A Decision Support Demonstrator for Abiotic Damage to Trees, using a WWW Interface
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Introduction

Forest damage by wind, snow and fire in Europe constitutes the most serious economic problem facing the forestry sector.  Wind damage blew 100 million m3 of trees in one night in 1990. In addition, approximately 4 million m3  are damaged by snow and around 500 000 ha of forest are destroyed by fire annually (Valinger and Fridman, 1997).

The development of a decision support system to reduce forest damage presents a significant scientific and logistical challenge. Such a system must be able to assess and predict forest damage risk and allow forest managers to test the effect of alternative management scenarios to reduce the overall risk (Quine, et al., 1995).  The benefits of such a system are to allow forest managers to deploy resources strategically, prioritise areas of particular concern and use risk estimates in financial planning of their forests.  

The decision support system requires the integration of components at different spatial and management levels for different damage types and different climatological regimes within a European framework. Furthermore, whole risk appraisal over a range of damage types is required because silvicultural strategies employed to reduce risk, for example snow damage risk, may increase the vulnerability of a stand to other risks such as wind damage (Quine, 1995). 

This paper addresses the issues associated with coupling spatial and aspatial models related to damage by wind, snow and fire, to produce a framework for the demonstration of the use and limitations of such models. The modelling tools that have been brought together into a single point of access, operate at different levels of spatial and temporal organization in a framework structured within a World Wide Web (WWW) interface. The nature of the demonstration materials ranges from a functioning model (of snow and wind damage) to examples of the inputs and outputs required for models of fire spread. 

Framework Requirements

The framework was designed to permit informed users to explore the risks of damage due to wind, snow and fire to European forests. The framework should provide a basis for improved decision making for the management of forests, in which both spatial and aspatial information is used and with which alternative management  scenarios may be explored. The selection of a WWW interface was based upon the ability to include both a range of content in terms of the models underlying the demonstrator and the presentation and communication of the use of those models and an interpretation of the outputs (Vckovski and Bucher, 1996).

One element of the development of the framework was to provide an educational  resource for teaching about the issues of different damage agents to forestry and the use of GIS and modelling in the development of alternative management strategies for damage minimization. 

The WWW provides a means of tackling each objective (Rhind, D. 1997), with the added advantage of providing an environment in which models can be easily updated and refined by each participating organization, additional materials can be built into the demonstrator framework and the package can be disseminated widely to the user community. Issues of access and copyright to component models, data and rights of access are discussed in the paper, from which the advantages and disadvantages of such an approach are distilled.

Metadata and Metamodel Information

Underlying the framework, there are several models that have been developed separately. These models have been surveyed using a standardised approach to describing the data (NSDI, 1996) and the models (metadata and metamodel information), to identify the key links that are required either to couple them together; or, compare their data requirements to those available to the user. Thus, the user can test whether the data they have is sufficient for use of the model relevant to their geographical location or circumstances.

The metadata format has been drawn-up to capture the key aspects of the data, including details of its lineage, accuracy, content and ownership, in addition to information about its structure and format. The metadata collection was implemented in WWW forms for each participant to compile and submit the information to the data co-ordinator. 

A similar approach was adopted for collating information about the component models. A total of 20 models used in the assessment of risk of trees to wind, snow or fire damage were derived. These ranged from logistical estimates of risk based upon 3000 sample plots (in Sweden), to process-based mechanistic models of tree response to wind and snow loadings (United Kingdom and Finland) to spatial models of wind damage (United Kingdom) and fire spread (in Portugal). The metamodel information consisted of details of model derivation (such as source scales and data); validity and sensitivity testing (providing a qualitative or quantitative assessment of the sensitivity of the models to each input; version and release details and points of contact for the modeller. The collation of the metamodel information was also implemented in WWW forms.

The meta-information was used in the creation of a page in which the user identifies the data they have available, which is then compared to that which is required by the suite of models. The user is then informed which model, if any, can be run with the data to hand. At this stage no guidance is given on the suitability of the model with respect to the source scales or coverage of the data. Such guidance is proved at the stage of model demonstration.

Model Access

The models are presented within the framework of the demonstrator in two ways:

1. Interactive access to either direct computation of model results or look-up tables with selected combinations of results, permitting selection from up to different model inputs and several numerical or thematic values for each variable as appropriate. The interaction is via a graphical interface for operation at national levels for each of Sweden, Finland and the United Kingdom. A regional level implementation is available for Portugal.

2. Direct access to three models, all of which are PC based and two of which are coupled to the Idrisi Geographic Information System (GIS). In each case, the GIS has provides the format and computation routines for use with spatial data. One package (Firemap (Vasconcelos, et al., 1994), from Portugal) links the WWW demonstrator to an interface written in Delphi, into which the fire risk model is written, underpinned by the file operations using Idrisi.

Error and Uncertainty

Information on the certainty and accuracy in the outputs of models is of significance to any user. The sources of uncertainty include the data (spatial or non-spatial), the algorithms used in deriving non-measured model inputs and the geographic scale of the operation of the model. The demonstrator presents information to the user in two ways:

1. Examples of the consequences of error in each of the sources are presented in relation to a cause of abiotic damage and discussed in terms of the limitations of the applicability of the models.

2. The interactive demonstrations of the models include the presentation of numerical estimates of risk with respect to variable to which the model is most sensitive (such as tree height, soil classification or fire fuel type).

Discussion

The generic issues associated with the role and use of the WWW in the operation of models are also discussed, exemplified through its use in supporting decisions on the risks of abiotic damage to forestry in parts of Europe. These generic issues include: the accessibility of models, or the modeller, to the user; the extent to which the user may include their own data in the model demonstrations; and the efficiency and practicality of operating models over the internet.

In conclusion, the paper presents the key issues associated with an approach to integrating different types of models, tackling different physical problems at different scales. The implications for decision makers and potential model users of the opportunities and difficulties when wishing to access and use a comprehensive package of modelling tools for quantifying the brisk of damage to forests are discussed and some guidelines identified with respect to model applicability.
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