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Introduction 
The European funded Zer0-M project has developed a Spatial Decision Support System (SDSS) in order to contribute to the dissemination of the Sustainable Water Management (SWM) approach. The aim is to provide experts and technicians with a tool that helps them to develop and compare multiple SWM solutions for an existing problem. Thus, it is helping them to choose the optimum solution according to clearly defined criteria. Given the vast amount of possible Sustainable Water Management (SWM) technologies available, the task of choosing ‘the right one’ for a given problem is a big challenge. Additionally to higher efforts, a lot of information is needed in order to be able to develop and compare different SWM solutions. The information needed includes knowledge about the situation and problems to be addressed. It also requires background knowledge about technologies available as well as their specific characteristics and requirements. The lack of this information and the multiplication of the workload are often preventing the responsible experts from comparing a great many of different possible solutions. Thus, they are less likely to consider technologies they are not acquainted with but might be offering better solutions to their problem. In order to alleviate the workload necessary for the development and comparison of multiple SWM solutions, a Decision Support System (DSS) has been developed within the scope of the Zer0-M project.
Objectives
The general term Decision Support System (DSS) describes a (computer) tool that supports people in taking decisions, in a broader sense. The target of the SDSS developed is to provide experts and technicians with a tool that helps them developing and comparing multiple SWM solutions for an existing problem. As the word ‘design’ in its name already implies, the SDSS is mainly intended to help design sustainable water supply and disposal systems from a broad technical perspective. This means that the design of SWM solutions is done in a rough way. In order to be able to decide on a solution for existing localities and their major problems regarding water management, the DSS helps the user to consider and evaluate a range of different SWM technologies. The SDSS will guide the user to consider different SWM options, integrate them in a design and/or planning activity and provide a logical procedure to compare project alternatives. This involves decision makers (representatives, population, traditional authorities, and water departments) in order to identify the most suitable solution and to show its relevant (economic, environmental, socio-cultural) impacts in a sustainability framework. Feasible solutions are developed by considering these technologies and combinations of them. The pro and contra of each solution is then assessed by the means of clearly specified criteria. Thus, the evaluation of the system is helping to find the (possibly) best answer to the problems addressed. The SDSS is mainly intended to help design sustainable water supply and disposal systems from a broad technical perspective, roughly at a scale of about 1:25.000. Focused areas are small settlements in rural areas, isolated tourism facilities or peri-urban areas not connected to a centralized waste water collection and treatment system. The users of the DSS will mainly be technical planners/designers of water and waste water systems (e.g. sanitary engineer or a team comprising expertise of engineers, agronomists, socio-economists, environmental planners, biologists, etc.). Decision makers will contribute to the design providing the designer(s) with basic information concerning the decision. This is done by representing or directly involving their community. Basic information concerning the decision may be a judgment on the importance of criteria for decision making or cultural constraints, etc.
Implementation
Among the main objectives of the development of this tool was to guarantee an easy as possible approach for the user. This was realized by focussing on two important implementation aspects. The SDSS was realized as an internet-based application. This enables worldwide access to the system over the internet and thereby stimulates the cooperation between multiple partners by providing a centralized system, instead of multiple individual versions. Regarding the software used, the developer team concentrated strictly on using Open Source software components. Besides the fact that through this the Zer0-M SDSS is available without software vendor costs or licences, it offers the possibility to adapt the programming code to the special needs of the Zer0-M project objectives.
Decision making process

A schematic representation of the water system is used as a framework for the development and implementation of all models embedded in the SDSS [Fig.1]. This schematization is also reflected in the DSS utilities. The water system is divided into 7 blocks representing categories of elements that have to be specified for a proper description of the system for simulation purposes. It has to be stressed that sustainability is reached through the selection of sustainable technologies for water collection, water saving and waste water treatment as well as through a proper layout of the system, e.g. connecting elements in such a way that reuse of water and nutrients can be performed.
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Fig.1: Schematic representation of the water system used in the Decision Support System
Each category comprises several elements, among which the user can choose when implementing a given "block" of the layout. These elements are called Technical options (TOs). During the layout composition the SDSS is checking the compatibility of the connections set up by the SDSS user. Planning and management are based on a problem solving process which begins with problem definition and description, involves various forms of analysis, and then leads to design, usually followed by the evaluation of alternative solutions. The SDSS guides the user through the whole decision process that includes the following steps: 

· Knowledge: data acquisition and characterization of the situation and problem 

· Vision: preliminary identification of suitable type(s) of water system to be adopted 

· Design: for each alternative, the design stage is split into 3 sub-steps: 

· Layout: definition of all the elements of the given alternative, including all the information needed to run the water system model 

· Flows: simulation of water and mass flows (this is indeed part of the evaluation capability but it is carried out here since usually for detailed design the knowledge of water flows is needed) 

· Detailed design: selection and specification of all technical characteristics of each element of the water system 

· Evaluation: prediction of the performance of all the alternatives (i.e.: calculation of all the evaluation indicators for each alternative) 
· Choice: multicriteria analysis of alternatives (evaluation and ranking, plus sensitivity analysis). At this stage this last step is not included in the DSS tool and has to be carried out by exporting the results of the evaluation to a separate multicriteria analysis module (a simple MS Excel file may be suitable). 
In the beginning, the existing problems have to be identified and specified. Tools for visual and exploratory data analysis are provided and are helping the user to achieve a more holistic view of the situation and possible solutions. However, thematic and geographic information has to be acquired beforehand in order to be evaluated by the user. Geographic information – including thematic and geometric information - is needed for a general description and analysis of the situation. It is also needed for the development of possible solutions and their evaluation through the calculation of indicators. For the simplification of the data acquisition process, a GPS-based data acquisition tool supplying the SDSS and its user with all information required has also been developed during the Zer0-M project [Fig.2]. This tool helps the user to collect all information desired or required in the specified format needed by the DSS already in the field. Through a clearly defined interface, the data can then be easily imported into the SDSS, making it readily available.
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Fig. 2: The GPS-based data acquisition tool adapted to the needs of the SDSS; the collection of information required for the design and comparison of possible solutions is ensured.

Having all data available, the definition of the existing situation and major problems is used for a screening of similar experiences maintained in an ‘Experience Database’. In general, the ‘Experience Database’ is representing a forum for the exchange of existing experiences. Standardised information describing the situation and problems as well as the layout of the solution is retrievable. A document repository for each experience gives the possibility to distribute further information to a wider audience. During the development of alternatives, the ‘Experience Database’ gives the user the ability to search for experiences facing similar circumstances and problems. By screening the solutions implemented, the user retrieves information about suitable and non-suitable technologies. Additionally, the user is encouraged to consider different technologies and combinations of technologies by the possibility to retrieve more detailed information on SWM technologies. These experiences are used for the development of a vision and to get a first idea about suitable technologies. Based on all information, the user is then developing possible solutions to the problems identified in the beginning. Alternatives are being designed using functionalities of a Geographic Information System (GIS) – supporting the development of the layout – and attribute information describing all elements. Finally, the SWM solutions developed have to be evaluated in order to be able to choose the optimum. The comparison is done on a multicriteria approach based on the results of simulations.
Design of Alternatives

The design phase involves the development of spatially and thematically defined alternatives as possible solutions for problems that have been identified in the beginning of the analysis. Central point for their development in the DSS is the interactive map [Fig. 3]. Through this interactive map the user is able to explore and access all information available. The design of alternatives is done by positioning and connecting technical objects. This can be done by directly adding and editing objects on the map. In the background, system based functions are checking the general consistency and admissibility of connections.
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Fig. 1. Central point of the DSS is the interactive map visualising and making accessible all information available.

For a complete description, attribute information has to be given for each object positioned on the map, such as "How many people use this facility? How large is the impermeable surface? How much does this material cost?". Where possible, the system provides some default values that can be used by the user. However, there is always the possibility to directly introduce values describing the local situation more correctly.
Evaluation
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Fig.4: Example of the evaluation matrix, showing results of the environmental model for two different alternatives 

The comparison of SWM solutions in the SDSS is done on a multicriteria approach. The results of simulations are indicators representing the performance of the relevant alternatives [Fig.4]. Their impacts are assessed mainly related to their sustainability under an economic, social and environmental point of view. 
Indicators calculated for SWM solutions designed include:
Environmental criteria:

· “Zer0-M-ity”: 
This criterion expresses the results of alternatives regarding the maximization of water reuse and minimization of emissions. Included are indicators depicting the total water flow extracted per person, degree of reuse and recycling of water, degree of nutrients reuse, energy employed per person.

· Local environmental impact:
Qualitative and quantitative indicators are calculated for the assessment of local environmental impact. This includes the calculation of abstraction and quality pressure on sinks as well as the influence on ecosystem and landscape.

· Non-local environmental impact:
Life cycle analysis is taking into account the production process of materials. Thereby, indicators on the global warming potential, acidifying compounds, ozone depleting gases, solid waste, eutrophicating compounds, and energy resources employed are calculated.

· Economic criteria:

· Indicators relating to the economic criteria include present discounted value, investment costs, import costs, operation and maintenance cost per year. 

· Socio-cultural criteria:

· Local Mastering: 
Difficulties considering the mastering of an alternative are depending on the technologies adopted and the information given by the local expert.

· Socio-cultural acceptability:
Quantitative and qualitative indicators are calculated for the assessment of the acceptability of an alternative relating to the change in social/cultural habits and satisfaction of the user’s water demand.

Conclusion

With the development of the Decision Support System by the Zer0-M project a tool is made available, which especially focuses on the use for Sustainable Water Management. By using Open Source Software, the DSS is developed in an extendable and flexible way to be specifically adapted to the original task. Thus, it is giving the user the possibility to design and evaluate SWM alternatives in a powerful but easy way and helps to propagate the ideas and implementation of SWM. 
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