
























































































































































































 
 CEUBIOM Contract №: 213634 

 

93 

 
Workflow 
 
As an inventory (register) of vineyards and olive groves is available for France, Italy, Spain, 
Portugal and Greece, they can directly be used instead of the less detailed CLC. For the 
remaining countries, the same methodology should be applied (semi-automatic assessment) in 
order to guarantee comparability in the results. The main steps for such a method are 
described below. Since orchards have similar properties, the methodology can also be applied, 
although might need some adaptations in different ecozones. 
 
With VHR images it is possible to separate the crowns of permanent crop trees from other 
classes and from the background vegetation in the image using a Gaussian process classifier. 
This separation is done based on textural and morphological features. The method consists of 
identifying the boundaries of the canopy from the shadows on the periphery of each tree. Each 
image model is defined by both geometric and radiometric aspects. The geometric aspects 
consist of the crown envelope shape and the sensing geometry, while the radiometric aspects 
consist of the scene irradiance, the interaction of the scene irradiance and the tree crown, and 
the sensor irradiance. The typical flow chart for this approach is shown in Figure 136.  
 

 
Figure 13: Flowchart for the classification of permanent crops based on VHR images 
This procedure was applied in a case study of the European Project called EOBEM (Earth 
Observation for grassland, shrub land and woodland biomass estimate and management, see 
http://events.eoportal.org/get_announce.php?an_id=5389, [Borfecchia et al., 2001]) that 
aimed at defining and mapping the vegetation distribution and estimating the related biomass 
in three different European test areas. Figure 17 shows an automatic classification product of 
this project on IKONOS panchromatic imagery with identified Aleppo Pines marked with 



 
 CEUBIOM Contract №: 213634 

 

94 

crosses and a regular pattern of olive plantations with dots (red or blue). In particular the 
Aleppo Pines are marked by crosses of different size, according the extension of their crowns 
and their relative biomass calculation. The big olive trees are marked by red dots and the 
small ones by blue dots. 
 

 
Figure 14: Olive tree detection based on IKONOS panchromatic image (from EOBEM project) 
 
In most cases, a simple texture measure can not provide enough information on ground object 
discrimination. Better segmentation results can be obtained by considering multi-feature 
fusion. For this case there are many texture analysis techniques that are used for the extraction 
of features and which are well-described in the literature: statistical methods (grey level co-
occurrence matrix, grey level difference vector), filtering techniques (energy filters, Gabor 
filters), wavelet decomposition- based methods, etc.  
 
It has been shown in the above mentioned projects, that automatic detection combined with 
visual refinement is a very good method to assess the individual trees in olive groves and 
citrus plantations in the Mediterranean region. It can be expected that this discrimination is a 
bit more difficult for orchards in other ecozones, because the background vegetation is more 
similar to the spectral information of the trees. In this case, height information (from LiDAR 
data or through photogrammetric procedures) can help discriminate trees from the vegetated 
ground.  
 

6.3.3. Grassland 
Regarding the direct biomass estimation of grassland the same concerns as for annual crop 
residues have to be considered (see Chapter 6.3.1). Also grasslands can vary greatly and often 
feature a different species type, which makes the extraction of a generalized retrieval model 
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for the whole of Europe very complicated. However, there are successful implementations on 
regional level, e.g. in Italy [Schino et al., 2003] and also in Lappland [Colpaert et al., 2003]. 
Sometimes, a combination of indirect (first classification of different grassland types) and 
direct biomass assessments (within each class) is used [Jianlong et al., 1998]. This is most 
probably very useful, as it is foreseen in GEOLAND2 to provide two grassland classes: 
intensive and extensive grassland. In addition, hyperspectral data has been used in scientific 
studies. [Wamunyima, 2005] gives an overview on the state-of-the-art on this topic. 
The problems with most of these approaches are the related intensive field measurements and 
the high costs. Up to now ‘normal’ grass is not yet considered as very important for energy 
purposes, thus this effort would be difficult to justify. However, in case of an increased 
demand of grass for energy purposes in future, such a method, currently still in a research 
stage, should be further developed towards an operational level. 
 

6.4  Energy crops 
This section will focus on remote sensing based methods for vegetation types that have a high 
energy yield and are thus primarily used for biomass for energy production. These include the 
agricultural crop Triticale (Tritosecale sp.), the Miscanthus grass species (Miscanthus sp.) and 
the group of short rotation coppice species (SRC), which includes Willow (Salix sp.) and 
Poplar (Populus sp.) species. 
The basic problem with these energy crops is their similarity with other vegetations types 
used for different purposes, such as triticale vs. wheat; Miscanthus vs. other grasses and SRC 
vs. ‘normal’ young deciduous forest. Their similarities are logical, since the plants are either 
the same or closely related species. Thus the only chance to estimate the amount of biomass 
from energy crops is to get the area information for energy crop production zones from local 
experts and then calculate the amount of biomass for these specific areas. Miscanthus could 
be an exception, which can be distinguished directly from remote sensing, as some studies 
suggest.  
 
Existing studies 
 
Triticale 
The earliest study regarding the use of remote sensing specifically on the Triticale species 
was conducted by [Railvan and Korobov, 1993]. At the time the crop was not aimed for 
bioenergy production and the study merely assessed the relationship between the red edge 
inflection point location and the growth stage of the plant. A relationship between the red 
edge position and biomass has already been indicated in the past suggesting that an increase in 
chlorophyll concentration or biomass, results in the shifting of the red edge to longer 
wavelengths [Dawson and Curran, 1998]. As a result the red edge position has been used as 
an indicator for chlorophyll concentration, leaf area index (LAI) and biomass [Curran et. al., 
1991; Danson and Plummer, 1995]. 
 
The Triticale sp. species has many structural and phenological similarities with wheat. This is 
possibly the cause for the lack of research on methods using remote sensing data for 
monitoring this particular species. On the other hand, application of remote sensing data in 
monitoring crop yield and biomass has been evident for many years. A study by [Serrano et. 
al., 2000] has shown questionable results when the traditional vegetation indices were 
employed for the assessment of LAI of winter wheat, but promising results for the estimation 
of chlorophyll content (amount of chlorophyll per leaf area unit), absorbed photosynthetically 
active radiation (APAR) and grain yield. More recent studies showed several Water Indices to 
be related with grain yield [Prasad et. al., 2007; Gutierrez et al., 2009]. Also the introduction 
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of SAR data for biomass and crop yield monitoring, particular in conjunction with optical data 
has produced some promising results [McNairn et. al., 2008; Laurila et. al., 2010]. 
 
Miscanthus 
The Miscanthus grass has a high LAI value of around 8, when maximum yield is achieved 
and is also very densely planted (1 metre distance approximately, giving 10,000 plants per 
hectare). Reflectance spectra of Miscanthus plants were found to be closely related with the 
LAI, as well as the amount of absorbed photosynthetically active radiation [Vargas et. al., 
2002; Jorgensen et. al., 2003]. The main research was conducted in methods of using 
reflectance data for the assessment of dry matter production between various genotypes of 
Miscanthus, in an effort to identify the most productive breeds. 
 
Studies on Miscanthus plants found naturally in Japan’s wetlands, focused on its 
discrimination from the Phragmites species which co-exist in those areas. Since these two 
vegetation types are similar in structure, they can be easily confused. In the study of [Lu et. 
al., 2006] the matched filtering (MF) method of spectral mixture analysis was applied on an 
airborne hyperspectral image, in an effort to identify the percentage cover of each species 
within each pixel of the image. The method showed that Miscanthus stem volume and shoot 
density were closely correlated with the image-based percentage cover. In addition, stepwise 
multiple linear regression was used to estimate the shoot density and biomass. The 
independent data sets included original reflectance, band ratios, significant components 
identified by principal components analysis (PCA), and significant components identified by 
decision boundary feature extraction (DBFE). The coefficient of determination (R2) and the 
root-mean-square error (RMSE) of model calibration and validation were used to evaluate the 
models. The significant DBFE components showed better ability at predicting shoot density 
of the two grasses than the other variables in the validation areas [Lu et. al., 2009]. 
 
Short Rotation Coppice 
Methods of monitoring SRC and estimating biomass potential through the use of Earth 
Observation are similar to those for most woodland types. Studies focusing particularly on 
willow and poplar have found a significant relationship between the Normalized Difference 
Vegetation Index (NDVI) and LAI, which is also encountered for other tree species [Nagler 
et. al., 2004]. Direct estimates of biomass through the use of vegetation indices have also been 
successful for willow [Mirik et. al., 2005]. 
 
Some indirect methods of estimating biomass potential employ empirical relationships 
established using a particular set of data, between vegetation indices and biomass [Marsden 
et. al. 2010] or other parameters directly linked to biomass, such as photosynthetic activity or 
mean diameter-at-breast height [Grace et. al., 2007, Cho et. al., 2009]. Remote sensing based 
estimation of the amount of energy absorbed by the plant can provide an indication of the Net 
Primary Production (NPP), which is directly related to the amount of biomass [Gehrung and 
Scholz, 2009].  
 
Another group of methods employ multi-spectral or hyper-spectral images to classify the 
various types of vegetation, calculate the area occupied by the vegetation type of interest and 
estimate the amount of biomass present, assuming a certain amount of biomass per unit of 
area occupied by the vegetation [Cho et. al., 2009]. A study has used multi-temporal bi-
seasonal images to improve the classification accuracy of willow [Noonan and Chafer, 2007].  
 
A third category of methods usees models to calculate biomass through the use of various 
parameters [Landsberg and Waring, 1997]. Some of these models directly employ reflectance 
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data for calculation of difficult-to-measure parameters and thereby increase the accuracy of 
the estimates [Castel, et. al., 2001; Waring et. al., 2010].  
 
 
Workflow 
 
Due to the already mentioned similarity to other crops and the heterogeneity among the 
energy crops, it is not possible to propose one workflow for these crops. Instead, it is 
proposed to 
 

• Treat Triticale in the same way as other annual agricultural crops especially taking 
care of the timing of the multi-temporal data sets. In addition, local expert knowledge 
on the general occurrence of Triticale in a given region can significantly reduce the 
effort and/or improve the results. 

• Treat Miscanthus also like an agricultural crop – using a direct approach based on 
optical (vegetation index) or SAR data. The only difference would be not to reduce the 
total biomass by a crop-to-residue ratio, but instead use the whole amount, so the total 
crop for energy.  

• Treat SRC separately, although SRC areas are probably part of existing forest maps. 
The risk of confusion with young forest stands is high, thus a combined spectral-
textural analysis should be made for all young deciduous forest areas in regions with 
known SRC existence (knowledge from local experts). This check could be done for 
all of Europe too (in order to avoid the use of local experts), but it is a matter of 
cost/benefit, whether this makes sense. After the areal extent of SRC is identified, it 
can be combined with an annual yield of biomass to generate an annual biomass map 
available for energy (since almost all SRC is used for energy).  
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7. Expected Product List 
 
This chapter provides examples of the products to be expected as an output from the 
implementation of the assessment works described in this report. 
 
The maps are based on national maps. However, as a common coordinate system, UTM 
should be used. If all data is in UTM, the maps can be easily transformed to a common 
European map coordination system such as the European Terrestrial Reference System 1989 
(GEOGCS[‘GCS_ETRS89’,DATUM[‘ETRS89’,SPHEROID[‘GRS_1980’,6378137.0,298.25
7222101]],PRIMEM[‘Greenwich’,0.0],UNIT[‘Degree’,0.0174532925199433]]) as used in 
many pan-European databases such as the IMAGE2000 data set.  
 

Map Products 
 
Product: Forest Biomass for Energy - Map 
Product ID:  FM1 
Approach: basic and advanced 
Description: 
This product includes the average annual domestic forest and primary forest residues expected 
to be available for energy purposes. Not included in this product are residues from saw mills 
and wood, pulp and paper industry. There is no point of spatially mapping the latter residues 
over the entire forest area, since they are plot based and occur at a specific processing plant 
(e.g. saw mills, etc). The base map will have a MMU of 1 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 primary agricultural residues, primary residues from 
permanent plots and grasslands expected to be available for energy purposes. Not included are 
(secondary) residues from food industry. There is no point of spatially mapping the latter 
residues over the entire forest area, since they are plot based and occur at a specific processing 
plant. The map will have a MMU of 1 - 5 ha (depending on the base map used). 
 
 
Product: Map of Biomass from Energy Crops  
Product ID:  ECM1 
Approach: advanced 
Description: 
This product includes the annual amount of biomass expected from specific energy crops 
grown solitarily for energy use. These energy crops include Miscanthus grasses, Triticale and 
SRC. Since due to their very different characteristics (permanent vs. annual, grass vs. trees) 
all three types have to be treated differently, the resulting maps will also be slightly different; 
however they can be combined into one layer of energy crop 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 from the ‘Forest Biomass for Energy - Map’ (FM1) 
plus all industry residues, which can also stem from timber imports. Since the statistics on 
imports and exports are only available on a national basis, 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 from the ‘Agriculture Biomass for Energy - Map’ 
(AM1) plus secondary plot-based agricultural residues, which accrue at processing plants (e.g. 
oil mills) and can also stem from imports. Since the statistics on imports and exports are only 
available on a national basis, the statistics will be national figures. 
 
 
Product: Biomass from Energy Crops  
Product ID:  ECS1 
Approach: basic and advanced 
Description: 
This product includes the whole amount of energy from energy crops either through a 
statistical survey as suggested in the basic approach or an aggregation of the map results from 
the advanced approach. 
 
The actual specifications of these products can only be defined after a series of targeted 
workshops with decision makers and bioenergy experts. 

8. Discussion on costs and local expert knowledge  
 
 
During the establishment of the procedures proposed for harmonisation cost-efficiency was 
continuously considered. A detailed cost analysis and accuracies values can only be given 
after a successful demonstration phase. However, based on previous studies and experience, a 
rough summation of data costs and man-hours needed for the assessments are given below in 
Section 8.1. A short overview of the areas where local expert knowledge would be needed can 
be found in Section 8.2. 

8.1. Costs & Accuracy 
 
Costs and accuracy values can be given in detail for input data and roughly for specific 
processing steps. There are several obstacles to a complete and detailed analysis of costs and 
accuracies for the CEUBIOM basic and advanced approach: 

1) The methods and data are different for each biomass type, which is especially true for 
the advanced approach. 
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2) The accuracy of the input data is always affecting the accuracy of the output � since 
no mapping was done (this was not planned in the project), a final accuracy can not be 
given. However, an overview of the input accuracy is provided. 

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

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

 
The accuracy and costs of statistical/terrestrial input data is summarized in Table 26. 
EUROSTAT data is generally available for free.  
 
Table 26: Costs and accuracies of statistical/terrestrial input data 
 
Input data Costs Accuracy 
EUROSTAT Free For quality reports see 

http://epp.eurostat.ec.europa.eu/portal/page/portal/quality/quality_reporti
ng 

NFI 
aggregated 
data 

Free According to national regulations, generally high 

NFI plot 
data 

Nationally 
different 

According to national regulations, generally medium high 

FMP data Typically free According to national regulations, generally high 
National 
statistics 

Typically free According to national regulations, generally high 

BEFs Typically free 
(literature) 

Varying, fallback on IPCC BEFs is always possible 

 
The costs for remote sensing data, if purchased for operational use, are given in Table 27. 
These are the prices for new acquisition and for one purpose only. It has to be kept in mind, 
that most remote sensing data is acquired for several different purposes, e. g. the expensive 
LiDAR data sets are purchased for a variety of applications such as terrain mapping, flood 
risk assessment, forest applications and even demographic applications using the volume of 
buildings. By cost sharing, individual applications can be performed with much lower 
budgets. In addition, existing European data sets such as Image2000 or CLC are available for 
free from http://image2000.jrc.ec.europa.eu/. GEOLAND core service products will also be 
available at no cost in future. Outputs from existing projects as referred to in this document, 
e.g. the OLISTAT project should also be used in order to minimize costs. Partly such project 
data is available; partly the usage will have to be negotiated with the respective institutions.  
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Table 27: Data sets and respective operational image costs per km² (from CEUBIOM D2.3) 
 

 
 
The following table gives an overview on the processing costs for the main processing steps 
(or groups of processing steps) in a relative manner, since due to the reasons given above, 
absolute values are not available. Furthermore, an attempt is made to assess the accuracy of 
the different outputs relative to each other. 
 
Table 28: Rough estimation of relative costs and accuracies of the main processing steps 
 
Processing step(s) Costs (**** high - * low) Accuracy (**** high - * low)  
Pre-processing for both 
approaches (if needed) 

** N/A 

Processing of basic approach 
(forestry, agriculture) 

* ** 

Processing of basic approach * *  
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of energy crops 
Advanced approach forestry 
with LiDAR data 

** **** 

Advanced approach forestry 
with SAR data 

** ** 

Advanced approach annual 
crops with optical data 

*** ** 

Advanced approach annual 
crops with SAR data 

** * 

Advanced approach 
permanent crops with optical 
data 

*** *** 

Advanced approach 
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 user requirements, it becomes clear, that there is 
a large amount of information needed, which cannot be harmonized throughout Europe 
without producing extremely large errors. These ‘not harmonizable’ frame conditions have to 
be deduced from scientific literature and through local experts, who have specific 
knowledge on the area and situation in question.  
 
The advantage of scientific literature in this context is that the information is well accepted, it 
has generally undergone a review process and is thus a reliable source of information. 
However, the disadvantages of scientific studies must not be neglected in a practical 
implementation approach:  

• results may not be up-to-date;  
• investigations often cover only part of the information needed;  
• results may apply only for a specific area or time period or only one thematic field; 
• suggested methods are often not tested for large area operational applications.  

 
Thus, scientific literature should be used, wherever possible and applicable and should 
be completed and/or updated by local experts (local expert knowledge = LEK).  
 
Once the need for local expert knowledge in addition to scientific literature is confirmed, the 
next important step is to identify suitable local experts. From the user requirement 
questionnaires, it became clear that many national users have already done biomass potential 
assessments, most of them together with partner institutions. Thus it can be assumed that the 
users already have a set of experts at hand. Since different assessment methods by local 
experts can lead to significant differences in the final results, we here propose a framework 
for quality assurance that integrates guidelines for dealing with local expert knowledge. The 
overall framework is sketched in Figure 18.  
 
Such paradigm is similar to that implemented by the 3 Rio Conventions that have been 
established in the Rio Summit, Rio Conference, Earth Summit, held by the UN on the 1992: 

• UNFCCC: United Nations Framework Convention on Climate Change 
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• CBD: Convention on Biological Diversity 
• UNCCD: United nations Convention to Combat Desertification 

Such conventions have been established and periodically refine a set of rules and guidelines 
for achieving sustainable development in their specific domains. The conventions directives 
are locally implemented via national bodies, (es. the National Convention to Combat 
Desertification). Such national convention is formed by scientific experts that periodically 
meet in order to establish standards and reporting rules for assessing the status of their own 
country in order to report it at global level (the UN in this case).  
The local experts are appointed by the administrative National bodies (e.g. Ministry of 
Environment) and define in each country the specific parameters to be used and their critical 
values (e.g. critical thresholds) that shall be used for routine monitoring. These analyses are 
based on the state of the art literature and on the specific experience on the local experts. 
Every two years the national bodies convene into a global review meeting (at UN level) in 
order to ensure cross-consistency and standardisation of the methodologies.  
A system similar to the above mentioned conventions could be set up for the biomass 
potential assessment in Europe.  
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A similar system to the above mentioned conventions could be set up for a biomass potential 
assessment in Europe.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Quality assurance framework for local expert knowledge 
 
 
Figure 15: Quality assurance framework for local expert knowledge 
 
The quality assurance framework includes  

a) clear definition on what information the experts are requested to give 
(including units) 

b) stratification of Europe into biogeographical regions and  
c) regular meetings and discussions (both physical meetings as well as web-

based discussions) 
 
ad a) clear definition of data needed 
The input needed from local experts (LEK) is described in Table 29. Information on what 
each input means and how to use it in the approach are given in the respective chapters (e.g. 
Chapter 5.2 for forest biomass). 
 
ad b) stratification of Europe into bio-geographic regions 
Bio-geographic regions represent a broad concept which includes: vegetation (forests and 
meadows), flora and fauna, as well as terrestrial and aquatic ecosystems. This subdivision of 
Europe can help facilitate exchange between local experts from the same bio-geographical 
regions and can be used to fill knowledge gaps and harmonize the suggested local expert 
inputs across country borders. 
 
 

List of 
needed 

information 
(see Table ) 

Biogeo-
graphical 
regions of 

Europe 

National 
users 

appoint 

provided 
by Ceubiom 

provided 
by EEA 

Periodic 
meetings 

Cross-evaluation 
between experts 

build on 

publish 

Pool of 
nominated 

national experts 

Scientific 
literature 
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) 
This stratification can also help by filling knowledge gaps. If no local expert knowledge is 
available for a certain region, then an expert from another area in the same bio-geographical 
region can give an indication on the values.  
Bio-geographic regions represent a broad concept which includes: vegetation (forests and 
meadows), flora and fauna, as well as terrestrial and aquatic ecosystems. Thus the map is not 
representing specific issues like agricultural or forest types into specific regions. Additionally, 
the map does not include the countries that are not EU members.  
 
An alternative to this EEA map could be the map of European forest regions (see Figure 20 
from [Mayer, 1986]). This map is related solely to forest ecosystems; maybe thus not 
providing sufficient differentiation for agricultural diversity. However, it encompasses a 
division which is essentially linked to the habitat-related characteristics of certain regions in 
Europe (primarily microclimate) and composition/representation of forest species. However, 
the appearance of the modern-day forests does not reflect only the current habitat conditions, 
but also their historic evolution over the time, especially after the Ice Age. It is also important 
to say that similar anthropogenic influences, related to economic status and development, took 
place in certain parts of Europe resulting in similar effects and status of the forest ecosystems. 
And last but not least, this division to some extent includes the regions where similar methods 
of managing the forest ecosystems are being practiced. 
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Figure 16: Forest regions in Europe =[Hiba! A hivatkozási forrás nem található.] 
Ad c) regular meetings and discussions  
 
Coordination between the appointed local experts should be implemented in order to sustain a 
common level of understanding and a common perspective on this sensitive issue. In order to 
improve harmonization and high quality information output from the local experts, two tools 
are suggested: 

1. regular meetings of the nominated local experts to exchange experience and to 
‘calibrate’ their outputs 
It is recommended to have periodic meetings of the nominated experts to compare the 
suggested values for the assessments in the different countries. Experts from different 
countries in the same bio-geographic region should form groups and discuss, 
consolidate values and explain differences. Both physical meetings and also web-
based discussions should be used for this purpose. Physical meetings should preferably 
take place back-to-back with biomass conferences to save on travel budget.  

2. cross-evaluation between local experts in order to assure a common view and high 
quality results. 
In addition to the meetings, the expert values and inputs should be sent to a second 
group of experts to cross-check the reliability of the data and thus to ensure the quality 
of the output. 
 

It is clear, that this project can only suggest a quality assurance system. It is up to the 
European and national administrations to actually implement such a framework. 
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Possible role of National Renewable Energy Action Plans (NREAPs) 
 
A suitable platform for implementation of the above concept is represented by the National 
Renewable Energy Action Plans (NREAPs). With the Directive 2009/28/EC, the commission 
has established to adopt a common template for all member states to implement their action 
plans, in the light of achieving the RES usage goals. Usage of the template is mandatory for 
all Member States, therefore the action plans shall closely follow the structure of the template 
and address all individual questions. Following the templates, the Member States shall explain 
how they plan to achieve the targets, providing details of current and planned measures.  
 
After the notification of the National Renewable Energy Action Plans on 30 June 2010, the 
European Commission will evaluate each individual national action plan, to ensure the plan is 
consistent with the overall national renewable energy target by 2020 and with all the 
provisions of the Directive, both in content and format.  
 
The NREAPs are a suitable instrument for enforcing Quality Control system on management 
of LEK, discussed in earlier in this section. In fact the adoption of templates allows to 
consistently scale-down from a global EU approach (guidelines) to a local implementation 
(specific implementation) and vice-versa (e.g. to check the consistency of the biomass 
assessment approaches among the various Member States). In particular section 4.6 of the 
template refers to Specific measures for the promotion of the use of energy from biomass, and 
allows to specify and justify a number of coefficients 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 the main parts of Chapters 1 – 4 and 8, as 
well as workflow examples from the Basic and the Advanced approach, was sent to 
approximately 160 persons of different disciplines in order to get an expert feedback on the 
validity of the project findings. The exact amount of distributed forms is not known, as it is 
not exactly clear how often the email has been forwarded and distributed in total. The short 
version was accompanied by a feedback form, in which we asked the experts for their 
judgements on three main parts of the document as well as for general and specific comments. 
We received 58 completed feedback forms, plus only three comments. The completed 
feedback forms are given in Annex 8.  
 
The experts come from 14 different countries, as shown in Figure 21. It can be seen that not 
only the target countries of the project (South-eastern Europe and Western Balkan), but also 
some people from Northern and Western Europe were involved in the feedback collection.  
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Figure 21: Country of origin of the experts giving feedback to the approach 
 
 
The background of the reviewers in terms of expertise is given in Figure 22 (a) and in terms 
of affiliation in Figure 22 (b). For both, multiple options could be selected. Generally, the 
experts could be distinguished into four main groups: (i) our initial end-users, who are 
typically from energy policy and either affiliated with governments or work as consultants for 
governments; (ii) practitioners, who carry out the assessments today with varying affiliations 
ranging from research to consulting; (iii) researchers typically from academic institutions and 
finally (iv) remote sensing people coming from research, industry or consulting. 
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Figure 22: (a) Expertise of reviewers; (b) Affiliation of reviewers (multiple answers possible) 
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The overall approach was rated mostly ‘very good’ (57%), with some ‘good’ (14 %) and 
another 29% rating the approach ‘excellent’. Responding to the second question (How would 
you rate the clarity of the objectives and the appropriateness of the methodology in addressing the user 
requirements?), again 14 % answered ‘good’, 70 % rated ‘very good’ and 16 % ‘excellent’. 
 
Finally, the experts were asked to give their opinion on level of detail and the clarity of the 
processing steps of the given workflow examples. The result is a bit more widespread with one person 
not answering the this question and one rating ‘fair’, while the remaining majority is again in the range 
of good – very good – excellent (see Figure 23). 
 

              

16%
21%

59%

0%

2%2%

poor

fair

good

very good

excellent

N/A

 
 
Figure 23: Rating of the level of detail and clarity of the workflow examples 
 
 
These answers give an overall indication on the appropriateness of the work done, however, 
the most interesting part are the comments. The comments section was divided into three 
parts: (1) general comments, (2) comments to the basic approach and (3) comments to the 
advanced approach. The following paragraphs will list most of the comments and give 
appropriate measures or explanations to them. In order to evaluate the importance of each 
individual comment, the number of times, this topics was raised is also given in the column 
marked with #. 
 
General comments 
 
Expert 
group 

Comment # Remark Action done 

Practitioners More local/regional data 
should be used, as EU-wide 
data are often not detailed 
enough to draw 
appropriate conclusions 
(e.g. European soil map) 

II This is the main conflict 
between harmonization and 
applicability, our approach is a 
compromise. 
 

Better 
explained in 
the overall 
process (JR) 

Practitioners 
 

Local expert knowledge is 
supposed to support both 
ways of approach and can 
usually not be replaced by 

II We agree therefore we support 
the integration of local expertise 
in a regulated, systematic way. 
 

More 
detailed 
information 
added and 
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technical or other means. NREAPs 
integrated in 
Chapter 8.2. 
(ACS) 

Practitioners They want to see more 
economic and ecologic 
boundary conditions 

III  We know, this is needed, but 
since it is different for each 
region/situation/biomass type, 
these considerations should be 
an add-on module on top of the 
basic assessment proposed by 
CEUBIOM. 

A paragraph 
on economic 
and 
ecological 
boundary 
conditions 
was added 
(FASA) 

Practitioners If a core method is to be 
developed, it should 
applicable to all EU 
member states without 
specific tailoring needs/ 
different needs in Western 
Europe. 

II This would have to be done in a 
follow-up project or just a 
workshop. 

Added to 
introduction  

Practitioners Stumps and roots are 
excluded. It is better to 
exclude this based on 
constraints, rather than 
ignoring it at all  

I It was not ignored, but 
specifically mentioned and 
argued why they are not 
considered. 

No action 
needed 

Practitioners Trees outside forest are not 
included, but remote 
sensing is perhaps the tool 
to assess this potential. 
Trees in parks and along 
roads are not covered in 
ground measurements, but 
could be detected with the 
help of remote sensing. 

I This is correct, we did not do 
that, because the focus was on 
forest and agriculture, but it 
would be appropriate to be done 
in a following project. 
 

Check FAO 
– integrated 
comment in 
the section 
Forest 
biomass 
(JR) 

Practitioners The access e.g. to the corn 
and the distances from the 
field to the biogas plant have 
impact on the whole economy 
of the project. 

II We regard the spatial dimension 
as a very important added value 
compared to statistical data 
only. 

No action 
needed 

Energy 
policy 

There was a general doubt 
by one reviewer, whether 
harmonization is feasible at 
all. 

I We think that a basic potential 
can be harmonized on a certain 
scale. 

No action 
needed 

Energy 
policy 

Always other potentials 
than the suggested one will 
be needed in addition. 

I We agree, that additional efforts 
would be needed for specific 
questions/local situations, etc. 

Reference to 
BEE 
handbook, 
added, 
suggested 
literature list 
in Annex 8 
(UL) 

Energy There was a comment on I We agree that strict No action 
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policy the suitability of the term 
biomass potential. 

classifications into different 
potential types are often not 
helpful, but for planning 
purposes, some basic 
information is needed. 

needed 

Energy 
policy 

The competition heat 
versus food cannot be 
solved by remote sensing. 

I We totally agree, here other 
methods have to come in, the 
method in only to support the 
decision by supplying reliable 
data. 

No action 
needed 

Energy 
policy 

It will be necessary to be 
adopted an official 
European document for a 
harmonized methodology 
on biomass potential 
assessment. 

II We think that is needed and 
hope that CEUBIOM could 
contribute to that. 
 

No action 
from the 
consortium 
needed 

Research Both descriptions were very 
informative for us, will use it 
for lecturers and possibly for 
students of the National 
University. 

II Usage is highly appreciated 
please check also our eTraining 
program. 

No action 
needed 

Research It was criticized that the 
method is not detailed 
enough. 

II Our idea is to have a description 
as a base for discussion; of 
course, some parts may still 
have to be refined during 
practical implementation. 
However, one equation was 
missing in the short version, 
which caused confusion. 

No further 
action 
needed for 
the full 
version at 
this point. 

Research Development of a core 
method instead of 
harmonizing existing 
methods. The term 
'standardised' might be 
more appropriate than 
'harmonised'  

I We think that proposing a core 
method similar to existing 
methods is the most feasible 
way to reach the goal of a 
harmonized assessment in 
Europe. Changing the wording 
would not make a difference, 
thus we will stick to 
‘harmonized’. 

No action 
needed 

Research Subsidies and the 
identification of alternative 
biomass sources for energy 
should be taken into 
account. 

I These are issues, which can be 
done as additional modules 
based on and complementing 
the core method. 

Referred to 
agriculture 
(IACS, 
CAP) (JR) 

Research, 
practitioners 

Approaches need to be 
implemented. 

II Yes, definitely this should be 
done in a future project. 

No action 
needed 

 
 
Comments to the basic approach 
 
Expert 
group 

Comment # Remark Action done 
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Practitioners Convenient solution: 
maximum information at 
minimum costs 

IIIII  
III 

This was the idea behind 
the basic approach. 

No action needed 

Practitioners Some figures and tables 
are not clearly explained 

II Explanation in the short 
version might not be 
sufficient.  

One equation 
was missing in 
the short version 
– is available in 
the full version, 
thus no further 
action needed. 
(JR) 

Research Meteorological data is 
missing. 

I We did not put it in 
separately, but it can be 
easily integrated in the 
same way as soil quality or 
elevation. 

The possibility 
was mentioned 
in the approach 
description (JR) 

Research Statistical figures are not 
always correct. 

II This is true, but these 
figures are widely 
accepted. A possible way 
out is the use of the 
advanced approach, if the 
statistics are not 
trustworthy. 

No action needed 

Research Industry statistics might 
be missing and would 
have to be replaced by 
expert estimations. 

I This is correct. No action needed 

 
 
Comments to the advanced approach 
 
Expert 
group 

Comment # Remark Action done 

Energy 
policy 

The advanced approach is 
difficult to understand. 

II This is why we developed 
the eTraining tool to 
support understanding. 

Short separate 
document 
targeted at policy 
makers without 
technical details 
was generated 
(Maich) 

Energy 
policy 

The advanced approach is 
too expensive and difficult 
to implement. 

IIIII  
IIIII  

This is probably true in 
some cases, where capacity 
is missing and/or budget 
not available. It is then still 
possible to fall back on the 
basic approach. 

No action needed 

Energy 
policy 

The energy topic should 
be seen jointly with GHG 
emission calculation, 
ecosystem services and 
other similar topics. 

III This is true; combining 
different topics would also 
ease the cost pressure on 
each of them.  

No action needed 
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To summarize, the main conclusions from the experts feedbacks are: 

• The approaches need to be implemented, preferably after a slight adjustment of the 
approach to the user needs of Western and Northern European countries. 

• Add-on modules will be needed, especially in terms of ecologic and economic 
constraints. 

• Integration of local expert knowledge is appreciated. 
• The cost-benefit level of the basic approach is highly appreciated. 
• There is a strong concern from the policy makers regarding the feasibility of the 

advanced approach in terms of cost and complexity. 

9. Summary & Outlook 
 
This deliverable is a first proposal for a harmonized biomass potential assessment framework 
for bio-energy in Europe. It should be considered as a basis for discussion and a guideline for 
implementation. The next step should be the development of the specifications of the foreseen 
products followed by the actual implementation of the method(s) in one or more countries 
and/or regions throughout Europe. The lessons to be learned from the implementation 
exercise could be used to revise the original product range and their specifications eventually 
resulting in strict (but realistic) guidelines as to the methods used and type of data generated 
in national bioenergy surveys. Depending on the financial resources available and the level of 
political commitment this could be done in 2-4 years, after which “official” bioenergy 
assessments would be carried out in a compatible manner in all over Europe. 
 
The significance of such coordination of bioenergy studies and data gathering would be 
enormous. As results any national surveys could be readily aggregated to European level 
providing very accurate information for policy making without the need to launch top-bottom 
assessment campaigns. At the same time - if the overall approach outlined in this document 
and other CEUBIOM deliverables is followed – the acceptance for the proposed procedures 
would be very high as existing national practices would not need to be completely replaced. 
For countries where such practices do not exist at the moment these specifications could be 
readily adopted as a national standard. 
 
An over-ambitious, over-regulative approach would likely to be met with significant 
resistance by stakeholders and also the expert community. It is a proposal of the CEUBIOM 
consortium that such harmonisation is carried out in several phases combined with 
implementation monitoring before a new phase is enforced. 
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Annex 1: NUTS regions of Europe  
(Source: http://ec.europa.eu/eurostat/ramon/nuts/basicnuts_regions_en.html) 
 
In several sections of this document, NUTS is mentioned for the spatial subdivision of 
Europe. The Nomenclature of Territorial Units for Statistics (NUTS) was established by 
EUROSTAT more than 30 years ago in order to provide a single uniform breakdown of 
territorial units for the production of regional statistics for the European Union. The NUTS 
nomenclature was created and developed according to the following principles: 
 
a) The NUTS favors institutional breakdowns.  
Different criteria may be used in subdividing national territory into regions. These are 
normally split between normative and analytic criteria: 

• normative regions are the expression of a political will; their limits are fixed 
according to the tasks allocated to the territorial communities, according to the sizes of 
population necessary to carry out these tasks efficiently 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 criteria (e.g. altitude or type of soil) or 
using socio-economic criteria (e.g. homogeneity, complementarity or polarity of 
regional economies).  

For practical reasons to do with data availability and the implementation of regional 
policies, the NUTS nomenclature is based primarily on the institutional divisions 
currently in force in the Member States (normative criteria). 

 
b) The NUTS favors regional units of a general character.  
Territorial units specific to certain fields of activity (mining regions, rail traffic regions, 
farming regions, labor-market regions, etc.) may sometimes be used in certain Member States. 
NUTS excludes specific territorial units and local units in favor of regional units of a general 
nature. 
 
c) The NUTS is a three-level hierarchical classification  
Since this is a hierarchical classification, the NUTS subdivides each Member State into a 
whole number of NUTS 1 regions, each of which is in turn subdivided into a whole number of 
NUTS 2 regions and so on. Some NUTS regions appear at several levels (example: 
Luxembourg appears as the country and at levels 1, 2 and 3). In this case, codes end in zero 
for the region with identical territory at the next lower level. The labels need not be identical 
at the different levels even if the territorial extent of the regions concerned is identical. At a 
more detailed level, there are the districts and municipalities. These are called ‘Local 
Administrative Units’ (LAU) and are not subject of the NUTS Regulation. 
 
The NUTS Regulation lays down rules for future amendments of the regional breakdown used 
by the European Union. A first revision of the NUTS classification was scheduled for 2006, 
three years after the 2003 version. For the 10 new Member States, the same rule applies, i.e. 
amendments were possible in 2006. This means that, exceptionally, the moratorium before 
changes are allowed is only 2 years for the new Member States.  
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Annex 2: Definition of local expert knowledge input 
 
Table 29: Definition of local expert knowledge input (all categories) 
 
ID Category Input short Explanation Example 
F1 Forestry Weights for 

increment per 
parameter 
elevation, soil, 
species, 
density, forest 
management 

These weights determine 
how much the different 
parameters influence the net 
annual increment of forest. 
The weights have to sum up 
to 1. No common unit 
definition applies. 

Elevation: 0.2 
Soil: 0.3 
Density: 0.2 
Forest management 
practice: 0.3 

F2 Forestry Weights for 
total growing 
stock per 
parameter 
elevation, soil, 
species, 
density, forest 
management 

These weights determine the 
influence of the different 
parameters on the net annual 
increment of forest. The 
weights have to sum up to 1. 
Note that the values for F1 
and F2 are probably similar, 
but can also be different 
(especially in terms of forest 
management). No common 
unit definition applies. 

Elevation: 0.2 
Soil: 0.3 
Density: 0.2 
Forest management 
practice: 0.3 

F3 Forestry Index value for 
NAI per class 
of each 
parameter 
between 0 and 
1 

Each parameter (see F1/F2) 
can be subdivided into 
meaningful classes. The 
number of classes is open. 
For each class, an index 
should be assigned between 
0 (no growing) and 1 (best 
growing condition) for NAI. 
The sum of index values per 
parameter does not have to 
sum up to 1, it is open. No 
common unit definition 
applies. 

Elevation > 600 m: 
0.6 
Elevation <= 600 m: 
1 
 
Soil type 1: 0.8 
Soil type 2: 0.1 
Soil type 3: 0.5 
 
etc. 
 

F4 Forestry Index value for 
total growing 
stock per class 
of each 
parameter 
between 0 and 
1 

Same as F3, but for growing 
stock (can be similar or 
different) No common unit 
definition applies. 

Same as F3, but for 
growing stock (can be 
similar or different) 

F5 Forestry Sustainability 
level of 
growing stock 
per pixel and 
zone 

This value is the optimal 
growing stock per pixel for 
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 

Zone A (normal 
forest): 13,5 m³ 
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F6 Forestry Years to reach 
sustainability 
level in zone A 

This value is used to 
calculate the annual amount 
of additionally available 
biomass from currently 
underused forests. 
Unit: years 

Zone A: 15 years 
 

F7 Forestry Slope-related 
no-go areas 

This value is the threshold in 
terms of steepness of slope, 
above which no harvesting 
can be done for soil stability 
and cost reasons. 
Units: percent to define the 
class 

> 40 % no extraction 

F8 Forestry Soil-related 
reduced 
extraction 

These thresholds define 
restrictions of biomass 
extraction based on the soil 
types.  
Unit: percent of allowed 
extraction 

Very shallow soils: 
no extraction 
Shallow soils: only 
40% extraction 
All other soils: 80% 
extraction 

F9 Forestry Zone-related 
reduced 
extraction 

Thresholds for zones B and 
C � reduction already based 
on reduced amounts (F7, F8) 

Zone B: no extraction 
(0%) 
Zone C: normal 
extraction (100%) 

A1 Agriculture Index values 
for DTM 
derived 
parameters: 
elevation, 
slope and 
aspect. Needed 
for each crop 
type on 
local/regional 
scale 

Each parameter can be 
subdivided into meaningful 
classes. The number of 
classes is open. For each 
class, an index should be 
assigned between 0 (no 
growing) and 1 (best 
growing condition).The sum 
of index values per 
parameter does not have to 
sum up to 1. No common 
unit definition applies. 

Index values from 0-1 
for each parameter 
and each crop 

A2 Agriculture Index values 
for soil 
parameters: 
Needed for 
each crop type 
on 
local/regional 
scale 

Each parameter can be 
subdivided into meaningful 
classes. The number of 
classes is open. For each 
class, an index should be 
assigned between 0 (no 
growing) and 1 (best 
growing condition).The sum 
of index values per 
parameter does not have to 
sum up to 1. No common 
unit definition applies. 

Soil index between 0-
1 for each crop 

A3 Agriculture Local product 
to residue ratio 
for each crop 

Each crop is attributed a 
local product to residue ratio 
depending on the plant 
physiognomy, on the crop 

e.g. 1/4 
 
(one 4th is 
agricultural crop 
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quality, on the amount of e.g. 
straw left on the field and 
other parameters.   

product, 3/4th are 
residues) 
 

A4 Agriculture Conversion 
values for 
residue 
biomass to 
energy 

The energy content for each 
residue (see separate list of 
residues) has to be evaluated. 
Average statistics exist in 
scientific literature, but 
values may differ 
significantly locally. One 
important issue is the water 
content of the biomass, 
which significantly reduces 
the energy content per ton of 
biomass. 

Conversion value: 
 
e.g. kilojoules per ton 
of biomass for each 
residue at 
administrative level x 
(NUTS-x) 

A5 Agriculture Conversion 
values for crop 
biomass to 
energy 

The energy content for each 
crop (=agricultural product) 
has to be evaluated. Average 
statistics exist in scientific 
literature, but values may 
differ significantly locally. 
One important issue is the 
water content in the biomass, 
which significantly reduces 
the energy content per ton of 
biomass. 

Conversion value: 
 
e.g. kilojoules per ton 
of biomass for each 
crop at administrative 
level x (NUTS-x) 

A6 Agriculture Plant/tree 
density 
information 

Plants per ha. Needed for 
estimating the biomass from 
permanent crops 

Plants/trees per ha 

A7 Agriculture Amount of 
residues in tons 
per plant/tree 

Residues per plant/tree in 
tons. Needed for estimating 
the biomass from permanent 
crops 

Tons of biomass per 
plant or tree 

A8 Agriculture Soil-related 
reduced 
extraction 

These thresholds define 
restrictions of biomass 
extraction based on the soil 
types.  
Unit: percent of allowed 
extraction 

Very shallow soils: 
no extraction 
Shallow soils: only 
40% extraction 
All other soils: 80% 
extraction 

A9 Agriculture Sustainability 
factor 

The sustainability factor 
defines how much biomass 
from primary residues must 
remain on the field for soil 
fertilization and sustainable 
production. ATTENTION: 
In case this value is already 
considered in the product to 
residue ratio (A3) this value 
must not be used again. 

Expressed as a weight 
or percentage: 
 
Example:  
0.25 or 
25% of residues must 
remain on the field 

A10 Agriculture Weights for 
production 

These weights determine to 
what extent all additionally 

Elevation: 0.2 
Aspect: 0.1 
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values for each 
parameter: 
elevation, 
aspect, slope, 
soil, … 

used parameters influence 
the productivity of crop i at 
administrative level x. The 
weights must sum up to 1. 
No common unit definition 
applies. 

Soil: 0.7 
 
In this case the soil 
has the largest 
influence on 
productivity of crop i 
in region x. 

G1 Grassland Index values 
for DTM 
derived 
parameters: 
elevation, 
slope and 
aspect. Needed 
for each crop 
type on 
local/regional 
scale 

Each parameter can be 
subdivided into meaningful 
classes. The number of 
classes is open. For each 
class, an index should be 
assigned between 0 (no 
growing) and 1 (best 
growing condition).The sum 
of index values per 
parameter does not have to 
sum up to 1. No common 
unit definition applies. 

Index values from 0-1 
for each parameter 
and each grassland 
type (in case more 
than one type of 
grassland is available) 

G2 Grassland Index values 
for soil 
parameters: 
Needed for 
each crop type 
on 
local/regional 
scale 

Each parameter can be 
subdivided into meaningful 
classes. The number of 
classes is open. For each 
class, an index should be 
assigned between 0 (no 
growing) and 1 (best 
growing condition).The sum 
of index values per 
parameter does not have to 
sum up to 1. No common 
unit definition applies. 

Soil index between 0-
1 for each grassland 
type (in case more 
than one type of 
grassland is available) 

G3 Grassland Weights for 
production 
values for each 
parameter: 
elevation, 
aspect, slope, 
soil, … 

These weights determine to 
what extent all additionally 
used parameters influence 
the productivity of grassland 
at administrative level x. The 
weights must sum up to 1. 
No common unit definition 
applies. 

Elevation: 0.2 
Aspect: 0.1 
Soil: 0.7 
 
In this case the soil 
has the largest 
influence on 
productivity of crop i 
in region x. 

G4 Grassland Availability 
index 

Amount of grassland needed 
for fodder / available for 
energy use 

25 % available for 
energy use 

G5 Grassland Conversion 
values for crop 
biomass to 
energy 

The energy content for each 
grassland type (in case more 
than one type of grassland is 
available) has to be 
evaluated. Average statistics 
exist in scientific literature, 
but values may differ 
significantly locally. One 

Conversion value: 
 
e.g. kilojoules per ton 
of biomass for each 
grassland type at 
administrative level x 
(NUTS-x) 
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important issue is the water 
content in the biomass, 
which significantly reduces 
the energy content per ton of 
biomass. 
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Annex 3: Optical data preprocessing 
 
Pre-processing is the umbrella term for a variety of methods and processes, which are 
necessary to make the input data ‘fit the purpose’. These steps are often not taken proper care 
of and their influence on the final results is very often strongly underestimated, especially 
when working with multi-temporal data and different information sources of different spatial 
resolutions. Only the main steps are given here with a short explanation and some important 
references. For further information the reader is referred to standard remote sensing literature, 
e.g. [Lillesand et al., 2008] or 
http://www.ccrs.nrcan.gc.ca/resource/tutor/fundam/chapter4/04_e.php. 
In general preprocessing operations intend to correct for sensor- and platform-specific 
radiometric and geometric distortions of the data. Radiometric corrections are necessary due 
to variations in scene illumination and viewing geometry, atmospheric conditions, and sensor 
noise and response. All these effects vary in dependence of the specific sensor/platform and 
the respective conditions during data acquisition. When working with multi-temporal data for 
vegetation analysis it is crucial to calibrate the data to known (absolute) radiation or 
reflectance values. 
During the geometric correction process the data are allocated to a spatial reference system. 
Geometric correction is normally needed for geo-coding the data to a reference system, or to 
eliminate geometric distortions within the data set, or to transform different datasets. In case 
of mountainous terrain a topographic normalization may be needed. Cloud and cloud-shadow 
masking as a final preprocessing step is often also needed. 
 
Atmospheric Correction 
Atmospheric influences often hamper the analysis of the image classification. Nowadays there 
is a variety of approaches available for the correction of these influences [Huang et al., 2008], 
[Wen et al., 2001].  In principle they can be subdivided in three different approaches: 
1. Normative methods, whereby with the help of simple algorithms the pixel values are 
corrected based on the know behavior of the different spectral bands in regard to the reflection 
of respective earth objects. Known algorithms are, i.e. histogram-minimum or regression 
methods. 
2. Radiative transfer models, model the exact atmospheric interactions. Most commonly 
known are the complex approaches of the LOWTRAN (Low Resolution Atmosperhic 
Radiance Transmittance), MODTRAN (Moderate Radiance Transmittance) and 5S-Code 
(Simulation of the Satellite Signal in the Solar Spectrum). 
3. Physically-based methods, which actually rely on physical atmospheric data but do not 
model the interactions directly during the correction process. Instead they rely on lock-up 
tables and calculated standard atmospheres, i.e. ATCOR (Atmospheric and Topographic 
Correction for Rugged Terrain). 
 
Geometric correction 
The geometric correction is a two-fold process. In a first step it is necessary to collect ground 
control points in the reference and the ‘to be corrected’ data set. These can either be ground 
truth points from field visits or manually or automatically collected points within the images. 
In a second step the geometric transformation parameters are estimated and the transformation 
is calculated. For the adjustment of the pixels to their new location different resampling 
algorithms can be chosen, i.e. nearest neighbor, cubic convolution or bilinear. 
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Topographic normalization 
Strong topography causes different illumination of the north- and south-facing slopes. This 
effect has to be corrected by normalization procedures in all areas with mountainous terrain.  
Topographic normalization is therefore often needed for areas with mountainous terrain and 
algorithms are provided in the scientific literature (see [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 remote sensing 
products for forestry (the GEOLAND2 approach) 
 
This section is provided to give a guideline for generating ‘GEOLAND2 – like’ products for 
those regions, where these products are not available.  
 
Input remote sensing data: 
 
To be in line with the products from GEOLAND2, the preferred data set would be  

- SPOT 4 or  
- SPOT 5 or  
- IRS multispectral satellite data. 

 
Spot 4 data has a geometric resolution of 20 m; Spot 5 has 10 m and IRS bands green, red and 
NIR have 23 m and MIR has only 70 m. All data sets should be resampled to a common 
resolution of 20 m. The spectral bands covered by the two sensor types are summarized in the 
following table: 
 
Table 30: Spectral properties of Spot4/5 and IRS 
 
Band  Spot4/5 spectral range IRS spectral range 
B1 : green 0.50 - 0.59 µm 0.52 – 0.59 µm 
B2 : red 0.61 - 0.68 µm 0.62 – 0.68 µm 
B3 : near infrared 0.78 - 0.89 µm 0.77 – 0.86 µm 
B4 : mid infrared (MIR) 1.58 - 1.75 µm 1.55 – 1.70 µm 
 
 
 
Processing method: 
 
The processing chain as applied in the Geoland2 mapping is described in the following 
section and depicted in Figure 24 (exemplarily for crown cover percentage calculation). All 
tools are available within the Joanneum Research in-house software package IMPACT. The 
descriptions are based on the Methods Compendium derived within the Geoland2 project 
([Ahola et al., 2009]). 
 

1) Prepare training data (VHR data such as aerial images, laserscanner (LiDAR) data, 
stereo data, VHR satellite data like GeoEye) 

 
The classification is based on already available reference data (e.g. LUCAS) or newly 
acquired reference data. With the JR-IMPACT ground data collection tool, area frame 
sampling is performed by interpretation of systematically distributed sampling points for 
forest and non-forest. In the first step the reference points are used to relate the grey values of 
the high resolution image to the cover types forest and non-forest and statistical parameters 
are computed. For crown cover percentages, Laserscanner data or very high resolution aerial 
images can be used to generate the training data. An example for such a set of training 
samples is shown in Figure 24.  
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Figure 21: Set of training samples for crown cover percentages (left: CIR aerial image, centre: IRS bands 
3-2-1, right: IRS bands 4-3-2) 
 
Logistic regression is a variation of an ordinary regression which is used when the dependent 
(response) variable is a dichotomous variable and the independent (input) variables are 
continuous, categorical or both. Unlike the linear regression the relationship between the 
predictor and response variables is not a linear function in logistic regression.  
The formula of the logistic regression model is given in Equation 11 below. 
 

 
 
Multinomial logistic regression involves nominal response variables for more than two 
categories. Multinomial logit models are multi-equation models. A response variable with k 
categories will generate k-1 equations. Each of these k-1 equations is a binary logistic 
regression comparing a group with the reference group. Multinomial logistic regression 
simultaneously estimates the k-1 logits. Further, it is also the case, that the model tests all 
possible combinations among the k groups although it only displays coefficients for the k-1 
comparisons. 

 
2) Calculate linear regression coefficients 

In this step the regression coefficients are computed by means of logistic regression. For 
calculation of the regression parameters the response vector and the predictor variables are 
required. The cover types of the reference data serve as response vector and the grey values of 
the reference data serve as predictor variables. Besides the regression coefficients the program 
delivers quality information about the regression coefficients. 
 

3) Stratify 
In this step the high resolution image is separated into strata by performing the multinomial 
regression. The regression delivers for each pixel a membership probability to one stratum. 
 

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

5) Accuracy assessment by cross-validation 
Accuracy Assessment is performed in the final step by cross validation. Using 95% of the 
reference data the regression coefficients are estimated repeatedly. With the derived 
regression coefficients the regressions are performed. The calculated values are compared 
with the given values of the reference data. With the residues statistical parameters are 
computed. By repeating parameter estimation and classification with other samples of the 
reference data cross validation is done. 
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Where 
 
P … probability of occurrence of an event 
β … regression coefficients  
x … predictor variables  
 

        Equation 11: Logistic regression model 
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Figure 22: 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% forest cover = forest) 
b. coniferous, deciduous, mixed 
c. density classes 
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Annex 5: Determination of the energy content of biomass 
 
Biomass potential is in general given in mass units, usually of wet material. Biomass in 
practice contains water - sometimes up to 60 %. The water content influences the energy 
content substantially. In this section, the description of how to determine the energy content 
of biomass is given. 
 
As a first illustration: Fresh wood is collected with a water content of ca. 50 %. So one kg of 
fresh wood consists of 50 % water and 50 % dry wood. So, if this fresh wood is combusted in 
practice, 0.5 kg of dry wood is combusted and 0.5 kg of water will be evaporated and emitted 
as steam together with the flue gases. The energy content of 1 kg of fresh wood will result of 
the energy content of 0.5 kg dry wood reduced by the energy consumption of evaporating 0.5 
kg water. 
 
For energy issues, usually the lower heating value (LHV, or net HV) is used. It describes the 
energy content of a fuel to be used after thermo-chemical conversion processes (combustion, 
gasification etc.). It means that the water generated in thermo-chemical conversion is not 
condensed, but is emitted as steam with the flue gas.  
 
For the calculation of the heating value of wet biomass (LHVwet) we need information on: 

• LHV of dry biomass and (LHVdry) 
• Water content w (water mass/mass of wet biomass) 

 
In most of the data bases on energy contents, the LHV of water free biomass is given. There 
are several data basis available. One of the best and most reliable is 
http://www.vt.tuwien.ac.at/Biobib/biobib.html, tutored by the Vienna Technical University. 
 
The water content of biomass in practice can be very different, e.g. straw can show water 
contents between 7 and 30 %, corn stalks from about 20 % to 50 %. It depends on several 
parameters (climate, soil quality, weather, daytime of harvest, harvest mode etc). The same 
situation can be observed with wood as a fuel. Fresh wood (tree felling) shows water contents 
from 40 to 60 %, fuel wood dried in the open air about 25 to 35 % water content, industry by-
products from sawmills only have 5 to 10 % water content (shavings). The value therefore has 
to be determined by local experts that have experience with the local conditions. 
 
The calculation of the heating value follows the relation:  
 
LHV wet = LHVdry*(1-w) – 2400*w in [kJ/kg] 
 
(The evaporating heat of water is typically 2400 kJ/kg) 
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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 elevation over a certain distance. Slope is most often 

expressed as a percentage, but can also be calculated in degrees. 
 First, the average elevation changes per unit of distance in the x and y direction (∆x and 
∆y) are calculated as: 

 

 
 

  
 
         Equation 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 gray scale coded according to the prevailing 

direction of the slope at each pixel. Aspect is expressed in degrees from north, clockwise, 
from 0 to 360. Due north is 0 degrees. A value of 90 degrees is due east, 180 degrees is 
due south, and 270 degrees is due west. A value of 361 degrees is used to identify flat 
surfaces such as water bodies. 

 

 Note that Ө is calculated in radians, in degrees, aspect is 180 + Ө. 

   
         Equation 13: Calculation of aspect 
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Annex 7: Source data 
 

Annex 7.1: Forestry data available for each considered ‘CEUBIOM’ country 
 
Table 31: Last update of EUROSTAT and national (red) forest related terrestrial data available in the countries 
 

Countries 

Net annual 
increment/ last 
update 

Annual 
fellings/ last 
update 

Fuelwood 
production 
coniferous / non-
coniferous last 
update 

Roundwood 
production 
coniferous / 
non-coniferous 
last update 

Fuelwood 
imports/ last 
update 

Fuelwood 
exports/ last 
update 

Roundwood 
coniferous /non-
coniferous 
imports/ last 
update 

Roundwood 
coniferous /non-
coniferous exports/ 
last update 

Austria  2000 2000 2008 2008 2008 2008 2008 2008 

BiH  
Will be available 
2010/2011 

2009 2009 2009 N/A N/A N/A N/A 

Bulgaria 2005 2005 2008 2008 2008 2008 2008 2008 
Croatia 2008 2008 2008 2008 2008 2008 2008 2008 
Czech Republic 2005 2005 2008 2008 2008 2008 2008 2008 
Germany 2005 2005 2004 2004 2008 2008 2008 2008 
Greece  2005 2005 1989 1989 2008 2008 2008 2008 
Hungary 2005 2005 2008 2008 2008 2008 2008 2008 
Italy 2005 2005 2008 2008 2008 2008 2008 2008 
FYROM 1979 2008 2008 2008 2008 2008 2008 2008 
Poland 2005 2005 2008 (e) 2008 2008 2008 2008 2008 
Romania 2005 2005 2008 2008 2008 (p) 2008 (p) 2008 (p) 2008 (p) 
Slovakia  2005 2005 2008 2008 2008 2008 2008 2008 
Slovenia 2005 2005 2008 2008 2008 2008 2008 2008 

Ukraine 
2009 2009 2009 (wood in total) 2010 (wood in total, no differentiation into fuelwood/roundwood, coniferous/ 

non-coniferous) 
(e) estimates, (p) provisional values 
The sources for these statistics are as follows: 

• BiH: Federal Office of Statistics (FZS) www.fzs.ba; Republika Srpska Institute of Statistics www.rzs.rs.ba; Agency for Statistics of Bosnia and Herzegovina (BHAS) 
www.bhas.ba 
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• Croatia: All this refers to state owned forests (about 75% of Croatia's forests) by Hrvatske Šume (Croatian Forests: 
http://portal.hrsume.hr/index.php/en/forests/general/forests-in-croatia). Private forests mapping is ongoing by Šumska savjedotavna služba (Forestry advisory service: 
http://suma-ss.hr/forest-extension-service-for-private-forests-in-croatia.html); results are expected by 2015 

• Czech Republic: http://www.czso.cz/csu/2009edicniplan.nsf/kapitola/0001-09-2009-1500 and http://eagri.cz/public/eagri/file/3868/_2201091k15_1_.pdf 
• Germany:http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/Publikationen/Fachveroeffentlichungen/UmweltoekonomischeGesamtrechnunge

n/Waldgesamtrechnungen__1993,property=file.pdf 
• Greece: [Eleftheriadis, 1986], [Greek Ministry of Food and Agriculture, 2005] 
• FYROM: www.stat.gov.mk 
• Ukraine: http://www.ukrstat.gov.ua/operativ/operativ2010/zd/e_iovt/03_2010/9.rar  
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Table 32: NFI and FMP data availability in the countries 
 

Countries 

NFI 
existing/ 
last 
update 

FMP 
existing/ last 
update 

Comments/sources: 

Austria  

Yes/2002 
Update 
2007/2009 

Yes/2008 http://www.walddialog.at/filemanager/download/46297/Austrian%20Forest%20Report%
202008/1 

Bosnia and  
Herzegovina  

Will be in 
2010/2011 

Yes/ 
continuous 

Not yet available 

Bulgaria 
Yes/2005 Yes/2006 http://www.icp-forests.org/pdf/NatRepBulgaria2005.pdf 

http://www.un.org/esa/forests/pdf/national_reports/Bulgaria.pdf  

Croatia 
Yes/2008 Yes/2008 http://portal.hrsume.hr/index.php/hr/ume/opcenito/sumeuhrv 

http://suma-ss.hr/forest-extension-service-for-private-forests-in-croatia.html 

Czech 
Republic 

Yes/2004 Yes/2001 http://www.uhul.cz/il/vysledky/index.php 
http://www.bfn.de/fileadmin/MDB/documents/skript51.pdf  

Germany 

Yes/2002 Yes/2001 http://www.bundeswaldinventur.de/enid/c483a70c6f8e97cf7f9e7b4afee51e59,51519f6d6
f6465092d09/2.html 
http://www.bfn.de/fileadmin/MDB/documents/skript51.pdf  

Greece  
Yes/1992 (yes)* Can be obtained at request from the General Secretary of Forestry. Ministry of 

Agriculture 

Hungary 
Yes/ 
continuous 

Yes/continuous http://www.mgszh.gov.hu/en/ 
http://www.mgszh.gov.hu/en/  

Italy 

Yes/2005 Yes/continuous 
(2007 – 2013) 

http://www.sian.it/inventarioforestale/jsp/documentazione.jsp 
http://www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/2826 
 

FYROM 

Yes/1979 Yes/ continuous http://www.mzsv.gov.mk/ 
www.mkdsumi.com.mk 
 

Poland 
Yes/ 
continuous 

Yes/ continuous available in Regional Boards of National Forests (78% of all Polish forests) the time of 
each update is also available 

Romania 

Yes/1984 – 
next in 
2012 

Yes/2010 http://www.madr.ro/pages/paduri/raport-starea-padurilor-2007.html  
http://www.madr.ro/pages/page.php?self=02&sub=0202&tz=020201 
 

Slovakia  
Yes/2005-
2006 

Yes/2009 www.nlcsk.sk 

Slovenia 
Yes/2007 Yes/2009 http://www.gozdis.si/ 

http://dklg.kmu.gov.ua/forest/control/en/publish/article?art_id=36410&cat_id=33924  

Ukraine 
Yes/2008 Yes/2009 http://dklg.kmu.gov.ua/forest/control/uk/publish/article?art_id=62921&cat_id=32867 

http://dklg.kmu.gov.ua/forest/control/en/publish/article?art_id=36410&cat_id=33924  

 
(*) Strategic forestry plan at national level planned, but never implemented (Forest Research Institute, 1986) 
 
The term ‘continuous’ means that there is continuous updating within the area. Each year 
another part of the region is done leading to a general updating cycle of 10 years (mostly). 
The year of the last update is thus different for each sub-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/fileadmin/site/publikationen/M106.pdf 
Bosnia and 
Herzegowina 

[Matic et al., 1980] 

Bulgaria http://timber.unece.org/fileadmin/DAM/publications/EFISCENDataSources_19112009.xls 
Croatia http://portal.hrsume.hr/index.php/hr/ume/opcenito/sumeuhrv 
Czech 
Republic 

N/A 

Germany 
2007 Schulze, A.; Meiwes, K.J.; Kernbach, M.; Nagel, J. Biomasse-Expansionsfaktoren. 
Abschlussbericht zum Forest Focus C2-Projekt Nr. 5, DE 2003-2004 NI, 33 S. 

Greece  N/A 

Hungary 
http://www.mgszh.gov.hu/szakteruletek/szakteruletek/erdeszeti_igazgatosag/erdovagyon_adato
k/szak_koz/adatok 

Italy http://www.apat.gov.it/site/_contentfiles/00158100/158102_rapporto_113_2010.pdf 
FYROM N/A 

Poland 
http://www.idpan.poznan.pl/index.php/pracownie/216-pracownia-bioindykacji.html 
http://www.au.poznan.pl/kul/english.html 

Romania 
Soon available (end 2011) from 
http://www.madr.ro/pages/page.php?self=02&sub=0202&tz=020201 

Slovakia  N/A 
Slovenia N/A 
Ukraine N/A 
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Annex 7.2: Agricultural data available for each considered ‘CEUBIOM’ country 
 
Table 34: NUTS-3 level statistics or equivalent spatial resolution (from national data centres) 
 
NUTS-3 or 
equivalent 
(from 
national data) 

Cere-
als 
(with 
rice) 

Cereals 
(without 
rice) 

wheat rye barley Grain 
maize 

rice Dried 
pulses 

potatoes Sugar 
beet 

Oil 
seeds 

rape Sunflower 
seed 

Oil 
flax 

Fruit 
trees 

vineyards Total 
olives 

Austria P2009 P2009 P2009 P2009 P2009 P2009 P2009 P2009 P2009 P2009 P2009 P09 P2009 P2009 P2007 P2009 N/E 

Bosnia-
Herzegovina 

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 

Bulgaria 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 

Croatia YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

Czech 
Republic 

- YES YES YES YES YES N/E YES YES YES YES YES YES YES Apple
s only 

YES N/E 

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 

Italy 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 

FYROM                  

Poland 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 

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? 2008? 2008? 2008
? 

2008? 2008? 2008? 2008? 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 N/A N/A N/A N/A N/A N/A YES YES N/A N/A YES N/A N/A N/A 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 available 
+ = no production statistics available, but land use area and yields 
YEAR? = NUTS-3 data existing for this year, but unknown which crop types  
P200x => P= possible 200x = year; NUTS-3 data not computed on a standard basis, but can be delivered on special request. Higher resolution data is available directly. 
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Table 35: NUTS-2 level statistics (available from EUROSTAT) 
 
NUTS-2 
level 

Cere-
als 
(with 
rice) 

Cereals 
(without 
rice) 

wheat rye barley Grain 
maize 

rice Dried 
pulses 

potatoes Sugar 
beet 

Oil 
seeds 

rape Sunflower 
seed 

Oil 
flax 

Fruit 
trees 

vineyards Total 
olives 

Austria 2008 2008 2008 2008 2008 2008 2007* 2008 2008 2008 2008 2008 2008 2007* 2008 2008 2007 

Bosnia-
Herzegovina 

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 

Bulgaria 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 
Republic 

2008 2008 2008 2008 2008 2008 N/E 2008 2008 2008 2008 2008 2008 2008 2008 2008 N/E 

Germany 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 

Hungary 2008 2008 2008 2008 2008 2008 2008* 2008 2008 2008 2008 2008 2008 2008 2008 2008 N/E 

Italy 2007 2007 2007 2007* 2007 2007 2007* 2007* 2007 2007* 2007 07* 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 available 
P = all data only partly available (crop might not be relevant for some regions) 
# = only land use statistics available 
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Table 36: NUTS-1 level statistics (available from EUROSTAT) 
 
NUTS-1 
level 

Cere-
als 
(with 
rice) 

Cereals 
(without 
rice) 

wheat rye barley Grain 
maize 

rice Dried 
pulses 

potatoes Sugar 
beet 

Oil 
seeds 

rape Sunflower 
seed 

Oil 
flax 

Fruit 
trees 

vineyards Total 
olives 

Austria 2008 2008 2008 2008 2008 2008 2007* 2008 2008 2008 2008 2008 2008 2007* 2008 2008 2007 

Bosnia-
Herzegovina 

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 

Bulgaria 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 
Republic 

- - - - - - - - - - - - - - - - - 

Germany 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 

Hungary 2008 2008 2008 2008 2008 2008 2008* 2008 2008 2008 2008 2008 2008 2008 2008 2008 N/E 

Italy 2007 2007 2007 2007* 2007 2007 2007* 2007* 2007 2007* 2007 07* 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 - - - - - - - - - - - - - - - - - 

Slovenia - - - - - - - - - - - - - - - - - 

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 available 
P = all data only partly available (might not be relevant for some regions) 
- = no NUTS-1 region defined for this country (or is the same as national data) 
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Table 37: National statistics (available from EUROSTAT) 
 
EUROSTAT 
National 
level 

Cere-
als 
(with 
rice) 

Cereals 
(without 
rice) 

wheat rye barley Grain 
maize 

rice Dried 
pulses 

potatoes Sugar 
beet 

Oil 
seeds 

rape Sunflower 
seed 

Oil 
flax 

Fruit 
trees 

vineyards Total 
olives 

Austria 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2007 

Bosnia-
Herzegovina 

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 

Bulgaria 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 
Republic 

2008 2008 2008 2008 2008 2008 N/E 2008 2008 2008 2008 2008 2008 2008 2008 2008 N/E 

Germany 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 

Hungary 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 N/E 

Italy 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 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 available 
P = all data only partly available (might not be relevant for some regions) 
# = only land use statistics available 
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Table 38: National statistics (from national data centres for NON-EU countries) 
 
National 
level from 
national data 
centers 

Cere-
als 
(with 
rice) 

Cereals 
(without 
rice) 

wheat rye barley Grain 
maize 

rice Dried 
pulses 

potatoes Sugar 
beet 

Oil 
seeds 

rape Sunflower 
seed 

Oil 
flax 

Fruit 
trees 

vineyards Total 
olives 

Bosnia-
Herzegovina 

N/A YES YES YES YES YES N/A YES YES YES YES YES YES N/A YES YES YES 

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 EUROSTAT 
 
Grassland national NUTS-1 NUTS-2 
Austria 2008 2008 2008 
Bosnia-
Herzegovina 

YES *  - - 

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 agricultural data through national data centers: 
 
Country Organisation Website Contact person/details 

Austria Statistik Austria www.statistik.at  Mag. Renate Bader  

BUNDESANSTALT STATISTIK 
ÖSTERREICH  
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-
Herzegovina 

N/A N/A N/A 

Bulgaria Ministry of Agriculture N/A N/A 

Croatia National Statistics Department http://www.dzs.hr/default_e.htm 
 

N/A 

Czech 
Republic 

Czech Statistical Office (Regional  Statistical Yearbooks), 
http://www.czso.cz/eng/redakce.nsf/i/regional_yearbooks  

N/A 

Germany Regionalstatistik ? https://www.regionalstatistik.de/genesis/online/online;jsessionid=F6603137256BD
B0CD938449CF91905AA?operation=abruftabelleAbrufen&levelindex=1&levelid=
1274103529129&index=4 
 
https://www.regionalstatistik.de/genesis/online/online;jsessionid=F6603137256BD
B0CD938449CF91905AA?operation=abruftabelleAbrufen&levelindex=1&levelid=
1274104124136&index=8 
 

N/A 

Greece N/A http://www.statistics.gr/portal/page/portal/ESYE/PAGE-database  N/A 

Hungary N/A N/A N/A 

Italy 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=tempo1&lang=en  N/A 
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Slovakia N/A http://portal.statistics.sk/  
 
regional:  http://portal.statistics.sk/showdoc.do?docid=3159  

N/A 

Slovenia N/A  N/A 

Ukraine N/A http://www.ukrstat.gov.ua/  N/A 

 
N/A = data contact details provided by the partner countries 
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