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Abstract. With the development of less-proprietary and more interop-
erable geographic information systems (GIS), a common problem that
faces organisations is how to mobilise their historical geographic data
archives to address current demands and new requirements. This paper
reviews the issues, technical and managerial, that must be faced when
attempting to assemble sets of separately-organised and independently-
collected geospatial data. The issues will be seen to be almost entirely in-
dependent of raster/object distinctions, and to depend heavily on meta-
data maintenance and update administration.

1 Introduction

The ARIS (formerly AIS Unit) of the Space Applications Institute! produces
a regular bulletin on agro-meterological status of Europe and North Africa [1]
and has accumulated significant archives of satellite image and ground measure-
ment data. These data have been gathered using rectanguloid area samples?
distributed evenly across Western Europe [2].

New responsibilities require a different system across a greater geographic
range and for a wider variety of applications than crop-monitoring. The prob-
lem is to design a long-term information system and archive for the existing
area sample site data, the new catchment-oriented datasets and all ancilliary
information that can be (or could be) georeferenced.

This paper does not address the desirability (or otherwise) of moving from
an area sample to a catchment sample methodology.

The 5th Framework Programme (paragraph III.4c) explicitly says:
“A multidisciplinary database of harmonised and coherent geographical data
for an enlarged European Union. JRC will provide the necessary technical
co-ordination and will foster the development of standards for software and
methods aiming at the complete interoperability of geographic information
systems.”
http://www.jrc.org/jrc/fp5.htm

! SAI - at the European Commission Joint Research Centre at Ispra, Italy.
2 These were aligned with SPOT image boundaries for convenience.



2 Philip Sargent

Agenda 2000 says: “...and for extending the Union’s borders through enlarge-
ment as far eastwards as the Ukraine, Belarus and Moldova.”
http://europa.eu.int/comm/agenda2000/overview/en/agenda.htm

So that’s a lot of geographic data covering more than 30 countries with
vastly different statistical and cartographic traditions - not counting any of the
“Mediterranean Partnership countries” of North Africa.

2 New Requirements

There are a number of new requirements:

— Multiple data ownership and multiple data update authorities are expected
to be important in the future.

— The number of applications which use this data is open-ended but will in-
clude topography, meteorology, soil, land-cover and land-use. The update
frequency for the classes of data is not yet set.

— The constraints are that:

1. Existing data be left in its original format and storage media unless
migration costs can be justified and funded. This includes the satellite
image library, aerial photo image library, soil database, meteorological
station data, CGMS? data and CORINE [3] land cover data.

2. The catchments are hierarchical in three levels which requires consistency
maintenance for some types of data, e.g. water flow volumes.

It is therefore clear that the problem is not yet well-enough defined to be able
to specify any type of architecture, data-dictionary or schema, but nevertheless
there is a great deal known about this general type of problem and about this
stage of the requirements definition process.

A brief review of multi-database and federated database architetcures is given
in the next section.

Given the requirements and constraints, it is clear that we are in the “Prelimi-
nary Planning” phase of the specification process [4], and that we will be shortly
moving on to the ”"Requirements Development” phase. At this time (prelimi-
nary planning phase) we therefore have the following immediate actions that
must become true if the project is to succeed (from Steve McConnell [4]):

— The project has a clear vision.

— The project team has identified an executive sponsor with final authority
over projectwide decisions.

— The project plans and progress compared to the plans are readily available
to all project team members and upper management.

— The project has a risk officer.

— The project has a Top 10 Risks list.

3 Crop-Growth Monitoring System
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— The project team develops risk-management plans for each risk on the Top
10 Risks list.

— The project leaders acquire well-qualified people (waiting for well- qualified
people, if necessary), rather than just using whoever is available first.

— Time-accounting is begun before requirements development begins.

— All of the above considerations are formalized in a Software Development
Plan.

An example of such a plan and illustration of how it can be easily published
and maintained is available within the ARIS Unit at this internal website:
http://unit.ais.sai.jrc.it/people/philip/local/moolu/.

A similar checklist is appropriate for the next phase, “Requirements Devel-
opment”.

3 Multiple Database Architectures

The technical issues of connecting and maintaining multiple databases with sep-
arately evolving schemas have been well studied for many years [5-13].

In December 1997, Amit Sheth, Director of the Large Scale Distributed In-
formation Systems Lab. at the University of Georgia (USA), gave the keynote
speech [13] at “Interop’d7” where he forcefully reminded the attendees that the
computer science community had been working with federated database schemas
and semantic problems for more than a decade, with little success, and that the
GIS community should not expect to be able succeed in a difficult area in which
they have little expertise. In fact, the strictly spatial aspects of database integra-
tion seem to be relatively well-understood compared with the semantic issues,
but similarly complex, manual and intractable [14].

It is widely known that multiple database projects require continuous main-
tenance because the shared schema is extremely fragile [15]. To compensate
for the fragility requires active and intensive management of schema evolution
[16-18]. Necessary techniques for effective schema evolution include explicit se-
mantic representations [19-21] and metadata and ontology management [22-24].
Even strictly limited schematic and syntactic heterogeneity between component
databases is beyond the current state of the art, possibly because their resolu-
tion is either intensely manual or because automated tools at these levels would
themselves require a solution to the semantic problem [19].

“...the basic assumption underlying any kind of automation, i.e. having a
schema with expressive names and a low degree of inter-relationships between the
entities, is wishful thinking in most practical environments.”[10] (my emphasis).
It is tacitly assumed that the schema work in any project of this type would
be entirely object- oriented [25], even if the underlying databases were strictly
relational.

The problem is that even if a combined schema can be assembled at one time,
as the system is used it acquires new needs which have to be reflected in either
new attributes (new data) or new interpretations of existing data. New attributes



4 Philip Sargent

mean that a database schema has to be updated, and all the other software and
other schemas in other databases need to be updated to reflect this. Also, before
the update, all other schemas must be checked to see whether there is semantic
overlap between the new proposed architecture and any data already existing
in another system. New interpretations of old data have the same fundamental
problem but are even more difficult to represent within schema definition tools.

Even when two schemas are developed using identical schema-design lan-
guages, on a common data model, it is necessary to use schema mapping lan-
guages to represent and compare the two schemas. These languages, e.g. Express-
X, BRIITY [10], are current research topics, not proven tools. Transformation of
instance data between schemas can be done if designed and implemented purely
within a theme (domain), e.g. the pedotransfer rules system developed for soils
[26].

Even if the semantics of the schemas can be captured and maintained, they
still need to be distributed and interpreted by the other software which forms
the federated database. Current metadata systems are not up to this task [27,
28].

The problems of imprecise and intrinsically indeterminate data [29] and
spatio-temporal data [30], which should be areas under intensive research, be-
come essentially impossible in an operational multiple database scenario with
currently available technology.

3.1 Multibases and Federations

Historically, there have been two approaches to the multiple database problem
where we want users to be able to find, access, read and perhaps update a set of
different databases but where they have the illusion that they are dealing with
one database:

— the “multibase” approach,
also called “Multibase Management Systems (MBSs)”,
— the “federated database” approach,

“Multidatabase” is the generic term used to describe the situation where in-
dependently created and administered databases are to be used together. These
different physically and logically, have different access procedures, protocols and
different concurrency (update) controls. Because they are independently devel-
oped, they may have different data manipulation languages and (sometimes)
different data models (e.g. object and relational) as well as different schemas.
The biggest problem, however, is semantic conflicts [7,13].

“Federated databases” are a subset of multidatabases where there are more
controls on the constituent databases. A single data model is usually possible
and a single organisation can be responsible for the integration mechanisms.
Nevertheless, the individual databases will be to some extent autonomous and
will have a large degree of administrative independence — including update re-
sponsibilities and concurrency and access control [9-11].
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The federated approach has had very limited success in individual companies
in the automotive, oil and aerospace industries.

The multibase approach has had very shallow and partial success using least
common denominators only. Internet search engines operating over the free text
of web pages do not find all the data that is there, and they are limited to a
single unstructured datatype: text.

3.2 Global Schemas

The obvious way of attempting to present a single view of multiple databases is to
construct a global schema. This is a single schema that includes all the schemas of
the constituent databases. Users manipulate data, via some middleware interface,
as if they were using a single database which had that schema. If all the databases
have been constructed using the same conceptual schema, then the global schema
is the conceptual schema.

Unfortunately, extensive practical experience has shown that creating a global
schema is exceptionally difficult, even when it is constructed using a small num-
ber of databases which use the same data model and were developed for almost
identical purposes for the same user community.

There are several aspects to the difficulty:

— when constructing the global schema, there is no general solution to the
semantic conflicts that have to be solved manually, and

— in operation, data conflicts arise if the independence of the databases is to
be preserved: if two databases represent the same value for the same object,
which is correct 7

— in operation, the middleware technology is not capable of bridging the dif-
ferent update and synchronisation semantics required by either the different
databases, or the data itself,

— in operation, the global schema, constructed with such difficulty, is discovered
to be extremely fragile as new interpretations are applied to the data in
the individual schemas, and especially as additions to the schema become
necessary as the system evolves.

The last point concerning the discovery of new relationships to be represented
becomes clearer by considering the example of “dependencies”:

Dependencies: a relational database is constructed by analysing the data de-
pendencies and creating a table schema that respects these, e.g. in Fifth Normal
Form, etc. However, some multi-attribute dependencies require complex man-
uwal update procedures, essentially arbitrary computations, which are outside
the data model, e.g. topological constraints on land parcel survey data inside a
database which has no spatial predicates in its update language, or the depen-
dency of the strength of Nylon components on the level of humidity when it is
a matter of research and experiment to discover if such a dependency exists [31,
32].
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Therefore, except for system which are designed from scratch to be essentially
a single system, the general approach is to assume that the multiple database
have no global schema and that users (which may be software agents) must be
aware that they are dealing with multiple databases. The multibase therefore
needs to provide functions for manipulating data that are in visibly distinct
schemas and may be mutually non-integrated.

Several research groups are attempting to construct “mediators”, middleware
to mediate between multiple databases [9,19,24], but the effort and expertise
involved is vastly more than that available in the ARIS Unit.

3.3 Feature Identity Issues

The Global Schema federated database approach, even if it could be effectively
implemented, does not provide some capabilities commonly required by multiple
geospatial data repositories.

The federated database architecture does not address issues of duplication
and matching across the component databases - the approach tacitly assumes
that foreign keys exist that can unambiguously identify features and ensure
integrity. With geospatial data no such assurance can be given and the Open GIS
Consortium [33] currently has as its highest priority the production of standards
for “Feature Identity and Relationships” [34].

The problem of unique identifiers for objects within multiple databases and
within the entire Internet is an extremely active area of standards development
[35-37].

4 Management

Managing a federated database system requires an operational management style
rather than a research style. The Joint Research Centre at Ispra may have had
such management expertise in the past when it was running nuclear reactors. The
attention to repetitive detail, strict regulations and work that is carefully checked
by several different people are characteristics that are required by nuclear safety
management. However, nuclear operations standards have increased in strictness
and cost over the decades and their increasing cost, and difficulty with this style
of management in the JRC, could have been a factor in closing down the reactors.
Two examples illustrate the current situation in the ARIS Unit.

1. The existing static archive of image data is not managed: it is simply stored.
The tapes are not in order, not indexed and not re-wound every three years
are is necessary to prevent “print through”.

2. The extremely simple management task of monitoring and enforcing trivial
controls on the ARIS missions budget is observably beyond the management
capabilities of the Unit.

An organisation cannot attempt a mission which is in flat contradiction to
its organisational culture — whether that culture is officially recognized or not

[38].
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5 What Can Be Done ?

If neither the technical nor the managerial tools exist to run the catchments
data and information archive as a coherent entity, the only practical solution is
to run the infromation archive as separate thematic projects. Integration between
pairs of themes is not then impossible, it just requires to be properly planned
and managed (and costed) as a project in its own right; a project with defined
targets and an end- date.

The separate themes should be run with as common a data model as can be
afforded, in design and on-going maintenance time, but it should be recognised
from the start that coping with the multiple viewpoints inherent in the multiple
data sources is essentially a manual task.

6 Conclusions

The deep technical problems have no automated technical solution; but there
are manual management solutions. However these management solutions are out
of reach of the ARIS Unit.

The update management, metadata management and on-going ontology main-
tenance tasks require, in the context of the European Commission Joint Research
Centre, a dedicated Unit with its own independent budget. This dedicated group
requires a specific mission to obtain and manage the data, with specific service
level agreements (SLAs) to the other research-oriented Units within the JRC
who will develop applications which use the data.

It is extremely unrealistic [38] to expect that the goal of providing a reliable
managed data service can be combined with the other goals of the ARIS Unit.

Author’s Qualifications

The author is well qualified to assess this problem in both its technical and
managerial aspects. Prior to working in geographic information, he was head
of software applications development and deployment at a company installing
Product Data Management software [39] in large engineering companies in the
UK.

The author is experienced with specifying, designing and implementing soft-
ware database systems to hold nuclear engineering data and North Sea oil plat-
form design data [40]. Both industries require assured access, resiliance and
flexibility of their information systems for a minimum of thirty years. However,
both industries are prepared to pay the costs and prepared to set up specific
management systems to ensure that the information stays available and current.
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