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Cooperative Management of Data and Services
for Environmental Apptations

Wolf-Fritz Riekert, FAW Uln

Abstract: In recentyears,systemgfor processingenvironmentainformation havebeenevolving from
researchand developmensystemsto practical applications.Many of thesesystemsalready support
environmentahctivitiesof the public sector.Most of thesesystemshowever,were developedasisland
solutions.The integrationof suchheterogeneousystemsandthe supportof cooperatioron a regional,
nationalandinternationalscaleis a big challengeof today. It requiresnewmethodgo accessandmake
useof the servicesanddataofferedby the agencieof sucha distributedsystem.Metadata(suchasin
dataandservicedictionaries)andcodata(suchas spatiotemporateferencesinustbe providedin order
support the proper usage of these data and services. Systems integration techniques aiie cedaired
to overcomethe heterogeneityof the existing systems.An approachto fulfill theserequirementss
shownby exampledrom recentwork at FAW that hasbeenconductedn the contextof the Environ-
mental Information System Baden-Wirttemberg.

1. Introduction

Environmentalprotectionand environmentalmonitoring require a greatdeal of information

processingComputerbasedsupport,known as environmentainformation managementcan

be givenfor conductingtheseinformationprocessingasks.Thesetasksincludeenvironmental
researchactivities, the observationof environmentallyrelevantfeaturesand actionsto take
careof, preserveandrestorethe environmentinformationtechnologycanhelp bothto con-

duct these activities an to confer and decidentheseactivities[RADE94]. Therelevanttasks
can be displayedin a cyclic diagram,shownin figure 1. This cycle startsat the environment
andproducegdata,information,andfinally plansto restoreandpreserveahe environmentthus
retuming to the beginning of the cycle.

» Environmentaldata, which are the origin of the information processingcycle described,
differ from traditionaldatain manyrespectsThis concernsspatiotemporaaspectsaswell
as the concepts of codatadmetadatalnterpretatiorprocessearenecessaryo derivethe
information of interestfrom existingdata.Data processingorograms also known as sev-
ices cansupportthe necessaryprocessingtepson theroadfrom raw datato user-oriented
information.

» Planningactionsis a very importanttaskin cooperativeenvironmentsit includesdecision
support activities such as communicatinginformation, raising issues, stating problems,
claiming objectives simulatingand forecastingfuture scenariosandelaboratingplans.The
actionthat resultsfrom theseplansmay affect the environmentdirectly or indirectly. The
former caseincludesactivities, suchas protectingor restoringthe environment.The latter
caseincludesenvironmentamonitoring work, suchas collectingmore dataor developing
new data interpretation nietds.

2. Cooper ativity

A specialorganizationabndtechnicalframeworkis necessaryo conducttheseactivitiesby a
network of cooperatingagenciesknown as collaboratory Cooperativityaspectsare very im-
portant for the overall coordinatiarf informationprocessingactivitiesfor the environmentin
the past,the cooperativeaspecbf environmentalnformationprocessindgiasbeenneglectedn
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most casesMany efforts resultedin island solutionswhich were locally optimizedbut failed
when applied for real world problentsnvironmentamonitoringandenvironmentaprotection
arenot doneby onesinglehierarchicalorganizatiorundera centralizedeadershipMany inde-
pendentgovernmentabnd non-governmentabrganizationgake part in theseprocessesand
needto cooperatewnith one another.Theseorganizationsnclude,in particular,governmental
departmentgor ecology,economy,naturalresourcesand agricultureas well as universities,
researchnstitutes,association®f environmentalistsetc. andare not limited to one single na-
tion. The numberof theseorganizationgs still increasing.Examplesare nuclearor defense
researchagencieghat are targetingat new tasksin the environmentaddomain. Thereforethe
employmenbf informationtechnologyin the environmentatlomainwill be of limited use,un-
lessit supportsvirtual organizationaktructureswvhich go acrossthe existing hierarchiesThis
leadsto the conceptof nationaland internationalcollaboratoriesconsistingof independent
sites.From aninformationalpoint of view, thesesitesare nodesin a communicatiometwork.
Any nodeprovidesdataand serviceswhich may be accessedrom any othernodein the ne-
work. For supportingthis network approach,new software solutionsare requiredthat are
modular,distributed,and interoperableThe solutionspresentedn the following sectionsare
intended to meet this requirement.

3. Environmental Information and Environmental Data

In the regulationon freedomof accessto information on the environment,the European
Council lists the following types of environmental infation:

““Information relating to the environment’'shall meanany available informationin written,
visual, aural or databaseform on the stateof water, air, soil, fauna,flora, land and natural
sites,and on activities (including thosewhich give rise to nuisancessuchas noise)or meas-
uresadverselyaffecting,or likely soto affectthese andon activitiesor measureslesignedo
protect these, including administrative measures and environmentalg@aent programs.”

We try to differentiate the terms “datahd“information”, althoughthetwo termsareoften
usedas synonymsWhile datacanbe anythingthat canbe archivedon the storagemediaof a
computer,information, as a result of an interpretationprocesshasthe specialproperty that
humanuserscan makeuseof it andapply it for their decisions Although information canbe
storedasdataon a computer,t requiresspecialpresentationg orderto be easilyunderstood
by humans.Typical presentation®f information are text, graphics,sound,voice, and video.
These presentations can be madelablks via modern communication media.

Environmentabatadiffer from traditionaldatain manyrespectsOftenthe dataarerelated
to a certainlocationandtime interval. Measurementlatathat are acquiredfor discreteloca-
tionsandpointsin time belongto a specialcategory;thesedataneedto be interpolatedf con-
tinuous profiles are required(e.g., air pollution dataor elevationmodels).A specialcaseis
imagedata(e.g., satellite sensordata), which typically consistof very large rasterdatasets.
NASA expertsoften handleterabytesof satellitedata;this is morethantwo ordersof magni-
tudegreaterthanthe amountof datamanagedodayin largeinternationalfinancial transaction
systemsThis requiresnew storagemodelsfor environmentablatabases.g.,the useof auto-
matic tape archives and CD ROM jukeboxes as tertiargggamedium.

The most demanding problem concettmsproblemof derivinginformationof interestfrom
existingdata.In the ideal case,an environmentatlatabaseontainsall necessarylatathat are
neededto derive the information requestedoy the user. Apart from the raw environmental
data,however this requiresthe availability of additionaldata. Theseadditionaldataare often
referredto as metainformatioror metadata]RADE91]. Codatais anotherterm which is also
usedin this context. In this paper,we try to differentiate betweenmetadataand codata.
Metadatgprovideabstractescriptionf the datastructuresand dataformatsusedin the un-
derlying systemwhereascodatainclude additionalinstance-specifidataaboutlocation, time,
precision, and revisiodateof the dataunderconsiderationLocationandtime arevery impor-
tant kinds of codata which are discussed in more detail in the next section.
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Metadataandcodataare missingtodayin mostexistingenvironmentalnformationproces-
ing systemsOften the only datasourceconsistsof a magnetictape containingthe raw data
(e.g.,imagedataor measuremerdata)to be analyzedAll of the additionalinformationthatis
necesaryfor the correctinterpretationof the raw datais implicity codedin the application
programsor mustbe contributedby the user(figure 2). Sucha tapemay becomecompletely
uselessftera changeof the personnebr of the dataprocessingsoftware.Thereforean effec-
tive managemendf metadataand codatais of crucial importancefor environmentainforma-
tion pracessing systems.

4. Spatiotemporal Aspects

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

Spatiotemporatlataare importantexamplesof codatain the environmentaldomain. The
managemendf spatiotemporatiatais a specialchallengeto appliedcomputerscientists Ab-
stractdatatypesarerequiredfor representingonceptssuchasthe partonomy the topology,
and the spatiotemporakxtensionof geographicobjectsas well as the thematicinformation
associateavith theseobjects,suchasalpha-numeriattributesandrelationshipgo othergeo-
graphicobjects.An importanttaskis alsothe (carto-)graphigresentatiorof theseobjects.In
most caseshon-standardlatatypesare requiredfor represening thesekinds of information
and,therefore a trendtowardssystemswhich allow the definition of suchdatatypes,suchas
extendedelationalor object-orientecdatabasefCACM91], canbe recognizedn currentde-
velopment§GUNT93].

The special nature of environmental data also requires a lameryagewith specialcharac-
teristics. Apart from typical SQL-like questions,the forthcoming object-orienteddatabase
maragemensystemgCATT94] alsoallow navigationalqueriesand queriesthat include user-
defined predicates.In particularthe latter allows the usageof spatiotemporapredicatesin
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gueries.The optimization of spatiotemporalquery-processings a scientifically demanding
problemwhich concernsboth storagemodelsand indexing techniquesor multi-dimensional
data.The integration of thesetechniqueswith existingdatabases a hard problemwhich will
still require major research activities in the future.

5. 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 systemssuchas the Environmentallnformation System(Germanacronym:UIS),
Baden-WirttembergMAYE93] supportenvironmentakasksat variouslevels: Decision sup-
port systemsare provided for the high-level environmentaimanagementieportingand plan-
ning systemsare available for middle managementwhile basic componentssupportthe ac-
quisition and managementf specificenvironmentatlataat the operationalevel. In addition,
interdisciplinary information systems are being used in public environmental management; these
systems- suchasthe topographicor cadastrainformationsystemsof the surveyng offices —
are not restricted to emenmental tasks.

UIS is the organizationalinformational,andtask-orientedrameworkfor the supplyof en-
vironmentaldataandfor the processingf both department-specifiandinterdisciplinarytasks
in the environmentaldomain of the Stateadministration.UIS consistsof a large numberof
componentghat areimplementedon varioushardwareand softwareplatformsand are opa-
atedby variousdepartmentst distributedlocations.In this context,the INTEGRAL project,
which s presentedn the following section,aimsat a user-friendlyand economicalway of ac-
cessing the functionality of these distributed system components.

6. INTEGRAL

The INTEGRAL (Integrationof Heterogeneou€omponentof the Environmentalinforma-
tion Systemof Baden-Wirttemberg)rojecthasbeenconductedsince1993at FAW in coqp-
erationwith the Institute for NuclearEnergeticsand Energy SystemgIKE) of the University
of Stuttgartundercommissionof the Ministry of the Environment,Baden-Wurttembergrhe
centralgoal of this projectis to continuouslyincreasehe integrationof UIS componentsand
to improvethe easeof useof thesecomponentdrom remotesites[RIEK94]. This is doneby
makingavailablethe functionalitiesof thesecomponentshroughan electronicnetworkin the
form of data and services.

The networkingconceptsavailablein opensystemssuchasthe TransmissiorControl Pro-
tocol/ InternetProtocol(TCP/IP),RemoteProcedureCalls (rpc), RemoteShells(rsh), Com-
mon Object RequestBroker Architecture(CORBA), World Wide Web (WWW) and the X
Window systemare promising options for the necessaryintegration, becausethey provide
highly effective mechanismdor sharingdata and functionality within a computernetwork.
Opennetworkingconceptsvere chosenfor the INTEGRAL projectsincethey are supported
by all commercial operating systems at least to a large extent.

TheideabehindINTEGRAL is to makethe functionality from existing programsavailable
as a collection of self-containedservices. These servicesinclude servicesfor navigating
throughthe availablefunctionality as well as servicesfor dataretrieval, dataselection,data
processing, data presentatiandsimulation.Examplesarethe servicego retrievethe content
of the database that underlies the Environmental Management Information System UFIS and to
invoke the CRAYSIM pollution transposimulationservice(figure 3). Anotherexampleis the
prototype of a geodata server that has been developed in cooperation GEMDIET project
(figure 4)[RIEK95a].
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Fig. 4: The Geodata Server Prototype developed in project INTEGRAL

The accesdo theseservicesand otherinformationresorcesuchas multimediadocuments
anddatais basedon a hypertextsystem,namelythe wide-areahypertextsystemwWorld Wide
Web (WWW). With this system,a network of hypertextdocumentsmay be spreadout over
the computersystemghat are connectedvia an electronicnetwork. WWW browsersoftware
suchasMosaicis availablefor all major computersystemsncluding PCsandallowsthe users
to navigatethroughthe network of distributedhypertextdocumentsThe navigationtypically
endsat somemultimediadocument,somedatafile or someserviceprogramoffered by the
participating agencies (figure 5).

MosaicandotherWWW browsersareableto presenimultimediadocumentglirectly to the
users.Datafiles may be retrievedusinga file transferfacility and may be either storedin the
file system or processed by a client-side application program (sacspasadsheef desk-top
publishing system, or a geographicinformation system). Server-side service programs
(including interfacesto existing information systems)may be invoked througha form-based
interface. The result of calling a service program may again be either a multimedia document or
a data file, which can be further handled in the ways described above.

—6-—



' resource supplier 2

Eservice !
. multimedia ( > A external
: . resource
! | |
| , /

resource

‘resource catalog

'supplier 1

'meta-resource supplier ,

user

Fig. 5: Accessto informationresource®f the Environmentalnformation SystemBaden-Wrttembel
(data, servicesand multimedia documents)through the distributed hypermediasystemWorld Wide
Web. Direct access to the resources is supported by an online Resource Catalog

The multimediadocumentsservices,and data of the Environmentallinformation System
Baden-Wirttembergnay remain distributed among the various collaboratingsites and are
maintainedocally by the responsibladepartment®f the Ministry of the Environmentandthe
StateOffice for EnvironmentalProtectionratherthan by a centralizedagency.Additional re-
sourceghatareofferedon the WWW by externalsuppliersat the regional,state,or European
levelsmay be easilyincludedinto the system All resourceganbe accesseffom anyworkst-
tion or PC in the network without the necessityof installing any softwareexcepta WWW
browser.This server-siddocation of resourceseduceshardware software,and maintenance
requirements for the client systems.

7. Over coming the Heter ogeneity

The harmonizatiorof environmentalnformationat national,Europearandworldwide levelsis
of centralimportancefor gaining a reliable descriptionof the environmentakituationand, at
the sametime, is a basicrequirementfor the dataand servicemanagemenin this context.
Theserequirementshowever,are confrontedwith the existingheterogeneitypf hardwareand
software environmentspf databaseystemspf methodbasespf networktechnology,and of
various conputer languages.

The taskof overcomingheterogeneityarticularly requiresthe availability of metainforna-
tion. Doubtlessthe developmentand promotionof standardsare of particularimportancein
this respect Experenceshows,however,thatwe will still haveto copewith competingstan-
dardsin the future. In addition,technologicabdvancesvill alwaysproducenew heterogeneity
probdems and will require strategiesfor migrating the software towards new solutions.
Metainformationaboutdataandmethodscanbe usedin orderto do the necessaryranslations
between different systems.

In the public sector,environmentametainfomation systemsalsoknown — with a reduced
scope- asenvironmentadata directaries [SCHU93], are currently being developedo over-
comethe prevailinglack of metainfomationin existingenvironmentainformationsystemsin
INTEGRAL, the environmentatiatadirectoryconcepts goingto be extendedowardsa gen-
eral environmentakesourcecatalog that, apartfrom environmentaldata,also describegyen-
eralinformationresourcesuchasservicesandmultimedialdocumentge.g.,reportsor maps).
This resource catalog is itself a service that can be accessed through the WWW (cf. figure 5).



Beyondthe standarchavigationfacility of WWW throughexplicit hyperlinks,the resource
catalogsupportsdirect retrieval strategieghat allow a fast accesgo the desiredresources.
Towardsthis end, userscan specify terms (including synonyms)from the thesaurusof the
GermanEnvironmentalAgency (Umweltbundesamt)apply full text retrieval techniquesor
indicategeographiaeferencesln any of theseways, the resourcecatalogservercanbe used
to identify relevantinformationcontentin the networkandto put the userthroughto the ap-
propriate information resource that is provided by a particular WWW SEN&K95b].

The maintenancef the resourcecatalogis “outsourced’o the suppliersof dataandsew-
ices. To servethis purpose the resourcecatalogpossessea WWW-basedmetainformation
editing facility that can be used as a “resource advertising eot'any informationitemto be
offeredin INTEGRAL, suppliersmay provide metainformatioraboutdataownershippricing,
andmethodgto accesghe information,aswell asa relatedgeographiaeferenceanda collec-
tion of descriptorgterms)from an environmentathesaurusFor textualinformation sources,
appopriate terms can be generated by a semi-automatic indexing tool.

8. Conclusion

The managemenbf data and servicesfor environmentalapplications using codata and
metadatais of crucial importancefor environmentalinformation systems.The network and
hypermedia-baseapproachchosenn INTEGRAL showsthatthe accesdo dataandservices
in environmentalinformation systemswill be enhancedand standardizedy the techniques
proposedThe advantagarisesfrom the simplified, uniform, and more user-friendlyavailabl-
ity of remote data anserviceswhich favorsthe cooperativenvork within nationalandinterra-
tional collaboratoriesBeyondintegratingcomputersystems]NTEGRAL thusconnectspeo-
ple by empoweringthemto work cooperativelyandto communicateefficiently by meansof
electronic media.
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