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Abstract: The structure of geoinformatics can be understood in many ways, what can be
seen from the more or the less complex schemas published in various articles. Geoinformatics
creates new possibilities for the precise analysis of spatial phenomena, such as for following
their dynamics or defining the associations existing between their components. The use of re-
mote sensing data in such research, takes to another level those areas of knowledge, in which
there nevertheless still is a scarcity of reliable materials. It also enables the current monitoring
of those phenomena which can’t be investigated and estimated in any other way, as well as
the modeling of spatial (geographical) phenomena. Since 1996, many studies have been perform-
ed at the Laboratory of Remote Sensing of the Environment at the University of Warsaw, in
which remote sensing data were integrated with data obtained by other means.
Key words: geoinformatics, remote sensing, geography.

The era of using satellites to study the surface of the Earth began in the
late 1950s. From the moment of the launching of the first artificial satellite,
there was a marked increase in the amount of information regarding the
Earth, obtained with the help of satellites. This increase was significantly
tied to the development of space technology.

As it is well known, the amount of data concerning the Earth soared,
following 1972, when the first operational satellite was put in orbit; its pur-
pose being to constantly provide comparable data regarding land surface, on
a global scale. The satellite, initially called ERTS-1, was soon renamed LAND-
SAT, due to the launching of an entire series of such satellites within the
framework of a research program in land remote sensing, and the develop-
ment of other satellites – SEASAT – in the preparation for an oceanographic
remote sensing research program. To be able to conceptualize the increase
in the amount of spectral data supplied by the most popular satellite sys-
tems, one could imagine for instance that 1 pixel = 1 unit of data, and while
the MSS scanner supplies 641 data units per 1 km2, the TM scanner sup-
plies 6,736 data units and IKONOS supplies 1,250,000 units of spectral data.

The increase in the diversity of spectral data could be illustrated by the
widening of the spectrum of electromagnetic radiation registered, and the
increase in the number of spectral bands that various types of imaging de-
vices were and are equipped with (Table 1).
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The radiometric resolution of satellite image data has increased consid-
erably. Data from the MSS scanner on LANDSAT-1 were coded in a 6-bit
system, what gave 64 gray levels per pixel; for TM scanners (LANDSAT-4
and 5) the coding was 8-bit, giving 256 grey levels; for ETM+ (LANDSAT-7)
the coding is 9-bit, what gives 512 grey levels. Data from the panchromatic
band of IKONOS are coded in an 11-bit system, what gives 2,048 grey levels
(Fig. 1).

Also worth noting is the increasing frequency with which, within the nadir
observation system, the same locations can be repeatedly registered by sat-
ellites equipped with spatially high- and mid-resolution scanning systems.
And so, within a year, LANDSAT-1 (1972)1 could pass over the same region
20 times; LANDSAT-7 (1999) – 23 times; IKONOS (1999) – 33 times. The
diagram shows the frequency of the satellites’ revisitation. With movable
mirrors and oblique observation, the recurrence rate increases manyfold.

The amount of data obtained with regard to different aspects of the envi-
ronment has soared as the result. It is difficult to imagine interpreting these
data by simple visual methods. One should also account for the rise in envi-
ronment-related information obtained by other, satellite-aided geodetic (GPS);
cartographic; and statistical methods. This enormous amount of information
calls for new methods of data management, processing and dissemination.
This is where the need is met by the equally dynamic development of com-
puter hardware and software. The data are not only disseminated in their
traditional cartographic form, but also in other multi-dimensional forms –
dynamic animated images and various sorts of databases that combine spa-
tial information about various aspects of the environment. This creates not
only the opportunity for presenting various spatial events in a new way, but

1 The year in which the satellite was placed in the Earth’s orbit.

Table 1.
Spectral sensitivity and the number of spectral bands
for each of the different satellite imaging systems

Satellites Spectral sensitivity Number of spectral bands
LANDSAT – 1 (1972) 0.4 – 1.1 µm RBV – 3 MSS – 4
LANDSAT – 7 (1999) 0.45 – 12.50 µm ETM+  –  7

SEASAT (1978) 23.5 cm 1
ERS – 2  (1995) 5.56 cm 1

RADARSAT (1995) 5.56 cm 1
EO – 1 (NOV. 21, 2000)

ALI
HYPERION

0.433 – 2.35 µm
0.36 – 2.6 µm

10
220
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also creates a situation in which quantity translates into quality and in which
spatial data of a new quality are created.

Data technology suited for the dissemination of large amounts of data
about the environment, and the development of computer appliances and soft-
ware, contributed to the origination of global information systems – the key
ingredient of geoinformatics.

The discipline, which is currently called geoinformatics, emerged several
decades ago. How is it being perceived in Poland?

For J. Michalak (http://netgis.geo.uw.edu.pl), a geologist, “geomatics [geoin-
formatics] is a field of science [and technology] concerned with the issues of
the acquisition, collection, management, analysis, interpretation, transfer and
utilization of geospatial [spatial, geographic] information, that is, informa-
tion regarding the Earth.” This expert cautions that one should adopt a skep-
tical stance towards any assertions regarding the emergence of new scient-
ific disciplines and states that “…there is much evidence which indicates that
we are dealing with a new discipline, which has formed in the interdiscipli-
nary problem area concerned with geographical information systems, at the
crossroads of informatics and what is generally conceived of as earth sciences.
The discipline called geomatics [by him] has its own range of questions to
answer, its own methods of investigation and its own way of applying its find-
ings” (Fig. 2). He is of the opinion that the dominance of applied research
over investigative research, what is often inherent in new disciplines, is not
conducive to the development of the latter. He notes this in reference to the
geological sciences. One could also say the same of geography, which re-
nounced its field of research to other disciplines, without much of an argu-
ment. Only recently has the need to compensate for this deficit been

Fig. 1. The increase in the radiometric resolution of satellite imaging systems, expressed by
the digital number of pixel brightness levels.
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seriously considered. By that I mean, among other things, the creation of
a geoinformatics specialization within the geography major area of study at
Adam Mickiewicz University, starting from the first year of study.

J. Michalak considers the term “geomatics” to be interchangeable with
“geoinformatics.” The discussion is not yet over as to which is the correct
label to be used for this new discipline, and most likely it is never going to
end. Personally, and not solely so, I tend to lean more towards “geoinformat-
ics,” as it is the term which is more easily understood, and much better at
conveying the essence of spatial research focusing on informatics.

In Poland, in 2001, two panel sessions of the Polish Academy of Arts and
Sciences Geoinformatics Committee were devoted to this terminological query.

And so, Professor J. Kotlarczyk (2001) – a geologist and Chair of the Polish
Academy of Arts and Sciences Geoinformatics Committee – noticed at the
time that abroad disparate terms are being used as well. He stated that “…the
term geoinformatics originated in the last few decades of the 20th century, as
the result of the integration of three disciplines: photogrammetry, remote sens-
ing and geographic information systems.” He also notes a number of facts
associated with the use of the term “geomatics.” The term was used in Can-
ada at Laval University to describe the integration of the above mentioned
disciplines. The Canadian Ministry of Natural Resources changed the name
of its Department of Geodetic Surveying, Mapping Services and Remote
Sensing to GEOMATICS CANADA. The periodical published by “the Cana-
dian Institute of Surveys and Mapping is currently called ‘GEOMATICA.’ The
periodical defines ‘geomatics’ as ‘…a discipline of science and technology,
which by using a systemic approach, integrates all methods for the gathering
and shaping of spatially oriented data, used in the process of mining for and
the management of spatially linked information.’ ”

In Europe, it is the term “geoinformatics” that prevails more; it was used
in the Netherlands in 1991, where at the famous ITC (International Insti-
tute for Aerospace Survey and Earth Sciences), the divisions of Aerial Data
Collection and Photogrammetry; Image and Remote Sensing Data Process-
ing; Informatics and Computer Science Applications; and the Department of
Cartography, were incorporated to create the GEOINFORMATICS DEPART-
MENT.

In Sweden the term “geoinformatics,” is also used and is defined as “the
science and technology used for the gathering, management, analysis and
presentation of geographic and other spatially-defined data.”

But let’s return to Polish issues. J. Jachimski (2001), a specialist in the
area of photogrammetry and remote sensing, understands the concept of
“geoinformatics” as “...the science of the gathering, processing and dissemi-
nation of information which is spatially defined within the Earth’s system.”

Understanding the complexity and controversial nature of many termi-
nological and conceptual questions, W. Pachelski (2001), a geodesist, quotes
the definition of the concept “geoinformatics,” as it stands in accordance with
the  ISO 19104  standard:  the  scientific  discipline  dealing  with  the
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collection, dissemination, storage, analysis, processing and presen-
tation of geographic data or geographic information.

S.W. Aleksandrowicz (2001), a geologist, considers “geoinformatics” to be
a good field for collaboration between specialists engaged in different, mutu-
ally dependent and complementary disciplines. From a semantic point of view,
geoinformatics can be understood as the union of informatics and the
Earth sciences.

Taking a stand in this discussion, I (Olędzki, 2001a) made a statement,
fragments of which I will quote here. It needs to be pointed out here that
the term “geoinformation” has been functioning in the field of remote sens-
ing since the mid-1970s. It was used in the description of the way in which
satellite images are used to study the Earth and the environment, in the
general sense. The development of science and technology, especially in the
areas of satellite remote sensing, informatics and other fields related to it,
was accelerated by the development of geographic information systems (GIS),
and resulted in the emergence of a new branch of learning and methodology,
which came to be called “geoinformatics.” From the geographical point of view,
it is a new scientific discipline focused on geographical space; it incorporates
remote sensing and photogrammetry, some branches of geodesy, a number
of disciplines with the prefix “geo,” and some branches of cartography. Geoin-
formatics forms a common ground for many of the earth sciences to exchange
theoretical and methodical ideas. One should assume that a whole series of
sub-discipline denominations, referring to more narrow specializations are

Fig. 2. J. Michalak’s conceptualization of geoinformatics.
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encompassed by the term geoinformatics. In 2001, building on these assump-
tions, I organized a symposium in Wysowa (Małopolskie Voivodship, Poland),
with the idea of integrating the above mentioned disciplines, under the motto:
Geoinformatics – an integrated spatial research tool. The idea of a joint meet-
ing for specialists who are all involved in geoinformatics met with great
interest. A second meeting under the same motto took place in 2003 in
Wrocław and Polanica, and a third one is planed for 2005 in Warsaw.

From the definitions and points of view quoted, the conception of geoin-
formatics which seems to appear is that of a field integrating many earth
sciences.

How could the organization of this integration process be conceptualized ?
The  integration  could  take  place according  to  the diagrams presented in
Figs. 2 – 4.

From the analysis of various strategies, it is evident that a key tool in
the practice of “geoinformatics” seems to be software designed for the process-
ing of huge amounts of data, collections of which have come to be commonly
called “systems” – hence “geographic information systems” (GIS). W. Widacki
(2001), a geographer at the Jagiellonian University, sees them as the focus
of attention in numerous scientific disciplines (Fig. 3).

Should “Geography” be concerned with geoinformatics? Yes, without
a doubt. This gives geography new opportunities in precise spatial phenom-
ena analysis, dynamic analyses and in identifying relationships between var-
ious components. The use of remote sensing data in such research, takes to
another level those areas of knowledge, in which there nevertheless still is

Fig. 3. W. Widacki’s conceptualization of geoinformatics, 2001.
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a scarcity of reliable materials. It enables the current monitoring of those
phenomena which can’t be investigated and estimated in any other way, as
well as for the modeling of spatial (geographical) phenomena. From a geog-
rapher’s point of view, geoinformatics is a discipline integrating various earth
sciences, various methods of data collection and presentation, pertinent to
spatial phenomena (Fig. 4).

Since 1996 many studies, in which remote sensing data were integrated
with data obtained by other methods, have been performed at the Laboratory
of Remote Sensing of the Environment at the University of Warsaw. This
has made possible the dynamic representation of environmental phenomena,
such as changes in landscape composition resulting from various kinds of
human activity (Błach, 1998; 2002). It has also brought about the acquisi-
tion of qualitatively new and precise knowledge about the quantitative char-
acteristics of the qualitative links and dependencies existing between plant
communities and abiotic environmental components. The latter studies have
revealed their dialectical character, relying on the shift from general quali-
tative thematic information to precise quantitative characterization and the
description of spatial relationships, expressed hierarchically (Zagajewski,
2002). Also, numerous studies were conducted showing changes in the spa-
tial management of protected regions (Hościło, 2001; Kardaś, 2000; Olędzki,
2001b; 2001c) and in the structure of the environment (Hernik, 1998; Olędz-
ki, 2001). Studio projects focused on creating and supplying environmental
databases with data by means of remote sensing have also been performed
(Drelich, 2000; Szewczykowski, 2002). Other studies also carried out were
focused on the integration of remote sensing and geological data by the cre-
ation of detailed geomorphological maps (Wołk-Musiał, Zagajewski, 2001). This
type of research was made possible by advanced geoinformatics software.

The research contributed to the establishment of a new teaching program
(leading to a master’s degree) in the new major subject of geoinformatics, at

Fig. 4. The author’s conceptualization of geoinformatics.
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Warsaw University’s Faculty of Geography and Regional Studies. Its basis
consists of remote sensing (in the general sense of the word – including dig-
ital image processing), GIS software, geodesy, cartography, geostatistics,
modeling and programming, and relational databases.

Geoinformatical questions are the focus of many international and domes-
tic symposia. Many periodicals are devoted to the subject matter as well. In
Poland, the publication specialising in the subject is Geoinformatica Poloni-
ca, put out by the Polish Academy of Arts and Sciences Geoinformatics Com-
mittee. A periodical with a 40-year history, formerly Photo Interpretation in
Geography, Problems of Telegeoinformation, now Remote Sensing of the En-
vironment, is published under the auspices of the Polish Geographic Society.
The critical analyses presented there are conducted based on remote sens-
ing data obtained by using global information system tools.
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