
K.A. Salewicz: Capabilities and Limitations …


CAPABILITIES AND LIMITATIONS 

OF DECISION SUPPORT SYSTEMS

IN 

FACILITATING ACCESS TO INFORMATION

Kazimierz A. Salewicz
INTRODUCTION

We make decisions all the time. The decisions range in difficulty from the very simple to the very complex and in scope from the very narrow to the very broad. Simple decisions are made without much consideration of the factors affecting and affected by the decision. We normally give more complex decisions much more thought and consider more of the factors involved. Depending on the complexity and scope involved, the thought given may be a brief mental comparison of alternatives, or it may be a thorough analysis appropriate to a complex situation in which there are significant differences in the impacts of various factors considered and in impacts of various alternative courses of action. 

Undoubtedly decision making processes associated with the utilization of natural resources and water resources management fall into the category of complex situations requiring very thorough consideration and analysis. This complexity manifests itself not only through the sophistication of physical and chemical phenomena taking place in water resources systems, but primarily through very rich and multi-dimensional interactions between various types of more or less thought-out human activities; their influence on natural systems and consequently impact resulting from the responses of these natural systems back on human world. It is not intention of this paper to analyse complexity of interactions between human activities and natural systems. This paper is intended to review the basic concepts and notions underlying development of decision support tools providing decision makers and other involved parties with various forms of information which can be then used during decision making process. Further on the capabilities as well as limitations of these tools in securing access to information will be analysed. This analysis is illustrated by examples of various solutions and applications, including presentation of the Web-based prototype of the Decision Support System which has been developed for the Ganges River. Finally recommendations concerning future research needs and challenges will be presented. All considerations contained in this paper are made from the point of view of technically-minded professional, who has been involved for many years in the development of various tools and solutions supporting decision making processes and managerial activities. Therefore psychological, social, political and legal aspects of the decision making processes will not be considered here.
DECISION PROBLEMS, STAKEHOLDERS AND BASIC CONCEPTS OF SYSTEMS ANALYSIS 
The decision making associated with utilization of water resources is understood here as the process of selecting such actions influencing the behaviour of a given water resources system, which at least intentionally (to make provisions for various false or mislead decisions which have been permanently happening all over the world) should result in a better fulfilment of the goals and objectives by the system under consideration. The decision making can be also understood as process of seeking the “best acceptable” solution for a specific system.

The decision making processes are taking place in a structure consisting of the following elements (see Figure 1):

· the system (in our case water management system) under consideration representing material  and physical reality; 

· the problem which requires a decision. The term problem refers to the existence of a gap between the desired state and the existing state (Sabherwal and Grover (1989)). Consequently, the decision making process aims to fill, or at least reduce, this gap and thus solve the problem; and
· the decision maker, that is the person or personalized organization, who is required to decide upon the action or a set of actions which are to be undertaken in order to achieve certain objectives (fill or reduce the gap between the existing and desired state of the system). These objectives are provided by those to whom the decision maker is responsible. Most methodologies assume an individual decision maker. However, in a real world situations, the decisions are usually made by a group or even groups of people representing different views, preferences, expectations, etc.. 
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Figure 1. Components of the decision making process.

Political and social developments taking place in various countries in the world cause that the notion of single “decision maker” has been loosing its rationale. Complex economic, social and political structures require the decisions to be made in a framework of sophisticated processes involving many stakeholders, who less or more directly participate in the decision making process. In a case of water management systems the professional and institutional affiliation of decision makers has been changing over time. As Loucks (2003) points out, giving the U.S. as an example, originally civil (mainly structural) engineers dominated river basin development, and this has lead to situation where engineers involved in managing river basins must fit into a multi-disciplinary teams including ecologists, economists, environmental specialists, social scientists, water users and lawyers and regulators. The same applies to many countries all over the world.

What connects the above mentioned elements of the structure underlying the decision making process is information, which is continuously gathered, exchanged, processed, enhanced, evaluated and used during the decision making processes. Decision making processes associated with water resources management concern many areas and decisions can be purely technical, technical with economic and social impacts, political, economic, social and so on. There is no clear scientific explanation how the decisions are made by individuals, why people make these and not another decisions, what information do they use while making decisions. We can only assume or take for granted, that the decisions can be made faster and better when the decision makers will be provided with the most up-to-date, possibly complete and correct information relevant to decision problem they are confronted with, information relevant to the type of decisions which have to be made. 

The information used in decision making process may have different forms: starting from collection of various historical data, literature, results of public opinion polls, actual measurements of physical system’s parameters up to forecasts and simulation results of computations showing consequences of considered decision alternatives. 
Depending upon concrete decision situation, the information requirements and needs expressed and/or perceived by the stakeholders in the decision making process can be very different. As the experience shows, it is impossible to specify beforehand what information is necessary and sufficient to make good decisions. Usually the process of decision making goes together with a learning process. In the framework of learning process the stakeholders make decisions based on information available; learn about their impacts and consequences and then make further decisions influenced also by the new knowledge and information they have gathered. Consequently, in a repeatable process they enhance their knowledge and understanding of the decision problem and also identify needs for new types of information. Information needs and requirements are therefore growing together with the growing understanding of the problem at hand. 
Interesting discussion concerning this subject is provided by Simonovic (2000) in the context of complexity paradigm relevant to water problems. Population growth, climate variability and regulatory requirements are increasing the complexity of water resources problems. Water resources management schemes are planned for longer temporal scales in order to take into account and satisfy future needs. Planning over longer time horizons extends also the spatial scale. Extension of temporal and spatial scales leads to increase in the complexity of the decision making processes and involves increasing number of stakeholders.

Consequently, together with the growing complexity of the decision making problems, there are also growing demands and challenges concerning tools used to provide information and to support decision making processes.
The methodological framework underlying the process of searching for solutions (decisions) of the decision problem is offered by the scientific discipline called systems analysis (see Sage and Armstrong, 2000), which evolved through parallel developments in mathematics, engineering and economics. As the system analysis has been becoming more mature in recent decades, its applicability in water resources planning and management has been also constantly growing and currently it is impossible to imagine water resources management practice without using methods and tools offered by the systems analysis.

The notion of a system is a basic one for this discipline of science (see Nandalal and Simonovic, 2002). We consider physical water resources systems as a collection of various elements interacting in response to natural and human-induced actions. The systems and related human actions are aimed at satisfying social and economic needs. 
Systems analysis allows to study not only interactions between components of the system, but also to study the overall response of the whole system to various human actions associated with development and/or management alternatives.
The behaviour of the system as a whole or behaviour of some of its components can be subject of systems analysis only then, when the system and/or all its element can be modelled using mathematical representation (mathematical models). Models and their properties can differ very significantly: the same physical phenomenon can be described using different types of models, depending on specific purposes which the model may serve. These different types of models may have different mathematical representation. For instance, a model of a water reservoir used for calculating water balance in a basin is represented by very simple mass-balance equation, while the model of the same reservoir used to describe thermal or water quality processes has very complex mathematical structure (partial differential equations) and data requirements. Therefore the mathematical representations of the reality chosen by the model builder should be consistent with overall accuracy required from the system model and should allow to describe reality adequately to the purpose of the model. This model should provide decision makers with information relevant to decision problem at hand and should address information needs of the stakeholders.
A system, understood as a part of physical reality and consisting of a finite number of interrelated and interacting with each other elements, and identified due to functions which this system fulfils, is influenced by uncontrollable and very often not exactly known natural factors on one side and by targeted and aim-oriented human actions on another side. 

As shown on Figure 2, both uncontrollable natural stimuli (uncontrolled inputs) and human-induced, targeted actions (controlled inputs) influence the behaviour of the system, which is “responding” through physical values identified as outputs (system outputs). 

Controlled inputs are equivalent to decision variables, which have to be selected in the framework of decision making process from the set of feasible alternatives. The transformation of the system due to influence of both decision variables and uncontrolled inputs is described using a set of so called state variables, which are associated with the mass- and energy preservation. Internal properties of the system are described by system parameters. 
Taking storage reservoir as an example of the system, the value of release from a reservoir represents the decision variable, the amount of water stored in a reservoir is equivalent to the state variable and such values as storage capacity or storage-area relationship represent parameters of the reservoir. 
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Figure 2. System and its interactions with the surrounding world.

Finally, physical values through which given system acts at the surrounding are called output variables. The selection of the output variables is very often depending on purpose of the system (or its model). In case of the reservoir considered here as an example, in one situation we can select release form the reservoir as an output (when the reservoir is considered as a source of water supply); in another situation, when the reservoir operation serves hydropower generation purposes and interacts with the energy system, the amount of energy generated by a power plant located at the reservoir site can be considered as an output variable. 
With the functioning of every system there are also associated certain goals, which should be attained. The functional relationship between decision variables, state variables, system parameters on one side and the quantitative description of the degree to which these goals are attained is called objective function. Depending on complexity of the system and specification of the goals, the objective function may have a form of a scalar (single value) function; but it may also have a form of a vector function attaining multiple values. The process of selecting such values of decision variables, which allow achieving the best possible (with respect to existing constraints on decision and state variables) is called an optimization (Rardin, 1997). If the objective function is a scalar one, we are talking about single objective optimization; when the objective function has a vector representation, the notion of multiobjective (multicriteria) optimization applies (see Rosenthal, 1985, for excellent introduction to this subject or refer to Miettinen, 1998, for extensive presentation of this subject). 
As the practice shows, real life decision making problems only very rarely, if at all, boil down to solving clearly-cut optimization problems. The search for solution of the decision problem involves complex patterns of using optimization and simulation models of the system under consideration in order to find feasible and satisfactory values of decision variables (controlled inputs) in a framework of decision making processes. The system model, consisting very often of many sub-models and components, must also encounter for the presence of uncontrolled inputs influencing the system at hand. The information about these uncontrolled inputs is usually available in a form of forecasts or historical and/or generated time series representing the most significant uncontrollable inputs. 

The decision making process can not take place in an absence of feedback information about results of previously applied (selected) controls. This feedback information is based on observations and measurements of the output system variables and state variables. Figure 3 shows schematically the major components of the decision making process and main directions of the information flow accompanying this process.
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Figure 3. Scheme of the decision making process.

Intuitively perceived and already mentioned complexity of the decision making processes associated with utilization and management of water resources calls for use of tools capable to mirror the complexity of problems under consideration. On the other side these tools have to be capable to cope efficiently with the multiplicity and amount of information which has to be processed during decision making. The capability to process relevant information must be accompanied by the capabilities to present this information to the user and consequently, to decision maker.  These capabilities are provided by Decision Support Systems.

DECISION SUPPORT SYSTEMS – SOME HISTORY AND BASIC CONCEPTS 
Decision Support Systems can be defined as computer technology solutions that can be used to support complex decision making and problem solving (see Shim et. al, 2002). Although this definition applies very well to decision making in many purely technical areas, it falls short to reflect one, extremely important aspect of the decision making process in water resources systems: the role of human factor. 
Due to very complex nature of water resources management problems; lack of consistent and complete data; uncertainties and ill-structured form of decision problems, the process of finding decisions can not be limited to solving of mathematical optimization problems or performing complex simulation. Therefore we will understand the decision support system as a set of computer-based tools that provide decision maker with interactive capabilities to enhance his understanding and information basis about considered decision problem through usage of models and data processing, which in turn allows reaching decisions by combining personal judgement with information provided by these tools. 
Simple Internet search performed by author of this paper on January 29, 2003 using Yahoo search engine identified 3 450 000 Web sites thematically related to the subject search key “Decision Support Systems” (DSS). This enormous number of “hits” demonstrates how widely spread the notion of DSS is and, on another side, how broad is the scope human activities related to this subject. 

The term DSS was born in the early 1970s. DSS have evolved from two main areas of research: the theoretical studies of organizational decision making conducted at the Carnegie Institute of Technology during the late 1950s and the technical investigations carried out at Massachusetts Institute of Technology in the 1960s (see Keen and Morton, 1978). 

Classic DSS tool design, as shown on Figure 4, is comprised of the components for:

· database management capabilities with access to internal and external data, information and knowledge;

· powerful modelling functions accessed by a model management system; and

· user interface designs that enable interactive queries, reporting and graphic functions.

This view on decision support systems concerns their technical architecture and building blocks, which have to be incorporated into design and development of DSS. 

Over the past three decades, the developers and users of DSS have been using broader or narrower definitions, while also other solutions, not fully meeting the above listed components, have emerged to assist specific types of decision makers faced with specific kinds of problems. Nevertheless, the classic DSS architecture contains these three basic components.

Another, complementary way of looking at the DSS is associated with the role and functions that DSS have to fulfil (Parker and Al-Utaibi, 1986), as seen from their user’s perspective:

· they assist managers in their decision processes in semi-structured tasks;

· they support and enhance rather than replace managerial judgement;

· they improve the effectiveness of decision making rather than its efficiency;

· they attempt to combine the use of models or analytical techniques with traditional data access and retrieval function;

· they specifically focus on features which make them easy to use by non-computer people in an interactive mode;

· they emphasize the flexibility and adaptability to accommodate changes in the environment in which the decision maker acts and the decision making approach of the user.
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Figure 4. Main building blocks of the Decision Support System

The capabilities of the DSS to fulfil functions listed above are particularly important for their practical usability and acceptance by a broad range of stakeholders involved in the decision making processes. The degree to which specific DSS meets these characteristics and capabilities has direct impact on its abilities to satisfy information needs of the decision makers as well as the stakeholders participating in a decision making process. 

Very important aspects associated with the development and creation of any meaningful DSS concern the ability of this tool to efficiently communicate with its users. The communication is performed through User Interface (UI), as schematically shown of Figure 4. From the functional point of view, the UI can be divided into two layers: 

· Inwards-oriented “Control and Management” layer responsible for controlling and managing data flow and computational processes in the whole DSS; and

· User-directed “Presentation” layer organizing the process of communication between user(s) and internal structures of the DSS.

Functions of the User Interface are associated to large extend with organizing process of:

· Data input; and

· Data output.

By “Data” we understand in this context any type of textual, numerical, graphical, etc. information, which can be exchanged between the DSS and user(s). For both data input and data output the communication between the tool and the user must be designed and organized in such a way, that:

· communication is consistent with the level of expertise of the user;

· the exchange of information between the user and DSS must be efficient;

· there must be clear and unmistakable distinction between data entered by the user and results produced by the system;

· communication with the system fulfils information needs of the user.

Traditionally, mathematical models and various forms of decision support tools and systems incorporating these models have been developed by analysts and modellers for the same type of audience. Therefore it was not necessary to pay any special attention to design and implementation of user-friendly interfaces between the tool and its user. This state has been continued for years and contributed, in fact, to creation and growth of the gap between modellers and analysts on one side and decision makers, not to mention general public, on another side. As long as decisions were taken by a narrow circle of specialists, the awareness of this gap was not so dominating and was not perceived as something meaningful.
The situation became much more complicated, when these tools begun to be used not only by a limited range of modellers and analysts, but when other, less technically-minded and less technically experienced groups of users emerged and voiced the request, the right and the will to use these tools to secure active and informed participation in the decision making process. This caused necessity to spread the development efforts between two areas:

· substantive, concerning the phenomena and processes to be modelled (analysed); and

· communication, securing proper exchange of information between the model(s) and various types of users.

Actually, one of the biggest challenges of the DSS in facilitating access to information by a broad spectrum of stakeholders is associated with the fact, that available information must directly address their concerns and information needs. Therefore it is important to know how the information is obtained from and presented to non-specialists: what information is or should be presented, what form the information has, and how the access to the information is managed. The next challenge is associated with providing non-professionals in technical matters with the possibilities to obtain answers to questions, which are relevant to these groups, especially in a case, when both the questions and responses not necessarily have to be expressed in technical terms. The information presented to non-specialists can not substitute or hide real facts. This information must contain the same value as far as real consequences of considered decision alternatives are concerned, but the form of this information should allow for straightforward recognition of impacts, perils and benefits.
The only possible method to adequately respond to these challenges has been associated with the balanced and targeted usage of technical and technological means combined with such organizational forms of the decision making processes, when also professional in non-technical disciplines and various groups of interest have the right to participate in the evaluation of considered alternatives and their impact.
TECHNICAL & TECHNOLOGICAL FACTORS UNDERLYING CAPABILITIES OF DSS

The development of DSS and progress in this area is very closely connected with the progress in computer technology. It is worthwhile to notice that the advances in computer technology are very tightly connected with the growing capabilities of computer systems to facilitate access to information for a broad audience.
Information technology is based on two supplementary pillars: hardware understood as all sorts of equipment used to process and store data; and software, that is various types of programs which control hardware and allow it to perform desired computations and data processing. The technological and technical progress in hardware area has been permanently stimulating the progress in the software area, but on the other end progress in the software area created demand for advances and new hardware developments. 
Computing capabilities have been dramatically changing over last 50 years. First monolithic mainframe computers created in late 1940s and 1950s performed computations using vacuum tubes. The user interface was limited to punch card or punched band readers allowing to enter data, and primitive printers to provide outputs to the users. At this time not only the number of computer installations was very limited. Also the circle of users was limited to a very narrow group of specialists and therefore there was even no possibility of providing access to information produced by computers to the wider audience.

Invention of transistor in 1947 paved the way for further progress in communication and computing technology. The transistor and integrated circuit gave rise to the second generations of computers in the 1960s and 1970s. With the second and third generation of computers came major improvement in user interface, namely the user could remotely communicate with computer using terminal and the keyboard, which together with development of operating systems opened possibilities for time sharing, allowed users to interact with the computer. Although this was already a significant step towards widening access to information by the broader public, still it was not enough to allow wide circles of people to make benefit of accessing information processed and produced by computers at that time.

Another break-through to computer technology brought development of Random Access Memory chips introduced by Intel in 1969. 
The biggest jump in the computer technology was caused by creation of the first microprocessor, again by Intel, in 1971. First microprocessor had 2300 transistors, but the number of transistors contained in consecutive versions of microprocessors has been steadily growing, reaching a number of 42 million of transistors contained on Pentium 4 processors introduced to the marked in 2000. Empirical law formulated by Gordon Moore of Intel states that the computing power of a new chip doubles every 18 months (Honda and Martin, 2002).
As the consequence of a processor miniaturization, the computers became not only computationally more powerful, but also smaller, less expensive and more popular. The range of manufactured machines spread to include not only huge mainframes, but also smaller mini- and microcomputers broadly installed in various areas of the industry; military; government, scientific and research organizations.

The first personal computer which entered the market was Apple II computer released in 1977, but introduction of the PC by IBM in 1981 opened the way for a rapid proliferation of desktop computing, although not without drawbacks. The early personal desktop computers consisting of the CPU with small RAM (typically 64 kB, allowing to reach 640 kB at most), diskette drive, small hard disk (20 MB), keyboard and monochrome monitor had very limited interface capabilities. The user communicated with computer using command line interface. The real revolution came in 1984, when the Graphical User Interface (GUI) has been introduced by Apple Computer. It opened the possibility to use computers by less-technically minded and educated people.

These advances in computer technology were not only associated with breaking a number of technical barriers, but through massive access to computer technology a number of mental and social barriers were also broken. The critical mass has been reached and personal computers became an element of a daily life, which created completely new possibilities not only for information processing, but also for disseminating the information. Moreover, computer ceased to be perceived and treated as very special type of equipment reserved for very particular purposes and accessible by a very narrow range of privileged specialists. 
Further advances in information technology, such as networking technology and client/server computing allowed creation of computer networks and data sharing between single computers or computer networks. 

Creation of the TCP/IP (Transmission Control Protocol/Internet Protocol) (see Rodriguez et. al, 2001), which was installed for the first time in 1980, opened the way for real revolution in the computing and communication area: the Internet. The word “internet” itself is a contraction of the phrase interconnected network. However, when written with a capital “I”, the Internet refers to the worldwide set of interconnected networks. TCP/IP refers in fact to two network protocols or – in other words – methods of data transport used on the Internet. They are Transmission Control Protocol and Internet Protocol, respectively. These two protocols work together to provide nearly all services available to today’s “Net” surfer, such as:
· Transmission of electronic mail;

· File transfers;

· Access to the World Wide Web.
The progress in computer technology underlying the development of hardware has been very tightly connected with the progress in the software area. Similarly to the hardware area, also the software domain is not homogenous and can be divided into three basic sub-domains:
· Operating systems, that is programs used to manage and control usage and operation of physical resources of the computer. Progress in this area allowed to create computers consisting of multiple processors performing parallel computations for multiple users and capable to communicate with another computers and computer networks.
· Programming languages used to secure communication between the man and machine and to provide means to write programs instructing computer how to perform computations and operations. Primitive programming performed at the level of single registers has been replaced by procedural and then object oriented languages and programming tools allowing for developing programs in graphical mode and for usage of code generators; and

· Data bases that is technology to store and manage huge amounts of data. Initial simple structures of data files have been replaced by hierarchical and relational data bases allowing storing terra-bytes of data and accessing it within milliseconds.
As the result of progress in this domain, the computational capabilities grew enormously offering the users’ possibilities to solve mathematical problems, for which several years ago were even hard to imagine.
EXAMPLE IMPLEMENTATIONS OF DSS FOR WATER RESOURCES MANAGEMENT
The technical and technological developments taking place in the domain of systems analysis and information technology have been causing significant progress and developments taking place in the field of hydrology, water resources management, environmental and decision sciences. Taking place over a number of decades the evolutionary process of developing models and tools for water resources management has been very closely reflecting the progress in domain of mathematical modelling, linear and non-liner optimization, stochastic modelling, programming languages and data processing. 
This significant progress is extensively documented in a very rich literature dealing with this subject. The multiplicity of works and publications causes that even very superficial review of major publications exceeds the scope and space limitations of this paper. The progress has witnessed development of various approaches and tools, sometimes reflecting even certain “fashions”, nevertheless some of the models and tools created even recently are build upon still valid notions and concepts underlying operation of water resources management and multiple reservoirs systems, like storage zones and rule curves (Loucks and Sigvaldason, 1982) which were developed many years ago. A lot of fundamental work has been done at the Hydrologic Engineering Center (HEC) of the U.S. Army Corps of Engineers at Davis, California, where last several decades a number of models and decision support tools have been developed, such as:
· HEC-1 Flood hydrograph package;

· HEC-2 Water surface profiles model (USACE, 1992);

· HEC-3 Reservoir systems analysis model (USACE, 1985);

· HEC-5 Reservoir operation simulation model containing water quality components (USACE, 1982 and 1986);
· HEC-RAS River analysis system containing graphical information systems extensions (USACE, 1995); or finally 

· Decision Support Systems utility programs and components (USACE, 1987).

Currently these programs are widely used by specialists all over the world. They have been adapted to new technological developments not only by Hydrologic Engineering Center and can be purchased and/or downloaded from web sides of various software and engineering services providers (see for instance www.hydroweb.com or www.bossintl.com). 
The programs and decision support tools originally developed by HEC, like many other tools which have been developed for supporting decision making processes, have been designed for use on powerful computers in a batch mode and did not allow (at least in the first years of the development and operation) for any form of interactive data input and operation. They were specifically designed for use by highly specialized professionals and did not provide any possibilities that would allow for their usage by less technically minded audience and user circles.
With the advent and gradual expansion of Personal Computers and powerful work stations, there have been also created possibilities and capabilities for creating flexible and easily transferable tools suitable to work interactively with the user. In the following sections there are presented three representative examples of the decision support systems for water resources management. All three of them are characterized by their common ability to interactively define model of the water management system under consideration. The main difference between these systems lies in the growing sophistication of the mathematical basis underlying their concept and implementation, and also in gradually increasing difficulty of their usage. This aspect is particularly important as far as the usage of the decision support tools by the broad public is concerned. 
IRIS and IRAS Modelling Systems
The underlying idea of the work performed by Loucks and his collaborators has been to develop simple, interactive, graphics-based simulation models for estimating time series of flows, storage volumes, water qualities and hydroelectric power and energy produced in the considered water management system. With the use of the simulation model the impacts of alternative land use and water management policies and practices in watershed could be evaluated and compared even by inexperienced user. Models have been developed in such a manner, that no programming and modelling experience and skills were necessary to apply and use them.
The first version of the system called Interactive River Simulation (IRIS) package has been developed in late 80’s (see Loucks and Salewicz, 1989; and Loucks, Salewicz and Taylor, 1990). It has been developed with the intention to be used as decision support and alternatives screening tool for assisting decision makers and stakeholders involved in resolving conflicting issues associated with the management of international river basins (see Salewicz and Loucks, 1989; Venema and Schiller, 1995; Salewicz, 2003).
Extended and improved version of the system has been named IRAS, which stands for Interactive River-Aquifer Simulation program (see Loucks and Bain, 2002). 
The simulation model has been developed primarily to assist those interested in evaluating the performance of watershed or regional water resources systems. The performance is associated with spatial and temporal distribution of flows, storage volumes, water quality, hydropower production and/or energy consumption in water resources systems. Such systems can include river or streams, diversion canals, lakes, reservoirs, wetlands and aquifers together with various multiple water users. The model is data driven and the user defines and has full control over the spatial and temporal resolution of the system being simulated.

The input data define the system configuration, the system components, their design parameters and operational rules describing how each of those components operates. The system to be simulated is represented by a network of connected nodes (gage sites, aquifers, consumption sites, reservoirs, etc.) and links (river reaches, diversions, water transfers, pipelines). The user must draw the network into the graphics terminal. The systems to be simulated using IRAS can include up to 400 links (stream and river reaches, including diversions such as canals and pipelines) and up to 400 nodes. One-dimensional simulation is based on mass balances of quality and quantity constituents, taking into account flow routing, seepage, evaporation and water consumption, as applicable. IRAS can simulate independent or interdependent waster quality constituents as defined by the user, who must define the water quality constituents to be simulated; their growth, decay and transformation rate constants together with other parameters necessary to perform water quality simulation.
The results of any simulation run are initial or final storage volume values together with average flow, energy and water quality values for each within-year period expressed in the units defined by the user. These data can be plotted over time or space (over digitized maps). Space plots can be dynamic, showing how values of selected variables change over time and space. Also user-defined functions of computed output variables as well as statistical analyses based on these output variables can be calculated and displayed. These displays can include probability distributions of resilience and vulnerability criteria (based on either duration or failure and extend of failure). 

The output data files, once created, can be then used for further display of the simulation results or they can be used as an input data for utility programs to perform further analyses, evaluation and display.
ModSim
ModSim can be described as a general purpose river and reservoir operation simulation model. It was originally developed by J. Labadie of Colorado State University in mid-1970’s (see Labadie, 1995, Fredericks et al., 1998, or Department of Civil Engineering Colorado State University, 2000, or U.S. Department of Interior, 2000) to enable the simulation of large scale, complex water resources systems, including considerations for water rights, reservoir operation, and institutional and legal factors that affect river basin planning processes. It is a water rights planning model capable of assessing past, present and future water management policies in a river basin. From its initial development the model has continually been upgraded and enhanced with various features and extended capabilities. Originally it has been written in Fortran 77 and is currently operational in the PC (Windows) and workstations (UNIX) environment. Water resources system is represented as a connected network of nodes (diversion points, reservoirs, points of inflow/outflow, demand locations, gage sites, etc.) and links that have a specified direction of flow and maximum capacities (canals, pipelines, natural river reaches).  This structure generally reflects the real system network that requires knowledge by the user and appropriate data. The tool allows for one-dimensional simulation of flows. In order to consider the demands, inflows and desired reservoir operating rules, ModSim creates internally (and on its own) a number of artificial “accounting” nodes and linkages, that are intended to ensure mass balance throughout the system’s network.
The graphical user interface provides user with capabilities to draw-in river basin network consisting of nodes and links and then enter and/or import necessary data and parameters. Geographic information system tools can be used to prepare and attach necessary geographical data. 
In ModSim the network can be visualized as a resource allocation system through which the available water resource can be moved from one point to another to meet various demands. Unlike in an IRIS or IRAS systems, where the user defines the simulation sequence of nodes and links, the underlying principle of a network solver is based on optimization principle minimizing the “cost” of water. The cost of water is based on water right priorities serving to prioritize water allocation. ModSim employs an advanced optimization algorithm (Lagrangian Relaxation Algorithm, see Bertsekas and Tseng, 1994) that finds the minimum cost flow through the whole network within required limits (boundaries). 
The form of solution ensures that available flows in the system are allocated according to user specified operational rules and demand priorities. 
ModSim simulates several types of water rights, including:

· Direct flow rights;

· Instream flow rights;

· Reservoir storage rights; 

· Reservoir system operations; and

· Exchanges and operational priorities.

The model can also accommodate reservoir operations and accounting, hydropower, channel routing, and import and exports of water from the network. ModSim can also simulate the interaction between the surface stream and the ground water aquifer.
The executable code of the ModSim together with documentation, tutorials, numerous examples and supplementary routines can be downloaded free of charge from the Internet page: http://modsim.engr.colostate.edu/. 
RiverWare

The RiverWare (see Zagona et. al., 1998 and 2001) represents completely new generation of tools for planning and management of river basin systems. Many watershed models and decision support tools developed in the 1970s and 1980s were site-specific and applicable to the one, particular watershed, for which the model had been developed. Although many decision support tools, like already quoted IRAS and MODSIM, provide users with the capability to perform computations for user-defined configuration and structure of a water management system, their flexibility of  accounting for various possible types of reservoir operating policies is limited to rule curves and flows prioritization. These limitations are result from the fact that those tools have been developed using algorithmic (procedural) programming languages, such Fortran. The algorithmic languages highlight the ordering of events in sequences of consecutive actions performed according to certain algorithms. New capabilities offered by Object Oriented (OO) technology (see Booch, 1994) allow for development of new software through the use of general modelling tools (classes, objects) which are not specifically designed for river basin systems by combining them within one modelling framework. 
RiverWare, developed at Center for Advanced Decision Support for Water and Environmental Systems (CADSWES) of University of Colorado in cooperation with U.S. Bureau of Reclamation, utilizes object-oriented software technology to create flexible modelling framework by combining building blocks that describe possible physical components of water management system with specific solvers capable to tackle operational problems through simulation and/or optimization. RiverWare model construction kit allows user to create model of the system using graphical input and selecting appropriate objects representing specific types of components of water management system, such as storage reservoir, pumped storage reservoir, river reach, confluence and many others (16 types in total). With every object there is associated mechanism for defining and entering data: physical parameters of the object (such as volume, storage-area relationship, etc.) and time series.
The physical behaviour of each object is described in terms of so called methods, which represent mathematical description of certain properties of the object, like mass preservation, water routing, power generation, etc. The user can select desired methods to employ to each object. Currently the following processes can be modelled:
· Mass balance in level pool reservoirs;

· Wedge storage in long reservoirs;

· River reach routing;

· Tailwater computations;

· Hydropower generation;

· Thermal system economics;

· Diversions;

· Water Quality (temperature and salinity);

· Evaporation; and

· Bank storage.

The consequences of considered management alternatives can be evaluated using pure simulation, rule-based simulation and optimization techniques.
Pure simulation involves solution of an exactly specified problem using various, appropriate methods (functions) associated with objects constituting the system.
Rule-base simulation is performed based on verbal description of operating policies, which are defined using specific for RiverWare rule language. This language is interpreted by computer during the run time. The rule language is in fact a programming language intended to express policies formulated by the user (decision maker) in a form involving verbal formulations and if-then-else logic, as demonstrated by the following example referring to a simple flood control rule for the reservoir:

If ReservoirElevation > ReservoirData.floodguide
Then ReservoirOutflow = ReservoirData.MaxRelease

RiverWare contains build-in editor allowing to construct operating rules, which then govern solution of the simulation process performed in accordance with the user-defined rules and methods defining behaviour of the objects.
The optimization is performed following definition of the network and construction of the model involving selection of:
· Policy variables for each object (for instance in a case of reservoir used for hydropower generation purposes, the decision variables are turbine release, spill, outflow and storage); and 

· Linearization methods for the nonlinear policy variables.

Using policy editor the decision maker can express the priorities of the policy objectives. The policy goals are entered into graphical policy editor. Each objective can be given either as a simple linear programming objective, or as a set of constraints which is automatically converted to an objective by minimizing the deviations from the constraints.
A set of utilities facilitates the computational process and viewing and using the output. The date computed by RiverWare can be transferred to external sources for further processing. Output options include plots, data files and spreadsheet files (such as Excel).

Efficient usage of RiverWare requires advanced skills, therefore together with the purchase of software licence it is recommended to take education courses provided by developers of the system. Extensive information about the system and conditions of its availability and usage can be found on the RiverWare homepage: http://cadswes.colorado.edu/.
Further information concerning this system can be also found under address: http://www.usbr.gov/rsmg/warsmp/riverware.
Very rich information about various models and decision support tools can be accessed using Internet. The following addresses can be recommended as valuable reference points of information:

· The “USGS Surface-Water Quality and Flow Modeling Interest Group”:  http://smig.usgs.gov/SMIG/archives_commercial.html;
· Independent “Water Page” containing also “The African Water Page”: http://www.thewaterpage.com/;

· Selected “World Wide Web Sites For The Water Resources Professional” containing numerous links to important water-related web sites: http://www.wrds.uwyo.edu/wrds/wwwsites.html;
· “Land and Water Management” site of the Delft University in Holland: http://www.ct.tudelft.nl/wmg_land_water/;

· “An Inventory of Decision Support Systems for River Management”: http://www.geocities.com/rajesh_rajs/inventary.html;
· “Environmental Organization Web Directory” – claiming to be the earth’s biggest environmental search machine: http://www.webdirectory.com/;
· “Decision Support Systems Resources”: http://www.dssresources.com/; or
· Inventory of water resources management and environmental models: http://www.wiz.uni-kassel.de/model_db/models.html.
INTERNET IMPLEMENTATION OF DECISION SUPPORT SYSTEM
Unlike traditional DSS implemented on single computer or available on the network, where user (decision maker or stakeholder) has an account, the development and usage of DSS on the Web is associated with many conceptual and technical problems.

In a case of the DSS implemented on a single machine or in a network, the user of DSS has access to all resources of the machine and the DSS, available either through operating system or through the user interface to decision support system. In the latter case the capabilities of the user interface are also very strongly relying on the operating system. The access to resources concerns not only physical resources of the computer, such as disk space, memory, printers, etc.. The user working with the DSS in an interactive mode may also access and manipulate models built into the DSS and their parameters; may “activate” or “deactivate” certain components of the system model, change preferences, select display or printout alternatives. Data used by the DSS can be accessed and modified to allow user to explore various situations and scenarios. Results obtained by the user can be stored for further use; working sessions can be suspended and then started again without loosing information and data created during commenced sessions.
In a case of Internet the situation is significantly different: the user is accessing the Web through special program called browser, which does not offer capabilities of the operating system. Also capabilities of the user interface of DSS are not available to the browser. The Web user may access certain Internet address and use resources and capabilities offered to him only in a range defined and controlled by the owner of a particular Web page. Client computer, on which the browser is installed and which allows user to communicate with the server hosting particular Web page or site, is connected with the Internet through low-end communication and/or telephone lines with quite often relatively low transmission rates (especially in developing countries). It causes, that the time needed to load one page or to obtain response to action/choice made by the user can be relatively long (taking even minutes), not to mention time necessary to perform computations on the server side. 
The communication between the client and server has form of exchanging messages between client and server (client’s request to the server and server’s response to the browser). The Hypertext Transfer Protocol (HTTP) used in Internet has no mechanism for keeping information about previous requests or storing information about the current request. Consequently, unless special and advanced Internet technologies are used on the server side, the Internet user has no direct possibilities to store on the server intermediate results of his work for further use during future interactive sessions. 
The distribution of computing power available for DSS in Internet environment can be described by two models (concepts), namely (Salewicz, 2001): (i) thin client and thick server concept, or (ii) thick client and thin server option. 
Thin client and thick server concept means such implementation of the DSS, when the user of the model or DSS is connected to Internet and his PC acts as communication terminal only, allowing to enter in an interactive mode certain data (decisions and/or parameters chosen   among available alternatives) and then displays results of the computations performed on a remote computer (server). All models and data base is residing on the server side and also all computations are performed on the server. Implementation of this concept means that amount of data to be transferred back and forth between the server and the user’s computer is relatively low, although the data has to be transmitted in small “portions” after each action initiated on the client side. 
There are a number of advantages associated with this concept. Relatively low amount of data which has to be transmitted is particularly important for users from countries, where the telecommunication infrastructure (transmission rates) is not very highly advanced and not very reliable. Another advantage of this solution is associated with high security and consistency of data and models: since both data and models are residing on the server, they are protected from manipulation and unauthorized changes and modifications, which could be undertaken by users. Such changes in extreme cases may lead to fraud. 
Very positive feature of this concept is also associated with the fact, that such DSS can be built using already existing simulation and/or optimization models developed in traditional programming languages like Fortran, C, etc., limiting therefore programming effort associated with the implementation. 
The disadvantage of this concept is associated with very heavy computation burden and data loads on the server side, which requires installation of very powerful machines acting as servers.
Second option, namely thick client and thin server means, that the user’s PC would be used not only as a data entry and display terminal, but also as a platform to perform all computations using programs and data downloaded from the server. The role of server is therefore reduced to repository of executable codes of all components of the decision support system and eventually data sets that can be used with it. This approach is quite popular and a number of solutions or DSS can be downloaded (at least in a trial version) by anybody interested (see for instance reservoir management tool BayRes, Palomo et al., 2002 or mentioned in previous sections MODSIM). The possibility to download and then use models or even particular DSS to address specific issues and decision problems is very attractive, especially to professional and scientific communities in many countries (not only developing ones), since it gives easy and free access to tools already developed or access to alternative solutions that may enhance capabilities of tools already available. However effort necessary to download these tools, install them and then learn how to use them and how to resolve problem at hand seems to exceed interest and devotion of the average representative of so called “public opinion”.
If the DSS tools can be freely downloaded, there is also a risk that the usage of downloaded models and/or DSS can be subject of abuse. Such development is plausible in a case of controversial problems or decisions (concerning for instance international disputes), when one party, for some unethical or politically motivated reasons, presents results supporting its position and obtained without using particular and usually highly appreciated tool downloaded from the Internet, but claiming at the same time that these results have been obtained with the help of the said tool. In such cases it might be very difficult to prove the wrongdoing and the burden of proving that may fall on the authors of the model. Moreover the reputation of the DSS or its authors unintentionally involved in such abuse may be significantly hurt.
In order to explore technical possibilities and feasibility of developing decision support system using Internet, the author of this paper has initiated research aimed at the development of a prototype (pilot) installation of DSS on the Web. This research was based on technical concept of the “thin client and fat server” and has been built upon following assumptions:

· Prospective user of the DSS is interested in assessing consequences of certain policy expressed in terms of clearly identified alternative actions;
· Actions associated with the policy are formulated preferably in qualitative manner, and not quantitatively;
· The user has no experience and no desire to learn about specifics of any mathematical models and tools;

· The tool should allow for simple selection of available alternatives and present consequences of selected decisions in a meaningful way;

· Time interval between formulation of the query and obtaining response should be minimal. 
Initial efforts were directed towards selection of an appropriate case study system, which:

· potentially could attract significant audience;
· concerns controversial issue (possibly international) involving conflicting objectives and interests;

· has been described using sound, verified and viable modelling techniques;

· has been analysed and modelled by objective, unbiased and independent specialists, who are not involved in the controversy.
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Figure 5. Map of the Ganges River Basin.

Extensive search lead to selection of the Ganges River case study (see Figure 5), which has been subject of extensive research performed at the Center for Spatial Information Science, University of Tokyo (see Ministry of Land, Infrastructure and Transport, 2001). 
The case study deals with analysis of impact of agricultural and urbanization policies applied in India. The agricultural and urban development policies chosen by India have direct impact on the amount of water in Ganges River flowing into Bangladesh. Taking into account a lack of cooperation between these two countries (see Biswas and Uitto, 2001) and mutual distrust, the availability of un-biased, independently developed model and DSS capable to analyse consequences of selected policy options could help both sides to establish common basis for discussion and evaluation of alternatives.
The relevant policies that can be applied in India concern the following decision variables:

· Length of the river stretch over which the agricultural and urbanization policies will be implemented;

· Intensity of the changes in land use patterns; and

· Intensity of the urbanization changes over the area considered.

These policies can be described in detail in quantitative terms, using precise values of above mentioned decision variables and then the response of the system can be simulated for selected values. However, one run of the simulation to calculate the response of the system to selected policy alternative may require even few hours of computations (Rajan, 2002). This property of the model could be seen as its disqualification at least as far as the usage of the model in Internet-based, interactive decision support system is concerned.
Taking into account fact, that the average user of the model has not enough knowledge and experience to experiment with selection of precise numeric values of decision variables, we had to look for another approach. 
This approach is based on the concept of qualitative qualification of decision variables: feasible range of every decision variable has been divided into small number of sub-intervals. With all values of the decision variable belonging to certain sub-interval there have been associated one single, qualitative attribute characterizing this range in descriptive terms (i.e. low, medium, high). Such process of qualitative categorization of decision variables can be performed only based on very thorough sensitivity analysis and knowledge of models used to calculate the impact of policy parameters.
Following this concept the feasible decision variables expressed in descriptive terms are as follows (see Figure 6):

· Length of the area upstream of the Harding Bridge, where the changes to land use policies will be introduced has been divided into three categories:
· Changes on the stretch shorter than 100 km;

· Changes on the stretch between 100 and 200 km; and
· Changes on the stretch longer than 200 km.

· Intensity of change in land use patterns has been divided into four categories:

· Shift in the cropping pattern from the current one to more intensive;

· Shift from current pattern to less intensive;

· No change in the land use pattern (retain current conditions); and

· Increase an irrigation command area, which is equivalent to creation of bigger farms.

· Intensity of the urbanization changes over the considered area has been three alternatives:
· No changes to current density of the population;

· Increase of the population density by up to 50 %; and

· Increase of the density by up to 100 %.
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Figure 6. Example screen showing selection of parameters for the strategic policy alternative.

Consequently, the user who wants to see the consequences of changes in land use policy in India, selects respective combination of policy parameters expressed in descriptive terms as defined above.
The impact of the policy alternative may be different depending upon natural climatic conditions characterized in this region of the world by monsoon. Also in this case a qualitative description of climatic conditions has been used: the impact of land use policy is analysed using three alternative scenarios of climatic conditions extending over one year long time horizon for: average, better than average (more rainfall) and finally worse than average (less rainfall) meteorological conditions.

The impact of selected policy alternative is represented by the monthly time series of the following indicators:

· Normal water demand, that is the demand on water associated with currently used and unchanged conditions of the land use in the area of interest (upstream of the Harding Bridge);
· Expected water demand, which is represented by the values of water demand calculated for the selected combination of decision variables;

· Normal water supply equal to flow rate at the Harding Bridge cross-section calculated for current (unchanged) land use conditions; and

· Expected water supply equal to flow rate at the point of interest calculated for user-selected land use policy.

In addition the user may also select two other impact indicators, which are derived from values defined above, namely:
· Difference between water supply and water demand calculated by the simulation model for unchanged land use conditions; and

· Difference between water supply and water demand calculated for selected land use policy options.

Time series with all impact indicators are presented to the user in a form of graph, which can be also printed-out on the printer attached to the PC used to communicate with the DSS.
The system offers the user capabilities to communicate with the developers of the DSS. The feedback is provided in a form of free text message, which can be composed and send back. In order to obtain more specific feedback information from the users of DSS they are also asked to respond to a number of questions concerning:
· Country where they are coming from;

· Their professional background and affiliation;

· Opinion about information which should be presented in visual form; and

· Their general opinion about the usability of the system.

Answers to these and eventually further (modified) questions will serve as the basis for improvements of the system and better understanding of reactions of the broad public to tools like this one. Consequently, materials and experiences collected in the framework of this study will allow not only improving this particular (prototype) system, but also will provide basis for improvements in the design and implementation of similar tools to be developed for other case study systems and for formulation of future research agenda.

SUMMARY: CAPABILITIES, LIMITATIONS AND CHALLANGES
Following the review of a broad scope of subjects related to basic concepts, technological foundations, development and example implementations of decision support systems for water resources management, and contained in previous sections of the paper, general conclusion have to be drawn with regard to capabilities and also limitations, which are associated with creation and applications of decision support systems.
The ability of decision support systems to describe the real systems and calculate (predict) consequences of policy and operational alternatives results from capabilities of mathematical models incorporated into modelling base of the DSS. Advances in mathematical modelling and numerical methods combined with progress in computer technology allowing performing millions of arithmetic operations per second made possible to build and implement models, which can very closely approximate the physical reality. Even very complex phenomena can be now modelled using not only one-dimensional, but also two- and three-dimensional models based on partial differential equations. The time scales used by models can vary, depending on phenomena modelled and types of models, from seconds to months and years; while simulation horizons may extend even over hundreds and thousands of years. 

Those complex, multidimensional models can use and process geographical and topological data available from various Geographic Information Systems (GIS). As a consequence, sophisticated multidimensional models solved using finite-element or finite-difference methods (see Istok, 1989, or Wang and Anderson, 1995) may be supplied with exact spatial data and parameters derived from GIS. The results of computations performed using those complex models can be presented in a graphical form by combining display of numerical values with presentation on the map of the area under consideration. 
These capabilities improve not only viability of the models, their computational precision and ability to exactly describe physical phenomena, but have very significant impact on ability  to present results of computations in a meaningful and straightforward manner to a broad audience. For instance, data about expected size of the area to be flooded and presented in a form of a map is much informative and convincing, then the same data presented in a form of a table with numerical values only.
Graphical capabilities of contemporary models and decision support systems concern not only display of the computation results, but also input of the data. Using graphical user interfaces it is possible to enter data and parameters by drawing-in functions, shapes, special configurations of the system, etc.
The data resulting from simulation and/or optimization computations can be easily transferred to other models and tools (such spreadsheets) for further analysis and processing.
Currently available vast technical and technological capabilities do not seem to constitute the main barrier for developing user-friendly and viable decision support tools. The difficulties and challenges are different.

One of the main challenges is associated with integration of components in building comprehensive and user-friendly decision support systems. Although exists many models, and simulation and optimization procedures and algorithms, their integration into one consistent system addressing in efficient manner all issues important for stakeholders and decision makers is very often close to impossible. This is due to differences in data requirements and data formats, inconsistencies in time steps used, lack of communication interfaces between various models, differences in programming languages in which those components have been developed, lack of standardization concerning output data, display of the data. All these factors cause, that very often it is impossible to combine already existing models and building blocks into one system without significant (even uneconomic) effort, which causes that sometimes it is better to develop certain components anew, instead to use existing ones. 
This aspect is particularly important, if the development of Web-based DSS is concerned. Due to specific requirements and limitations imposed by application of Internet technology, many existing and proven models developed in procedural languages can not be directly used for creation of decision support tools working in Web environment. They have to be reprogrammed or adapted to specific requirements associated with Internet technology. Growing popularity and availability of Object Oriented technology build around Java language (Flanagan, 1999) can be seen as a basic mechanism and possibility to gradually overcome those problems. Currently, however, the number of specialists proficient in usage and applications of these technologies and working in a water resources management sector is still very limited.
Together with technical problems associated with incorporation of existing building blocks into the decision support system under development, availability of right model at the right place and at the right time is often an issue. This issue is particularly difficult to overcome in a case of building systems capable to resolve decision problems in developing countries, where lack of information base is particularly visible (see Turton et al., 2002). 
Despite big progress made in recent years with respect to collection and storage of data, including usage of remote sensing technology, availability of reliable, credible and consistent data has been and will remain a problem for next years. Collection and storing of data requires not only technical and technological infrastructure, but also high investment in measurement networks and in processes of data validation and verification. Therefore without significant financial efforts, which have to be carried out by governments and international agencies, it is hard to believe that any significant process will be achieved in next years. 

The challenges appearing in technical domain of DSS development are not the only ones. Also “soft” side of development and application of decision support tools provides many examples of deficiencies and areas for improvement. One of the most important difficulties concerning application and acceptance of these tools concerns their ability to “communicate” with a broad circle of users and stakeholders. In order to achieve progress in this area, the tools and models have to provide right, correct and meaningful information to those involved in decision making processes. The information presentation must be improved to allow users grasp and quickly understand important aspects and implication of considered policies and alternatives. As experience demonstrates, very significant aspects in improving form of the presentation and their relevance to problem at hand can be addressed during joint development of decision support tools, when together with analysts and modellers also users work together in building tools understandable and acceptable to all parties involved (see Cuddy et. al, 2000). Cultural and social aspects associated with development and usage of DSS tools have noticed and are currently subject of research efforts (Lai Lai Tung and Quaddus, 2002).
The discussion concerning social, political and organizational aspects relevant to development and applications of decision support systems exceeds boundaries set on a contents of this paper, nevertheless – as practical experiences demonstrate – aspects such as mutual trust of parties involved in a dispute, credibility of analysts and their models/tools, willingness to communicate and share information are very difficult to handle and can not be resolved by simple application of technical means.
Environmental disputes and conflicts concerning usage and sharing of natural resources can be solved in a framework of long and complex processes, where formal tools and models can contribute to the growths of mutual understanding and objectification of dispute by providing all parties with actual, correct and verifiable information. Particularly important role can play in this context all efforts and developments, which are associated with the usage and popularization of Internet technology and Web-based tools and information sources. These efforts should be twofold: low cost initiatives associated with creation and expansion of “traditional” Internet sites providing free and possibly unlimited access to information, data, and literature and models to be downloaded; and, on another side, relatively expensive efforts aimed at creation of Web-based decision support systems. Such systems could be created by international organizations to provide independent, unbiased and objective tools capable to address controversial issues arising between two or more countries in order to establish communication and discussion basis helping in resolving the controversies.
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clarifications:

In the waorking area on the right hand side you
find felds to select parameters of management
strategies. These are

the length of area upstream of Harding
Bridge over which changes to land use
policies will be introduced;

type of changes concerting land use
policies (against current ones);
changes to urbanization

Last parameter concems type of climatic Display aftenatives

condition characterized by intensity of monsoon

Following selection of management strategy
parameters and climatic conditions you have to
select available altematives for diyplaying results
ofthe simulation
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