 16.54
Digital aerial ml 10-30cm On 150 -200
imagery, e.g. ASC request
LIDAR ml 10-30cm On 300 — 400
request

m?=muititemporal minimum 2 images required
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The following table gives an overview on the preueg costs for the main processing steps
(or groups of processing steps) in a relative mgnsiace due to the reasons given above,
absolute values are not available. Furthermoregteampt is made to assess the accuracy of
the different outputs relative to each other.

Table 28: Rough estimation of relative costs and aaracies of the main processing steps

Processing step(s) Costs (**** high - * low) Accasa(**** high - * low)
Pre-processing for both *x N/A
approaches (if needed)

Processing of basic approach *
(forestry, agriculture)

Processing of basic approach *
of energy crops

Advanced approach forestry ** Frkk
with LIDAR data

Advanced approach forestry ** *x
with SAR data

Advanced approach annual| *** *x
crops with optical data

Advanced approach annual| ** *
crops with SAR data

Advanced approach Frk rxk
permanent crops with optical

data

Advanced approach *rk *x
grasslands with optical data

Advanced approach energy| ** **
crops

8.2. Quality assurance system for local expert knowledge

Based on the review of available data and the nesprirements, it becomes clear, that there is
a large amount of information needed, which canm®tharmonized throughout Europe
without producing extremely large errors. Thesd tmarmonizable’ frame conditions have to
be deduced fronscientific literature and through local experts who have specific
knowledge on the area and situation in question.

The advantage of scientific literature in this @xttis that the information is well accepted, it
has generally undergone a review process and i #hueliable source of information.
However, the disadvantages of scientific studiesstrmot be neglected in a practical
implementation approach:

* results may not be up-to-date;

* investigations often cover only part of the infotioa needed;

» results may apply only for a specific area or tpeeiod or only one thematic field;

* suggested methods are often not tested for lasgeaperational applications.

Thus, scientific literature should be used, wherevepossible and applicable and should
be completed and/or updated by local experts (locaixpert knowledge = LEK).
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Once the need for local expert knowledge in addlita scientific literature is confirmed, the
next important step is to identify suitable locatperts. From the user requirement
guestionnaires, it became clear that many natiosats have already done biomass potential
assessments, most of them together with partngtuitnens. Thus it can be assumed that the
users already have a set of experts at hand. Siiflegent assessment methods by local
experts can lead to significant differences infihal results, we here propose a framework
for quality assurance that integrates guidelinesd&aling with local expert knowledge. The
overall framework is sketched in Figure .

This paradigm is similar to that implemented by theRio Conventions that have been
established in thRio Summit, Rio Conference, Earth Summit, heldhé&yJiN on the 1992

* UNFCCC: United Nations Framework Convention on GlienChange

* CBD: Convention on Biological Diversity

* UNCCD: United nations Convention to Combat Desestfon

These conventions have been established and aoelipally refined to provide a set of rules
and guidelines for achieving sustainable developgmelated to their specific topics. The
conventions directives are locally implemented wational bodies, (e.g. the National
Convention to Combat Desertification). A nationahgention is formed by scientific experts
that periodically meet in order to establish staddaand reporting rules for assessing the
status of their own country in order to reporttigkobal level (the UN in this case).

The local experts are appointed by the adminisgatlational bodies (e.g. Ministry of
Environment) and define in each country the spegéirameters to be used and their critical
values (e.g. critical thresholds) that shall bedufee routine monitoring. These analyses are
based on the state of the art literature and orspleeific experience of local experts. Every
two years the national bodies convene a globalrevwneeting (at UN level) in order to
ensure cross-consistency and standardisation ahétleodologies.
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A similar system to the above mentioned conventmmsdd be set up for a biomass potential
assessment in Europe.

Periodic
meetings 4 . )
List of
needed
ErOVidetc)j information
N y Ceubiom
. . see Table
National appoint < ( )
users | > Pool of N )
) nominated
national experts _
puid on <~ Biogeo-
provided graphlcal
by EEA :
lish regions of
Europe
Scientific .
literature Cross-evaluation
between experts
Figure 17: Quality assurance framework for locapext knowledge
The quality assurance framework includes
a) clear definition on what information the expert® aequested to give
(including units)
b) sundivision of Europe into biogeographical regiand
C) regular meetings and discussions (both physicatingseas well as web-

based discussions)

ad a) clear definition of data needed

The input needed from local experts (LEK) is ddsemliin Table 9. Information on what each
input means and how to use it in the approach arengn the respective chapters (e.g.
Chapter 5.2 for forest biomass).

ad b) Subdivision of Europe into bio-geographic reigns

Bio-geographic regions represent a broad concepthwimcludes: vegetation (forests and
meadows), flora and fauna, as well as terrestndl aguatic ecosystems. This subdivision of
Europe can help facilitate exchange between loxpemrts from the same bio-geographical
regions and can be used to fill knowledge gaps lardhonize the suggested local expert
inputs across country borders.
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Figure 18: Biogeographical regions of Europe (source: EEA, http://www.eea.europa.eu/data-and-
maps/figures/biogeographical-regions-europe-2005-with-national-boundaries)

This subdivision can also help by filling knowledgeaps. If no local expert knowledge is
available for a certain region, then an expert flamother area in the same bio-geographical

region can give an indication on the values.

A shortcoming of this subdivision is that the cuthg available map does not include

countries that are not EU members.

Another approach is the inclusion of a Europeamdbregion map (see Figure 20 from
[Mayer, 1986]). The division of classes in the nsyown is related to habitat characteristics
(primarily climate) and provides a broad repres@mteof forest species throughout Europe.

101




CEUBIOM Contract\e: 213634

,\-_-' '_ N B v, ‘ Q\l
= :*:::::;} “\)\“\ 7 L >

Figure 19: Forest regions in Europe [Mayer, 1956]

Ad c) regular meetings and discussions

Coordination between the appointed local expensiishbe implemented in order to sustain a
common level of understanding and a common pernsgech this sensitive issue. In order to
improve harmonization and high quality informatioatput from the local experts, two tools
are suggested:

1.

regular meetings of the nominated local expertsexghange experience and to
‘calibrate’ their outputs

It is recommended to have periodic meetings ofntbrainated experts to compare the
suggested values for the assessments in the diffeoentries. Experts from different
countries in the same bio-geographic region shdolasn groups and discuss,
consolidate values and explain differences. Botlisjglal meetings and also web-
based discussions should be used for this purptseical meetings should preferably
take place back-to-back with biomass conferenceave on travel budget.
cross-evaluation between local experts in ordeassure a common view and high
quality results.

In addition to the meetings, the expert values iapdts should be sent to a second
group of experts to cross-check the reliabilityled data and thus to ensure the quality
of the output.

It is clear, that this project can only suggestualiy assurance system. It is up to the
European and national administrations to actuallyiement such a framework.
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Annex 1. NUTS regions of Europe

(Sourcehttp://ec.europa.eu/eurostat/ramon/nuts/basicregsoms_en.html

In several sections of this document, NUTS is noerdd for the spatial subdivision of
Europe. The Nomenclature of Territorial Units foratistics (NUTS) was established by
EUROSTAT more than 30 years ago in order to prowdadsingle uniform breakdown of
territorial units for the production of regionahsstics for the European Union. The NUTS
nomenclature was created and developed accorditng timllowing principles:

a) The NUTS favors institutional breakdowns.
Different criteria may be used in subdividing natb territory into regions. These are
normally split between normative and analytic crite
* normative regions are the expression of a political will; their limitare fixed
according to the tasks allocated to the territar@ahmunities, according to the sizes of
population necessary to carry out these tasksi@itiy and economically, and
according to historical, cultural and other factors
» analytical (or functional)regions are defined according to analytical requirements;
they group together zones using geographical @if{erg. altitude or type of soil) or
using socio-economic criteria (e.g. homogeneitymgi@mentarity or polarity of
regional economies).
For practical reasons to do with data availabibtyd the implementation of regional
policies, the NUTS nomenclature is based primadgly the institutional divisions
currently in force in the Member States (normatvieria).

b) The NUTS favors regional units of a general cleater.

Territorial units specific to certain fields of adty (mining regions, rail traffic regions,
farming regions, labor-market regions, etc.) maysmes be used in certain Member States.
NUTS excludes specific territorial units and loaaits in favor of regional units of a general
nature.

c) The NUTS is a three-level hierarchical classiiton

Since this is a hierarchical classification, the T8Jsubdivides each Member State into a
whole number of NUTS 1 regions, each of which itumm subdivided into a whole number of
NUTS 2 regions and so on. Some NUTS regions appéaseveral levels (example:
Luxembourg appears as the country and at levelsahd 3). In this case, codes end in zero
for the region with identical territory at the ndatver level. The labels need not be identical
at the different levels even if the territorial ent of the regions concerned is identical. At a
more detailed level, there are the districts andhimipalities. These are called ‘Local
Administrative Units’ (LAU) and are not subjecttble NUTS Regulation.

The NUTS Regulation lays down rules for future admants of the regional breakdown used
by the European Union. A first revision of the NUTRssification was scheduled for 2006,
three years after the 2003 version. For the 10 Member States, the same rule applies, i.e.
amendments were possible in 2006. This means d¢Ragptionally, the moratorium before
changes are allowed is only 2 years for the new Merfstates.
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Annex 2: Definition of local expert knowledge input

Table 29: Definition of local expert knowledge inpti(all categories)

ID | Category | Input short Explanation Example

F1 | Forestry Weights forThese weights determineElevation: 0.2
increment per how much the differentSoil: 0.3
parameter parameters influence the ndbensity: 0.2
elevation, soil| annual increment of forestForest management
species, The weights have to sum upractice: 0.3
density, forestto 1. No common unit
management | definition applies.

F2 | Forestry Weights  forThese weights determine th&levation: 0.2
total growing| influence of the different Soil: 0.3
stock perl parameters on the net annud&ensity: 0.2
parameter increment of forest. TheForest management
elevation, soil| weights have to sum up to [1practice: 0.3
species, Note that the values for H1
density, forest and F2 are probably similar,
management | but can also be different

(especially in terms of forest
management). No common
unit definition applies.

F3 | Forestry Index value farEach parameter (see F1l/EZ&levation > 600 m
NAI per class| can be subdivided intp0.6
of each| meaningful classes. TheElevation <= 600 m
parameter number of classes is openl
between 0 andFor each class, an index
1 should be assigned betwege8oil type 1: 0.8

0 (no growing) and 1 (bestSoil type 2: 0.1
growing condition) for NAIL.| Soil type 3: 0.5
The sum of index values per

parameter does not have |tetc.

sum up to 1, it is open. No

common unit  definition

applies.

F4 | Forestry Index value farSame as F3, but for growingsame as F3, but for
total growing| stock (can be similar aqrgrowing stock (can be
stock per classdifferent) No common unit similar or different)
of each| definition applies.
parameter
between 0 and
1

F5 | Forestry Sustainability | This value is the optimalZone A  (normal

level of
growing stock
per pixel and
zone

growing stock per pixel forforest): 13,5 m3
zone A (normal forest). This
value can be calculated be
downscaling an amount per
ha to the pixel size (typically
20x20m = 400 m2).
Unit: m3 over bark
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F6 | Forestry Years to reaciThis value is used tpZone A: 15 years
sustainability | calculate the annual amount
level in zone A| of additionally available

biomass from currently
underused forests.
Unit: years

F7 | Forestry Slope-related | This value is the threshold {r> 40 % no extraction
no-go areas terms of steepness of slope,

above which no harvesting
can be done for soil stability
and cost reasons.

Units: percent to define the
class

F8 | Forestry Soil-related | These thresholds define/ery shallow soils]
reduced restricions  of  biomassno extraction
extraction extraction based on the soiShallow soils: only

types. 40% extraction
Unit: percent of allowed All other soils: 80%
extraction extraction

F9 | Forestry Zone-related | Thresholds for zones B andone B: no extraction
reduced C - reduction already based0%)
extraction on reduced amounts (F7, F8Zone C: norma

extraction (100%)

Al | Agriculture| Index values Each parameter can béndex values from 0-1
for DTM | subdivided into meaningfulfor each parameter
derived classes. The number op&nd each crop
parameters: classes is open. For each
elevation, class, an index should be
slope and assigned between 0 (no
aspect. Neededgrowing) and 1 (best
for each crop growing condition).The sum
type on| of index values per
local/regional | parameter does not have |to
scale sum up to 1. No common

unit definition applies.

A2 | Agriculture| Index values Each parameter can b&oil index between O-
for soil | subdivided into meaningfull for each crop
parameters: classes. The number of
Needed fon classes is open. For each
each crop typeclass, an index should be
on assigned between 0 (no
local/regional | growing) and 1 (best
scale growing condition).The sum

of index values per
parameter does not have |to
sum up to 1. No common
unit definition applies.

A3 | Agriculture| Local product Each crop is attributed [ae.g. 1/4
to residue ratig local product to residue ratio
for each crop | depending on the plantone 4th IS

physiognomy, on the cropagricultural crop
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guality, on the amount of e.
straw left on the field an
other parameters.

gproduct, 3/4th

dresidues)

are

A4

-

-

5t

A4 | Agriculture | Conversion The energy content for eaclConversion value:
values for| residue (see separate list |of
residue residues) has to be evaluateé.g. kilojoules per tor
biomass tg Average statistics exist inof biomass for eac
energy scientific  literature,  but residue at
values may differ administrative level x
significantly locally. One (NUTS-x)
important issue is the water
content of the biomass,
which significantly reduces
the energy content per ton of
biomass.
A5 | Agriculture | Conversion The energy content for eaclConversion value:
values for crop crop (=agricultural product)
biomass tg has to be evaluated. Average.g. kilojoules per tor
energy statistics exist in scientificof biomass for eac
literature, but values maycrop at administrative
differ significantly locally.| level x (NUTS-x)
One important issue is the
water content in the biomass,
which significantly reduces
the energy content per ton of
biomass.
A6 | Agriculture| Plant/tree Plants per ha. Needed foPlants/trees per ha
density estimating the biomass from
information permanent crops
A7 | Agriculture | Amount of | Residues per plant/tree [nMTons of biomass pe
residues in tonstons. Needed for estimatingplant or tree
per plant/tree | the biomass from permanent
crops
A8 | Agriculture| Soil-related These thresholds definé/ery shallow soils
reduced restrictions  of  biomassno extraction
extraction extraction based on the soiShallow soils: only
types. 40% extraction
Unit: percent of allowed All other soils: 80%
extraction extraction
A9 | Agriculture| Sustainability | The sustainability factor Expressed as a weig
factor defines how much biomas®r percentage:
from primary residues must
remain on the field for soil Example:
fertilization and sustainable0.25 or
production. ATTENTION:| 25% of residues mus
In case this value is alreadyemain on the field
considered in the product to
residue ratio (A3) this value
must not be used again.
A10 | Agriculture | Weights for| These weights determine tdclevation: 0.2
production what extent all additionally Aspect: 0.1
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values for eachused parameters

influenc&oil: 0.7

parameter: the productivity of crop i
elevation, administrative level x. Theln this case the soll
aspect, slope,weights must sum up to lLhas the largest
soil, ... No common unit definition influence on
applies. productivity of crop i
in region X.

Gl | Grassland| Index valueg€ach parameter can béndex values from 0-1
for DTM | subdivided into meaningfulfor each parameter
derived classes. The number o#@nd each grassland
parameters: classes is open. For eactype (in case more
elevation, class, an index should behan one type of
slope and assigned between 0 (n@rassland is available)
aspect. Neededgrowing) and 1 (best
for each crop growing condition).The sum
type on| of index values per
local/regional | parameter does not have |to
scale sum up to 1. No common

unit definition applies.

G2 | Grassland| Index value€ach parameter can b&oil index between O-
for soil | subdivided into meaningfull for each grassland
parameters: classes. The number ofype (in case more
Needed fon classes is open. For eacthan one type of
each crop typeclass, an index should bgrassland is available)
on assigned between 0 (no
local/regional | growing) and 1 (best
scale growing condition).The sum

of index values per

parameter does not have |to
sum up to 1. No common

unit definition applies.

G3 | Grassland | Weights  forThese weights determine tdclevation: 0.2
production what extent all additionally Aspect: 0.1
values for eachused parameters influenc&oil: 0.7
parameter: the productivity of grasslang
elevation, at administrative level x. Theln this case the soll
aspect, slope,weights must sum up to lLhas the largest
soil, ... No common unit definition influence on

applies. productivity of crop i
in region X.

G4 | Grassland | Availability Amount of grassland neede@5 % available for
index for fodder / available forenergy use

energy use

G5 | Grassland| Conversion | The energy content for eaclConversion value:
values for crop grassland type (in case mare
biomass tg than one type of grassland|is.g. kilojoules per ton
energy available) has to beof biomass for each

exist in scientific literature
but values
significantly

locally. One

evaluated. Average statisticgrassland

may differ (NUTS-x)

type at
, administrative level x
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important issue is the wate
content in the biomass
which significantly reduce
the energy content per ton
biomass.

L2 2]
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Annex 3: Optical data preprocessing

Pre-processing is the umbrella term for a varietyn@thods and processes, which are
necessary to make the input data ‘fit the purpoBeése steps are often not taken proper care
of and their influence on the final results is vefyen strongly underestimated, especially
when working with multi-temporal data and differemtormation sources of different spatial
resolutions. Only the main steps are given herl wishort explanation and some important
references. For further information the readeefemred to standard remote sensing literature,
e.g. [Lillesand et al., 2008] or
http://www.ccrs.nrcan.gc.ca/resource/tutor/funddragter4/04 _e.php

In general preprocessing operations intend to cbrfer sensor- and platform-specific
radiometric and geometric distortions of the d&adiometric corrections are necessary due
to variations in scene illumination and viewing geary, atmospheric conditions, and sensor
noise and response. All these effects vary in dégece of the specific sensor/platform and
the respective conditions during data acquisitidinen working with multi-temporal data for
vegetation analysis it is crucial to calibrate tHata to known (absolute) radiation or
reflectance values.

During the geometric correction process the dataaflocated to a spatial reference system.
Geometric correction is normally needed for geottgdhe data to a reference system, or to
eliminate geometric distortions within the data setto transform different datasets. In case
of mountainous terrain a topographic normalizativety be needed. Cloud and cloud-shadow
masking as a final preprocessing step is oftenradsaled.

Atmospheric Correction

Atmospheric influences often hamper the analysib®@fimage classification. Nowadays there
is a variety of approaches available for the cdiwacf these influences [Huang et al., 2008],
[Wen et al., 2001]. In principle they can be swimtid in three different approaches:

1. Normative methodswhereby with the help of simple algorithms theegpivalues are
corrected based on the know behavior of the diffespectral bands in regard to the reflection
of respective earth objects. Known algorithms ae=, histogram-minimum or regression
methods.

2. Radiative transfer modelsmodel the exact atmospheric interactions. Mosthroonly
known are the complex approaches of the LOWTRANwWLResolution Atmosperhic
Radiance Transmittance), MODTRAN (Moderate Radiaicansmittance) and 5S-Code
(Simulation of the Satellite Signal in the SolaeSpum).

3. Physically-based methodsshich actually rely on physical atmospheric data #o not
model the interactions directly during the correctiprocess. Instead they rely on lock-up
tables and calculated standard atmospheres, i.€ORT (Atmospheric and Topographic
Correction for Rugged Terrain).

Geometric correction

The geometric correction is a two-fold processa first step it is necessary to collect ground
control points in the reference and the ‘to be etied’ data set. These can either be ground
truth points from field visits or manually or autatitally collected points within the images.
In a second step the geometric transformation patensiare estimated and the transformation
is calculated. For the adjustment of the pixelgheir new location different resampling
algorithms can be chosen, i.e. nearest neighbbr¢ convolution or bilinear.

116




CEUBIOM Contract\e: 213634

Topographic normalization

Strong topography causes different illuminatiotihef north- and south-facing slopes. This
effect has to be corrected by normalization procesiin all areas with mountainous terrain.
Topographic normalization is therefore often neefit@dareas with mountainous terrain and
algorithms are provided in the scientific literausee [Colby, 1991], [Meyer et al., 1993],
[Riano et al., 2003], [Gallaun et al., 2007])
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Annex 4: Stepwise guideline to generate basic rengsensing
products for forestry (the GEOLAND2 approach)

This section is provided to give a guideline fongeating ‘GEOLAND?2 — like’ products for
those regions, where these products are not alailab

Input remote sensing data:

To be in line with the products from GEOLAND?2, theeferred data set would be
- SPOT4or
- SPOT5or
- IRS multispectral satellite data.

Spot 4 data has a geometric resolution of 20 mt Spas 10 m and IRS bands green, red and
NIR have 23 m and MIR has only 70 m. All data s&isuld be resampled to a common
resolution of 20 m. The spectral bands coverechbytwo sensor types are summarized in the
following table:

Table 30: Spectral properties of Spot4/5 and IRS

Ban Spot4/5 spectral range IRS spectral range
Bl : green 0.50 - 0.59 um 0.52 — 0.59 pm
B2 : red 0.61 - 0.68 um 0.62 — 0.68 um
B3 : near infrared 0.78 - 0.89 um 0.77 — 0.86 um
B4 : mid infrared (MIR) 1.58-1.75 um 1.55 - 170

Processing method:

The processing chain as applied in the Geoland2pmgpis described in the following

section and depicted in Figure 20 (exemplarily dmwn cover percentage calculation). All
tools are available within the Joanneum Researdtouse software package IMPACT. The
descriptions are based on the Methods Compendiumedewithin the Geoland2 project

(JAhola et al., 2009]).

1) Prepare training data (VHR data such as aerial @sataserscanner (LIDAR) data,
stereo data, VHR satellite data like GeoEye)

The classification is based on already availableremce data (e.g. LUCAS) or newly
acquired reference data. With the JR-IMPACT growada collection tool, area frame
sampling is performed by interpretation of systecadiyy distributed sampling points for
forest and non-forest. In the first stiqe reference points are used to relate the gakyes of
the high resolution image to the cover types foeest non-forest and statistical parameters
are computed. For crown cover percentages, Laserecaata or very high resolution aerial
images can be used to generate the training dataexample for such a set of training
samples is shown in Figure 21.
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LEFT: CIR AERIAL IMAGE CeNTRE: IRS BANDS 3-2-1 RiGgHT: IRS BANDS 4-3-2

0,13% Crown Cov, Conifer: 100%, Broadleaf: 0%

» lﬁ‘m@ 5 ‘E‘f ¢ N 1 =
0,25% Crown Cov, Conifer: 100%, Broadleaf: 0%

Figure 20: Set of training samples for crown cover percentages
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Logistic regression is a variation of an ordinaggnession which is used when the dependent
(response) variable is a dichotomous variable dmd ihdependent (input) variables are
continuous, categorical or both. Unlike the lineagression the relationship between the
predictor and response variables is not a lineactfan in logistic regression.

The formula of the logistic regression model isegivn Equation 11 below.

P(x) =

with 7 =4, + Bx +...+ B.X,

1+¢’

Where
P ... probability of occurrence of an event

B ... regression coefficients
X ... predictor variables

Equation 11: Logistic regression model

Multinomial logistic regression involves nominalsponse variables for more than two
categories. Multinomial logit models are multi-ejaa models. A response variable with k
categories will generate k-1 equations. Each obdhk-1 equations is a binary logistic
regression comparing a group with the referencaigraMultinomial logistic regression
simultaneously estimates the k-1 logits. Furthers ialso the case, that the model tests all
possible combinations among the k groups althougimly displays coefficients for the k-1
comparisons.

2) Calculate linear regression coefficients
In this step the regression coefficients are coegbuiy means of logistic regression. For
calculation of the regression parameters the respeector and the predictor variables are
required. The cover types of the reference dataeses response vector and the grey values of
the reference data serve as predictor variablesdBg the regression coefficients the program
delivers quality information about the regressioefticients.

3) Stratify
In this step the high resolution image is separateal strata by performing the multinomial
regression. The regression delivers for each pixaembership probability to one stratum.

4) Estimate computation per stratum
In this step for each stratum the respective linegression for crown cover and/or proportion
of conifers is performed. For each pixel the praparof conifers and a crown cover value is
generated.

5) Accuracy assessment by cross-validation
Accuracy Assessment is performed in the final digpcross validation. Using 95% of the
reference data the regression coefficients arematdd repeatedly. With the derived
regression coefficients the regressions are peddrriihe calculated values are compared
with the given values of the reference data. Wik tesidues statistical parameters are
computed. By repeating parameter estimation anskifieation with other samples of the
reference data cross validation is done.

120




CEUBIOM Contract\e: 213634

Pre-processed Pre-processed
VHR data EO data

\ 4

Reference _> Reference data
data processing

v \ 4

Calculation of multinomial : :
: - . Calculation of linear
regression coefficient for ) .
) ! regression coefficiante
stratification
. _ Estimate
Stratification .
computation
Strata Estimation
(Cluster) results
Accuracy Assessment

by Cross-validation

Figure 21: Processing chain to estimate continuous classes

Post-processing methods:

6) Apply your thresholds for the classes
a. forest/ non-forest (e.g. FAO definition: > 10%dst cover = forest)
b. coniferous, deciduous, mixed
c. density classes
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Annex 5: Determination of the energy content of bimass

Biomass potential is in general given in mass ynisially of wet material. Biomass in
practice contains water - sometimes up to 60 %. Whter content influences the energy
content substantially. In this section, the desnipof how to determine the energy content
of biomass is given.

As a first illustration: Fresh wood is collectedthva water content of ca. 50 %. So one kg of
fresh wood consists of 50 % water and 50 % dry wé&ay if this fresh wood is combusted in
practice, 0.5 kg of dry wood is combusted and @ @kwater will be evaporated and emitted
as steam together with the flue gases. The enengigiat of 1 kg of fresh wood will result of
the energy content of 0.5 kg dry wood reduced leyathergy consumption of evaporating 0.5
kg water.

For energy issues, usually the lower heating véli®/, or net HV) is used. It describes the

energy content of a fuel to be used after thernmeygbal conversion processes (combustion,
gasification etc.). It means that the water gemerah thermo-chemical conversion is not
condensed, but is emitted as steam with the flgse ga

For the calculation of the heating value of wenhéss (LH\(e) we need information on:
* LHV of dry biomass and (LH¥y)
* Water content w (water mass/mass of wet biomass)

In most of the data bases on energy contents, th\é @f water free biomass is given. There
are several data basis available. One of the best amost reliable is
http://www.vt.tuwien.ac.at/Biobib/biobib.htmtutored by the Vienna Technical University.

The water content of biomass in practice can bg ddferent, e.g. straw can show water

contents between 7 and 30 %, corn stalks from aBOuo to 50 %. It depends on several

parameters (climate, soil quality, weather, daytwhénarvest, harvest mode etc). The same
situation can be observed with wood as a fuel.l-vezod (tree felling) shows water contents

from 40 to 60 %, fuel wood dried in the open aio@25 to 35 % water content, industry by-

products from sawmills only have 5 to 10 % watenteat (shavings). The value therefore has
to be determined by local experts that have expegisvith the local conditions.

The calculation of the heating value follows thiatien:
LHV wet = LHVgry*(1-w) — 2400*w in [kJ/kg]

(The evaporating heat of water is typically 240kg)
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Annex 6: Calculation of Slope and Aspect

Slope(e.g. from [[Erdas, 2009], partly modified):
Slope is expressed as the change in elevationabeertain distance. Slope is most often

expressed as a percentage, but can also be cattuladegrees.
First, the average elevation changes per uniistdidce in the x and y directionX and

Ay) are calculated as:

= a—-g

&
Il
|

B
|

Ax, = f-d Ay, =b-h
Ax, =1-g Ay; =c-1

Ax = (Ax; +Ax, T Ax; )/ 3xx,

Ay = (Ay; T Ay, TAY;)/ 3 xy,

Whera:
a.i = elevation values of pixels ina 3 = 3 window, as
shown above
x, = x pixel size = 30 meters

¥s = v pixel size = 30 meters
The slope at pixel x,v is calculated as:

g = M 5 = 0.0967
ifs=1 percent slope = 5 % 100
if 521 percent slope = 200 — ﬂ

slape in degrees = mﬂ_‘r{j] X JEJ

m

Eauation 12; Calculation of slope
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Aspect(e.g. from [Erdas, 2009], partly modified):
An aspect image is an image file that is grayeseaded according to the prevailing
direction of the slope at each pixel. Aspect isregped in degrees from north, clockwise,
from 0 to 360. Due north is O degrees. A value @d@grees is due east, 180 degrees is
due south, and 270 degrees is due west. A vallBsbfdegrees is used to identify flat
surfaces such as water bodies.

Ax; = c-a Ay, =a-g
Ax, = f-d Ay, = b-h
Axy = 1-g Ay, = c—1

Where:
a..i = elevation values of pixels ina 3 = 3 window as
shown above
Ax = (Ax; T Ax, + Ax,)/3
Ay = (Ay; T Ay, + Ay;y)/3
If ax = 0 and ay = 0, then the aspect is flat (coded to 361 degrees).
Otherwise, B is calculated as:
6 = tau—llrﬁ—x.:'
_'_\.'}.z

Equation 13: Calculation of aspect

Note thato is calculated in radians, in degrees, aspectlstk3.
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Annex 7.1: Forestry data available for each considd ‘CEUBIOM’ country

Table 31: Last update of EUROSTAT and national (redl forest related terrestrial data available in thecountries

Net annual | Annual Fuelwood Roundwood Fuelwood Fuelwood Roundwood Roundwood
increment/ last | fellings/ last | production production imports/ last | exports/ last| coniferous /non-| coniferous /non-
update update coniferous / non-| coniferous /| update update coniferous coniferous exports/
coniferous last| non-coniferous imports/ last | last update

Countries update last update update

Austria 2000 2000 2008 2008 2008 2008 2008 2008

BiH

Bulgaria 2005 2005 2008 2008 2008 2008 2008 2008

Croatia 2008 2008 2008 2008

Czech Republic | 2005 2005 2008 2008 2008 2008

Germany 2005 2005 2008 2008 2008 2008

Greece 2005 2005 2008 2008 2008 2008

Hungary 2005 2005 2008 2008 2008 2008 2008 2008

Italy 2005 2005 2008 2008 2008 2008 2008 2008

FYROM

Poland 2005 2005 2008 (e) 2008 2008 2008 2008 2008

Romania 2005 2005 2008 2008 2008 (p) 2008 (p) 20pP8 2008 (p)

Slovakia 2005 2005 2008 2008 2008 2008 2008 2008

Slovenia 2005 2005 2008 2008 2008 2008 2008 2008

Ukraine

(e) estimates, (p) provisional values

The sources for these statistics are as follows:
e BiH: Federal Office of Statistics (FZS)ww.fzs.ba Republika Srpska Institute of Statistiesvw.rzs.rs.baAgency for Statistics of Bosnia and HerzegoviB&lAS)
www.bhas.ba
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Croatia: All this refers to state owned forests ofs#bh 75% of Croatia's forests) by Hrvatske Sume #Gan  Forests:
http://portal.hrsume. hr/index.php/en/forests/gelffr@sts-in-croatip Private forests mapping is ongoing by Sumskges@tavna sluzba (Forestry advisory service:
http://suma-ss.hr/forest-extension-service-for-gevforests-in-croatia.htiplresults are expected by 2015

Czech Republichttp://www.czso.cz/csu/2009edicniplan.nsf/kapitd)1-09-2009-150andhttp://eagri.cz/public/eaqgri/file/3868/ 2201091k15.pdf
Germanyhttp://www.destatis.de/jetspeed/portal/cms/Sitestates/Internet/DE/Content/Publikationen/Fachveie@fichungen/UmweltoekonomischeGesamtrechnunge
n/Waldgesamtrechnungen__1993,property=file.pdf

Greece: [Eleftheriadis, 1986], [Greek Ministry afdel and Agriculture, 2005]

FYROM: www.stat.gov.mk

Ukraine:http://www.ukrstat.gov.ua/operativ/operativ2010&dovt/03 _2010/9.rar
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Table 32: NFI and FMP data availability in the courtries

[«))

=5

NFI FMP Comments/sources:
existing/ | existing/ last
last update
Countries | update
Yes/2002 Yes/2008 http://www.walddialog.at/filemanager/download/4628strian%20Forest%20Report%o
Update 202008/1
Austria 2007/2009
Bosnia and | Will be in | Yes/ Not yet available
Herzegovinal 2010/2011 | continuous
. Yes/2005 Yes/2006 http://www.icp-forests.org/pdf/NatRepBulgaria200d. p
Bulgarla http://www.un.org/esal/forests/pdf/inational_rep@tsddaria.pdf
. Yes/2008 Yes/2008 http://portal.hrsume.hr/index.php/hr/ume/opcenitoiguhrvy
Croatia http://suma-ss.hr/forest-extension-service-for-gevforests-in-croatia.html
Czech Yes/2004 Yes/2001 http://www.uhul.cz/il/vysledky/index.php
Republic http://www.bfn.de/fileadmin/MDB/documents/skriptpif
Yes/2002 Yes/2001 http://www.bundeswaldinventur.de/enid/c483a70c67@¢Bf9e 7b4afee51e59,51519f6d
f6465092d09/2.html
Germany http://www.bfn.de/fileadmin/MDB/documents/skriptpif
Yes/1992 (yes)* Can be obtained at request from the General Segreth Forestry. Ministry of
Greece Agriculture
g
Yes/ Yes/continuous | http://www.mgszh.gov.hu/en/
Hungary continuous http://www.mgszh.gov.hu/en/
Yes/2005 Yes/continuous http://www.sian.it/inventarioforestale/jsp/docuneegibne.jsp
ital (2007 — 2013) http://www.reterurale.it/flex/cm/pages/ServeBLOBpI T/IDPagina/2826
taly
Yes/1979 Yes/ continuous http://www.mzsv.gov.mk/
www.mkdsumi.com.mk
FYROM
Yes/ Yes/ continuous| available in Regional Boards of National Fores&%7of all Polish forests) the time g
Poland continuous each update is also available
Yes/1984 —| Yes/2010 http://www.madr.ro/pages/paduri/raport-starea-pdau?007.html
next in http://www.madr.ro/pages/page.php?self=02&sub=0202820201
Romania 2012
Yes/2005- | Yes/2009 www.nlesk.sk
Slovakia 2006
. Yes/2007 Yes/2009 http://www.gozdis.si/ o _ _
Slovenia http://dklg.kmu.gov.ua/forest/control/en/publisttisie?art_id=36410&cat_id=33924
. Yes/2008 Yes/2009 http://dklg.kmu.gov.ua/forest/control/uk/publishifele?art_id=62921&cat_id=32867
Ukraine http://dklg.kmu.gov.ua/forest/control/en/publishiEle?art_id=36410&cat _id=33924

(*) Strategic forestry plan at national level pladnbut never implemented (Forest Research Institi®86)

The term ‘continuous’ means that there is contisuapdating within the area. Each year
another part of the region is done leading to eegdrupdating cycle of 10 years (mostly).

The year of the last update is thus different sehesub-region, but can generally be obtained
from the same source
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Table 33: National availability of BEFs

Country

Source

Austria

http://www.umweltbundesamt.at/fileadmirggitublikationen/M106.pdf

Bosnia and
Herzegowina

[Matic et al., 1980]

Bulgaria http://timber.unece.org/fleadmin/DAM/piddtions/EFISCENDataSources 19112009.xIs
Croatia http://portal.hrsume.hr/index.php/hr/umetgto/sumeuhrv
Czech N/A
Republic
2007 Schulze, A.; Meiwes, K.J.; Kernbach, M.; Nag&l Biomasse-Expansionsfaktoren.
Germany Abschlussbericht zum Forest Focus C2-Projekt NRE52003-2004 NI, 33 S.
Greece N/A
http://www.mgszh.gov.hu/szakteruletek/szakteruletaleszeti_igazgatosag/erdovagyon_adato
Hungary kiszak koz/adatok
Italy http://www.apat.gov.it/site/ contentfiles/@8100/158102_rapporto 113 2010.pdf
FYROM N/A
http://www.idpan.poznan.pl/index.php/pracownie/Zir&eownia-bioindykacji.html
Poland http://www.au.poznan.pl/kul/english.html
Romania Soon available (end 2011) from
http://www.madr.ro/pages/page.php?self=02&sub=0222820201
Slovakia N/A
Slovenia N/A
Ukraine N/A
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Annex 7.2: Agricultural data available for each caeidered ‘CEUBIOM’ country

Table 34: NUTS-3 level statistics or equivalent spi@l resolution (from national data centres)

NUTS-3 or| Cere- | Cereals | wheat | rye barley Grain rice Dried | potatoes| Sugar| Oil rape | Sunflower| Oil Fruit | vineyards | Total

equivalent als (without maize pulses beet seeds seed flax trees olives

(from (with | rice)

i rice)

national data

Austria P2009 | P2009 P2009 | P2009 | P2009 | P2009 | P2009 | P2009 | P2009 P2009 | P2009 | P09 P2009 P2009 | P2007 | P2009 N/E

Boshia- NE | N/A NA |[NA [NA |[NA [NE [NA |NA N/A NA [ NA | N/A NE [ NA [ NA N/A

Herzegovina

Bulgaria N/A | N/A NA |[NA [NA |[NA [NA [NA |NA N/A NA [ NA | N/A NA [ N/A [ NA N/A

Croatia YES YES YES YES YES YES YES YES YES YES YES YES | YES YES YES YES YES

Czech - YES YES YES YES YES N/E YES YES YES YES YES | YES YES Apple | YES N/E

Republic s only

Germany - YES + YES + | YES+ | YES+ | YES+ | N/E N/A YES+ YES+ N/A YES | N/A N/A N/A N/A N/E
+

Greece N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Hungary 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 | 2008 2008 2008 2008 2008

|ta|y 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 | 2009 2009 2009 2009 2009

FYROM

Poland N/A | N/A NA [ NA [NA |[NA [NA [NA |NA N/A NA [ NA | N/A NA [ N/A [ NA N/A

Romania 2008 2008 2008 2008 2008 2008 2008 2008* | 2008 2008 2008* | 2008 | 2008 2008 2008 2008 N/E

Slovakia 2008? | 20087 2008? | 2008? | 2008? | 20082 | N/E 20087 | 200872 20087 | 2008? | 2008 | 200872 20087 | 20087 | 200872 N/E
?

Slovenia N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Ukraine YES | N/A NA |[NA [NA |[NA |[NA [NA |YES YES |[NA | NA | YES NA [ N/A [ NA N/A

N/A = data not available
N/E = data not existing (= no such crop existing)
YES = data exists but year unknown
* = yield data only partly available or not availab
+ = no production statistics available, but land asea and yields
YEAR? = NUTS-3 data existing for this year, but nakn which crop types
P200x => P= possible 200x = year; NUTS-3 data notputed on a standard basis, but can be deliverspecial request. Higher resolution data is abkgldirectly.
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NUTS-2 Cere- | Cereals | wheat | rye barley Grain rice Dried | potatoes| Sugar| Oil rape | Sunflower| Oil Fruit | vineyards | Total
level als (without maize pulses beet seeds seed flax trees olives
(with | rice)
rice)
Austria 2008 2008 2008 2008 2008 2008 2007* | 2008 2008 2008 2008 2008 | 2008 2007* | 2008 2008 2007
Boshia- NE | N/A NA |[NA [NA |[NA [NE [NA |NA N/A NA [ NA | N/A NE [ NA [ NA N/A
Herzegovina
Bu |gari a 2007 2007 2007 2007 2007 2007 2007* | N/A N/A N/A 2007 2007 | 2007 2007* | N/A N/A 2007
Croatia N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Czech 2008 2008 2008 2008 2008 2008 N/E 2008 2008 2008 2008 2008 | 2008 2008 2008 2008 N/E
Republic
Germ any 2003P | 2003P 2003P | 2003P | 2003P | 2003P | N/E N/A 2003P 2003P | N/A 03P 2003P N/A 2003P | 2003P N/E
Greece 2003 | 2003 2003 2003* | 2003 2003* | 2003* | 2003 2003 2003* | 2003* | 2003 | 2003 N/A 2003 | 2003 2003
Hu ngary 2008 2008 2008 2008 2008 2008 2008* | 2008 2008 2008 2008 2008 | 2008 2008 2008 2008 N/E
|ta|y 2007 2007 2007 2007* | 2007 2007 2007* | 2007* | 2007 2007* | 2007 o7* 2007* 2007 2007 2007 2007
FYROM N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Poland 2007 2007 2007 2007 2007 2007 N/E 2007 2007 2007 2007 2007 | 2007 2007 2007 2007 N/E
Romania 2008 | 2008 2008 2008 2008 2008 2008P | 2008 2008 2008P | 2008 2008 | 2008P 2008P | 2008 | 2008 N/E
Slovakia 2008 2008 2008 2008 2008 2008 N/E 2008 2008 2008P | 2008 2008 | 2008 2008P | 2008 2008 N/E
Slovenia 2007 2007 2007 2007 2007 2007 N/E N/A N/A N/A N/A 2007 | 2007 2007 N/A 2007# 2007#
Ukraine N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

N/A = data not available through EUROSTAT
N/E = data not existing (no such crop existing)
* = yield data only partly available or not availab
P = all data only partly available (crop might betrelevant for some regions)

# = only land use statistics available
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NUTS-1 Cere- | Cereals | wheat | rye barley Grain rice Dried | potatoes| Sugar| Oil rape | Sunflower| Oil Fruit | vineyards | Total
level als (without maize pulses beet seeds seed flax trees olives
(with | rice)
rice)
Austria 2008 | 2008 2008 2008 2008 2008 2007* | 2008 2008 2008 2008 2008 | 2008 2007* | 2008 | 2008 2007
Bosnhia- N/E N/A N/A N/A N/A N/A N/E N/A N/A N/A N/A N/A N/A N/E N/A N/A N/A
Herzegovina
Bu |gari a 2007 2007 2007 2007 2007 2007 2007* | N/A N/A N/A 2007 2007 | 2007 2007* | N/A N/A 2007
Croatia N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Czech ; ; B B B B B B B B ; B ; ; ; ; ;
Republic
Germ any 2008 | 2008 2008P | 2008 2008 2008 N/E N/A 2008 2008 N/A 2008 | 2003P N/A 2008* | 2008* N/E
Greece 2003 2003 2003 2003* | 2003 2003* | 2003* | 2003 2003 2003* | 2003* | 2003 | 2003 N/A 2003 2003 2003
Hu ngary 2008 | 2008 2008 2008 2008 2008 2008* | 2008 2008 2008 2008 2008 | 2008 2008 | 2008 | 2008 N/E
|ta|y 2007 2007 2007 2007* | 2007 2007 2007* | 2007* | 2007 2007* | 2007 o7* 2007* 2007 2007 2007 2007
FYROM N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Poland 2007 2007 2007 2007 2007 2007 N/E 2007 2007 2007 2007 2007 | 2007 2007 2007 2007 N/E
Romania 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 | 2008P 2008P | 2008 2008 N/E
Slovakia ; ; B B B B B B B B ; B ; ; ; ; ;
Slovenia i i B B B B B B B B i B i i i i i
Ukraine N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

N/A = data not available through EUROSTAT
N/E = data not existing (no such crop existing)
* = yield data only partly available or not availab
P = all data only partly available (might not bkevant for some regions)
- = no NUTS-1 region defined for this country (sithe same as national data)
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EUROSTAT | Cere- | Cereals | wheat | rye barley Grain rice Dried | potatoes| Sugar| Oil rape | Sunflower| Oil Fruit | vineyards | Total
National als (without maize pulses beet seeds seed flax trees olives
level (with | rice)

rice)
Austria 2008 | 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 | 2008 2008 | 2008 | 2008 2007
Bosnhia- N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Herzegovina
Bu |gari a 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 | 2007 2007* | 2007 2007 2007*
Croatia 2003 2003 2003 2003 2003 2003 N/E 2003 2003 2003 2003 2003 | N/A N/A N/A N/A N/A
Czech 2008 | 2008 2008 2008 2008 2008 N/E 2008 2008 2008 2008 2008 | 2008 2008 | 2008 | 2008 N/E
Republic
Germ any 2008 | 2008 2008 2008 2008 2008 N/E N/A 2008 2008 N/A 2008 | 2003 2008* | 2008 | 2008 N/E
Greece 2003 2003 2003 2003 2003 2003 2003 2003 2003 2003 2003 03* 2003 N/A 2003 2003 2003
Hu ngary 2008 | 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 | 2008 2008 | 2008 | 2008 N/E
|ta|y 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 | 2007 2007* | 2007 2007 2007*
FYROM N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Poland 2007 2007 2007 2007 2007 2007 N/E 2007 2007 2007 2007 2007 | 2007 2007 2007 2007 N/E
Romania 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 | 2008 2008 2008 2008 N/E
Slovakia 2008 | 2008 2008 2008 2008 2008 N/E 2008 2008 2008P | 2008 2008 | 2008 2008 | 2008 | 2008 N/E
Slovenia 2007 2007 2007 2007 2007 2007 N/A 2007 2007 2006 2007 2007 | 2007 2007 2007 2007 2007
Ukraine N/A | N/A NA [ NA [NA |[NA [NA [NA |NA N/A NA [ NA | N/A NA [ N/A [ NA N/A

N/A = data not available through EUROSTAT
N/E = data not existing (no such crop existing)
* = yield data only partly available or not availab
P = all data only partly available (might not bkevant for some regions)

# = only land use statistics available
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Table 38: National statistics (from national data entres for NON-EU countries)

National Cere- | Cereals | wheat | rye barley Grain rice Dried | potatoes| Sugar| Oil rape | Sunflower| Oil Fruit | vineyards | Total

level from | als (without maize pulses beet seeds seed flax trees olives
. with | rice

national data Sice) )

centers

Bosnia- N/A YES YES YES YES YES N/A YES YES YES YES YES | YES N/A YES YES YES

Herzegovina

FYROM ? ? YES YES YES YES YES ? ? YES ? ? ? ? ? ? ?

Ukraine 2009 2008 2008 2008 2008 2008 2008 2009 2008 2008 N/A 2008 | 2009 2008 2008 2008 N/A

Croatia 2008 2008 2008 2008 2008 2008 N/A 2008 2008 2008 2008 2008 | 2008 2008 2008 2008 2008

YES = data existing (year unknown)

N/A = data not available

Table 39: Grassland statistics available through EBOSTAT

Grassland national NUTS-1 NUTS-2
Austria 2008 2008 2008
Bosnia- YES * - -
Herzegovina

Bulgaria 2007 N/A N/A
Croatia YES * - -
Czech Republic | 2008 2008 2008
Germany 2008 2008 2003
Greece 2003 N/A N/A
Hungary 2008 2008 2008
Italy 2007 2007 2007
FYROM YES * - -
Poland 2007 2007 2007
Romania 2008 2008 2008
Slovakia 2008 N/E 2008
Slovenia 2007 N/E 2007
Ukraine - - -
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Table 40: Websites and contact persons to obtain agultural data through national data centers:

Country Organisation Website Contact person/details

Austria Statistik Austria _www.statistik.at Mag. Renate Bader

BUNDESANSTALT STATISTIK
OSTERREICH

Direktion Raumwirtschaft

Land- und Forstwirtschaft
Guglgasse 13

1110 Wien

Tel.: +43 (1) 711 28-7253

Fax: +43 (1) 493 43 00

E-Mail: renate.bader@statistik.gv.at

Bosnia- N/A N/A N/A
Herzegovina

Bu|garia Ministry of Agriculture N/A N/A
Croatia National Statistics Department http://www.dzs.hfdmd e.htm N/A
Czech Czech Statistical Office (Regional Statistical Meoks), N/A
Republic http:/iwww.czso.cz/eng/redakce.nsf/i/regional_yeaks

Germany Regionalstatistik ? https://www.regionalstatisté/genesis/online/online;jsessionid=F6603137256 BIN/A
BOCD938449CF91905AA?0peration=abruftabelleAbrufen&lindex=1&levelid=
1274103529129&index=4

https://www.regionalstatistik.de/genesis/onlineifoajjsessionid=F6603137256BD
BOCD938449CF91905AA?0operation=abruftabelleAbrufen&lindex=1&levelid=
1274104124136&index=8

Greece N/A http://www.statistics.gr/portal/page/portal/EEAP AGE-database N/A
Hungary N/A N/A N/A
|ta|y N/A N/A N/A
FYROM N/A N/A N/A
Poland N/A N/A N/A
Romania N/A https://statistici.insse.ro/shop/?page=tempahg=en N/A

134




CEUBIOM

Contract\e: 213634

Slovakia N/A http://portal.statistics.sk/ N/A
regional: http://portal.statistics.sk/showdoc.do@d=3159

Slovenia N/A N/A

Ukraine N/A http://www.ukrstat.gov.ua/ N/A

N/A = data contact details provided by the partwmtries

135






