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Abstract: The increase in stream nutrient loads from anthropogenic sources has become a serious problem,
especially in developed regions. Humans affect streams by modifying the landscape in ways that increase the
transport of nutrients to surface waters, by directly dumping urban or industrial sewage into the stream, or by
modifying streams in ways that reduce their ability to respond to increased nutrient loads. In Mediterranean
regions these problems are compounded by the scarcity of water. The decision-making processes involved in
water quality management require extensive human expertise or extensive computation with large data sets. In
this sense, the STREAMES project aims to develop a knowledge-based environmental decision support system
(EDSS) to support and advice water managers in the management of human-altered streams. This EDSS will
integrate an Expert System (ES), concretely a rule-based reasoning system (RBS), with a Geographical
Information System to address spatial information for the appropriate stream management actions, and a
numerical model to estimate point and non-point nutrient sources from middle size catchments. The RBS will be
developed by integrating heuristic knowledge from experts in surface water management, as well as empirical
knowledge from stream scientists, based both on previous studies and on data directly acquired from
experimental sampling. This paper will present the objectives of the STREAMES project with emphasis in the
knowledge acquisition and development of the RBS.
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1. INTRODUCTION

Nowadays, poor river water quality has become a
serious problem, especially in developed regions, due
to the high nutrient (nitrogen and phosphorus) loads
from anthropogenic sources dumped into the rivers.

Humans affect streams:

• By modifying the land uses in ways that increase
the transport of nutrients to surface waters (large
inputs of nutrients from non-point sources, i.e.
agricultural activity),

• by directly dumping inputs from point sources
(urban or industrial sewage),

• by modifying the streams in ways that reduce
their ability to respond to increased nutrient loads
(e.g. elimination of meanders, destruction of the
riparian vegetation, etc…).

Pristine stream ecosystems can cope with a certain
degree of pollution, whereas heavily polluted and
modified streams cannot retain and transform
excessive nutrient loads. Nevertheless, the response of
streams to anthropogenic impacts is not invariable but
different according to the type of river and water uses.
In Mediterranean regions these problems are
compounded by the scarcity of water.

Therefore, the decision-making processes involved in
stream reach management require extensive human
expertise from people involved directly with day-to-
day stream problems (water managers), empirical
knowledge from scientific research and elaborated
calculation over large sets of numerical and symbolic
data.
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Figure 1. The management problem

Thus, the stream water quality management becomes
a typical complex and ill-defined problem whose
optimal management requires an integrated and
multidisciplinary approach (figure 1). This integrated
management can be reached with a tool built upon the
concepts and methods of human reasoning, an
intelligent tool. In this sense, the STREAMES

(STream REach Management, an Expert System1)
project appears as an attempt to develop and implement
a knowledge-based environmental decision support
system (KB-EDSS or simply, EDSS) to help Water
Managers (WM) in taking decisions.

This paper describes the objectives of STREAMES with
major emphasis in the bottleneck of the RBS
development: the knowledge acquisition step.

The organisation of this paper follows the next sections:
Section 1 introduces the problem of nutrient retention.
Section 2 gives a brief description of the Streames
project. The EDSS characteristics are introduced in
Section 3. Section 4 addresses the issue of the
knowledge acquisition as a key step for developing a
user-friendly tool. Section 5 presents the future work
with respect to the EDSS and finally, some conclusions
are given in Section 6.

2. THE STREAMES PROJECT

The application of Artificial Intelligence in
environmental sciences is a relatively new discipline.
Papers began to be published sporadically in the middle
of 80s, but it was not until the 90s when the number of
papers experienced a significant increase  [Cortés et al.,
2000]. Some interesting environmental applications
include MEDEX [Hadjimichael et al., 1996], an
intelligent tool to assist Mediterranean weather forecast;
CHARADE [Avesani et al., 1993], a decision-making
system for environmental emergencies; FRAME [Calori
et al., 1994], an ES designed to aid in the selection of air
pollution models; and DAI-DEPUR, a distributed
knowledge-based system to supervise wastewater
treatment plant management ([Sànchez et al., 1996] and
[R.-Roda et al., 2002] for a recent vision of the
application). Within the river water domain,
mathematical  models, simulation models and decision
support systems are used for catchment management, to
reduce nutrient loads or to solve eutrophication
problems ([Rekolainen et al., 1999], [Young et al.,
1995] and [Davis et al., 1998]). However, none of these
tools implies cooperation between stream managers and
scientists. Moreover, they only consider descriptive
parameters. A new approach integrating expertise,
existing knowledge and new empirical knowledge about

                                                  
1 (“Human effects on nutrient cycling in fluvial
ecosystems: The development of an ES to assess
stream water quality management at reach scale”,
EVK1-2000-00081, Vth Framework Programme EC;
www.streames.org)
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