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Introduction

In the past, there have been many EC supported international projects dealing with the understanding and modelling of radioactive material in the soil-plant-animal system, quantifying the driving parameters, the transfer in human food chains and the resulting potential dose of humans from external and internal radiation exposure. In particular in the 4rth European Framework, the further development of modern tools such as Geographical Information Systems (GIS) and geostatistics in radioecology has triggered that the radioecological models and GIS were combined to Decision Support Tools (DSS). The major aim of these tools was to analyse the behaviour of the contamination in agricultural, semi-natural and urban environment in the longer term following a contamination with radioactive substances. These models concentrated on cesium and strontium isotopes, most important in the longer term. Step by step many different systems came up and there emerged a need to evaluate them with respect to their further development and wider dissemination in the user’s community.

1. Objectives and achievements

The EVANET-TERRA project had the overall objective to critically evaluate terrestrial radio-ecological models and Decision Support Systems which have been developed during the 3rd and 4th EC framework program for estimating exposure and possible countermeasures to evaluate management on radioactive contaminated areas after nuclear accidents. All the models/DSSs produced provide different aims and address different tasks, but similarities and overlaps in model design are also present. A careful evaluation of these models was therefore required in order to address the followings aspects:

· Provide a detailed analysis models/DSSs.

· Identify the weaknesses and strengths of each different approach.

· Investigate the compatibility of the models.

· Recommend how to integrate the models for their holistic use for complete ecosystems and economic systems. 

· Provide an overview of the state-of-the-art of terrestrial radioecological models and identify possible lack of knowledge.    

The final project task has been to inform the user community regarding the models potential in order to improve the assessment and management of radioactive contamination emergency. Of particular importance was to answer the question if there is the potential in these tools to be further used within or attached to the RODOS system (European-wide usable) which was developed for providing support to decisions makers regarding to the application of countermeasures at all distance ranges and time scales. 
A critical evaluation of the models developed in the 3rd and 4th EC framework program has been performed; therefore the present project has supplied an innovative analysis to the user and scientific communities which are interested in the development of supporting tools for decision maker. 
The project has successfully achieved all aims that have been set: 

· The many-sided analysis of considered models provides the information about the application fields of these DSSs, their possibilities and limitations and possible additional application (for example, CESER, FORIA). 

· This evaluation shows a wide application field of these models, and helps users to select a robust and practicable long-term management strategy, most appropriate to their local problems. 

· The project provides a prototype for a product capable of being incorporated into a European-wide usable DSS RODOS.

2. Research performed and methods adopted

The critical review of the various tools required the application of various methods as there are many features which have to be taken into account. Finally, three main aspects were investigated:

· Applicability of the tools (installation, user interface and results)

· Uncertainty and sensitivity analysis

· Model scenario comparison

Applicability of the tools

An important feature of any DSS, besides its scientific aspect, is its applicability under various conditions and also that inexperienced users can operate with the help of a user guide and/or help functions. Therefore the user interface has an important role in order to have a tool that can be applied on different areas all over Europe. 

To test the system applicability, the project partners have been asked to run the DSSs for a hypothetical scenario and to report the weaknesses and strengths of each software on a questionnaire. Such test has been essential in order to highlight that none of the systems could be applied successfully for a restoration plan in the event of a radioactive contamination. However, the limitations are often in the user interface, which is not flexible or transparent enough, more than in the actual model design. A flexible and transparent user interface is essential to allow a full application of such systems.

Uncertainty and Sensitivity Analysis 

The analysis of the uncertainty on a model output is used to determine how certain is the output nominal value and therefore the prediction variability. 

On the other hand, the analysis of model sensitivity is important since it establishes the factional contribution of model factors to outputs uncertainty. Consequently, the outcome of this test can be used to estimate the similarities and differences among the constructed and the conceptual model. 

These two analyses have been performed using the software Crystal Ball Pro, which allows the implementation of the Monte Carlo (MC) simulation method on an Excel model (spreadsheet). Therefore every model factors (input and model parameters) has been described by a probability density function (pdf), and then a MC simulation has been performed in order to produce the pdf of the model output investigated. The estimation of the fractional contribution of the model factors on model predictions has been accomplished applying the Rank correlation coefficient (RCC) between distributions. In contrast, the quantification and comparison of outputs uncertainty has been achieved using the NR75 parameters which has been developed within the EVANET-TERRA frame. 

The covariance between model factors have not been considered due to lack of data, however a test performed on one of the models showed that it does not have any significant effect on the final conclusions.

Model-Scenario comparison 

The Model-scenario comparison is an essential element in model performance analysis, since it estimates the accuracy of model prediction.

Within the frame of the EVANET-TERRA project such a test has been performed considering a rural and a semi-natural scenario.  

The main characteristic of these datasets is that they are independent data and they have not been used for model parameterisation or development, consequently this test could be considered as a “blind test”. 

The end-products which have been considered for the rural scenario are: dairy milk (Bq/l), beef (Bq/kg), pork (Bq/kg) and finally cereals (Bq/kg). These data refer to measurements form South Finland between 1986 and 1991 of 137Cs following the Chernobyl accident. 

On the opposite the foodstuff which has been considered for the semi-natural model test is the 137Cs contamination of Roedeer (Bq/kg). The data were collected from Bad Waldsee state forest located in South Germany. The dataset refers to measurements performed on a daily basis for the first three years and then on a monthly basis. The observations period is six years: from 1986 to 1992. 

The degree of agreement between models prediction and measured data has been obtained using the geometrical Reliability index kmd proposed by Williams and Leggett (1984) and applied by Goor and Avila (2003), Avila R. et al (2001) for the BIOMASS project (IAEA, 2000).

3. Overview of the project main achievements 

The overview of the project results will focus on the three major outputs: the evaluation of the terrestrial radioecological models state-of-the-art, assessment of model performance through uncertainty and sensitivity analysis and model scenario comparison, investigation of model compatibility and finally the estimation of the applicability of such models for a reclamation plan.  

A more detailed discussion can be found in the project deliverables which are included in the EVANET-TERRA CD. 
Overview of the State-of-the-art regarding terrestrial radioecological models. 

The models and DSSs developed in the 3rd and 4th EC framework program have been reviewed in order to outline the state-of-the-art regarding terrestrial radioecological models. However in addition to these models, even STRATEGY which has been developed in the 5th EC framework program, has been considered firstly because it is a development of SAVE EC/IT and secondly because it has implemented some of the features which have been addressed at first in some of the models considered.   

Terrestrial ecosystems can be broadly subdivided in three main categories: rural environment, semi-natural environment and urban environment. Such a categorisation has been used to classify the models considered. 

In the 3rd and 4th EC framework program several innovative approaches have been developed, for instance considering the environmental side effects and cost effectiveness of countermeasures application or the use of inputs and outputs specially distributed. Many of these features have been in a greater extent developed in the STRATEGY project, which is part of the 5th EC framework program. Therefore a continuous development of rural model had been taking place through the 3rd, 4th and then in the 5th EC framework program. 

However the analysis of the state-of-the-art regarding semi-natural models provided a different response. Several models, aiming to predict the 137Cs migration through the food chain, have been developed. However none of them had been further developed in the 5th EC framework program, therefore some of them are not supported by any user interface, an in addition none of them is spatially distributed. 

Tools for the investigation of countermeasures effects and effectiveness have been largely developed within the 3rd and 4th EC framework; however this did not have a following in the 5th EC framework. Therefore it is essential to revise of some of the past projects achievements since they can produce valuable inputs to current systems.  

The urban models present a unique situation in comparison with the rural and the semi-natural models, since there have been only two model developed and implemented within the 3rd and 4th EC framework programs. Their application domains differ substantially: the Meckbach model has been designed to consider several urban scenarios such as industrial areas, apartment’s buildings and terrace houses located around a square, therefore this model is generally considered suitable for town/city applications. The Balonov model has been designed for east European countryside settlements; therefore it has only a limited use in an European scenario. The fact that there has not been enough awareness of modelling urban scenario in the past EC framework have been recognised extensively by the scientific community and this has leaded to a new EC project in the 6th framework which will aim to investigate the effects of radioactive contamination in a urban scenario. 

Model performance

Modelling may be undertaken for a number of reasons, but the most common aim is to predict the behaviour of a system under particular circumstances when it is impossible, or at least undesirable, to experiment with the system itself. Therefore, one of the main concerns of models evaluation is usually the accuracy with which the model fits the known historical data, in other words how well the model can mimic the real system. Although this test is essential for decision-making procedures, it does not allow a full investigation of the model dynamics. In the frame of the EVANET-TERRA, a comprehensive methodology has been implemented. Three tests have been performed: Uncertainty Analysis, Sensitivity Analysis and the Scenario-model comparison.

The uncertainty and sensitivity analysis have been confirmed to be essential in investigating model performance. The results of such tests can be successfully used to compare the conceptual model to the constructed one which represents an important aspect of model development.  In addition, the model sensitivity to the input data may be used to identify the input data which have a real effect on the output uncertainty, and therefore the SA results might be used to determine the level of uncertainty of the empirical data which is required by the model. Considering the results obtained during the EVANET-TERRA project, it is clear that some input data do not require a low uncertainty; and this, would save time and money. In addition to that, the identification of the driving input data might lead to a simplification of the data required by the system, which might increase the applicability of the system.     

The results obtained by both the uncertainty and sensitivity analysis and by model-scenario comparisons have shown important model dynamics.

Model compatibility 

The concept of model compatibility has become a common concept in environmental modelling in recent years. The syntheses of models could be used to construct a holistic model which offers the unique opportunity to be composed by the components which are considered to be the most suitable for the consideration of a new application. 

Model integration is an elegant and attractive idea which, unfortunately, is not often possible. The EVANET-TERRA project has been undertaking an analysis of model compatibility in order to provide suggestions on how to integrate the considered models to produce a unique model. 

In order to be considered compatible, models have to have a similar design. As a result, the rural models, TEMAS rural and Absalom model, cannot be regarded as compatible since they adopted a complete different model approach. On the other hand, semi-natural model have been developed adopting a similar design and dynamic compartment methods. They could therefore be regarded as compatible. However, even in this case the model components cannot be integrated using a “plug and play” approach, and a model re-parameterisation is required.

Model compatibility could be considered not only as model component integration but also as models integrated within the frame of a system. In this case the models run in parallel and independently to each other.  

Therefore within the EVANET-TERRA project two prototypes have been developed which should demonstrate the potential of the models compatibility in order to achieve a more comprehensive and flexible system.

4. Exploitation and dissemination

Immediately after the start of the project all considered DSSs were distributed among the member of the EVANET-TERRA, large number of interested scientists and potential users.

During the whole time of project created EVANET-TERRA Home page has been maintained and supplemented, it is possible to download all delivered reports from this page:
http://www.gsf.de/iss/evanet/evanet.html 

As final summary of the project a CD was produced with full information about objectives and aims of the project, about all considered DSSs with possibility to download them, with information and detailed descriptions of context, concepts, parameter and approaches of considered models, and with developed prototype. This CD will be distributed not only among the member of the project and EC, but also among radioecological consortium (IUR) and potential users.
The results obtained within the project have been reported on international conferences and meetings. 
5. Conclusions and recommendations 

· The analysis of the state-of-the-art has allowed producing comprehensive diagrams which clearly illustrate the differences and overlaps of the systems considered and highlight interlinks among them. 

· Rural systems have been continuously developed through the past EC framework program. This has resulted in a more comprehensive system which applies several methods developed previously.

· Models for semi-natural environment have been extensively developed in the 3rd and 4th EC framework program; however no further development has taken place in the 5th framework. Further development of such system is recommended.  

· Within the framework 3 to 5 only little effort was allocated to the modelling of urban environment. Only one model has been developed in the past which was applied successfully to one European scenario. To overcome this deficit, activities were launched within the 6th framework to provide a comprehensive management tool applicable for emergencies in inhabitant areas.

· The applicability of models considered in the EVANET-TERRA project could be applied only partially as a supporting tool in a reclamation plan following a radioactive contamination. This is due, in most cases, to the user interface which is not flexible and transparent enough. 

· The possibility to incorporate the considered models to produce a integrated model have been investigated and the conclusion is that only semi-natural models can be considered compatible, since they have been developed adopting a similar methodology. Nevertheless the integration of model compartments cannot be performed as a “plug and play” approach and therefore source codes re-parameterisation is required.

· Two prototypes have been developed within the frame of “model compatibility”. Such prototypes have demonstrated that the considered models could be successfully implemented in the frame of a computerised system and this would allow compensating some of the models limitations, for instance spatial distribution of inputs and outputs.     

· The model performance analysis have been undertaken in order to identify the most suitable model for future applications. However, the results have demonstrated that the concept of “best and worst model” cannot be realistically defined since models may perform differently when tested for fit against empirical data and for uncertainty and sensitivity on the outputs. It may therefore be important to run models in parallel, in order to have a set of predictions, which may be suitable for different scenarios according to the model strengths and weaknesses. 

· The issue of replacing one of present radioecological model in RODOS modules with one of the model considered in the EVANET-TERRA frame could not be fully investigated since RODOS could not provided a prediction for South Finland as it has not be set for Scandinavian applications. Regarding the semi-natural environments, the RODOS prediction show a good agreement with the empirical data In conclusion the RODOS rural model has not been adequately tested and therefore it is not possible to assess the necessity to replace such model with any of the model investigated. On the other hand the semi-natural model provides a prediction, which show good agreement with the empirical data and therefore there is not any requirement to substitute such model with a more “appropriate” one.

On the basis of identification of lack of knowledge in the present state-of-art in terrestrial radioecology, the following recommendations for the further development have been suggested:

· To create on the basis of the considered models a mobile system capable to work in-situ, directly on site in order to help the population, to clarify the radiation situation and to propose suitable countermeasures.

· Such a system could be a mobile branch of RODOS.

· To enlarge this system for seasonal variations (plant growth, feeding diets etc.).
· Such a system could be developed including analytical prediction capacity of SAVE/SAVE-IT; on the large amount of suggested countermeasure (STRATEGY) and decision optimisation procedure in FORIA or CESER (Multiple Criteria Analysis).

