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This paper summarizes the current status and findings of the project CEUBIOM (Classification of European Biomass Potential for Bioenergy Using Terrestrial and Earth Observations). The overall aim of this coordination and support action is to develop a harmonized method for the assessment of biomass for bioenergy applicable in whole Europe. In previous work packages, the terrestrial methods as well as remote sensing algorithms were reviewed and analysed for their usability for a harmonized approach. In addition, international and European initiatives, projects and their results were examined.Within the harmonization work package the first step towards the design of a harmonized approach was the user requirements assessment. Based on 43 questionnaires received from national users of 15 countries, the preliminary user requirements were extracted, which will be refined when the European user requirements are integrated. However, based on this first set of requirements, the development of a harmonized assessment has started. A review of state-of-the-art combination methods for terrestrial and remote sensing data for both forest and agricultural biomass was the next step. In parallel to the method review, an inventory of terrestrial data available in each of the fifteen countries involved in the project was undertaken. Based on the method review, for forest biomass, a top-down approach based on optical data is recommended, to classify main forest parameters such as species, density and age. In addition, tree height should be included if possible. Based on these parameters, yield tables from terrestrial measurements can be used to calculate the theoretical biomass potential. For agricultural biomass, the review led to the result that SAR data would be the best option to measure biomass. However regarding the high complexity of SAR processing technology opposed to a maximum ‘intermediate’ complexity required by the users, the alternative would be an approach using land cover classes from remote sensing and combining them with production or yield statistics from national sources or EUROSTAT. In the next step, the recommended methods and available data sets will be compared and combined to calculate the theoretical biomass potential. Then a set of boundary conditions (use for food and fibre, sustainability, economic criteria etc) will be defined to generate a feasible method to assess biomass potential for bioenergy in a harmonized manner.

1. Introduction
Management of vegetation plots aimed for bioenergy production requires the employment of current biomass and future biomass potential. Traditionally terrestrial methods, involving on-site sample measurements and extrapolation of the results to a larger area, were most commonly used. The introduction of remote sensing and the capability of Earth observation (EO) data to provide estimates on biomass present and biomass potential, provided with an alternative to the terrestrial methods (Chen et. al., 2009). However, both the terrestrial and the EO data methods have advantages on each other and neither appears to be a favourite. A combination of both methods could be optimal if they could be harmonised (Jennings et. al., 2010). A large variety of methods are currently being used by the European Member States, for estimating biomass potential. The aim of the FP7-funded project on “Classification of European Biomass Potential for Bioenergy Using Terrestrial and Earth Observations” (CEUBIOM) is the development of a harmonised method of biomass potential assessment, combining the existing methods using terrestrial and EO data.
In addition to identifying the most reliable and accurate harmonised method, it is imperative to ensure that the method and the end result will be acceptable by the end users. In most cases the users consist of stakeholders, both in the public and private sector. In order to accommodate their needs and consider their requirements, the stakeholders were consulted. This paper presents the results of their responses, as well as a summary of the initial steps of harmonising the terrestrial and EO methods for estimating biomass potential.

2. User Requirements

A total of 43 national users were questioned, mostly through personal interviews and in some cases through telephone interviews. The users consisted of National Agencies, National Ministries and Regional Authorities, since CEUBIOM was focussed on a bottom-up approach from the very beginning€. The industry was not targeted due to the fact that the CEUBIOM project was mostly focused at an administration level, and also because requirements between various industry branches would vary considerably.
2.1. User Experience
The first question regarded the experience of the users in matters of biomass potential assessments. Most of the users had some experience, however the level of experience appeared to vary (Figure 1). The majority of the users (51 %) had experience on biomass potential assessment at a regional, sub-national level, mainly through projects, an additional 33 % had experience at a national-scale studies and only 14 % had no experience. In most cases (88 %) the users had partners in their activities, primarily universities, research centres, other ministries, chambers, national associations and international organisations.
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Figure 1. User experience
Figure 2. Potential required
2.2. Type of potential required
The Theoretical biomass Potential is the simplest to define, as it represents the amount of biomass that could be present in an area and hence, theoretically be harvested, with the exception of areas under environmental or other legal protection. However, only 20 % of the users would be satisfied with this type of potential (Figure 2). A third of the users (33 %) would require the Economic Potential (financially viable harvesting) and another third (35 %) needed the Technical Potential (biomass that can be harvested after taking technical restrictions into consideration). When inquired about the boundary conditions (restrictions that prohibit or reduce the amount of harvesting in certain areas), the responses of the users varied significantly. 

2.3. Temporal resolution
An important question presented to the interviewees was the maximum frequency of update required for the purpose on which the biomass potential assessment would be used. One-third of the users (31 %) required an annual update, whereas another third (35 %) would be content with an update every 5-6 years (Figure 3). The former case regards the annual agricultural crops aimed for the production of bioenergy, whereas the latter is related to the forestry users, as forestry updates tend to be valid for a longer period of time. A smaller portion of the users (16 %) was also satisfied with an update frequency between 7 and 10 years.
2.4. Main uses of the biomass potential for bioenergy assessment
In this case the option of multiple answers was given to the users. The majority of the responses regarded the use for policy making and planning (40 %), followed by reporting obligations (22 %) and the use of the information of internal decisions (15 %) (Figure 4). A few responses claimed that the information would be used for funding, subsidies and control, as well as dissemination and investments.
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Figure 3. Temporal resolution
Figure 4. Use of biomass potential
2.5. Acceptable accuracy
Since higher accuracy involves larger amount of more costly data and increased processing time, it is closely connected with higher costs. Bearing this parameter in mind, the majority of users would be satisfied with a 80-85 % accuracy (55 %), while a quarter of the users (25 %) would be willing to pay a higher price, in order to have a product with a 90-95 % accuracy (Figure 5). In some of those cases high accuracy could be achievable at a moderate cost, as the thematic depth of the assessment is less detailed.

2.6. Thematic detail
For most users (86 %), the total amount of biomass is not sufficient. At the very least, a differentiation between forestry, agriculture and ‘other’ biomass is essential. However, more than one-third of the users (35 %) required further differentiation. When this last group was further inquired, 48 % prioritized wood type differentiation, followed by saw material differentiation (22 %) and crop type differentiation (17 %). The 13 % not falling in the above categories either had very specific needs or had no particular priorities between the categories (Figure 6).
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Figure 5. Preferred accuracy
Figure 6. Thematic detail

2.7. Type and format of data
Almost all the interviewees appear to require a spatial component in the product, i.e. a map. In addition, the majority (60 %) require a continuous map and would not find a data set with information down to NUTS level sufficient (Figure 7). When the issue of scale was addressed, most of the users could not define a minimum scale (58 %). Half of the remaining interviewees required a scale between 1:50,000 – 1:200,000. In any case the data would be required to be in a GIS format, either in vector (preferred by 44 %) or raster (preferred by 35 %).

2.8. Duration of data processing
The final issue concerned the amount of data processing time that the users would find acceptable and preferable. Most users (82 %) would not be willing to allow for more than a 12-month period for the data to be processed. Only 11 % would agree to a longer data processing period. For 85 % of all the users a 6 – 9 month period would be satisfactory and only 15 % of the users required a processing time of no more than 3 months (Figure 8).
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Figure 7. Scale of biomass potential map
Figure 8. Acceptable processing time

2.9. User requirements summary
· Most users already have some experience with biomass potential assessment, albeit primarily at a local or regional level.

· Most of the users are interested in the economic and technical potentials and not as much in the theoretical potential.

· An update between 5-6 years would satisfy most users (temporal resolution).

· In most cases the stakeholders would use the information for policies and planning.

· With regards to the cost, most users would be satisfied with a 80-85 % accuracy of the biomass potential estimations.

· The greatest interest regarded the differentiation between different wood types.

· The data would be required to be in a continuous map, and not down to any NUTS level.

·  Most users would be willing to wait between 6-9 months or even up to a year for data processing, between time of data capture and the production of the final map.
3. Summary of combined EO and terrestrial methods

In general, there are four methods of biomass assessment: two terrestrial methods, which involve the acquisition of data in-situ through either (1) destructive or (2) non-destructive sampling, (3) the remote sensing method, which uses EO data, and (4) the use of models (Herold et. al., 2008). 
For the case of EO data, previous studies suggest that methods such as the kNN and multiple regressions are the most promising options, amongst the available methods of biomass potential assessment. Nevertheless, these still require terrestrial data for ground truthing and the calibration of the regressions between biomass and EO data.
The terrestrial data required for these methods must be spatially accurate, have a thematic detail and spatial resolution compatible with that produced by the EO data and need to be collected at a time as near as possible to the time of EO data acquisition. These factors have a direct effect on the cost of acquiring the terrestrial data. In order to reduce these costs, certain compromises are necessary. The options available include the use of terrestrial data used in a past study, the use of data used in a more recent study but on a different area, and the compilation of libraries of terrestrial data from different areas and different times, to provide the option of choice of the most suitable terrestrial data to be used in future studies. However, when the pan-European dimension is added, it is evident that the latter option is difficult to implement.

Since the cost of collecting data for the specific purpose of biomass potential assessment is very high, the focus is turned on statistical data across Europe, which are routinely collected for different purposes. These include all types of statistics with a spatial element, general land cover information, national forest inventories etc. In order to utilise these data, a certain degree of adjustment is required, mainly in terms of class definitions (Jennings et. al., 2010). The same method can be applied in order to reduce the cost of EO data acquisition. Initiatives such as the GMES data services, core service products (GEOLAND2, 2009), CORINE and MARS routinely collect remote sensing data, which can find an additional use in biomass potential for bioenergy assessment.
3.1. Forest biomass potential assessment

There are two main approaches in forest biomass potential assessment. The bottom-up approach requires terrestrial data with a spatially explicit location. In this method, the relationship between terrestrial data and EO data for that particular location is established and is then aggregated to the rest of the study site, with the assumption that this relationship is still valid. The top-down approach does not require spatially detailed data. In this case data from national statistics can be used (providing one value for a large area) and EO data is used to assess a different vegetation parameter (i.e. forest age or density). Subsequently the relationship is established between that parameter and the ‘typical’ biomass value in that area.
In general, a bottom-up approach appears to be more accurate, but requires up-to-date National Forest Inventory (NFI) data from the area concerned. Top-down approaches are simpler and allow for frequent updates. Tree height data also increase the accuracy, but are not yet commonly available.
3.2. Agricultural biomass potential assessment

Previous studies have focused on the use of EO data for crop type identification. This method of biomass potential assessment assumes an average biomass production per area unit of a particular crop type, and by mapping the crop types in the agricultural fields of the area of interest, an estimate can be made on the biomass potential. Crop identification was made either through the classification of optical or radar (SAR) satellite data (Karnchanasutham et. al., 1995; McNairn et. al., 2000), or through the use of vegetation indices, for discrimination between the different vegetation types. SAR data appear capable of identifying crop types and estimating the current biomass, but are complex to deal with.
A different method of crop identification is the one used by the Joint Research Centre (JRC) MARS programme (Gallego, 1999). The programme produces regional crop inventories from high spatial resolution satellite date, combined with ground visits. In addition, meteorological data are combined with EO data in an agro-meteorological model, which forecasts the biomass production and crop yield.
4. Initial harmonised approach

By combining the user requirements and the present methods that combine the use of terrestrial and EO data, we can take the first step in the harmonisation process, by assessing which of the user criteria are fulfilled by the currently available methods.
The main obstacle, when the user requirements are considered, is the frequency of the updates. Regarding the terrestrial component, it is viable to make annual estimates for agricultural data, since the statistics are updated every year, but it is difficult to meet the 3-6 year requirement of the majority of the users for forest biomass, since the NFI plots are updated on a 10-year basis only. From the remote sensing point-of-view, annual remote sensing coverage for whole Europe at high resolution is not feasible from the cost perspective. Thus, a full spatial update will have to be complemented by annual statistical updates. 
The accuracy required by the end users, contradicts the requirement for low costs, particularly when the tree height parameter is required to achieve high biomass estimation accuracy for the forest sector. For the agricultural sector, it is difficult to estimate the accuracy, however, production statistics are largely accepted and therefore should be used. For future estimations, the accuracy is nearly impossible to estimate, as many factors can affect the amount of potential agricultural biomass, with changing policies, environmental and economic factors affecting the choice of crops that will be planted by the farmer.

The user requirements on the thematic detail are met, since hardwood and softwood are differentiated on the current activities (i.e. core service products) and agricultural crops are also treated separately through the routine collection of statistics. The only issue might arise in cases where crop rotation occurs every year, but statistics are collected every 3-5 years.
Theoretical potential can be translated in to technical, economic or ecological potential, with the enforcement of restrictions or boundary conditions, such as use of forest biomass for industry, use of agriculture biomass for food, prohibit use of biomass in protected areas and maintain sustainability of the forest biomass exploitation.
5. Conclusions and outlook

In conclusion, a large variety of algorithms to estimate standing forest biomass from remote sensing and NFI data are available. It appears that top-down approaches are easier to implement and more flexible for frequent updates. However tree height data is still missing in large areas and they would be highly desirable. For agricultural biomass, there are few operational examples, that use a permanent source of terrestrial data, such as the combination of IACS data with satellite imagery and yield models (Eerens et. al., 2001).

The next steps include the evaluation of the present data in each European country participating in the CEUBIOM project, analysis of the boundary conditions required to calculate various biomass potentials, and the definition of a harmonised approach that will take into consideration the user requirements, combination methods, available data and the boundary conditions. The final description will be available on the project website: www.ceubiom.org.
6. References

Chen, W., Blain, D., Li, J., Keohler, K., Fraser, R., Zhang, Y., Leblanc, S., Olthof, J., Wang, J., and McGovern, M. (2009). Biomass measurements and relationships with Landsat-7/ETM+ and JERS-1/SAR data over Canadas western sub-arctic and low arctic. International Journal of Remote Sensing, 30:2355–2376.
Eerens, H., Kempeneers, P., Piccard, I., and Verheijen, Y. (2001). Crop Monitoring and Yield Forecasting with NOAA-AVHRR or SPOT-VEGETATION. Remote Sensing of Envionment, 75:15–20.
Gallego, F. J. (1999). Crop Area Estimation in the MARS Project. In Conference of ten years of the MARS Project, Brussels.
GEOLAND2 (2009). geoland2 - Implementation of the Land Core Service (Summary description of products and services) GMES core-services under the Seventh Framework Programme. available online at: http://ec.europa.eu/enterprise/policies/space/files/research/geoland2_core_products_and_services_en.pdf.
Herold, M., Brady, M., Wulder, M., and Kalensky, D. (2008). BIOMASS. FAO - ECV (Essential Climate Variables), pages 34–35. available at: ftp://ftp.fao.org/docrep/fao/011/i0197e/i0197e16.pdf.
Jennings, S., Daugherty, P., and Yow, T. (2010). Integrating Ground-Based EO Data in Satellite-Based Systems. available at: http://www.techscribes.com/EOGEO.htm.
Karnchanasutham, S., Pongsihadldchai, A., and Rodprom, C. (1995). Assessment of ERS-l SAR Data for Rice Crop Mapping and Monitoring. GIS Development - The Geospatial Resource Portal, pages 1–3.
McNairn, H., van der Sanden, J. J., Brown, R. J., and Ellis, J. (2000). The Potential of RADARSAT-2 for Crop Mapping and Assessing Crop Condition. Second International Conference on Geospatial Information in Agriculture and Forestry, Lake Buena Vista, Florida, pages 81–88.
