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Management of Data and Services
for Environmental Apptations

Abstract: In recentyears,systemsfor processingenvironmentainformation havebeenevolving from

researchand developmensystemsto practical applications.Many of thesesystemsalready support

environmentahctivitiesof the public sector.Most of thesesystemshowever,were developedasisland

solutions.The integrationof suchheterogeneousystemswithin onedistributedenvironmentalnforma-

tion system,is a big challengeof today. It requiresnew methodsto navigateto the servicesand data
offered by the component®f sucha system.Metadata(suchas dataand servicedictionaries)and co-

data(suchas spatiotemporateferencesjnust be providedin order supportthe properusageof these
dataand services.Systemsntegrationtechniguesare requiredin orderto overcomethe heterogeneity.
An approachto fulfill theserequirementss shownby examplesrom recentwork at FAW which has
been conducted in the context of the Environmental Information System Baden-Wirttemberg

1. Environmental Data

Environmental data differ from traditional data in many respects. Often the data aretoetated
certainlocation and time interval. Measurementlatathat are acquiredfor discretelocaions
and points in time belong to a special category; these datdambethterpolatedf continuous
profilesarerequired(e.g.,air pollution dataor elevationmodels).A specialcaseis imagedata
(e.g., satellite sensor data), which typically consist of very lasferdatasets NASA experts
often handleterabytesof satellitedata;this is morethantwo ordersof magntude greaterthan
the amountof datamanagedoday in large internationalfinancial transactionsystems.This
requiresnew storagemodelsfor environmentadatabases.g.,the useof autanatic tapear-
chives and CD ROM jukeboxes as tertiary storage medium.

The mostdemandingproblemconcernghe problemof deriving information of interestfrom
existing data. In the ideal case, an environmental database contagseabargatawhich are
neededto derive the information requestedoy the user. Apart from the raw environmental
data,however this requiresthe availability of additionaldata. Theseadditionaldataare often
referedto as metainformatioror metadata(6). Codatais anotherterm which is also usedin
this context. In this paper,we try to differentiate betweenmetadataand codata.Metadata
provide abstractdescriptionsof the datastructuresand dataformatsusedin the underlying
system,whereascodatainclude additionalinstance-specificdataaboutlocation, time, pred-
sion,andrevisiondatesof the dataunderconsiderationLocationandtime are very important
kinds of metadata which are discussed in more detail in the next section.

Metadataand codataare missingtodayin mostexistingenvironmentalnformationprocessing
systemsQOften the only datasourceconsistsof a magnetictapecontainingthe raw data(e.g.,
imagedataor measurementlata)to be analyzed.All of the additionalinformation which is
necesaryfor the correctinterpretationof the raw datais implicitly coded in the application



programs or must be contributed by the user. Sueipemaybecomecompletelyuselessfter
a changeof the personnebr of the dataprocessingsoftware.Thereforean effective manag-
ment of metadata and codata icnfcialimportancefor environmentalnformationprocessing
systems.

2. Spatio-temporal Aspects

Environmentaldata often describeenvironmentabbjectswith a spatialand temporalextent.
Theseobjects,alsoknown asgeographimbjects,possess geometryconsistingof point-form
(OD), linear (1D), flat (2D), or solid (3D) features.Often geographicmbjectsalso havea life-

time which is given by their datesof constructionand destruction.During the lifetime of an
environmentabbject, its attributesmay change.That is, the valuesof the attributesare only
valid during a certaintime interval, anda given attribute(e.g.,the populationof a city or the
land use of a parcel)may possessnany possiblevaluesduring the lifetime of the object. A

specialcaseis the changeof the geometryof a geographimbjectsuchasthe growth of a city
or the shrinking of a lake or a forest.

Spatio-temporal data are important examples of coddtee Environmentatlomain.The man-
agemenbf spatio-temporatlatais a specialchallengeto appliedcomputerscientists Abstract
data typesrerequiredfor representingonceptsuchasthe partonomythetopology,andthe
spatio-temporagxtensiorof geographimbjectsaswell asthe thematicinformationassociated
with theseobjects,suchasalpha-numeriattributesandrelationshipgo othergeographiab-
jects. An important task is also the (carto-)grapnesentatiorof theseobjects.In mostcases,
non-standard data types are required for sapriag these kinds ahformationand,therefore,
a trendtowardssystemswhich allow the definition of suchdatatypes,suchasextendedela-
tional or object-oriented databases (1), can be recognized in current developments (3).

The specialnatureof environmentadataalsorequiresa query languagewith specialcharac-
teristics. Apart from typical SQL-like questions,the forthcoming object-orienteddatabase
maragemensystemg2) alsoallow navigationalqueriesand queriesthat include user-defined
predcates.In particularthe latter allows the usageof spatio-temporapredicatesn queries.

The optimization of spatio-temporabjuery-processings a scientifically demandingproblem

which concernsboth storagemodelsand indexingtechniquedor multi-dimensionaldata. The

integrationof these techniques with existing databased&rdproblemwhichwill still require

major research activities in the future.

3. Overcoming the Heter ogeneity

The harmonizatiorof environmentalnformationat national,Europearandworldwide levelsis
of centralimportancefor gaining a reliable descriptionof the environmentakituationand, at
the sametime, is a basicrequiremenfor any reportingsystemin this context. Theserequire-
ments, however, are confronted with the existing heterogenfditygrdwareandsoftware envi-
ronments of databaseystemspf methodbasespf networktechnology,andof variouscom-
puter languages.

The task of overcoming heterogeneityalso requiresthe availability of meta-information.
Doubtlessthe developmenand promotionof standardss of particularimportancein this re-
spect.Experenceshows,howeverthatwe will still haveto copewith competingstandarddn
the future. In addition, technologicaladvanceswill alwaysproducenew heterogeneityprob-
lems and will require strategiesfor migrating the software towards new solutions. Meta-



informationaboutdataand methodscanbe usedin orderto do the necessaryranslationsoe-
tween different systems.In the public sector, environmentalmetainfomation systems,also
known - with areducedscope- asenvironmentallata directaiies (8), are currentlybeingde-
veloped toovercomethe prevailinglack of metainfomationin existingenvironmentainforma-
tion systems.

4. Environmental Information Management in the Public Sector

In recent years, environmental protection as an objective of public activities has rgaithad

high standardn Europe,particularlyin Germany.Communaltasks,for example,ncludeland
useplanning,approvingcompliancewith environmentaktandardsmanagementf hazardous
waste, andvaterandenergymanagemerior public facilities. Severalstatesandregionsof the
European Union have already installed effective environmental information systems and powe
ful sensor networks.

Official systemssuch as the Environmentallnformation System (Germanacronym: UIS),
Baden-Wirttembergb) supportenvironmentatasksat variouslevels: DecisionSupportSys-
temsare provided for the high-level environmentaimanagementieportingand planning sys-
tems arevailablefor middle managementyhile basiccomponentsupportthe acquisitionand
managementf specificenvironmentadataat the operationallevel. In addition, interdiscipl-
nary information systemsare being usedin public environmentaimanagementthesesystems
arenot restrictedto environmentalttaskssuchasthe topographicor cadastrainformation sys-
tems of the surveyg offices.

UIS is the organizationaljnformational,and task-orientedrameworkfor the supply of enu-
ronmental data and for thpeocessingf both department-specifiandinterdisciplinarytasksin
the environmentatiomainof the StateadministrationUIS consistsof a large numberof com-
ponents thaareimplementedn varioushardwareandsoftwareplatformsandareoperatedy
variousdepartmentsit distributedlocations.In this context,the INTEGRAL project,whichis
presentedhn the following section,aimsat a user-friendlyandeconomicalvay of accessinghe
functionalities of these distributed system components.

5. INTEGRAL

The INTEGRAL (Integrationof Heterogeneou€omponentof the Environmentalinforma-
tion Systemof Baden-Wirttembergproject hasbeenconductedsince 1993 at FAW under
commissiorof the EnvironmentMinistry, BadenWurttembergThe centralgoal of this project

is to continuouslyincreasehe integrationof UIS component@andto improvethe easeof use

of thesecomponentgrom remotesides(7). The networkingconceptsavailablein opensys-
tems are a promising option for the necessary integration, because these systembigingvide
effective mechanismgor sharingdataand functionality within a computernetwork. Sinceall
commercialoperatingsystemssupportthesecommunicationstandardgo a large extent, this
approachdoesnot severelyrestrictthe applicability of the INTEGRAL conceptto dedicated
computersystemsin INTEGRAL, the FAW is working on communicatiorinterfacesoriented
that are orientedtowardsa client/servermodel which is typical for modernsystemarchitec-
tures. This kind of model is also the target of FAW’s software engineering strategy in general.

At the highestlevel of abstraction,an interactiveinterfacebasedon X Window allows the
functionality offered by different systemgo be sharedat the screenlevel. At a lower level of
abstractiona serviceinterfacedevelopedby the Institute for Nuclear Energeticsand Energy



Systems(IKE), University of Stuttgart,is provided. This interface makesthe functionalities
from existing programs available in the form of self-contained services.

The accesgo thesefunctionalitiesis basedon a hypertextsystem.The managemenof these
functionalitiesis supportedoy meta-informationln this way, preference®f the usersmay be
takeninto account.For example,urgentmessagesnay be transportedas rapidly as possible,
whereadarge simulationjobs may be computedat inexpensiveratesduring the night. Beyond
integrating computer systems, INTEGRAlsoconnectgpeopleby empoweringhemto work
coopestively and to communicate efficiently by means of electronic media.

6. Conclusion

The managemenbf data and servicesfor environmentalapplications using codata and
metadatais of crucial importancefor environmentalinformation systems.The INTEGRAL

approachshowsthatthe availability of dataandservicesn environmentalnformationsystems
will be enhancednd standardizedby the techniquegproposedThe advantagarisesfrom the

simplified, uniform, and more user-friendlyavailability of servicesoffered via the network.
Suchservicescan be sharedfrom client workstationsall over the network. The “server-side”
locationof the programsanddatathat providethe servicesandinformationreduceshardware,
software, and maintenance requirements.
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