Web Service Standards for Environmental Models 

P. Maué, C. Stasch

Institute for Geoinformatics (ifgi), University of Muenster, Muenster, Germany

Environmental models help to make assumptions about our environment, e.g. for forecasting the next day's weather, predicting the distribution of a forest fire, or rendering soil maps from core samples. They have been used for decades as stand-alone applications in a broad range of domains. The on-going implementation of the INSPIRE directive, and initiatives like GMES or SEIS, call for a migration of such models to re-usable Web services. The idea of the Model Web (Geller 2008) envisions interoperable computer models, embedded in a multidisciplinary network of models, data sources, processes, and sensors. Models as Web services support flexible integration into existing applications. For example, models can be replaced if certain parameters (such as uncertainty of its result) do not match the applications needs. So far, domain experts are reluctant to move their models into the Web. Open issues such as modelling the semantics of models, explaining the uncertainty of the results, and ensuring efficient execution of models are subject of the research projects envision
, UncertWeb
, and GDI-Grid
.  In this paper, we discuss the rather practical question what users expect as result from environmental models, and how to accordingly select an appropriate OGC standard for accessing models exposed as Web service. 

Environmental models approximate reality, with the ultimate goal to minimize the gap between the represented system and the model. Simple mathematical or stochastic models are used, for example, to interpolate missing values from known sensor observations. Complex numerical models make use of current or historical sensor data to predict future conditions. Simulations even model interactions between entities in environmental systems. The more complex a computer model, the more parameters are usually needed to calibrate the boundary conditions. A hydrodynamic model may only take the river's discharge as input and applies a simple formula to predict the output. More sophisticated solutions could consider the terrain and the land cover of adjacent areas in the model (Kurzbach 2009). Depending on the expected quality of the results, different kinds of models may be appropriate. In the end, they all return observations of certain real world phenomena. In this sense, they could be intuitively described as sensors. But together with the uncertainty of the model results, the semantics of the input parameters have to be understood and specified before deploying models as Web services. Furthermore, computer models can usually not produce real time values due to resource-intensive nature of the more complex implementations. 

We distinguish between two options to publish computer models as a service
. Existing models can either be simply migrated as a whole into the Web. The access to input data, as well as the boundary conditions, are then hard-coded in the model code. Or  they are partitioned into individual modules (representing either data sources or processes), with each module published as Web service on its own. Service compositions are then used to represent the original model workflow, and are themselves accessible as Web service. We refer to the latter as open models, which are dynamically structured and can be easily adapted for other geographic regions. Closed models, on the other hand, are hard-coded solutions to specific problems. Standardized interfaces to both kinds are needed, and further illustrated below. 

Spatial Data Infrastructures (SDI) build the foundation for Web-based exchange of geographic information. Existing standards for Web services, such as the OGC Web Feature Service (WFS), provide mature means to access static geospatial data. The WFS has been usually used to provide access to sensor observations or simulation results. However, the service fails to support the dynamics of sensor data in a common way and is also lacking a well-defined format for observation metadata. The Sensor Observation Service (SOS) is designed to provide sensor data in a common way through a well defined  interface (Na&Priest 2007). Bermudez (2008) discusses the benefits of the SOS interface for observation data. 

There are several approaches how to integrate and task models within the geospatial web. For example, Williams et al. (2007) served a Kriging interpolation through a WPS interface. Klopfer et al. (2009)  used the Sensor Planning Service (SPS) for interpolation models, understanding this model as a virtual sensor (Simonis 2007). The SPS provides a mechanism for asynchronous communication, since executing complex models may take up to several hours. In these approaches, the model results are not provided in a common way. Some are using self-defined application schema to encode the resulting coverages inline in the service responses. Others are using the response format of the SOS, the Observation&Measurements (O&M) format (Cox 2007) where the model results are seen as observation results.

As there is no well-defined way how to incorporate environmental models in SDIs, our proposal is as follows: a SOS serves the results in form of O&M responses for closed models. Here, the user is not supposed to specify the model parameters. Instead, only standard parameters like the maximum spatial and temporal extent can be defined. Since the result is encoded in O&M, necessary meta-information such as model parameters or quality information can be listed here. The resulting data is not directly included. Depending on whether the output is a feature (collection) or coverage, a reference to a WFS or Web Coverage Service (WCS) is included in the O&M response. Users have to specify parameters for open models. The SPS specification provides a common way to define model parameters and also offers asynchronous communication. This enables notification once the model has computed the output. Similar to the proposal for closed models, the execution via a SPS interface results in a reference to a WFS/WCS serving the actual result. This enables caching and reuse of already produced outputs. Additionally, it eases the integration of the model results at the interfaces are already supported by many client applications. We have to understand the user's expectations for accessing a model in the Web to understand the choice for SOS/SPS coupled with a WFS or WCS. Even though a WPS could be used as well, this standard is too vague regarding the semantics of the output. From a user perspective, models are supposed to approximate observations of a (usually future) reality. Hence, the resulting geographic information should either be modeled as feature or coverage (and accordingly be access via WFS or WCS). And even though hardly used in this context, the SPS specification has been developed with model execution in mind.

Several other open issues have to be further investigated to enable seamless migration of existing environmental model into the Web. Sensor observing real-world geoprocesses and events are inherently related to environmental models. Both result in observations of real world geoprocesses. Ontologies capturing the dynamics of geographic space can establish a link between sensors and models, with the ultimate goal to seamlessly switch between both. The quality of the resulting information, in particular its uncertainty, has to be considered before integrating models in potentially critical applications. And in the end, the user has to be aware of the model, its uncertainty, and the underlying assumptions. A user should be able to evaluate the resulting data, starting from the selected data sources and calibrating parameters, a description of the chosen algorithm, to the quality of produced result. The proposed standards are able to communicate these model aspects, and are therefore in our opinion the best choice to expose environmental models as Web service.
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