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ABSTRACT

The availability of data quality parameters improves decisions in earth resource information
management. It 1s not sufficient that the necessary information is presented to the decision
maker, but he must also have an appraisal of the quality of the information provided. This
applies to all aspects of spatial decision making, from real estate ownership to environmen-
tal protection.

The first problem is to differentiate the basic components of data quality &.g. positional ac-
curacy, attribute accuracy, temnporal update level, scale etc. They are often compound in a
lineage description, which is procedural (it provides information about the collection and
processing of the data), but the goal must be an analytical description of data quality inde-
pendent of processes used.

The other difficult problem is the assessment of the influence of data quality on the decision
made. The paper reviews our current understanding of these problems based on specific
case studies and lists items for future research.

INTRODUCTION

. _ . - . . i
Quality of geographic informaton affects also decisions based on this data. Convendonal processes -
can be investigated because of their quality requirements of the input data according to the planned
work, Today available GIS should help to increase the economy effectively and minimize the time
amount for spatial based planning processes. An other advantage is the combination of different
data stored in GIS with analyses on combined data sources. So many application can be seen in
general. Looking on details, a lot of criteria reduces the significant working area. One reason is the
data capture process. Many data bases are still in the state of beginning because they are of enor-
mous dimensions or the economic interest on it is very poor. Both reasons will coups incomplete
data sets in present and obsolete data in future. For the further processing the description of data
quality becomes more and more irmportant.

The goal of this paper is to apply 4 given taxenomy of data quality parameters in special
cases. If it fits in this cases a universal description of data quality this classification will also serve
data quality in multiple used GIS applications. Cases which can be investigated on their analog
conventional from of processing where chosen as case study field. Relevant procedures have to be
analyzed and statemenis relevant for data quality can be extracted. The influence of specific
properties like, long life span or highly correlation to a purpose, on data quality demands can be
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seen by aid of case studies. A comparison of unique data quality parameter from a different cage
studies view shows possible combining but also restrictions of multipurpose GIS. The
consideration of data quality on GIS based decisions rmust obtain a guilty set of rules. The
information about data quality can help the user in decisions about the further use of the product on
several levels. First it is important for decision making to know about the quality of information it
1s based on. An other task is to generate quality information about the decision by the system itself,

CLASSIFICATION AND MEASUREMENT SCALES FOR DATA QUALITY PARAMETERS

That the structure of data quality in GIS can no longer be disregarded is demonstrated by the large
number of publications on this specific topic. Its importance is also highlighted by the fact that the
National Center for Geographic Information and Analysis has focused its Initiative 1 "Accuracy of
Spatial Databases” on this issue. Goodchild (1992) offers a comprehensive and fundamental
overview of existing atempts to structure and handle data quality parameters in databases. The
work done in the NCGIA Initiative 1 concentrated primarily on the deseription and stucturing of
data quality and on its representation in databases.

In addition to modelling data quality in GIS - or as an integral part of a specific database -
an efficient visualization of data quality is becoming an ever more important aspect. The NCGIA,
realizing the need for further work in this field, started Initiative 7 "Visualization of Spatial Data
Quality" (Beard, 1991), devoted to this topic. Also GIS education is now attaching more
importance to data quality problems and the Core Curriculum of the NCGIA (Geodchild, 1990)
also contains several units on "accuracy of spatial databases” and "managing error”. In accordance
with these issues in GIS the accuracy of databases can be structured as follows:

- positional accuracy

- atiribute accuracy

- logical consistency

- completeness

- temporal update level

This stmcture defines a set of parameters for describing the taxonomy of data quality which are to
the highest possible degree "independent”, i.e. do not influence each other.

Today we have a number of standards which appropriately desciibe certain compaonents of
data quality. Parameters are also taken into consideration o an ever gredter extent in the current ef-
forts to define interfaces. Here the process of fine-tuning the five aforementioned parameters in
such that they fit the purpose is a highly complex task. In particular if they arc to be universally va-
lid. The US. Spatial Data Transfer Standard, Data Quality Reporting Standard Specifications and
British Ordnance Survey can be cited as examples. They all contain the general structure suggested
by (Goodchild, 1992b). (Hunter, 1991) describes the typology of errors in spatial data bases as an
interaction between causes, visualization and result error. From the point of view of the result
these interactions are described in such a way as to make them universally valid. In his report about
the situation (of standardization) in Australia, (Masters, 1991) specifically describes the work done
on temporal update level and positional accuracy as well as their management for applicatons in
operations specifically related to GIS.

It must be remarked that often a single parameter description for data quality would be pre-
ferred because of easy further processing. Sometimes the description in a single lineage parameter
therefore was discussed (Frank, 1987). The problem is to find a definition based on a snitable
value, As advantage in data acquisition, processing and also in decision making using this kind of
managing data quality must be seen for a very specific application. The multipurpose usage of GIS
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hecause of administrative and also economic reasons stands against this concept. It seems to be a
pood compromise to keep numb'er’of data quality parameters as smal.l as possible. o
The parameters can be distinguished from each other by looking at the modes of description
applied to each of them. Positional accuracy and also statements about atribuie accuracy are io be
in[B]‘p[‘ElEd as a variance of an assumed distribution, which is ofien a npl‘i:ﬂill dlsmbuno_n. Other
statements, such as temporal update level, do not fit the mode of description of a function at all.
The date of issue or of production is a fixed point in time or a period of time that defines this para-
meter in absolute terms. )
' Also our subjective assessment about quality statements may vary considerably.
we feel more strongly about certain quality statements than about others. Comparisons with other
magnitodes - such as the surface area of an apartment - n?ig!'{t lead to wrong interpretations. This
can be explained by the fact that people vary in their seasitivity to data quality or their need for data
quality statements for linear or area-related magnitudes. .

CASE STUDIES

Ag the basis of such standardization efforts may serve the legal and technical provisions and
regulations in force. These procedural regulations will have to be introduced into all existing sy-
sterns where task processing has so far been carried out by conventional means and which are now
switching to GIS. This conversion of existing task processing to GIS is a particularly interesting
ficld. Obvicusly all the rules and regulations will have to be observed and complied with just as
much as in the past. Beyond the mere replacement of conventional tools, the conversion to GIS is
supposed to broaden the range of new applications. On the one hand, more complex analyses and
modes of processing are made available to the user and, on the other hand, it will be possible to ac-
cess, combine and share the data collection more easily for carrying out new tasks that were not en-
visaged before. However, the quality of this basic data soon demonstrates the formal limits of a
G1S: it is of crucial importance to know about the quality of this data and also about the quality of
the resulis achieved by working with this basic data collection. The case studies were selected
because they appropriately relate to conventional modes of processing and their current
transformation into GIS-applications. The choice is motivated in (Stanek & Frank, 1993).

In this paper we have attempted to assign the individual data quality parameters to various
applications for which they are characteristic. We have relied upon the relevant technical and legal
provisions or regulations in order to delineate the parameters from each other.

CADASTRE

The central unit of a cadastre systemns or applications is the individual parcel or property.
Governed by a series of rules and reguladons, it has become an important vehicle for a complex
and comprehensive data collection. The spatial references can be described by means of a
geomeirical figure with nodes and edges. The nodes represent boundary points that are marked by
corner rmonuments in real nature and by means of coordinates in maps.

Many tasks based on cadastre data can be investigated with special regard to their data
guality requirements. The division of a parcel located in land set aside for building is an important
task based on the boundary cadastre. A few generally applicable regulations will be mentioned
hereafter. Since building regulations in Austria are laid down by the provinces themselves, and not
by the federal government, assignment parcel to an arca or region is importat. The spatial
subdivision into cadastral communities helps to define this assignment.
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In land set aside for building, parcels must have a certin minimurm size. The shape of g}
divid;d—up building lots rmust be such that the newly created parcels can each be used Separately fo,

URBAN PLANNING

The focus here is no longer on the individual parcel but on the processing of several areas
of investigation and on a comprehensive view of the entire planning region. Positional accuracy jg
no longer centered on the boundary point, but on entire areas or parts of the urban plan. Muych
emphasis is placed on how parcels are located in relation to each other and on the distance between

obtained by cartographic methods.

The methods of processing and reproducing maps or digitizing parts of maps have an effect
on data quality. These cartographic methods need to be given consideration, besides analytica]
transformations or the choice of projections. The question is whether mathematical manipulations
constitute ways of processing which can be repeated easily for part or the whole of the area that is
represented. We can be sure that, besides their effects on positional accuracy, cartographic methods
have an influence on the other data quality parameters as well.

Frequently, statistical data is tied to specific structures where used instead of original data.
This is necessary, on the one hand, to reduce the data volumes, and, on the other, to allow
inclusion of person-related data, The combined data are usable at least in an aggregated form by
relating it to these structures like edifice rather than to individuals. This reliance on aggregated
object data is necessary if a country's faw forbid the direct nse of person-related data.

NAVIGATION BASED ON NAUTICAL CHARTS
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d by the value of the atiribute. Thus, the parameter of completeness constitutes
definition of data quality in the navigation process.
data is of primary importance. There is the requirement to have the charts

d agencies. The cause of an accident may have been a lacking update of the
ompleteness and iemporal update level. A
Janning the ship's course while taking into account positional accuracy (e.g. the

at a safe distance from the coast). In a large number of processes, recording
the most recent update is required by legal regulations (e.g. maximum

f procedures, that are as far as possibl

f the map). In certain cases the date of a docurnent may also p
when it was established or updated.
£ nautical charts are used because of different demands on data quality parameters.
cipal sketch gives much more relevant information than the general chart.
catalogue of laid-down symbols enhances the density of information to be
ritical areas. Through color coding and restricted relations between different

art of the symbols the high quality requirements are met. Verification operations
e independent, is an absolute priority.

oint to the form of

The following table summarizes charactenistic items for the unique data quality parameter within the

three case studies.

Positienal
Accuracy

Cadastre:

+ Pasitional ncouracy
of a single boundary
potnl

+ Agreement of neigh-
bars an the
boundary line

Urban Planning:

- Accuricy of drawing

+» Resolution

» Generalizition

= Partially varying
accuracies

» Varying methods for

dana captere and
processing

Navigation:

= Vurying requiremenis
within the ¢hart

= Verifieation by
means of indepen-
dent determination

» Error avoidance due
1o eiasy-ln-use
stralegies

Attribute Accuracy

» Ownership, correct
by law ’

« Land use

+ Address (not updnted)

+ Metlodically influ-
enced by aggrega-
tien of data

+ Location-refated re-
guirements — only
task relevant

» Redundancy

Logical
Consistency

= Enfareed by veri-
fication

« Land register
authority

= Supplementary legal
provision

= Preliminary testing
in small arcas by
taking random sam-
ples

= Obtained through
standardized modey
of description
- Assured by color
codes elc..
+ Symbols: represen-
ting absolutely
camplete dnia sels
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Completeness

= Verification pro-
cedure

» Complete coverage

» Complete description
of ownership

+ Incomplete additio-
nal informalion

- Statistical techniques
- Independent
verification

« High or obsolute re-
quirements only for
criticnl areas

= Highly time-sensi-
tive for specific
ilems

Temporal Update
Level

= Updae indicator

= Baily updaute — tem-
poral granularity

= Date of inquiry

= Title deed collection

- Helerogencous lem-
poral references on
account of different
forms and their dma
caplure

= Apeney authorized 10
carry out updates

= Changes veriftable

» Filure chnnges as
forecast
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DECISION MAKING AND DATA QUALITY MANAGEMENT

The possibility to utilize or share data within a GIS for several different applications is often ong of
the main reasons for acquiring a GIS. However, such data sharing and multiple data use is in actual
fact often restricted by law and also by costs. A combination of the cadasire case study and the
urban planning study may serve as an example.

In pariicular in densely populated areas, the tasks of regional planning ofien merge with
those of local urban planning. Such a system that tries to merge these fields is being developed for
the municipal administration of the city of Vienna (Belada, 1990). Based on a digital multipurpose
map at 4 basic scale of 1:200 a data base and map-system is being evolved 1o eventually result in 5
combined information system for planning and administration.

For a planned division of land set aside for building it is for instance required to respect the
provisions laid down in the building regulations. The information about building regulations that
relates to one particular parcel are obtained from a regional urban plan. The close interweaving of
the legal aspects already requires a detailed analysis of data quality parameters. This is why the
conversion to a GIS-based system requires the definition of unequivocal rules for task processing,

Other regulations define the adjacent properties in terms of the influences acting upon them
because they are located e.g. in the main wind direction, as wel] as taking into account the distance
between estate and site. The position of the estate must be determined beforehand by aggregation
and then verified as to its distance to the site. Since all the owners of the adjacent properties have to
be invited to participate in the building negotiations, their number can sometimes total several
hundred persons. If only one of them was left out and not invited, this can result in 4 new
verification of the building permit granted. This may result in an tnjunction ordering - depending
on the construction stage - a temporary stop of construction work or even a temporary shutdown,
This again demonstrates the high sensitivity with regard to completeness and positional accuracy.

The case study of nautical charts has a distinctly different structure, There is a close relation
to the purpose of the system. Because of the spatial dependence of the individual data quality
parameters, a transfer in a GIS seems at first sight unreasonable. However, if we aim at the
purpose of the navigation process in its entirety, the situation becomes a different one. The purpose
lies in the quick and simple determination of a geometrical location with the assistance of landmarks
and the determination of the course whilst taking into account dan ger zones, nautical rules, e
regulations and guidelines as well as economic aspects. Nautical charts are designed.to measure S
and process angular observations obtained in taking one's bearings. The selected map projection is
often a representation in which the angles are absolutely true io nature, in order to avoid reductions
of measurements. Working out the position is an inversion of the observation procedure.

Determining the position on the basis of Jongitude and latitude for the above described
purpose is not immediately necessary. When GPS receivers and other externally based procedures
are used for navigation, the position must be plotted on the map in longitude and latitude. Taking
over these methods into a digital navigation system avoids errors in plotting the positon and
enhances the security of the entire navigation process. This system is also able to check the keeping
of safety distances or minimum water depths. In this process also statements about data quality,
such as positional accuracy and attribute accuracy will have to be considered. Besides the position
statement, also the nautical chart and additional information must be available in digital form. Since
responsible navigation must always allow an independent control, beacons, landmarks etc. will
alsa have to be included in the navigation process also in the future. Systems will have to be able to
process simple forms of observation such as goniomerric plotting also in the future. For
navigational tools there is a high requirement for recency of information.

-206




SUMMARY

The investigations of data guality in GIS that have been carried out so far were primarily
- ed at the description and analysis of accuracies. The main object of analysis has been positional
anm acy and, in specific cases also attribute accuracy. Which other parameters are to be taken into
ﬁccﬁ;myi_c_ ;:onsistcncy, completeness, or lineage will depend on the envisaged application. The
“cg osed classification of data quality into five parameters is appropriate to meet the requirement of
nrcon{plctc description of daia quality in the fields investigated by case studies. The taxonomy of
data quality proposed in GIS in five independent parameters can be verified by analyses of
operational insgructions of conventional processing. ) ) ]
The analysis of conventional processing sequences, in which also their data quality parameters are
included, should improve modelling. Special GIS applications can, as far as their requirements of
data quality are concerned, be grouped together by means of a scale of reference. For a combined
application of the tasks of case stud}f cadastre and urban planning, the combined requirements of
dnta quality can be derived as a combination of the contents )

The use of one data collection for different tasks requires an exact and comprehensive
analysis of the legal rules and regulations that are applicable for the processing of each of the
particular tasks. For many areas, in v.fhlch (IS is to be used in the future, the provisions and
regulations to be observed already exist today. They can be transformed such as to enable the user
10 define the differing requirements of data quality to be mei for the specific process he works on.
This can at least be used as a working basis for the description of overlapping applications like
managing building regulation or similar tasks.

Management of data quality is not a new thing coming up with GIS. Data Quality
requirements must be regarded from the expected field of application. A set of rules and regulation
says more or less details about the data quality. So the decisions made based on this daia are
confident and verifiable. The conversion of existing decision making procedures to GIS causes the
investigation of data quality from the source over data processing methods to the final decision
making process. This comprehensive data quality management has to be introduced in GIS for
confident decision making. :
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