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ABSTRACT
Geoinformatics along with remote sensing are widely used as cartography supporting tools that
allows  revision and digitalization of analogue maps. The aim of this research was to test an
applicability of remote sensing data and geoinformatic software in refining and updating analogue
geomorphological maps of young glacial areas. The area of research covered glacial areas of
north - western Poland caused by Würm glacial period (also called Wisconsin or Vistulian). All
analysis were held in ESRI’s ArcGIS 10 software. Two types of materials were used: scanned
analogue cartographic materials (geomorphological map 1:500 000, geological map 1:200 000,
topographic map 1:100000) and digital data (Landsat 5 TM RGB 453 composition and SRTM
Digital Terrain Model). During the process a geomorphological map 1:500 000 has been digitalized
and rescaled to 1:300 000. All map units has been manually revised, their content updated and
borders refined based on information acquired from Landsat 5 TM imagery and SRTM DTM. A
coded digital legend has been designed for all of the units. A database with basic
geomorphological and spatial information has been attached. The results were: up to date
modifiable digital geomorphological map of young glacial areas of Poland 1:300 000 accompanied
with database, digital legend of geomorphological units and a printable map layout.
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INTRODUCTION
Nowadays remote sensing is the main source of up-to-date spatial and environmental information
used in map-making, while GIS proved to be highly applicable in its handling (1, 2). Validand
detailed cartographic dataare crucial for proper decision making in environmental management,
spatial modeling and spatial planning (3, 4). Geomorphological maps can provide information
which support such areas as, among many others, disaster and crisis management, landslides
analysis or flood prevention (4).In case of Polish geomorphological maps, there is a strong lack of
current and small scale cartographic materials (5, 6). For that reasons, there is a strong need for a
tool allowing to update the materials in a fast and effective way.

This paper presents an attempt of developing consistent method of analogue map digitalization
and revision using geoinformatic software and remotely sensed materials.
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STUDY AREA
The area that underwent analysis is north-western part of Poland, a 43538 km2 in total. From the
east the area’s border is determined by a 17 00’ E meridian, from the north it is defined by the
coast of the Baltic Sea, from the west by Polish - German national border, and from the south by
52 00’ N parallel of latitude (Fig. 1). It is a part of young glacial areas of Poland, caused by the
Würm glacial period. Most of the occurring geomorphologic forms are the result of fluvial
accumulational, depositional and erosional processes as well as glacial and fluvoglacial erosion
and accumulation.

Figure 1: The area of research.

MATERIALS
The main and the most crucial material used in the research was analogue General
Geomorfological Map of Poland in 1:500 000 (Fig. 2a) edited by Professor Starkel and designed in
1980 by Department of Geomorphology and Hydrology at Institute of Geography and Spatial
organization of Polish Academy of Science (7). It covers 173 land forms, sorted by age, genesis
and morphogenetic aspects.

Other analogue materials were: Geological Map of Poland 1:200 000 (Fig. 2b) designed by Polish
Geological Institute in 1968-1998 (8) and Topographic Map of Poland 1:100 000 (Fig. 2c),
published by General Staff of the Polish Armed Forces, both in SK-42 coordinate system (9).

Main digital material was Landsat 5 Thematic Mapper satellite imagery (Fig. 2d) acquired in June
and July of 1992 with a spatial resolution of 30m for visible, near and mid-infrared spectrum, and
120m for thermal infrared.To increase the effectiveness of photointerpretation and strengthen the
visual difference between vegetation and other types of land cover, a 453 composition was used
(10).

Another material was Digital Terrain Model acquired during Shuttle Radar Topography Mission with
scenes of a 1° of longitude and 1° of latitude with a horizontal spatial resolution of 30m and vertical
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of 90m (10). Due to a small height difference of the area of research, the z value of the DTM had to
be increased 10 times in order to enhance the visibility of land forms (6, 14). DTM was used to
generate such output as: colored height model, contours for the base map and as a 3D semi-
transparent terrain model (5, 6, 14, Fig. 2e).

Figure 2: Examples of used materials.

METHODS
The aim of the research was to digitalize base cartographic material - General Geomorphological
Map of Poland 1:500 000 (7) - update its content and change the scale from 1:500 000 to 1:300
000, thus making it more detailed. All analyses described were held in ArcGIS 10.

A following method has been developed during the process (6, 11, 12, 13, 14, Fig. 3):

Figure 3: Schemata of the method of refining geomorphological maps.

First step was to collect all materials, both analogue and digital. Next, each sheet of all analogue
materials was georeferenced using ArcGIS Georeferencing  tool (Fig. 4).The overall RMSE should
not exceed more than 1 pixel of an image, which gives an error of 15m in reality. The project was
prepared in Polish UWPP 1992 coordinate system (6, 11, 12, 13, 14).
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Figure 4: Georeferencing of analogue materials.

Next, all land forms present on geomorphological map of north – western Poland has been
selected to be manually digitalized (Fig. 5). Form present on the base material has been consulted
with additional sources, from which Landsat 5 TM imagery (10), being the most detailed material,
was treated as decisive one. The form was digitalized into polygons (vast terrain forms and surface
hydrological elements), polyline (rivers and erosional edges) or marked by a signature (detached,
small forms e.g. single kettles) (14).
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Figure 5: Example of polygon form vectorization: subglacial channels from the Vistulian – form
identified on base material has its borders refined through visual interpretation of geological map,
Landsat 5 TM image and DTM (14).

The following steps were: topology building and proofing, along with polygons editing. Due to the
manual character of the vectorization process, most of the vectorized forms had angular shape.To
eliminate this issue ArcGIS PAEK algorithm with a tolerance of 300m was applied (6, 14, Fig. 6).
Moreover, a topology check was carried out which eliminated two major errors occurring in case of
polygon forms: must not have gaps that removed any gaps between two or more forms and must
not overlap which purpose was to avoid doubling polygons area.

Figure 6: Results of applying PAEK algorithm.

The last step of the process was to prepare a layout of the map. The legend of the General
Geomorphological Map of Poland (7) was translated into a digital version, while keeping most of its
characteristic, eg. colours, shadings and symbols (6, 11). A hierarchical list of codes corresponding
to each form was  prepared (6, 14). Codes were added to each digitalized unit in shapefile’s table
of attributes (Fig. 7) allowing to apply digital legend as .lyr file(6, 14).
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Figure 7: Use of hierarchical coding system and attribute table.

Finally, a printable layout of the map was prepared (Fig. 8). It contained the map’s content, legend,
graticule, numeric and measured scale, information about the authorship and department (14).

Figure 8: Map's layout.
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RESULTS
The result of the conducted analysis is a set of three editable *.shp layers prepared in ArcGIS
software containing as follows: 2907 polygons, 1810 polylines and 550 multipoints. A database in a
form of table of attributes has been attached to all three shapefiles. The table contains codes of
hierarchical numeric legend and basic spatial information about the forms - area or length. The
legend consist of 39 types of geomorphological units (27 polygon, 10 polylines and 2 multipoint unit
types). Moreover, a printable layout of the map in 1:300 000 was prepared.

CONCLUSIONS
The method presented in this paper shows that remote sensing materials, e.g. Landsat 5 TM (10)
are highly applicable in preparation and actualization of geomorphological maps. Moreover,
geoinformatic tools have wide application in map digitalization. Though successful, the method
proved to be highly time consuming. It can be improved by implementation of automated solutions,
thus further studies on the subject are highly recommended.
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