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Abstract. The immense value of a geographic information
systemfor flood control has been experienced by thedecision-
makers of the Dutch province of Gelderland during the flood
of the RiversMeuse (Maas) and Waal in January 1995. Super-
imposing different ‘ datalayers', Gl S-experts could detect the
weak parts in the dikes and generate an evacuation plan.
Shortcomings within the organization were experienced as
well: important data could not be retrieved, and the coordina-
tion of efforts by the different governmental departments and
institutionswas not optimal. To overcome these shortcomings
and to optimize the modelling process, a spatial decision
support system (SDSS) isbeing proposed, aggregating several
models, heuristic and procedural, into integrated software
tools. As becomes clear from two cases of flood control
described, ‘ emergency managers should be ableto communi-
cate about spatial data available and have access to selected
spatial data. In order to improve communication between data
sources, data processing and the use of relevant spatial datain
GISs, anew ‘ Spatial Information Infrastructure’ (Sl1) needsto
be developed. This requires both technical and organizational
solutions and standards. Proper documentation of thedatawill
alow the Gl S-experts to more quickly find, store, update and
reusethedata. A range of ‘ metadata’ servicesexist document-
ing data sets, typically limited by thematic or national bounda-
ries. There are no standards in common practice for structur-
ing and classifying spatial information. The user of spatia
information cannot easily browse across Web-sites and com-
pare products from different suppliers. Even if the search has
been successful, the user all too often has to face a complex
process of negotiation, and highly technical data integration
issues. A consortium of European Gl S-experts has addressed
these problems and launched the * European Spatial Metadata
Infrastructure’ (ESMI) project with the objectiveto link exist-
ing and future metadata systems using Internet.
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Introduction: Example of ariver flooding

On 30 January 1995, the water levels of the Dutch
rivers Waal and Maas were rising at an alarming rate
and there was athreat of dike breaches (Fig. 1), particu-
larly in the southwestern part of the province of
Gelderland (Fig. 2). The development of this catastro-
pheand its consequenceswill be described in thispaper,
as an example of calamities and their management in
lowland countries with both major rivers and a rela-
tively long coastline. Asin earlier smilar cases, impor-
tant decisions had to be made by provincial and national
authorities at extreme speed as enormous interestswere
at stake. Strategic information needed to be availableto
support these decisions directed at minimizing loss of
human lives, livestock and economic damages.

Obvioudy, an operational ‘geographical informa-
tion infrastructure’ would be of great value in such a
situation, where data need to beintegrated and analysed
and information needs to be presented in a fast and
flexible manner. In retrospect, much went wrong in the
attempts to cope with this near-catastrophe regarding
theintegration of data, links with the available models,
and the information to support decisions and communi-
cation, while not all authorities involved had access to
the availableinformation. Y et, it was generally felt that
on the whole the province of Gelderland coped well
with this kind of extreme situation, thanks to the GIS
which had been developed by experts of the Province
(Akker et al. 1995).

Using a GIS and having access to data of other,
national water-management departments, the provincial
water managers were able to estimate the risk of dike
breaches and to calculate the speed and route by which
population and livestock would have to be evacuated.

During the summer of 1997, the river Oder at the
Polish-German border exceeded its bed. A flood disas-
ter could not be prevented. The immediate demand for
detailed information could not be supplied in time. The
central civil defence organisation in Warsaw, Poland
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concluded that the Polish government could have re-
acted more adequately if data on waterways, reservoirs
and digital terrain models had been available. After this
organisation started its centra office in January 1997,
only water level monitoring was possible. Data from
other Polish institutions and adjoining German districts
were needed to develop amodel for risk assessment. An
evacuation plan was not available. Not knowing whereto
find the dataneeded, the managershad not enoughtimeto
react adequately. A most important future step will bethe
development of emergency management plans.

Nearly al Dutch provinces and ministries now have
developed a Gl S-infrastructure based on ESRI software
and Oracle and INGRES data bases. The Gl S-infrastruc-
ture of the province of Gelderland is shown in Fig. 2,
including recommendations for improvements.

How did thisinfrastructure contribute to solutions of
the problems arising during the high-water crisis? First,
it showed the consequences of the impeding flood.
Second, these consequences were partitioned for spe-
cific groups, such as civilians, industry and commerce,
and farming, including their livestock at risk. Third,
measures were proposed fast. The first results arrived
within two hours. Fourth, estimations of the expected
damages as a result of the possible flooding and the
economic consequences of an eventual evacuation were
made.

The next step wasto make an inventory of the status
quo regarding dike reinforcements, differentiated into
sections: (1) dikes already reinforced; (2) dikes being
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Fig. 1. Dike reinforced with sandbags - January 1995 (photo by Rijkswaterstast DWW, Delft).

reinforced; and (3) in need of reinforcement. Maps
showing soil conditionsin combination with the strength
of the dikes were an important part of the information
for detecting possible weak spots.

Given the continued rise of the water, the safety of
citizensand companies could no longer be guaranteed and
the first decisions to evacuate people and livestock were
taken during day 2. Boundariesof theareasto be evacuated
weredirectly implemented into the GISin order to ensure
an up-to-date overview and further spatia analysis.

Many basic data were available in digital form and
various models were available. However, digital eleva
tion data of roadsand railwayswerelacking, and awell-
functioning, robust flood model, that would be able to
simulate the consequences of a possible dike breach,
were not available. Contacts were established with vari-
ous regional and national institutionsin order to obtain
themissing data. Therewas no timeto discussexchange
standards or possible data transformation. Fortunately,
al important institutions were using the same software
at thetime. Still, much improvisation and creativethink-
ing was necessary to derive an emergency solution and
to visualize the possible consequences of dike breaches
(Akker et a. 1995). The rivers reached their highest
level intheafternoon of day 3. At that moment 210000
inhabitants of western Gelderland were evacuated, as
well as 210000 cows, 184 000 pigs, 1.6 million chicken
and 75000 other animals. At the end of the same week
people (and animals) were allowed to return home.

Meanwhile an entirely new demand for GIS maps
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had been developed. Accelerated dike reinforcement in
combination with other measures, such as deepening
and widening of the river bed had suddenly become a
hot political issue in The Netherlands again.

What can welearn from this experience?

In the case of Gelderland the GIS helped to prevent
adisaster by enabling the authoritiesto react adequately
andintime. The provincia officialswere able to assess
the number of inhabitants and companies concerned and
the size of livestock threatened. Maps showing the soil
conditionsin combination with the strength of the dikes
were generated quickly. In order to visualize the conse-
quences of a dike breach, a model was designed based
on the successive flooding of hydrological sub-aresas,
caled ‘panden’ (Fig. 3).

After the first pand would have been filled up to the
edge of thefirst obstacle, here highway A15, the second
pand will fill up until the water again reachesthe lowest
point of the following obstacle, the Amsterdam-Rhine
canal, to flood the following ‘panden’. Pand V turned
out to have a higher threshold than the previous obsta-
cle, the highway A2, and therefore was assumed to fill
up to the last obstacle — the main dike to the left in Fig.
3. Assumptions were made on the volume of water per
unit of time streaming into the panden in case of adike
breach and together with the volume of each pand, the
time it would take per pand to fill up was calculated.

Fig. 2. GlS-infrastructure for the province of Gelderland,
including three types of recommendations for improvement:
Data integration: Define standards for format and quality of data
within and between departments; formulate rulesregarding frequency
of datacollection and storage (for, e.g., water level and dike quality);
Analysis: Providewell-tested models; definelink between modelsand
information for decision-makers;
Communication: Define communication rules and channels between
analysts and decision-makers.

Boundaries of the province and position of the area between
the Rivers Waal and Maas most critically threatened (circle)
are indicated.
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Fig. 3. Schematic presentation of the inundation model of hydrological sub-areas (‘ panden’) and derived evacuation time per ‘ pand’
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Fig. 4. Evacuated areas in the Province of Gelderland, The Netherlands (Akker et a. 1995).

Based on these results estimations were made on how
fast the population and livestock would have to be
evacuated. Shortcomingsof these cal culationswerelack
of time to thoroughly test the model, and absence of
digital elevation datafor roads and railways. On Day 3
this model —as improvized as it was — was completed
and was immediately used. On the basis of this model
and additional information, additional areaswere evacu-
ated, so that in total 640 km2, or one third of the prov-
ince, was involved (Fig. 4).

In retrospect, the application of the GIS was not
optimal, especially regarding the coordination between
the different authorities. Police, fire departments and
other services should have had accessto the same spatial
information. The scenarios of the different evacuation
plans asked for alot of creativity at crucial moments.
Further automation and structuring of these decision-
support tools should have been achieved. Negative ef-
fects of the ad-hoc character of the decision-making
could have been reduced by embedding the emergency
management in a framework where exchange and ac-
cess to data is regulated, knowledge and experience
with modelling can be shared, and communication be-
tween involved departments is coordinated.

In both catastrophes, that in The Netherlands and that
in Polen, the respective authorities and experts had to
experience that the access to the necessary data, on the
regional, national and multinational level, was the main
obstaclein achieving arapid, optima management of the
consequences. Thustheprevailing questionremainingis:
How to get access to the information needed?

The position of a GISin flood-control projects

As GIS-technology is particularly designed to sup-
port applications with a strong spatial implication, it is
obvious that GISs will take a centra place in flood-
control projects. Nowadays, GlS-technology entails a
wide range of tools for storing, manipulating and pre-
senting spatialy related information. Many organiza
tions and research laboratories in various fields collect
data for planning and policy purposes and benefit in-
creasingly from GIS-methodology to store and handle
such data. Nevertheless, inthefield of spatial anaytical
applications there is still amajor discrepancy between
GlIS asan instrument for handling spatial dataand GIS
as a tool for exploratory, confirmatory or decision-
supporting spatial analysis. In particular in this area an
interesting research challenge rests in linking the tradi-
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Fig. 5. Modulesfor a Spatial Decision Support System (Arm-
strong et a. 1986).
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tional GlSfunctionsto spatial analysisand evaluationto
improve the quality of decision making. The flood ap-
plication with its combination of spatial information,
model sand decision making offersan interesting oppor-
tunity to further explore this challenge.

An architecture and structure for such a GIS-* deci-
sion support environment’ also called spatial decision
support system (SDSS) is described by Armstrong et al.
(1986) and shown in Fig. 5. The core of the system
consists of a spatial database, a set of exploratory and
confirmatory spatial model s'techniques to analyse this
data set and modules for displaying and graphically
querying the outcomes (e.g. cartographic, exploratory
and simple statistical techniques). Special attention
should be given to data characteristics like resolution,
reliability, standardisation and consistency (Thewessen
et al. 1992). Another important issue is the analysis of
the data. One of the key benefits of a GIS is that data
collected from different sources can be rel ated to gener-
ate new, previously unknown information. This can be
achieved through overlay techniques with locational
information or through combining attribute information
using statistical or modelling techniques.

A SDSSfor flood control management

A more structural approach for flood control man-
agement has been investigated by Simonovic (1993) by
taking into account the need of managersfor someform
of subjective evaluation or informed judgement, in ad-
dition to the use of numerical models. Since floods
affect different groups of people, decision makers have
to consider that there may be different opinions on what
should be the best solution to a prevailing problem.
Through the aggregation of several models, procedural
and heuristic, into integrated software tools, a decision
support system is designed, focusing on the interface
between the user and data, and models and computer
(the human-model-machine interface). The system de-
veloped by Simonovic (1993) combines the use of opti-
mization techniques and other numerical models with
GIS, an expert system (ES) assisting in theinput of data
into the models to be used in flood damage analysis,
engineering expertise and database management soft-
ware. The architectural design of the DSS for flood
control management basically follows the architecture
for an SDSS as proposed by Armstrong et a (1986).

The design is based on a combination of a func-
tional, decision process oriented approach, and a tool
based approach. The result is a combined architecture
built with four components: The system manager, data-
base module, model base module and the display mod-
ule. The system manager integratesthe other partsof the
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Fig. 6. Diagram showing the Flood Management Procedure
(Simonovic 1993).

system and also controls all the processes within the
DSS, making use of expert system technology.

The SDSS provides support to the flood manage-
ment. Simonovic (1993) distinguished four stages of a
flood management procedure (Fig. 6). During the first
stage, ‘Initial State’, a survey of al data related to the
flood plain is conducted. These data are used in the
second stage, ‘ Data Preparation’, and processed for the
mathematical models to be used for the flood damage
analysis. The selection of structural and non-structural
measurements takes place in stage 3, ‘ Scenarios Gen-
eration’, generating different flood-management alter-
natives. Flood damage analysis for aternative flood
control plansis performed in the last stage, ‘Damage
Analysis'. An expert system module assistsin all stages
through a sequential consultation designed to maintain
the focus of the user on the necessary activities within
each step of the process.

The stages described above can to some extent be
identified in the case of Gelderland. The number of
inhabitants and companies concerned and the size of
livestock in the relevant area were assessed and maps
showing the soil conditions in combination with the
strength of the dikes were generated (Initial State). In
order to visualise the conseguences of a dike breach a
model was designed, based on the successive flooding
of hydrological sub-areas(DataPreparation). Fromthis,
rather improvised, model evacuation plans had been
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Types of User Information Demand User Demand Typeof GIS Development

Information specialist Data Analysis; flexibility Large;flexible Linksto other packages

Policy-Maker Dataand pre-treated data | Analysis; Compact Macro-languages,

(= Information) Good accessibility; Manageable interfaces to

Weighing and other packages
Optimizing models

Decision- Maker Strategic information Good accessibility; *Small and beautiful’; User-friendly
Assessing impacts Transparent presentation interface;

of Alternative options

Key information

Interested Citizen

Information

Good accessibility

‘Small and beautiful’;

User-friendly interface

Transparent presentation

Fig. 7. Types of user demands for a Geographical Information System (GIS).

derived (Scenarios Generation). Dueto lack of timeand
structural guidance the stage of Disaster Analysis of
aternative flood control plans could not be performed.
Much depended onthecrestivity of theprovincia officids,
which led to the ad-hoc character of several decisions
made. The consultation of different data bases through
the Expert System module can support the manager inthe
choice of data, models and parametersto be used as well
asto select the optima flood control measures.

Towards a spatial information infrastructure for water
management

From the two examples mentioned in the Introduc-
tionit becomesclear that different kindsof userswant to
communicate with the ‘flood-control GIS'. In order to
improve communication between the data sources, data
processing and the use by experts, a‘ structure’ needsto
be defined and implemented to support thiscommunica-
tion. Such aspatial infrastructure should, among others,
be ‘open’ to many users, make data accessible and
support theintegration of datafrom various sources. To
make this possible not only technical issues should be
considered (such as computers, networks, data bases,
GIS), but also organizational issues (proceduresfor e.g.
dataacquisition) and standards (e.g. for dataexchange).
GIS thus changes from a stand-alone environment to-
wards an instrument embedded in this Spatial Informa:
tion Infrastructure (SII).

Attheorganizational level thereisagrowing interest
in improving communication between the data user and
data-processing layer. Severd large-scaleinitiativeshave
been launched to support and encourage the devel opment
of such an infrastructure. In the United States the clear-
ing-house concept and the National Spatial Data Infra-
structure (Tosta 1995) are examples of such initiatives.
Similar activitieshave been started in Europe (INFO2000)
and in the different member states (Kok 1995).

A Spatia Information Infrastructure is difficult to
define. While a precise description may not be desirable,
it can be perceived as aprocesswhich isin part directed
and in part spontaneously developed. This process is
taking place gradually and in close relationship with
peopleworkinginthefield. TheSll isnot agoal initself,
but will serve the objectives of interested parties. Ele-
ments playing apart in the Sl1 arerelated to the various
users, who have different demands for spatial informa-
tion, but who share the same data. A SlI can be defined
as. ‘A collection of policies, data sets, agreements,
standards, technology (hardware, software and elec-
tronic communication) and knowledge providing the
different users with the geographic information needed
to carry out a specific task’.

Obvioudly, initiatives have to be undertaken to de-
velop the Sl for water management or flood contral. In
the next paragraphswewill present the progressthat has
been made in developing the *soft’” and the *hard’ parts
of thisinfrastructure.

A spatial information infrastructure: framework

Thecaseof thelarge-scaleevacuation operationinthe
province of Gelderland illustrated that the use of the GIS
was not perfect. Neverthel ess decisions were taken, safe-
guarding lives and livestock. The quality of the decisions
could have been strongly improved by enlarging the
availahility of digital dataand analytical modelsnot only
in terms of quantity of data but also in respect to the
existence of a clear framework of responsibilities for its
collection, maintenance, and dissemination (Burrough et
al. 1996). Considering thefour general functionsof aGIS
as they have been distinguished by Scholten & Padding
(1990): preparation, analysis, display and management
of geographical data, it can be concluded that not all
users wish, or need, to make similar use of these main
functions (Fig. 7).
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Therefore a framework should enable the different
users of geographical data to retrieve the data needed
and to assess the quality of that data according to their
demands. Thefollowing key elements should be part of
this framework, eventually leading to an SlI:

1. Agreements and standards
2. Rules on access

3. Metadata

4. Core data

5. Education and research

6. Information technol ogy

7. Modelling.

1. Agreements and standards

Many national, regional and ‘special-use’ groups
have devel oped standards and methods for transferring
and handling spatial data. By establishing acommon set
of metadataterminology, definitionsand extension pro-
cedures, the standard will promote the proper use and
effective retrieval of spatial data and provide informa-
tion about an organization’ s database to others.

2. Rules on access

Rules on access should cover various aspects of
organizational, political and legal nature. Government
agencies play a mgjor role in gathering and updating
spatial data. Rules have to be considered under which
the government agencies may operate on the competi-
tiveinformation market. Both government agenciesand
service providers often hold persona data. In order to
protect the rights of individual privacy, legidation on
the disclosure of personal information isneeded, aswell
as codes of practice and an independent review panel
(Burrough 1996).

3. Metadata

Most spatial data are used many times, perhaps by
more than one person; typically, data are produced by
oneindividual or organisation and used by another. As
spatial-data producers and -users handle more data,
proper documentation will allow them to better manage
data production, storage, updating and reuse. To ensure
that data are not misused the assumptions and limita-
tions affecting the collection of the data must be fully
documented. M etadata allows the producer to fully de-
scribe a data set, so that users can understand the as-
sumptions and limitations and evaluate the data set’s
applicability for their intended use (Danko 1997).

4. Core data

Within the Spatia Information Infrastructure a nu-
cleus of common harmonized data should be available
functioning as areference for the wide range of data sets
a European, nationa and local level. As suggested by

Burrough et a. (1996) these core datasets should contain:
e A common geodetic reference

« Elevation maps including coastlines

e Mainland use and soil types; ecological data sets
« Dataon mgjor roads and railways

e Hydrography

» Dataon administrative boundaries

« Population data.

*  Economic data sets

Once a small-scale core data set has been established,
the core data can be used as an anchor for different data
sets, and may also be extended.

5. Education and research

The development of an infrastructure can only take
place with the backup of an educationa program for
(geographic) skillsand knowledge. A variety of actions
aimed at training technicians, educating users and in-
forming decision-makers is needed.

A particular aspect highlighted by Burrough et a.
(1996), is the relatively limited diffusion of the use of
gpatial data for research outside the core disciplines of
geography, surveying and planning. More efforts are
necessary to compare and exchange methodologies
across disciplines and industries.

6. Information technology

Products of information technology form important
tools for collecting, analysing and presenting spatial
data. Therange of commercially available products that
candidate for the implementation of a GIS has widened
(such as geo-processing, remote sensing, GPS (Global
Positioning System), multimedia, network communica-
tion and EDI (Electronic Data I nterchange).

Thedevel opment of new productshasto befollowed
and examined for their possibleintegration withinaGIS
and/or a Spatial Information Infrastructure.

7. Modelling

To support the water manager during various stages
of flood control, several models, procedural and heuris-
tic, have to be combined and integrated into software
tools eventually forming an SDSS, as presented by
Simonovic (1993). The system should assist interac-
tively in entering datainto amodel, providing an inter-
facing with geographic data, generating possible sce-
narios and visualising interpretation of data.

As Burrough et a. (1996) concluded, Europeis not
taking advantage of the wealth of data it has, as com-
pared to other partsof theworld, becausethe framework
for using all dataiis not yet available. Through develop-
ing such a European framework it is possible to build
upon the many initiatives already existing at national,
European and international level.
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Several metadata services are available on Internet.
The wedlth of data documented by these services is
enormous. Indexing these existing metadata services
can be done with little effort and will benefit the data
users, the metadata services and the data providers.
Indexing metadata services should have priority and can
be considered the logic first step towards a European
Spatia Information Infrastructure.

Metadata services: clearing-houses

The range of metadata stored by existing clearing-
houses is typicaly limited by thematic or nationa
boundaries. Examplesof current thematic metadata serv-
icesin Europe are:
¢ European Wide Service Exchange (EWSE) from

the Centrefor Earth Observation (CEO), adirectory

for remotely sensed data and services,

e The Geographical Data Description Directory
(GDDD) from MEGRIN, containing information
about products of European mapping agencies,

e Geologica Electronic Information eXchange Sys-
tem (GEIXS) for geological data;

*  The European Environment Agency (EEA) for en-

vironmental data;

EUROSTAT for statistical information.

Examples of current metadata services at the national

level are:

e Spatia INformation Enquiry Service (SINES) run
by Ordnance Survey lists all UK government geo-
graphic data sets;

e The National System of Geographic Information
(SNIG), coordinated by the Centro Nacional Inform-
acdo Geogréfica (CNIG), provide similar informa-
tion about public and private datain Portugal;

e The National Clearing-house for Geo-Information
(NCGI) in The Netherlands, coordinated by the Ad-
visory Council for Real Estate Information (RAVI)
provide search facilitiesfor metadatafrom cooperat-
ing organisations.

In areview of metadata services, carried out by the
GI-META on behaf of the European Community, it
became clear that there are no standards in common
practice for structuring and classifying geographic in-
formation (Wood & Casetti 1996). The user of geo-
graphical information cannot easily browse across sites
and compare products from different suppliers. Even if
the search has been successful the user all too often has
to face a complex process of negotiation, and highly
technical dataintegration issues.

A European approach: ESMI

An European approach, enabling intergovernmen-
tal, international cooperation, seems necessary for a
more effective flood management of trans-boundary
rivers, as has been demonstrated in the Dutch and the
Polish case. The above-described metadata services are
specific, thematically or nationally oriented and rely on
central servers, which may be separate from the actual
geographic data. They do not communicate so thereis
some duplication which givesrise to inconsistencies.
This problem has been picked up by the consortium
for European Spatial Metadata Infrastructure (ESMI,
http://www.geodan.nl/esmi). The consortium’s objec-
tiveistolink existing and future metadata systemsusing
the Internet and aims at providing a single, easy to use
access gate through the Web.

An interface prototype (http://gasa.dcea.fct.unl.pt/
esmi/ has been developed alowing to search at three
different levels of sophistication. The next interface
version will be particularly directed to the professional
user and will operate with search variables from the
metadata common core. This common core has been
identified through the analysis of the metadata stand-
ards, namely the European standard, CEN/TC 287, the
International ISO/TC 211 and the American Federal
Geographic Data Committee (FGDC) Content Standard
for Digital Geospatial Metadata (Abreu et al. 1998).

Supporting accessto data: the WWW

WWW-sites can offer considerable flexibility in
searching, not only at specific sites, but also for
searching across different sites. According to Wood
& Cassetti (1996) only a few sites have the right
bal ance between detail and content. Having browsed
through one site atransfer to a different siteislikely
to present the user with a totally different environ-
ment (seeWood & Cassetti, 1996 for review of WWW-
sites offering metadata services). At present, techni-
cal limitations for on-line services slow down the
process of transmitting and displaying images. How-
ever, the steep demand curve for the Internet should
result in improvement in service quality. CD-ROM
does hold promise for the infrequent distribution of
high-volume data samples, to be used in conjunction
with on-line browsers. Additionally, CD-ROM would
be an appropriate delivery medium for viewer or navi-
gation applications.

As pointed out by Burrough et al. (1996) a major
effort isneeded to further devel op the interface between
technology, science and society to better respond to the
needs and aspirations of our living environment.
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Recent studiesby Fonsecaet a. (Scholten& LoCashio
1997) amed at using the potential of multimedia to
integrate dataof different kind, time and spatial scales. In
these studiesthe use of multimediatechnology for spatial
anaysisis basically considered a tool for visuaization,
simulation, communication and exploration of complex
spatia data. The underlying notion is that making use of
digital video and sound will contribute to better under-
standing of spatial phenomenaand facilitate communica-
tion between and amongst groups of experts and users
and therefore enhance the quality of decision making.
Fonsecaet a. haveanalysed the background of thedesign
of an Environmental Multimedia Exploratory System.
Furthermore, future devel opments on the use of multime-
diatechnology are sketched, including issues of WWW-
implementation and the use of Quicktime®VR technol-
ogy. The development of new exploratory tools may be
beneficia for the Spatial Information Infrastructure by
alowing the user to investigate and visualise complex
spatid data.

Conclusions

The case of flood control management in the Dutch
province of Gelderland showed that in using a GIS the
water managerswere ableto analysethesituation quickly
and take precautions by developing an evacuation plan.
Y et, thelack of certainimportant data, well-tested models
and communication between governmental services and
parties involved, demanded much credtivity of the deci-
sion-makers. A morestructural approach can beachieved
by designing an SDSS embedded in a Spatial Informa-
tion Infrastructure (SI1). In doing so, efforts of govern-
mental services and departments can be coordinated,
making an evacuation a well-organised operation. The
development of an Sl1 should be carried out by al parties
involved ensuring its correct use and functionality.

That disastersdo not stop at national boundarieswas
demonstrated once again by theflood disaster in Poland.
The lack of basic procedures and methods between the
neighbouring countries Poland, the Czech Republic and
Germany hindered the exchange of vital information.
Structuring and coordinating activities for flood control
management at the European level should parallel ef-
forts at regiona and national level. The European Spa-
tial Metadata Infrastructure as being developed by the
ESMI consortium could function as a starting point.
Being part of a (European) SlI may help emergency
managers to support their decision-making and weigh
dternatives. Eventually, whether decisions made and
actions taken will be adequate depends on the human
capacity of the peoplein charge.
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