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SUSTAINABLE DEVELOPMENT AND 
DECISION SUPPORT SYSTEMS 

Zbigniew Mikolajuk and 
Anthony Gar-On Yeh 

1. Introduction 

In this book, we focus on one aspect of the many processes leading to sustainable 

development support for decision-making. A vision for sustainable development 
implies a long-term process, in which decisions on economic, ecological, and com- 

munity development are based on the best available information and coordinated at 
the local, regional, and global levels. 

Any discussion on technical support for decision-making in different domains 
should consider a holistic approach to human problem-solving, the concrete environ- 
ments in which decision support systems (DSSs) will be used, and the acceptance of 
the system by the user. The ultimate goal is a system under which international or- 

ganizations, governments, local authorities, and individuals are able to conduct nego- 
tiations as well as coordinate and evaluate their own independent decisions. 

A discussion on a global system is beyond the scope of this book, which describes 
decision support technologies and selected applications. The implementation or even 
the design of a global system to protect our planet is perhaps beyond our present 
abilities. However, well-defined components like river basin management or health 
care support systems can and should be both designed and implemented. Such initial 
modules then can be further developed, integrated, and refined in the future. 

2. The concept of sustainable development 

No single term or definition can define the concept of sustainable development pre- 
cisely. There are many operational definitions. The concept is not new: it can be 
traced back 2 000 years to the time of the ancient Greeks. The idea of sustainability 
probably appeared first in the Greek vision of 'Ge' or 'Gaia', the goddess of the Earth, 
the mother figure of natural replenishment (O'Riordan, 1993). Under her guidance, 
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Greeks practised a system of sustainability under which local governors were re- 
warded or punished according to whether the fields looked well-tended or neglected. 
Later, concern about the limited productivity of land and natural resources can be seen 
in Malthus' essay on population in 1789 and Ricardo's Principles of Political Econ- 
omy and Taxation in 1817. Their concern was that economic growth might be con- 
strained by population growth and limited available resources. 

Toward the end of the 19th and the beginning of the 20th century, the prosperity of 
the Western economy created an optimistic view of the future. Natural resources were 
no longer seen as posing severe restrictions on economic growth, as new technologies 
made far more efficient use of both old and new resources. The fragility of this eco- 
nomic growth was revealed, however, by the world oil crisis and economic recession 
of the 1970s. Neo-Malthusians began to have doubts about unlimited growth, stress- 
ing once again the importance of conserving natural resources by setting limits to 
economic growth. 

In April 1968, the Club of Rome gathered to discuss the present and future pre- 
dicament of the Earth and its finite resources. The results of its deliberations were 

published in The Limits to Growth (Meadows et al., 1972). The book predicted that 
the limits of growth on Earth would be reached sometime within the next 100 years if 
the economy continued to expand at the current rate. The sorry state of our finite 
resources was the result of exponential growth in global population, resource deple- 
tion, and industrial pollution. In 1992, 20 years after this controversial book was pub- 
lished, the same authors published its successor, Beyond the Limits, which re- 
examined the situation of the Earth (Meadows et al., 1992). 

With new evidence from global data, the book shows that the exponential growth 
in the global population, economy, resource consumption, and pollution emissions 
continues unabated. In 1971, they had concluded that the physical limits to human 
use of materials and energy would be reached within decades. In 1991, after re- 
running the computer model with newly compiled data and analyzing the latest devel- 

opment pattern, they realized that in spite of improved sustainable development poli- 
cies throughout the world, the world might well be approaching its limits even faster 
than they had thought. 

Another sustainability concept can be found in the 1960s notion of carrying ca- 

pacity in resource management. This concept can be described in wildlife manage- 
ment as "the maximum number of animals of a given species and quality that can, in a 
given ecosystem, survive the least favourable conditions within a stated time period"; 
in fisheries management as "the maximum biomass of fish that various water bodies 
can support"; and in recreation management as "the maximum number of people that 
a recreational site can support without diminishing the recreational experience that 
attracted people to it in the first place" (Edwards and Fowle, 1955; Dasmann, 1964; 
DHUD, 1978). 

The most recent concept of sustainable development is a modified derivative of the 
concepts of growth limits and carrying capacity. It not only stresses the importance of 
resources in setting limits to economic growth but also draws attention to the need to 

develop methods that emphasize the potential complementarity between economic 

development and environmental improvement (Markandya and Richardson, 1992). 
In the Brundtland report, sustainable development is defined as "development that 

meets the needs of the present without compromising the ability of future generations 
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to meet their own needs' (Brundtland, 1987). It is also considered to be "a process of 
social and economic betterment that satisfies the needs and values of all interest 

groups, while maintaining future options and conserving natural resources and diver- 

sity" (IUCN, 1980). 
Sustainable development does not mean no development. It means improving 

methods for resource management in an environment where there is an increasing 
demand for resources (Levinsohn and Brown, 1991). Sustainable development repre- 
sents a new synthesis of economic development and environmental protection. Eco- 
nomic activities inevitably are associated with the consumption of natural resources. 
As populations increase and the pace of economic development quickens, there is a 
widespread concern about the scarcity of natural resources. 

Modem technologies, however, which are improving much faster than ever before, 
can help alleviate the environmental impacts of economic development. Social and 

political configurations also can alter the development pattern for achieving long-term 
economic growth that can be sustained by the environment. Policies can be designed 
to modify the behaviour of development by regulating its activities. Planning, envi- 
ronmental management, performance standards, fines, taxes, and licences are other 
economic instruments for controlling development and internalizing its costs. 

Important milestones in discussions on sustainable development are the report Our 
Common Future, published in 1987 by the Brundtland Commission; and the docu- 
ment Agenda 21, developed for the United Nations Conference on Environment and 

Development (UNCED), held in Rio de Janeiro in June 1992. The Gaia Hypothesis 
(Myers, 1985), formally proposed in 1973, is closely related to concepts of sustain- 
able development and provides very interesting philosophical and theoretical insights 
into planetary life as a whole. 

Three vital processes affect the sustainability of development: economic develop- 
ment, ecological development, and community development (Figure 1). Sustainable 
development brings the three into balance with each other and negotiates among the 
interest groups and stakeholders involved in the processes. It provides a program of 
action for community and economic reform, such that economic development will not 
destroy ecosystems or community systems. There is a growing consensus that sustain- 
able development must be achieved at the local level if it is ever to succeed on a 
global basis (ICLEI, 1996). 

Economic 
development 

Sustainable 
development 

Community Ecological 
development development 

Figure 1. The three interrelated processes of sustainable development. 
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3. Operational definition of sustainable development 

While sustainable development is becoming a widely acknowledged concept (Re- 
petto, 1986; Redclift, 1987; SGSNRIvI, 1988), there is considerable disagreement on 
how to implement it. This is because there is no general operational framework for 
defining sustainable development. 

There are more than 70 different definitions of sustainable development, each of- 
fering a number of possible modifications to the development process and different 
reasons for them (Steer and Wade-Gery, 1993). One of these definitions is that devel- 
opment for the future should be based on continuing and renewable processes and not 
on the exploitation and exhaustion of the principal living resource base (Loening, 
1991). Population would be a key factor to be considered here. The implementation of 
sustainable development can be pursued only if population size and growth are in 
harmony with the changing productive potential of the ecosystem. The ECCO (en- 
hancement of population carrying capacity options) computer system developed at the 
Centre for Human Ecology at the University of Edinburgh, is an example of a system 
that attempts to guide policy-making toward economic development that is more 
sustainable (Loening, 1991). It tries to answer the question of how we can identify the 
trade-offs between population growth and standard of living and between intensifica- 
tion of agriculture and soil conservation. 

Other definitions of sustainable development focus mainly on sustaining economic 
development. Sustainable development can be defined as economic development that 
endures over the long run (Turner, 1993). Some authors, however, think that ecologi- 
cal considerations should be an integral part of economic development. Barbier 
(1987), for example, argues that sustainable development depends on interactions 
between three systems: the biological (and other natural resources), the economic, and 
the social. The goals of sustainable development for the three systems are 

• maintenance of genetic diversity, resilience, and biological productivity for the 

biological system; 

• satisfaction of basic needs (poverty reduction), equity enhancement, and increas- 
ingly useful goods and services for the economic system; and 

• assurance of cultural diversity, institutional sustainability, social justice, and full 

participation for the social system. 

There seems to be no general agreement on the concept of sustainable develop- 
ment. Some people put a high value on a healthy environment, while others prefer 
high living standards. Income, education, social structure, and ideology are factors 
that determine the definition of sustainable development in a community. Therefore, 
some rules need to be designed to guide people toward sustainable development. One 
such rule might be that a given renewable resource cannot be used at a rate greater 
than its reproductive rate. Otherwise, it will become totally depleted. 

Strict controls on the use of nonrenewable resources are necessary to prevent the 

possibility of depletion. Substitutions and new technologies can help conserve scarce 
resources. Abatement measures should be taken to reduce pollution as well. The 
amount of pollution emissions should not exceed the assimilative capacity of the 
environment. 
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Biodiversity in the ecosystem is threatened as more and more species become ex- 
tinct as a result of human activities. Many species improve the human living envi- 
ronment by generating soil, regulating fresh water supplies, decomposing waste, and 

cleaning oceans. New genes of great value are being discovered by researchers in 

many fields. It is thus crucial to maintain a healthy biodiversity by controlling eco- 

system balance. 
Sustainable development is something every country and every region of the world 

should work to achieve. Countries differ, however, in their perceptions of sustainable 

development. There is great difficulty, therefore, in designing universal measure- 
ments and indicators of sustainable development because countries also differ in the 
importance they assign to different components of sustainable development (IJNCSD, 
1995; Mitchell, 1996). It is here that information technology (IT) can help: IT tools 
like DSSs can be developed to help local governments and countries to achieve sus- 
tainable development once they define their operational indicators. 

4. Agenda 21 

Agenda 21, a document developed for IJNCED, is the result of a comprehensive 
analysis of what is needed to achieve sustainable development (UNCED, 1993). Its 40 
chapters on environmental, economic, social, and organizational issues contain guide- 
lines for developing decision-making processes. Four other key documents were 

completed at the Rio Conference: 
• The Rio Declaration on Environment and Development (The Earth Charter); 

• The Statement of Guiding Principles on Forests; 

• The Convention on Climate Change; and 

• The Convention on Biodiversity. 

The purpose of this section on the contents of Agenda 21 is to help select specific 
issues for further study on domain-specific decision support and identify the concrete 
information systems needed in the decision-making processes. 

Sustainable development has become an important research issue for many disci- 
plines. Since the Brundtland report, thousands of publications have contributed to a 
better understanding of the holistic approach to human development and the critical 
issues of environmental protection, use of natural resources, social development, and 
well-being. Almost every aspect of life on Earth is represented in this world-scale 
model of sustainable development. 

The Agenda 21 document presents a framework for processes and actions that will 
bring the world closer to the concept of sustainable development outlined there. It 
is based on the principles and recommendations of the Brundtland report and other 
contributions submitted during the preparatory process by government and nongov- 
ernment organizations. 

Since the 1992 Rio Conference, much attention has been focused on the political 
issues of Agenda 21, on setting priorities, and on the disagreements surrounding 
UNCED. At the same time, the implementation of many practical, widely-accepted 
objectives still remain a subject of scientific discussions and strategic plans. The lack 
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of progress or significant practical steps toward the achievement of sustainable devel- 

opment since 1992 was discussed at the Rio+5 Conference in 1997. 
We believe that advances in information and communication technologies in recent 

years have made it possible to develop practical and effective information systems 
which can meet the critical needs highlighted in the 40 chapters of Agenda 21— im- 
proved access to information and support for decision-making. In this and the next 
chapters we concentrate on the roles DSSs can play in achieving these objectives 

Agenda 21 is divided into four sections, each of which addresses one fundamental 
dimension of sustainable development: 
I. social and economic; 

2. conservation and management of resources for development; 

3. strengthening of major groups; and 

4. means of implementation. 

4.1. Section I 

The Preamble to Agenda 21 points out that no nation can achieve sustainable devel- 
opment alone. A global partnership and broad public participation are needed to solve 
the problems of development. It also recognizes that additional financial resources; 
the strengthening of public institutions; and well-conceived plans, processes, and 

implementation strategies will be needed. 
In Chapters 2 through 8, on the social and economic dimensions of sustainable de- 

velopment, the authors discuss policies and measures that will have to be designed 
and implemented to foster trade liberalization, deal with international debts, and cre- 
ate trade and macroeconomic policies that both encourage development and protect 
the environment. 

The document devotes special attention to combating poverty. Some 25% of the 
people in the developing countries are extremely poor. The creation of new jobs, 
better education, accessible primary health services, new community-based initiatives, 
demographic dynamics, and the rehabilitation of degraded resources are considered 
critical factors for poverty alleviation. Agenda 21 recognizes that consumption pat- 
terns, particularly in developed countries, pose a real threat to the world's ecosystem, 
and that they must change. 

Chapter 6 affirms that the primary health care needs of the world's population must 
be met if the objectives of sustainable development are to be met. The main issues are 
the health-care needs of people in rural areas, the control of communicable diseases, 
the protection of vulnerable groups, urban health problems, and the reduction of 
health risks from environmental pollution. 

Chapter 7 is about the development of human settlement. The proposed program 
areas indicate the scope and nature of the problems. They include the need to provide 
shelter to all people and better management of human settlements. The document 

promotes good managerial practices, especially sustainable land-use planning and 

management, integrated provision of environmental infrastructure (water, sanitation, 
drainage, and solid-waste management), sustainable energy and transport systems in 
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human settlements, human settlement planning and management in disaster-prone 
areas, and sustainable construction-industry activities. Chapter 7 also promotes human 
resource development and capacity building for human settlements. 

Chapter 8 closes the first section and calls for the improvement and fundamental 

reshaping of decision-making processes at all levels of government, and participation 
from a broader range of public in decision-making. Improvement of planning and 

management systems should be based on domestically determined procedures and a 
holistic approach to economic, social, and environmental issues. The strengthening of 
national capacity, the development of new methods and tools for data collection, 
accounting and finance, the strengthening of the legal framework, human resource 

development, and international cooperation are among the many program initiatives 

proposed in this chapter. 

4.2. Section II 

This section focuses on the immediate need to use and manage natural resources 

wisely so that future generations will be able to meet their survival needs. 

Chapter 9 deals with issues related to the Convention on Climate Change. It pro- 
poses recommendations on the reduction of atmospheric emissions and the prevention 
of ozone layer depletion, and calls for international data sharing and research into the 
modeling and forecasting of atmospheric processes. 

Chapters 10 through 16 propose an integrated approach to land-use planning and 
management. This means that economic and social factors as well as ecological, bio- 

logical and geological ones are taken into account during the decision-making proc- 
ess. Deforestation is causing serious problems deterioration of watersheds, soil 
erosion and loss of land productivity, flooding, loss of genetic diversity, and global 
warming. Better ways to manage forests, and concrete actions to combat deforestation 
are outlined in Chapter 11. Related issues of combating desertification and drought 
are covered in Chapter 12. Developing information systems and sharing knowledge 
are integral parts of the proposed programs. Knowledge-building, the promotion of 
management and planning methods, and capacity building at all levels are highlighted 
in Chapters 13 through 16 by dealing with sustainable agriculture, rural and mountain 
development, conservation of biological diversity and biotechnology. 

Chapters 17 and 18 recognize that oceans and freshwater resources are critical 
elements of global life. As in the other chapters, the issues of integrated management, 
environmental protection, sustainable use of resources, stronger cooperation, and 
knowledge sharing are discussed in the context of concrete program areas. 

Chapters 19 through 24 attempt to specify concrete targets and deadlines for han- 
dling toxic chemicals, hazardous wastes, solid wastes and sewage, and radioactive 
wastes. The proposed programs again cover a wide area: information exchange on 
toxic chemicals and chemical risks, capacity building, training, establishment of gov- 
ernment policies, community programs, prevention of illegal international traffic in 
toxic and dangerous products, research on hazardous waste management, recycling, 
globally harmonized hazard classification, and compatible labeling systems for 
chemical materials. 
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4.3. Section I/I 

This section deals with identifiable groups of people who can contribute to develop- 
ment through education and training and thereby improve their living standards: 
women, children, indigenous peoples, rural communities, nongovernment organiza- 
tions (NGOs), local authorities, workers, the community of business and industry, the 
science and technology community, and farmers. One of the fundamental prerequi- 
sites for the achievement of sustainable development is broad public participation in 
decision-making and access to information. 

4.4. Section IV 

This section reviews the implementation of sustainable development objectives. 
Chapters 33 through 39 deal with financial issues; institutional, national, and interna- 
tional arrangements; technology transfer; the role of science; public awareness and 
training; capacity building; and international legal mechanisms. 

Chapter 40 deals with the problem of bridging the gap between developed and de- 

veloping countries in the availability, quality, coherence, standardization, and accessi- 
bility of the data needed to make informed decisions. It sets the following four objec- 
tives: 
• more cost-effective and relevant data collection and assessment at all levels; 

• stronger local, provincial, national, and international capacity to collect and use 
multisector information in decision-making processes; 

• more and stronger local, provincial, national, and international means of ensuring 
that planning for sustainable development in all sectors is based on timely, reli- 
able, and usable information; and 

• relevant, available, and easily accessible information. 

Data collection is a necessary but not sufficient condition for better decision- 

making, however. There is not enough recognition that the capacity building to col- 
lect, store, and disseminate information must be accompanied by a concerted effort to 

develop the theory and practice of DSSs. These and other knowledge-based technolo- 

gies play a significant role in sustainable development by providing the tools to sup- 
port the implementation of the Agenda 21 objectives. They make it possible to encode 

knowledge on the basis of data that are relevant to specific problems, process and 

aggregate data, and use information to arrive at meaningful conclusions. 

5. Technical support for development decisions 

5.1. Application domains 

DSSs are built for a specific class of problems or a well-defined application domain. 

Agenda 21 provides a broad background for the analysis of requirements, scope of 
development decisions, and specific cases. 
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A practical and critical barrier to sustainable development is how to make and co- 
ordinate a wide range of decisions on a local and global level. Technical aids are 
essential for both information- and judgment-driven decision-making. The interde- 

pendence of international, regional, and national development requires a greater ex- 

change of information, sharing of knowledge, and coordination of actions than in the 

past. Local as well as global factors must be taken into consideration and available 
academic as well as traditional knowledge must be applied to solve sustainable devel- 

opment problems. DSSs that are well integrated with decision-making processes and 
valued by decision-makers will contribute to the implementation of the objectives of 
sustainable development. 

Developing resources in a sustainable way requires a holistic approach to human 
development and the preservation of the natural environment. Decisions on economic, 
political, or social activities should target concrete problems, but at the same time be 
based on an analysis of all the implications derived from the paradigm of sustainable 

development. Many decision-makers are not prepared to handle the complexity of 
such an analysis. DSSs with a built-in knowledge of the analysis and the capability to 

investigate and correlate large amounts of data are needed. 
A step-by-step approach, international collaboration, determination of priorities, 

development of adequate methods and technologies, and training are the key factors in 
this process. A whole range of collaborating DSSs for specific domains will have to 
be developed and institutionalized to provide effective tools for coordinated actions. 
Detailed analysis is needed on not only the support requirements but also on how to 

develop and deploy systems and what their roles are in decision-making. 
Since the 1970s, DSS research has concentrated on financial (banking, insurance) 

and medical systems. In recent years, the following application domains for DSS 

technology have been investigated from the viewpoint of decision-making for sustain- 
able development: 

• land and water management; 

• food production and distribution; 

• poverty alleviation; 

• primary health services; 

• public services and administration, governance; 

• education; 

• pollution control; 

• environmental management; 

• urban planning and management; 

• recovery from a natural disaster; 

• population growth control; and 

• economic planning. 
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This is an open list with interrelated and overlapping areas. Useful software appli- 
cations have been developed for solving many specific problems in these domains. 
The application areas and references to many specific DSS models and systems are 
given in Chapter 21. Critical issues are the integration of information systems de- 
signed for decision support, standardization, dissemination, institutionalization, and 
the global networking of systems. The need for multilingual systems and communica- 
tion (exchange of data and models) between different systems adds to the complexity 
of system implementation. 

Software applications developed for decision support must take into consideration 
the wide variety of users and their cognitive capabilities. Information, knowledge, and 
decision-making for development need to be analyzed in the context of human be- 
havior and institutional structures. The main knowledge processor is a human being, 
not a computer. The computer system merely helps integrate and present the academic 
and traditional knowledge required for decision-making. 

5.2. Decision support systems 

There are many definitions for DSSs and their functions in decision-making; sev- 
eral definitions and key functions are discussed in Chapter 2. One should note, how- 
ever, that different definitions are used in a technology driven market to sell a par- 
ticular technology. The perspective that we advocate and further elaborate is centered 
on the user and problem rather than the method and tool. Usually, a combination of 
different software tools is needed to develop DSSs for sustainable development appli- 
cations. This is the perspective proposed in Chapter 2 (see Figure 5 in that chapter for 
a summary). 

Policy decisions provide a context and an overall mission statement for operational 
and resource allocation decisions. For example, one policy decision could be the 
health improvement of the population in a given region of a country. Such a decision 
is made as a result of deliberations on government priorities and available resources. 
In order to achieve the policy goal, operational decisions have to be made at different 
administrative levels on the allocation of health services, training of medical person- 
nel, supply of fresh water, sanitation, and so forth. 

DSS development requires taking into consideration cultural and political factors 
in addition to technological components. A methodology for the integration of various 
software technologies, knowledge acquisition tools, and specific user needs is re- 

quired. The methodological perspective presented in Chapter 2 provides a basis for a 
comprehensive treatment of decision support and DSS functionalities. Further studies 
undertaken by interdisciplinary teams of researchers with diverse cultural back- 

grounds and domain expertise also are needed to focus on the provision of culturally 
sensitive support methods that allow local knowledge and specific requirements to be 
incorporated into DSSs. 

A background analysis and requirement specification of a support system for deci- 
sion-making should take into consideration the following factors: 

• type of decision problem (policy, operations, resource allocation, etc.); 

• domain and scope of the decision problem; 
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• organizational and structural boundaries; 

• decision-making process; 

• impact on and synergy with the existing system; 

• expected consequences of decision execution; 

• profiles of decision-makers (users of the system); 

• external constraints and contexts; and 

• objectives of a DSS. 

The strong interrelation between decisions taken to solve specific problems in dif- 
ferent domains introduces additional complexity to the design and use of DSSs. A 
general model of decision analysis and support for a particular sustainable develop- 
ment domain, such as the management of fresh water resources, for example, may 
include the format and availability of information, traditional and academic knowl- 
edge sources, and interfaces with other systems (land management, legal, market, and 

others). In addition, it might be required to incorporate the processes of decision- 

making at those levels of administration that have direct impact on and can contribute 
to the solution of the problem (household/community, regional, national, and so 

forth). 
Conventional decision-making is aimed at individual problems. Complex geo- 

graphic or domain interrelationships are not considered because there is a lack of 
adequate tools to consider different approaches to a given problem. 

Decision-making at the level of national governments or large organizations re- 

quires different support and tools from those needed for decision-making at the vil- 

lage or single farm level. In either case, the development of a computerized DSS 
makes economic sense if one or more of the following utility characteristics apply: 
• a large amount of data must be collected and processed to produce and analyze 

decision alternatives (e.g. environmental protection); 

• decision-making procedures are applied to many cases within a domain (e.g. 
immigration application processing) or periodically repeated (e.g. crop manage- 
ment); 

• there are many potential users in a given domain (e.g., health services planning); 

• it is critical to make top-quality decisions in a short period of time (e.g., recovery 
from a natural disaster); 

• access to the top-level expertise required for decision-making is restricted and 
expensive (e.g. environmental impact assessment); and 

• the possibility of a large number of alternative decisions (e.g., social services 
planning) with significant and different implications. 

The main purpose of a DSS is to help make quality decisions. New methodologies 
and DSS development tools that include knowledge-based software (see Chapter 12) 
and knowledge discovery software (see Chapters 13 and 18) are needed to support 
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DSS developers at each stage of the development cycle. Local knowledge, political 
culture, and tradition are critical factors in the development and successful institution- 
alization of a DSS. These issues are discussed at greater length in Chapters 15 and 19. 

5.3. DSS technologies 

The computer and telecommunication technologies available today allow DSSs to 
meet demanding functional and user interface requirements. In this section, we deal 
with some technical topics on the use of specific technologies in DSS development. 

A DSS in the domain of sustainable development provides access to and makes use 
of a variety of databases. In a broad sense, electronic text documents, statistical data, 
tables of numerical data, digitized maps, drawings, and images are data types proc- 
essed by a DSS. Domain experts determine which data are needed in the decision- 

making process, which data are critical for optimal decisions and which sources of 
data are available. 

Formal descriptions of data base structures, data modeling, and the formulation of 
performance requirements from the point-of-view of decision-making processes are 
the tasks of DSS developers. For example, a DSS for water quality protection requires 
all kinds of hydrological, chemical, biological, meteorological, and geographically 
encoded data on waste water discharge points, manufacturing plants, food processing 
plants, and water consumption. The DSS developer must identify the appropriate data 
to show the relationship between water quality and economic activities, municipal 
water management, and natural phenomena. 

The identification of existing data sources and elaboration of procedures and 
methodologies for collecting data in the field are tasks for the collaborative work of 
domain specialists and software developers. Data modeling, remote access to data 
bases, conversion of data, data verification and validation, translation of textual data 
in a multilingual system, standardization of data formats and access methods, and 

integration of database management systems with a DSS are technical problems 
which often have very good solutions. We should consider the adaptation of these 
solutions in the development of a concrete DSS. 

In the real world, decisions are made sometimes despite the fact that complete and 
accurate data are not available. Data verification modules in a DSS should have built- 
in knowledge for assessing the validity of the conclusions and the proposed solutions 

produced by the system in the case of incomplete or unreliable data. 
Modeling capability is a major DSS characteristic. Forecasting and decision 

evaluations are based on computer models. A complex DSS requires a collection of 
models. Software architecture should include facilities for a model repository, the 
selection of appropriate models, and the composition of model subsets to solve com- 

plex problems. The selection of models in response to a specified problem is a knowl- 

edge-based process. An analysis of formal descriptions of decision problems and 
domain models should generate a scenario for applying a collection of models in a 
given situation. Take water quality protection, for example: simulation models could 

help to analyze an emergency situation, like the contamination of a river. A hydro- 
logical model of the river and contaminant dispersion would help to determine reme- 
dial actions. 
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Domain knowledge acquisition and encoding are a continuous activity in DSS de- 

sign and implementation. Decision-making is based on available information and the 
knowledge of the decision-makers. The acquisition and encoding of that knowledge 
require specific tools and skills. In the case of government systems, a DSS developer 
deals with unstructured and distributed knowledge. Legislative documents, policy 
statements, office procedures and instructions, reports, and programs are sources of 
knowledge in addition to human expertise and experience. Extracting knowledge from 
textual documents and integrating it into the document repository with a DSS knowl- 

edge base requires software tools such as natural language processors, document 

management systems, knowledge-acquisition software, and textual information re- 
trieval systems. The analysis of data and textual documents, manipulation of models, 
generation and evaluation of decision alternatives are knowledge-based procedures. 

Knowledge-based software modules (for example, embedded expert systems, rule- 
based models, and intelligent user interfaces) are components of DSS architecture. 

Integration of these components and the creation of a consistent knowledge base are 
the most challenging tasks. 

Expert system technology provides facilities for generating an explanation on how 
and why particular conclusions were drawn. The concept of collaborating expert sys- 
tems could be useful in solving some problems in a way similar to decision-making 
by an interdisciplinary group of experts. Expert system technology is useful in ad- 

dressing the problem of incomplete and unreliable data. A rule-based system with 
built-in uncertainty factors allows for the analysis of decision-making procedures and 
evaluation of the probability of results. 

The knowledge-based approach to the development of DSSs also involves investi- 

gation of the theory and practice of self-learning systems and machine learning. 
Support for making optimal decisions to solve a problem is only one step in the 

decision-making process; determining the consequences of implementing a selected 
decision is another. 

The specification of indicators describing the results of executed decisions, and the 
collection of pertinent indicator values should constitute a component of DSSs. The 
domain knowledge base and models can help specify indicators and monitoring pro- 
cedures. The analysis of indicator values provides feedback for the improvement of 
the DSS and verification of system software modules. A strict formal analysis sup- 
ported by software would aid the process of practical implementation of learning 
algorithms and indicator design. 

The design and quality of the user interface are critical if a DSS is to be accepted 
and used by decision-makers. The complexity of the software and data management 
has to be understandable to the user, who should be able to concentrate on the deci- 
sion problem and not be distracted by computer operation-related activities. There are 
three types of users with different requirements for the interface — developers, do- 
main experts, and decision-makers. The analysis of user profiles and specific domain 

requirements should encompass the following characteristics and design issues: 
• the interactive formulation of a decision problem (structured seminatural lan- 

guage communication between the user and the system), 

• the use of graphic tools and images to describe problems, 

• case-based dialogue in problem formulation, 
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• the interactive manipulation of models by means of domain-specific natural lan- 
guage communication, 

• the presentation of data in a visual format (GISs, elements of multimedia, and 
graphics), 

• the presentation of decision-making rules and explanation facilities, 

• knowledge-based support for user interface features and run-time control (con- 
text-sensitive help functions), and 

• the ability to adjust to both novice and experienced users. 

From the user's point of view, the basic requirements are easy-to-use (intuitive) 
dialogue facilities and comprehensible responses from the system. A DSS must be 
attractive to users who do not have the time or willingness to learn computer opera- 
tions and formal command languages. 

The development of DSSs requires the integration of various selected software de- 

velopment tools and methodologies. This should result in specifications for a domain- 

specific software architecture (DSSA) suitable for development and delivery of a DSS 
in a particular application domain. Existing system development software, including 
tools such as DSSA (Tracz, 1995) should be analyzed from the perspective of DSS 

development. Existing application software modules are building blocks for DSS 
implementation. 

The chapters in this book show how DSSs can be used in the economic, ecologi- 
cal, and social systems as well as development processes of sustainable development. 
Many of the systems are at the preliminary stage of development. There is a need to 
identify and further develop DSSs that are useful to the planning and management of 
sustainable development. No matter how sophisticated and advanced it is, a DSS is 
useless if it is not being used by decision-makers. 

There is a need to persuade government officials and decision-makers to use DSSs 
in their work. They have to be provided with training so that they can understand and 
use the technology. Some real-world demonstration projects would be helpful to dem- 
onstrate the usefulness of DSSs in the sustainable development field. At the start, such 

projects do not need to be very sophisticated, but the systems they produce must be 
operational. Decision-makers should be able to make their own modifications to the 
parameters and techniques of the DSS to suit the needs of their local communities. 
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