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Workflow

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

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

classes and from the background vegetation inntfagé 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 seggiogetry, 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 136.

This procedure was applied in a case study of tlw®@ean Project called EOBEM (Earth
Observation for grassland, shrub land and woodlaathass estimate and management, see
http://events.eoportal.org/get_announce.php?an3i8;5 [Borfecchia et al., 2001]) that
aimed at defining and mapping the vegetation thgtron and estimating the related biomass
in three different European test areas. Figurehbivs an automatic classification product of
this project on IKONOS panchromatic imagery witkentified Aleppo Pines marked with
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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 17: Olive tree detection based on IKONOS panchromatic image (from
EOBEM project)

In most cases, a simple texture measure can neiderenough information on ground object
discrimination. Better segmentation results canobéined 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 projétas,automatic detection combined with
visual refinement is a very good method to asslkessridividual 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 drdynce 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 eousthusing 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 monitoripgyrticular 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 aro8ndshen 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 photosyitally 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 (PC&)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

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.

99




CEUBIOM Contract\e: 213634

2) The accuracy of the input data is always affectimgaccuracy 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 accuracprovided.

3) Due to the fact that no actual mapping was foreseehe project, the specific costs
can not be verified.

4) The costs for data processing are always highleégnt on the institution carrying
out the analysis; on the salary system in diffesnintries and on other employment
related issues that are unknown.

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 regidns, generally high

National Typically free | According to national regulationgngrally high

statistics

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

(literature)

The costs for remote sensing data, if purchasedperational use, are given in Table 27.
These are the prices for new acquisition and fa& purpose only. It has to be kept in mind,
that most remote sensing data is acquired for abd#ferent purposes, e. g. the expensive
LIDAR data sets are purchased for a variety of isppbns 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 sgth as Image2000 or CLC are available for
free from http://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 tabgotiated with the respective institutions.
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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
SENS0rs
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

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 * *
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of energy crops

Advanced approach forestry ** Hohokk
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 ok Hox
permanent crops with optical
data

Advanced approach roxk o
grasslands with optical data

Advanced approach energy| ** ok
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).

Once the need for local expert knowledge in adudlita 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. Siifiegent 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 18.

Such paradigm is similar to that implemented by h&io Conventions that have been

established in thRio Summit, Rio Conference, Earth Summit, heldhé&yJiN on the 1992
* UNFCCC: United Nations Framework Convention on GlienChange
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* CBD: Convention on Biological Diversity

* UNCCD: United nations Convention to Combat Desestfon
Such conventions have been established and peaallydrefine a set of rules and guidelines
for achieving sustainable development in their 8wedomains. The conventions directives
are locally implemented via national bodies, (ds& WNational Convention to Combat
Desertification). Such national convention is fodnagy scientific experts that periodically
meet in order to establish standards and reportiteg for assessing the status of their own
country in order to report it at global level (tb&l in this case).
The local experts are appointed by the adminisgatlational bodies (e.g. Ministry of
Environment) and define in each country the spe@érameters 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 orsgieeific experience on the local experts.
Every two years the national bodies convene ingtohal review meeting (at UN level) in
order to ensure cross-consistency and standaahsattithe methodologies.
A system similar to the above mentioned conventioosld be set up for the biomass
potential assessment in Europe.
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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
provided information
by Ceublom| - (see Table )

National appoint
>  Poolof <7\ )

users .
) nominated

national experts _
puidon <~ Biogeo-
groé'Ei graphical
" y regions of

Europe
Scientific
literature

J/

Cross-evaluation
between experts

Figure 18: 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) stratification of Europe into biogeographical reggand
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 ddsemli in Table 29. Information on what
each input means and how to use it in the appraeelgiven in the respective chapters (e.g.
Chapter 5.2 for forest biomass).

ad b) stratification of Europe into bio-geographicregions

Bio-geographic regions represent a broad concepthwimcludes: vegetation (forests and
meadows), flora and fauna, as well as terrestrdl aguatic ecosystems. This subdivision of
Europe can help facilitate exchange between loxperes from the same bio-geographical
regions and can be used to fill knowledge gaps learthonize the suggested local expert
inputs across country borders.
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Indicative map of
biogeographical regions,
2008
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Figure 19: Biogeographical regions of Europe (source: EEA, http://www.eea.europa.eu/data-and-
maps/figures/biogeographical-regions-europe-2005-with-national-boundaries)

This stratification can also help by filling knowlige gaps. 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.

Bio-geographic regions represent a broad concepthwimcludes: vegetation (forests and
meadows), flora and fauna, as well as terrestridlaguatic ecosystems. Thus the map is not
representing specific issues like agriculturalarest types into specific regions. Additionally,
the map does not include the countries that ar&blotnembers.

An alternative to this EEA map could be the magcofopean forest regions (see Figure 20
from [Mayer, 1986]). This map is related solely flarest ecosystems; maybe thus not
providing sufficient differentiation for agricultar diversity. However, it encompasses a
division which is essentially linked to the habitalated characteristics of certain regions in
Europe (primarily microclimate) and compositionkegentation of forest species. However,
the appearance of the modern-day forests doesefiettronly the current habitat conditions,
but also their historic evolution over the timepesally after the Ice Age. It is also important
to say that similar anthropogenic influences, eglab economic status and development, took
place in certain parts of Europe resulting in saméffects and status of the forest ecosystems.
And last but not least, this division to some ekianludes the regions where similar methods
of managing the forest ecosystems are being pedl:tic

105




CEUBIOM Contract\e: 213634

G

Figure 20: Forest regions in Europe [Mayer, 1986]

Ad c) regular meetings and discussions

Coordination between the appointed local expentsiishbe 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. Botlisiglal meetings and also web-
based discussions should be used for this purptseical meetings should preferably
take place back-to-back with biomass conferencsaye 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 reliabilityhed data and thus to ensure the quality
of the output.

It is clear, that this project can only suggestualiqy assurance system. It is up to the
European and national administrations to actuallyiement such a framework.
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Possible role of National Renewable Energy Actionl&ns (NREAPS)

A suitable platform for implementation of the aba@ncept is represented by the National
Renewable Energy Action Plans (NREAPSs). With theeEtive 2009/28/EC, the commission
has established to adoptammon templatéor all member states to implement their action
plans, in the light of achieving the RES usage gddkage of the template is mandatory for
all Member States, therefore the action plans siadlely follow the structure of the template
and address all individual questions. Followingtémaplates, the Member States shall explain
how they plan to achieve the targets, providingutedf current and planned measures.

After the notification of the National RenewabledEgy Action Plans on 30 June 2010, the
European Commission will evaluate each individwslanal action plan, to ensure the plan is
consistent with the overall national renewable gpetarget by 2020 and with all the
provisions of the Directive, both in content andhiat.

The NREAPSs are a suitable instrument for enfor€uglity Control system on management
of LEK, discussed in earlier in this section. Irctfahe adoption of templates allows to
consistently scale-down from a global EU approagiidelines) to a local implementation
(specific implementation) and vice-versa (e.g. teeak the consistency of the biomass
assessment approaches among the various Membes)Stiat particular section 4.6 of the
template refers t&pecific measures for the promotion of the usenefgy from biomassand
allows to specify and justify a number of coeffiti® and conversion factors used for the
various assessments of the available resources.

8.3 Results of the expert feedbacks

A shortened version of this document, including mh@n parts of Chapters 1 — 4 and 8, as
well as workflow examples from the Basic and theva&ated approach, was sent to
approximately 160 persons of different disciplimerder to get an expert feedback on the
validity of the project findings. The exact amowftdistributed forms is not known, as it is

not exactly clear how often the email has been &oded and distributed in total. The short
version was accompanied by a feedback form, in kvivie asked the experts for their

judgements on three main parts of the documentetisaw for general and specific comments.
We received 58 completed feedback forms, plus dhige comments. The completed

feedback forms are given Annex 8

The experts come from 14 different countries, aswshin Figure 21. It can be seen that not

only the target countries of the project (Southt@asEurope and Western Balkan), but also
some people from Northern and Western Europe vmenahied in the feedback collection.
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O Romania
B Slovenia

0O Croatia

O Greece

0O Austria

@ Poland

B FYRoM

0O Czech Rep.
O Slovakia

@ Bulgaria

0O Ukraine

O Luxemburg
B Finland

B Albania

Figure 21: Country of origin of the experts givingfeedback to the approach

The background of the reviewers in terms of experis given in Figure 22 (a) and in terms
of affiliation in Figure 22 (b). For both, multipleptions could be selected. Generally, the
experts could be distinguished into four main gsouf)) our initial end-users, who are

typically from energy policy and either affiliatedth governments or work as consultants for
governments; (ii) practitioners, who carry out #ssessments today with varying affiliations
ranging from research to consulting; (iii) researshtypically from academic institutions and
finally (iv) remote sensing people coming from @®h, industry or consulting.

5%

13%

O Energy policy a (EBL(J)vernment/
. . | Research/
B\ Biomass practice academic
O Industry/
O Biomass (theory and SME
research) O Consulting
37% O Remote Sensing
W other

(a) (b)

Figure 22: (a) Expertise of reviewers; (b) Affiliaion of reviewers (multiple answers possible)
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The overall approach was rated mostly ‘very god&¥%), with some ‘good’ (14 %) and
another 29% rating the approach ‘excellent’. Redpanto the second questioHdw would
you rate the clarity of the objectives and the appateness of the methodology in addressing tee us
requirements?), again 14 % answered ‘good’, 70tégraery good’ and 16 % ‘excellent’.

Finally, the experts were asked to give their aginonlevel of detail and the clarity of the
processing steps of the given workflow example® fdsult is a bit more widespread with one person
not answering the this question and one rating',fahile the remaining majority is again in thengge

of good — very good — excellent (see Figure 23).

O poor

M fair

O good

O very good
O excellent
O N/A

Figure 23: Rating of the level of detail and clariy of the workflow examples

These answers give an overall indication on the@pmteness of the work done, however,
the most interesting part are the comments. Thentams section was divided into three
parts: (1) general comments, (2) comments to tiséckepproach and (3) comments to the
advanced approach. The following paragraphs wal thost of the comments and give
appropriate measures or explanations to them. deraio evaluate the importance of each
individual comment, the number of times, this tepieas raised is also given in the column
marked with #.

General comments

Expert Comment # | Remark Action done

group

Practitioners More local/regional datg Il | This is the main conflict Better
should be useds EU-wide between harmonization ancekxplained in
data are often not detailed applicability, our approach is |aghe overall

enough to draw
appropriate  conclusion
(e.g. European soil map)

compromise. process (JR

UJ

Practitioners Local expert knowledge (sl | We agree therefore we suppoiiore
supposed to support both | the integration of local expertisedetailed
ways of approach and can | in aregulated, systematic way, information
usually not be replaced hy added ang
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technical or other means.

NREAPs
integrated in
Chapter 8.2
(ACS)

Practitioners

They want to seemore] lll
economic and ecologi

boundary conditions

O

We know, this is needed, b
since it is different for eac
region/situation/biomass typ
these considerations should
an add-on module on top of ti
basic assessment proposed
CEUBIOM.

UA paragraph
hon economig
cand
becological
nboundary
lopnditions
was added
(FASA)

Practitioners

If a core method is to bell

This would have to be done in

a\dded to

developed, it should follow-up project or just aintroduction
applicable to all EU workshop.

member states  without

specific tailoring needs/

different needs in Western

Europe.

Practitioners Stumps and roots ane |It was not ignored, butNo action
excluded. It is better tp specifically mentioned angdneeded
exclude this based agn |argued why they are not
constraints, rather than considered.
ignoring it at all

Practitioners Trees outside forest are npt | This is correct, we did not doCheck FAO

included, but  remote
sensing is perhaps the tool
to assess this potential.
Trees in parks and along

that, because the focus was
forest and agriculture, but

would be appropriate to be do
in a following project.

oA integrated
ittcomment in
nthe section
Forest

roads are not covered in biomass
ground measurements, but (JR)
could be detected with the

help of remote sensing.

Practitionerg The access e.g. to the carll | We regard the spatial dimensiofNo  action
and the distances from the | as a very important added valueeeded
field to the biogas plant have | compared to statistical data
impact on the whole economy only.
of the project.

Energy There was a general doubt | We think that a basic potentiaNo action

policy by one reviewer, whether | can be harmonized on a certaineeded
harmonization is feasible at | scale.
all.

Energy Always other potentialsl | We agree, that additional effort®keference tg

policy than the suggested one will | would be needed for specifi EE
be needed in addition. questions/local situations, etc.| handbook,

added,
suggested
literature list
in Annex 8
(UL)
Energy There was a comment pn We agree that tstNo action
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policy the suitability of theterm classifications into differentneeded
biomass potential. potential types are often npt

helpful, but for planning
purposes, some basic
information is needed.

Energy The competition heatl |We totally agree, here otheNo action

policy versus food cannot he | methods have to come in, theeeded
solved by remote sensing. method in only to support the

decision by supplying reliable
data.

Energy It will be necessary to bell | We think that is needed andNo action

policy adopted an officia hope that CEUBIOM couldfrom the
European document for j|a | contribute to that. consortium
harmonized methodology needed
on biomass potential
assessment.

Research | Both descriptions were veryll |Usage is highly appreciatedNo action
informative for us, will use it please check also our eTrainingeeded
for lecturers and possibly far program.
students of the National
University.

Research It was criticized that thell | Ouridea is to have a descriptioiNo further
method is not detailed as a base for discussion; |ddction
enough. course, some parts may stilheeded for

have to be refined duringthe full
practical implementation.version  at
However, one equation wagshis point.
missing in the short version,

which caused confusion.

Research | Development of a corel | We think that proposing a cordNo  action
method instead af method similar to existingneeded
harmonizing existing methods is the most feasihle
methods. The term way to reach the goal of |a
'standardised’ might be harmonized assessment |in
more appropriate tham Europe. Changing the wording
‘harmonised' would not make a difference,

thus we will stick to
‘harmonized’.

Research | Subsidies  and the| | | These are issues, which can |lieeferred to
identification of alternative done as additional modulesgriculture
biomass sources for energy | based on and complementing ACS,
should be taken intp the core method. CAP) (JR)
account.

Research, | Approaches need to bdl |Yes, definitely this should beNo action

practitioners| implemented. done in a future project. needed

Comments to the basic approach

Expert Comment # Remark Action done

group
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Practitioners

Convenient solution

maximum information atlll

minimum costs

This was the idea behin

the basic approach.

dNo action neede

Practitioners Some figures and tabledl Explanation in the shontOne equatior
are not clearly explained version might not bewas missing in
sufficient. the short version
— is available in
the full version,
thus no further
action needed.
UR)
Research | Meteorological data is | We did not put it in The possibility
missing. separately, but it can bhevas mentioned
easily integrated in thein the approach
same way as soil quality odescription (JR)
elevation.
Research | Statistical figures are natll This is true, but theseNo action needed
always correct. figures are widely
accepted. A possible way
out is the use of the
advanced approach, if the
statistics are nat
trustworthy.
Research Industry statistics mightl This is correct. No action needed

be missing and woul
have to be replaced b

expert estimations.

Comments to the advanced approach

Expert Comment # Remark Action done
group
Energy The advanced approach |idl This is why we developedShort  separate
policy difficult to understand. the eTraining tool to document
support understanding. | targeted at policy
makers without
technical details
was generated
(Maich)
Energy The advanced approach [isllll | This is probably true inNo action needed
policy too expensive and difficultillll | some cases, where capagity
to implement. is missing and/or budget
not available. It is then still
possible to fall back on the
basic approach.
Energy The energy topic shouldll |This is true; combining No action needed
policy be seen jointly with GH different topics would alsp
emission calculation, ease the cost pressure [on
ecosystem services and each of them.
other similar topics.
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To summarize, the main conclusions from the exgegdbacks are:

* The approaches need to be implemented, preferdiay a slight adjustment of the
approach to the user needs of Western and NorEh@apean countries.

* Add-on modules will be needed, especially in teraisecologic and economic
constraints.

* Integration of local expert knowledge is appredate

* The cost-benefit level of the basic approach islyigppreciated.

* There is a strong concern from the policy makegaming the feasibility of the
advanced approach in terms of cost and complexity.

9. Summary & Outlook

This deliverable is a first proposal for a harmewdibiomass potential assessment framework
for bio-energy in Europe. It should be considered dvasis for discussion and a guideline for
implementation. The next step should be the deveop 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 pcbdange 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 yeaafter which “official” bioenergy
assessments would be carried out in a compatibfeenan all over Europe.

The significance of such coordination of bioenegiydies 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 thealb\approach outlined in this document

and other CEUBIOM deliverables is followed — theemance for the proposed procedures
would be very high as existing national practicesid 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 wouikiely to be met with significant

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

consortium that such harmonisation is carried autseveral phases combined with
implementation monitoring before a new phase isree(d.
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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 provadsingle 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@@hmunities, 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. Mostroonly
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 exied’ 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.

128




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 Spias 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 24 (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 24.

130




CEUBIOM

Contract\e: 213634

LEFT: CIR AERIAL IMAGE CENTRE: IRS BANDS 3-2-1

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

RiGHT: IRS BANDS 4-3-2

Figure 24: 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 referencaugraMultinomial 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 dataesas 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 separatea 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 peddrrithe calculated values are compared
with the given values of the reference data. Witk tesidues statistical parameters are
computed. By repeating parameter estimation anskifieation with other samples of the
reference data cross validation is done.
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Pre-processed Pre-processed
VHR data EO data

2

Reference _> Reference data
data processing

v v

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 25: 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 w&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 a0 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 expeeisvith 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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Table 37: National statistics (available from EUROSAT)
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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
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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
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