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1. Introduction: 
 
Demand and competition for water resources continue to grow almost everywhere, and 
integrated water resource management is expected to provide reasonable solution. 
Accroding to Balabanis and Tiche, (2002) traditional integrated water resource 
management is easily defined as simultaneous assessment and management of water 
quantity and quality, sediments and solutes, land and water, abiotic and biotic processes.  
Management however demands answers to questions that transcends traditional science, 
and the integration that necessarily includes human valuation, allocation of both natural 
and financial resources and establishment of criteria for making choices. Accountability 
and inclusive processes have been progressed in the last two decades through various 
legislations, e.g., Water Framework Directive, 2000 in Europe, aiming at so-called 
“deliberative democracy” trying to achieve consensus and agreements of all stakeholders 
(Dryzek, 2000). Emerging more accountable and inclusive governance style, calls for 
more debates and require interfaces for an extended involvement of all relevant 
stakeholders over policy issues.  
 
Report of the Conference on Multi-sectoral Integrated and Operational Decision Support 
System for sustainable use of water resources at the catchment scale (MULINO-DSS, 
2002), identifies three main themes, the notion of sustainability, the scope of information 
and participation, and the supporting role of information technology in the process of 
water resource management as challenging issues for further research. In this context, 
much efforts has been devoted to local, national and international levels to regulate the 
uses of water in order to mediate between conflicting demands and, promote sustainable 
use of water so that future generations will also be able to meet their needs.  
 
Advances in information technology and remote sensing have provided extensive 
information from the processes that are taking place in earth surface, many of which are 
organized in computer systems, some are freely available and others are accessible in 
affordable price. Research in disciplinary sciences has also produced significant insight in 
to many physical and socio-economic processes. Development in management and 
decision sciences has provided opportunities to build decision aids and provide platforms 
for flows and exchange of different information and knowledge. Yet many of the existing 
information and knowledge are not used to support better management of our resources. 
Geo-information technology through various remote sensing techniques has offered 
appropriate technology for data collection from Earth-surface, information extraction, 
data management, routine manipulation and visualization, but they lack well-developed, 



 

 3 

analytical capabilities to support decision-making processes. If agreement is going to be 
based on consensual rules, then understanding, argumentation, reasoning and dialogue are 
the ways to arrive at inclusive solution considering the entire set of stakeholder’s 
objectives. In this context, there is a need for a decision aid to make use of development 
in various related fields and provide facility to: 
- Understand the cause-effect relationships between various socio-economic deriving 

forces and their impacts;  
- Support the analysis of the effects and impacts of alternative policy-decision on 

allocation of resource and services; 
-  Further more and most importantly to provide a forum for debates facilitate dialogues, 

negotiation and deliberation of various issues affecting stakeholders and construct a 
common language for discussion and deliberation over allocation of resources.  

 
Such facility, which integrates, all the relevant information and knowledge from different 
sectors and disciplines to support individuals and group collaboration process for more 
effective and transparent planning and decision-making process is called “Integrated 
Planning and Decision Support System (IPDSS)”. This concept adheres more to the view 
that more informed planner and policy makers are better equipped to make better plans and 
policies. Given the fact that IPDSS seeks to improve planning and decision-making 
processes and outcome, the provision of IPDSS need to be thought of more broadly than 
the development of the system. Knowing that the developed plan or the selected option 
“decision’ is highly influenced by the system, using such type of system is not 
consequence-free academic exercise (Brooksbank, 2000). It is an initiative with a 
significant responsibility. Bad IPDSS that produces misleading information is worse than 
none at all. Therefore development and application of IPDSS should be done with care. 
  
In this context, this paper briefly describes different water resource management approaches 
the way that they are developed and applied. Further the supporting role of remote sensing, 
GIS and, information technology are briefly elaborated. Next to make the existing 
knowledge and information useful and supportive to the sustainable development, a 
framework for planning and decision-making is introduced, and finally, the issues and 
constraints in the application of integrated planning and decision support systems together 
with strategies to resolve them are presented.  

 
2. Water Resource Management Approaches 
 
Water resource planning and management are becoming increasingly difficult due to the 
complex issues that water resource professional and resource management agencies must 
address. Clearly, there have been significant changes in the water utility industry over the 
past 20 years (AWWA, 1997). One major change is that there is now intense competition 
between water used for drinking, versus other uses such as recreation, agriculture, industry 
and hydroelectricity generation.   In addition, intensive land uses in watershed and aquifer 
areas have caused degradation of water quality and contamination of sources of supply. The 
combination of these competing uses and threats to water quality can result in significant 
depletion of flows in surface and ground water supplies if they are not considered in the 
comprehensive planning process. Another major change is that new environmental laws 
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have placed constraint on the use of surface and ground water supply. Developing an 
approach to facilitate successful responses to the above challenges is essential.  
 
There are three major water resource-planning approaches utilized today in water industry. 
They are: traditional supply-side planning, least cost planning, and integrated resource 
planning. Traditional supply-side planning assumes that the problems associated with the 
provision of a safe and adequate supply of potable water can be solved by developing 
additional capacity as it is needed. It narrowly focuses on the supply side, excludes 
nonutility interests, and does not allow the utility to be flexible in meeting competing 
demands and satisfying regulatory policy goals. It also does not take into account 
conservation, industrial water reuse, or reasonable assumptions about future trends in 
customer consumptions and demands. Least-cost planning includes a comprehensive 
evaluation of all supply and demand alternatives; where the end result is an attempt to 
minimize the cost, while creating a flexible plan allowing for uncertainty and changing 
economic environment. It includes externalities as cost and inclusion of non-utility 
participants goal’s to ensure the success of planning process. 
 
Integrated resource planning “IRP” is a relatively new concept based on participation. It 
considers customers and other resource users as a stakeholder, and it provides for formal 
integration and coordination among the several government institutions that have regulatory 
responsibilities for water resource matters. AWWA (1997) defines IRP as a continues 
process that results in the development of a comprehensive water resource management 
plan. It defines and gives balanced considerations to supply and demand management 
planning alternatives. It includes analysis of engineering economic, societal and 
environmental costs and considerations while balancing the needs of competing users and 
multiple objectives of the use of resources. It is an open and participatory process involving 
all stakeholders and striving for consensus while encompassing list-cost analysis of short-
term planning options and satisfying utility and regulatory policy goals. Finally IRP 
explicitly seeks to identify and mange risk and uncertainty and provides for coordination of 
planning between water utilities in a specific region. The following key issues are frequently 
discussed in IRP: 
- Resources are the broad areas to which or from which planning concepts are applied 

and includes human, natural and financial; 
- Water conservation measures that are practices, techniques and technologies that 

reduce the consumptions of water, reduces the loss or waste of water, improve the 
efficiency in the use of water, or increase the reuse of water so that the water resource is 
available for future or alternative users; 

- Demand-side management practices that are steps taken to impact consumer behavior, 
especially demand for water in order to achieve water savings 

- Least-cost planning that is a process that identifies the optimal mix of supply-side and 
demand-side management practices while balancing system reliability and 
affordability, thereby producing planning alternatives with lower costs 

- Externalities that are the involuntary imposed economic costs and benefits to the others 
as a result of providing goods or services (production, consumption, and 
transportation). Traditionally, this element has not been considered. Example is the 
costs of adverse environmental impacts, costs and benefits of health and safety and 
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benefits associated with preserving natural resources. Externalities arise when 
someone’s decision to produce or consume something has impacts on an unrelated 
party, e.g., air pollution and water consumptions in the up-streams. How to valuate such 
type of impacts? Methods are well developed to make these estimates. The price, which 
represents the “value of externalities”, may represent what it would cost to replace the 
services through man-made means, or it may represent the damage that would be 
inflicted if we were to lose that service (Ruitenbeek & Cartier 1998). 

- Stakeholders are the working group of people who are directly or indirectly affected by 
the outcome or play an influential role in the water resource planning and management, 
and decision making 

 
Traditionally, planning has resulted in plan, which one then follows and monitoring 
progress against. This is also a common model for many water resource management and 
planning exercises. But sustainability demands something more. The future is a moving 
target. The main idea of planning in an integrated sense is that we must think 
continuously about what might happen to this target. Through engaging in a planning 
process, we consider the consequence of our actions, we think of objectives we might 
have, and we think of what might go wrong or right as we go on with our plan. The plan 
may be of less consequence than the process that generated it. This describes a scenario 
of adaptive planning which involves a continuous and active planning process before and 
during execution. Klusterman (2000), sees the current state of planning as a “collective 
design and reasoning together”. Supporting such adaptive and collaborative concepts 
require substantial institutional reforms. Many institutions still geared to mono-
disciplinary and top down approaches. The current emerging strategy is one of collective 
management by users. Users are less bothered by the government in the management of 
their resources. It is believed that they are best equipped to adapt to system changes. This 
has led to the emergence of so called Adaptive Collaborative Management or Adaptive 
Co-management “ACM” approach (Ruitenbeek & Cartier 2001). This is a long-term 
management structure that permits stakeholders to share management responsibility 
within a specific system of natural resources and to learn from their actions. This strategy 
is based on social learning, collaboration; clear responsibility, accepting risk and 
surprises, delegation of rights and responsibilities to local institutions “devolution” and 
integration of multiple sector with idea that if we look at the larger system we are more 
likely to do something right (Ruitenbeek & Cartier 1998).  
 
IRP and the emerging adaptive co-management approaches are useful concepts that can 
open-up the horizon of planners to face and consider a range of issues such as replacing 
aging or obsolete capacity, constructing new capacities, upgrading the distribution system, 
implementing conservation programs, in different economic and environmental situations. 
However, the main problem is how to implement these concepts, identify, develop and 
operationalize the required types of supports. 
 
3.  Satellite Remote Sensing and Water Resource Development 
 
Satellite remote sensing provides opportunities to observe routinely the Earth’s land and 
sea surfaces in a variety of wavebands and at a number of spatial scales. Various sensors, 
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with different spatial, spectral, and temporal resolutions, are used to collect vast amount 
of data that are routinely generated, and provide unique opportunity to: 
- Monitor the earth’s environment at local, regional to global scales; 
- Mange and monitor the renewable and non-renewable of the Earth’s resources; 
- Provision of an operational meteorological and global positioning systems; 
- Improving the scientific knowledge of the structure and dynamics of the earth 

processes.  
 
They provide objective databases, which are potentially neutral and can be interpreted. 
They measure the reflectance of the earth surface features and the observable landscape 
patterns representing the socio-economic development, prevailing jurisdiction, 
agricultural, practices, hydrological processes, and irrigation management ( Bastiaanssen 
& Prathapar 2000). Because of being direct measurement, they are often more reliable in 
what they represent. The public character of satellite data entitles different categories of 
users. Several space agencies are now opening international and freely accessible 
databases with raw or first order processed satellite images. Data from an International 
fleet of sensors can be found in the Earth Observation System data and Information 
System “EOSDIS”. A number of data archive centres (DAAC’s) representing a wide 
range of earth science disciplines are operational under NASA to process, archive and 
distribute EOSDIS data. The Earth Resources Observation System (EROS) Data Centre 
of USGS in addition provides access to land processes data from both satellite and 
aircraft platforms. Some examples of internationally opened satellite databases can be 
found at Http://www.saa.noaa.gov, Http://daac.gsfc.nasa.gov. Another example is the 
USGS  digital elevation of the world with one kilometres spatial resolution. There are no 
restrictions on the use, reprocessing or redistribution of satellite data that are made 
available through USGS and NASA ( Bastiaanssen & Prathapar 2000). 
 
The availability of the remote sensing data is rapidly increasing, and their prices are 
coming down. While Landsat TM scene covering 180*180 Km, few years ago had 4500 
US $ price tag, it is now sold for 500 US$. In the same way the price of French Spot has 
come down from 4000 $ to 750-1500 US$ depending on the acquisition date. Moreover, 
many satellite data is available for free on the Internet (NOAA, Aster, MODIS). All 
these, opens complete new opportunity to study the hydrological processes, water 
resource depletion, food security and environmental development in different watershed 
and basins.  Satellite hydrology is becoming a promising field of science and is 
establishing itself as a promising methodology.  Today NOAA-AVHRR satellite images 
with 1 km resolution are used to monitor the major water use in any part of the world. 
The Water-Watch Company in Wageningen  (http:/www.waterwach.nl) provides routine 
services related to the actual and potential evapotranspiration, evapotranspiration deficit, 
biomass productions and relative soil moisture in the root zone of the required region 
(larger than 1000 Km2 ), the irrigation efficiency and water productivity to support water 
accounting (Bastiaansen et al, 2002). NASA provides online tools for seasonal climate 
forecast tailored to fit resource manger’s need. This shall provide "Consumer Reports" 
type evaluations of seasonal forecasts for water, land and agricultural managers 
http://eospso.gsfc.nasa.gov/eos _homepage/ eharchive/02 /may/online_tool.html). NASA 
has also recently provided the global land cover based on MODIS sensor 
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(http://eospso.gsfc.nasa.gov/eos_homepage /eharchive/02/aug/lcc.html), 
http://asterweb.jpl.nasa.gov/.  
 

In water resource management Geo-information science and earth observation techniques 
have clear contributions to make in ensuring sustainable food security and equitable, 
integrated water resource management. They can be used in developing early warning, 
food security and risk assessment, irrigation performance, and systems to support 
effective and efficient methods of planning, monitoring and evaluation and integrated 
natural resource management.  Several examples of the remote sensing applications can 
be fond in literature e.g. Bastiaanssen & Prathapar (2000), Basstiansen and Ali (2001), 
Basstianssen and Mobin (2002).  As an example, one application of remote sensing on 
irrigation performance assessment is briefly presents in appendix-1. 
 
4. Sustainable Water Resource Development  
 
Given the development in management and planning, sustainability concepts, the 
growing number of disciplinary qualitative and quantitative models, and the advances in 
information technology, which has led to the large amounts of datasets, the main question 
is how to integrate and make use of all these opportunities. How to achieve sustainable 
ways of making use of resources and in particular, sharing a limited water resources, and 
how to implement adaptive co-management concept. The first step is to establish some 
sorts of co-operation between different users, use and use of waste? Good co-operation 
means building of water awareness and hydro- solidarity, development of water sensitive 
policies that value water as a scarce resource and propagation of knowledge that saving 
on water commonly is the best options to increase available water. But the institutional 
structures that currently rule the way individuals or groups use water are often 
insufficient in preventing and solving conflicts. Sometimes the institutions are in itself 
reason for conflicts. According to Hallding (2001) sustainable solutions can build on: 
- Through understanding of the sources of conflicts, including its natural, technical, 

institutional, social and its cultural aspects. 
- Participation of all the related stakeholders in the process is curtail, first to arrive at 

common understanding of the problem and to share as far as possible vision about 
future and ideas about the path to sustainable solutions. 

- Examining the social, environmental and economic contests of the conflict, in order 
to assess different policy options to make the best use of limited water resources. 
This may include regulation, financial sanctions and economic incentives and 
increase public awareness and participation, information dissemination and support 
for possible institutional change. 

- Finally an organization to pursue the co-operation, a means of monitoring 
achievement, and implementation plans 

 
Implementation of these activities require proper decision and analytical tools to help 
stakeholders to gain a greater understanding of the way planning decisions affect the 
environment over time. Tools to help identifying the most relevant issues for a given 
region, which may be a trade-off between achieving food production target at some point 
in time and its environmental costs (nitrate leaching), or the trade-off between farmer 
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income and production target. A tool that can help appraisal of alternative plan of actions, 
to identify their effects in terms of magnitude, location in space and times, the losers and 
winners, and the effectivity and efficiency of the deployed resources.  A tool that can help 
involving all stakeholders, promote co-operation and collaboration and building sense of 
community, help reduce conflicts, increase commitment to actions which are necessary to 
meet environmental goals, and ultimately, improve the likelihood of success for 
sustainable development programs. 
 
In order to develop such a decision support tool, the biophysical processes and human 
interactions such as adaptive changes of agricultural practice have to be understood and 
modeled. The model should help better understanding of the sources of the existing 
conflict between the required increase in productivity, farmer’s income, and the 
environmental issues, such as soil, water, bio-diversity, and other natural resources, and 
identify proper land utilization systems and its related technologies that make optimum 
use of external inputs, natural resources and avoids degradation of natural resources; and 
policy measures supporting their adoption (Sharifi  & Rodrigus 2002). Finally, it should 
have enough capability to assess the positives and negatives impacts of plans at different 
time and space, and create opportunities to learn and adjust/adapt based on feed 
back/forwards, and support implementation of adaptive co-management process.  
 
4.1 Decision Support Systems 
 
As our understanding of the natural resource base is improving, the decision-making in 
rural, natural and environmental resource management is becoming more complex 
process. Because, it has to consider many more information which, calls for an integrated 
approach. As the complexity of the decision-making task increases, resource managers 
(whether farmers, agri-business, Government Agency staff or other managers) are 
increasingly unlikely to have the necessary expertise, and, therefore, capacity to make 
resource management decisions that integrate the range of issues that demand 
consideration (Walker, 2000). This increasingly complex environment for resource use 
and management has necessitated the development of new skills, methods and tools to 
consider new information and apply new ways of thinking to consideration of that 
information. As a consequence, new tools are developed to improve the outcome of 
decision-making processes (Brooks bank, 2000).  Such tools are so called Decision 
Support Systems, which are based on:  
- Development of effective access to the broad range of technical data, knowledge and 

process information that might be germane to decision-making; 
- The development of new ways of analyzing potential strategies for resource use and 

their implications; 
- The development of tools or methods that ‘package’ these new approaches to make 

them accessible to the resource manager; 
- A role in building the capacity to bring these advances into existing and evolving 

decision-making processes. 
 
Decision Support Systems "DSS" are a sub-class of management information systems 
which support analysts, planners, and managers in the decision making process. They can 
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reflect different concept of decision-making and different decision situations. Watkins, & 
McKinney  (2001) define DSS as an integrated, interactive computer system, consisting 
of analytical tools and information management capabilities, designed to aid decision 
makers in solving relatively large, unstructured problems. A common idea explicit in all 
the given definitions of DSS is the integration of various technologies and aid to support 
choice among options. Implicit in the definitions are that the options are for solving 
relatively large, unstructured problems. DSS are especially useful for semi-structured or 
unstructured problems where problem solving is enhanced by an interactive dialogue 
between the system and the user. Their primary feature is harnessing computer power to 
aid the DM to explore the problem, and increase the level of understanding about 
decision environment through access to data and models appropriate to the decision. They 
are aimed at generating and evaluating alternative solutions in order to gain insight into 
the problems, trade-offs between various objectives and support decision-making process. 
 
The primary intention of DSS is to assist specific DMs, individually or in groups, rather 
than the entire organization. This allow custom design of the system, in which DMs can 
use the system interactively to build and more importantly, to change analytic models of 
the decision problem. Interactive use allows immediate changes in assumed parameters 
with rapid feedback, encouraging the learning process that is impossible when the DM 
has to wait extended period of time for output. Therefore, interaction and support for 
transferring the results of analysis to the DMs in a communicable, manageable, easy 
understandable and quick way is a central feature of any effective man-machine-system. 
A real time dialogue allows the user to define and explore a problem incrementally in 
response to immediate answers from the system. Fast and powerful systems with modern 
processor technology can offer the possibility to simulate the dynamic processes with 
animated output and provide high degree of responsiveness that is essential to maintain a 
successful dialogue and direct control over the software.  
 
The prime role of DSS is awareness building and education, rather than the decision-
making act itself. Such systems are not considered as the means to legitimate decisions, 
rather to initiate and inform debates and decision-making processes. The system therefore 
should give an adequate and truthful representation of the real world system, and the 
policy maker should be enabled to work with the system in a well-structured, well-guided 
and flexible manner. Development of such a system requires understanding of the system, 
its constituent processes and their impact on system behavior, and understanding of the 
system requires synthesis (modeling) of important ecological, environmental, social, 
managerial and economic processes in the system. Many of these processes are complex 
and difficult to model, validate and integrate. The more complex the model, the less 
transparent and understandable, and more difficult to work with. Therefore many authors 
advocate simple, transparent and easy understandable models in comparison to the 
complex and sophisticated models.   
 
Group decision support systems focus on expediting the exchange of ideas among 
participants (brainstorming), stimulating quieter members to participate, and organizing 
collective thought into a workable consensus. In this context a set of participatory 
multiple criteria and multiple objective evaluation techniques are needed that aim to place 
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the GIS analyst as a mediator between the computer technology package and the DM. 
GIS here can be seen as a possible vehicle for problem solving and decision making 
while accommodating the multiplicity of stakeholders in the decision making process. 
Research and development in this line has led to the development of Collaborative Spatial 
Decision Support Systems (CSDSS). Such types of system enables group to work 
together and participate in decision making concerning spatial issues by providing a set of 
generic tools, e.g., exchange of numerical, textual, graphical information, generation of 
solutions, group evaluation, consensus building and voting. These types of systems 
enable the stakeholders to collaborate in decision-making process with no limitation of 
space and time; they can contribute to the group decision at any time and from any 
location. Examples of possible application may be environmental restorations, 
conservation planning, multiple resource use, and land use planning. 
 
4.2   A Framework for Planning and Decision-Making  
 
Planning and decision-making are closely related. They are different phases of decision-
making process. Based on Simon model (1960, 1991) and considering the work of 
Steinitz (1993), Sharifi & Rodrigues (2002) have developed a framework for planning 
and decision-making process, which is presented in Figure 1. In this model, there is a 
flow of activities from Intelligence to Design to Choice as well as the steps in each phase. 
As seen in the figure, at any phase or step there may be a return to a previous activity. 
Below, the main elements of the framework are briefly described.  
  
Intelligence: examining the environment to identify problem or opportunity situations 
includes: 
1. “Describing system”: defining and describing the system, which includes perceived 

problem or opportunities in terms of content, environment, boundaries, players, space 
and time. This may require development of a “representation model”.  

2. “Understanding system behaviour”: establishing the functional and structural 
relationships among major elements of the system to understand how the system 
operates “process model”. This model explains the cause and effect relationships 
between interacting components of a complex social, economic and environmental 
system. A number of analytical frameworks explaining such a casual relationships have 
been developed e.g., Pressure-State-Response developed by OECD (State of the 
Environment “SOE” group), and the Driving Force-Pressure-State-Impact-Response 
framework “DPSIR” proposed and used by European Environmental agency (EEA, 
2000) and EUROSTAT. These frameworks especially “DPSIR” provide a rational and 
clear guideline for modelling of pressures derived from human activities on natural 
environment, and the way that they are changing state of the environment (Figure 2).  
The cause effect relationship can be established in a top down fashion, starting from 
driving force, pressure, state and impacts, or bottom-up which goes the other way round. 

3. “Assessing current situation”: assessing the current state of the system, and see if it is 
acceptable/desirable (is the current system working well?). This requires ability to 
appraise and judge the current state of the system, which can be achieved through 
experimentation with the process model.  It may further require development of an 
evaluation model, which helps assessing the performance and desirability of the current 
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situation, which require comparisons of current state of the system with its desired or 
ideal state. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Framework for planning and decision making process 
 
4.  “Formulating objectives”: clarifying the goals, objectives of the decision, and 

identifying what should be achieved, and how the achievement should be measured. 
Design: initiating, developing, and analysing the possible courses of action. This involves 
application of planning model that generate alternative solutions, test their feasibility and 
applicability as follows: 
“Formulating planning model”: study the ways that the current state of system can be altered 
or improved, in terms of actions, time and space. Given the existing constraints, where, 
what, and how to improve the situation is the main question to be answered.  In order to find 
the proper and cost effective intervention a proper planning model should be developed.  
Such model that simulates the behaviour of the real system under various conditions may be 
qualitative, quantitative, static or dynamic. This model, after calibration and validation can 
help generating alternative solutions “better/desired state of system” through introducing 
required type of changes to the system.  
5.  “Generating Alternatives”: This can be achieved through proper introduction of changes 

to either or combination of driving forces, pressures and state of environment, which 
leads to the identification of indicators (one or combination of Deriving, Pressure or 
State indicators “D-P-S” and the way that they should be changed. Then use the 
planning model to simulate different states of system and assess the impacts of the 
changes to the relevant chain of indicators “D-P-S”, in order to find alternative feasible 
options, plans, or scenarios. In modelling practise the continuation of current situation is 
considered as the base or current scenario, which explains the “business as usual 
scenario”.  The base scenario then is used as benchmark for comparisons and assessment 
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of other scenarios (Figure 2).  
 

 
Figure 2. DPSIR concept (after  Giupponi, 2002) 
 
Choice: evaluating alternative options and selection of a specific course of action. This 
includes: 
7. “Assessing impacts of alternatives”: the effect/impacts of the different alternative 

options, scenarios are assessed through impacts/effect assessment process. The impact 
assessment can be carried out by expert judgment, conducting research, or application of 
planning model, which allow estimation of the relevant impacts of various option under 
different social, environmental and socio-economical setting (scenarios). 

8. “Evaluating, visualizing and deciding”: selecting the most appealing option, alternative 
“decision”. This requires comparative evaluation of impacts of alternatives options, and 
decision on the desired new option or maintenance of the current status of the system 
“multiple criteria evaluation model”. In the evaluation process, visualization of trade-
offs helps better understanding and support decision-making process (Figure 2). 

9. “Explaining and documenting the decision”: the choice of action should be further 
explained, documented and communicated, through appropriate method “visualization”. 

 
Evidence: is defined as the total set of data, information, and knowledge at the disposal 
of the decision maker/planner. Evidence may be of different types, such as facts, values, 
knowledge and experiences, and in different forms and format, such as numerical, 
alphabetical, graphical, map, sound (spoken form), aerial photographs, satellite images, 
etc. The quality of evidence is a very important aspect. Ideally, a planner/decision-maker 
hopes to have good quality evidence in abundant supply. The evidences may be exact 
“deterministic”, or inexact with known errors “probabilistic” or inexact with unknown-
errors “fuzzy”. Frequently, the evidence will be lacking, and the DM has to enhance its 
quality before it is used in the analysis, but in all cases one should try to make use of all 
the available information.  
 
In this context, Decision and Planning Support Systems “DSS, PSS” are defined as a 
class of geo-information systems composed of data/information, models, and 
visualization tools, which are primary developed to support different phases of the 
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planning and decision making processes. PSS will emphasize more on the “design phase” 
which leads to the development of options and plans, whereas DSS is focusing more on 
the “choice phase” and rationalize the selection of options. Together they form Integrated 
Planning and Decision Support Systems “IPDSS” which tries to rationalize both planning 
and related decision-making processes by providing necessary support to structure and 
formulate the problem systematically, develop alternative plans or policy scenarios, 
assess and evaluate their impacts (considering objectives of the relevant stakeholders), 
and select a proper policy or plan. Underlying the development of DSS, PSS and IPDSS 
is the assumption that planning and decision making are dynamic processes, and therefore 
requires the relevant support for continuous updating of data, and the generation and 
evaluation of plans and policies based on the updated data and assumptions. Naturally, a 
greater degree of access to relevant knowledge and information will lead to the 
development and evaluation of a more effective number of alternative scenarios, which 
will result in a better informed planning and public debate.  
 
4.3 Main Components of the System: IPDSS  
 
IPDSS includes the following main components (Figure 3):  
a. A database management system: Which includes data bases designed to 

accommodate and organize the basic spatial and thematic data, provide facilities for 
selection and manipulation of data as well as interrelating data from various sources.  

b. A model base management system: Which includes quantitative and qualitative 
models that support resource analysis, assessment of potential and capacities of 
resources at different levels of management, as well as assuming the effect and 
impacts of various policy scenarios. This is the most important component of the 
system, which forms the foundation of model-based planning support (Sharifi, 2003). 
It includes three classes of models, which make use of the existing data, information 
and knowledge for identification of problem, formulation, evaluation and selection of 
proper solution. These models are: 

 
− A process/behavioral model describing the existing functional and structural 

relationships among elements of the planning environment to help analyzing and 
assessing the actual state of the system and identify the existing problems or 
opportunities. These will also supports “resource analysis”, which clarifies the 
fundamental characteristics of land/resources and helps understanding of the 
process through which they are allocated and utilized (Sharifi and van Keulen, 
1994; Sharifi, 2003; Sharifi & Rodriguez 2002). 

− A planning model, which integrates potential and capacity of the resources 
(biophysical), socio-economic information, goals, objectives, and concerns of the 
different stakeholders to assess the impacts of various policy measures or direct 
intervention. Conducting experimentation with such a model helps to understand 
the behavior of the system and allows generation of alternative feasible options or 
solutions to address the existing problems, e.g. policy performance indicators as 
described by Jesinghaus ( 1999). The planning model depending on the situation 
could have be different type, e.g., qualitative, quantitative, dynamic are static.  
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− An evaluation model, which allows overall evaluation of impacts of various 
options/solutions and supports selection of the most acceptable solution, which is 
acceptable to all stakeholders, and improves the management and operation of the 
system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 3. Main components of DSS/PSS 
 
c.  A knowledge base: which provides information on data and existing processing 

capacity and models which can be used to identify the problem, to generate solutions, 
test their feasibilities, evaluate and appraise their performances, and finally to 
communicate the results to the decision makers. 

d. A user-friendly interface, which allows smooth and easy communication with the 
system, visualization and communication of the results of the analysis to the decision 
makers in a manageable and understandable form. 

 
5.  Issues and Constraints Related to Development and Adoption of IPDSS in Water 
Resource Management 
 
IPDSS are gaining importance and viewed as a tools to support decision makers in land, 
infrastructure, resources, environmental management and spatial analysis, and in urban 
and regional development planning. With the development of geoinformation technology, 
environmental and natural resource managers increasingly have at their disposal 
information systems in which data are more readily accessible, more easily combined and 
systematically processed to meet the needs of environmental and natural resource 
decision makers. It is thus reasonable to expect a better informed, more explicitly 
reasoned, decision-making process. But despite the proliferation of geoinformation 
technology and development of DSS software systems and the surge of public interest in 
the application of the system to resolve the real world problems, the technology has 
commonly seen as complex, inaccessible, and alienating to the decision makers. In this 
section some of the existing constraints and their corresponding reasons related to the 
development and adoption of DSS are briefly discussed.  
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5.1  Evaluation of  the Application of Some DSS in Water Resource Management 
 
Uran, (2002), selects five SDSS which represents the sate of the arts development in the 
field of coastal zone and water resource management in Netherlands and study their 
practical application by their corresponding users (Table 1). The systems were: 
- Nature Development DSS (NDV), supports design, development and valuation of 

nature on the Dutch coast (Ruijgrok et al., 1999). 
- Ecotope Evaluation DSS (ECOPEIL), supports questions concerning the expected 

ecotopes and the consequences of water level changes on the naturalness and 
biodiversity in the IJsselmeer area (MinV&W, 2000d).  

- Shoreline DSS (Shoman), supports the assessment of the suitability of locations for 
large-scale nature development projects on the Dutch coast (Heuvel et al., 1993).  

- Wadden Sea DSS (WadBOS 2), supports the analysis of current policy and 
management issues in the Wadden Sea. It permits the assessment of the effects of 
policy decisions and the feasibility of management measures (MinV&W, 1998; Uljee 
et al., 2000).  

- Eco-morphological DSS (EMM), supports the analysis and evaluation of 
morphological and ecological effects of different dredging and deposition 
interventions (Baptist et al., 1998).  

The study had focused on the functionality of systems and their sufficiency in efficiency 
and ease of use in practical applications. The results showed that SDSS have not yet 
reached the stage of being regarded as an indispensable tool in decision making for 
coastal zone and water management. Although they process large amount of data and 
provide lots of technical information, their real support to decision-making processes are 
limited. Strong indications of this are, amongst other things: their complexity; the user 
ability to understand the principles behind the systems, the fact that users’ ability to use 
information does not match the complexity of the generated information; and, decision-
problems that somehow become ‘lost’ during the development of the systems. One of the 
main reasons for this is the weak link between developers and users. Another reasons are 
limited or no support at all for the analyses and evaluation of SDSS-generated 
information. It is, therefore, recommended that developers see it as their special task to 
raise awareness of methods that can support analysis and evaluation. Users and system 
developers should know that: 
- Models do not tell us what to do. These are political and ethical questions, the 

answers of which need the recourse of many diverse knowledge and value sources 
and experiences. Models can help in representing some of the plausible outcomes of 
given decisions  

- Complex models can tell us too much- provide us with validated output that we don't 
need / is not relevant to the question being asked. It can be the case that all that is 
needed is the certain direction of change rather than a certain quantified value 

- Decision Support Systems should be embedded in methodology, which may support 
the overall objective of their application. The provided output should be incorporated 
and transformed to management options, which in some cases may lead to policy 
responses  
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- Analysis and evaluation possibilities or options cannot be regarded as either an 
unnecessary or a dispensable luxury, when in fact they are essential to the use of the 
SDSS. Including such options may lead to substantial improvements in the use of 
SDSS. Since preferences for information are very personal, the use of SDSS may be 
improved by presenting the same information in several different forms. 

 
Even though not all of the SDSS above have been actually taken into real practical use, it 
does not mean that the development have not contributed to the decision process. By 
developing an SDSS, a learning effect takes place which otherwise would not have 
happened. The communication between involved parties can even be improved during the 
planning of a SDSS. The benefit of SDSS, therefore, does not only depend on the mere 
use of the systems.  
 
5.2  Problems related to Development and Adoption of DSS 
 
Although DSS systems seem to have many benefits to decision-makers, they have not 
widely been taken up by them (Wilde, 1994; Lynch et al., 2000). Cox (1996), Campbell 
(1999), and Lynch et al. (2000) have examined reasons behind the low adoption of DSS 
and other intelligent support systems in general and within agriculture in particular. The 
low adoption rate of DSS in agriculture was discussed by Lynch et al. (2000) using 
diffusion theory (Rogers, 1995). They suggested that low rate of adoption is predictable 
and advocate greater user involvement in the development of these systems. They suggest 
a participatory approach to system development. This type of approach is familiar to 
many extension specialists and researchers and goes under several names, including 
participatory learning, action learning, action research, and soft systems methodologies, 
as mentioned above. In addition to adopting a participatory approach, an important aspect 
for improving system success is keeping the scope of the project manageable. Review of 
early work with DSS suggests that the development approach needs to be small in scope 
and iterative, so that the systems can evolve and change as the situation changes 
(Sprague, 1993; Plummer et al., 1999). 
Some other suggested reasons by Newman et al., (2002) are as follows:  
- Limited computer ownership among users, 
- Lack of field testing, 
- No end user input preceding and during development of the DSS, 
- DSS complexity and possibly considerable data input, 
- No reason seen for changing current management methods, 
- Distrust for the output of a DSS because producers do not understand the underlying 

theories of the models, 
- Mismatch of the DSS output with the decision-making style of the producer because 

the producer’s conceptual models are excluded, and unclear definition of the 
beneficiaries (e.g., scientists, primary producers, and technology transfer agents). 

 
Ease of use features of DSS will affect its adoption (i.e., that DSS are not useful to the 
user and(or) are not easy to use). Perceived ease of use and perceived usefulness issues 
has been discussed by Keil et al. (1995) and are best described through Figure 4.



Table 1. General information on the Spatial Decision Support Systems  

 Decision process 
phase* 

Long/medium or short-
term calculations 

Development 
time 

Type of user Commissioned 
by**  

Year of first 
version 

Final 
version? 

NDV 
Module 

Development  
Selection 

Long-term (75 years) 3 years Analysts and 
decision 
makers 

LWI 1998 yes 

ECOPEIL Identification 
Development 

Selection 

Long-(maximum 50 
years), medium-and short-

(minimum 1 year) term 

4 years Analyst  RWS – RIZA 1999 yes 

Shoman Development  
Selection 

Not applicable  1 year Analyst RWS – RIKZ 1993 yes 

WadBOS 2 Identification 
Development 

Selection 

Medium-term (standard 
10 years), user decides if 

less  

3 years Analyst and 
decision 
makers 

LWI 1997 yes*** 

EMM Development  
Selection 

User must define the 
calculation time but 

preferably long-term (20 
years)  

2 years Analyst LWI 1998 no 

* After Mintzberg et al.’s 1976 model a of decision process . 

** LWI - Land Water Environment and Information Technology programme; RWS - Directorate-General of Public Works and 
Water Management; RIZA - The National Institute for Inland Water Management and Waste Water Treatment; RIKZ - The 
National Institute for Coastal and Marine Management. 

*** If end-users are found amongst stakeholders, a third version will be developed



 
Perceived usefulness is a measure of how well the DSS will enhance a user’s decision-
making capability, that is, the amount of time it might take to perform a certain task. 
Alternatively, perceived ease of use is a measure of the reduction (or increase) in 
physical or mental effort to use the DSS. It is important to balance emphasis and effort 
between ease of use and usefulness. However, there is a trade-off between the 
efficiency and ease of use, and the flexibility of the system. The more options are 
predetermined and available from the menu of choices, the more defaults are provided, 
the easier it becomes to use a system for an increasingly small sets of tasks. There is 
also trade-off between the ease of understanding and the precision of the results. 
Providing a visual or symbolic presentation changes the quality of the information in 
the course of transformation from quantitative to qualitative data sets. Finally, the easier 
the system the harder is to make and maintain. 
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Rejects 
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 Figure 4. Usefulness versus ease of use of DSS 
 
Keil et al. (1995) suggested that software that rates low in ease-of-use and low in 
usefulness will be rejected. Software that is high in ease-of use and low in usefulness 
they term “toys.” Users may embrace this software initially but there is little chance of 
lasting acceptance. Software that is low in ease of use but high in usefulness will only 
be used by what they term “power users,” very competent computer users. Most users 
will avoid this type of software because the time and effort required to learn how to use 
it outweighs the potential benefits. The aim is to develop software that rates high in ease 
of use and high in usefulness. They also suggest that designing for ease of use “must 
begin with some type of task analysis that goes beyond the typical considerations of 
ergonomics and user interface.”  
 
The key issues that DSS must address is the significant problems as identified by its 
users, therefore DSS must target the primary audience in the short-term and adopt a 
longer-term strategy toward development of educational software for training in the 
next generation. Often the beneficiary of the system is unclear at the development stage. 
This lack of clear definition of end users can result in the development of a system that 

User friendliness 

Ease of use 
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Low 
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does not meet the needs of any group. Indeed, many of the problems associated with the 
development of these systems can be traced to limited end user involvement from the 
start of the project. The development team must involve users from the conceptual 
beginnings of the DSS, and continual feedback must be established Ludwig et al., 1993; 
Stuth et al., 1993). 
 
5.2  Framework for Assessing usefulness and success of DSS 
 
As IPDSS seeks to improve the quality of planning and decision-making processes and 
will have strong impact on the planning and decision-making process and their 
corresponding outcomes, their development and application should be thoroughly 
studied.  “If you change the way you make decisions, you will change the decisions you 
make” (Attributed to Jim McNeil by Slater, 1995). Seeking to change the way that 
people make decisions about resource use and management is not a consequence-free 
academic exercise, it is an initiative that bears significant responsibilities (Walker 
2000). This means that a bad decision support tool, that produces wrong or misleading 
information, is worse than no tool at all. A farmer that acts on wrong or misleading 
information supplied by a decision support aid will at best be reluctant to trust 
information supplied from such sources in the future, and at worst will diminish the 
economic and environmental condition of his farm. Therefore, potential capacity of 
decision support tools should be systematically evaluated.  
 
Brooksbank (2000) suggests a framework to systematically analyze existing and 
potential decision support tools. The framework includes a series of questions to be 
asked about the decision tool. The response to these questions can be reported in a 
standardized format. Ranking of the importance of the response to each question will be 
a subjective process to be done on a case-by-case basis. The questions are related to the: 
Context: 
- What is the target audience or user group? 
- Does the tool fill an identified knowledge gap? 
- If not, is the knowledge developed useful? 
- Is there an existing equivalent? 
Objectives: 
- The intended role of the tool 
- Related involved disciplines 
- Types and level of output 
- How the output should be used in decision making process 
Principle assumptions: 
- Assumptions related to the decision making process (external, the way that it 

should be used) 
- Assumption related to the models which are integrated in the tools (internal) 
Equipping: 
- What is the type and level of input data required? 
- Does the end user have the skills and resources required? 
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- What hardware and software are needed to operate the tool? 
- What are the operating requirements (Time etc)? 
- What are the requirements for analyzing or interpreting the outputs? 
Communicating: 
Decision support tools are an avenue for communication of information or knowledge 
and ideas.  
- Can user easily communicate with the system?  
- Is result understandable by the users 
Performance indicators: 
- How do we know that system is performing, as it should?  
- How do we know that the system is useful to its intended users? 
- What are the performance indicators of the system? 
Monitoring the performance of the system: 
- Understand where and why and how it works well or the other way round 
- Where are the significant barriers and limitations 
- How it can be improved 
Measuring DSS Success. The discipline of information systems (IS) includes the study 
of both the social and technical aspects of the use of information technology for 
decision-making and problem solving (Lyytinen, 1987). Much of IS research has been 
devoted to the investigation and analysis of IS success: what is it and how do we 
measure it? DeLone and McLean (1992) believe that the ultimate dependent variable in 
IS research is “success.” However, the concept of success itself has not been adequately 
defined or explained in the literature. Information systems research has focused on 
various aspects of success, making comparison and accumulation of results difficult. 
Newman and Plummer (2002) introduce taxonomy of the six major dimensions of 
system success: system quality, information quality, use, user satisfaction, individual 
impact, and  organizational impact. Their work differs from other IS frameworks in its 
practicality and its recognition that the most important outcomes are those seen from the 
user's perspective. Therefore, the last two dimensions (individual impact and 
organizational impact) are identified as the most important areas for future research. 
 
A major challenge with DSS adoption and use is determining when a system has been 
successful. What makes a DSS successful within an agricultural context? Is a DSS 
successful when it matches the decisions made by experts? Is it successful when it has 
reached a certain percentage of the targeted market? Is it successful when it can be 
shown that it has changed farming practices or that through its use it has resulted in 
improved returns for farmers? Is it successful if it continues to exist and has some use 
among researchers, extension officers, and farmers? Alternatively, is the DSS 
successful when it becomes obsolete through use of the decisions it has made? Is it 
successful if farmers, through some other form, such as fax, newspapers, or other 
media, use the information generated from the DSS to make tactical or strategic 
decisions? Some or all of these attributes characterize successful DSS (Lynch et al., 
1998). 
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In light of this, the importance of the actual user’s perspective of success, and the 
critical aspect of meaningful user participation, it becomes clear that DSS developers 
need to determine, before proceeding, what constitutes success in their context. In 
asking this one question, they may have a clearer understanding of whether to proceed 
with the development of the system or whether there are other ways of providing 
potential users with the tools required to aid the decision-making process. 
  
6. Concluding remarks 
 
In spite of rapidly advancing computer technology and the proliferation of software for 
decision support, relatively few DSSs have been developed, successfully implemented, 
fully operationalized and evaluated in the field of water resources. It is believed that, 
this is due to a general lack of communication between analysts and decision makers (or 
their technical support staff). Possibly, analysts are just too impatient or inflexible to 
pay attention to the organizational context in which decisions are made. Meanwhile, 
decision makers and technical staffs may be reluctant to seek support and reveal their 
reasoning for fear of being replaced by computers. This has to be seriously considered 
by DSS developers not to imply decision automation instead of decision support. 
Another reason for decision makers' reluctance, though, might be simply that the words 
of Lord Mansfield are still remembered: `̀In making a decision...never give your 
reasons; for your judgment will probably be right, but your reasons will certainly be 
wrong.'' However this argument is becoming more and more irrelevant as democracy 
and transparency in public decision-making is growing. 
 
Technologies and methods to develop and deploy decision support systems to aid in 
water resources planning and management has improved considerably over the past few 
years (Watkin & McKinney,2000). However, certain aspects of this field are changing 
more rapidly. For example, the possibility of quickly accessing and processing large, 
spatially distributed databases over high-speed, readily accessible networks offers a 
tremendous improvement in the way that these systems are developed and the 
effectiveness with which they are used. While this aspect of DSS has not been reviewed 
here, it is anticipated that it will have a major impact on the field over the coming few 
years. The growing acceptance of graphical, user-friendly operating systems and 
software has opened the door for more decision makers to take an active role in the use 
of these systems in water resources. This trend should continue and will likely bring 
more focus on the formulation of support systems, which are responsive to the needs of 
the decision makers rather than the modelers and developers. 
 
There is much optimism about the future for DSS. This optimism might be linked to the 
new research and development in information technology, decision science and 
disciplinary fields, which allow modeling and integration of complex natural and socio-
economic processes. It appears perhaps the greatest challenge to DSS development is 
how they are delivered to, and used by industry and policymakers. To achieve these 
goals, not only must we learn from experience, but we must also be ready to 
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accommodate new technologies and research areas. Although, rapid, technological 
developments give the impression that ‘everything’ is possible, the users ability and 
requirements should be the central issue in the  future development use of DSS. The 
main question is not: ‘What is technically feasible?’ but rather: ‘What can, and should, 
users handle?’ Therefore, there is a grate need to involve end-users in the system 
development process and combining models with the decision support tool/system and 
in the presentation of the results. 
 
Two important points concerning the development and deployment of DSS hold true 
today and will do so into the future: computing is prevalent in everyday life, and 
simulation provides a cost-effective and attractive means to quantitatively explain 
biological phenomena and predict outcomes under different environmental stimuli. 
Systems simulation and development of DSS are proving to be increasingly good 
investments by research, development, and extension agencies, even if for their own 
use. However, it is important to understand the main purpose for the development of the 
models e.g., research or policy. As policy models are mostly problem-oriented 
constraint by legislation, transparency and inclusiveness, whereas research models are 
process oriented, driven by best theory and scientific innovation. There is a perceived 
conflict between achieving a research career and achieving real impact in industry.  
However, most successful impacts in industry have been achieved by those who chose 
to forgo an optimal scientific and (or) academic career path, which makes a good 
combination of the two.  
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Appendix-1 
Assessment of irrigation performance using NOAA satellite imagery 

P. Droogers, W.G.M. Bastiaanssen, A. Gieske, N. Toomanian, M. Akbari 
IMI 2001,  

 
Summary 

 
Increasing pressure on water resources requires a sound knowledge of where, when and 
how much water is used. Agriculture, and especially irrigated agriculture, is the main 
global water consumer and, consequently, a more productive use in this sector will have a 
large impact. Moreover, it is estimated that by 2025 cereal production will have to increase 
by 38% to meet world food demands (Seckler et al., 1999), putting even more stress on the 
scarce water resources. 
Traditionally, performance of irrigated agriculture has been expressed in terms of 
efficiencies based on observed flows in different points in the water distribution system, 
such as reservoir releases, main, secondary and tertiary canal, field, and plant. The ratio of 
the flow at a lower level to the flow at a higher level defines the efficiency of that 
particular part of the system. For example, the ratio of total water received at the field by 
farmers over the releases of a reservoir is defined as the system efficiency. Similar, the 
ratio of total evapotranspiration on a particular field over water delivered to that field is 
defined as the application efficiency. The main objective of irrigation engineering has 
always been to increase these efficiencies. A serious drawback of this approach is that 
water considered as a loss, indicated by a low efficiency, is not a real loss but is often used 
somewhere else. This “lost” water is likely to be used by downstream users, or percolating 
to the groundwater, or used for “illegal” irrigation activities. In other words, increasing 
efficiencies requires additional water deliveries to the previous users of this “lost” water. 
 
To overcome these problems with efficiencies, Molden and Sakthivadivel (1999) 
described a conceptual framework for water accounting, based on inflows and outflows. 
The framework includes the assessment of system performance in terms of the 
Productivity of Water (PW), defined as the amount of water used to produce 1 kg of crop.  
Different PWs were identified, based on different definitions of water used. Here we apply 
only PWprocess depletion, which refers to the amount of water evaporated to produce 1 kg of 
crop. A practical example of the use of other PWs can be found elsewhere (Droogers and 
Kite, 1999).  
 
Recently, new technologies based on RS have been introduced to monitor several 
components of the water balance. Main advantage of this approach is that large areas are 
covered, and that data is easily obtainable without extensive monitoring networks in the 
field. The SEBAL algorithm (Bastiaanssen, 1998) estimates the energy balance based on 
RS images resulting in actual evapotranspiration. The algorithm includes additional 
features to estimate crop production and soil moisture contents. For the four main 
irrigation systems in the Zayandeh Rud basin, Iran, the SEBAL algorithm was applied, 
using NOAA images, and results were used to assess the performance of these systems.  
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Performance of four irrigation systems in the Zayandeh Rud, Iran, was assessed for the 
systems as a whole, rather than on only official registered water extractions and uses. 
NOAA satellite images were analyzed using the SEBAL algorithm to obtain 
evapotranspiration, biomass production, and soil moisture contents. The missing term in 
the water balance was used to estimate groundwater extractions and unaccounted 
extraction from the river. For Abshar-Left groundwater extraction surpassed surface water 
applications, while for Nekouabad-Left groundwater extractions were very low. For 
Abshar-Right a large amount of water was pumped directly out of the river. The 
assessment of the systems was expressed by the Productivity of Water, defined as kg 
biomass over m3 water evaporated. Productivity was higher (~0.72 kg m-3) for the systems 
relying on surface water (Nekouabad-Left and Abshar-Right) than for the conjunctive 
systems, reflecting the difference in water quality between groundwater and surface water. 
Finally, it was concluded that the advantages of the methodology presented here over the 
traditional assessments are: (i) most data is readily available, (ii) all water users are 
included, (iii) groundwater extraction can be estimated, and (iv) a real time assessment can 
be set up using this approach. 
 
In summary the objectives of this study: (i) use satellite images to estimate 
evapotranspiration and crop yields, (ii) estimate the performance of irrigation systems 
based on this information, and (iii) estimate groundwater extraction as the closing term of 
the water balance. The results are presented in the figures and graphs. 
 
Refernces: 
- Bastiaanssen, W.G. 1998.  Bastiaanssen,. Menentia, W.G.M., M,  Feddesb, R.A. and 

A.A.M. Holtslagc. 1998. A remote sensing surface energy balance algorithm for 
land (SEBAL). 1. formulation. Journal of hydrology 212:198-212. 

- Droogers, P. and G.F. Kite, 1999. Water productivity from integrated basin 
modeling, Irrigation and Drainage Systems 13: 275-290 

- Molden, D., and Sakthivadivel, R. 1999. Water accounting to assess use and 
productivity of water. Water Resources Development, 15, 55-71. 

- Seckler, D., R. Barker, and U. Amarasinghe. 1999. Water scarcity in the twenty-first 
century. Water Resources Development 15: 29-42. 
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