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Abstract

The paper is devoted to the concept of Internet-based tools that can be used in the framework of the new democratic paradigm of water management. The democratic paradigm is a modern alternative to the standard technocratic alternative of water-related decision making. It is based on the desire to involve non-experts into the process. Usually, non-experts have minimal knowledge on the problem and especially on the ways, how to solve it. Internet can help non-experts understand the problems and use the knowledge in their legal and political actions. We concentrate here on the screening phase of decision process that consists in selecting of one or several decision alternatives for subsequent detailed exploration from myriad of possible alternatives. Involvement of non-experts into the decision process on the screening phase is especially important. It is proposed in the paper to base the Internet tools for water-related decision screening on computer visualization. We argue that it can help to develop tools, which can be mastered by non-experts.
Introduction

Internet-based river management seems to be now not an existing field but rather a set of ideas, which represent a desire of water managers to use modern information technology. The discipline that tries to bring the recent development of information technology into the field of water management is Hydroinformatics (Abbott, 99). It is important that a large part of the tools and techniques developed in the field of Hydroinformatics can already be used or will certainly be feasible soon. Though some concepts of Hydroinformatics look now like a science fiction, hopefully they will be implemented pretty soon as well. Here we discuss one of such concepts, namely the concept of Internet resources that can be applied in the framework of the new democratic paradigm in water management. 

We start with the description of the main features of the democratic paradigm and its possible Internet application. The democratic paradigm is compared with the traditional technocratic paradigm in water management. Section 2 describes the concept of a Web resource that implements the democratic paradigm by supporting of non-experts in their computer-based preparation for legal and political water-related actions. The role of Web simulation, graphic exploration and evaluation of particular decision alternatives in the framework of the resource is outlined, and the problem of independent search for preferable decision alternatives is stated. In Sections 3 and 4, we concentrate on graphic Web tools that can support assessing the whole variety of feasible decision alternatives and selecting of several preferable alternatives for subsequent simulation. Finally, we describe a possible scheme of such integrated Web resource. 

1. Democratic paradigm in water management

Two main paradigms in the field of water management must be distinguished – the technocratic and democratic paradigms. The technocratic (expert-oriented) paradigm is actually a traditional concept of decision making in water-related problems. Roughly speaking, in its framework experts develop water management projects, and professional decision makers approve or reject them. Mathematical models and computer decision support systems (DSS) play an important role in the technocratic paradigm, they are used by experts and sometimes even by decision makers. Experts and decision makers, with a help of modelers, system analysts and computer scientists, find more or less satisficing solutions of water-related problems. In such decision process, system analysts exploit the fact that the number of involved people is fairly small and known in advance. The technocratic decision making, which is a norm now, will surely profit from the recent development of Internet. Professional experts and even decision makers gradually master the network tools (both Internet and intranets) including Web application servers, distributed simulation and optimization, various forms of Internet communication (say, synchronic or asynchronic meetings), etc.

However, the technocratic approach to environmental decision making does not seem to be sufficient now. It is related to the fact that recent situation in the field of environmental decision making differs from what it was about 50 years ago. Multiple political parties and interest groups, mass media and even particular citizens want to be involved now into decision process (see Cunge and Erlich 1999). The number of such new players is not known in advance, and it may happen to be very large. It is important that these players are non-experts. Usually, they have minimal knowledge on the problem and especially on the ways, how to solve it. In the framework of the technocratic paradigm, not so much can be done to involve non-experts into the decision process. Sometimes, they are informed in general features on the strategies discussed by experts and decision makers, however, they cannot influence the decision processes.

In contrast to the technocratic paradigm, the democratic paradigm is based on the idea that 

“power to make decisions must be placed as far as possible in the hands of the persons who are the most directly influenced by the decision concerned, and not in the hands of individual ‘decision makers’ and their ‘experts’. The ‘expert-oriented’ paradigm proposed by the software engineers and system analysis professionals is then seen increasingly as counterproductive in this respect” (Yan et al 1999).

It is important to note that since the very start of Internet as a mass communication mean, various ideas concerning application of Internet for the development of civic society were discussed (see, for example, Williams and Pavlik 1994). Even ten years ago it already was clear that Internet provides a totally new opportunity for any computer-literate person – the opportunity to receive information directly from its source. In this case, mediators (news agencies, TV channels, newspapers, etc.) are not able to censor, screen or disturb the information. Therefore, the basic civil right to receive independent information, traditionally supported by liberal societies, can be accomplished for the first time in the human history. By this, a new era of human civilization was supposed to be started. Alfred C. Sikes, the chairmen of the US Federal Communication Commission in the beginning of 90‘s, had identified two main dimensions of information revolution:

· “empowerment achieved through communication: more freedom, more choice – more ability to understand and shape the world;

· democratization: broader dissemination of and ultimately universal access to new technologies – more accurate, to their capabilities” (Sikes 1994).

However, one has to recognize now that the progress in the field was not so fast as it has been hoped. Internet is getting commercial, and the problem of user’s “ability to understand and shape the world” plays a minor role. It is important to take into account another aspect of the problem – it has been assumed tacitly that the opportunity to get information from independent sources is sufficient to understand public problems and conflicts and even to be involved in decision processes. It is clear now that such opinion is not true, especially in the case of water-related problems. A database filled with possible data on a conflict may not help non-experts to understand how the conflict can be solved. Cunge and Erlich (1999) stress the need to make a difference

“between data and information. The data may be collected in the field (e.g. measurements of physical quantities such as water level, degree of pollution, etc.); satellite imagery, optical or radar, are also data, although of different kind; state variables defining ecosystem or biodiversity, their evolution, location of houses, regulations and laws – all are data that can be measured or collected in the field or which may result from projections, extrapolations and modelling. The information is elaborated from the data under a form that should be intelligible to the stakeholders.”

Generally speaking, the mathematical modeling provides a mean for transformation of row data into information. However, the mathematical modeling by itself is not able to solve the problem of understanding the information – only specially prepared tools can transform results of the modeling into a form intelligible for non-experts. Internet provides the environment for such tools and the global access to them, but not the tools. Therefore, the democratic paradigm requires special effort aimed at elaboration of Internet tools for information display in the desired form. 

It would be pretty naive to hope that a single universal tool can be developed that is able to solve this problem completely. For this reason, we propose to develop an integrated resource, which can provide user with reliable information and various easy-to-apply tools for assessment and evaluation of feasible decision alternatives. It is important to stress from the very beginning that we do not expect that application of such tools will result in a coordinated decision. Indeed,

“because of the divergence in the differences in beliefs between persons and their situations relative to the environmental intervention concerned, they must be expected to produce a great variety of judgments, and normally no consensus can be expected. Some groups of persons will coalesce around certain belief, values, intentions and specific interests, whereas other groups will form around others. Some of these groups may share same beliefs, values, intentions and interests with others, but in many cases they will be in conflict. In this situation, collaboration between persons and parties will be at best limited to a sharing of facilities for the making of judgments and, in subsequent negotiation, legal and political actions” (Yan et al 1999).

Because of these features, network supporting of multiple people with unknown skills and values involved into environmental conflicts must differ from supporting decision making in a business group. Recently, new network techniques as asynchronous communication were proposed for supporting business group decision making (see Dowling and St. Louis 2000). Such network techniques are supposed to substitute the expensive face-to-face business meetings by asynchronous interaction via networks. Though the asynchronous groups have to struggle with the coordination problem, the recent research proves that the asynchronous communication can be as effective as synchronous implementations of group support. However, supporting of competing political groups differs from the support of a small well-structured group of consensus-oriented businessmen. For this reason, Internet resources that implement the democratic paradigm can not directly use such asynchronous communication techniques. 

Special tools were proposed for supporting of negotiations on Internet, but they are mainly oriented at supporting the negotiations of a small number of people (see, for example, Kersten and Noronha 1999). Such tools try to bring negotiators to a coordinated decision using preference-related questions. Once again, application of structured Internet-based procedures seems to be impossible in the case of the democratic paradigm characterized by a non-fixed (and presumably large) number of people involved. For this reason, we concentrate on common Internet resources that can support individual judgment making in the process of preparation for legal and political actions. 

Internet implementation of the democratic paradigm: possible requirements

A list of requirements that must be satisfied by Internet resources, which support democratic paradigm, may be pretty large. The most important of them are related to objectivity of the tools. According to Cunge and Erlich (1999), the objectivity of a tool means that the tool must allow “the confrontation of consequences of various potentially possible scenarios and solutions”. It is important “to share information in an equitable way, i. e. so that it is identical in content and intelligible to all interested parties”. Cunge and Erlich (1999) require that information would be provided to all users under the same form. Only in this case users can hope that the transformation of data into information is performed in an objective way.
Another group of requirements is related to the transparency of the form, in which information is provided. The transparent form is needed to make the information intelligible for all parties including non-experts. Several transparency requirements are described in (Abbott and Jonoski 1998). Visualization, i.e. transformation of symbolic data into geometric information that must aid in the formation of a mental picture of the symbolic data, seems to be the only technique intelligible for non-experts. Three main qualities of the visualization are listed in (McQuaid et al. 1999): 

· simplicity that measures the degree to which the visualization is immediately understandable;

· persistence that measures its propensity to linger in the mind of the beholder;

· completeness that measures the extent to which all relevant information in the data is depicted.

Computer visualization is used now extremely often. Say, Geographical Information Systems (GIS) provide an example of the computer-based technique that can be used for the graphic display of symbolic data. Thematic maps generated by a GIS are understandable for any educated person – ubiquitous application of geographical maps proves it. The same fact proves a sufficient persistence of the maps – in the opposite case they would be not practical. Finally, various kinds of spatial data can be completely depicted on a GIS-generated thematic map. Say, spatial features of a particular decision alternative or even a difference among two alternatives can be successfully displayed in a spatial DSS (see Jankowski 2000). 

One has to take the above requirements into account in the process of discussing the Internet resources aimed at supporting of non-experts in decision processes. 

2. Concept of Internet resources for supporting the democratic paradigm

Several concepts of Internet tools were proposed, which could support the involvement of non-experts into decision processes in the field of water management. One of them is the concept of Internet-based judgment engine (Yan et al 1999). 

Judgment engines and the objectivity problem
A judgment engine is a tool that must help non-experts to assess environmental impact related to a number of given projects and to evaluate the project. An example of an Internet-based judgment engine was built upon the commercial software MikeImpact judgment engine developed as a stand-alone Windows-based application by Danish Hydraulic Institute (DHI). Using MS ActiveX, the MikeImpact software was transformed into an Internet tool called Web-MikeImpact that facilitates the judgment making via Internet. A four-level hierarchical structure of environmental parameters, components and categories was developed for evaluation of the total environmental impact of a project. User has to apply pairwise comparisons of elements that belong to one level to develop the importance weights. The importance weights are distributed downwards the hierarchy. As the result, weights are given to any environmental parameter of the project. The judgment on desirability of a project is made on the basis of the difference between the sum over all impacts (score) for the existing situation and for the proposed new situation (see Yan et al 1999 for details). 

In the case of MikeImpact system, non-experts have to evaluate several decision alternatives prepared by the experts in advance. Application of such a list of possible decision alternatives developed by experts results in asymmetric relations between experts and non-experts: experts can develop alternatives and non-experts cannot. This asymmetric situation is not equitable, the objectivity principle may be violated. Experts may use this opportunity to thrust their preferences on non-experts. It would be very important to make the situation symmetric, i.e. to help non-experts develop preferable decision alternatives by themselves. Such independent search for preferable decision alternatives would make the judgment phase symmetric and objective. It can make a non-expert appreciate the objectivity of the tool and be active in its application. 

Here we concentrate on the concept and partial experimental implementation of a Web resource that supports independent search for preferable strategies and their exploration in the framework of the democratic paradigm of water management. The Web resource includes the tools that are based on visualization and hopefully make the procedure objective and transparent for non-expert. 

Structure of the Internet resource

In accordance to the idea expressed above, the Web resource proposed here differs from a judgment engine – along with supporting the evaluation of several decision alternatives, it includes graphic tools aimed at independent selection of alternatives and further exploration of them. Application of the resource consists of three steps (see Figure 1):

· Graphic search for a small number of decision alternatives (decision screening);

· Simulation of the selected alternatives for estimation of their results; and 

· Graphic exploration of the simulation results and evaluation of the alternatives.
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Figure 1. Steps of the Internet resource application

Simulation is the central step in the framework of the resource. In contrast to the problems, for which the consequences of a decision alternative can be found fairly easily, water management requires application of sophisticated mathematical models. Exploration of a decision alternative is usually based on simulation under various circumstances (say, weather conditions) and during different time-periods (say, seasons). Simulation helps to study several alternatives in details – a large number of performance characteristics can be estimated. Results of the simulation experiments can be explored using Web-based visualization tools like GIS and multi-media (MM) tools. Finally, Web-based tools for evaluation of the alternatives (like Web-MikeImpact) can be used.

Since the water-related problems usually have a very large (or infinite) number of alternative decisions, a preliminary selecting of a small number of alternatives is needed. As a rule, users of simulation tools have to develop the alternatives by themselves, without any computer support, guided exclusively by their experience and feelings. Non-experts, however, have not got any experience in the field of water management, and so they are not able to develop reasonable alternatives in such a way. Therefore, there is a need for computer-based support that would involve non-experts into the process of decision screening. 

We start discussing with the tools that can be used for simulation, exploration and evaluation of the results of particular decision alternatives. We show that current network versions of such tools are ready to be implemented in the Web resource discussed here. Only then we turn to decision screening, and describe in Sections 3 and 4 two Web versions of graphic techniques that support selecting a small number of decision alternatives. 

Simulation and exploration of its results

Internet implementation of simulation is a fairly well known topic, and so we only outline it in this sub-section. For a particular water-related decision problem, a Web resource can be used for simulating several decision alternatives. Estimating the consequences of the alternatives must be based on a mathematical model. We cannot suppose that non-experts are able to develop a model by themselves. Therefore, experts have to prepare the model (including the data) in advance. A question may arise whether non-experts would be satisfied with the model and data. This problem is closely related to the problem of transparency of the model. We do not discuss this extremely sophisticated and important problem in this paper (see Abbott and Jonoski 1998). It seems that non-experts may be convinced of the quality and objectivity of a model and data in the case all experts agree with it. It is extremely important that mathematical models can be developed in objective way, at least potentially.

Another problem is related to computing capacities, which may be needed to simulate water-related decisions. A detailed model may require large capacities. Taking into account that unknown number of Internet users may want to run the model simultaneously, one can find hosting of such resource to be fairly expensive. One cannot solve this problem easily and has to be prepared to it. A positive feature of the situation is provided by the opportunity of distributed simulation that can help to share computing among several computers (see, for example, Grauer et al. 1999).

The resource must contain some simple tools that can help to plan the simulation experiment. In the simplest case, standard plans prepared by experts can be used. Due to such plans, consequences of a decision alternative can be estimated and provided to user who has not got any expertise in simulation planning. To simplify exploration of the simulation output, the resource must provide it in a form understandable for non-expert. Visualization of simulation results may be extremely helpful in this case. It can be based on application of GIS and MM tools. Several papers that have been published recently show that such tools can help non-experts to assess simulation results. 

Goodwin and Hardy (1999) demonstrate, for example, that simulation can be used to assist non-experts in selecting one from a small number of water-related strategies. Tuthill et al. (2000) proves that state authorities are able to use the GIS-generated maps for decision support. It seems that any computer-literate non-expert can successfully assess spatial information provided by geographical maps. Though Jankowski (2000) argues that geographical maps by themselves can play only limited role in supporting the group search for consensus in the case of non-coinciding preferences, GIS-generated maps seem to be an appropriate tool for the display of spatial consequences of particular decision alternatives studied in computer simulation. As we have said above, even a difference between two alternatives can be displayed. The GIS have already been successfully implemented in Web (Andrienko et al. 1999), and it seems that no principal problems can exist related to application of GIS for the exploration of a small number of decision alternatives or even selecting a most preferable from them. However, a large variety of possible decision alternatives cannot be depicted completely at a thematic map and one has to provide additional tools for supporting the selection from large varieties of alternatives (see, for example, Jankowski et al. 2001).

Additional opportunities are related to virtual reality (VR), which may help user to “participate” in the life of a virtual world that would result from the simulated decision alternative. The first conference on spatial multimedia and virtual reality took place as soon as in the middle of 90s (Camara 1995); current experience is described in (Neves and Camara, 1999). Though VR tools require enormous computing and information flow (and so they can not be used in Web now), it is clear that they will be available sooner or later on Internet. Application of GIS, VR and MM tools (video and audio comments, etc.) that provide simulation results in a simple form make these results assessable even for non-experts. Therefore, Web simulation augmented with Web implementation of GIS, VR and MM can help non-expert to explore consequences of a small number of decision alternatives. 

Evaluation

To evaluate a small number of the decision alternatives, which have been simulated and displayed by GIS, VR and MM tools, user can apply weighting techniques like those used in Web-MikeImpact. Due to the weights, any alternative is related to a score. Then, the alternative with the maximal (or minimal) score must be selected. 

Using the weighting techniques it is important to remember that these techniques have several important disadvantages. One of them is the effect of so-called supported alternatives. Let us consider the case of quantitative decision criteria, for which the alternatives can be associated with points in the criterion space. It can be easily proven that only those points can be selected by the weighting techniques that belong to the Pareto-efficient frontier of the convex envelope of the criterion points (the supported alternatives). 

This theoretical statement can be illustrated with a simple example of water quality improvement problem with three alternative projects (A, B and C) described by two criteria: cost of the project and the resulting pollution level. It is desirable to decrease both criterion values. The weights are supposed to be positive, and so the score must be minimized. Let A = (1; 5), B = (5; 1) and C = (3; 3.1). The picture that illustrates the problem is given in Figure 2. Here, the Pareto-efficient frontier of the convex envelope is the segment [A, B]. One can see that the point C is ‘behind’ the Pareto-efficient frontier of the envelope, and so it cannot be found using any positive weights. However, the balanced alternative C may happen to be preferable! Therefore, weighting procedures are heuristic. Moreover, psychological experiments prove that specification of weights is usually too complicated for human beings – specification results are usually not stable (see Borcharding et al. 1993 and Larichev 1992).
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Figure 2. Point C cannot be found with any positive weights

To avoid such problems associated with the weighting procedures, interactive weighting can be used (Saaty 1996). The current weights are visualized in the form of bars, and different bars display scores of the alternatives. User can “play” with the weights, looking at the resulting ordering of the alternatives. In this case, an alternative can be selected manually even if it is not optimal for any combination of positive weight. So, the above problem can be avoided in this way. However, the number of alternatives should be small – say, three, but not more than five.

Discussion

We have tried to show here that a combination of modern Web tools can be used for supporting of non-experts to simulate several prepared alternatives, analyze their output and evaluate them. However, to fulfill the objectivity requirement in the sense proposed by Cunge and Erlich (1999), one needs to develop Web tools that can help non-expert to select a small number of decision alternatives. In the case of a given variety of possible alternatives, the selecting of a small number of them is known as screening decision alternatives. Two next sections of the paper are devoted to graphic Web screening tools. We show that computer visualization can play an important role in supporting of non-experts in the process of screening the variety of possible decision alternatives. 

The graphic Web screening tools described in this paper are based on the ideas of goal programming, which is a classic approach to solution of decision problems in the case of conflicting interests (see Charnes and Cooper 1961, Ignizio 1976). In the framework of this approach, user has to identify a goal vector that represents his/her desires. Then, a feasible decision alternative is computed that is associated to the goal vector in some sense. If the goal vector is distanced from what is feasible (it is a common case in real-life applications), the associated alternatives may have nothing to do with it. Sometimes, user comes across the problem: how to identify a goal vector that would not be understated or overstated? To help user we propose to visualize the whole variety of feasible goal vectors for a simplified model. User can receive information on the frontier of what is feasible and on efficient tradeoff among particular goals. Due to it, user can identify the goal vector consciously. 

Two such Web tools are considered in this paper. The first tool can be applied in the case of linear simplified models. The second tool can be applied to non-linear models if the number of possible alternatives can be reduced to a large, but finite list of them. Surely, such approach can be applied in the case if a finite number of alternatives are given from the very beginning. We start with the Web tools of the first kind. 

3. Web tool for decision screening (linear case)

The methodological basis of the tool for decision screening in the case of linear integrated models was proposed in 90s (Lotov, 1994). Since its applications have already been described in books and papers (Lotov 1998, Lotov et al. 1997a, 1997b, 1999a, 1999b and 2001a), we only need to outline its main features here. It is based on:

· Application of simplified integrated models of water-related systems; 

· Application of the graphic technique of Interactive Decision Maps (IDM) for exploration of the variety of feasible decision alternatives; and 

· Application of the Feasible Goals Method (FGM) for selecting a preferred decision alternative. 

We stress once again that the methodology for screening of the decision alternatives has to be different from the analysis of particular decisions, i.e. their simulation, exploration and evaluation. 

Constructing of integrated simplified models

The most important feature of the decision screening phase is related to the need to explore all possible courses of action. For this reason, an integrated model of the problem must be used. Development of such a model requires integration of knowledge from a number of diverse disciplines. Say, in water quality planning, one has to describe wastewater discharge, wastewater treatment, pollutants transport, effect of pollution, and so forth. Direct interfacing of detailed models developed in particular fields is often impossible. Therefore, some kind of simplification of the original models is needed. Robert Dorfman seems to be the first to stress the importance of simplified mathematical models in water-related decision screening (Dorfman 1965). Fortunately, one needs to explore only the main features of the problem at the screening phase since subsequent simulation of selected alternatives is assumed. Therefore, an integrated model may be fairly rough. 

The universal way to build a simplified model is based on approximation of input-output dependencies for the original mathematical descriptions of subsystems (so-called parameterization of subsystems). The most important form of the approxi​mation is provided by influence matrices, which are linear approximations of input-output dependencies. If an original model is linear, influence matrix can be constructed precisely. However, sometime the influence matrices can be constructed precisely even in the non-linear case. For example, the well-known non-linear system for modeling rivers and channels MIKE 11 is characterized by linear dependencies of pollutant concentration on pollution discharge. One can prove it both theoretically and experimentally. Details of constructing the influence matrices on the basis of MIKE 11 are described in (Lotov et al. 1999c and 2001a). 

In general case, the method for constructing the influence matrices depends upon a particular field. The universal approach is based on the application of regression analysis of simulation data. Along with the constructing the influence matrices, simulation provides the applicability ranges of the influence matrices. If there is no adequate mathematical model for a subsystem, an influence matrix can be constructed through regression analysis of experimental or historical data. Sometimes, experts can provide both an influence matrix and its applicability range (example is given in Lotov et al. 1997a). It is very important that the models based on influence matrices are transparent since user can easily assess dependencies of output on input. 

Sometimes, expert or empirical information can be arranged in a form that differs from the influence matrices. For example, processes of wastewater discharge treatment can be described approximately using discharge treatment technologies. Integration of balance equations, influence matrices and other simplified descriptions, restrictions imposed on variables, etc., results in a simplified integrated model of the water-related problem. 

The FGM/IDM technique 

The second main feature of the screening methodology is given by the application of the IDM technique for exploration of the variety of feasible alternatives and of the FGM for selecting the preferred alternatives. In the framework of the FGM/IDM technique, information on the variety of feasible alternatives is provided by decision maps, which were initially proposed for the case of three criteria, but now can be used for a larger number of criteria. A decision map can be considered as a collection of two-criterion non-dominated frontiers (criterion tradeoff curves) for several values of the third criterion. Any frontier of the kind defines the limits of what can be achieved in terms of two criteria. The idea to compute and display the non-dominated frontier for two criteria was introduced by Gass and Saaty (1955) and developed by Cohon (1978). The FGM/IDM technique develops the idea of Gass, Saaty and Cohon for the case of multiple criteria (three to seven). 

We describe the FGM/IDM technique on the basis of a simple example model, which was developed by parameterization of a more detailed model. We will not describe the parameterization procedure and start with graphic exploration of the model that was implemented in the form of a demo Web resource (Lotov et al. 2000a). A region with a developed agricultural (grain-crops) production is considered. The region is located around a lake that is an important ecological and recreational site and serves as the municipal water supply. Development of the agriculture, which is based on high levels of water and fertilizer application, may result in a shortage of water in the lake during the dry season. Pollution of the lake by chemical fertilizers brought into the river with the withdrawal of water can happen, too. Reasonable strategies of agricultural production should be developed. Three decision criteria are considered in the example problem: agricultural production, level of the lake, and additional water pollution in the lake. 
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Figure 3. A decision map for the example problem (production versus level of the lake).

Let us consider a decision map related to the example problem (Figure 3). Any non-dominated frontier in the decision map displays the limits of what can be achieved. It is impossible to increase the values of agricultural production and the level of the lake beyond the non-dominated frontier. Let us consider the furthest left internal frontier that is related to the minimal, i.e. zero, additional pollution (points C and D belong to the frontier). It shows how level of the lake may be exchanged for the production in efficient way while keeping zero level of pollution. For small production values (less than about 20%), the maximal level (100%) of the lake is feasible. Then, with the increment of production, feasible level of the lake starts to decrease more and more abruptly (especially, after point C). The maximal feasible value of production (a little bit less than 60%) is related to the minimal level of the lake. Note that it is necessary to exchange a substantial drop in the level (about 30% starting at point D) for a small increment of production needed to achieve its maximal value for zeros additional pollution. So, the frontier shows how production can be transformed into level of the lake if the efficient subset of strategies is used. In other words, the non-dominated frontier informs user about the criterion tradeoff between production and level of the lake.

Other frontiers have a similar shape. As allowable level of pollution increases, the possible production level increases as well. The outer curve in Figure 3 is related to the situation when restriction on the pollution permits its concentration of 13.8 mg/l. Note that if the level is reasonably high, the non-dominated frontiers are close to each other. This means that for these levels of the lake even a substantial increment in pollution does not result in a substantial increase of production. It is important that the non-dominated frontiers related to larger pollution levels coincide with the outer non-dominated frontier precisely, and so they do not give any positive effect at all. 

Let us note that non-dominated frontiers do not intersect in a decision map (though they may coincide sometimes). Due to this, they look like contour lines of topographic map. Indeed, a value of the third criterion, which is related to a non-dominated frontier of a decision map, plays the role of elevation value representing a contour line of a topographic map. One can see the frontiers of the variety of the combinations of the first and second criteria that are feasible for a given restriction imposed on the value of the third criterion (like “places higher, than...” or “places lower, than...”). Moreover, one can easily understand, which values of the third criterion are feasible for a given combination of the first and of the second criteria (like “elevation of this place is between...”). If the distance between non-dominated frontiers is small, this could mean that there is a steep grade, i.e. a small move of the non-dominated frontier is related to a substantial change of the value of the third criterion. Such information concerning the conflict among three criteria is very important; it shows that one has to pay with a substantial change of the third criterion value for a small improvement of the values of the first two criteria. 

Let us consider the mathematical description of the IDM technique in short. We consider decision vectors x and denote the given variety of feasible decision vectors by X. Let us consider m criteria given by the vector-function f. The variety Y of attainable criterion vectors is defined then as Y=f(X), i.e. 
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Let us suppose for a certainty that user is interested in decreasing the criterion values. In this case, a criterion point 
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 ( y.  Then, the Pareto-efficient (non-dominated) frontier P(Y) of Y is defined as the variety of its non-dominated points, i.e. 
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Since user is mainly interested in the non-dominated frontier of the variety Y, it is convenient to use the Edgeworth-Pareto Hull (EPH) of the variety instead of the variety itself. The EPH denoted by Y* is defined as Y broadened by all dominated criterion points, i.e. 
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It is important that the non-dominated frontiers of Y and Y* coincide, but the dominated frontiers disappear in Y*. Therefore, the frontier of the EPH is simpler and can be understood more easily, especially in the case m>2. The decision map is provided by a collection of superimposed two-criterion slices of Y*, for which the value of only one (the third) criterion can change (values of the fourth, fifth and other criteria are fixed). Several equidistant values of the third criterion are specified. 

To identify a goal vector directly on the decision map, user has to select a convenient decision map and a slice on it (by this the values of all criteria except two are fixed). Then, identification of a goal vector is reduced to fixation of the values of two criteria given on axes. It can be done by a click of the computer mouse (for example, point E in Figure 3). Since the identified goal is close to the non-dominated frontier of the EPH, the one can easily find an efficient decision, which output is close to the identified goal. Such approach to goal identification is named the FGM. 

The most important feature of the IDM technique is related to the way, how the decision maps are computed. First of all, the EPH for the entire list of criteria is approximated, and only then collections of two-criterion slices are computed and displayed. Due to the approximation of the EPH, various decision maps may be displayed on request very fast. In three-criterion problems, the IDM technique provides the arbitrary arrangement of criteria in a decision map. In addition, one can easily change the number of non-dominated frontiers or zoom the picture. However, application of the IDM technique is much more important in the case of four, five and more criteria. In this case, a decision map related to arbitrary restrictions imposed on the values of the fourth, fifth and additional criteria may be displayed immediately. User can do it by application of scroll-bars located near the decision map: sliders of scroll-bars help to specify the values of other criteria manually. User can see and study on-line how a variation of a criterion value influences a decision map. Such study can be carried out due to the fact that the EPH was approximated in advance for the entire set of criteria. 
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In Figure 4 the black and white copy of the color computer display of a decision map for four criteria is provided. The criteria are related to the above regional water management problem. Production (denoted as <totcrop>) and pollution of the lake (denoted as <lakepol>) are given on axes. Drop of the level of the lake (denoted as <leveldrp>) is given in color. The value of the fourth criterion (water pollution near the sea, denoted as <seapol>) is given by the slider of the scroll-bar. 

Animation of decision maps is possible due to the approximation of the EPH, too. Animation of a modified decision map is actually a display of a series of modified decision maps that are related to automatically changing value of, say, the fourth criterion for any fixed values of other scroll-bar criteria. Actually, a myriad of modified decision maps may be consequently generated and displayed in the form of multiple animation films. These virtual animation films are prepared in the form of the approximation of the EPH for the entire set of criteria. This is the main advantage of the IDM technique. 

If needed snap-shots of such animations can be displayed in the form of a row, a column and even an entire matrix of decision maps. Surely snap-shots can be displayed without animation at all. Animation of a matrix of decision maps is possible, too. In this case, the values of sixth (or seventh) criterion may be changed step by step. Since the animation of the decision maps can not be illustrated in the paper, we propose to download the demo software from our Web page 

http://www.ccas.ru/mmes/mmeda/soft. 

By exploring the decision maps, user can assess relations among the feasible criterion values and develop ideas concerning the preferable balanced combination of them (the feasible goal vector) identified directly in computer display. Once again, identification of a feasible goal vector directly in display after exploration of decision maps is the main feature of the FGM, which distinguish it from the usual goal methods that result in non-feasible goal vectors. It is important that the FGM/IDM technique helps to concentrate on relations between criteria by excluding the decision alternatives from the consideration on the screening phase. Due to this, the screening is fairly simple; it requires minimal information from user.

Application of the FGM/IDM technique is especially simple in the case of linear models. In this case the EPH is convex, and so its approximation by a single polytope and the cone is possible. Decision maps are fairly simple because of the convexity of the EPH, too (like in the above example). Application of linear integrated models in combination with the FGM/IDM technique turned out to be a convenient tool for real-life decision screening of water quality improvement strategies (Lotov et al. 1997a). Now it is applied in the new DSS developed on the request of the Russian Federal Ministry for Natural Resources in the framework of the Federal program “Revival of the Volga River” (Lotov et al. 1999c and 2001a). 
It is important to note that the real-life FGM/IDM-based water-related decision screening usually has several loops. In particular, users apply GIS to explore the efficient decision alternative obtained with the help of the FGM/IDM technique. Users apply the obtained knowledge to formulate a new screening problem, which is characterized by new screening criteria and restrictions imposed on the variables of the integrated model. For this reason, identification of a goal is not a final decision on the screening phase, but a step in the process of the model exploration. One can even say that users play with the software. This is an important feature of decision support systems based on the FGM/IDM technique. The role of suitably designed games in understanding the decision problems was stressed in (Abbott 1998). In the beginning of 90s, we have developed an experimental environmental educational FGM/IDM-based game for schoolboys (Lotov et al. 1992). The game was based on the above regional problem. Experimental testing of the game proved that, though the game is in English, Russian schoolboys mastered the game easily. Computer-based educational laboratory work based on the same problem is used now for teaching in Lomonosov Moscow State University, Russia, in the University of Idaho, Moscow, Idaho, and in several other universities. Important that Russian students like to play this lab and when given a choice, select it as an examination topic. 

The demo Internet resource for independent environmental decision screening
The FGM/IDM technique has an extremely important feature that helps to implement it on computer networks: approximation of the EPH, which is related to 99% of the computing efforts of the technique, can be separated from the human-computer exploration of decision maps and performed automatically. Therefore, the technique can be easily applied in Web server-client architecture: computing the EPH can be accomplished on a server while exploration can be carried out by means of Java applets on user’s computer. Specification of criteria and restrictions as well as the digital display of the selected alternative can be based, for example, on the standard HTML or other simple Internet tools. 
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Figure 5. Scheme of the demo Internet resource based on application of the Java applet

The demo Internet resource for decision screening was coded specially to illustrate that non-experts can use the FGM/IDM technique via Internet. The first version of the resource was started as soon as in 1995. It was based on the CGI scripts, which provide a simple tool for generating Web pages, possibly using user-supplied information. However, the CGI scripts-based interface was poor and ugly. Recently, the new Web resource was established based on application of client-server scheme and Java applets (Lotov et al. 2000a). The above regional problem was used in the resource. The scheme of the resource is provided in Figure 5. 

The Java applet that can display decision maps in an interactive mode is transmitted to user’s computer. Application of Java applets instead of CGI-scripts helped to implement several major features of the IDM including variable criterion ranges. The applet displays decision maps for the above three criteria and can be used for the identification of a feasible goal in a decision map. After fixation of the goal, it is transmitted to the Web-server, which computes the related decision alternative and provides it to user. User receives the goal-related alternative after several seconds or minutes, depending on the connection quality. 

A more powerful IDM-based Java applet is used now in the framework of the Web application server that supports selecting a small number of decision alternatives from a large list of alternatives submitted by user. 

4. Web application server for selecting from large lists of alternatives

In contrast to the previous section, the software described here can be applied in the case of a non-linear integrated model that is used for screening the decision alternatives. It is assumed that a variety of feasible decision alternatives can be substituted by a finite number of them (may happen, thousands or even millions). An example of such substitution in a real-life problem of national energy planning is given in the paper by Soloveichik et al. (2002). It may happen that the variety of feasible decision alternatives is finite from the very beginning (such example is considered in this section). Graphic elements of the approach are based on application of the same IDM technique, but this time the Reasonable Goals Method (RGM) is used instead of the FGM. The RGM is a modification of the FGM for non-linear decision problems. The RGM applies the enveloping of the feasible set in criterion space. Then, the IDM technique is applied for exploration of the envelope and identification of the goal. 

Reasonable Goals Method 

The RGM was introduced in (Gusev and Lotov 1994) for the case of decision alternatives given in a large list. To be precise the alternatives are associated with rows of a table, which columns are attributes that describe important features of the alternatives. Three to seven numerical attributes are specified as the selection criteria. Due to this, any row is associated to a feasible criterion vector. The RGM is based on the enveloping and visualization of the variety of the points of criterion space related to the criterion vectors. Actually, the IDM technique helps to explore the non-dominated frontier of the envelope of points. To apply the IDM technique, user has to approximate the EPH of the convex envelope (denoted by CEPH). The CEPH is approximated and displayed by various decision maps. One can see that the difference between the RGM and the FGM consists in the fact that the envelope of the variety of feasible criterion vectors is approximated and explored in the RGM instead of the variety itself in the FGM. A goal point is identified in the same way in computer display. However, this time the identified goal is usually not feasible, but only close to the variety of feasible criterion points. For this reason, it is considered as the reasonable goal. Several feasible criterion points are selected, which are “close” to the goal. Notion of the closeness can be defined in various ways, one of them is given in (Lotov et al., 1997c). 

Application of the RGM/IDM technique to water quality planning in a small region

We illustrate application of the RGM/IDM technique in a DSS for water quality planning in a small region. The explored region is located in the basin of the Oka River in the vicinity of the city of Kolomna, which situated at the point where the Moskva River flows into the Oka River. 

Experts specified eight wastewater discharge sources in the region. Four technologies of the discharge treatment were considered. Therefore, five options were feasible for any wastewater discharge source – to implement one of four technologies or not to apply any discharge treatment facilities at all. In total, 390,625 decision alternatives were formulated. Three pollution indicators were taken into account – maximal concentration of nitrates and phosphates as well as maximal biological oxygen demand (BOD). Conventional units were used to measure pollutant concentration, in the framework of which concentration equals to one if environmental requirements are satisfied precisely. The maximal values in the river of these three pollutant indicators after implementation of the water quality improvement plan were used as the screening criteria. The fourth criterion was the cost of the project measured in million of US dollars.

To explore the influence of the local pollution discharge, it was supposed that the pollution concentration in water flow coming from the Oka and Moskva Rivers is sufficiently pure, i.e. pollution level equals to one. It is not true now, the pollution concentrations are much higher, but this assumption was needed to consider the local water improvement strategies. The software system MIKE 11 was calibrated to the water flow in the part of the basin and used for computing the pollution transport description in the form of influence matrices. The linear dependence of the pollution concentrations on the pollution discharge in MIKE 11 helped to estimate the influence matrices precisely. Due to this, evaluation of criterion values for all the alternatives was a fairly easy task. 
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Figure 6. Decision map with the reasonable goal given by cross

Exploration of the variety of the alternatives was based on the display of the non-dominated frontier of the envelope by the IDM technique. Figure 6 provides the black and white copy of a decision map displayed by the DSS. Cost is given in the horizontal axis, BOD (p3) is given in the vertical axis, concentration of nitrates (p1) is given by shading (color on display). Concentration of phosphates (p2) was selected to be equal to 1.01. Animation, which cannot be shown here, proved that the value of p2 has no influence on the decision map.

One can see in Figure 6 that $0.5 million, which is the maximal value in the decision map, is actually not needed: only $0.21 million is sufficient to obtain an excellent value of p3=1.01. The value of p1 influences the tradeoff curves to a great extent. The decrement of p1 from 1.10 to 1.05 requires about $0.1 million! However, the decrement of p1 from 1.15 to 1.10 is cheaper – it requires about $0.03 if the value of p3 is about 1.01. However, further increment of p1 from its value of 1.15 for the fixed value p3=1.01, can not save investment – all four tradeoff curves for p1 from 1.15 to 1.30 are close for p3=1.01. The tradeoff curves for p1=1.25 and p1=1.30 coincide in Figure 6 – it is clear in the color decision map. For the above reasons, the goal displayed in the decision map by cross is associated to p1=1.10, p2=1.01, p3=1.01 and cost=$0.263 million. 
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        Figure 7. Decisions alternatives resulting from the goal point

The decision alternatives resulting from the identified goal are given in Figure 7. In the first line the goal point is depicted. The second row contains the names of the columns: the first column is the code of the alternative; the second column is the cost; the third, fourth and fifth columns are concentration of the pollutants after the project would be completed. Any digit in the code (located in the first column) is the number of a technology used at a particular discharge source. One can see that though the first alternative is formally efficient and practically coincides with the goal cost, only additional $2 thousand are required to decrease the value of p1 for about 1%. The third alternative displays another opportunity – one can save $9 thousand (in comparison to the second alternative) while p3 increases only by about 0.1%. Surely, selecting of a preferable alternative depends on user’s preferences.

As usually, the selected decisions are visualized in the geographic maps. However, we do not display them since detailed description of the DSS is beyond the scope of this chapter. An example of interfacing the RGM with GIS is given in Jankowski et al. (1999).

Web application server and its water-related use
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Figure 8. Scheme of the Web application server

Here we consider an Internet application of the RGM technique – the Web application server for selecting preferable alternatives from large databases  (Lotov et al. 2000b). The Web application server is a universal tool that can be applied for selecting the preferable alternatives in multiple cases, say in e-commerce. It can support non-experts in decision screening (see Figure 8). 

First, user has to provide a table of decision alternatives to the server. In the demo version of the application server, it can be done with the help of clipboard and browser. Then, the server envelopes the variety of criterion points related to alternatives and approximates the CEPH. Java applet for visualization of the CEPH along with the approximation itself is then transmitted to user’s computer. The applet provides all opportunities (except matrices of decision maps) of the IDM technique. User has to study the decision maps in an interactive way, including animation of them, and to identify the reasonable goal, which is transmitted back to the application server. Several alternatives close to the goal are selected by the server and transmitted to user. 

It is important that user interaction with the Java applet that implements RGM/IDM technique is not more complicated than the interaction with the applet based on the FGM/IDM technique. Therefore, non-experts can use an RGM/IDM-based Web application server for environmental decision screening, too. The only existing complication is related to the fact that several alternatives are related to a goal instead of one in the case of the FGM. However, it may be even desirable for user since he/she receives additional opportunities to think on his preferences and to use the above weighting-based technique for evaluation of a small number of selected alternatives.

5. Possible structure of the Internet resource for non-experts

Now we are ready to outline a possible structure of the Internet resource that must help to exercise the democratic paradigm in water management. The general structure of the process has already been given in Figure 1. Internet application of the process is based on consequent application of four component groups:

· Web-based tools for selecting of preferable decision alternatives,

· Web-based simulation tools for estimating a detailed effect of the selected alternatives, 

· Web-based visualization tools for exploration of the simulation results, i.e. GIS, Virtual Reality (VR) and other multi-media (MM) tools; and

· Web-based tools for evaluation of the alternatives.

Here, we provide additional details of the process. The following subsystems can be included into the Internet resource:

1. subsystem for informing non-experts on the problem (it may be based on various Web visualization tools including GIS, VR and other MM tools);

2. subsystem for specification of criteria for screening the variety of decision alternatives and, may be, formation of constraints imposed on other performance values;

3. subsystem for EPH or CEPH approximation;

4. Java applet for interactive and animated display of decision maps and for identification of a goal;

5. subsystem for computing of a goal-related decision alternative(s);

6. subsystem for visualization of the computed alternative(s) in Web GIS, etc.;

7. subsystem for Web simulation experiments with the selected alternative(s);

8. subsystem for visual exploration of the simulation output (based on the same Web tools as subsystem 1);

9. subsystem for Web evaluation of the alternative(s) based on interactive weighting. 

Summary

In this paper, we discussed how the new democratic paradigm in water management, which involves non-experts into decision processes, can be supported using of specially prepared Internet resources. Such resources can be based on Web tools, which have already been developed and can be used now in real-life applications. Along with such relatively new, but well known tools as Web simulation, Web GIS and other tools for graphic exploration of particular decision alternatives, the Internet resources must include graphic tools for independent search for preferable decision alternatives. Application of such tools is important to satisfy the requirements of objectivity of the Internet resource. Two graphic techniques are described here that hopefully can support non-experts in the process of studying the whole variety of possible decision alternatives (Interactive Decision Maps) and searching for a small number of alternatives for a subsequent simulation (Feasible and Reasonable Goals Methods). Application of the methods by experts at the Federal Ministry of Natural Resources of Russia (Lotov et al. 1999c and 2001) and at the Ministry of National Infrastructures of Israel (Soloveichik et al. 2002) proves that the techniques are sufficiently convenient for them. The existing Web resources show how it is possible to implement the techniques on Internet. Long-time systematic application of the software in computer laboratory works for university students as well as its sporadic application in computer games for people without university education (including schoolboys) makes us hope that the software can be used by any computer-literate non-expert. Due to this, the development of the Internet resources that support the new democratic paradigm in water management can be started. The question is whether the society is ready to involve non-experts into environmental decision processes.

Acronyms and abbreviations

Interactive Decision Maps (IDM)

Feasible Goals Method (FGM)

Reasonable Goals Method (RGM)

Decision support system (DSS)

Geographic information system (GIS)

Virtual Reality (VR)

Multimedia (MM)
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Figure 4. Black and white copy of color display for four criteria
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