I°S- AquaStress

The AquaStress I ntegrated Solutions Support System: 13S

Authors: C.J. de ZeedwO.R. RoosenschodnA. Kassahuh, M. Blind*, A. Krausé, R.
Knapert, H. Scholtef, N. Kukuric, J. Griffioerf, T.T. de Vrie$, L.S.Vamvakeridou-
Lyroudia®, G. Arampatzi§ R. Mooré, P.J.A. Gijsbers

1 Alterra — Wageningen UR, the Netherlands

2 Wageningen University — Wageningen UR, the Nédinels
3 TNO, the Netherlands

4 Deltares, the Netherlands

5 Cranfield University, UK

6 University of Exeter, UK

7 National technical University of Athens, Greece

8 CEH Wallingford, UK

9 Delft Hydraulics, the Netherlands

Corresponding author:

O.R. Roosenschoon

Alterra - Wageningen UR

P.O. Box 47

6700 AA Wageningen

The Netherlands

Tel: +31 3174819 23

Fax: +31317 419000

E-Mail: onno.roosenschoon@wur .nl

Keywords: Computerised frameworks, water stress, IWRM, 1°S, AquaStress,
participatory planning processes, solution support, web application.

1. Introduction

Computerized frameworks have become essentiategrated assessments, using
individual models that can be linked, re-used aathtained through a software
infrastructure using state-of-the-art developmémis information technology (van
Ittersum and Wery, 2007). In current Integrated &/&esources Management (IWRM)
they play an important role as well (e.g. WienleP806). For that reason, it was decided
to give the development of such a framework a pnemt role in the European
AquasStress projectvw.AgquaStress.nipt

AquasStress (2005-2009) is a research project fubgietle European Commission (EC).
38 European partners (including Morocco and Tuhséaticipate in the project.
AquasStress generates scientific innovations to an@ithe understanding of water stress
from an integrated multi-sectoral perspective fopsut:



I°S- AquaStress

« diagnosis and characterisation of sources and sadfseater stress;

« assessment of the effectiveness of water stresagearent measures and
development of new tailored options;

+ development of supporting methods and tools touataldifferent mitigation
options and their potential interactions;

« development and dissemination of guidelines, pal@nd policies;

« development of a participatory process to implensehitions tailored to
environmental, cultural, economic and institutioseftings;

+ identification of barriers to policy mechanism irapientation;

« continuous involvement of citizens and institutiovithin a social learning
process that promotes new forms of water cultuceramtures long-term change
and social adaptivity.

The project aims to deliver enhanced multidiscgynmethods enabling all those
involved in the delivery and use of water to paptite in the mitigation of water stress.
Both the environmental and social aspects of waitess and the remedies available are
covered. The project is organised around eightsitst which have their own problems
and stakeholders, with the consequence that théisesll be specific to the study areas
and stakeholders involved. Nevertheless, it is tdpat it will still be possible to draw a
number of general conclusions from the project.
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Figure 1. Schematic overview of the AquaStress project.
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Aquastress adopts a Case Study - stakeholder dapp@mach and is organised in three
phases; (i) characterisation of selected refersites and relative water stress problems,
(ii) collaborative identification of preferred sdilon options, (iii) testing of solutions
according to stakeholder interests and expecta{geesfigure 1). It makes a major
contribution to the European Communities objectstased in the Framework
Programme 6th, and supporting the Community Divec?000/60/EC and the EU Water
Initiative.

To draw together the results of the AquaStresspt@nd deliver them in a usable form,
a computerized framework, called “Integrated Sohsi Support System” (referred to as
I°S), is being prototyped and testets Is a web based software environment that brings
together data, information, knowledge, new toold kegacy software which are all

being used or developed by the partners and stiaaisovithin the AquaStress project.

The purpose of this paper is to report on the dgreént of S to date. After defining
the objectives of'B in chapter 2, in chapter 3 the concepts of stadaing followed in
I°Sas well as the development requirements in thingetf an international consortium
are described. Chapter 4 provides a descriptiagheofunctionality of 1S and describes
the achievements and draw backs in the developpreoeéss.

2. Objective of IS

The overall aim of3S is to enable those who need water of adequatityoarad those
who are charged with its delivery to find accepggimactical solutions to water stress
problems. In the AquaStress project the key sciandeknowledge outputs of project
partners is brought together {8 to deliver these outputs to the user communmity a
hence assist stakeholders to resolve problema@iisim water stress. Moreover, the
selection process of water stress mitigation ogtisrio be facilitated by providing a suite
of tools that can effectively support a varietystéps in such a process. This is
challenging because the users are often competdirg finite and diminishing water
resource and in addition their level of understagdif the problems, the available
solutions and their recognition that changes to therent practices will be necessary,
varies widely. A similar range of skills and knodtge exists on the deliverers’ side.

I°S should be a flexible toolbox that supports theows steps in a collaborative planning
process (see 3.2). Some of these steps requieftodtakeholder interaction (e.g.
gaming tools), others involve both simple and ca@rphodelling or support a selection
of improved sets of options for mitigation (Wienadt2005). S should enable the
stakeholders to work through their water stresblpras, arrive at a viable and
acceptable solution and then implement it.
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3. Methods

3.1. Sharing and connecting data, information and knowledge

In order to manage water resources in an integragad the sharing and linking of data,
information and knowledge should be facilitatednoynan interaction and computerized
frameworks. The data-to-wisdom pyramid (Ackoff, 2p&xplains the concept how data
develops to wisdom (see figure 2). Modern solusiopport systems lik€$ make use of
all layers in this concept, realizing that differdayers of the knowledge pyramid can be
seen as layers with increasing value (Clark, 1997).

Understanding

/ knowledge \
/ information \

Figure 2. The data to Wisdom pyramid (Ackoff, 1989).

Wienet al. (2007) summarised the relationship among theseepis as follows:

“Data can be defined as ‘a set of discrete, objedicts existing in symbolic form that
have not been interpreted’ (Davenport and Prus8R8)l Data becomes information
when it has been shaped by humans into meaningidl useful form (Laudon and

Laudon, 1998). Information is meant to shape thiébooks and insights of the receiver
(Davenport and Prusak, 1998). So information isaddiat is enriched by context.
Information gives answers to thehat-question. Information only becomes knowledge
after it has been examined and compared to otf@mmation or data, and then is applied
to describe or predict or adapt a situation (Kacélgl1997). Knowledge gives answers to
the how-question.”

For the development of$ these concepts have been translated to the taorfitie
AquasStress project’$ is made to access, modify and use all theseeliffsources (eg.
data, information and knowledge) and to create cddéue by combining them.

3.2. Description of the development process

In AquaStress a collaborative planning processagmbr is chosen to achieve shared and
acceptable water stress mitigation options. A sengghematization of the collaborative
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planning process is presented in figure 3, whicheneral consists of a closely
interlinked ‘planning process’ path and ‘informatidelivering’ (Wienet al, 2005).

Planninz proces:  Interaction & Information:

(e.z. WED) communication Data & Modelling
e Selection of building blocks
analysis

D55 development i
Froblem definigon c
' Toning the systemn #
e
Solaoon g
Appliraton ;_1
]

Implementanon Adapraton

Figure 3. Smplified representation of the participatory planning process.

For partners of the AquaStress project this mdaeustihere is the need to share agreed
definitions of water stress mitigation options, grattress indicators and test site
descriptions. These shared concepts can be stotbd knowledge base for future use.
However, populating the knowledge base is sometiinigh can take place before any
participatory process starts. There is a wealinfofmation available of scientific value,
which can help during the participatory processaddition to that, all stakeholders
(water managers, affected citizens, NGO'’s, competetinorities, modellers, etc) should
be able to collaborate and learn from each othdefming the participatory processes
and to play a part in simple and complex modellihgmatch this with the software
development process, influence on the project ptgnand management is required and
regular contact amongst stakeholders and systegeiafers is a prerequisite.

A complicating factor within the AquaStress projecthat the system development of
I°S is done within a consortium of eight Europearneas in accordance with all 38
project partners and joint working teams in eigffedent countries. Although optimal
use of technical infrastructure (internet, Emat @&gleconferencing) is helpful, frequent
human interaction (like conferences, workshopsiaft@mal work sessions) is an
essential, but costly, requirement for successfubtbpment. The concept of interaction
design (van der Wal et al, 2003) is used for systemelopment in AquaStress.

3.2 System requirements

The PS functionality is largely determined by the shgrimd process requirements as
described above. The design 8 provides a framework, allowing existing technidsg
and knowledge to be brought together to provideuetired problem solving support
system. It has three main components: system for guiding the stakeholders through
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the process of analyzing and solving their problieyan interface to manage data,
information and knowledge, amil) a set of (linkable) tools and stand-alone appboast
which the stakeholders may need in the processlahg their problem. Linkable means
that information can be passed directly amongdbéstor through a common database
and/or knowledge base. Stand-alone means herththapplication has no connection to
other applications, nor does it share informatloough the common knowledge base
and/or database.

An overall architecture has been designed. It mmment based, with each component
having very clearly defined interfaces. This haslend possible to assign the
development of new or existing components to irtlial partners within the project,
allowing the project to exploit their strengths. @aspects of standardization are
essential for this: a common interface and a comamtalogy.

The OpenMI standard (Gijsbers and Gregersen, 20@5vgloped by the HarmonIT
project fittp://www.harmonit.oryy can be adopted as the means of real-time data
exchange among relevant components. To enablextimrge of semantically enriched
data ontology is used to define the main concepfgjuaStress. Based on the
assumption that existing components should alagskble by S, an xml based query
and presentation tool is developed as well dathange format based on XML is
defined. By adopting a framework approach in wlatthhe components are replaceable,
it will be possible to produce a version 38 lthat is tailor made to the specific needs of
the AquaStress stakeholders.

For the use of a common ontology, experiences frarHarminQua project are used in
I°S. A common ontology helps to formalize the knowledaptured in and/or between
models, in order to subsequently facilitate modeledopment, testing and documentation
(Scholten et al, 2007), model reusability and ergeability (Rizzoli et al, 2005),
separates knowledge captured in the model froma¢heal implementation in a

modelling language or software e.g. Java, FORTRMBthlab, STATA, etc. (Gruber,
1993) or from the data in a database (Zander & K¢l 999).

4. Reaults

4.1. Architecture and design of 1°S

I°Sis a web-portal application that provides entrinofor the various components of
the system. These can be fact sheets on the todisiprmation available in the system,
but where appropriate, it will directly connectsjpecific web-services, or it will provide

a link to stand-alone application. Within AquaSs¢rasvariety of data, models and other
tools are used to collect data and knowledge awdrnduct research?s brings these
scientific outputs together as a mixture of webeolaand stand-alone applications. Figure
4 shows a screen dump of the web portal application
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3 Integrated Solution Support System - Microsoft Internet Explorer provided by the Environmental Sciences Group
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«  Browse and play using the navigation barl

Figure 4. Screenshot of the i3S prototype web application.

The functional design of thésS is given in figure 5. Documentation on use casesthe
logical design is given in a separate AquaStrgssrt¢Gijsberst al., 2006).
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/ I3S - Architectural Design \

3-tier Web Based Client-Server 2-tier Client-Server
Web Browser Stand-alone & thick
Dashboard clients
(configurable Questionnaire
web-GU| for QPT portlet portiet Process Support
AQS-DB (ProST)
D) Client-Application
KB Editor Spider tool
portlet portlet Aqua DT portlet
HydroSplash!
Client-Layer
HTTP/XML
Application-Layer @ Case Based
Reasoning
AQ Web Portal (CBR)
AQ - Portlet Container
Multi-criteria Wrapper for
specification and ProST Project Server computational
analysis tool (AquaDT) models

. A o
HREIEE S Ve Questionnaire Tool = || 8
(Spider) m all=
<< %] £
€
Query & presentation Knowledge base server
tool (QPT) (Protégé + AS plugin)

{} HTTP/XML {}
< <~

Persistance - Layer

Knowlede Bases Data Repository

Proccl_ess KB Options/Sites/ :
Semer Indicators Site (Local)

- Guide KB DB (RDBMS)

- Record - quantitative
- raw data

Figure 5. Conceptual view on thé$ Architecture (Kassahun et al., 2008)

To implement this functional design, it has beeosem to develop the different
components at different places, making agreementsestandards for data exchange
and communication between different componentmadst cases, it concerns the
development of existing software and databasetsties towards the€$ environment.

In this project, a knowledge-based and processdoageroach is being followed. The
knowledge bases enables gathering, structuringladng of semantically rich
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information while the process definition guides st@keholders through their problems.
To define the process, the Process Support Too§ Brwhich is a more generic version
of the MoST-tool developed by the HarmoniQuA proj&cholten, 2007) is used.
AquaStress specific data and information is opexpeldy a newly developed tool, called
the Query and Presentation tool (QPT). QPT is ahbased application that allows for
distributed database and knowledge base consultatid editing and simple modelling.

Standalone applications and (loosely) tools thaiazorporated in’8 are the
Questionnaire tool, Case Based Reasoning, Multefai Analysis (AquaDT), Systems
Dynamic Modelling (SDNI, Data Uncertainty Analysis (DUE), Water Managetr@ame
(Splash!) and Cognitive mapping (De Zeeetal., 2007).

4.2 Processresults

In practice, the collaborative planning processinithe AquaStress is less structured
and successful than anticipated. The following etspeomplicate the development
process:

* The need to share and use data, information andlkdge by project partners in
the context of a European project, is not alwags $® the parties involved. In
many cases these parties are heavily involvedeim ttwn sites and related
problems without realising that there is much trtefrom similar areas. This
seems especially valid for the local stakeholders;

» Although data has the lowest value in the data-ensgyramid (see 3.1), it seems
the most difficult layer to share, as it very oftamncerns the property of non-
project partners, not allowing for in kind contritmns.

« A particular challenge in developing thSIwas the involvement of end-users. In
our vision, much generic expert knowledge and stwoks required early in the
process should have been available at the stark-fiav management tools,
virtual games and questionnaire functionalitieghi case of AquaStress these
needed to be developed (and populated), whiledhtcgpatory processes started
immediately. Hence thé$ was not yet available at the beginning of loital s
studies. We recommend that in end-user driven pi®gerious thought must be
given whether or not available information needbdarganized prior to starting
the participatory process;

» Stakeholder involvement requires the continuouamiation of human
interaction. Much responsibility was put on whateweild refer to as ‘self-
organizing’ teams in test sites. The scientifictipars in the Aquastress project
were supposed to deliver options and indicatorsglwthhen could be integrated in
the Knowledge Base. Because of the previous poihtlze fact that it was
difficult to synchronise the activities between therent involved participants
and test sites in the project, this resulted ilaydin the information flow
towards the knowledge base. As a result of thesktfowledge base has played a
less important role than foreseen in the projeotveler, the concept still stands
and is something we see as a strongpoint of thegiro

» The concept of interaction design requires a baseist and understanding which
is only obtained through frequent contact betwesretbpers;
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To account for these observations, modificationseHzeen made to meet these issues.
Successful interventions have been:

» Site visits are organized to all eight test sitgslbepresentative of the software
developers group. This has stimulated willingnesshare and participation in the
system design.

* Within 6 months four technical work sessions (thaags each) for a small group
of developers have been organized, where peopkiqaily sit together and work
on solving development issues. In practice mucle igrequired to avoid
misunderstandings that are never solved by electoamtact.

5. Conclusions

The concept of3S is innovative in its way to link data, infornaat| knowledge and

tools. This makes the collaborative process ilss dependent or hindered by the
limitations and inflexibility of many contemporadgcision support tools. In practice
most constraints in successful integrated solwiguport are caused by the development
process, rather than by technical design. Thengitiess and awareness for the need to
share data, information and knowledge needs camisattention, human interaction is a
key-factor for success and limited freedom in pgbjeanagement complicates the need
for an optimal collaborative planning process.
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