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SUMMARY

With the change from mono-thematic cadastre to moneplex and comprehensive
information systems like Cadastre 2014 / 2034 aitkl tve growing use of cadastral and
spatial data through web-services the requirenfentsadastral applications are changing
significantly. A new generation of spatial infornmat infrastructure must be built. The paper
describes the general demands for such a system.

The future infrastructure must reuse establishedepts and core functionality: The system
must be data centric and not product centric. itsteparation between data storage,
application and presentation layer will, theref@ai#gw a broad usage of data in different
applications and devices. The internet as commtiarcanfrastructure and web-standards
build the foundation of the infrastructure.

One of the big challenges will be the provision anodport of a holistic data quality: The
barriers for data users have been massively mietnénd a big variety of data sets can be
consumed conveniently through web-services. Thisaséorgotten that the entire
infrastructure may not be free of errors. To enswreect data the entire infrastructure must
support a service quality instead of data qualitly.oThe service quality is subdivided in
availability, traceability and integrity. On thenfttional level the system must be capable to
handle 3D and 4D (temporal) data to support therhges of a rapid urbanization and mega-
cities cadastral system. The challenges hereithareorrectness of topologies. Besides well-
established visualisation applications the coreiregqient of cadastral systems like
topological data quality, clearly defined data niamance processes and data analysis are not
yet standard. .

The divided responsibility over information fromatevorld objects makes a coupling of
cadastral with other information systems neces&ugh a coupling should not only allow
data integration (SES) but also data synchronisdtioensuring the consistency between the
different data sets.
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Demands for a Spatial Information Infrastructure Fit for Cadastre 2034
Jirg H. LUTHY and Christian KAUL, Switzerland

1. INTRODUCTION

After the initial work for designing and developidgital cadastral system and huge
investments in the data collection a change ofdanispatial data handling can be observed
over the last years. Many data sets have beenupudnd made available through spatial data
infrastructures (SDI) to a wide community. Caddsteda are essential in (almost) every SDI
since the property information is relevant forlaiid use planning activities but also for all
kind of rights and restrictions. The range of usexrs been broadened from specialists to
every citizen utilizing a variety of devices foragjal data presentation. Alongside with the
intensified data use a transition from product Gerthinking (plans) to data driven products
can be observed.

The way of accessing spatial data reflects stilayoin many cases the silo thinking when
building up data infrastructure. Information dramma map are stored in a spatial data base,
files in a separate data set, even they both destite same real world phenomena. For many
task such separation is hindering an efficientafsdready existing data sources. The
integration of spatial and textual data is benafito overcoming the silo structure and
providing holistic information (Phlipps et al. 19%@aufmann et. al. 2012)

On the data provider side two main observationsbeamade: Firstly, with the change from
mono-thematic cadastre to more complex and compsaleinformation systems like
Cadastre 2014 the technical challenges for datagers will significantly increase. In order
to provide integration capabilities the SDI mugpmart various web-technologies and is faced
with safety and security issues. Secondly, witlaff)eending of the initial data collecting data
producer are faced with a switch from mass dataiaitgpn to selective data maintenance the
importance of data acquisition is lower than obdatovisioning. While it is acceptable in
large data acquisition project having a separdistween field surveys (aerial
photogrammetry, airborne laser scanning inter aiada pre-processing and data extraction
such cumbersome processes are not adequate fte fature updates. The entire data chain
for maintenance and updates of real world phenomerst therefore become lighter, i.e.
using apps on sensors for directly updating datadgantral database. On the other side data
sets covering restrictions and responsibilitiesclladre usually defined in political processes
must provide traceability from data request dowtheoconsumer.

The aim of this paper is to foster the discussiooua future demands for data provisioning
and data infrastructures from the user side arlubeddies on a conceptual level six thesis
based on the experiences as data provider and@&ator in the Cadastre 2014 era. The
thesis can be regarded as enhancements of the @ ton Spatially Enabled Society
(Steudler et. al. 2012). Because of the emphasistegration of data from various sources it
is suggested that the current SDI should be be@®atial Information Infrastructure (SlI).
The herein listed demands are technology-orientedt s evident that the challenges can
only be achieved if the entire cadastral commusuiyports also in their attitude the
transformation processes.
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2. DEMANDS FOR A SPATIAL INFRASTRUCTURE

2.1 Core Concepts

Thesis 1: Spatial data build the foundation of Spaa&l Information Infrastructure

2.1.1 Explanation

Maps have served traditionally as condensed stdoagifferent kind of information (relief,
transportation network, natural and man-made sitras). With the market entry of Google,
Bing and others the use of structured digital ghakata shifted from expert users to
consumers. With the growing number of smart phone apps usiagping and localization
services it is anticipated that the spatial infaiorawill follow the trend of "ubiquitous
computing” and become permanently present. Thexeferexpect a continuously growing
penetration of spatial data in the society and rieedffective and efficient geoinformation
(Steudler et. al. 2012).

2.1.2 Rational
The significance of spatial data can be explainethiee main assets:

— visualization of information;

— simplicity of combination of different data setsgsh-ups, overlays) and

— description of relationship between objects frofifedent source using spatial analysis.
The complexity of large data sets can often be Kiieg by visualisations and the
interdependencies between different kind of realdvizatures, topologies and
neighbourhood relations can be better understoahwwhesented as map, especially in
densely populated areas. Among the different In&diom Systems only the GIS provides as
intrinsic capability the graphical presentationtsfinformation (Goodchild 2007). Maps have
always been of public interest and this is oneaeashy multi-discipline collaborations
should be strongly driven by SDI.
The benefit of developing common data model andh&xge standard has been proofed in
Swiss cadastral surveying. When starting the tnvesfor the reformation of cadastral
surveying in the Mid-Eighties a standardised data@leh a data model description and a data
interchange format have been introduced. The Geguige Interlis (cf. www.interlis.ch)
provided the standard for describing and interchapgpatial data. With the formulated data
model concept the thematic independent layers alsceintroduced. The early
commencement of standardisation of spatial daBwitizerland was a pre-requisite for a
straightforward setting-up of national and regio®Bll following a new legislation on
geospatial data (Kaufmann, 2010). Furthermorerthiation of the cadastre for public legal
restrictions on landownership rights (PLR-cadadim)efited from the investments in the data
models since the technical fundaments of the ceslasthitecture (organisation and structure
of the SDI, common data models in a federal stregtiacilitated the interoperability.
In the last decade a rapid change in the informatifrastructure on the basis of internet
technologies can be observed. One of the advantdggatial data can be seen in the
creation of mash-up, i.e. the combination of défarinformation to create new knowledge.
The implicit relationship between real-world feasiican be depicted by overlaying different
data sources in a GIS. An explicit relationshipwWhoany building will be inundated in a 100-
year flood) can be derived using spatial analy@® mash-up as a method to combine
information from various sources and with differeahtent is a traditional operation of GIS.
Therefore, the spatial information will continuarzea perfect base for future SlI.

2.1.3 Consequences
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The spatial information system fit for future derdaran and must reuse established concepts
and core functionalities. Many of them have beestdbe by Kaufmann (Kaufmann et al.
1998) when proposing Cadastre 2014: To allow marirfiexibility and to get an optimal
return on investment in data capturing and mainmte@athe system must be data centric and
not product centric. A strict separation betweeta d#orage, business layer and presentation
layer will allow moreover a broad usage of datdifferent applications and devices.

Many governmental and planning tasks do not st@ulatinistrative borders; the importance
of cross-border (semantic) interoperability is walbwn (Harvey et. al. 1999) and has been
addressed by initiatives like Inspire. Yet, intezmgbility cannot be achieved using data
models only but comprehensive feature capture anestransformations (or mappings) will
be needed in many cases too (Miller, 2014) . Wighconstantly growing number of web-
services missing semantic interoperability may edusstration at the user side and may lead
to switching from governmental to privately or cexvsourced data.

Besides the data organization a strong technicalgdment for the provision of spatial data is
indispensable. Compared to many other domains @€ énd ISO TC 211 standardisation
committees paved the way for broader use of (dpdida with the release of the various web
service standards. Data providers have to buildnaaicitain a strong technical fundament
with high performance and availability in orderfdfil the increasing demand for spatial

data. It must be expected that the variety of pctalderived from the different data sources
will also increase because of the wider use of.dé¢amce an evolvement of data products is a
continuing task.

Last but not least the legal base is in many castrot prepared for providing access to
(digital) spatial data for everyone yet. Most oéal data governing laws have been written
in the analogue era and are not adequate to to@aysical capabilities. A sound legal base
is needed for setting up and governing SlI withearcpositioning of Sl as public
infrastructures (see also Thesis 3). A legal bageiging open access to spatial data is yet
another important factor for a spatially enabledety (Rajabifard et.al. 2009).

2.2 Expand interoperability beyond spatial data infrastructure

Thesis 2: The benefit of spatial information can mssively be increased by combining
spatial and textual data

2.2.1 Explanation

The divided responsibility over information fromatevorld or hypothetical objects makes a
coupling of spatial information with other inforn@t systems necessary. Such a connection
provides two benefits: the integration of fractuneirmation over the same universe of
discourse offers a holistic view. A real-time cauoglof data sets through web services can
further be used for the synchronisation of the data for ensuring consistency between them.

2.2.2 Rational

The modelling of real world phenomena is alwayspted with a simplification and
abstraction. Even though mapping allows densenmdtion content it is in many cases not
feasible to provide the universe of discourse inag. Additional but separated data
inventories likes registers and files for textuad @rawings or pictures for visual information
have often been established. Since different (ieahrcapabilities are required for each of
the inventories the separation of data is often@ated with a division of responsibilities: in
many countries land owner register and cadastreanetained by different organisations.
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In the early era of digital information managemaitempts have been made for developing
encompassing information systems but failed becatisamanageable complexity and
because of diverging interest of the stakehold&ystems designed for optimal support of
individual business processes are common. Wherdiatgplinary or even multidisciplinary
problems have to be addressed the separationaftwtat into major barriers. Complex
problems in densely populated areas with divergeatests of the shareholders can often be
solved easier when a holistic view about real-wéektures can be provided.

Whilst basically each data set can be linked toathgr, the spatial information is particularly
suited as basis for mash-ups, data-linking andaaditegration since many textual data sets
describe localised objects (i.e. containing a spatiation). As described in Thesis 1 maps
are inherently suited for combining various kindrdbrmation by simple overlays hence the
Sll is predestined as linking platform. Additiomadlormation gathered trough mash-ups and
integration are in contrast to "Big Data" analyess comprehensively but the strict
organisation of data maintenance and common kelgasesfor integration allow a high
reliability of the analyses.

Cadastre 2014 implementation in the form of a PBRastre in Switzerland showed already
in the trial period the great advantage of prowydmolistic information to the end user (Luthy,
2014).

2.2.3 Consequences
The way of accessing spatial data reflects stilajoin many cases the silo thinking when

building up data infrastructure. FIG Report 58 (Bfler et. al. 2012) presented Spatially
Enabled Society (SES) as an answer for the conisiy@rowing demand for accessing
spatial information. The report demands a sound ugration concept which offers the
advantages of a holistic view where spatial and-spatial data are integrated. The report
request SDI to facilitate data sharing (open datapeduce duplication and to link data
producers, providers and value adders to data bssexd on the common goal of data
sharing. Physical data exchange or even the bgddp monolithic information systems is in
the internet age unfavourable. Flexible data irgegn can be achieved through on-thy-fly
data linking either through data-based web-senacebrough application-based
communication (Hofer et. al. 2015). In the firstealata sets are combined in the background
and the integral view is provided through specgalig/eb-applications to the user. The second
method enhances existing (web-) applications byualuhteractions: actions in one
application (like selections) may are propagatéd ather applications (like highlighting).
Such a coupling is less tight but offers the adagatof re-using existing applications. The
need for harmonising keys and object granularitpsg organisations for data integration
poses an organisational challenge. The necesséy afjreement to cover the responsibility
for inter-system communication is a second impartask.

Fundamental requirement for service-based datg+atiens is a stable, performant SDI as
requested by Thesis 1 and stable "textual” datastructures. The outstanding starting
position of spatial data providers for data linksttall be used to switch the focus from spatial
data assembling, aggregation visualisation andigioning to data integration. The technical
capabilities must be supplemented with processnges. One of the common services is
geo-coding which renders a textual data spatiBilif.because the relationship between
textual data and space is often not explicitly medi further processing capabilities and spatial
analysis must be built up. Such data integratermises can also be used to improve the
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referential integrity between different data setken the relation between two data sets is
defined in integration rules amendments in one gaet&an be used for informing the other
data owner about the update thus supporting thehsgnisation between spatial and textual
data sets.

The visualisation capabilities of today's WebGISstrhe expanded from maps and simple
tables to any kind of a data aggregation like ptabtes, diagrams and maps stories with
maintained relationship between the different viewgp (Luthy 2014).

All technical capabilities are useless when daag are not identifiable over its entire live
cycle. The importance of uniquely identifying (§pBtobjects has been addressed by the EU
directives on Inspire. Furthermore it must be ustberd that the life cycle of a real-world
phenomenon may differ from the digital object. &t of physically deleting objects in
datasets as it is still common in spatial dateetie of the lifespan should be captured as
attribute.

2.3 Availability for users

Thesis 3: The demand for ubiquitous availability ofspatial datasets will be increase:
current data, real-time access, always, everywherggst and free of charge.

2.3.1 Explanation

With massive amount spatial data provided fromrimgecompanies at no charge, with the
continuous expansion of usability methods (App$iwtegrated maps and location based
functions) and with the growing availability of higgpeed internet the expectations on SlI
increase. Integration services require not only-applications but standardized, service-
based accesses to the public data. The open goestimitiatives will emphasize the
expectation for free of charge access and useabiasplata.

2.3.2 Rational

The use of spatial data underlies a fast and sigimf change. Nowadays not the costly expert
systems in which professional users analyze andutuwnspatial data are the main consumers
but much more small and light applications , rapikveloped and thanks to the internet
widely accessible for everyone ("apps"). With tlopplar use of smart phones everyone can
localize its position almost always which fostdérs demand for location-based applications.
This completely reshaped approach of data utibralias a big impact on the requirements on
data availability. As long as the data sets hawlpredominantly used within expert system
the demand on availability has been restrictechbyusers work load for data access: few
users had access to a several data sets. Theesbaged architecture allows a huge number
of users accessing the same data source which demaurch higher responsiveness and
service performance.

The continuous growth of spatially enriched websaigponly possible thanks to faster and
reliable internet-connections and a large repogibbispatial data. User of the Web- and
Social Media-generation share the expectationdatt is up-to-date and free-of-charge. In
parallel to the growing web-based data use the Gmenviedge Foundation has been

initiated and established as a driving force forowation (Jetzek 2013). Within the Open
Government Data initiatives the free and open actesadastral data is always at the top of
the wish-list which again proves the relevancesfmatial data in general and cadastral in
particular as describe in Thesis 1 and 2. The predsom the data integrators, apps
developers and end users for cost-free dissemmafioadastral and spatial data should be
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used for positioning SlI as public infrastructuieelroads, railways or schools.

2.3.3 Consequences
The shift from "heavy expert systems" to web-bamarkss of spatial information must be

taken for granted. Whilst the web-based use ofi@pddta (consuming) can be considered as
state of the art the web-based data capturing adtemance is — beside crowd sourcing
initiatives — not common yet. Web-clients must heanced for data maintenance and
standardized tasks (reports, analysis) and then&$k therefore consequently being designed
as web-applications. With the opening of the Stldata updates the importance of safety and
security will massively increase for ensuring dguality and service quality. When it comes
to financial benefits people become very creativeadastral data like rights, restrictions and
responsibility (RRR) can be updated via web-clighitsust be assumed that some people
may have the intention of hacking the system fosg@eal advantages. In a mixed-use
architecture a careful design is inevitable. A \@adpproach for cross-domain authentication
is described in (Hofer et. al. 2015) but more wogleds to be done to secure the entire SlI.
With the broaden use of spatial data and simpegnattion of mapping applets, open source
libraries for data storage, rendering and procegssime development of spatial application
will not be a specialized domain any longer. Ttaseanent may also be beneficial for
countries with limited availability of cadastraltdasince it can be observed that internet and
smart phones are penetrating also low-income casnt6GSMA Intelligence 2015). The
growing demand for free-of-charge spatial data khbea used to position the Sll as public
infrastructure similar to roads and highways, pguime way for securing the funds for
continuous enhancements of the SlI. If success&Blil can benefit from political and
financial support for the maintenance and contisuenhancements. The improved position
of SlI in the public perception will also increasgrveillance and quality requirements.

2.4 Growing demand for reliable and trustable data

Thesis 4: A change from data quality to system quay is needed in the context of
distributed data, shared responsibilities and decanling data users from data owners

2.4.1 Explanation

Thanks to standardised web-services (WMS, WFSatkess to spatial data from remote
system is nowadays trivial. In many cases a consofm#ata in the internet is neither aware
of the data source and its quality nor of the seryirovider and its service reliability. This
tendency is amplified with growing data distributithrough web- and integration services.
On the other side, data providers becoming alserand more decoupled from the consumer
side not knowing how their data is being used. Bkzaration should be addressed by a shift
from a data quality focus to a more comprehensygees quality focus.

2.4.2 Rational

The importance of spatial information is unquestthnSpatial data infrastructures have
become a central pillar for the development of nmod®ecieties. Whilst in early period
cadastral data have been primarily used for seguhi@ properties it is recognised that
cadastral data are more comprehensive. Kaufmanufikéaon et. al. 1998) introduced the
term legal land objects for the spatial represamaif a law. In many cases the law if
defining real world phenomena, rights or restrigsipis imprecise without associated spatial
documentation. The concept of Cadastre 2014 projpmsénventory with legal land objects
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(rights, rules, responsibilities). Today, many o€ls data sets like planning zones, natural
protection areas are provided in combination wakdomaps and further data sets nowadays
in publicly accessible SDI. The value of continugwsrailable Cadastre 2014-like systems
cannot be overestimated. Yet, in most examplesiwduie known to the authors, the operators
of the SDI are not fully aware of the significareoed value of the data provided.

For most domain specialists the quality of the igpdata product should — if at all — be
described by data quality characteristics accorthn@O 19157:2013. With such a limited
view on the data chain errors in the provision ataddefining data views, portrayal rules and
transmission of data) cannot be detected.

On the data consumer side a huge number of datasetised, combined and mashed-up
without being aware of potential errors in the d&@e of charge, non-governmental maps
services disclaim the responsibility for continustfythe data service and the correctness of the
provided data in their service policies. Governrakrtadastral data must put highest priority
for correct, reliable and trustable data and theingency of data services also under adverse
conditions.

At the start of the data chain (origination) it d@observed, that the importance for the
correctness of legally defined land objects isasgood as possible. When building up the
PLR-Cadastre in the Canton of Zurich it became @lwithat the spatial representation was
not always formally correct, because the amendmwiethte cadastre either did not undergo a
public consultation or was not formally agreed lhg superior authority. In other cases
inconsistencies between data sets have been fBegduse of the strict separation between
law, cadastre and processes (or process docunuemttte costs for searching the legally
correct status or for formal putting into forcepost were huge. Whilst féright land

objects’ (parcels) clear process definitions, qualificatiohartered surveyor) and traceability
requirements are in force since decades this neusttibduced at least also fiastriction and
responsibility land objects.

2.4.3 Consequences
One of the big challenges for building SII will tvee provision and support of a holistic data

quality: To ensure correct data the entire infragtire must assure a service quality instead of
data quality only. The service quality compreheindsddition service availability,
traceability and integrity. Service quality is ammmon characteristic in data infrastructures
and inter alia also requested by Inspire.
For a data driven community the entire data cheam origination to the end use must be
better controlled. Traceability of information isdomains with high safety requirements like
aviation an importance topic (Eurocontrol 2007,dR&008). Traceability must be achieved on
a data level (i.e. supporting documentation fogature) but also on a configuration level (i.e.
documentation of data model, feature capture rplesentation model).
Data originators must meet following requirementfuture:
— Provide a data product specification including ubauous description of the processes
for data origination (cf. ISO 19131:2007).
— Defined appropriate data quality evaluation procedincluding quality conformance
levels (cf. ISO 19157:2013).
— Improved Metadata documentation by consequenthygusossibilities for traceability
given by ISO 19115 (ISO 19115-1:2014),
— Providing tools and mechanism to support traceglfiom origination to withdrawal of
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an object and integrate the traceability informatio

— Periodic review and assessment of objects for erguntegrity with associated laws (if
no automated synchronization between spatial ariddkdata is feasible).

— Corrective action / feedback loop. With respeatii@r detection the wisdom of crowd
should be considered.

To avoid decisions being taken with incorrect infation because of errors in preparing or
operating of services the entire process of datgigioning must be reconsidered. The
integrity focuses on the process and service gquatisuring that data is not lost, uncontrolled
altered or corrupted between origination and coriamn.
The data and service provider have to establisaradwork for a fully digital information
data supply chain for enabling a modern and redigatastral information service. In a future
Sll an end user must have to possibility to vettify suitability of the data source for the
given purpose and the correctness of data basaccomprehensive documentation of the
data chain. Because the quality cannot directlgnbasured at the end users side, different
approaches must be considered:

— Data Product Specification (DPS);

— Audits: the content of data service must be inddpetly verified,;
Data protection (secured infrastructure);
Service monitoring;
Certificates for data, reports and services.

2.5 Encompass all dimension — from 2D to 3D and 4D

Thesis 5: The third and the fourth dimensions arernherent ingredient of the spatial
infrastructure

2.5.1 Explanation

The core of most existing SDI is built up in 2D yirdlata base schema, business logic and
presentation layer are all designed for 2-dimersdidata sets. The continuous growth and
densification of urban areas and hence increasegleaity of land use activities must rely
more and more on objects in 3D. In many land uaerphg processes a growing demand for
historical data for visualizing and analysing trensformation processes can be observed.
SDI must therefore include not only the currentestaut span from past to present and future
state (4D).

2.5.2 Rational

When the digitalization of the paper-based cadbsysiems begun the focus lied in a one-to-
one transformation of the existing information: Biaps were replaced by 2D data sets. Over
the years selective objects have been enriche@ightinformation, but most often not in the
form of a true 3D object as additional but as safeainformation (spot elevation, building
floor plan) to a 2D geometry. Many city models h&een built up in the last decade
underpinning the technical maturity of 3D applioas but still today they are not integral part
of the SDI. The barriers between current SDI aretigized 3D application hinder the broad
use of 3D data sets. Although an intense reseatohty can be observed since several years
the existing SDI must be regarded in general a;m#idmation system capable of handling
limited information in the third dimension becawgs¥eral issues regarding legislation, data
model and data handling are not yet resolved (Keirki. 2013, Van Oosterom 2014).
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The temporal aspects are also not yet incorporatédte application schema. The
documentation of changes can usually be achievigdogra work-around. In the most trivial
case a data set is extracted on a regular baselimdatabase and copied as separate data set.
In Switzerland small part of the cadastral date farcels underlay a strict mutation process

in which the history of the spatial object is redmnl as metadata. The object itself usually
does not contain its history and even worse relat@dmation like the building does not
contain any historical information at all. A dested building is removed from the data set,
leaving no traces. For a temporal analysis thedfit data sets (time stamped copies,
metadata) may be aggregated and evaluated.

The drawback of such methods is the limited usgtaind the huge effort needed: for each
temporal analysis a separate investigation mupebermed. With the growing demand for
trend and multi-dimensional analyses more scalappgoaches are needed. Considerations on
how effectively enhance a cadastre with the tinmeeslision are made in several countries

(Van Oosterom 2014, \&ic 2014). To better support the challenges of a rafdnization,
mega-cities and densified urban areas cadastri@mnsysust include the third and fourth
dimension not for cadastre and buildings only loutte entire core spatial data

infrastructure. The development of systems outsfdbe SDI showed that they reached a
suitable level for the applicability of 3D and 4@&td.

2.5.3 Consequences
The 3D component and the temporal aspect shabbeoégarded as extension of the 2D-

based SDI. A paradigm shift in the design of Sheeded. The legal base and technical
aspects like application schema, business logigaegsentation must be redesigned to
provide more encompassing information about eaatufe. The principles and paradigms of
cadastral system like conceptual data models @@attic model), thematic independence and
object orientation must be maintained in order toimise complexity of 3D-based

topological validation rules and to not split oealrworld object (tunnel) into a large number
of parts because of intersecting parcels.

The temporal component is less complex to solveesits applicability has been proven in
many application. In the aviation information domavery object has a complete
documentation about the entire lifecycle and futtiranges can also be treated. When a
phenomenon disappears or ends its representattbe ohatabase is not deleted but marked as
withdrawn or inactive. All relevant changes to &pbmenon are time stamped in order to
show the evolution over time (cf. www.aixm.aerd}hle cadastral agencies make no
significant progress towards true 3D and 4D in rieture it is expected that other
organization will step in, allocate the funds amovide information to the citizen and
administrative organization they require nowadays.

2.6 Handling distributed responsibilities

Thesis 6: Distributed responsibilities are a fact ad will not decrease. It's more
productive building an infrastructure to handle this in an effective way, than changing
grown structures.

2.6.1 Explanation

Different political systems, technical limitatioasd organizational traditions lead to
distributed responsibilities. The division of suelsponsibilities does not follow strict rules
but can vary fundamentally: states with strong raisin have different needs compared to
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federal states with distributed responsibilitiegtéy governmental bodies require other
solutions compared with privately or mixed run (jcHprivate-partnership) organization. Too
much energy is wasted for fitting the historicatla@mown structures to technical systems.
Recent technical developments like web-orientetitacture are perfectly suited to adapt to
such different organization forms and eventuallgroeme barriers. The data integration
concepts as discussed in Thesis 2 do not depenthanization structures and can also adapt
to different configurations by design.

2.6.2 Rational

In very rare cases the responsibility and compegtérrca complete representation of a real
world phenomenon is unified in one organizatior@yo Due to different roles (e. g. object
owner, regulatory authority, technical competerssties) the collection, maintenance,
control or approval of data items are spread ogeeral bodies. Also within technical
competence centres (like SDI-providers) the respditg for the development of products,
specific analysis, data extraction and publicatioray be spilt. Organisational structures have
often been inflexible because of limited knowleagthin the organisation and dependencies
from single specialist. With growing technical irdperability, open information architecture,
approximation of spatial information systems toegahinformation systems and immense
knowledge repository in the web the dependency &orgle actors will diminish. SlI can
therefore become easier adoptable to varying strest

Within the SlI the distributed responsibility aa &ll three tiers of major importance. With
respect to the data storage layer the locationevtiata is stored should not play a role
(expect if legally restricted). Data may be orgadiaccording to geographical, thematic or
organisational aspects. The data storage has vadprthe abstracted data access through
web-services and controls the security. The apjdicdogic layer controls the business rules
but again does not necessarily be combined withigit@ storage layer. Hence the same
business rules can be used for the operation osattne thematic data which may be stored
according to geographical coverage at differerditions. In the presentation layer the
different user demands must be supported by adllexddaption of application functionality,
data combination (mash-ups), data granularity (olexVlevel of detail) and presentation. It
must be made sure, that for all components (digarithms, infrastructures, security or
services) the responsibility is defined and agrgazh and that all actors are aware of.

Such architecture provides a versatile frameworthabdata collection, maintenance and use
on the same data source can be consistent acffesemli organisations. At the same time it
does not require building a "Swiss Army Knife" apgtion but more a collection of
applications with different functions which canardact. With this flexibility an efficient
information infrastructure for varying organisatastructures can be built up. It is adaptable
for change processes (form follows function) withguiding structures actively. The huge
work load for change processes (with often unptalle outcome) will thereby not be
triggered or driven by technologies any more.

2.6.3 Consequences
For the implementation of a distributed infrasturetfollowing precondition must be met:

1. Open attitude and the intention of the partesaking the advantages of distributed
responsibilities seriously.
2. Open system architecture based on web-seraiwslear separation between data
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storage, application logic and presentation lagers).

3. Systematic and standardized coupling of apiptingarts and well defined interfaces
between the tiers.

4. High-performance network infrastructures (banth, latency).

5. Ensure, that the Sl in its entirety does rasitain gaps in the responsibility.

3. CONCLUSION

With the anticipated growing penetration of spatiaia in the society and the increasing
number of smart phone apps using mapping and katadh service it can be expected, that
the spatial information will follow the "ubiquitouw®mputing” and become permanently
present. It is expected that the demand for mode'lbetter” (spatial) information will
increase. Whilst crowd sourcing has proved plagingmportant role for some users and
applications it will be up to the spatial inforn@aticommunity to anticipate future needs and
trends.

Developers and providers of spatially enhanced aplpsmtegrate the best available data at
no cost in their products. For some data sets (igenStreetMaps) and for some areas the
differentiation of the quality between official a&tral data (high reliability but sometimes
poor timeliness) and crowed sourced data (unciehbility but partially high update
frequency) is difficult. For end users inconsisieadetween different data sets for whatever
reason are unacceptable. The public agencies raustre that the provision of
governmental data offers more changes and bemleditsdisadvantages. The legal, technical
and organisational base for a next generation Si3it toe tackled to valuing the investments
in spatial data.

The cadastral community should actively influertee transformation processes and take over
a pioneer role for SlI: Cadastral organisationtaihuge knowledge and practical
experiences on handling spatial data. Comparether gpatial data the legal base for
cadastral data is much better. Last but not lesddstral data have relevance as reference data
set for many other spatial data sets and as lat@irssource for textual data which are linked
to parcels, buildings or addresses.
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