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1. Introduction 

According to the Constitution of the Russian Federation (article 71, 
item "p") geodesy, cartography, and naming geographical features are 
in jurisdiction of the State. Surveying and mapping of federal 
importance are executed in the country by the Federal service of 
geodesy and cartography of Russia (Roskartografia). Tasks set by the 
Government before Roskartografia are stated in a number of legislative 
and normative documents published for the last 5 years. The mDst 
important of them is a Federal law "On Geodesy and Cartography" 
issued in 1995 to regulate surveying and mapping activities in the 
Russian Federation. The draft of Federal law "On geographical objects 
naming" is under consideration in the Federal Assembly. The law gives 
a legal basis for naming and re-naming geographical objects, for use, 
registration and storage of geographical names being a part of 
historical and cultural h eritage of the Russian Federation peoples. 

In connection with changes in political and economical situation in the 
country new tasks and problems to solve are facing Roskartografia. 
The most urgent of them dictated by the current development are being 
realized within federal and regional programmes. One of them 
considered as directive is a mUlti-purpose integrated Federal 
programmme till 2000 - "ProgreSSive technologies of surveying and 
mapping in the Russian Federation". It includes a number of special
purpose SUb-programmes, such as: "Digital mapping", "Provision of 
educational institutions and population of the Russian Federation with 
cartographic products", "Surveying and mapping for delimitation, 
demarcation and control of national border lines of the Russian 
Federation", National research and development programme to support 
"ProgreSSive technologies of surveying and mapping in the Russian 
Federation". This Federal program is aimed at eliminating the lag of 
national surveying and mapping from the world level by speeding-up 

2038 



technical and technological re-equipment. The programme realization 
will meet national demands for topographic data and cartographic 
products. 

2. Problems being solved by the Federal service of geodesy 
and cartography of Russia in topographic surveying and 
mapping 

Since January 1996. when the Federal law "On geodesy and 
Cartography" came into force. for the fist time in the history of home 
geodesy and cartography surveying and mapping activities in the 
country have been regulating on a single legislative basis. According to 
this law the Federal service of geodesy and cartography of Russia is a 
federal governmental body of executive power charged with functions of 
executive. directive. permissive. and supervisive nature to provide 
s urveying and mapping over the territory of the Russian Federation. 
There are air surveying and geodetic agenCies. geographical 
information centres. cartographic factories. optical-mechanical plants. 
research and development institutes. regional divisions of the state 
supervision service and other organizations integrated within the 
framework of Roskartografia. 

Roskartografia' s surveying and mapping activities have a mUlti-aspect 
and multi-purpose character. depending on different objectives of 
national. regional. or local significance. It conducts surveying or 
provides mapping to meet demands of either governmental institutions. 
or local organizations of the Federation subject-states. municipal 
bodies. citizens. or juridica l persons. Surveying and mapping activities 
considered to be of federal importance are as follows: 

- compilation. production and revision of national topographic maps 
and plans in graphical. digital. photographical and other forms to 
solve problems in economy. science. education. and defence; 

- surveying and mapping to support federal and regional programmes. 
for instance. ecological and land reform programmes; 

- the Earth remote sensing for mapping ; 
- formation and maintenance of federal and regional topographic data 

archives; 
- development and maintenance of geographical information systems 

of various applications; 
- designing. compilation. production and revision of geographical. 

thematical. reference. educational. political and administrative
division maps and atlases; 

- standardization. registration and the ordered use of geographical 
names; 
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- surveying and mapping to support delimitation, demarcation and 
control of national land and water border lines; 

- research and development. design and projecting work of federal 
level; full-scale production of mapping facilities. 

Surveying and mapping activities considered to be of special purpose 
are as follows: 

- compilation and revision of topographic plans designed for 
construction site lay-outs of industrial projects, underground 
networks and structures, and for other special applications; 

- designing and maintenance of geographical information systems of 
special application; 

- compilation and production of thematic maps, special-purpose plans 
and atlases in graphical, digital and other forms; 

- topographic surveys for ingeneering, construction and other works, 
for land management, cadastres and other special applications; 
special-purpose researches and developments, designing and 
projecting work. 

In accordance with the Federal law "On Geodesy and Cartography" 
Roskartografia is responsible for licensing and supervision for 
surveying and mapping activities in the country. 

3. Topographic survey coverage of Russia 

One of the main objectives of the national surveing and mapping 
service is to provide topographic coverage of the country. Topographic 
surveys had been executed by the present time permitted production of 
topographic maps and plans of all scales adopted in the country. In 
topographic survey coverage of the territory Russia has reached the 
level of major advanced states in the world. 

Topographic maps of 1:25 000, 1:50 000, 1:100 000, 1:200 
000 and 1: 1 000 000 scales cover the territory equalled to 17 075 000 
sq.km. All the industrial and agricultural regions that occupy one third 
of the territory of Russia are provided with maps of 1: 10 000 scale. 
Towns and town-like settlements are covered with topographic plans of 
1 : 5000, 1: 2000 scales and of larger ones . 

One of Roskartografia's vital concers of federal significance is a 
continuous revision of topographic maps and plans to make the 
content corresponded to current terrain situation. In connection with 
land reform launched in the country demands for large-scale 
topographic maps will increase. Ros kartografia is facing a problem of 
speeding-up rates of topographic map revision by transition to new 
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satellite-based technologies with using aerocosmic materials and 
digital maps. 

4. Federal programme "Progressive technologies of surveying 
and mapping of the Russian Federation" 

The Federal programme till 2000 "Progressive technologies of surveying 
and mapping of the Russian Federation" integrates a number of 
special-purpose SUb-programmes. They are as follows : 

- "Digital mapping of the Russian Federation". This programme 
provides for production of maps of 1: 10 000-1: 1 000 000 scales, and, 
basing on them, formation of digital map data archives of federal and 
regional levels; development of geographical information systems of 
various applications: GIS for state government bodies, GIS for national 
borders, regional, municipal, and territorial GISes. 

- "Provision of educational institutions and the population of the 
Russian Federation with cartographic products". The sub-programme 
realization will solve the problem of meeting demands of the country 
for maps, atlases, relief maps, and plastic globes with an account of all 
geopolitical changes in the country and in the world; revision of all the 
cartographic products issued before 1991, and production of maps and 
atlases of a new kind, namely, electronic ones. 

- "Surveying and mapping for delimitation, demarcation, and control of 
national border line of the Russian Federation". Under this sub
programme national vertical and horizontal control networks will be 
densified to a needed level, demarcation topographic maps scaled at 
1: 10 000, 1: 25 000-1: 50 000 will be compiled, and boundary marks 
will be positioned; demarcation maps and documents will be 
published. 

- "National research and development sub-programme" to support 
"Progressive technologies for topographic survey coverage of the 
Russian Federation". The sub-programme implementation prOvides for 
intensive research and development activities aimed at developing new 
technologies and facilities with respect to satellite positioning, digital 
and electronic maps designing, database formation and maintenance; 
at the improvement of technologies for map-plotting and map-printing 
procedures. 

Researches and developments carried out within this sub-programme 
are based on digital method applied to all kinds of surveying and 
mapping activities: for surveying - GLONASS/GPS; for topography -
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electronic tacheometers; for mapping -digital maps, scanners, 
analytical photogrammetric istruments of SD-20 type, etc. Devices 
enabling to attain automatic colour-separation of diapositives, colour 
copies of maps and plans ready for printing are under development at 
Roskartografia. 

Today Roskartografia stands at the threshold of transition to 
automated technologies for surveying and mapping operations based 
on digital methods. All the surveying and mapping agencies, and 
research organizations of the Federal service of geodesy and 
cartography of Russia contribute to the accomplishment of the Federal 
programme. 

4.1. Realization of the "Digital mapping of the Russian 
Federation" sub-programme 

In the second half-year of 1992 Roskartografia started mastering a new 
kind of cartographic products, namely, digital maps. In 1992-1993 
within the structure of Roskartografia several centres of geographical 
information were set up to solve problems of digital mapping and GIS 
designing: Russian science productive geoinformation centre in 
Moscow (Rosgeoinform), regional centres of geographical information in 
St.-Petersburg, Ekaterinburg, Novosibirsk, Irkutsk and Khabarovsk. In 
1994 a State centre for GIS applications (GosGIScentre) was 
established in Moscow. The centres of geographica l information are 
responsible for designing digital and electronic maps, formation of 
geographical data bases, supply of users with terrain digital 
information, and for development and application of geographical 
information systems. 

Research institutions in Russia, at the order of Roskartografia, have 
developed a technology for designing digital maps and plans at the 
centres of geographical information. It features a high level of 
automatization owing to efficient image recognition methods. 

At the end of 1994, next year after the work had started, digital 
topographic map of 1: 1000 000 scale for the whole territory of Russia 
was completed. At present 1:200 000 digital map over Russia is being 
designed. Over half of the Russian territory has been already covered 
with this map. The completion of the map is scheduled for the end of 
1996. 

In designing digital topographic maps for Russia the main requirement 
to meet is to make them fully adequate in their contents to 
conventional topographic maps and plans i.e. digital map features 
should have sufficient number of attributes to represent a ll the 
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characteristics of features and objects. This work calls for great efforts 
and production costs if to take into account that topographic maps in 
Russia traditionally are highly informative. 

Main characteristics of digital topographic maps made in Russia are as 
follows : 
- content, mathematical basis, and sheet divisions are identical to 

those of reference cartographic materials used for digitizing; 
- system of classification and coding fully corresponds to that 

accepted in conventional cartography; 
- objects are identical to those of reference cartographic material; 
- relief is represented by contour lines with conventional contour 

intervals; 
- levels of data access: an elementary object, a compound object, a net 

of objects, a map sheet, a territory, information inquiry about data of 
any access level. 

In digital topographic mapping special attention is paid to information 
quality control. At the centres of geographical information engaged in 
designing digital maps a strict quality control system is introduced. It 
includes necessary software and hardware, specific control procedures 
to provide detection and elimination of errors of different types: sheet 
margin deformations, errors in object codes and characteristics, in 
vertical and horizontal positions of objects, etc. 

Digital maps have found their practical applications for needs of 
different Ministries and Departments: for instance, digital maps of 
1: 1000 000 scale are used by the Ministry of extraordinary situations 
of the Russian Federation which has concluded with Roskartografia an 
agreement on designing decision-supporting GIS to warn, localize and 
liqUidate the consequences of disastrous hazards of natural or 
technogene character. GIS for signed for State government bodies to 
provide them with actual and full information to support management 
decision-making. 

Roskartografia participates in a number of international projects for 
the development of geographical information systems on the baSis of 
digital topographic maps. In 1995 the development of an ecological 
GIS, called "GIS-Sever", for neighbouring territories of Russia and 
Finland was completed. It was designed on the basis of digital maps at 
the scales of 1 :200 000 and 1: 1000 000. Joint work was carried out in 
accordance with Russian-Finnish agreement signed on the 21st of 
January, 1993, by the leaders of Roskartografia and National Land 
Survey of Finland. On the Russian part the project was agreed with the 
Ministry of environment protection as regards the formation of 
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thematic layers of ecological data for a neighbouring territory. "GIS
Sever" project is developed in the framework of the national programme 
"Ecological safety of Russia". States-subjects of the Russian Federation 
have shown a great interest in "GIS-Sever". In particular, the 
government of the Republic of Karelia intends to use "GIS-Sever" as a 
basis to develop a regional mUlti-purpose programme "GIS-Karelia". 

Taking into account the importance of geoinformation to support the 
activities aimed at protection of Baikal-lake region, its further 
sustained development, the Federal service of geodesy and cartography 
of Russia, the Ministry of Nature of Russia, and the U.S. Geological 
Survey, National Mapping Division, have proposed a joint "GIS-Baikal" 
project as a system of ecological monitoring based on cosmic 
photography. The project was also approved at the meeting of the 
Russian governmental Commission on Baikal. 

The programme of digital mapping provides for designing of digital 
topographic maps and plans of large scales, topographic surveying for 
national cadastres of various types, development and use of 
geographical information systems of different applications. 
Roskartografia's agenCies and organizations have produced a number 
of digital maps of 1:10 000, 1:25 000 and 1:50 000 scales for some 
regions. Several municipal administrations (in Kaliningrad, Tyumen, 
and in other towns) are using now "GorGIS", a geographical 
information system designed for municipal management. 

To coordinate the inter-branch activity on GIS developments and 
applications, a Joint Committee on geographical information systems 
has been established by the Government decree. It is headed by Nikolai 
D. Zhdanov, the president of the Federal service of geodesy and 
cartography. 

4.2. Realization of the sub-programme 'Providing educational 
institutions and the population of the Russian Federation 
with cartographic products 

The tasks of providing the country in sufficient quantities with high
quality cartographic products, including, besides topographic maps, 
general-geographical, educational, and reference maps, plans, and 
atlases, are being fulfilled by mapping agenCies and enterprises of 
Roskartografia. At present there are three map-printing plants in 
Omsk, Novosibirsk, Ekaterinburg, and one mapping production 
association (PKO) "Kartografia" in Moscow, other map-printing plants 
in Riga (Latvia), Vinnitsa (Ukraine), and Tbilisi (Georgia) have appeared 
to be on the other side of the border. 
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Mapping agencies compile and print maps, plans, charts, and atlases 
of all scales, applications and contents (including relief maps), 
manufacture plastic globes. Mapping production association 
"Kartografia" is a specialized enterprise that is engaged in compilation 
and publication of maps and atlases designed for mass use; in 
experimental work, and in the development of automated technologies 
for compilation and printing operations. It also publishes some specific 
cartographic products. Before the USSR' s disintegration cartographic 
industry met the needs of national economy, science, and defence, by 
producing cartographic materials in large bodies, and manufacturing 
plastic globes at plants in Vinnitsa and Tbilisi. Despite economical 
difficulties mapping agencies and map-printing plants preserved the 
main profile of their activities and for the last years have begun gaining 
their capacities and increasing production rates . In 1995 mapping 
agencies of Roskartografia produced 67 000 copies of educational 
maps, 2877 000 copies of school atlases, 741 000 copies of reference 
maps (including thematic maps), 129 000 copies of reference atlases, 
15 000 sheets of topographic maps of different scales. The · following 
new map series are under development: "General geographical maps of 
the Russian Federation", "Topographic maps of. Russia", 
"Administrative division maps of the Russian Federation", "Maps of 
towns of Russia". Production of plastic globes with a diameter of 210 
mm, one-sheet relief maps of Russia at the scale of 1: 16 000 000 is 
started; many-sheet maps of 1 :8000 000 scale are under development. 
For 1992-1995 over 200 types (titles) of cartographic products were 
developed and published. 

To meet fully the country's demands for mapping products it is 
planned to increase production rates, modernize old equipment, 
introduce new technologies and facilities for compilation and 
publication of maps, transit to map printing with a reduced number of 
printing inks with new methods applied. 

To work out the single approach to geographical names and their 
agreed use in cartographic products a Joint Committee on geographical 
names has been formed by the Government decree. It is headed by 
N.D.Zhdanov, president of the Federal service of geodesy and 
cartography of Russia. 

4.3. Realization of the sub-programme "Surveying and 
mapping to support delimitation. demarcation and control of 
the national border line of the Russian Federation" 

Roskartografia will continue accomplishing the work of political 
Significance to provide surveying and mapping support for delimitation, 
demarcation, and control of the national border line of the Russian 
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Federation. The total length of the border, including the outer line of 
territorial waters with islands, equals to 7.2 thousand km. Out of 
them only 5.3 thousand km. have been demarcated and officially 
documented according to international law. These are borders with 
Norway, Finland, Poland, Mongolia, and Korean People's Democratic 
Republic. Roskartografia gives historical information on the border 
territories, participates in governmental commissions on delimitation 
and demarcation of the border with Latvia, Lithuania. Estonia, 
Georgia, and Azerbaijan. 

Under the Federal programme in 1992 surveying agencies and 
organizations of Roskartografia started topographic surveys for 
dilimitation, demarcation, and control of the national border line of the 
Russian Federation. Demarcation topographic maps of 1:25 000, 1:50 
000 scales have been compiled on the basis of survey data. To provide 
the border delimitation and demarcation with revised topographic 
maps Roskartografia executed 1: 10 000 surveys over the area of 15 
640 sq.km. The peculiarity of mapping coverage of such territories is a 
full correspondence of topographic map content to the terrain situation 
up to the date of an agreed state of the border line, so topographic 
maps of this type should be permanently revised. Updated and 
radically new technologies, and facilities are urgently needed to comply 
with the requirements. 

4.4. Realization of "National research and development 
programme" for "Progressive technologies of surveying and 
mapping of the Russian Federation" 

Science-technological programme to support s urveying coverage of the 
Russian Federation territory stipulates intensive researches and 
developments which make it possible to transform radically the 
technologies used now in home surveying and mapping industry, and 
to provide change-over to advanced modern methods of digital mapping 
based on GIS technologies and globa l satellite systems. 

Main research efforts to accomplish the programme for digital mapping 
now and in the nearest future are aimed at: 
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rising up automatization level in designing digital maps; 
improvement of digital processing methods for remote sensing (RS) 
data; 
simultaneous processing of digital maps and remote sensing data to 
revise topographic maps, to compile maps for difficult-of-access 
regions, image maps, thematical and specia l-purpose maps; 
automatization of RS data interpretation and map generalization 
methods; 



automatization of procedures of aerial-and cosmic image 
stereophotogrammetric processing and the development of new 
instruments; 

- development of designing and adaptation methods applied to map 
data bases and banks, and to video data as well; 

- designing and adaptation of geographical information systems of 
different levels and purposes; 

- development of special - purpose software and hardware for 
various sub-systems of map and image processing; 

- account for marketing and social conditions, after-effects of the 
transition to digital methods. 

Research and development activity to provide mass production of 
cartographic works of art, according to the Programme, has the 
following directions: 

development of new types of maps and atlases: many-volume 
National atlas of Russia, general-purpose geographicl and thematic 
maps and atlases (some of them basing on cosmic survey data ), 
thematic maps and atlases for educational institutions, regularly 
revised ecological maps (including Ecological atlas of Russia); 
improvement of map-publishing facilities and technologies: revision 
and improvement of standards for designing, editing, compilation 
and preparation of maps and atlases for publication; development 
and improvement of technologies referred to compilation and 
preparation for publication of small-scale maps and atlases, use of 
new materials and facilities; automatization of certain operations; 
standardization of geographical names; 
development of facilities and technologies for manufacture of plastic 
globes and relief maps; development of new materials; development 
of new technical facilities and methods of manufacturing colour 
proofruns without using offset proof-printing machines; 
automatization of printing cartographic products by transfering 
image directly onto printing machine. 

To increase efficiency of surveying the Programme provides for 
research and development activities to design devices of independent 
positioning such as satellite receivers for home-developed GLONASS 
GPS . 
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5. Targets the achievement of which will ensure the 
implementation of the Federal integrated programme 
"Progressive technologies of surveying and mappping of the 
Russian Federation" 

The solution of the tasks set before Roskartografia will enable it to 
speed up technical and technological re-equipment of surveying and 
mapping agencies: 
- to provide transition to progressive information technologies basing 

on digital databanks and GISes, to create a new for the country 
information industry; 

- to meet demands of national economy, defence, education, and 
population of the country for maps and atlases of various 
applications; 

- to activate the use of satellite-based tecnology in surveying; 
- to provide surveying and mapping support for delimitation and 

demarcation of the national borders of the Russian Federation. 

6. International cooperation 

Federal service of geodesy and cartography developes and improves 
business contacts with foreign partners. Roskartografia partiCipates 
as a member in some non-governmental international organizations 
(FIG, ICA, ISPRS); it develops economical cooperation with advanced 
countries to use their technological achievements; to adopt their 
experience to work out a legal base for surveying and mapping 
activities, etc. Roskartografia renews its relations with former partners. 
In cooperation with other countries it pays much attention to joint 
researches and developments, and to joint instrument production, as 
well. Thus, close contacts have been established with swiss firm Leika 
AG. They have resulted in joint production of SD-20 analytical 
photogrammetric instrument (a russian analogue of SD-2000). of PUG-
4 stereo point marking instrument for field processing, and of ST-4 
mirrow stereoscope. As an example of international cooperation with a 
new approach two international projects on ecological geographical 
information systems should be named: "GIS-Sever" (with Finland) 
designed and available now, and "GIS-Baikal" (with the USA) that is 
under development. In future Roskartografia intends to develop further 
the cooperation with foreign partners in the field of surveying and 
mapping. 
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FUNDAMENTAL RUSSIAN CARTOGRAPHIC 
PUBLICATIONS AND NEW TECHNOLOGIES 

Vladimir V. Filatov, Iakov A. Topchian 
Mapping Production Assocciation "Cartografija ", 

Moscow, Russia, 109316, Volgogradsky pr., 45 

During two last years the leading Russian cartographic associatIOn ATKAR-PKO 
"Cartografija"has prepared for the publication several fundamental atlases and a serie 
of maps. They are: general geographic Atlas of the World C volume "Europe" and 
general volume) , Geographic Atlas of Russia, serie of maps "Countries of the world" . 
We are preparing now the National Atlas of Russia C general geographic volume), and 
also the Atlas of lands of Russia at the experimental stage. 

For actual Russia which face certain difficulties of the transmission period, connected 
with fin ancial issues, the publication of such fundamental volumes is the first 
priority assignment as it allows to conserve traditions of Russian cartography which 
count more than 400 years. 

During the last three years all scientific and financial potential of the enterprise was 
directed to the creation of cartographic computer system "ATKAR"C C.C.S. 
"ATKAR"), which should solve two main problems: to introduce new hardware and 
software and to reduce the expenses on map and atlases production. Hereby the 
authors of C.C.S. "ATKAR" had to meet the strict restriction - to keep traditional view 
of cartographic image in computer processing. A paper map at all stages of its 
preparation and in all technical hardware must keep inside all its attributes - it must 
be clear looking, well readible and colourful!. 

Computer cartography and cartographic computer system "ATKAR". 

All technologic chain of preparation of cartographic publications by modern 
computers had got the name of" computer cartography". The computer cartography, 
differing from the digital cartography, provides not only the generation of digital 
graphic infOlmation databanks but also its processing with the creation of trace and 
background content elements for maps and atlases with further information output in 
rastre form on a photofilm Computer technology as a new technology trend in 
cartographic industry is based on cartographic information systems which allow: 
- to process the information stored as paperprint maps, photoform s, ai r and space 
photographs, slides, digital databands; 
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- to create colour separated photoforms of trace, background and combined content 
elements; 
- to perform single outlining of graphic image; 
• to ed it the content in interactive mode . 

• 
The c.C.S. "ATKAR"is operated by platform Macintosh hardware and compatable 
devices . Such devices are traditionall y connected with editing processes and 
correspond to the needed requirements. Graphic interface and applied software are 
accesible for quick training by specialists-cartographers. 

The C.C.S. "ATKAR" software is based on the fo llowing applied programmes: 
Photos hop, Freehand, PageMaker and QuarKXPress . 

The programme Photoshop allows to process and create graphic images in rastre 
format , do colour correction, shade. the scanned image, and also prepare colour 
separated photoforms. 

The programme FreeHand is the main working programme of c.C.S. "ATKAR" whjch 
all ows to an operator-cartographer to convert rastre backlayer from display in the 
Photoshop package to vector graphics. The programme has the tools for colour 
separation, allow to work with big number of graphic layers, to import or export files 
in different formats which makes it programme to be universal. 

The programme PageMaker all ows to do composition, editing and text correction . The 
programme is compatable with major images and databanks processing programmes. 
The programme QuarKXPress is used in c.C.S. "ATKAR" for assembly of very 
complicated design images in the printing list. 

The software united in C.C.S. "ATKAR", already today allows to enhance the 
ass ignments of generation of grafically and colour complicated atlases and maps, such 
as General Geographic Atlas of the World, Atlas of Russia, Atlas of Lands of Russia 
and others. 

The basic technologic scheme for application in C.C.S. "ATKAR" looks as 
follows: 

[ N 

I. 
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Stages 

Editing and auxi liar 
works 

Substages and work types 

1. Editing and technical requirements 
(plans, projects) 



II. 

III. 

IV. 

V. 

VI. 

Elaboration of computer 
conventional symbols and 
symbols 

Preparation of bas ic 
cartographic materials 

Scanning 

Computer image 
processing 

Print of printing proves 
correction and editor 's 
revision 

2.Assignments for preparation of fonts 
and conventional symbols preparation 
3. General work technology 
4.Formation of maquet(es)for 
composition 
5. Preparation of mapbase content 
maquete, frami ng. 
6. Preparation of maquet(es) of 
thematic content. 
I.Elaboration of conventional symbols. 
1.I .Selection of colour version 
1.2.Elaboration of system of trace 
conventional symbols. 
1.3.Fonts elaboration. 
2. Preparation of test-standard . 
3. Determination of the sequency of 
content elements formation. 
I .Selection of the requered part. 
2. Orientation of basic material in 
re lation to the scanner working surface. 
I .Scanning. 
2. Correction of scanner lineal errors 
3.Scaling( if necessary) 
4 .Merging the parts. 
5.Filling of backlayer(if requered) . 
6. Colour index ing of underlayer and 
compression of information by colours. 
7. Record of backlayer on discettes 
I. Formation of cartographic mapbase. 
1.1. Vectorization(hand or automatic) 
for square and lineal conv.symbols. 
1.2. Positioning of discrete 
conventional symbols 
2.Formation of thematic content 
3.Preparation of fonts. 
I.First bl ack-and-white prove of 
mapbase without fonts. 
1.1. First correction and editor 's 
revision . 
1.2. Preparation of thematic 
content(TC) 
orig inal by the ed itor ( p. I. 6.). 
2. Second black-and-white prove and 
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VII. 

VIII. 

Formation of digital 
information on hardware 
carrier 

Preparation for r~n 
printing 

C.C.S."ATKAR"and G.I.S 

first colour prove. 
2.1. Second correction and editor's 
revision. 
3.1.Editor's revision. 
3.2.Approval for photoform exit. 
I. Transfer of backlayer fi les and 
conventional symbols groups out 
from the image limits 
2. Assembly of pages files(for at lases) 
in printing sheet and formation of 
separate file for printing sheet 
3.Record of printing sheet files or map 
files on discettes or changable disks 
4. Prepartion of files for exit in the 
required exit format for transfer to 
photodevices 
I. Preparation of photoforms 
2. Printing of colour prove 
3. Approval of colour prove "for pr~nt" 

In the process of elaboration of the Atlas of Lands of Russia software the specialists 
from ATKAR-PKO "CARTOGRAFIA" have made the experiment for preparation of 
technology for simultaneous generation of three versions of the Atlas - poligraphic, 
electronic and G.I.S.-version. 
For realization of experimental works we have prepared five author's originals of 
thematic maps: hypsometric, land recources, erosion and soil deflation, land salting 
and pollution by heavy metals. The common cartografic base was formed for all 
samples. 

During computer map preparation for printing we have done: 
- scanning of cartographic base; 
- scann ing of thematic maps with following vectorization on rastre backlayer in 
FreeHand environment; 
- merging of digital map parts with digital background; 
- preparation of colour separated photoforms; 
- printing of colour prove on paper. 
Computer preparation of maps for printing was done with application of standard 
editting procedures and norms. 
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In the process of vectorization and computer processing we did cartographic 
information division by graphic layers per colours, in accordance with the schedule of 
tone formation and print of the image on the photofilm with photoassembly machine 
with further printing of colour prove prints on paper. 
All digital information , which is stored in the computer memory, is the electronic 
version of the map which may be copied on CD-ROM. 

In processing of the vector data preparation for their further utilization in 
geoinformation system it is required to divide cartographic information : on information 
layers, which are previously determined in the technical assignment by users of G.I.S .
version of Atlas. 

In general case for conversion of vector data from edition system to G.I.S environment 
we formed the following thematic layers (files): 
- layers of cartographic base - square, lineal and points separately; 
- layers of thematic content for every map - square, lineal and points separately. 

Hereby for every part of the map we formed the li sting of layers of thematic content 
and objects which compose these layers. In accordance with this listing we performed 
thematic layers separation of vector information ( in Free Hand environment), and also 
the editing of separate layers for their coordenation with the cartographic base. 

Furtheron we did layer by layer conversion of the acquired vector data to 
G.I.S .ArclInfo environment with the use of interchange format DXF. The ArclInfo 
software tools allowed to construct the topology, editing and atachment with the 
cartographic base of all layers of vector grafic information, which finished the process 
of generation of graphic databank ( on the example of five samples of thematic maps) 
and provided the possibility of work with the attributive information. 

Thus despite several objective difficulties and problems connected with the application 
of new approach of combination of the processes of map preparation for printing and 
formation of basic vector information for G.I.S.-version of Atlas ,the proposed 
technology version of Atlas of Lands of Russia paper and computer versions 
generation , is really possible. 

The reali zation of such technology will allow to: 
I. Significantly reduce time and financial expenses( compared with traditional 
technology) on the process of paper version of Atlas of Lands of Russia preparation for 
printing. 
2. Create computer (electronic and GIS)versions of Atlas of Lands of Russia with 
minimum financial and labour expenses. 
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Main technologies of colours reproduction of cartographic image with 
application of C.C.S. "ATKAR". 

While elaborating the Geographic Atlas of Russia the specialists from ATKAR - PKO 
"CARTOGRAFIJA"have elaborated the technics of eight-paints reproduction of 
cartographi c image. A necess ity to use eight paints is connected with the presentation 
of the re lief and sea bottom in a traditional form at all fundamental russ ian atlases as 
hypsometric and bathimetric scales. In order to achieve this goal we used the FreeHand 
software capabilities allowing us to work simultaneously with two colour formation 
systems - spot colours and process colours, or by pure paints and mixtured paints ( 
CMYK). 

In Geographic Atl as of Russ ia printing we used four paints - dark blue, black, red , 
grey - for printing of trace elements of the map content and four paints - blue, 
ye llow,pink,orange - for printing of' fi lling elements of the map content in CMYK 
system. Hereby we used two filling and one trace colours for the altitutes staps of 
3000 to 4000 metres, and three filling and one trace paints for the altitute steps of 
4000-5000 metres and 5000 metres and more. 

For creation of these three altitites ateps we used the technics of combinated 
application of two systems of colour formation. The essence of this technics consists in 
the creati on of reatre image of filling elements on photoforms as in the CMYK system 
as well as in spot colours systems. 

The prerared technics may be used for any number of paints if there will be a need to 
go out from the limits of CMYK capabiliies. 

Reproduction of filling elements of general geographic maps of the serie 
"Countries of the World". 

The first maps of the serie "Countries of the World" were printed in 1954. Since then 
we printed more than 100 maps names by different regions, countries and territories. 
The scales of general geographic maps depend on the sizes of the maped territory and 
change within the limits of 1:250 000 to 1:5 000000. 

During las t two years the specialists of ATKAR-PKO "CARTOGRAFIJA"were 
enhancing the problem of the transfer from traditional methods of the specific serie 
map creation to the computer technics. 
The experiments were performed in several di recti ons: 
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- the improvement of trace shaping with consideration of the need to keep the same the 
fonts type number and the letter size typical for every specific map of the serie; 
- the improvement of the system of conventional symbols; 
significant reduction of paints number ( to 6 paints) without a deterioration of the 
image . 

• 
The most compl icated experiments were done with hypsometric and bathimetric 
scales, which included 20 steps for that serie and should be reproduced in the system 
CMYK. For that purpose we have prepared four versions of the scales(i llust. N 2) 
which were printed by two series of paints - poligraphic and cartographic. 

The main problem for the creation of three-paints (without black paint) , with big 
number of steps, is the bad possibility to read and to differ them already on fourth and 
fifth steps. The tests have shown that the best result in scale reading capability may be 
achieved if you add 70% of the yellow paint in each hypsometric step. The yellow 
paint in this case will be the backlayer for other paints . Thus we have combined the 
percentage composition of only two paints, blue and pink, with permanent percentage 
of the yellow one, and have achieved the best capability to read and to distinguish the 
hypsometric scale for 12 steps and higher. 

The special effect for this scale can be achieved by the relief washing which is printed 
by one grey and brown paint. The authors think that the presented scales may be 
characterised as the landscape method of relief presentation. 

Further development of c.C.S . "ATKAR" will be reali sed on the following directions: 
1. Automatization of relief washing creation processses. 
2. Elaboration of computer technics of direct and inverse link c.C.S . - G.I.S. of 
different versions. 
3. Gradual transmission from traditional technologies to computer methods. 
4. Combinat ion of editor and c.C.S. operator-cartographer work in one employee. 
5. Creation of local link network of c.C.S. and information-cartographic Department 
(lCD) of ATKAR-PKO "Cartografija" for the access to cartographic information 
databank. 
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COMBINED IMAGE-LINE MAPS. AN OPTIMAL VISUALI
SA TION MEANS FOR PLANETARY MAPS 

Manfred F. Buchroithner 
Institute for Cartography 

Dresden University of Technology 
D-O 1 062 Dresden, Germany 

1. Introduction 

Subject to the remotely sensed, frequently spaceborne, character of the pictoral infor
mation about other planets, combined image-line (CIL) maps seem to be one of, if not 
the, most adequate means of cartographic presentation in planetary research. However, 
the question of meeting geometric criteria in a suitable way is essential. Through the 
use of ortho-images the surface representation becomes clearer, and the map genera
tion simpler and cheaper in comparison to conventional maps. Principally, the question 
arises whether a planimetric polynomial or aDEM-based geocoding should be per
formed. First, albeit, in many cases there exists no digital elevation model of adequate 
accuracy yet and, second, in most cases maps will only be produced at small scales, so 
that a general reference sphere (e. g. a rotational ellipsoid) will be sufficient. 

2. Image Maps vs. elL Maps 

After the advent of remote sensing technology it was first simple image maps with 
some lettering which replaced the conventional planetary maps. Later, increasingly line 
and point information has been integrated and the type of the combined image-line 
maps became more common. 

Since to our present knowledge we have no vegetation cover but frequently rugged 
terrain on other planets, the cartographic presentation criteria are very similar to those 
applied to (earth borne) high-mountain CIL maps. For the terrain visualisat ion the fo l
lowing map elements are used: 

radiometrically enhanced ortho- imagery 
- elevation contour lines 
- occasionally significant ridge and break lines for relief accentuation where image 

information seems insufficient 
- drainage lines 

drawing of surface structures like bare rock, debris and taluses 
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- occasionally features in ice caps (where present) like crevasses 
- anthropogenous features are usually absent (except of some landing sites) 
- geographic names and height data. 

Line information has to be so subtle that it does not overrule but complement the picto
ria l information. This implies that at a close look the whole plenty of lin~ information 
can be observed, whereas at a more distant look it is "pushed" into the background and 
an overview based on image information only is obtained. In most cases line informa
tion does not represent a jeopardy for the image information contents of planetary 
maps, simply due to its sparseness. It is, of course, to a certain extent subject to the 
scale. Anyway, usually there is not so much point and line information at one's dis
posal. 

Rock and edge drawings are not really hiding image information but in fact emphasiz
ing it. 

The comprehensive image material of the moon and the planets of our solar system is 
listed in voluminous data catalogues issued by NASA and the Gennan Aerospace Es
tablishment DLR. 

A concise account on the status of planetary cartography in the late nineteeneighties is 
given by Neugebauer and Neukum (1989). 

3. Production Aspects 

As in most cases time is not so crucial for the generation of planetary maps, it is gener
ally not the temporal but only the spatial and spectral resolution of the image data and 
their radiometric quality which playa role. The geometric resolution detennines the 
maximum map scale, the spectral characteristics determine the information contents of 
the imagery and thus the way of display (black & white, colour). The initial radiomet
ric properties drive the complexity of enhancement techniques to be applied for image 
quality improvement (Table I). 

Basically, the CIL approach can be utilised for both "topographic", i. e. chorographic 
or physical , maps ("Topographic Image Maps" after Neugebauer and Dorrer, 1996) 
and thematic maps derived from image data. The topographic base in the form of a 
linear network may, however, has to be thinned out for several types of thematic maps, 
mainly those at smaller scales (I: several millions). 

The geometric basis for both "topographic" CIL maps and thematic maps consists in 
the first instance of elevation points and elevation contours, the intervall of which has 
to be determined in an adequate manner. Like for geo-maps, a onethousandth of the 
scale figure may be considered appropriate for planetary maps. Precise elevat ion prints 
are, anyway, not as common on planets as on the Earth. Edge and ridge lines will most 
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probably mainly be integrated in large-scale CIL maps. They are enhancing the re lief 
representation given by the system-immanent illumination or the computed synthetic 
shading. Illumination or shading frequently collide with the albedo recorded by the 
remote sensors: a delicate problem to be solved by the cartographer. Digital image 
processing techniques for hill shading and reshading respectively are given by Neuge
bauer and Don'er (\996). 

Rock drawings in the sense of the classical mountain maps of the Alpine countries can 
be considered as complementing linear elements which facilitate the legibili ty of rocky 
terrain in large- and medium-scale planetary maps, specially on steep slopes. Debri s 
and talus deposits can also be marked by areal symbols superimposed on the ortho
image and thus still enhance the readability . 

Table I tries to summarise the image processing steps in the raster domain and the 
cartographic act iviti es in the vector domain which are used for CIL map production. 
The latter ones have frequently been integrated in an analog way but are more and 
more treated digitally. too. 

Table I: Data processing for CIL maps. 

COMBINED IMAGE LINE MAPS 
from very long distance sensors 

IM AGE PROCESSING 
depending on spatial, spectral and 

radi ometric resolution 

• (Band- or Sensorwise) Contrast 
Enhancement 

• (Band- or Sensorwise) Edge En-
hancement 

• Band- or Sensor Merging 
• Optimised Colour Assignment 
• Manipulati on of Illumination/Sha

ding 
• Interacti ve Classification and 

Colouring of Surface Categories 

CARTOGRAPHY 
depending on map purpose and scale 

• Geometric Reference Grid 
• Elevation Contours 
• Elevation Points 
• Edge (and Ridge) Lines 
• Rock Presentation 
• Drainage Lines 

• Symbols 
• Lettering 

• Frame 
• Marginal Information 

As fo r the colour ass ignment, the cartographer principally has the choice between four 
options of "transformati on" of the original data in the final map: 

- black-and-white halftone to hlack-and-white halftone 
- black-and-white halftone to colour 
- "co lour" to black-and-white halftone 
- "colour" to colour. 
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Two-colour prints, giving the hal ftone image information in any appropriate hue and 
the lettering (and possibly symbols) in black, are frequently very well serving their 
purpose. 

For a general account on CIL maps for alpine terrain the reader is kindly referred to 
Buchroithner and Kostka (1997). 

3. References 

Buchroithner, M F. and Kostka, R.: Conceptional Considerations on High-Mountain 
Cartography and Spacebome Remote Sensing. In these Proceedings ofICC 1997. 
Neugebauer, C. and Neukum, C. (1989): Planetare Femerkundungskartographie. In: 
M. F. Buchroithner: Femerkundungskartographie mit Satellitenaufnahmen. Enzyklo
paliie der Kartographie, Vol. IV/2, Vienna, Franz Deuticke. 
Neugebauer, C. and Darrel", E. (1996) : Experimentelle Untersuchungen zur kartogra
phischen Darstellung der Marsoberflache. Kartogr. Nachrichten, 46, 2: 41-49. 
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MAPPING SMALL LINEAR ELEMENTS IN RURAL LANDSCAPES 

AT DIFFERENT SCALES AND RESOLUTIONS 

Abstract 

Sara A. O. Cousins 
Unit for Ecological Geography 

Department of Physical Geography, Stockholm University 
S-106 91 Stockholm, Sweden 

Preserving biological diversity has been identified as an important goal in 
environmental conservation today. There is a need to develop methods to quantifY 
biodiversity at different levels, from genes and species to biotopes and landscapes. 
This paper describes a study on scale-dependency of data capture of small-scale linear 
elements in the rural landscape. The specific goal of the study is to compare the data 
capture efficiency of two remote sensing sources. The effects on accuracy of different 
resolution of output maps are also analysed. Study area is the IgelOsa region in 
southern Sweden. Colour infrared (CIR) aerial photographs at the scale 1:30 000 were 
visually interpreted to detect line objects and measure line lengths. A 1 :50000 
panchromatic SPOT image with 10m resolution was used as comparison. Maps were 
produced showing the length-frequency of linear landscape elements, which is 
interpreted as a measure of the potential biodiversity. Differently sized grid cells were 
used as output mapping units, and the frequency ofline lengths were compared 
between the different data representation maps, in order to test how different 
resolutions of data representation influence the resulting biodiversity value of each 
cell. The interpretation of the satellite image showed no correlation with the 
interpretation ofCIR aerial photographs, in mapping small-scale landscape elements. 
At I OOx 1 00 m resolution of output maps aggregation of high frequency line length grid 
cells can be studied as an indication of many remnant biotopes, i.e. potential diversity. 
High frequencies of line lenght in single cells should not be considered as an indication 
of hi gh diversity. A 500x500 m resolution can be used for landscape pattern analysis in 
homogeneous landscapes, but is not sufficient in heterogeneous landscapes. The 
1 OOOx I 000 m resolution is not sufticient to show landscape patterns. 

Introduction 

The Convention on Biological Diversity of the 1992 United Nations Conference on 
Environment and Development in Rio de Janeiro, states that the preservation of 
biodiversity is among the most important goals in nature and environmental 
conservation today. To reach this goal it is necessary to identifY measurable quantities 
in the natural and cultural landscape, and to find tools to observe these quantities. 
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Biological diversity includes genes, species and the variation in ecosystems and 
habitats (Bernes, 1994). To be able to preserve species and genes, there has to be a 
structure of biotopes that provides an ecologically functional landscape (Forman, 
1995). There is thus a need in planning and conservation to have accurate and efficient 
methods of defining and assessing biodiversity values at landscape level. Such 
methods must also describe the impact of landscape changes. 

In Sweden agricultural techniques have changed drastically during the last decades, 
and the small-scale, heterogeneous rural landscape is threatened. Landscape elements, 
that have given ecological and aesthetic variation to the landscape, are rapidly 
decreasing in numbers. Decidous forests , grasslands and small biotopes (remnants of 
natural or semi-natural landscapes) have been identified as having a high ecological 
significance (Skanes, 1996). To be able to maintain biodiversi ty in the rural landscape 
there have to be enough areas of landscape elements, that can offer ways of dispersal , 
refuges and habitats for animals and wild plants. Small biotopes include midfield islets, 
ponds, marrow pits, mounds of stones, solitary trees, ditches, earth banks, stone walls, 
irregularly shaped field margins, hedges and road verges (Bernes, 1994). These 
landscape elements, referred to as line and point elements in this paper, are considered 
unproductive, and have been seriously affected by modern agriculture. What still can 
be found are remnants of older landscapes. 

Colour infrared (CIR) aerial photographs, with their high spectral and geometric 
resolution, have been identified as an important tool in many different tasks aimed at 
environmental protection (Ihse, 1978; Wastenson, 1982). It can be assumed that CIR 
aerial photographs can be used to detect changes in the landscape and thereby to 
monitor biological diversity (Ihse, 1989; Cousins & Ihse, 1996). Repeated digital 
registration by satellites, is also envisaged to be a potent tool in monitoring the 
environment, but little is known about its efficiency in monitoring small-scale features 
and patterns in the rural landscape. Moreover, few studies have given data on how 
spatial changes in landscape structure and pattern affect the diversity of species. 

It has been suggested that the study of biodiversity is scale-dependent in both time and 
space (Forman, 1990; De1court & Delcourt, 1992) . This bears implications not only to 
the input data sources but to strategies of presenting the results. To address the 
question of scale is thus important; for instance, to determine suitable mappin g units 
when taking into consideration interpretation accuracy and scale of output data. 

This paper describes a study on scale-dependency of data capture of small-scale linear 
elements in the rural landscape. The speci fic goa l of the study is to compare the data 
capture efficiency of two remote sensing sources, CIR aerial photographs and high
resolution SPOT satellite imagery. The effects on accuracy of di fferent resolution of 
output maps are also discussed. 

Study area 

The area selected for the study is located in the Igelosa region, in the southernmost part 
of Sweden (Fig. I). The study area is covered by one Swedish Economica l Map sheet 
at the sca le l:10 000, and the size of the area is 5x5 km, i. e. 25 km2 The area chosen 
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fo r the study shows land use representative for the region, from large-scale (50 to more 
than 100 ha) to medium-scale (6- 12 ha) agricultural fields. There are comparatively 
few landscape elements left in the intensively fa rmed area. 

6 
N 

Fig. I The study area, Igelosa 
region in southern Sweden. 

The study area lies in a transition zone 
between a northern boreal and a southern 
more temperate climate (Angstrom, 1974). 
The mean temperature in the coldest month, 
February, is -I to 0 CD and in the warmest 
month, July, 16 to 18 DC. The mean annual 
precipitation (1 96 1-1 990) is between 550 
and 800 mm (National Atlas of Sweden, 
1995). 

Methods 

Colour infrared aerial photographs from 
June 30 1986 covering the study area were 
visually interpreted with respect to linear 
landscape elements. Since the purpose of 
the present study is to indicate not absolute 
but rather a potential biodiversity, only 
linear elements were interpreted. A fie ld 
check was carried out to evaluate the 
accuracy of the interpretation. A SPOT 
satellite image, panchromatic for best 

geometric resolution (1 0 m), was similarly interpreted. The image, registered 511 1 
1986, is enhanced fo r visual interpretation and resampled to 5 m pixel size. 

After interpretation the transparent overlays were transferred manually to orthogonal 
projecti on, scale I : 10000. Grids of different s izes were then laid out over the 
orthogonal interpretation results. Grid sizes used on the aerial photograph 
interpretation results were 100x i00 m, 500x500 m and 1000x lO00 m. Grid size used 
on" the SPOT scene interpretation result was 1000x l000 m only. Line elements were 
then measured in the interpretation results, and the line length for each grid cell was 
noted . Regress ion analysis was conducted to compare the aerial photograph 
interpretation resul t (grid cell size I OOOx I 000 m) with the interpretation result of the 
SPOT scene. 

To enable a class ification of the output data, they were imported into the Idrisi 
software, and artificial maps were produced by fabricating pixels ofthe grid cells. A 
hi stogram was constructed to show line length frequencies . The pixels were then 
classed into seven category va lues, based on the frequency of line lengths. The line 
length category thresho lds for the I OOx I 00 m grid were set to O=no data, 1= 1-29 m, 
2=30-99 m, 3= 100-1 09 m, 4= 110-11 9 m, 5= 120- 199 m, 6=200-279 m, 7=280->350 m. 
The values of the 500x500 m and 1000x l000 m grid cells were calculated as the mean 
li ne length per 1 OOx 1 00 m square in each cell , in order to analyse how the 
representation of categori es woul d change in output maps with these resolutions. 
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Results 

The study area contains comparatively few landscape elements. Those elements that 
exist in the study area can be detected in the eIR aerial photographs with 97% 
accuracy, while the SPOT image offers lower detection accuracies (Figs. 4, Table 1). 
Further, in the eIR aerial photographs a qualitative value of the e lements interpreteted 
can be assessed to some extent. This may for instance be degree of openness, degree of 
wetness, scarcity/density, age and form of individual trees (e.g. stagheadedness), etc. 
Also vegetation type can be defined with good accuracy. 

Line length frequencies in the 100xl00 m output map, as interpretetd in the eIR aerial 
photographs, are presented in Fig. 2. The diagram shows two conspicuous peaks at 
zero-lengths and at around 100 m lengths. The first peak represents the grid cells that 
does not contain any linear elements . The second peak registers roads running across 
the grid cells. A minor peak at about 120 m line lengths, indicates roads running 
approximately diagonally through the grid cells. 

0.00 35.00 70.00 105 .00 140.00 175 .00 210.00 246.00 280.00 315 .00 350 .00 

Fig. 2. Histogram ofline length frequencies in 1 OOx I 00 m 
grid cells in IgelOsa region, southern Sweden. 
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The accuracy of visual 
interpretation of the 
SPOT image is very 
low, with a coefficient 
of correlation of 
-0.2172 as compared 
with the interpretation 
of eIR aerial 
photographs (Figs. 3 
and 4). 

The output maps with 
100xlOOm,SOOxSOO 
m and 1000x l OOO m 
resolution, and the 
output map of the 
SPOT image 
interpretation are 
presented in Figs. 4, 5 
and 6. 

Fig. 3. Regression analysis comparing line length interpreted in eIR aerial 
photographs (grid s ize 1000xlOOO m) and in SPOT panchromatic image. 
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Table I. Possibility to detect landscape elements, present in the study area, in erR 
aerial photographs and SPOT panchromatic image. 

Lineal' landscape elements CIR aerial photographs SPOT panchromatic image 

Roads X X 

Water courses X X 

Forest edges X X 

Earth banks X 

Stone walls X 

Farm tracks with or without X 
verges 

Lines of trees X 

Avenues X 

Ditches/canalised X 
watercourse 

Grass stri ps X 

Point landscape elements 

Houses and gardens X X 

Midfield islets X X (some only) 

Groups 0 f trees X X (some only) 

Pools of water X X (some only) 

Fig. 4. Output maps with 1000xl000 m grid size showing line length frequency, 
interpreted in erR aerial photographs (a) and SPOT panchromatic image (b) . 
For legend see Fig. 5. Interpretation results are superimposed . 
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Fig. 5. Output map with 100xI00 m grid size showing line length frequency, 
interpreted in erR aerial photographs. 

Fig. 6. Output map with 500x500 m grid size showing line length frequency, 
interpreted in erR aerial photographs. For legend see Fig. 5. 
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Conclusions 

The possibility to identify landscape elements in eIR aerial photographs, makes aerial 
photograph interpretation an effective tool for analysing smale-scaled landscape 
elements and patterns. The photographs give a spatial and chronological 
documentation of landscape characteristics, which can be followed-up with 
consecutive photography to detect changes. The data obtained can be used together 
with botanical and zoological data at a larger scale, in an interpolation process, to 
obtain information on the potential biodiversity of landscapes . 

The output map ofthe frequencies of line lengths interpreted from the SPOT-image 
shows no correlation with the real landscape. The resolution of the satellite image is 
not sufficient to provide a good source for data capture (Fig. 4b) . 

The output map with I OOx I 00 m resolution (Fig. 5) displays the general characteristics 
of the study area well. Major roads can easily be detected and the vast field units in the 
northwestern part of the area are clearly indicated as low line length frequencies. The 
aggregation of hi gh-frequency line lengths in the northeastern corner indicates the 
Kavlingefm river, with many grass land edge zones, small forest edge zones and tree 
rows. The comparatively heterogeneous landscape patterns in this part and in the 
southeastern part, mirror field size and the relative abundance of linear elements. The 
aggregation of high frequency line length grid cells can be studied as an indication of 
many remnant biotopes, i.e. potential di versity. Hi gh frequencies of line lenght in 
single cells should not be considered as an indication of higher diversity, as many in 
the map are road crosspoints . 

The output map with 500x500 m resolution (Fig. 6) agrees reasonably well with the 
interpretation, in that the low frequency of linear landscape elements are shown the 
northwestern part of the map. Also the relatively high frequency of aggregated linear 
elements in the northeastern parts (around river Kavlingean) of the area shows in the 
map. The more heterogeneous part of the southeastern corner shows in the map as a 
low frequency of line length, this is an indication of the comparative isolation of linear 
elements in that part. Thus, 500x500 m grid size is not a sufficientl y good resolution 
for di splaying heterogeneous landscapes. 

The output map with I OOOx I 000 m resolution (Fig. 4a) also to some extent agree with 
the interpretati on, in that the northwestern parts come out as a low-frequency category. 
Onl y two categories are di splayed in the map, however, indicating that much 
informati on is lost in the aggregati on of smaller-scale pixels to the size I OOOxl 000 m. 

The present paper deals with research in progress. Further studies are needed to 
analyse the landscape patterns' influence on biodiversity, and to characterise patterns in 
different landscapes. New satellites may offer new spectral possibilities to enhance 
interpretation accuracy in satellite imagery. This should be analysed more thoroughly. 
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The aim of this paper was to prepare a serious proposal which could answer the 
educational requirements - formal - and give interesting answers - informal - to 
questions related to CARTOGRAPHY, always with a scientific background. 

Our way of seeing the importance of cartography -as a science and as an art- in 
the old and present times of humanity, is that it must be transmitted BY and AT school 
but, based on what elements? 

The teacher, the same as the pupil are exceeded in the contents to teach and 
learn, respectively, where everything is important, and the quickness of technologic 
progresses lead back today in a short time what was a new thing or a discovery 
yesterday. 

CARTOGRAPHY HAS BEEN LEFT ASIDE AT OUR SCHOOL, may be 
because of the great quantity of knowledge to be taught, lack of time, ignorance of its 
importance as a transversal content (which goes through all the areas in the school 
subjects), or little teacher practice in the subject. 

The contribution of the Work Group is= give the teacher a suitable tool which 
answers the educational demands in each teaching level which is divided in 
"CYCLES", having enough theory to make practice finn, intelligible and easy to work 
with. In such a way that the teacher may understand, in its complete dimension, that= 

- CARTOGRAPHIC MATERIAL IS LIKE AN OPEN BOOK which must be 
explored according to the different reading levels, deciphering and subsequent 
understanding. 
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- READING is visualizing the content trying to get the greatest quantity of 
infonnation related to the represented area. 

- DECIPHERING is analyzing the graphic content. 

- Infonnation must be INTEGRATED according to a proposed objective. 

But, which has been our main idea as regards this posing? 

A) Starting from concept and procedure contents teaching is aiming at, making 
them match with the pupil psychophysic development, and accomodating him in the 
mapping theory and practice to be used, bearing in mind the children mental and motor 
structure. 

B) What do we want to transmit to the teacher? 

The primary or secondary school teacher must know that the aim of 
CARTOGRAPHY is not incorporating contents which are unknown to the child but 
which, on the other way round, may solve and facilitate the comprehension of every 
day situations, as regards the area dimension. How? 

- We must outline the child's learning - starting from a preschool level, according to 
two organizing axis= AREA and TIME, and another one, later on= SOCIAL. 
The envirom11ent perception is vital for the human being. 
How can a child be adapted to the here and now concepts, and living in a conullunity 
without the continuous leanting of area and time, and to the society itself where he 
must live his life? 

It is in that dynantic reality where he has to live and, as he gets new detai ls of 
his neighbouring world, as he leaves his house and district he is living, that he is urged 
to incorporate cartographic abilities as a way of approaching 11-0111 the neighboring 
area -concrete and near- to the remote and unknown. 

How can we explain and bring to the classroom, surtaces of hundreds and 
thousands of square kilometres having different landscapes, locations and dimensions, 
in this conul1lmications and globalization time, if it is not by means of a map? 

- We must tend to the person integral development begiJUling from the most 
fillldamental tlung, that is the progressive movement of active area and time: from 
subjective, egocentric and familiar to the objective ones, foreign and abstract, 
teaching the child "areally" and temporally. And this is the point where 
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CARTOGRAPHY appears with all its strength as a meaningful knowledge closely 
linked to life. This is the only way to get to a geographic comprehension which may 
adapt him to the environment, move through it, know its potentials, also perceiving 
how past time goes by present time, historic processes and periods. 

We are -then- emphasizing that CARTOGRAPHY covers the whole practical 
spectrum of area perception the child is needing to develop. But it is clear that. when 
speaking about perception, we are speaking about senses. The lower level teacher must 
work with them, and this is where the step fi·om subjective to objective and geographic 
area is built. So CARTOGRAPHY will allow a didactics of area, which by beginning 
with individual and group games in the classroom comers, will allow the development 
of= 

Identification 
ofplaces 

AREA PERCEPTION 

Mark dimension 
of areas. 

Representation 
of known places. 

I AREA BEHA VIOlJR I 

CARTOGRAPHY AND TEACHING LEVELS. 

I) From the INITIAL LE VELS. it must he work~d with= 

Classroom location 
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Orientation as regards playground, cOlridors, chapel, etc. 

Incorporation of road signs, weather forecast, presence/absence of 
elements. 

The geographic names in the district= square, school, neighbouring streets; the 
value of names. 

Scale by means oftoys having different sizes. 

Which would be the actions and activities to be developed by means of approaching 
and maturing of cartographic skills? 

r-----r--'I-il CARTOGRAPHIC SKILLS 

cIaJfy observe 

Identify 
elements 

relate 

compare order 

I 
I 

name 

use symbols 

If we begin introducing children in the area sensing perception, we will be answering 
these questions which have to do with geographic and cartographic practice= 

- Where am I? (location) 
- Where am I going? (orientation) 
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- Why do toys have different sizes? (scale) 
- Are there different landscapes? How do I draw mountains? (relief representation) 

How do I explain it? What practical exercises can I do? How do I work with 
this in such a way contents may be really meaningful, and may allow me to get the 
objectives of area perception? How do I start from the mental map the child has about 
his environment, in order not to isolate him from his social psychophysical reality? 
This is the teacher's challenge, and ours too in this job we have begun. 

Learning in Preschool and Initial Levels will be based on the items mentioned 
before, which will gradually allow that passage from the familiar egocentric area 
perception to the objective and geographical one. Ifwe can help him mature -as regards 
this variable- he will be able to be independent from his nearby world, getting a self 
determination according to his age. 

II) It is in the FIRST CYCLE of the BASIC GENERAL EDUCATION -EGB- (6-8 
year old), where the previously shown aspects will become complex, also adding= 
a) Location of different familiar places, field trips having a map or plan at hand. 
Field work beginning. 

b) Use of simple methods of orientation, beginning by means of sunrise, cardinal 
points, ~1ressing on the fact of individual and group surviving in the field. 

c) Written and graphic symbology as ways of communication. 

d) The different graphic representations of actual and imaginary areas. 

e) Plotting ofjoumeys in simple plans. 

t) Recognition of different ways of area representation (sketches, plans, charts, maps, 
etc.). 

g) Measurement of simple distances. 

The acquired cartographic abilities will allow: 

Full adaptation to The hahit of detailed direct The learning of different 
extemal area and and indirect observation of the graphic languages, mainly 
time area. cartographic writing and 

symbology like recording of 
area information and 
representation. 
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This is the place where we begin working with the flat surface, but viewed from the 
referential area environmental point of view= house, school, streets, quarter, 
sensorially speaking, sensing what is near -apprehending and understanlling it
building up tI.: three compulsory and progressive steps. 

We must get the first level of approach and reading from what flat surface 
means, cartographic symbology, geographic naming, scale and improvement in finding 
and locating elements in the area. 

WITHOur THE VISUAL HABIT OF PLANE DIMENSION AND 
AREA PERCEPTION AS A SKILL, IT IS IMPOSSIBLE TO 
GET TO THE SUBSEQUENT UNDERSTANDING OF THE MAP, 
AND TO THE ROLE OF CARTOGRAPHY IN OUR LIFE. 

III) It is in the SECOND CYCLE of the EGB (9-11 year old) where we can begin 
getting the maximum learning power, if we have worked properly with the previous 
items. Which are the items we are going to be speaking at this level, that is deepening 
or adding? 

- LOCATE more precisely with more and more detailed field work. 
- DRAW sketches in order to explore the area (maps, etc.). 
- USE more and more complex orienk1tion instnnnents. 
- SELECT cartographic material according to the planned aim. 
- ORDER the infonnation obtained. 
- CLASSIFY, COMPARE, RELATE infornlation coming trom diJferent sources. 
- RECOGNIZE the different cartographic documents, including aerial photographs and 

satellite images. 

I WILL ALLOW I 
I 

I Second Level of Cartographic Infol'Dlation Reading I 

I 
BASIC INTERPRETATION 

of simple relationships among natural 
and cultural cartographic components. 
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IV) In the THIRD CYCLE of the EGB (1 2-14 year old), the pupil has gone through 
that first area perception -its apprehension, comprehension- understanding of 
geographic and ab&1ract area, and already knows the different cat10graphic 
representations. This is the point the pupil has to begin managing them with certain 
skill. This is the stage where we go to a third level of geographic reading and 
interpretation, according to his age and development. 

What are we trying to get at this cycle? Not onJy the control of area perception based 
on direct and indirect observation which may allow oprientation, surviving, correct and 
safe movement in different kind of lands= urban, suburban and rural; but also, as this 
is the last compulsory cycle in fOlm al education, the acquired knowledge must be 
strengthened, and must be introduced in : 

a) Management of cartographic documents by means of COMPUTER MEDIA, 
working not only as regards the creative and game potential, but also its possibilities 
as a tool for the analysis of problematics of different k ind. 

b) Basic knowledge of the ~1eps that con&1itute the BASIC MAPPING 
MANUFACTURING PROCESSES= fi eld control, photogramllletric and satellite 
survey, criterions to be kept in mind when interpreting and selecting details that have to 
be captured as a function of seale and fi nal product and, at last, the technical conditions 
that have to be can'ied out in the photogramJlletric process and color original slntcture 
as a step previous to printing. 

c) THEMATIC MAPPING = its aims, usc, scopes in the local, regional and continental 
problems synthesis and diagnosis as of its use. m aking a di fference between thematic 
maps and topographic maps. 

d) FIELD WORK, flllldanwnta l fClI' every present time assessment, relating it to the 
dille rent cat10graphic documents. its advantages and limitations. according to pro jects 
and goals. 

V) The nc;-.1 educat ional k , 'cl i ~ POI ,]!\ !ODf\L EDtT.\ T ION ( 14 year old), it is not 
cnmpu lsorv. it lasts 1 wars as a minimum. 

Though cartograph, ' is not JJlcntion.:d in tht' new .:duca tional changes tor this level. ,ye 
can sec an ill ngil'al lTilck as r.:gards what was being ta ught at the EGB -where neiiha 
1he concept nor th..: procedure contenl s or the diflcr..:nt Polimodal specialti .:s are being 
m<:l"I li ,ll1..:d. What coul d he hrought to this level') 

- T i l l·: I 'Sf: OF C\R'rOGR ,\PI [1' as a poinl in Clll nillon with 1he dill"er<:nt study 
a r\?a~ Ili ~t ()rv . G<:ogra rl l\. Socia l Science,. I,anguag<:. Mathematics. EC(1I10mv. 
P" I ill l's. (inJl. . \rL,. dc.. understandi ng its meaning of teach.ing h'l" llIIologkal 
t cansH'rsa lity. 
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- CONTROL OVER CARTOGRAPHIC LANGUAGE and its possibilities of 
information analysis and synthesis by means of cartographic documents according to 
scale and goals. 

- INTEGRATION of all knowledge learned through educational process to get the 
highest degree of understanding in the cartographic analysis. 

- ASSESS THE IMPORTANCE OF CARTOGRAPHY, basic and thematic by 
introducing Geographic Information Systems (GIS). 

CONCLUSION. 

Learning CARTOGRAPHY has to do with the educational transversality 
mentioned before, because it is a tool, it is a technology that was born with man 
himselt: with his need to represent, name. examine each footstep on Earth, its journeys, 
distances, unexplored distant places, where scientific knowledge at that moment and 
known world joined art and drawing. 

But even more, the teacher must go to CARTOGRAPHY because it is culture; it is 
history of the evolution of man, of his discoveries. his conquests, his colonizations 
which brought to geography, economy, geopolitics, biology, etc. new territories and 
problems to rt1present, analyze and synthesize by means of cartograph.ic documents. 

So, by means of this papt1r, we are accompanying teache.rs in their job of approaching 
different reading, understanding and integration levels of the information contents 
according to the pupil himself and his psycho-physical-social development. There 
cannot be an understanding of computer media, thematic mapping or Geographic 
Intonnation Systems without the previously mentioned steps. which imply practising 
area perception and its relationship with every day lite. 

CARTOGR.\PHY must be inunersed within the differential educational subjects, 
as it is usefu L it t1xplains geographic, human. historic, environmental and t1conol11ic 
processes. Don't you think it is easier to understand from a simple. school journcy, a 
tourist trip. the cultural and religious difference, conmh:n:ial problematics, endemic 
illnesses spreading, by means of a call0graphic document which may help to observe, 
relate. inl!::r, diagnose; summing up= THINK in capitalldtt1rs. This is our proposal. 
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In recent years as more and more digital spatial data is being transferred between 
computer systems, a distinct problem has arisen that hinders the easy identification of 
spatial data sets in other systems, assessing their internal characteristics, and effectively 
using them. One root of this problem is the lack of clearly defined metadata for these 
datasets, which would ease these prQblems. 

This sort of digital information, called spatial metadata, is the "data about data" that can 
be used to more clearly define the information contained in a spatial database. As. such, 
digital spatial metadata can help facilitate the documentation of spatial databases as the 
data is collected, processed and inserted into the spatial database. It can greatly assist the 
user who is searching for a spatial database with specific spatial characteristics to find that 
such a database among a large number of candidate spatial databases using a metadata 
clearinghouse server. The metadata then can assist the user to identify specific data items 
in the database that meet a specific criterion for a particular characteristic. Together such 
spatial metadata helps facilitate the multiple use of spatial databases available from public 
and private sources. At this point the metadata can then be used to help the user to 
evaluate the data for "fitness for use", which includes a primary examination of the data 
quality of the various elements of the dataset that is being sought. When the fitness for 
use is verified, then the metadata is available to assist the user to transfer the data from 
the depository system to the spatial data system of the user. This paper will examine 
these five functions that use spatial metadata, and examine the general categories of 
spatial metadata that are utilized in a number of standards across the world. 

1 INTRODUCTION 
For the last several decades the growth of the collection and use of spatial data has 
expanded enormously. In the early years data was collected explicitly for specific spatial 
data systems and little was shared. As time moves on, more and more spatial data are 
being shared between agencies, organizations and systems. As this database sharing has 
continued to expand over the last decade, it has become apparent that a systematic 
approach must be developed to be able to consistently document, search for, identify 
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specific data items, assess the fitness for use of spatial data, and finally transfer that data 
or database from the host system to the spatial data system of the user. Spatial metadata 
has come to playa major role in all of these activities. 

The sharing of spatial data and databases began as local sharing of data between closely 
cooperating organizations and agencies. However, through time this activity has 
expanded from closely cooperating groups to a developing spatial data infrastructure that 
can operate at several different geographical levels. The most basic is the municipal or 
local level between cities and other such small units. The second is the state or 
provincial level between organizations and governmental agencies at that level who seek 
to share and use spatial data from fellow groups . National agencies were among the first 
to begin the systematic development of specifications and mechanisms to authoritatively 
share such databases between various organizations. In the United States this is evolving 
into the National Spatial Data Infrastructure (NSDI) . This spatial data infrastructure is 
designed to link together all three levels of government, and the private and research 
organizations as well. Finally, it has become apparent that there is an evolving need to 
plan for the establishment of a Global Information Infrastructure (GIl) that will enable 
organizations and agencies in different countries to share spatial data. The general 
concepts and associated problems of sharing geographic information between these groups 
at is discussed in an interesting book by Onsrud and Rushton, (1995). Others such as 
Felker(1996) have analyzed international data exchange policy. It is clear that the 
development and use of spatial metadata lies at the heart of such sharing of spatial data. 

This paper will examine the definition, use and general categories of spatial metadata that 
are evolving as this global effort continues to develop. Although this work is still at a 
relatively early stage of work, it is clear that this effort will continue to gain energy and 
scope in the world as these spatial data infrastructures are developed at the local, 
state/province, national and world levels. It can be seen that spatial metadata will play 
a key role in these developments. 

2 Definition and Specification of Spatial Metadata 
Metadata has been informally defined as "data about data". In this case one is talking 
about spatial metadata, but the general notion stated above still applies . The ICA 
Commission on Standards for the Transfer of Spatial Data has recently updated its 
definition of spatial metadata as: "Metadata are data that describe the content, data 
definition and structural representation, extent (both geographic and temporal), spatial 
reference, quality, availability, status, and administration of a geographic dataset" 
(Moellering, ed ., 1996). It has been said that extracting this spatial metadata from 
existing datasets is really an exercise in "truth in labeling" (Moellering, 1987, p . 8), in 
that the producer of the dataset is expected, and in many cases now required, to provide 
at least a minimal core set of spatial metadata about a dataset that has been produced. 
In a complementary activity, the prospective user of that dataset has the duty to evaluate 
the metadata provided by the producer and then decide if that particular dataset attains 
the necessary "fitness for use" to satisfy the user's intended application . 

Currently throughout the world there are many efforts to define spatial metadata not only 
in concept and meaning, but to develop detailed specifications and resulting standards for 
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such spatial metadata. Although it is difficult to ascertain just who was first to begin 
development of such standards, several major efforts are at various stages of develop
ment, or completed. The United States developed its first version of a metadata standard 
in 1994 (Federal Geographic Data Committee, 1994), while the European Center for 
Standardization has largely completed its standard in 1996 (Comite Europeen de 
Normalisation, 1996). Other international groups are working on metadata standards such 
as the International Hydrographic Organization (1996), the Australia and New Zealand 
Land Information Council Working Group on Metadata (1996), and the Digital 
Geographic Information Working Group of NATO (1994) as part of their DIGEST 
transfer standard. The most recent effort has been on the world level by the International 
Standards Organization (ISO) Technical Committee TC211 on Geographic Informa
tion/Geomatics. Here its Working Group 3 on Geospatial Data Administration has 
several tasks, one of which is Task 15 to develop a standard for spatial metadata at a 
world level. This work is currently in its second version with an active effort to further 
develop and refine the specification (ISO TC211/WG3/Tl5, 1997) 

This work to develop specifications for spatial metadata has grown to be rather varied and 
multifaceted to the extend that at least two comparisons between various metadata 
standards have been carried out. The first has been conducted by the FOMI Project in 
Hungary (Kovacsne and Prajczer, 1995), where the goal of the study was to more clearly 
understand spatial metadata and its role in spatial data processing, and more specifically 
to review and compare the more widely available metadata standards such as from the 
FGDC (U.S.), CEN (Europe), and MEGRIN (Europe). The result from this study has 
been helpful to the Hungarian effort to define and adapt various spatial data standards for 
the use of the country itself. The second comparison study has been conducted by 
ISO/TC211 Working Group 3 in order to better understand the metadata elements 
contained in major existing standards including, FGDC (U.S.), GILS (U.S .), ANZLIC 
(AUS,NZ), Canada, CEN 287 (Europe), IRO S-57 (lHO), and DIGEST (NATO). The 
goal of this comparison is to match specific items between the six standards with the 
proposed ISO WG3 metadata draft standard. The resulting finding is that the core 
information of all of these standards are rather similar, but that detailed differences are 
noted in the specific items that are referenced . 

It should be noted that the ICA Commission on Standards for the Transfer of Spatial Data 
is currently heavily involved in the study and examination of spatial metadata standards 
as part of its ICA 1995-99 Terms of Reference. The first two years has been focused on 
the development of a covering set of metadata characteristics which is designed to contain 
all of the essential characteristics contained in every national and international metadata 
standard. The second two years of the ICA cycle will be spent on applying that set of 
technical characteristics to each of the national and international metadata standards as a 
scientific assessment, which will probably be written and published as an ICA book. This 
scientific work would allow interested parties to better understand the characteristics of 
particular standards, and to make comparisons between and among standards if desired. 

3 Major Uses of Spatial Metadata 
There are many uses of spatial metadata, but th~re are five uses which stand out from the 
others. They are documentation, availability, fitness for use, access , and transfer. They 
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will be discussed in this order. 

3.1 Documentation of a Database 
This activity involves collecting and coding the fundamental information about a specific 
spatial datasets. This includes such things as the dataset name and alternative references 
to it, spatial extent of the coverage of the dataset, and currentness of the data items 
contained in the dataset. The current status of the dataset is of interest here too, because 
a particular dataset may be only partially completed, or is undergoing an updating or 
restructuring . It would also include such things as themes of data covered, places 
covered in the spatial extent of the dataset, layers of data contained in the database, and 
temporal information such as the time period covered by the dataset. Having a coordi
nated set of spatial databases in Europe is the primary goal of the MEGRIN project 
(Salge, Smith and Ahonen, 1992). 

3.2 Availability of a Database 
When one is trying to analyze a spatial problem, one is sometimes hard pressed to find 
sources of spatial data that can be used to work on the problem. This has been a difficult 
problem for many years, but the use of metadata in the form of spatial data servers allows 
the researcher or spatial analyst to query a metadata server to inquire whether datasets 
with certain specific spatial coverages and data variables such as identified in Section 3.1 
exist for the desired area. In the past the notion of designing and implementing such a 
system was a major challenge as documented by Timpf, Raubal and Kuhn(1996) . They 
showed that it is possible to extract compatible metadata from a diverse set of spatial data 
sources and bring them together in a metadata server. Smith(1996) shows that such 
notions of metadata libraries can be usefully implemented. More recently Schenkelaars 
and Egenhofer(1997) have shown that the access to digital libraries with their EAGL 
(Exploratory Access to Geographic Libraries) system tool makes such ideas practical. 

3.3 Quality and Fitness for Use 
The need to specify spatial data quality has been recognized for many decades . A data 
quality specification is a requirement for most spatial data transfer standards such as 
SDTS, DIGEST, S-57, EdiGEQ, and many others. The entire question of spatial data 
quality has been examined in detail in a new ICA book edited by Guptill and Morrison 
(1995) . In this book the authors review the five standard data quality components of 
lineage, positional accuracy, attribute accuracy, logical consistency, and completeness. 
At the outset Morrison in the first chapter (Morrison, 1995, p .7) explicitly recognizes a 
quality report as an exercise in "truth in labeling". This truth in labeling concept was 
first articulated by Moellering(1987, p. 8) as part of the conceptual development of the 
SDTS transfer standard. In this ICA book two additional data quality characteristics were 
proposed, semantic accuracy by Salge(1995), and temporal information by Guptill(1995) . 

The notion of "fitness for use" has also been in existence for some time. Initially it 
meant assessing the quality parameters to ascertain that the quality levels of the spatial 
data were consistent with a particular application. More recently, Kuhn (1994) has stated 
that fitness for use also includes what operations are supported by particular data and data 
structures in a spatial database. This is a distinct extension of the concept of fitness for 
use beyond the notion of only assessing spatial data quality. 
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3.4 Access to a Database 
Once one has identified a candidate data set, and verified that it contains the requisite 
levels of data quality and spatial functionality, meeting the "fitness for use" test, then one 
becomes interested in ascertaining the location of the desired database. Here one needs 
to ascertain where the dataset is housed, how a copy of the dataset can be obtained, if 
there is any cost associated with acquiring the dataset, and what the details are of 
obtaining the dataset. Here metadata elements fetched from a metadata server is fast 
becoming the preferred method of operation. It is clear that such metadata servers, 
probably operating over the World Wide Web, will probably greatly proliferate over the 
next decade where most national and regional units will house such a metadata server. 
Private sector vendors of spatial data will likely use this medium on a proprietary basis. 

3.5 Spatial Database Transfer 
Metadata also greatly assists in the actual transfer of spatial databases from one system 
to another. Much of this metadata is embedded in the transfer mechanism itself, but 
while most of this metadata is used to support the actual transfer itself, the syntax of the 
transfer. There are a host of spatial data transfer standards available for this task. 
Moellering and Hogan (eds., 1997) in a recent ICA book authored and edited by 
members of the ICA Commission on Standards for the Transfer of Spatial Data 
exhaustively examine the 22 national and international spatial data transfer standards with 
13 major characteristics, 85 secondary characteristics and more than 220 tertiary 
characteristics. In Part 5 of that book Moellering (ed ., 1997) presents an edited crosstable 
of the 22 transfer standards by 63 crucial characteristics, which can be used as a quick 
overview and cross-reference between the standards. 

However, little metadata may be available to assist with the larger problem of the 
semantic transfer of the meaning of the spatial data transferred by the mechanism between 
the participating systems. Kuhn (1994, p. 975) has examined this question in some detail 
and has concluded that "categories in spatial languages are better defined by the 
operations applied to them than by their names and sets of common attributes" . In a 
somewhat different light Felker (1996) has examined international data exchange policy 
where spatial data is treated as a commodity. 

4 Discussion of the Current Classes of ICA Metadata Characteristics 
The ICA Standards Commission is currently developing an exhaustive set of technical 
characteristics for spatial metadata(ICA Standards Commission, 1997) that can be applied 
to any spatial metadata standard. There are 13 major classes of such technical 
characteristics, and the following section is a description of them in their current form 
and will be numbered according to how they are numbered in the Commission working 
document. 

4.0 Assessment Information 
This information is intended to provide the user with a general description of the 
character and intended use of the standard. Here it is important for the user to know the 
general scope of use of the standard so the reader can grasp the primary thrust of its use 
prior to delving into the more detailed technical parameters . Information on the preparer 
of the assessment is also requested. 
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4.1 Administration of the Standard 
This section provides a general description of the administrative framework within which 
the standard was developed, tested and currently resides. Significant details are also 
requested in terms of the developmental and managerial history. Information on the 
existence of documentation, software tools and training materials is also requested. This 
section also provides a point of contact for further information on the standard. 

4.2 Use and Implementation of the Metadata Standard 
This section provides information on the way in which the standard is used, and the 
purpose of its use. It also asks questions about the level of abstraction and structure of 
the standard. It is necessary to have some idea of the depth of abstraction possible with 
the standard. 

4.3 Linkage and Coordination 
This section provides information on how the metadata standard is linked to other 
standards, particularly transfer standards, and how such linkage is implemented. If a 
significant linkage does exist, then items are asked that include detailed technical 
information on the precise nature of the link, and how the linkage affects implementation 
of the metadata standard. 

4.4 Identification of a Dataset 
This section describes the various sorts of titles and identifications for a dataset. They 
also include alternative titles since many standards are titled and referenced in more than 
one way. 

4.5 Status of the Data Set 
This section describes the way in which the standard provides for specifying the current 
status of the data set and the ways in which it can be updated. Some metadata sets can 
be updated more easily than others. 

4.6 Extent of the Dataset 
This section Provides information pertaining to the spatial and temporal extent of the 
standard. This spatiotemporal extent of a metadata set is of critical importance to the 
query and extraction of information from it. 

4.7 Data Content 
This section provides overview information about the dataset in terms of more detailed 
overview elements, themes, and classification schemes. This information is of critical 
importance to understand the details of the information that is contained in the database. 
After all, this is the primary target for most metadata query, search and retrieval. 

4 .8 Data Quality 
This section examines the way in which a standard deals with the question of data quality. 
This includes homogeneity and metrics for data quality, quality assurance, usage and an 
overall quality statement. Qne should note that spatial and nonspatial data quality are 
both assessed in this section. 
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4.9 Spatial Data Organization 
This section examines information on the spatial data model and associated information 
such as the referencing system, primitives, etc, and spatial data types of information that 
are referenced by the standard. The form of the data organization can sometimes be just 
as important to the user as the data content. This is because the user usually wants to 
identify a database that has a spatial data structure that is compatible with his/her own. 

4.10 Spatial Reference 
This section asks if the metadata standard requires information on the spatial reference 
characteristics of the data set. Most of the detailed characteristics deal with the geodetic 
referencing system and map projections used. 

4.11 Availability and Distribution of the Dataset 
This section asks if the metadata standard provides support information on the availability 
of the data set. This includes location of the data set distributor, pricing details, 
distribution format(s), ordering procedures and support services. 

4.12 Authorization and Verification 
This section describes the authorization and/or verification that the standard allows to be 
done on the metadata of a dataset. In other words, how is the metadata itself derived, 
verified, and authorized? Does the metadata standard require information on the 
verification and authorization of the metadata itself? 

5 Summary and Conclusions 
It is clear that there are many uses for spatial metadata, and one can be sure that the 
growth and development of spatial metadata specifications and standards will facilitate the 
wider use of spatial metadata in the spatial sciences . The uses of metadata to facilitate 
better documentation, availability, quality and fitness for use, access, and spatial data 
transfer can only hasten the development of better spatial data sharing systems and the 
development of the various levels of the spatial data infrastructure in the future. 
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Abstract 

During several years of commercial production of high-quality maps from geographic 
databases, cartographic rules for generalisation and presentation have been defined for 
important steps in the map-making procedure. Cartographic editing had to be as efficient 
as possible to optimize the productivity of the map production. 

The cartographic rules had to be developed because of the accelerating transition of 
focus from the database as a reflection of the paper map to the paper map as one of many 
possible reflections of the geographic database. Quality, flexibility and usability of 
geographic databases are much more important aspects today than the need to "mimic" a 
paper map product. Moreover, in the near future we will really be "on-line" with the 
geographi c database and therefore require consistent and straightforward rules for 
visualizing the geographic database "on-the-tly". 

The cartographic rules are developed to minimize the conflict between requirements on 
data for cartographic production and data for geographic analysis. Cartographic 
production requires a database which has, more or less, been adapted to the contents and 
scale of the map product. The data has undergone various steps of generalization, such as 
simplification, deletion, amalgamation and displacement. Furthermore, different map 
products require different types of generalizations depending on the purpose as well as 
the scale of the product. Geographic analysis, on the other hand, requires highly accurate 
base data, su ited for various types of analys is and display. Most important, the database 
must be built to allow for secure revision and the revised data must be available for all 
app lications that are the geographic database. 
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1 Introduction 

The change of focus during the 90'es from the database as a reflection of the paper map 
to the paper map as one of many possible reflections of the geographic database is the 
most important process in modem cartography and must involve a change in priority of 
research from geometric generalisation processes to logically and hierarchically governed 
generalisation processes. Furthermore, the power and affordability of computer 
technology of today allows for advanced "on-the-fly" processing of databases, both for 
on-screen visualisation and for "just-in-time" paper map production. Weibel, 1995, 
describes the digital development as: "Now that we have freed ourselves from the 
tyranny of the static paper map and we are going all-digital, all-dynamic, animated, and 
multimedia, isn't generalization simply a remnant of the past? ". Or, from another 
perspective: "Most people in cartography and GIS realize that there is a problem with 
generalization. Nobody, however, has a clear perspective of what the objectives of 
generalization should be. and what scale ranges, feature classes, or methods we should 
concentrate on." (MUller et al., 1995). The authors further conclude that most of the 
generalisation research has focused on the rather secondary issue of line generalisation 
instead of trying to analyze and solve the much more complex issues of geographic 
database generalisation, such as defining database models and describing data quality 
information contra "traditional" cartographic generalisation. 
It is therefore necessary to distinguish between geographic database generalisation 
processes, which are defined by the selected object model and results in a Digital 
Landscape Model (DLM), and cartographic generali sation processes, which are 
dependent on the map scale and the visualization needs and results in one or several 
Digital Cartographic Models (DCM) , as defined by Muller (1991). 

2 Geographic Object Model 

The representation of geographic objects is always to some extent scale-dependent. The 
scale-independent geographic database cannot exist because the geographic landscape 
must always be interpreted and mapped by the object model before any database object 
that reflects "reality" can be created. The geographic database is thus always a DLM, as 
defined by Muller (1991). 
The interpretation of the landscape must be done using an object model which is relevant 
for the intended data capture method and the building of the database. The object model 
is thus of utmost importance to build homogeneous and well-defined geographic 
databases with relevant data structures. 
The object model definition should include: 
• Object class definitions 
• Object class limits (eg. limit between river and narrow lake) 
• Mandatory and optional attribute information for each object class feature 
• Data quality information (eg. geographic accuracy, classification accuracy, 

information uncertainty) 
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• Scale-dependent information, ego an object class is valid for scales 1: 10 000-1: I 000 
000 and will be replaced by other object classes beneath scale 1: 1 a 000 and by another 
object class above scale 1: 1 000 000. An example can be the city object class 
represented by the urban structure, i.e. roads and houses, in scales < 1: 10 000 , by a 
city polygon in medium scales and by a city point in scales > 1: 1 000 000. 

• Priority definitions. Prioritisation is both scale- and usage-dependent and needs to be 
defined between object classes for di fferent application purposes. 

• Symbolisation information is both scale- and usage-dependent. This can, fo r example, 
define the transition of symbology from multi-area symbology in large-scale maps to 
point symbology in small-scale maps. 

Another implication of the object model approach is that in reality it is impossible to 
support all cartographic and database applications with a general database structure. 
From our experience at least three different levels of database structures seem to be 
necessary. The database positional accuracy is the main difference between the di ffe rent 
levels. 
I . Cadastral database structure, valid fo r scales < I : 10 000 (geodetic accuracy, ± 1 m) 
2. Landscape database structure, valid for scales between 1:5 000 and 1: 1 000 000 

(accuracy depending on object class priority) 
3. Atlas database structure, valid for scales above 1:500 000 (accuracy not relevant) 

This article is concerned with the landscape database structure, which covers the range 
from simpl ified town maps (roads, important buildings) th rough topographic maps to 
rather small-scale maps that can be "atlas-like" but where the geographic informati on is 
used by database applications and must be as pos itional accurate as possible. 

The generalisation rules described here are valid for the fo llowing object model: 
• Scales between 1 :50 000 and I : I 000 000 
• Roads defined as the most important obj ect with a geometric accuracy ± 5 metres. The 

prioritisation, for example in complicated junctions and between different types of 
roads, is well-defined. 

• All other object classes, such as cities, lakes, rivers, rai lroads etc., have lower priority 
and in fe rior accuracy than the roads. Only some object classes use prioritisation rules; 
for the rest no speci fi c prioritisation rul es are defined but instead more general 
cartographic rules can be applied. 

• Point symbols are used as much as possible to symbolise in formation that cannot be 
correctly symbolised in the map scale, such as complicated highway junctions. 

The symbology process is not described in the paper, but it is assumed that at least the 
roads have some kind of buffered line symbology, whether drawn from the database 
containing road outlines or by drawing road centrelines several times with di fferent line 
widths and line co lors. 
Thi s arti cle will concentrate on defining and describing rules for how cartograph ic 
edi ting and visualisation can be implemented in the selected geographic database model. 
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3 Generalisation rules 

"On-the-fly" generalisation, as defined by van Oosterom (1995), is the process where 
generalisation processes are temporary applied to the geographic database and produces 
data to be visualised "on the screen" or to produce hardcopy output. The advantages of 
"on-the-fly" generalisation are obvious since no or limited interactive cartographic 
editing or generalisation will be necessary. 

Sti ll , it is difficult to see, at least in the near future, on-the-fly methods, with commercial 
acceptable productivity, which can solve traditional cartographic problems and yie ld an 
acceptable visual output in cases such as: 
• object symbolisation conflicts solved by object displacement 
• amalgamation of minor objects 
• exaggeration of important objects 

Two very different point of views can chosen. The first is to accept that the transition 
from paper maps to geographic databases in its nature must modify traditional 
cartography, thereby result in a visualisation 0 1!1 put unacceptable by traditional 
cartographic rules. Essential cartographic " ,. Illust be managed as complimentary 
databases to the geographic dat"h:l" 

The second poil il "; \ lew is that these cartographic problems must be solved by 
Qcoillctril' cllIl ll1g in the database and this, if the geographic database should be 
I'rc:scrved , will result in the need of one Master OataBase (MOB, equivalent to a OLM) 
and one or several ProductDataBases (POB, equivalent to OCM's). The MOB is the 
geographically correct database, which is used for analysis and where all database 
updates must be executed. In the POBs, which from the beginning are clean copies from 
the MDB . all necessary cartographi c editing and generalisation is performed . 

The discipline of cartographic generalisation has concentrated on how gencrali sati on 
tasks should be performed in terms of (cartographic) database editing. Equally important 
is to assure that future updates of both the generalised and the ungeneralised data can be 
performed and controlled (i.e. a link between the generalised and the ungeneralised data 
must exist, be used and preserved during the updating process) . The MOB-POB database 
model as described above will result in the creation of several databases that must to be 
managed, and in the need for complicated updating procedures to ensure the unique 
identifiers necessary to mainta in the links between the MOB and a ll created POB ' s. 
Cartographic editing (i.e . creating a cartographic database from the geographic database) 
should always be avoided as much as poss ibl e, as it is time-consuming and sca le
dependent and makes future updates more complicated, even if using the MOB-POB 
model as described above. 
When feas ible, create duplicates of the objects in the geographic database that need to be 
changed by cartographic editing. Edited obj ects are stored in cartographic databases. 
It must be emphas ised that, even if database structures supporting objcct s with severa l 
different geometri c representations in the same database will be developed. the main 
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obstacle will be how to control and preserve the topological integrity between updated 
and non-updated objects during the propagation of updates from MDB to PDBs. 
Attribute information should be used in the geographic database for : 
• describing the objects that" also have a geographic different representation In a 

cartographic database 
• identify by name all related cartographic databases 
• to define which objects that should be drawn from the cartographic database 
By generalisation information must be gained; any generalisation reSUlting in a loss of 
information is irrelevant. The critical issue is therefore to define what is the relevant 
information both from the database user and from the map user's point of view. 
The essential point is that important map objects must be easily identified, interpreted 
and compared with other map objects. Generalisation should never introduce unneeded 
distortions in the map, often the information gained in exaggerating ego highway 
entrances and exits in a complicated highway junction, is less than the information loss in 
terms of introduced geographic distortions. 
Many of the cartographic generalisation processes, as defined by McMaster and Shea 
(1992), can be described by relevant attribute information instead of doing geometric 
editing in the database. However, displacement, line generalisation and amalgamation! 
merging processes are not easily described by and used from attribute information. 

4 Examples of generalisation rules 

This chapter presents examples of common cartographic generalisation problems, where 
alternative solutions to traditional interactive generalisation processes are proposed. The 
solutions have been developed when building databases and using them for cartographic 
purposes in the ArclInfo program family (developed by ESRl Inc. USA) . In the following 
sections, ArclInfo commands are written with CAPITAL letters. References are also 
made to functions in CPS (Cartographic Production System), T-Kartor' s ArclInfo-based 
application for database-driven cartography. 

4.1 Line generalisation 

4.1.1 Junction problems 
A central cartographic problem is how to symbolise a junction on the map. Traditionally, 
this has been done by changes in the real geographic positions of the junction elements, 
in order to visualise all elements of a complicated junction (eg. highway entrances/exits, 
railroad/road crossing in two planes). In a geographic database, which most certainly is 
built for and used by navigation applications, these positional changes are not acceptable. 
Instead, the usage of junction symbols are recommended. Cartographic information about 
the function of a highway junction can be achieved by using different symbols as: 

o () 
Fig. 1 Complete access / Access from the right / No entrance to the right lane 

2088 



Another central cartographic problem is how to represent multi-level junctions. 
Traditionally this is done by using a bridge/tunnel symbol, sometimes offset from the 
overpassing object. The usage of symbol offsets should be avoided. Implementing 
symbol offsets are difficult to do automatically, no information is gained for the user and 
oth" "rtO",'hix'd'd if.h, ,ymbo! oo"fli," with o.h" obj~". 

Fig. 2 Example of a multi-level junction with tunnel symbols. 

4. 1.2 Short lines 
Short lines connected with lines that are represented by a wide line symbology can 
completely disappear into the connecting lines symbology. 

------ T----- -

Fig. 3 Example of a short road that is completely hidden by the symbology of the larger 
road. Thin line is the road centreline, thicker lines are the road outlines. 

Hidden lines can be acceptable in some circumstances, for example they can be 
symbolised with road numbers. However, hidden lines often have to be extended in the 
cartographic database to make them visible. Identification is easy, as it is possible to 
calculate line length with respect to the final mapscale and line symbology. 
A logical selection will find all lines shorter than the calculated line length. 

4. 1.3 Symbology conflicts 
Lines that are near to each other often coalescence due to line symbology, which in many 
cases is not acceptable. Classic examples are rai lroads and rivers going close to large 
roads and two roads gradually joining. 

Fig. 4 Example of two roads gradually joining, with a dashed line in-between. 

Identifing objects where the symbology conflicts is difficult to do automated as usually 
no direct information in the database is available for the real geographic extent of object 
symbology. Buffering techniques must be used. 
Automatic procedures can, however, only partly find conflicting objects; visual checks 
wi ll always be needed for cases where several objects are close to each other. 
Problematic objects must often be offset from other objects to produce a map with 
correct information about objects relative positions. Symbology conflicts are always 
scale-dependent and any displacement information should be stored as attribute 
information in the geographic database. 
Note that conflicting point and polygon objects can be treated with the same methods. 
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4.1.4 Curve generalisation problems 
An intricate cartographic problem is when sharp curves disappear, due to symbolisation 
merging. Often this can be accepted as it is , but at least two problems can be identified: 
a) when curves disappear that must be visible on the map. Either place symbols where 
the curves should have been, or exaggerate the curves in the cartographic database. 
b) when the curves result in an uneven line width: 

Fig.5 Example of curve generalisation problems, thin line is the road centreline, 
thicker lines are the road outlines. 

Two solutions can be applied: 
- Smooth the line from undesired curves (using the GENERALIZE function in ArclInfo) 
- control the number of coordinates that are captured in the plot file , with the 
WEED TOLERANCE command in ArclInfo. Although it is not possible to control 
exactly which points that are captured, a careful setting of the weedtolerance parameter 
usually results in a satisfactory generali$ation. 

4.2 Point and polygon generalisation 

4.2.1 Points merged into a polygon 
Several points close to each other may be best represented as a polygon. This can partly 
be achieved by using the same buffering techniques as described above in "Symbology 
conflicts". The buffer test identifies merging points. Polygons can be built by automatic 
methods around identified points. The issue of closing resultant polygons that also should 
be merged (for example if there is a small gap in a village due to uneven urban density) 
can be solved by comparing distances between the resultant polygons . 

• • • • • • • 
Fig. 6 Example of points merging into one polygon 

4.2.2 Points merged into many points or to one point (clustering) 
This generalisation process, can be performed with the above-mentioned buffering 
techniques. Information about the distances between points can be extracted and stored 
as attribute information. The attribute information will be used for drawing reselections . 

• 
•• • • 

• • 
Fig. 7 Example of scattered points merging into a few points 
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Several automated methods have been developed that defines how to cluster scattered 
points but usually extensive interactive editing is needed to define how many points out 
of several scattered points should be drawn and where to draw them. 
An automated solution for symbolising only one point is to first create a polygon, as 
described above, and use the polygon centroid point for the symbolising. 

4.2.3 Displacement of points and polygons relatively to other objects 
Use the above-mentioned buffering techniques to identify points or polygons too close to 
other objects, for example church symbols next to roads . Move identified objects 
interactively in the cartographic database. Store the information about the movement 
vector and distance in attributes. For objects that can be drawn directly with an offset 
stored in an attribute, it is only necessary to store attribute information about the offset. 

4.2.4 Polygon - collapse to points 
Usually easily achieved directly in the map-making symbology process. Define the 
polygon symbology from the area of the polygon. The polygon is drawn as a point feature 
if its area is lower than the defined threshold, otherwise as a polygon. Other attributes 
than the area, ego town population, can be used with the same methodology. 

5 Conclusions 
The suggested principles for the cartographic rules are: 
• Cartographic rules are stored to the geographic database as attribute information 

whenever possible. 
• Geographic editing for cartographic purposes must be done in cartographic databases. 
• Updates to the geographic databases must be transferrable to all derived cartographic 

databases, using unique object relations between "source" object and derived objects. 
• By generalisation information must be gained. Generalisation resulting in a loss of 

infOtmation is not acceptable and must be kept to a minimum. For example, 
exaggerating entrances and exits in a complicated highway junction, introduces 
geographic distortions that makes the map less readable and informative correct. 

• Map objects should be easily identified and interpreted in their order of importance. 
• Special symbols and text information are used as much as possible to symbolize 

features that are impossible to represent by correct geographic positions on the map. 
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Abstract 

In contrast to many computerized mapping systems a geographical information system (GIS) 
supports many possible applications such as routing, allocation models, address matching, 
various kinds of geographical analysis, as well as cartographic representation. Data is updated 
at one point and may immediately be reflected in all applications. 

The question is how to manage and maintain both the true geometric properties and the 
di fferent cartographic representations of the same data. Often agencies resort to keeping 
mUltiple databases, one for each scale range and product. This is an expensive solution, 
especially since database revision must be performed individually for each database. There is 
also a great risk of inconsistency between the databases. 

In our production environment, we are using a data model, which is based on the concept of 
Master and Product databases, MDBs and PDBs. Through the implementation of this Master
Product model the problems related to maintenance of multiple representations of the same 
dataset have been reduced. The basic concept is to maintain one large-scale Master Data Base 
(MDB), from which several smaller-scale Product DataBases (PDBs) can be created and 
maintained. Using the Master-Product model it is possible to keep geometrically accurate base 
data and cartographically processed product data separate yet related 

The system is constantly evolving. Todays version of the MDB-PDB model is implemented in 
ARC/INFO and ArcStorm (ESRl Inc.) requiring a UNIX server and NT clients. Development 
efforts are currently focused on implementation of the MDB-PDB model in the ESRl products 
ArcYiew and the Spatial Database Engine (SDE). 
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Introduction 

Data stored in a geographical information system (GIS) can support many different 
applications such as routing, allocation models, address matching, various kinds of 
geographical analysis, as well as cartographic production. 

An increasing number of agencies around the world discover how geographic data can 
be used in many new applications. One example is a road and street network databases 
which traditionally have been used for production ofroad maps, but which are now 
considered for to provide the geographical base in systems for vehicle navigation. 

The quality, flexibility and usability of geographic databases are becoming more 
important aspects today, than the need to digitally "mimic" a paper map product. 
Moreover, in the near future we will really be "on-line" with the geographic database 
and will require methods for presenting data from geographic databases in a 
cartographically pleasing manner "on-the-fly" for example via Internet. 

To create high quality maps in different scales, including the ability to handle and 
present complex cartographic events, while keeping the geometric integrity of the 
database in use has been a real challenge in our production environment. 

Cartographic production requires a database which has been adapted to suit the scale of 
the map product. Data has undergone various steps of generalization, such as 
simplification, deletion, amalgamation and displacement. Furthermore, different map 
products require different types of generalizations depending on the purpose as well as 
the scale of the product. Geographic analysis, on the other hand, requires highly 
accurate base data. 

The data model 

The demands on the data model are high when data is intended for use in both 
geographic analysis and for cartographic production. 

The geographic database in itself (even ifit is geographic) is a generalization of the 
real world. Any geographic database will always be an abstraction of the real world, 
and it will be designed with certain applications in mind. This has been called a 
geographic generalization by some authors (Muller, 1991; Kilpeliiinen, 1992). The 
scope and purpose of the database will determine the data model, for example the 
object classes, and the attributes of the object classes in the database. This is one of the 
reasons why it is so difficult to define and provide general purpose "base" database for 
many different applications. 

The road and street network databases are a good example. The attribute definitions 
will look quite different depending on the intended purpose of the database. Some 
applications, such as address matching require relatively few attributes, the name or the 
identification number of the street or the road, and the addresses. Road databases for 
vehicle navigation, on the other hand, require quite an extensive list of attributes for 
access restrictions, speed limits, turning restrictions, and other factors of importance 
for a driver. The selection of which streets or roads to include will also differ between 
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applications. Thus, even though the geometry might be the same, the underlying data 
model might still be entirely different. 

In addition, cartographic applications require cartographic generalization to produce a 
visually pleasing and readable map product. The cartographic generalization will 
include deletion offeatures, which is relatively easy to handle in any data model, but it 
will also include amalgamation, and displacement of objects, which are much more 
difficult to handle. In addition, cartographic editing involves object symbolization, and 
exaggeration of important objects . Both of which must be supported in the object 
model , by specific cartographic attributes which will control the the visual presentation 
of the data. 

The question is how to manage and maintain both the true geometric properties and the 
different cartographic representations of the same data, in an efficient manner. With 
currently available technology it is necessary to store multiple representations of the 
same "real world" feature; the primary object, representing the feature with the best 
possible geometry, and derived objects, representing generalized versions of the 
feature . 

In the literature it is possible to find many different models for how to implement 
multiple representations of the same real world feature (KilpeHiinen, 1992). We have 
chosen to build and maintain separate, yet linked, databases (figure 1). The 
geometrically correct base data is stored at highest possible accuracy in a master 
database (MDB). Generalized, or derived data, is stored in scale dependent product 
databases (PDB). 

Master Database (MOB) 

Product Database 
(POBs) 

Figure 1. Highly accurate base data is stored in a master database (MDB) . 
Generalized, scale dependent and product specific data is stored in separate, yet 
linked, product databases (PDBs) 

There are reasons to clearly separate between the generalized geometry of a feature 
and cartographic edits to that feature (such as road buffers, or product specific type 
selection or symbolization). The generali zed geometry makes the data suitable for use 
in products of a certain scale range, but it is not strictly product dependent. 
Cartographic edits are truly product dependent. The cartographic representation of 
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lines, points and polygons is controlled by feature attributes (type values), and product 
specific look-up tables. 

In the MDB-PDB data model, we aim at keeping the derived (generalized) data in the 
PDB separate from the truly product unique data, by keeping them in separate layers in 
the database(figure 2). Thus it is possible to use the derived data for many different 
products in the same scale range. All derived data is linked back to the master database 
on a feature level. In other words, each derived feature in the Product Database 
"knows" which feature it was derived from in the master database. 

Geographic 
Data 

,------
Master Database 

Generalisation 

Cartographic Editing 

r-
'-- .----' 

Cartographic 
'-... Oata ./ 

Generalised 
Data 

,-----
Product Database 

Figure 2. Generalized base data, and product specific cartographic data is, to the 
extent possible, stored in separate layers in the Product Database 

Database Consistency 

The main problem with multiple representations of the same object is to maintain data 
consistency. In the MDB-PDB model, functionality to check consistency between the 
product databases and the main data base has been implemented through use of the 
feature based links, and through the use of the history functionality of the databases. It 
is possible to query the master database for features, which have been changed (added, 
deleted, modified) since the last update of the product database. The changed features 
can be extracted, and automatically transferred to the product database. 

The abi lity to automatically check that a specific product database is up-to-date is 
extremely valuable in a production environment. Resources can be focused on the 
maintenance and management of one database (the master database), and the product 
databases can be updated as-needed, and for limited areas, by requesting a list of the 
changes from the master database, of relevance for a certain product. 

In addition, the ability to automatically transfer changes from one database to another 
wi ll save a lot of time. This is especially valuable for attribute changes, which can be 
done fully automatically. We estimate that at least 60 % of the revisions to our 
databases are attribute changes. 

2095 



Generalization 

"On-the-fly" generalization, as defined by van Oosterom (1995), is the process where 
generalization processes are temporary applied to the geographic database and 
produces data to be visualized "on the screen" or to produce hardcopy output. The 
advantages of"on-the-fly" generalization are obvious since no or limited interactive 
cartographic editing or generalization will be necessary. Still, it is difficult to see, at 
least in the near future, on-the-fly methods, with commercial acceptable productivity, 
which can solve traditional cartographic problems and yield an acceptable visual 
output in cases such as: 

• object symbolization conflicts solved by object displacement 

• amalgamation of minor objects 

• exaggeration of important objects 

These cartographic problems must be solved by geometric editing in the database and 
this should be done in the Product OataBases. The MOB is the geographically correct 
database, which is used for analysis and where all database updates must be executed. 
In the POBs, all necessary cartographic editing and generalization is performed. 

The discipline of cartographic generalization has concentrated on how generalization 
tasks should be performed in terms of (cartographic) database editing. Equally 
important is to assure that future updates of both the generalized and the ungeneralized 
data can be performed and controlled (i.e. a link between the generalized and the 
ungeneralized data must exist, be used and preserved during the updating process). 
This is currently not solved in a satisfactory manner by the MOB-POB model, since 
the automated transfer of geometrically edited features from the master database to the 
scale databases will overwrite any generalization or cartographic editing previously 
applied to the feature in the POB. 

One possible approach to alleviate the problem is to avoid these specific types of 
cartographic generalizations, to the extent possible, and to find new ways of 
visuali zing complex situations. For example to visualize a complex junction, not by 
displacement of individual components of the junction, but by a symbol indicating the 
nature of the junction (Oxenstiema, 1997). 

Another useful (and complementary) approach is to store as much of the cartographic 
information as possible as attributes in the databases, and to use look up tables or 
cartographic presentation rules to translate the attribute values into cartographic 
properties. 

Both of the above methods are applied in our production environment to minimize the 
need for repeated manual edits of the same feature for different cartographic 
applications, when the base data has changed. 
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Implementation of the MDB-PDB model 

A new PDB is created by copying data from the MDB . Each feature in a PDB relates 
back to its parent feature in the MDB through unique identifiers. It is possible to 
update the PDBs when changes have occurred in the MDB. The update process can be 
automated. New features copied from an MDB to a PDB will automatically receive the 
cartographic properties defined for the PDB. 

The MDB and the PDBs are stored as libraries in an ArcStorm database (ESRI inc). 
ArcStorm (short for ArcStorageManager) is a geographic data storage facility and 
transaction manager for ARC/INFO data. An MDB is also called a source library, and 
a PDB is called target library. 

Kstad ArcStorm 
database 

Libraries 

Layers 

Figure 3. The product databases can contain different f eatures, but still come from the 
same MDB. 
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1Pdating a PDB from an MDB 

There are two critical points in the MDB/PDB approach: 

a) to keep track of changes introduces in the master database, and 

b) to update the product database with respect to relevant changes 

In its current implementation, the MDB-PDB model utilizes the ArcStorrn History 
function to keep track of changes in the MDB. Given from/to dates, the system will 
check: 

What features have been deleted? 

What features have been added? 

What features have been changed, either with respect to the geometry or with respect 
to the attributes? 

Based on the unique relationships between corresponding features in the MDB and the 
PDB(s) it is possible to automatically update the PDB(s) with respect to changes in the 
MDB. 

The concept can be divided into the following steps: 

1. Define MDB 

• An existing ArcStorrn library is selected as MDB. 

2. Create PDB 

• The MDB, or part of it, is copied into a new PDB . Any operation that 
should be applied to the PDB, such as projection, or automatic 
generalization is defined. 

• An extra item is added to the feature attribute table for each layer. This 
item holds the unique identifier for the MDB. 

3. Update MDB 

• The MDB is maintained using standard tools. 

4. Extract from MDB 
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• At any convenient time, historical views for the MDB are created 

• Features that have been modified (added, altered or deleted), are 
automatically 

• extracted by the system. 



5. Update PDB 

• Any operation (as defined in step 2) is applied to the extracted features 
- Added features are copied 
- Altered features are replaced 
- Deleted features are removed before being checked into the PDB 

• The system will automatically update the PDB, once the user has 
supplied the necessary information, such as Source (MDB) and target 
(PDB) ArcStorm layers and Time interval. 

The MDB-PDB model is currently being implemented in the Spatial Data Engine, a 
new product from ESRl inc, which stores geographical data in a relational database 
system, currently Oracle. 

Product examples 

This production model can be used in different kinds of organizations. One example is 
the The Swedish National Road Administration (SNRA), which is using this model in 
all its geographically related applications, from large productions to small analysis. 

SNRA has all its information in a road database called KARDA (the MDB). From this 
base a large number of diverse products are generated. 

• Every year a series of road information maps covering Sweden are produced. These 
maps includes both road- and city information extracted from the MDB. 

• In preparation for the vacation season, SNRA produces thematic maps including for 
example construction works, and other factors which might disturb the flow of 
traffic on the roads . 

• Traffic flow maps are every year produced out of the MDB. 

• Distance table are produced with distances from and to 3500 cities in Sweden. 
Based on the attributes in the MDB it is possible to generate not only the closest 
distance, but also the fastest route between two cities. 
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1. Preface 

The Caspian Sea is the area of the continental fl ow from the largest industrial regions 
o f Russia and of the Caucasus region. This is the biggest enclosed water reservoir. The 
ecological situation of the Dagestan coast around the Caspian Sea is subj ected to 
anthropogenic impact of Volga, Terek, Sulak, and Samur river flows. 

A great variety of biological, chemical and organic pollutants are released through 
Dagestan coastal waters and river ' s mouth areas, which are well known as industry of 
va luable species of fi shes. In spite of considerable reduction of production in recent 
years a great quanti ty of industri al and transportation pollutants are discharged at 
Dagestan coastal area (average 50 thousand tons of industrial waste annually). 

The causes of pollutants are the exploitation and drilling of oil and gas, the sewage 
water from oil and chemical facilities and agricultural lands together with oil 
transportati on by marine route. Approx imately more than 5 tonnes of heavy metals, 
62,000 tonnes of oil pollutants, 4,5 milli on of tonnes of biogeni c ones are discharged 
at Volga, Terek, Sul ak, and Samur ri ver mouths annually. At the same time the 
Caspian Sea is a unique reservoir representing the valuable species of sturgeons (90% 
of the world reserve). 

The obj ective ecological characteristics of the Middle Caspian water surface and its 
coast can be obtained by the combined programs of chemical, biological, and 
epidemi ological investigations of the combined ecosystem "sea-shelf-coast-stream" 
through the analyses of the sea and coastal pollutants. 
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2. Sources of data and methods 

Usually complex eco logical analys is should be based on a huge volume of data on 
detailed characteristics of the environment. Data storage is a necessary but not a 
suffic ient part of the proj ect. Data should be easily accessed according to the requests. 
Information from different sources should be linked, compared, analysed, and 
visualised in the form of a table, view, map or a chart. Modern GIS technology is the 
framework for such studies thus providing different opportunities for acquisiti on, 
integration and analys is of spatial data. 

Our research work has been focused on the ana lys is of the long-term monitoring of the 
sea water in the middle part of the Caspian Sea. Criteria 's of the anthropogenic impact 
on sea water have been chosen such parameters as integral indexes of water pollution 
by oil , oil products, phenols, detergents, heavy metals, pesticides, biogenic products. 

Among the natural phenomenons causing degradation of the ecosystem in the coast
shelf have been analysed: I) abrasion and accumulati on; 2) subaqueous processes of 
the subsurface flow characterised by anomalous content of phenols and oil 
hydrocarbon especially in Makhachkala, Caspy isk, Derbent; 3) fl ood ing of coasta l 
polluted areas, eros ion of beach, pollution income to the water from bottom sediments 
as a result of transgression; 4) wind effected phenomena caus ing bog formation on the 
coast and salting of the mouths. 

During the analys is of the anthropogeni c impact the attention has been focused on 
fo llowing fac tors: 
I . In Dagestan economic area about 90% of industrial enterpri ses do not have any 
purification. 
2. Most oil wells are closed down and characterised by abnormal cond ition . 
3. The regions of oil and gas production are characterised by the high density of 
population, the development of vi ne production industry and vegetable production, 
growing network of irrigation channels. 
4. Oi l wells are situated in the regions wi th mineral and fresh-water deposits causing 
oil pollution of aquifers. 

As the basemap for spatial location and modelling distribution of the point data of 
pollutants have been used the Digita l Chart of the World (DC W), which is a 
comprehensive I: I ,OOO,OOO-scale vector basemap of the world . It consists of 17 
geographic thematic layers, attribute, and textual data that can be accessed, queried, 
displayed, and modified with ARCIINFO so ftware . The DCW database was 
developed by ESRl ( Environmental Systems Research Institute) . 

The authors used ArcView GIS Vers ion 3.0 whi ch provided new ways to display and 
visualise data thematically, including multi variate chart symbols, dot density maps, 
and normalisation. Beyond the scope of this project have been additional educati on 
tasks (ArcView GIS is a base software for introduction to GIS at Moscow State 
University). That is why new features and functi ons of ArcView GIS Vers ion 3.0 have 
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been easily implemented in our research work . Special attention has been devoted to 
Spatial Analyst, new extension to ArcYiew. 

ArcY iew Spatia l Analyst introducing a broad range of powerful new spati al data 
modelling and analys is tools allowed us to calcul ate grid themes (georeferenced 
matrixes of the distributi on o f di fferent pollution parameters) from point themes. Point 
themes have been added from pollution tables conta ining X, Y coordinates of sample 
sites. Additional fi e lds in the tables represented concentrations of the different 
pollutants from year to year in di ffe rent sites. We used spline interpolation (tension 
parameter) to analyse diffe rent pollutants (F igure 1), and to calcul ate deri vatives -
slope, aspect, etc. New additional features he lped us to make chart di agrams on the 
fi nal maps. Our experiments with di fferent methods of interpolati on in Spatial Analyst 
(spline, ID W, kriging with di ffe rent parameters) he lped us to rea lise that our sources 
of data (distri buti on of sample sites) are insuffic ient to make the fi nal conclusions. On 
the other hand all the results showed non-satisfactory situati on with the pollution of 
the sea water in the study area. 

3. Analysis and results 

As a result of GIS analys is of diffe rent pollutants data maps and diagrams of polluti on 
by industri al sewage, o il , detergents, phenols, heavy metals biogenic e lement and 
dynamics water polluti on index were operatively compiled for Dagestan coast, the 
ri ver mouths of Terec, Samur, Sulak, and industry citi es of Makhachka la, Caspy i ~k , 

Derbent (F igure I). 

The explored area according to level of pollution have been di vided to three 
conditional zones: the largest, the middl e and the slight pollutants . The zone subjected 
to max imum anthropogeni c impact borders to the coast and to 10-meters isobathe on 
the outside. The hydrologica l regime of the Caspian Sea promotes concentrati on of 
pollutants and its spread with sea current along the coastal area. The middl e zone (off
shore) is characterised by more homogeneous composition of pollutants comparing 
with the coast and is located between 10- and 25 -meters isobathes. The water surface 
zone s ituated between 25-meter isobathe and the open sea is characteri sed by a 
mini mum of pollutants. The ecologica l situation has been analysed fo r every zone 
tak ing into account the interac ti on between the nature and the anthropogeni c fac tors. 

The tota l pollutant estimation of the ecosystem "sea-shelf-coast-stream" has been 
evaluated according to fi ve classes sca le: number 1 - the ecosystem aren ' t disturbed; 
num ber 2- small disturbance; 3 - critical state; 4 - high level of ecologica l stress; 5 -
destruction of ecosystem, eco logical distress. 

The examination of eco logica l situation of Dagestan coast and the Caspian Sea 
demonstrates that sea water o f coastal area is polluted dangerously. The water of this 
area is characterised as "di rty" or "contaminated" in accordance wi th estimat ion of the 
hydrochemical index of the water quali ty. For the past 1 0 years the content of a copper 
has been increased by 8 times, zinc - by I 0 times, lead, cadmium - by 5 times . At the 
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same time the content of mercury, oil , hydrocarbons (7 times more than allowed 
concentration), phenols (1 3 more) has been increased too. The contribution of 
different sources (transgression, anthropogenic impact, wind effect impact) is not clear 
at this stage. 

The most dangerous ecological situation is at the Terek mouth and sea shore (number 
4). Amounts of ammonium nitrogen and copper pollutants coming from agriculture 
lands to the Terek mouth demonstrates that without preliminary cleaning this river 
water can not been used for fish farming. 

A sewage water (880 cubic meters per day) of o il production and non-ferrous metals 
industry, discharged from the Terek into the Caspian Sea caused the biological death 
in this area (number 3). A change for the worse of ecological situation takes place at 
Makhachkala, Caspyisk, Derbent, Izberbash regions, and at Sulak and Samur river 
mouths (number 3). The ecological situati on of the northern part of the Caspian Sea 
we can describe as a small disturbance (number 2). 

At present time the Caspian Sea is important fo r the valuable species fishing 
especially at the river mouths - area of a spawning. ' The real time eco logical GIS 
mapping of these area will help to estimate the resul ts of human activities. 
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The existing scientific works and systematic recommendations in ecological 
mapping are mainly devoted to continental districts. Only the map concerning the 
biological resources and anthropogeni c infl uence on the Barents sea was included in 
the list of edi ted Russian maps and atlases at the end of 1993(13). That's why in the 
process of creating Geoecological map of the Far East seas one had to solve many 
problems for the fi rst time. 

The Bering, the Okhotsky and the Japan seas are stretched from north-east to 
south-west fo r 5000 km and on latitude to 33°. The northern parts of the Bering sea 
functionate in practically arctic conditions and south of the Japan sea is situated in 
subtropics. That's why the variety of flo ra and fauna of those seas is great. 
Simultaneously the Far East seas of Russ ia are considered to be ecology stable. 

The Geoecological map is compiled in the scale 1: 1 0 000 000. Exactly this 
scale was chosen as a base one for the creating Ecological atlas of Russia( 14) and that 
gives an opportuni ty to compare the map of the Far East seas and other maps of this 
atlas. In fu ture it may be included in the projecting National Atlas of Russia. The 
ecological situation of nearest parts of land, which are in close contact with water 
systems and have a strong affect on them is also represented on the map. 

The process of creating the map included the collecting and analyzing of 
evidence with the evaluat ing of its comparison and uni formi ty, selecting of 
cartographing elements according to their importance and informational completeness, 
making some analytic maps, working out methods of composing the resul ting map and 
its eco logy-geographical analyses and the fi nal edi ting. So it was necessary to deal 
wi th di fferent components of environment and technosphere that affects the area. 

The most essential nature elements are: 
- the coastal processes, that are responsible for the income of material to coastal 

districts and let the men value the level of sea in flue nce on the beach and dist inguish 
the real zones of accumulat ing or taking away polluting substances (PS) ; 
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- the circulation of atmosphere, its spec ial features connected with the potenti al 
possibility of dirty ing the air bas in and findin g out the direction of probable remova l 
of PS, espec ially on the board "land - sea"; 

- the ice conditions due to their parti cipation in redistribution PS from the 
atmosphere; 

- the sea currents, that remove PS in the aquatories; 
- the biological sea resources and nearest land resources, their producti vity and 

degree of use; the reserve and capacity of fi sh, shrimps, animals catching. 
Among the anthropogenic and technogeni c fac ts the most important are: 

- the industry, especially obtaining minerals ( oil , gas on the Sakhalin and its 
shelf, mineral coal, nati ve gold and uranium ores), and transport in the coastal zone, 
their kinds and load; 

- the level of river pollution in mouth areas , which provides the general income 
ofPS in the seas, the capacity of ri ver fl owing and cleaned and polluted sewage; 

- the level and sources of sewage water pol/ution of the seas aquatories; 
- the main sOllrces of atmosphere pol/ution, its structure, volume of outlets III 

coastal region. 
Additi onally the information about nature conservation was taken into account, 

such things as counting and utili za ti on of PS, cleaning of sewage water, placing nature 
reserves etc. 

There are some di visions in the legend of Geoecological map of the Far East 
seas. They demonstrate conditi on of nature and anhtropogeni c environment and gives 
complex estimates to it . 

In the di vision "Nature conditi ons" informati on about natural stabili ty of 
ecosystems of the Far East seas and nearest land is presented by isolines . The 
reference of biologica l producti vity of a system to its biomass was taken as a measure 
of stability. It was ca lculated in equal sca le fo r land and aq uatori es according to 
fac ts( I, I 0). The iso lines of potenti al of atmosphere pollution (2) are also del' irkd 
here. The nex t part of the di vision contains the characteri sti cs of sca shores h~ reli er 
I(Jrlning process(3,7). This allows to va lue the poss ibiliti es o r acc umulation the 
po llut inn suhstances in reli e f or their transmi ss ion in open sea in consequence of 
abrasion processes Districts 01' ti des. erw, ion and trans IeI' or depos its, that prevented 
li'o m acc ll mula ti on of PS in the b' lllOlll sedi ments are marked out separately. 

The matri x about ind ustry and mining indus try centers, transport-di stri buti oned 
stat ions and roads, as an obj ects that mainly affect the environment is situated in the 
11l:ginning o r second di vision of th e legend "Factors or inlluence". Industry centers are 
cldss i li cd by th c combinati on of industry branches, thc level of danger and max imum 
dll oll'ab lc concentrati ons (MAC) of I'S incoming in the air. Low, moderate, 
,Ihnorma ll y high. high and very high leve ls or eco logica l situati on tens ion are 
di stingu ished 1'0 1' the industrial centers according to the methodic used under for 
creating th e Ecology-geographica l map or Russ ia in the sca le 1:2 500 OOO( II ). For 
centers or mining industry work the same 5 levels but bes ides tox icity of principal and 
attendan t kinds of mining raw materi al taken into accollnt. Transport-di stributing 
, tations and roads have :l leve ls or eco logical danger (norm al, hi gh and very high) 
t'lking into consideration the rrcight turn over. density o r Ii'eight tra rfic. rreq ucncy or 
trai ll illoving. avai lab ility o r po ll uti onalloads. 
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In addi tion the industry centers with essential portion of transport pollution, 
way and volume of mineral mining, areas and degree of land violation in the mining 
industry centers are indicated. The sea ways (without appraisal of their influence on 
aquatories), railway ferry cross ing, oi l pipeline, location of trade and fish ing fl eet are 
marked out by separate cartography symbols. 

The next part of second divi sion presents the fo llowing group of potential 
pollutioners : the objects that can be the source of rad io-active contaminat ion of 
environment - places of keeping and burials the radio-act ive materi als on the land , 
regions of liquid and so lid radio-act ive wastes dumping and burial s in the seas(4), 
bases of atomic fl eet, nuclear power-stations in the research institutes, plants working 
with uranium ores. 

Bes ides that, the settlements with 5 graduations of inhabitant quantity, the 
volumes of main species fi shing, the areas of sea animals obtaining and bottom 
trawling are noted in the legend. Special symbols show the ways of potenti al polluting 
substances transfer in the aquatories, their spread with ice cover, a principal direct ions 
of polluted air mass removing from land to sea during winter monsoons. 

The last part of di vision is devoted to projection of Far East seas and coastal 
land regions. There are symbols of nature reserves and reserva ti ons with 
characteristics of their subj ecti on to outward affects and quality and value of protected 
species here. Additionally aquatories wi th constant prohibition of fi shing and sea 
anima ls obtaining are marked out and coastal stations of oilcontaining waters reception 
and cleaning pointed out(8). 

The third legend division consists of results of antropogenic influence on 
environment. The integral index of land and sea water pollution is given here. 
Ecologica l condition of land water evaluated by observation results (water pollution 
index) and indirect data (the degree of economy mastering of drainage area, th e 
ex istence of polluting pl ants. the ploughting-up of region, the population density, the 
naviga ti on intensity on the rivers) . Five water condition gradations: relati ve ly clear, 
moderately pollutioned , pollutioned, dirty, extraordinary dirty were distinguished 
according to statist ics(6) and adopted methode I I). 

The ecological cond ition of the sea ecosystems va lue according to year-book 
and survey data(5 ,9, 12). It is shown on the map in :; leve ls sca le: nature cond iti on 
(ecosystem without violation); ecosystem in the risk conditi on (dangerous fluctu ati ons 
are possible, in order to return bask to stable conditi on it is necessary to reduce 
antropogenic loading); hi gh tension (non-reversible violations come); degrada ti on and 
destruction of ecosystem. 

While compi ling Geoecological map of Russ ia's Far East seas one tried to 
value condition of sea ecosystems with the help of hydrochemi ca l and hydrob iologica l 
indicators for sea environment and sea communities. For the tinal appraisa l 8 
indicators were taken: the water pollution index; the quantity o f" principal pollutional 
substances in the portions of fi sheconomica l MAC; the oxygen regime; th e structure 
communi ty simplification and species vari ety deteri orati on; the growth of" the indicator 
microorganism species quantity; the cenoses reorgani za ti on and spec ies-in stall ati ors 
appearance; the water eutrophicati on and supereutrophicati on; thc bottom fauna 
disappearance. 
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Sea water quality was defining according to its direct and indirect influence on 
a men. Sea fauna is a fini shed link in the chain of tox ic substances accumulation in sea 
ecosystem, that' s why the reason why fi sheconomical MAC was chosen for the 
appraisal. As a rule this concentration are lower than sanitary-hygienic standards . 
Consequently they provide mush higher requirements to the water qua lity. Published 
materials(5 , 13) of 1989- 1993 years were used for the appraisa l. These materials 
became a base for the calcu lation of average value MAC of long standing, the 
defi nition of average of pollution substances concentration, the revealing of maximum 
outlets of some PS (at times about 500 MAC) cases, the valuation of dissolving in the 
water oxygen concentration, the tracing of change tendency of biological indexes, 
taken into account in final apprai sal. 

All information was collected for 34 regions of the Bering, the Okhotsky and 
the Japan seas, traditionally pointed out in hydrological syrveys(5, 12) and then 
evaluated by above-mentioned cr iteri ons . Unfortunately, not a ll regions uniformly 
prov ided by statistics about ecologica l tension level of aquatories. The fauna condition 
is ex pl ored worst of all . It's appraisal ex ists only in the south of Primorie. Indi cated 
criterions have a 100% of informati on only in 5 areas, 90% - in 13, 75% - in 1, 40% 
in 14 areas . Due to th is in the regions with scarcity of facts the level of ecologica l 
tension was g iven accord ing to indirect signs: degree of aquatory closeness; pollution 
of ri ver waters incoming in the bas in ; intensity of navigation; locati on of trade, fi shing 
and atomic fl eet; ava ilabili ty of po llution sources in the coastal zone. 

Map fragment for the northern part the Okhotsky sea aquatory is pl aced in this 
article. But because of its black-and-white executi on in this edition the vo lume of 
shown information is decreased (isolines of atmosphere po llution potenti al and ri vers 
divi sion according to the ir eco logica l condition are taken off). 

T he intensity of antropogenic affect was superposed on the map on the stabili ty 
of aqua - and landsistems. As the result ther!;! raised an opportuni ty to point out 
di slocated and stabled centers. 

The ecological ri sk districts were ca lled: in the Okhotsky sea - north-eastern 
shelf of Sakha lin , Terpeni a, Ani va and Taui sky bays and aquatory near Oktiabrsky 
settl ement; in the Bering sea - Kamchatsky and Avachensky gulfs and Anadyrsky bay; 
in the Japan sea - Tatarsky strait and inside part of the Petr Veliky bay. 

The serious vio lations of the land eco logical balance that had the direct or 
indirect influence on the conditi ons of the seas were noticed in the north-eastern and 
southern parts of the Sakha lin, in the south of the Far East region, in the areas of 
mining industry between Amursky and Habarovscy provinces, upper flow of lndigirca 
and Kolyma, the territory not fa r from Petropavlovsk-Kamchatsky and Anadyr. The 
insuffic ient development of the region washed by the Far East seas gives us a chance 
to value the ecosystem violations and environmental pollution as a background 
violations . 

It is necessary to note incompleteness of water characteristics near Japan and in 
the eas tern part of the Bering sea, wh ich clo not be long to Russ ia's territoria l I·vaters. 
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Fragment of Russia's Far East seas geoecological map on the northern part 
of the Okhotsky sea. 

Legend. 

I. Isolines of nature geosystem stability coeffic ient: a) fo r land ; b) for aquatories . 
Types of shores : 
2. Slightly altered by sea; 
3 . Transformed abras iona l: a) abras ionly-denudat ional; b) abras ional evened and 

died out; c) abras ionly-accumul ati onal; 
4. Transformed accumulational: a) created by waves processes; b) created by tide 

and w ind effected processes . 
5. Tides influence areas. 
6. Areas of accumulational erosion shapes, where the fi xati on of po llutiona l 

substances in the bottom sediments is diffi cult. 
7. Industry centers( according to prevail brunches that are the ma in sources o f 

po lluti on): 
a) power engineering; b) power engineering and building materi als industry; c) 
machine-building; d) mining and enrichment o f minera l raw materi al. 

8. Tension o f ecological situati on in the industrial centers : a) moderate; b) 
abnormally high. 

9 . Industry centers w ith essenti al portion of transport po llution. 
Centers o f mining industry: 
10 . Ecologica l danger: a) moderate; b)abnorma lly high; c) hi gh; 
II. A way o f minera l mining: a) from the surface; b) subsurface; c) combinati on of 

from the surface and subsurface mining; 
12 . Degree of land violation , area o f vio lational land(thousands o f hectares), raw 

minera ls obtaining volume(milli ons o f tons) : a) very intense, more than 5, more than 
1000 ; b) intense, 1-5. 100-1 000; c) average, 0.1-1 , 10-100; d) insignificant , 0 .0 1-0 .1 , 
less than 10 ; 

13 . Volume o f o ilmining(millions o f tons) and gas(milliards o fm') obtaining: a) 10-
100 ; b) less than 10. 

14. Transport - distributing stati ons (level of ecological danger: a) moderate; b )hi gh). 
15. Ra i Iway (ecological danger degree is moderate) . 
16. Automob ile roadways (eco logica l danger degree: a) hi gh; b) very high). 
17. Sea ways . 
18. O il pipe line. 
19. Principal regions of trade and fi shing sea fl eet location. 
Potential pollution of env ironment by rad io-active e lements : 
20. Region of liquid radio-acti ve wastes dumping in the sea ; 
2 1. Locat ion of the atomi c fl eet; 
22 . Plants obtaining and process ing uranium ores, uranium meta llurgy. 
23 . F ishing : a) navaga ; b) mintay ; c) moiva ; d) salmon; e)herring . 
24 . Volume of fi shing (milli ons o f tons). 
25 . B ottom traw ling areas . 
26 . F ishing of sea anima ls : a) crab; b )seal. 
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27. Ways of potential transfer of polluting substances : a) in the aquatories ; b) in the 
atmosphere from land to sea in winter. 

28. Southern border of ice spread ing in moderate winter. 
29. Population: a) less than 1000; b) 1000-1 0000; c) 10000-50000; d) 50 000-250 

000. 
Nature conservation measures: 
30. Coastal station of oilcontaining waters reception from sea ships and cleaning; 
3 1. Nature reserves and reservat ions (species number of animals, bi rds and plants, 

espec ially taken from the Red book, in figures) . 
32. Seas (degree of eco logica l condition tension in levels : a) I - ecosystem without 

violations; b) 2 - ecosystem in the risk condition with insignificant violations; c) 3 -
critical conditi on, dangerous fluctuations is possible; d) 4 - non-reversible violations 
come). 
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THE PRICIPLES OF THE CARTOGRAFIC DESIGN OF THE 
PROCESSES OF MIGRATIONS OF RADIONUCLIDES IN 
THE ENVIRONMENT 

S.V. Chistov, A.V.Nikolaeva 
Geografical faculty of the Moscow State University, 
Vorobievy Gory, Moscow, 119899, Russia 
fax: (095) 932-8836 

Setting of the problem 

The present work consists of two parts: the conceptional one and the research one. The 
conseptional part consists of the following stages: 
1) the analysis of the experience of researches dedicated to the ways of the migrations 
of radionuclides (RM) in the environment, depending on the level of the decision of 
the problem; 
2) revealing regional pecularities of the territory which determine the main factors of 
RM; 
3) the logic substantiation of the necessary and sufficient structure of the cartografical 
and other information for solution of the problem; 
4) the geographical substantiation and the choice of research methodes . 

Horizontal and vertical migration of Cs-137 ( the main radioactive pollutor in 
Tulskaya area) is caused in nature by a number of reasons. Many scientific works 
study purely phisical processes of RM due to diffusion and convection. Diffusion is 
the process of the movement of substance (with random movement of atoms, ions, 
molecules and colloid particles) under the influence of the gradient of concentration, 
resulting in establishing of an equal concentration of the substance on some territory. 
In contrast to diffusion while convection not only atoms, ions, molecules and colloid 
particles are involved into this movement, but also the solutor itself. Convection in 
porous materials (such as soils and grounds) is filtration. It is much faster than 
diffusion and it is most typical for the upper layers of the earth's surface, where active 
water circulation takes place. 

The described ways of RM are noticed only on rather local sites. The goal of the 
research was to find out the factors which influence the intensity of the demolishing of 
organic-mineral calTiers of the radioactive pollution in large areas ( such as Tulskaya 
area). The authors tried to reveal general regional laws of the development of the 
processes of transport and accumulation of the carriers of radioactive pollution. 
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The main process which causes RM in the environment is erosion ( water and wind). 
Due to it non-isotope carriers of radioactive pollution migrate; the process takes place 
in the upper layers of soil ( the most polluted with radionuclides). The Earth's 
surface with ideal humidity isn't exposed to erosion, this process takes place in sites 
with excess humidity ( after snow melting or downpours) or with lack of water. In the 
first case water erosion takes place and in the second one wind erosion occures. 

Wind erosion prevailes in dry steppe regions of the European and Siberian (West and 
East) parts of Russia. But for Tulskaya area water erosion is much more typical: the 
persantage of tenitory exposed to this process ( from the whole area of arable lands) 
more than two times exceeds that of the lands with prevailing wind erosion. 

The following figures prove the domination of RM caused by water erosion. 
The average figures of annual washing off soi ls or water soil erosion are 10,6 tonn per 
ha in the forest zone of Russia and 12,0 tonn per ha in the steppe zone of Russia. 

Without any soil-protecting measures taken the layer of washed off soil may reach 2 
mm a year, i.e. in 10-15 years the loss of grounds can reach 20-30 mm. The upper 
layers of soil where the concentration of radionuclide pollutors is the highest are the 
main subject for erosion. This proves that the role of erosion in the processes of RM is 
very important. 

Recent researches allowed to reveal processes of migration of soil particles caused by 
human activity, especially with the crop of vegetables. It was found out that with the 
crop of vegetables ( especially with beet, caITot and potato) large ammounts of soil are 
taken from fields and transpOlted to places of preliminary warehousing, vegetable 
storehouses and then to consumers. The export of small particles of soil ( clay 
substance) reaches 0,6 tonn per ha with potato, 1,5-1,7 tonn per ha with carrot and 
3,2-3,7 tonn per ha with beet. So the ammount of soil expOlted with crops is quiet 
comparable with that lost due to erosion. 

The conception ( based on the synthesis of various researches held in conditions 
similar to those of Tulskaya area) allows to find out major processes of RM and 
detennines main directions in creating of methodical recommendations. 

The research stage consisted of the following kinds of work: 
I) holding experimental researches for creating an unified technology of the 
cattografical design of the conditions of RM in the environment using computer 
systems; 
2) creating maps of conditions and ways of RM; 
3) dividing the tenitory into regions according to the pecularities of RM; 
4) preparing recommendations for establishing a monitoring network to control the 
radioactive situation. 

The contents and methodes of carring out the work are based on the automatized 
creating of maps of radioactive pollution according to the data of actual ground 
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measurements (ROSCOMHYDROMET) and the methodes of calculating the 
intensity of RM under influence of the kind of erosion typical to Tulskaya area. 
Difrent cartometrical methodes were used as the base of these calculations; they allow 
to reveal various morphometrical parametres of relief which describe the intensity of 
washing off soils. 

For the present research topographical maps with scale 1:200 000 were used. The 
standart methode used in the research allows not only to combine traditional and 
original methodes of map analysis of relief but also to calculate its statistical 
parameters. The analysis of different combinations of values of morphometrical 
parameters of the relief s erosional potencial lays the foundation for differentiation of 
the ten'itory on the regional level. 

For groups of river basins were detennined : 
\. teITitories with poor development ofravine and gorge web (0,1-0,3 krn per square 

krn). Dismembelment with river-beds varies from 0,2-0,5 krn per square krn. Here 
belong valleys of large rivers of the region such as Oka, Don. Accwnulation of the 
pollution occurs on the flood-lands and in ground deposits of the rivers brought 
with the spring flood or with downpour waters. These zones of accwnulation are 
rather extensive, that is why maximum pollution is found in small and large 
depressions and on the flood-lands of the rivers. That is why the monitoring 
network should be situated on rather flat sites with small inclination; 

2. teITitories with moderate ravine and gorge and river-bed dismembennent of the 
ealth's surfase, prevaling inclination of the slopes is about \.5-2° . Such basins 
fOim a transit-accumulational group: in the upper reaches of rivers moderate water 
erosion and washing off soil (5-10 tonn per ha) takes place, and the lower course of 
rivers is subject to accumuiation of the material. The monitoring network should be 
established in the areas of the joint of ravins with river valleys, there accumulation 
of the washed off soil is most likely; 

3. in this group of basins ravine and gorge dismembennent prevails a dense ravine 
web covers the teITitory. Slopes of the ravines have inclination of about 6°, what 
causes active washing off soils . Basins of the main tributaries of the Oka and the 
Don belong to this group. Most paIts of their teITitOlY are characterised by active 
erosion and transpOit of organic and mineral earners of the pollution. 
Accumulation is most noticible on local sites, where river valleys widen, and in the 
bottons of gorges, the upper reaches of which transfonn into a wide web of 
ravines. Those are the places for setting a monitoring network; 

4. basins of small rivers which have a bent for the main watersheds of the region 
belong to this group. Those are the youngest rivers and in their basins intensive 
contempormy erosion takes place. This process is intensified due to active 
ploughing up these lands especially since the second part of the XIX century. Here 
the ravine and gorge dismembelment reaches its maximum (0,4-0,6 krn per square 
km). The slopes of rasins are characterized by unclinations of 3_6°. The upper 
reaches of such rivers are flat ploughed areas. The accumulation of material is of 
rather temporalY character: soil pmticles, demolished in spring while snow melts, 
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accumulate in the bottons of ravines and then in summer become the subject for the 
influence of downpour waters. 

The results 

This classification of river basins allows to create maps distinguishing several sites: 
- with predominating demolishing of soil particles; 
- with predominating transit of soil particles; 

- with predominating accumulation of soil particles. 

Special attension should be paid to rather vast sites of upper parts of watersheds. 
They are not characterized by ravine or gorge dismemberment, for them minimal 
parameters of river-bed dismemberment and inclination (up to 1,5 0) are the most 
typical. The RM is caused mainly by deflection. The ways of migration may be 
different, but its direction depends on the prevailing directions of winds during the 
period of the maximum desecation of the upper layers of soil. Unfortunately in 
Tulskaya area there is no meteological station situated in such sites. A monitoring 
network should be situated in the sites of the probable accumulation of radionuclides: 
along field - protecting forest-plantations (predestinated for reducing the wind), road 
cunettes, bush bmshwoods and near to different buildings. 

The classification of river basins may be supplemented with four main zones: 
• the zone of predominating redistribution of radionuclides by air transportation 

of soil pruticles and their accumulation in local sites. These zones are situated on 
flat and rather elevated surfaces of watersheds; 

• the zone of prevailing washing off and temporary accumulation of material by the 
slopes of watersheds and of the ravine and ' gorge systems. It is characterized by 
carrying out soil palticles and their redepositing along back joint and in the 
concave pruts of slopes; 

• the zone of prevailing transit and local accumulation of the material washed off by 
water erosion. In this zone ravine and gorge systems and small rivers become main 
water ways for carrying out radionuclides and their common basis of erosion 
become a local site of accumulation; 

• the zone of accumulation of introduced material has a bent for large and middle
sized rivers in the valleys of which rather vast and stretched surfaces have been 
formed. 
In the conclusion we would like to mark that the analysis of the created maps of 

morphometric parameters of relief, erosional potencial of presipitation, paying 
attention to the data about the pecularities of soils, grounds, relief etc, laid the base 
for differentiation of the tenitOlY according to the character and the prevailing type of 
migration and accumulation of radionuclides and their non-isotope carriers. For all 
distinguished groups of river basins and zones inside of them a monitoring network 
was proposed. It would allow to control changes of density of the soil polluted with 
radionuclides in the environment taking into account the main processes and ways of 
their migration. 
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GPS IN POWERFUL COMBINATION WITH 
GEOGRAPHICAL DATABASES AND DIGITAL MAPS 

Abstract 

Sofia Bjorklund 
Geodetic Research Division 

National Land Survey of Sweden 
S-80 I 82 Gavle 

Sweden 
Fax +462661 0676, email sofia.bjorklund@lm.se 

GPS is becoming more and more used as a tool in data acqUlSltioning for 
geographical databases but also for realtime position presentation in digital maps. GPS 
can be used separatly or together with other data capture systems or sensors. The 
techniqe can be used in creating the geometry in all kinds of geographical databases, 
whether they contain information about topography, geology, vegetation or anything 
else. If a field computer is included in the equipment, there are also possibilities for a 
simultaneous collection of digital attribute data. A fully digital data flow from data 
acquisition to a geographic database is desirable. It will reduce the error sources, save 
time and in the end there is a possibility to share the digital data with others in an easy 
way and the maintenance of the database is simplified. 

To fill the need of a positioning system with high accuracy in Sweden, the S WEPOS 
network was estabished. SWEPOS consists of 21 GPS reference stations covering 
Sweden. The DGPS service in Sweden, Epos, is based on the SWEPOS network and 
makes it possible to get a DGPS position in realtime. It is a national service that covers 
the whole country . Depending on equipment, the position accuracy is 0.5 - 10 meter, 
which is often sufficient for data capture for GIS applications. 

Experiences at the National Land Survey of Sweden shows that GPS could be a 
powerful tool for field control and completion as a lead in the production of large scale 
official maps. The mapping of ancient monuments in Sweden is also performed with 
the help of GPS. Different authorities could easily share this digital data and 
incorporate it in their respective geographical databases. The DGPS service, Epos, is 
used in both these examples. We can see a growing activity in building up 
geographical databases with the help of GPS in e. g. the forestry and farming areas. 

These new digital techniqes also opens possibilities to present positioning data in a 
digital map in realtime. This is already being used in applications such as traffic 
control and transportation planning. 
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GPS measurments as data source 

When working with GIS and geographical databases, GPS measurments are 
becoming an important data source. Primarily for large scale applications GPS is a 
suitable method to collect positions of geografical objects. These may be roads, power 
lines, cables, national park border lines, agricultural areas and so on. Consider the fact 
that GPS data is a primary data source. That means the data is simply collected and 
has not gone through several processing steps. It can be compared with e. g. digitized 
data which is an attempt to image an exisiting map, which already contains some errors 
in geometry. To keep the error level down it is of course desirable to minimize the 
processing steps that the data has to go through since every processing step adds an 
error. 

If a field computer is used one may also collect attribute data for the objects at the 
same time as the position is stored. 

The availability of GPS data is good, the satellite signals are available globally 24 
hour a day. Apart from the GPS receivers needed, the use of GPS as a system today is 
free of charge. 

There is a dist inction between when the GPS measurment results in coordinates . The 
coordinates are produced either after some postprocessing has been done or, 
alternatively, directly in field, in real time. 

How do I get a sufficiently accurate position? 

When collecting positions of geographical objects for your database it is probably 
not enough to have a position accuracy that may reach an error of 100 meters . This is 
what you get when using one GPS receiver only, called absolute postioning. This level 
of accuracy origins from the Standard Positioning Service, SPS, provided for civilian 
users of GPS. To increase position accuracy it is necessary to make GPS measurements 
relative to a reference station. Making this kind of relative measurment means that 
correction data from the reference station is used to enhance the result from your 
receiver. This can be done after the measuring using a postprocessing software, often 
included in the GPS equipment. 

The correction can also be done in real time using a radiolink between the reference 
station and your receiver. Relative code measurment in real time is commonly called 
Differential GPS, DGPS. Whether you make postprocessing or use DGPS in realtime 
you will get positions with an accuracy about 0.5 - 10 meters, depending on your 
equipment. More advanced GPS equipment can deliver even more accurate positions 
using what is called carrier techniqe. Now it is getting interesting! 
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Permanent reference stations for CPS and ncps services 

In many countries permanent GPS reference stations and DGPS services are being 
built up. Among them Sweden has a nationwide network of permanent reference 
stations and a DGPS service, see figure 1. In Sweden 2 1 permanent GPS reference 
stations, covering the whole country, have been established in the SWEPOS network, 
see figure 2. Data from these stations can be used for postprocessing. The stations also 
serve as the basis for the swedish DGPS service called Epos. The DGPS service means 
that correction data are transmitted via the FM radio network in realtime covering most 
of Sweden. A user can receive these correction signals and apply it to his own GPS 
receiver. In this way he can reach a position accuracy considerably higher than with 
one GPS receiver only, i. e. 0.5 - 10 meters . 

DGPS via RDS in Europe 

6 
• Operational 
o Contracted network operators 
o Research activity/evaluation 

Outside Europe 

• USA • Canada 

• Australia 

• Singapore 

0 New Zeeland 

0 Korea 

0 Malaysia 

Figure 1. DGPS services in Europe. Teracom, Sweden 1997. 
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SWEPOS and EPOS 
1996-02-05 
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Figure 2. The SWEPOS network of permanent GPS reference stations and the 
DGPS service, Epos. National Land Survey of Sweden 1997. 
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Some applications and experiences 

Production and maintenance of database for the official economical map of Sweden 

The National Land Survey of Sweden is the producer of Swedens official maps. The 
economical map is produced in the scales I: 10 000 and 1:20 000. It is stored in a 
geographical database which also includes cad aster information. Authorized users 
around the country have access to this common database and are able to uppdate it. 
The main part of the cartographic data is photogrammetrically collected. Still, field 
work is needed for control and completion. In some tests differential GPS was used in 
field. While using a field computer, object attributes could be stored together with 
position. GPS may also be better for measuring in some cases where the objects are 
difficult to classifY or map photogrammetrically, like transformers or breakpoints 
along a power line. 

Other users can e. g. uppdate the local cadaster information by carrying out GPS 
measurment and download it into the database. Another example is the cooperation 
with The Central Board of National Antiques. This authority collect data concerning 
ancient monuments, including positions and descriptions. DGPS and a field compter is 
used. The data is used to update the database. In this way authorities can easily share 
the digital data. As many users are authorized to update the database, using different 
techniqes for data capture, the origin of data is always enclosed. 

Staking out borderlines for national parks 

DGPS has been used for measuring and marking border lines of several national 
parks in Sweden. In these kind of jobs many kilometers of border are to be measured 
with an accuracy where DGPS is sufficient. The GPS techniqe makes it possible to 
navigate to preliminary locations of the border line and then adjust it in any direction 
and immediatly measure and store the final position. The resulting coordinates could 
then be downloaded from the field computer into a PC in the office and directly stored 
in the geographical database. 

GPS is often a more rational way to collect position data than traditionally with total 
station. Why is that? GPS measuring does not have to be carried out in a trajectory 
with line of sight between breakpoints. On the contrary a point can be measured 
anywhere independent of where the last point was measured. This also means that 
there is no internal connection between measured points, i. e. measurments are 
independent of each other. 

When using correction signals from a DGPS service, it still is important to make sure 
beforehand that there is a good coverage of the signals in the area where you are going 
to work. An alternative is to use your own reference station, although that means you 
have to double your equipment. GPS measurment using code techniqe has proved to 
work well even in forested areas while the carrier techniqe is much more sensitive for 
obstructions like trees. 
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Precision farming 

In the agricultural area applications are developed for what is called precIsIOn 
farming. Yield mapping helps the farmer to plan and optimize sowing and fertilization 
for each separate field. GPS equipment is placed on a combine-harvester together with 
a yield measuring device. Positions and yield quantity are measured and stored on a 
memory card, normally every two seconds and therefore cover a large amount of 
locations distributed over the field. Sufficient accurate positions are gained via DGPS. 
The memory card can then easily be moved to the computer in the office and the yield 
information can be plotted producing a yield map. Local variations over the field can 
in this manner be visualized. The farmer can use this information e. g. to increase or 
decrease the fertilization in different areas of a field. 

Nice features of the combination of GPS and digital maps 

GPS data is fully digital data and can easily be used together with other digital data 
such as a digital map . GPS measurment can e. g. be a lead in a digital production line 
which includes collection of geographical data for a database. 

Another nice feature is that a GPS receiver can deliver positions continuously 
without manual supervision. Therefore it is wellsuited as a component in dynamic 
positioning systems. Among many real time applications one is navigation in boats 
where a GPS receiver is used to collect position data that is immediatiy plotted 011 a 
nautical chart. When wanted GPS data could be combined with e. g. radar data. In the 
traffic field bus and taxi companies can in their control centers see where every vehicle 
is. This requires a GPS receiver on each vehicle and a communication link between the 
vehicles and the control center. The location of the vehicles are plotted on a digital 
map. Information about each taxi, like registration number and empty/occupied, can be 
sent together with the position. 

Compatibility, file formats, coordinate transformations, standards 

A lot of applications where GPS data is used in combination with geographical 
databases and digital maps already exist. The file formats and interface between 
system components may have been taken care of. Still, when you want to incorporate a 
system like this in your organization there are some things that are important to think 
of. Although these techniqes are growing closer to each other every day especially the 
input and output file formats for each component are critical. It is necessary to examine 
each component and the links between them, like e. g. file formats and interface 
protocols but also the handle of coordinates and transformations. Some critical steps in 
the data flow are mentioned here. 

For GPS data that is postprocessed and taken into a GIS or desktop mapping 
software the CPS measured coordinates have to be transformed into the common 
coordinate system for all data that are going to be used together, e. g. a national 
coordinate system. This may be done in the GPS postprocessing software if the 
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transformation to your national/local system is supported. Alternatively the coordinates 
may be transformed in a separate transformation software, in the desktop mapping 
software or even in a field computer. It may also be a good idea to check the accuracy 
of the coordinate transformation. A poor transformation may add a big error to your 
coordinates. 

Another subject of interest is the file format when a file is output from the GPS 
software and taken into the GIS or desktop mapping software. Some GPS softwares 
can deliver output files on different manufacturer specific formats like ArcView and 
ArcInfo or more general formats like DXF. If that is not so the file has to be converted 
in some other way to a format that the GIS or desktop mapping software can read . 

When it comes to real time applications the GPS equipment may be mounted on a 
vehicle. Positions are sent to a PC and plotted on a digital map. In this case it' is 
important to take a look on the communication interface protocol. A standard often 
used for these type of applications is the NMEAO I83. Thus the questions are: Can your 
GPS receiver deliver positions on this format? Can the desktop mapping software 
receive positions on this format or perhaps on a manufacturer specific format? As 
mentioned above, check the coordinate transformation and make sure a common 
coordinate system is used for the GPS positions and the digital map. 

In both the postprocessing example and the real time application example it is 
important to make sure what accuracy the GPS positions have. GPS measurment is not 
equal with a specific position accuracy but is entirely dependent on equipment and 
method used. 

It is desired to have open formats so that different applications can be used together 
and older data collected with one system solution can be used together with more 
recent data collected with another system solution. 

The existing standards or "almost-standards" for file formats and interface protocols 
do not always give sufficient information on position quality etc. For that reason and 
in order to simplifY the links between different systems and applications 
standardisation work is important. From the positioning side standardization work has 
started on an international level in the ISO/TC 211 WG4, Geospatial services. The aim 
is to define a standard interface protocol for positioning systems. 

Concluding remarks 

As the GPS techniqe now is available for every day use it is becoming a major data 
source for position infornlation. GPS measurments work well in combination with 
digital maps and databases. A wide area of applications can be found, ranging from 
collecting positions for geographical objects like cables or national park border lines to 
real time applications like the plotting of locations of your boat on a digital nautical 
chart. GPS measurment is often a cost effective method to collect position information 
and when a DGPS service is available a high position accuracy can be achieved. It is 
however desirable that standardization work is continued to enable a more simplified 
data flow between system components. 
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EJIDAL GEOGRAPHIC DATABASE OF MEXICO 
(EGDM) 

INTRODUCTION 

Carlos A. Guerrero Elemen 
Cartography and Automatization Manager 

General Direction of Cadastral Cartography 
National Institute of Statistic, Geography 

and Informatics (INEGI) 
Mexico 

Since 1992, Mexico's government created a proyect named Program for Certification 
of Ejido 's Rights and Titling of Urban Plots (in spanish, PROCEDE), which goal is to 
give the rights over land tenancy to all people that integrate the ejidos' of the country. 
In this case, the National Institute of Statistic, Geography and Informatic is in charge 
of carry out the technical-operative work leading to the identification precise 
geographic location and mesurement of the ejidos land's boundaries, thus like storing, 
controling and processing of the information compiled in field, in order to obtain the 
cartographic products required by PROCEDE. 

In order to carry out the cartographic labours commended to INEGI, was created the 
Ejidal Mapping Information System (in spanish, SICE), where an essential component 
is the Ejidal Geographic Data Base of Mexico (EGDM), this Data Base has important 
functions like store, administrate, control, and bring up to date the information (see fig. 
1); on the other hand, because of this is a distributed Data Base, geographic 
information generated for the program above mentioned is stored away and processed 
in 33 Automatized Cartography Center (in spanish, CENCA) located strategically 
around the country. 

OBJETIVES 

Establishment of the EGDM required a careful analysis and design of the data 
generated by PROCEDE in order to identify its components, specific features and 
mainly, following the clear goals are described below: 

• To store, control, make uniform and bring up to date at a national level the 
PROCEDE geographic information structure. 

• To keep working the consistency and integrity of data. 

• To make easy data development in such a way that be suitable, by means of an 
informatic applications set through a LAN-WAN net. 

• To settle the basis of an ejidal cadastre which allows increase the information with 
future projects. 
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Figure 1 

EJIDAL GEOGRAPIDC DATABASE OF MEXICO 
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INFORMA TION ANALISYS 

Due to the challenge of generate a cartography which will cover 52% of the country 
surface and, approximately amount to 10 million of charts among parcels2 and plots3, 

was carry out a national operative about 11 thousand people, to perform the surveying 
works realized through two methods, di rect (geodesic-topographic) and indirect 
(Aerophotogrametric); the outcome of this activity feeds the Data Base with essential 
graphic information; furthermore, 14 slips4 with Ejido descriptive and complementary 
data are raised at field, such slips constitute tabular or descriptive information. 

After the works at field are fi nished, an expedient with legal documentation of the 
ejido, is formed with field records, handle sketch, DXF5 and CGp6 files, digital 
photogrametric files and fie ld slips; such expedient is validated in detail. This control 
phase allows to secure the congruence of geographic information that enters to EGDM. 

CONCEPTUAL MODEL 

With the objet of count on organized and clasified geographic information in 
accordance to PROCEDE requirements, and carried out the information analysis stage, 
Data Base is organized in five layers: (see fig. 2) 

• State and municipal boundaries 
This layer includes municipal and state administrative boundaries that serve like 
reference in order to the localization of the ejidos inside national territory. 

• Infrastructure 
This layer is integrated by information referring to communication routes like: 
highways, roads, wells, dams, besides electric, telephonic and telegraphic lines, 
etc. 

• Hydrology 
Information pertaining to water bodies, such as : ri vers, streams, lagoons, etc. 

• Public services and GPS7 vertex 
Concentrate the punctual information referring to public services like: schools, 
churchs, pantheons, markets, etc. , and GPS vertex. 

• Polygons 
Contain all polygons like: parcels, common use lands, plots and human 
settlementS, all of them compose the ejido. 
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Figure 2 
CONCEPTUAL MODEL FOR THE EJIDAL GEOGRAPIDC 

DATABASE OF MEXICO 

STATE AND MUNICIPAL 
BOUNDARIES LAYER 

INFRASTRUcruRE LAYER 

HIDROLOGY LAYER 

PUBUC SERVICES AND 
GPS VERTEX LAYER 

POLYGONS LAYER 



LOGICAL MODEL 

After the conceptual model is defined at the 33 CENCA, vectorial and alphanumeric 
data enters to Data Base. In regard to vectorial type, such point is refered to graphic 
files in DXF and CGP format proceeding of surveying which are deposited in a layer 
organized library. As for as alphanumeric data, include information slips and another 
documents like rights individual register that are stored in a Relational Data Base. 

Now then, when is deposited the information in the EGDM, by means of a manager 
system a relation between vectorial and alphanumeric data is established through an 
unique key, which allows to access the envolved persons like an unique entity. 

PHYSICAL MODEL 

In order to face the challenge of process and store the information originating of an 
ejidal cadastral that envolves 25% of total population of the country, it was necessary 
to organize such Data Base between each other, and located in every federative entity 
of the country in accordance with the territorial organization of the INEGI (see Fig. 3). 

This model offers the next advantages: 

• Control. From main Offices is watched over the outlines and norms fulfillment 
for information income, administration, maintenance and bringing up to date of 
Data Base. 

• Accessibility . Every Regional Management has access to State Coordinations 
data, marking up a copy of the Data Base of each other; likewise, from Main 
Offices, information of any Regional Management can be consulted. 

• Present time and complementary structure. Structure allows to add new 
information layer or additional attributes to the previous attributes, in accordance 
with features and needs of each state of the nation. 

IMPLEMENTATION 

EGDM was established for the first time like pilot proof in one of the Regional 
Managements of INEG!, with the objetive of put finishing touches to implementation 
(users response time, storing capability, etc.) and to guarantee the operation at all the 
territory . 

After the evaluation and previous proofs, regulation documents at national level 
(Regional and States Offices) were distributed to starting procedures and right use 
were explained, moreover, several systems to the administration and maintenance. 
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On the other hand, technical support, control and monitory activities are carried out in 
Main Offices at national level through LAN-WAN net. 

CONCLUSIONS 

EGDM like fundamental part of the Ejidal Mapping Information System has allowed 
concentrate information generated to PROCEDE, guaranteeing its integrity in 
accordance with the established norms. Administration and control levels of this Data 
Base have propitiated to maintain the information entering to the system within the 
defined standards by the technical rules, independently of the region or estate where 
data is been captured. 

At present, information of the EGDM concern to more than 14 thousand ejidal unities, 
in other words, 50% of the work universe, in agreement to the PROCEDE advances . 
Such data allow to generate to march 15th, 1997, a total of 3'680,6 13 cartographic 
products in benefit of more than 1 '750,000 individuals. On the other hand, such 
information is being worked in the thematic maps making, statistical catalogues, ejidal 
atlas, etc. 

EGDM by its fea tures, makes easy the knowledge of lands and surfaces with 
extraordinary levels of detail and precision; thus, our country has the capacity of count 
on a cartography to big scales of spaces never before represented on paper and digital 
files. Mexican Republic for the first time count on data to the best knowledge of our 
geographic space and will allow settle the basis to the terri torial arranging of the XXI 
Century. 
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IEjido 

3Plot 

5 DXF (Drawing 
Exchange Format) 

6CGP (Coordinate 
Geographic Point) 

7GPS Vertex 
(Global Position 
System) 

SHuman 
Settlement 

NOTES 

Assigned (land, water, forest, etc.) area by generic law 
(January 6th, 1917) for the use of a defined social group. 

Piece of land of variable extension, destined to determined 
cultivation, that identify to every one of the members of the 
ejido, to its work in colective or individual form. 

Ejido' s land that is within human settlement with residence, 
commercial, industrial and public services purposes. Plots 
are complete property of the titulars. 

Set of registers that contain information about the precise 
geographic situation of the ejidal polygon, area, parcel or 
slip; besides land kind, soil use, owner information, sketch 
and neighboring. Such registers are divided in basic and 
complementary, and are filled out on field with information 
offered by ejidatarios. 

ASCII file format designed to contain graphical 
information. 

ASCII file format containing coordenates of points included 
in the DXF. 

Points located on the terrestrial surface where geodesic 
or geographic coordinate are determined through Global 
Position System, on the base of a NAV-STAR satellites 
constellation. 

Lands that form the necessary area to community life 
development of the ejido, it count on the terrains that 
belong to the urbanization and legal country estate zone 
(Agrarian Law of Mexico). 





GEOGRAPHIC PROCESS STUDIES USING CARTOGRAPHIC METHODES 

Abstract 

By. Dr. E. Ghanbari 

and Dr. Parviz. Nowrouzi 

University of Azad Islamic 

M arand - Iran 

And University of Tabriz. Iran 

Geographic processes, such as soil erosion transportation, deposition, and 

degradation, affect not only the amount of arable land avalilable for cultivation but also 

have an impact on sedimentation in estuaries, deltas, and other coastal environments. 

Additional geographic and geologic processes, such as tectonism and volcanism. have a 

profound inpact on human life a well. Exploitation of cartographic studies has advanced 

most in the area of landform mapping. Several studies have shown the value of 

cartographic studies for mapping structures in volcanic and sedimentary terraces. 

Several techniques have been developed that may result in automated landform 

mapping. Cartographic methodes offers the potential for significantly increasing our 

knowledge of geographic around the world, as well as for collecting data of uniform 

quality over sufficiently large areas that areas that will allow us to interpret geographic 

methodes processes such as techtonism, and volcanism and outhers geologic and 

geographic mechanisms. 
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Introduction 

Several studies have shown that synthetic aperture radar (SAR) imagery is 

useful for geographical and geological mapping. 

For example, in glaciated and vegetated Quaternary terrains having flat areas 

and exposed soil. Singhory and other (1992) have shown that the tonal differences 

on springtime radar imagery can help to detect the variabilily of soil moisture, which 

corresponds to the destribution of surficial materials. However, in rough or 

undulating terrain, the slope has a stronger influence on radar backscatter than the 

soil moisture has. 

Further research needs to be done in order to understand the relationship 

between radar backscatter and the porosity, texture, structure and moisture content 

of the underlying surficial materials. 

LANDFORM MAPPING 

Several Techniques have been developed that may result in automated 

landform mapping. For example, a technique that can be used to map textural 

variations was described by Blom and Daily (1982) and was used by Stromberg 

and Farr (1986). The technique involves the production of images that represent 

only certain scales of texure. This is accomplished first by filtering the Fourier 

transform of an area into several spatial frequency bands and then by producing 

an image for each of these bands. These bandpass images are used next in a 

standard, unsupervised classification algorithm in order to produce a map, the units 

of which represent unique textural signatures. Or also could use images in which 

pixels represent local variance, or other statistical quantities, in different sized boxes 

2133 



2134 

Remote 
Sensing 

GIS 

GEOGRAPHIC 
INFORMATION 

SYSTEM 

'-___ ..J !OUIPUI! 

Output 

Figure I.-Relationships between GIS and remote sensing. 

Radiation 

SCENE ---....... ·~IMAGE -------~. PICTURE 

Figure .1-1npul of remole sensing data into a GIS. The interrupted line encloses a GIS 
in wltich digital image processing has been integrated. For explanation of numbers, see 
text. Abbreviations: AD, analog·digital; ceT, compuler compatible lape. 



in the classification algorithm. 

Exploitation of radar data for geological and geographical, studies has 

advanced most in the area of landform mapping. 

Several studies have shown the value of SAR images for mapping structures 

in vol canic and sedimdntary terranes and for studing the pRocesses of erosion, 

weathering and, deposition. 

For example, the 1990 will see the use of many new remote sensing 

instruments in studies of volcanoes and volcanic eruptions. 

By providing access to a completely new range of observations, the 

instruments flown on satellites and aircraft will contribute significantly to our 

knowledge of both eruption processes and the impact of eruptions on the 

environment. 

For the past two decades cartographic methodes has undergone enormous 

development and has found widespread applications. 

However, in many cases, strong overselling of the potentials of remote 

sensing has created disappointment for its users. 

At the same time, we have seen the development of the applications of 

geographic in formation systems (GIS) in the earth sciences. 

Although the integration of remote sensing and GIS offers very interesting 

opportunities, we will review critically herein the possibilities and limitations of this 

integration as it applies specifically to erosion and mountain hazard mapping. 

CARTOGRAPHY AND GIS, AND REMOTE SENSING. 

Both remote sensing and "GIS" are based on assigning numerical values to 

well defined areas, of the earth 's surface in order to produce a numerical image of 

this surface. 
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Through a process of image correction and resampling, the remote sensing 

data coded by geography and geology can be matched with the raster cells of the 

GIS. 

This opens many possibilities for correlation studies between basic remote 

sensing data and the thematic information derived from the introduction of maps 

digitized in GIS. 

In order to determine the limitations of these correlations, we must define both 

the type of data are available from digtal remote sensing and its resolution, as well 

as how these data fit with the thematic information introduced into GIS from other 

sources. 

Figure 1 shows the relationship between GIS and remote sensing in general 

terms, renote sensint being one of several possible types of data put into a "GIS" 

Figure 2 shows in more detail the possibilities that exist for the input of remote 

sensing data or information derived from remote sensing data into the "GIS". 

CONCLUSIONS 

In conclusion for all scales of cartographic mappil '9 stereo imagery is of the 

utmost importance because the zones into which the terrain is divided are 

distinguished primarily on the basis of morphology, rocks, and soils. For hazard 

mapping at scales more detailed than the regional mapping, the resoiution of the 

imagery is of greater importance. 

At these larger scales, the occurrence of individual mass movements becomes 

important input information in the analytical methods we use for hazard 

assessement. 
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Cartographic methodes offers the potential for significantly increasing our 

knowledge of volcanoes and geographic around the world, as well as for collecting 

data of uniform quality over sufficiently large areas that will allow us to interpret 

volcanic and tectonics processes. 
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1. Generalities 

TIle principal objective of this research is to "recommend a passive and standarized sign 
system for blind and partially sighted persons", by means of shapes, textures and colours 
tested and justified through simulations of use and efficiency for a heterogeneom 
universe of personas with visual disability, so that applied in a generalized way they can 
install code for orientation and mobility of those persons in open spaces, in others 
without references landmarks, with important background noises and when they enter for 
the fIrst time or their visit is not habitual. 

Signals are "passive" because they are introduced in places without any signalization on 
the payement and they stimulate touch or what remains of sight (without any audible risk 
wanting or direction indication) with the complementation of haptic plans and visual 
system of signs. TIley are "standarized" because they propose specific codes to direct 
navigation behavior that can be easily recognized and utilized for self advantage. 

TIle experience was 1n.:1.de 011 natural scale models in the "Roman Rosell Instimte" for 
blind and partially sighted persons. TIleir authorities allowed the use of the installations 
to realice the evailliition, with visllillly impaired persons who often visit the Institute and 
the models will remain for the training of patiells. 

TItis project with a subsidy of the "Consejo :\"acional de Investigaciones Cientificas v 
Tecnicas" of Argentina, has been organized in three separate parts for operative reason. 
as follows : 

1 S1. Part: Haptic and visual system signs on floor 
Researchers: Adriana Apollonio and Beatriz SancUlam 
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]nd Part: Haptic plans 
Researcher: Estela Cuppi 

:3rd. Part: Visual Signalization 
Researcher: Rosa A L. Connio 

2. Experience in Haptic Plans 

2.1. Introduction 

TIle objective of the second part of the project was the evalu.ation of the dfieciency of 
relief plans or "haptic plans". To facilitate the comprehension ofthe sllITotmdins by blind 
and partially sighted persons it was necessary, among other things, to help the defmition 
of course to element that interprets and informs about it, the way in and the 
inconvenients that might be fotme! along. helps the decisions. 

Haptic maps and plans give infonnation of the conformation of spaces that are not 
visible for blind persons or are of difficult perception: for those partially sighted. At 
present these maps have little application as orientation and autonomous mobility 
elements in complex urban spaces and buildings in Argentine. TIlere are differents types 
of haptic maps that represent a complete area (urban zones, interiors of buildings) or an 
itulerarv. 

TIle e~1Jerience Ul the Roman Rosell Institute was applied in recognizulg -by means of 
two haptic plans - an exterior itinerary (from the external access of the grotmds to the 
door of the principal building), an another interior course (from the entrance of the 
principal building to the differents destinations) . TIus needs choosing the basic 
information to transmit, detemlining texture elements ans symbols to be applied to the 
plan. 

">.2 . Points to consider for the realization of haptic plans 

Surfaces of texture, shape and colour easily recogrlized by touch or with the visual rest 
were chosen. TIle election of s~mbole was based on the process of perception and 
exploration with one fmger, of one or both hands. TIlese sigTlS were elected from the 
icons proposed by the ":\oitingham Kit" ; using all those that were considered necessary 
and th.at could be produced. TIle intention is to silnpluy and normalize the conformation 
;lnd colours of the sigTlS used for the tests in accordance with the results of those tests . 

Braille characters used for references of texture ,vere fully explicitated in lnind the 
limitated oportunities, up to tlus moment, of offering this system of orientation. TItis was 
conciliated with the visual recognizing that might be used by some partiallv sighted 

. 1. F~i: Euro~an S~"tlltX~ium ..:m Tacrual T0\\n .\1ap-s for th~ Blind. R23C1iltnO I ! CPt rhe ';fGild~irdl: allo}": o( rLlCf!.a: 
-;:;: .." ,'1)_~7 :~:u~d .".' rQ~t.'1 : ~(jp~; _~i;r th~ v!~~ l".I;·t~ ~ ~';:(£~('i::'.."} -? i~. Bnl~sd 29:09f19SJ h.10 1'10/1983. . 
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persons visualizatioIl, with an adequate election of the partially sighted personas tha t 
read braille and printed characters wil l get help from the proposed relieyes . 

During the esperiences special care was used to defme the position of the plan, its size, 
its slope and its location near the access zone, without disturbing the movement of the 
public . 

Considering the difficulties of the persons in rehabilitation or leaming stages, texis were 
written in braille an printed characters, without capital letters, acents, dieresis and other 
plmctuation signals . 

Partially sighted persons that can read braille or printed characters will get help from the 
proposed relieves and those that have achromatic vision will be able to use them by the 
colour contrast if those colours had been correctly chosen. 

References use characters to make clear all symbols, because their shapes, textures and 
colours are known by most of the personas taht will make esperiences. \Vhen the number 
of 'written indications of the haptic plan are numerous, these indications are placed after 
the references. 

TIlese plarlS were made using lasting materials, resistent to use and wear by frequent 
touch, inalterable by climatic agents. Vinylic material was chosen for its easy working up 
to produce differents tex't\rres, colours and braille characters. Design of shapes arlS 
proportions of the symbols were considered with special care in the election of the 
differents levels that can be combined with the tex't\rre. 

The plans will be placed in two flxed locations, the first one at the entrance from the 
srreet and indicating the different zones of the park benveen that entrance and the 
building, and the second indicating the distribution of the building itself 

Roman Rosell Institute activities cover Illoming and the early homs of the aftemoon, 50 

with daylight, effect of artificial light illurnination of the haptic plan was not tested. 
Hights of the differents relieves were carefully considered so that their shadows will not 
make difficult the reading of the partially sighted persons. 

' .3. Experience with haptic. plans 

"'.3.1. Haprics plans mareriali::arion 

Both IU'lptic plans consist of a wooden rigid board covered by a vynil ic plate over wich 
comses, symbols, readings and references were drawn with adequate relieves. TIle plan 
rests on a stand of steel profiles, protected against corrosiofl that allows the board to be 
placed and removed as convenient. 

TIle height of the board was decided so that it was convenient for an adult of standard 
stamre, consideres as L60 m = 0, 10m. TItis height was not convenient for c1Lildren but, 
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fcir operative reasons it was nor possible to regulate it to the conyenience of each and all 
persons. 

:'vlaxirnum dimensions of the plan were deteI1llinated by the reach of the extend affilS of 
the user, to make possible the tactile or visual interpretation of the plan and the reading 
of the references. 

2.3.1. Il1terpretatiol1 a/haptic plal1s 

For the interpretation of the plan the person must start detemlining the correct place to 
begin the reading: the lower edge of the board near his body and from there move his 
hands away from that edge and towards the upper edge. This movement corresponds to 
walk ahead and the details of the plan at right and left of that line represents what exists 
at right and left of his intented walk. 

A test was performed with a previous explanation (by a cassette or personal) to the 
person that was to use the plan, for a correct interpretation of the conditions that should 
be considered, so that the plan would be useful. A tactil anticipation in reduced scale of 
an indication refering to the course to follow, before entering a place a new 0 rarely 
frequent situation for most people. In spite of this, a plan is useful when entering a place 
for the first time or in not frequent visits. For a correct comprehension and reading of the 
plan it was necessary to take account if the person with visual disability had aptitude for: 

1) unterstand the change in scale 
(relation between the building and its plane representation); 

2) recognize the itinerary and its derivations (if necessary); 
:3) located destination desired; 
4) identifY symbols in the plan and reterences; 
5) remenber them during the walk along the course; 
6) decodifY the symbolisrnr of the plan facing reality; 
7) arrive to the destination: 
8) leave the place or to go other destination: 
9) be able to walk the itinerary backwards . 

. 2.3.3. For.ms to reQlstef' expef'len(1le,s 

To register behaviors, modalities and difficulties found dung the experiences with haptic 
plans, special forms were designed. They were developed to note dO>'ln personal data of 
the visually impaired persons submitted to the experience: name, sex, age, instruction 
level, visual diagnosis. \fethods to find the way to walk along, former e:l.-periencies and 
rehabilitation level obtained in orientation techniques and training. 

To complete the experience, the second part of the foffilS gathers data about the conduct 
and aptitude of the registered person noting down: anterior experiencies with haptic 
plans; use of braille: characters or both; method used to read the haptic plan (with a 
frngeL with a lmncl with both hands or for colours contrast) . T eXhues, colours, $1,mbols 
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and references of the haptic plan were evaluated as recognisable, non re<::ognisable, 
ablmdant or scarce. 

Personal interpretation of the haptic plan was stablished according to the ease to 
distinguish shapes, textures aIlS colours, location of references and adequate reading as 
good, bad or indifferent. 

TIle position of the haptic plan was analyzed from the point of view of its location, 
irunediate surrmmdings, position for reading and size as good, bad or indifferent. 

Finally, comentaries of the persons that participated in the e~"perience were noted do~n 
as observations. 

2.4. Results of the experiences with haptic plans 

The results of the individu.'\1 experiencies registered in-situ were expresed numerically, 
and by the corresponding percentages as follows: 

• 70 % of visually impaired persons used braille (including blind and partially sighted 
persons), the other 30% did not use braille (the case of children, ymillg people or 
adults with recent blidness, illiterate persons and partially sighted persons that only 
read printed characters). 

• 35 % ofvis,wlly impaired persons read texts with a finger, both right and left handed: 

• 11% of visually impaired persons with a hand and 28 '% with both hartds, 

• 93 % of partially sighted persons can distinguish colours and 7 % were persons with 
achromatic vision, that had difficulties with the contrast: symbolJbackground ill 
yellow/white and redlblack. 

• 100 % of partially sighted persons recognized the symbols, as well as the blind 
people. 

• 100 0;0 of partially sighte'd persons located and unterstood the references but they were 
slow to find them in the plan and located the references, and they wanted to make it 
quickly although they were recomendated to proceed with calm, 

• 66 % of visually impaired persons considered dlat the location of the references was 
convenient but only if iliey had tittles; 70 % did not express any preferences for the 
location of the references but 30 % said it is important that readings of the plan and 
the symbols are near to each other. Blind people in rehabilitation process, that first 
read the references and then dIe plan and left handed people, for their use of the left 
hand, prefer references placed on the left side, 
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• 95 % of partially sighted persons located and recognize quickly the haptic plans and 
4% of the blind had problems to find them. 

• 100 % of the visually inlpaired considered good the place and the SlUTOlmdings. 

• 100 ').'0 of visually impaired people fOlmd that the size of the plan was adequate for the 
zones represented. 

• 89 % of visually impaired people fOlmd no problems ill the slant ofthe plan, 

• 89 % of blind and partially sighted personas said that the plans are llse full in public 
places and 11 % stated that they prefer read braille or listen an explanation of how to 
get to their destillation, so that for them it was illdiferent if there was an haptic plan or 
not, but they admitted that they would use it ill case they did not find other assistence. 

3. Conclusions 

BIilld people considered that haptic plans were indispensable at the entrance of public 
and private buildirlgs with attendance or'people and ill open spaces without references 
for orientation and navigation. Partially sighted personas made favourable comments 
about the visual signaklization projected. 

The projection to a bidimensional plane of a tridimetl~ional space meant use normalizad 
textures, colours, symbols ans references, ill preference according with illtemational 
convention, to obtaill maps and plans with an illterpretation similar for the visually 
impaired personas ill any place of their country or in others countries. 

The standarization of the haptic plans placed at the entrance of all buildings allow blind 
and partially sighted persons to understand the succession of sectors, locals and spaces 
they will go over. To reach them, the map will help the election of the best course to 
follow when going and comirlg back, or make the ne~essary changes along his way. 
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In the period of sharp deterioration of ecological environment, the actuality of 
ecological investigation increases. It is manifested in ecologisation of different 
sciences including geography and cartography through the formation of a new subject 
directions in caltography, i .e. eco-geographical or ecological one. Il is characterized 
now by different theoretical directions, priorities, ways of the information analysis 
and views 011 the o~iect of mapping. It is possible to distinguish now such ptincipal 
aspects of thi s direction: phytozooecological, anthropocentric and democentric ones. 
They differ by objects of mapping. At the same time they have something in 
conunon: mapping is directed at the investigation of the relations in the "Nature
society" system. These maps may be various as for their fOlm and content. It is also 
necessruy to distinguish maps of ecological factors on the one hand and ecological 
maps on the other. Maps reconsttucting abiotic, biotic and anthropogenic conditions 
of the olgaruslIls' vital activity (individually or in complex) ar'e logically called as 
maps of ecological factors. These are geological, climatic, socio-econotnic maps and 
maps of animal orgarusms and vegetation, etc. Maps depicting interrelations of 
organisms (including a man) with the environment (e.g. medical-geographical maps) 
are called the ecological maps. 

So, depicting the inten'elations between orgarusms and t.heir environment 
forms the essence of ecological mapping. These int.errelations are studied in the 
process of eco-geograplucal investigation (EGn. Il implies geograplucal studies 
aimed at the solution of ecological problems. They are characterized by integration 
of concept tlu'ough combination of I:\\'o scientific approaches, ecological and 
geographical ones. Ecological approach consists in the investigation of diffcrent 
complex ecological systems (ecosystems) formed by two subsystems - kernel- "a 
host" and the envirorilllenl. As a mle. kernel is represented by vital organisms 
including a man. Second subsyst.em, i.e . the envirolUncnt ("the house") is not stable. 
It depends on both "the host" and "the house" . The eco>''Ystem notion is not restricted 
tu spatial fiames: it is spread llll a drop of watcr with its lIu(;roorganislTls as well as 
Oil the whole biosphere. 

It's a well kno\'iIl fact that tile geographical approach is one of the general 
scielltitic approaches, a kind of a spatial-system approach. The principle of this 
approach is to consider different systems as those which are differentiated and 
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organized at tlle teiTt!.ory. 8uch systeilis consIst. i"om dlft'erent intercOlUlected nature 
and nature-anthropogenic components which fOlm biotic, abiotic and anthropogenic 
conditions for an organisms' life. On the one hand these conditions are the same both 
for geo- and ecosystems, and on the other they define differences between them. An 
ecosystem features such bonds where environmental conditions have an effect on an 
organism which is a "host" of the system. All links in a geosystem are of equal 
import.ance. In distinction of ecosystems geosystems always have spatial measures. 
So, combining ecological and geographical approaches one has a possibility to study 
space measures of an ecosystem in which geosystems of different level are the 
enviromnent of a "host" . 

Such complex system is a part of the geoenvironment, the Earth nature which 
has been involved into the sphere of human activity and which is a necessary 
condition for the society's existence and development. The geoenvironment includes 
the whol e hydrosphere, the 10-12 km. I ayer of the atmosphere and the 5-10 km. layer 
of the lithosphere under the Earth slllface. According to this the geosystems of 
different level are taken as a tenitOlY of an ecosystem and as a local environment 
for organisms. The new spatial formations can be called as ecogeosystems which 
are the constituents of geosystems. By tiris means a biocentric pwt is recognized in 
ecogeosystems. This pwt consists from organisms and their habitat. 

From our viewpoint the ecogeosystem is an object of a new lead in geography 
called as ecological geography and ecological cartography as it's part. Inasmuch as 
ecological maps are also a product of geography we can consider that we are 
dealing with ecogeography. Specialists use also another notion - the geographical 
ecology but it's a lead of ecological science. The relationships between tiris 
scientific notions and leads should be result from relations between ecological and 
geograplrical approaches. The research emphasis is chaIlging according to the field of 
application. For example, if we say about the geographical approach in ecology 
where an ecosystem is WI object we should use tile tenn "geoecological research" . 
And if an ecological approach is using in geography it is appropriate to use the 
notion "ecogeographical resew·ch" . So, in the first case an ecosystem is investigated 
and in the second an ecogeosystem with its biocentlic part is . The ecogeosystem is a 
controlled created or changed tenitorial system wlrich is taken as an area of the same 
type of geoenviromnent and a certain type of economic lise. 

A subject of ecogeograplrical investigations is complicated and has many 
aspects because of variety of the world of organisms. But in the resew'ch we can 
choose tile subject which is detemllned by the purposes of investigation. Undeniably 
the main subject is a man. In tillS case we can call the object of the investigation as 
anthropogeoecosystem. We can say about tlJe ecology of man as aboul the ecology 
of human individua.ls or the ecology of mankind, also we can mean the 1;eparate 
populations and the whole society. It 's important to find the general Ill)tion for all 
tlJese occasions. It can be the tenn "population" in it s geograpfri cal meaning. 
According to tlus the geoenviromnent, tile population and lhe relations between them 
CWI be considered as parts of tile aJltlu'opogeoecosystem (AGES). As a result of a 
dialectic intcractioll betwecn the patts of tile AGES a human cllvil'orunellt is fonning 
S(I as certain ecological situa.tion which is complicated and varied is f(IIming . 
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So, according to the components of ecological situation the eco-climatic, eco
geochemic, eco-socio-econornic, eco-medical investigations should be separated. For 
example, if the human health is considered as a complex criterion of assessment the 
conditions of the AGES and its parts the research should be called as eco-medical 
research. In such investigation the ecological situation and its components are 
evaluated in respect to the human health. In the case of medical-geographical 
researches human health is an object. At the same time the human health is taken as 
the most complex criterion of envil'Orunentai conditions for eco-medical 
investigations. So, it is too impOitant to estimate the environmental influence on the 
human healUl and conditions of human activity and recreation. 

It should be remarked that there is no definite cOll'elation between human 
health and envirorunent conditions. That's why it's appropriate to use such notion as 
potential ecological risk which means a probable danger for human health. An 
urgency of the ecological situation can be evaluated in accordance to the level of 
potential ecological risk. For the purposes of evaluation it is appropriated to 
correlate the antlu'opogenous influence on the envirorunent with environmental 
resistance to it. If the anthropogenous intluence in a region dominates the eC(llogical 
risk increases and the ecological situation becomes ill at this tellitory. The 
anthropogenous influence can be characterized by a type of land use (an economical 
land using), a productive forces concentration at the tenitory (indusuy, agriculture, 
constl1lctions, transport), dangerous nature and anthropogenous processes and 
phenomena, the population density. 

The problem of resistance of the tenitory is not solved yet. And one of the 
most complicated questions is to estimate a general resistance of the envirorunent. 
According to this it can be proposed t(l assess it estimating a resistance of discrete 
nature components such as atmospheric air, nature waters, soils. Such technique was 
elaborated and used for creation the maps. 

The ecological situation can be c1assjficated as favorable, satisfactory, 
deteriorated, sU'ain and catastrophic. Each ofthis situations has its own peculiarities. 
To determine the conditions of the admissible level of ecological risk is the task of 
the second stage of the research. For tlus purposes the level should be compared 
with social and economic advantages. The risk can be admissible, partially 
aclinissible and inadtnissible. In the last tw(l cases it is necessary to determine the 
control level and measures for ecological risk stabilization. 

The problem of lisk to our opinion is important for working out the state 
strategy to overcome the ecological crises, to strengthen people' health, to organize a 
rational financial support for the environmental protection measures. 

We 've realized the mentioned theoretical concept in "Eco-Medical Atlas of 
Ukraine", in the map -'Ukraine. Ecol(lgical Situation" (l : 1 000 000 scale) and in the 
maps of the envirllrmlenl ami its components pollution. These maps may be applied 
for teaching ecological geography of Ukraine in a high school. as well as for practical 
activity in state and plivate organizations. 

Taking into account the fact that compilation of the eco-medical atlas foresees 
through studies of all the possible interl'e1ations between population and nature, and 
pJ'Clcesses taking place in nature components from the point of view of the state of 
health formation. this atla !': may br considered to be one of the ways of solution of 
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ecological security. The atlas consists of the introduction and three chapters 
reflecting natural and socio-economic conditions of the population life, as well as its 
health state . Natural conditions are devided according to the following signs: 
c\ i lIIati c-yearly, geochemi cal, natural-recreati onal. Soci o-economi c condi ti ons 
include dcmographical , social , economic ones and conditions of the environment 
pollution . The state of human health is depicted by different general indexes (sick 
rate, death rat.e, disability rate, etc .) by level of spreading of eco-depending diseases 
and lheir .1sk factors. 

The plincipal feature of maps of the Atlas consist.s in their estimation 
direction conceming the population's health. The author's elaboration of the atlas has 
been finished. The total volume comprises 127 pages, 86 of them being under the 
maps, the rest under the text. It is impossible to publish tlris atlas without the 
sponsors ' assistance. The author hopes t.o gain it from all the persons and 
organizations concerned. 
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The main information base were regional atlases prepared in the traditional form 
during the 80' s and the development of methodology solutions for thematic 
cartography. Currently, due to the widespread introduction of computer geographic 
information systems their form must undergo a change. Primarily, this is the result of 
practical management needs which requires immediate and upgraded information, 
including possibilities of their correlation. 

Therefore, should this new form of an atlas be a computerised version of the 
traditional maps, or should it, through an integrated base of various types of data 
(spatial, statistic, descriptive), be the background for creating a system of questions 
and answers which will truly respond, in the cartographic sense, and, therefore, will 
possess geographic location, measurability (scale), sign code, characteristics 
expressing quality and quantity. 

The computer atlas complies with the conditions of cartographic presentation for 
various types of contents, including simple and easy upgrading and creating certain 
advanced procedures, e.g. in the scope of generalisation, framing, change of scale, 
graphic variants, etc. The atlas will continue to be only a ' set of maps ' defIned by the 
author of the atlas. However, it is impossible to foresee all the needs of its end-users 
and utilise all the possibilities for generating further information set in the contents of 
each map and not exposed in a simple manner, i.e. deriving from map legend. Their 
'presentation ' is only possible via GIS procedures permitting, in essence, for arbitrary 
associations of various pieces of information to obtain and create new and different 
maps. In result, the so-called 'GIS Atlas' would not become a closed set of concrete 
maps but rather a set of problematic questions and procedures which when applied 
would generate the answers. Of course, in both cases, the data base is within the 
computer memory, however, in the case of the 'computer atlas' the selection of 
information is adapted to a concrete thematic map, and for the GIS Atlas, to a concrete 
problem or question which often requires associating information (data) deriving from 

2150 



several different maps. Naturally, each 'question' may be associated with a certain 
thematic map but not necessarily an atlas map. The atlas is always a certain ordered 
sequence and must fulfil the conditions of unity unnecessary during a performed ad 
hoc analysis for casual needs. 

The philosophy of the 'GIS Atlas' exceeds the traditional understanding of 
cartography and the atlas as a cartographic achievement. However, it continues to exist 
as a cartographic work primarily because it maintains cartographic standards such as 
scale, representation, basic (topographic) elements, cartographic means of expression. 
Developing the computer atlas of the Cracow voivodeship, we intend to secure both 
the computer atlas form as well as GIS Atlas. The information obtained from a survey 
indicates that the potential users consider both as useful and even complementary. 

Objective and purpose of the computer atlas for the Cracow voivodeship 

The objective and purpose for developing the computer atlas of the Cracow 
voivodeship is to make it available to authorities and public institutions, including 
government and self government administration in an integrated and spatial data base 
form. This data base will include the basic elements of the nature environment as well 
as aspects of the social and economic life in the Cracow voivodeship, enabling both 
the analysis of visual concrete phenomena, the modelling of derivative phenomena and 
the facilitating of decision making. 

Traditional cartographic development allowed the achievement of this possibility in a 
limited scope, required laborious comparative studies, sketches, etc. to finally obtain 
internally contradictory results. The cartographic image appearing on the screen is 
currently the main working tool for using spatial information systems. This does not 
exclude the possibility of preparing a paper copy of the map using a printer, plotter or 
any other advanced reproduction technology .. 

The addressees of "The Cracow Voivodeship Computer Atlas" (CVCA) are also 
institutions for which current information concerning the region is the basis for further 
scientific, and/or educational research. Development of selected thematic map sets on 
diskettes or other computer software is seen to serve as a generally accessible and 
popular form of information about the voivodeship. This may also be seen as a new 
commercial version of the City Atlas of the Cracow Voivodeship published 16 years 
earlier. (This large edition of maps will be considered during the fmal phase. However, 
its development will be within the scope of another programme.) 

General development principles 

The regional computer atlas clearly requires a different approach regarding the concept 
of its construction than in the case of a traditional atlas. It is quite obvious that the 
construction of the atlas in a virtual computer dimension allows for different 
circumstances for creating maps . However, these continue to be graphically expressed 
"models of reality" . Approaching maps as GIS managed "information layers" does not 

2151 



necessarily mean disregarding the basic atlas attributes as a cartographic work, both 
from an official view point (representation, scale, format) as well as the contents 
(completeness, comparability, sequence, complexity, uniformity of general principles 
and methods of graphic presentation). An individual author character of each thematic 
map will be maintained. Agreeing and minimising considerable discrepancies will be 
conducted between individual thematic layers, especially regarding the basic map. 
Although there are many possibilities of connecting various information layers or 
attributes for achieving concrete practical objectives, CVCA will maintain recognised 
standards appropriate for respective fields. It is necessary to state that each thematic 
map, especially concerning geographic environment elements, has evolved, and a 
certain standard has been developed. These maps are already in circulation and of 
practical use. This does not mean that individual elements (layers) of these standard 
sets cannot be applied in completely arbitrary constellations, creating new information 
quality, e.g. derivative maps. 

Atlas concept assumptions 

1. The atlas will contain two main groups of maps: nature and social - economic. The 
nature maps will be developed in detail and with precision appropriate to standards 
recogrused for conventional maps in a scale of 1: \00 000. Such a scale is 
acknowledged as basic (initial) for environmental content. This means that the 
precision and detail of all the analyses as well as maps produced as derivative 
products cannot be better than the initial information. On the other hand, non-nature 
maps based upon statistic data are prepared in a scale of 1:300 000 . 

2. Support materials for constructing each CVCA information layers are existing 
cartographic developments in the form of printed maps, editorial fair copies, 
publishing matrixes or hand-written maps and data base (statistic and morutoring), 
as well as aerial photographs and satellite images. It will be necessary to use ready 
made graphic and tabular developments in the form of computer files (or their 
supplements) owned by certain institutions such as IMGW, PIG, WUS (Institute of 
Meteorology and Water Economy, National Institute of Geology, Yoivode Statistic 
Office). 

3. The maps concerning nature environment and land management are included in the 
so-called "cartographic frame"; i.e. their contents will not be "concealed" at the 
voivodeship boundaries. If accessible material will allow such a situation, 
continuity of phenomena should be guaranteed. Sheet size 30 'x20'. This break 
down will not be obligatory as the meridian and parallel break down will also be 
possible. 

4. The basic map shall play a major role. This map is a set of information layers: 
hydrographic, road network, developed areas, administrative limits. The working 
scale is 1 :50 000. Therefore, the basic map will also serve the needs of those end
users who develop larger scale maps than the CYCA basic map, e.g. 1 :50000. The 
basic map will be developed via up-dating topographic maps in a scale of 1 :50000 
or I: 100 000. It appears necessary to use coloured topographic maps in scale 1 :50 
000 or 1: 100000. Up-dating topographic information layers and land use maps (and 
its mutations) will be developed using as a basis, computer analysis of satellite 
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images LANDSAT TM, dated August 1992 (resolution 30 m.), and SPOT, dated 
November 1994 (resolution 10m.). The basic map will be prepared in several 
variants associated with the level of generalisation of various types of features -
three levels of generalisation. 
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Fig 1. Cracow voivodship at the background of Poland 

5. An important element of CVCA is the digital terrain model (DTM) which for many 
thematic maps will serve as a basic layer. DTM is necessary for modelling 
phenomena functioning as terrain sculpture, and permits three-dimensional 
presentation, The Terrain Altitude Model, for CVCA needs will be developed in a 
scale of 1: 100 000, based upon source materials in a scale of 1 :50000. 

6. It is assumed that the graphic part of the CVCA will be represented in two forms: 
vectorial and raster (this is presented symbolically on the enclosed diagram). The 
vectorial register is recognised as primary, and the raster as secondary. The basic 
raster pixel has been assumed as equal 50x50 m2 (resolution), Raster representation 
(grid, cell) is foreseen for conducting spatial analysis utilising e.g, map algebra 
procedures, Only analysis based upon line items will use the vector register. In this 
case, it will be necessary to construct topological associations. It will not be 
necessary, however, to construct a complete topology for all information layers. 

7. The basic operation for transferring nature map contents into the virtual 
environment will be screen vectoring preceded by scanning or table digitalisation. 
The first method is foreseen for maps including a large number of graphic elements, 
e,g. topographic maps, the latter for thematic maps of a less complex drawing 
content. 

8, Each map designated for vectoring will be first edited to harmonise the scope 
(contours) correlative separations reflecting correlation actually existing in reality 
and present on various maps. Special attention will be made to preserve explicit 
nature borders, e,g, tectonic borders, stretches of river terraces, etc, It will also be 
necessary to align the contents at contacting points between each sheet. In certain 
instances, thematic map copies will be made on transparent foils , If the contents of 
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me source map are richer than the scope separations predicted for the atlas, it will 
be advisable to prepare detailed directives including also models of considered 
elements, prior to vectoring. During editing, it will be necessary to maintain 
complete consistency with the basic map and geomorphologic elements included 
inDTM. 

9. Thematic layers creating individual maps are, in principle, without texts (names). 
Name sheets will be prepared which will be separate "layers". It will always be 
possible to connect them with other layers and, therefore, locate the phenomenon. 
Also, geographic names and other descriptions will be inserted in attribute tables. 

1O.Social and economic maps will be based on statistic data obtained from the 
Voivode Statistic Office covering the gmina (administrative unit on a local level) 
received during the 1988 census. Where possible, information obtained from a 5% 
sample survey in 1995 (estimated data) will be used. Certain issue, such as those 
concerning agriculture, health services, and corporate units, will be presented on the 
basis of data received directly from branch statistic units, e.g. Curator of Education, 
health care statistics). 

11. The MGE INTERGRAPH system has been selected for the development and target 
use of CVCA. Collecting, completing, and constructing the data base structure of 
CVCA will be managed on a working station equipped with MGE modules and 
SQL Microsoft base (Oracle, Informix - option) operating in the Windows NT 
environment. Certain elements of the development, e.g. digitalisation, are foreseen 
for PC 's with MGE-PC, Idrisi, or Auto-CAD software. DXF will be used as a 
standard for the exchange of graphic (vector) data, text and numerical data - DBF; 
raster data - TIFF. 

12.The computer atlas may be used on a PC with MGE-PC and Vista Map for 
Windows, or generated versions for Windows 95. The users of other GIS tools will 
have to convert the CVCA data base. Conversion to MapInfo is supplied. The raster 
registration will be parallel in Intergraph and TIFF, permitting simple exchange of 
this type of information between various systems. For grid analysis it is 
recommended to apply module MGE Grid Analyst PC, Idrisi. It will also be 
possible to use other tools accepting TIFF format and with a simple structure of 
attached attribute table. 

13 . It has been assumed that CVBCA will run independent of the Terrain Information 
System (SIT) based upon large scale resources (basic map). After the final 
defInition of information standards in MSIP and selection of tools for their 
realisation, it will be possible to consider the linking of both systems. The CVCA 
data base will contain the graphic and text portions. Amongst the two distinguished 
graphic presentations , the link with the text data base will have a vector model. The 
following hierarchy has been accepted for the structure of graphic data 
(characteristic for MGE systems) : 
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map group, i.e. map index -t categories -t objects -t maps -t layers 
Each map may consist of 63 layers and may additionally be associated with 256 
reference maps. Each map will contain a table with descriptive data (attribute 
table). Features appearing on all the maps will be depicted in one synthetic and 
structured table. The display of a feature will be in accordance with the convention 
of cartographic separation for each thematic map. During the phase of vectoring and 



loading the data base it will be necessary to submit only one feature per layer of the 
drawing in DGN format. 

14.Each vector represented map will include comments and remarks regarding feature 
location (separations) in the DGN file layer and describing the possibilities of 
connecting these layers with the layers of other maps; it will also contain practical 
application guidance including development sources (institutions, publishers, 
authors). 

15 . The atlas will be an "open system", i.e. as new data (new maps) are accumulated, 
these will be introduced into the data base. This also refers to upgrading already 
input data. The CVCA data base, as proposed, may be delivered to the Voivode 
Centre of Geodesy and Cartographic Documentation for upgrading. In the future, 
the Centre would provide ongoing upgrading of the works, depending on the needs 
submitted by users. It would be necessary every five years to appoint the Atlas 
Council, which would make decisions concerning the necessity and scope of 
upgrading the atlas material and its form of realisation. 

16. It is foreseen that the users of the atlas will have free access to a demonstration 
version of the atlas via internet. Network access to the complete data base will also 
be considered but only for authorised users. 

Methodology for developing the atlas 

The accepted methodology does not differ from the generally applied principles. 
However, it includes several specific solutions, such as: 

• map scanning and not table digitalisation. All thematic maps developed earlier are 
scanned and then digitised on the basis of the visual raster image on the monitor 
screen (higher precision and possibility to control without the need of plotting 
digitalisation results 

• feature character of digitalisation, i.e. the necessary geometric conditions are 
preserved for cross point line, surface (closed envelope) 

• basic map is developed with more detail than usual , based on the topographic maps 
1:50K 

• upgrading based upon geometric SPOT images and partially aerial photography is 
managed parallel with topographic map digitalisation 

• statistic data is input, depending on possibilities from ready made computer files 
and attached as a relation table 

• apart from the classic basic map, a basic raster is prepared based on satellite SPOTT 
and LANDSAT data, making it very attractive to review thematic maps 

• certain portions of the information achieve the vector and grid form allowing the 
user to select the method of analysis (linear or grid) 

• the complete atlas is organised in compliance with the MGE Intergraph structure 
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An example of compromise in relation to GIS maps 

At the beginning of the atlas developing process it was asswned that the atlas would 
also function as a system of spatial information (GIS) simultaneously permitting 
simple reviewing of virtual maps without the necessity of using advanced analytical 
functions. 

Practically, this type of dualism may be reached only by way of a compromise. 

Let us consider the example of a soil - agriculture map. The map's legend includes 
separations defIning complex agricultural usability (21 positions), soil type (12 
positions), categories (24 positions) and additional indications (9 positions). 
Organising the data for GIS needs, it is necessary to decide the information exposed in 
the graphic part and information registered as attributes to the attached data base. 
Considering only GIS criteria one may approach all separations as attributes. Then, 
producing a drawing similar to the conventional map will have to be preceded by a 
series of questions directed to the data base and composing graphics. Will this satisfy 
those users are perfectly skilled to read maps developed according to routine graphic 
standards? The prefer to immediately see a legible drawing. Therefore, the need for a 
compromise based upon preservation of leading separations combined with a 
reasonable reduction of their nwnber. 

It would be possible to propose the following GIS features for the exemplary soil -
agriculture map: wheat, rye, corn - fodder areas, highlands, meadows and other, i.e. 6 
separations instead of 21 on the map. A more profound break down of areas, e.g. 
wheat - very good, good, inadequate crops will be possible through attributes. The 
attribute table includes a column 'agricultural usability ' with listed values: very 
good, good, poor, very poor, inadequate, strong, highland, etc. 

Therefore, issuing a command, such as 'show wheat areas' for which 'agricultural 
usability' is good one will obtain the location of good wheat crop areas in comparison 
with all remaining wheat areas. On the other hand, simple review of maps, without 
applying GIS functions, allows only to distinguish areas aggregated according to the 
feature list, in this case 6 colours or hachures. 

All the remaining elements of the map's legend will be adapted as the next columns of 
the attribute table - type of soil, categories, additional indications. In this case, the 
issue is quite obvious as letters on the map represent these indications, burdening, 
often overloading, the graphic aspect of the map. And so, without regret, one may 
leave these out. 

The compromise presented here is more preferable towards GIS atlas users. Advocates 
of the conventional map will only be able to use a certain portion of the atlas. One may 
only hope that they will soon become more friendly with the atlas reviewed via GIS . 
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TACTILE ACOUSTIC COMPUTER INTERACTION SYSTEM: 
EVALUATION OF A NEW TYPE OF ACCESS TO GRAPIDCS 
FOR BLIND PEOPLE 

National Council for the Blind of Ireland 
Ms. Blaithin Gallagher 

P.V. Doyle House, Whitworth Road 
IRL-9 Dublin 

Ireland 
Tel: +353/1 8307033 Fax: - 8307787 

Email: blaithin@ncbi.iol.ie 

Introduction 

Audiodata Medichip GmbH 
Mr. Walter Frasch 
KriegsstraBe 13 -15 

D-68790 Oberhausen-Rheinhausen 
Germany 

Tel: +4917254 5050 Fax: - 5579 
Email: entwicklung@audiodata.de 

Access to graphic related information is an important issue during education, 
professional work and also the daily life of blind people. Graphic information 
represent~ a link to the world of the sighted people and can also be a valuable aid for 
the understanding of complex relations and environment. 

The T ACIS Project, supported by the European TIDE Programme, has developed a 
device and powerful software tools which enable the easy creation and use of tac tile 
graphics and maps in an office environment. The consortium partners are Audiodata 
Medichip (Germany), Index Braille Printer Company AB (Sweden), National Council 
for the Blind of Ireland (Ireland) and Konsultfirman Fernandez & Selg AB (Sweden). 

Hardware components 

The hardware includes the fo llowing modules: 
• Tactile printer for paper with the following features: 
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High speed 
High resolution graphics 
Handling of single sheets up to size A3 
Low noise level. 
Competitive price 
Good tactile graphics quality 
Quality suitable for automated handling 
Low noi se/minimum forming energy 
Non toxic 
Competitive price 



• A3 touch sensor with 2 force thresholds for measurement of position and force of 
the users touch. The touch sensor is used to give the user feedback to the tactile 
objects positioned above the touch sensor: 
Two tactile accessing modes: The touch pad will offer tactile access on "tonescapes" 
(landscapes built from areas of different tones) and access on synthetically spoken 
text information. The type of access is controlled by the strength of the users touch. 
Sensitivity of touchpad: During the T ACIS project, the evaluation of the forces that 
blind people applied to a tactile graphics or text printout showed a strong variation. 
As a consequence T ACIS offers the adaptation of the sensitivity via software. 
Resolution of tactile access and "tonescapes": The resolution of the touch pad sensor 
will be converted to the resolution of the tactile printout of 1.6mm Thus each tactile 
dot has a corresponding "tonescape" information. 

• tone and speech output 
• key pad for user control 
• application computer 

Development of T ACIS applications 
• Pilot map access application ,,Dublin By Touch": Digital maps are available for 

most major cities in Europe. In the TACIS application "Dublin by Touch" the user 
will learn more about Dublin by exploring the tactile street map database. The blind 
user has full access to information on a digital map of Dublin. The user can adjust 
the parameters of access to the graphics stored in a special database, by defining, 
e.g. size and section or by searching e.g. for objects of a specific kind. 

• Graphics Bridge: The import of graphics from different sources is supported, such 
as from paper drawings, computer Bitmap and vector drawings . 
Conversion of Vector Graphics 
T ACIS will offer the tools for semi automatic conversion of vector based drawings 
of the Corel Draw format and with less losses the Autocad DXF format to generate 
T ACIS printouts and "tonescapes". It is however very important to recognise that 
not all drawings produced for sighted are suited or ideal to be converted and 
understood by blind people. The less a picture is suited for blind people the more 
effort has to be invested for the manual part of the semi automatic conversion. 
Manual work will depend on the source format: definition of layer structure (which 
object is above the other), selection of poly-lines which should be regions, text 
conversion, colour assignment. The converted graphics can be zoomed and panned 
under the T ACIS software. To generate drawings for blind people, teachers may use 
Corel Draw or Autocad or they can generate drawings directly under T ACIS. 
Conversion of Bitmap Graphics 
T ACIS can read the BMP format (many programs offer conversion from other 
bitmap formats to BMP) and create printouts of such graphics. Also Zoom and Pan 
functions are available like described for the vector graphics. "Tonescapes" and text 
cannot be assigned directly to the Bitmap objects but can be added by manually 
generating objects and assigning attributes in a separate layer under T ACIS. 
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Conversion of Printed Graphics 
After using a normal scanner a bitmap file of that paper graphics can be generated. 
The resulting bitmap graphics has then to be converted semi automatically as 
described in the paragraph "Conversion of Bitmap Graphics". 
Further tools for the enhancement of the graphics itself and the enrichment with text 
and tone information are offered for the use of sighted persons, e.g. for teachers. 

• GUI Training course: Pilot training course to familiarise blind users with the screen 
objects of Graphical User Interfaces, e.g. WINDOWS 3.11. The course is 
developed on text and graphic information which is stored hierarchically in a data 
base. 

I I 
I I PRINTER 

Graphical I Graphic I TACIS 
database I Processing I Driver - - vTs~al-G;-aphi~s~ T;xt -

I I 
I I 
I I 
I I 

- - - - - - - '- - - - - - - - '- - - - - - - optional 

L...-.. SCANNER 

APPLICATION COMPUTER .- - - -G;-aphi~s- - - - -

i 

PC-KEYBOARD 
external Components 

---------
Text, Control 

1 
ACTILE PRINTER ONE and SPEEC~ TOUCHPAD, 

~ONTOL KEYPAD TACTILE INPUT 
- 8r;;-ill;, Gr~DhiZs - --------- - P-o;iti;;n ~-y. Fo~e- ---------

Texl, Pilch Control 

Figure 1: Structure of the T ACIS system 

Evaluation ofTACIS application "Dublin By Touch" 
The T ACIS system is undergoing evaluation on a continuous basis throughout the 
project development phase. During pre-evaluation trials it became evident that tactile 
information alone was not enough for the majority of blind users. All of the group 
involved in the trial expressed that they would greatly benefit from audible 
information. Tactile information with the audible facility is the only solution for blind 
users who have poor sensitivity in their fingers and conceptual problems. Audible 
information is received and processed by the visually impaired person at a far greater 
speed than tactile information alone. Also the quantity and complexity of audible 
information that can be assimilated is considerable. 
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There is ongoing consultation between the system designers and the users' group. This 
ensures that early feedback is given during the design stage and potential problems for 
the end users can be pin pointed at an early stage 

For the final evaluation the TACIS system will be presented to a number of people 
who are registered blind. System users will be representative of a cross section of the 
visually impaired population. Criteria for system user selection will include users with 
varying abilities as seen in table 1 below 

Table 1 Abilities of Users 
Visual Acuity • Totally blind 

• Very limited residual vision 

• Good residual vision 
Mobility skills • Little previous mobility training 

• Highly developed mobility skills 
Braille reading skills • Braille users 

• Non-Braille users 

Knowledge of Dublin • Previous geographical knowledge of the city 

• No previous geographical knowledge of the 
city 

Computer Experience • Computer Experience 

• No previous Computer Experience 
Age and Health Factors • Learning Ability 

• User's motor skills, i.e. walking ability and 
finger sensitivity. 

• Tactile sensitive 

During evaluation of the prototype we will be looking at the following areas 
• Training requirements for use of system 
• Acceptability of the tactile graphic output 
• Acceptability of tonescapes 
• Requirements on both tactile graphic and tonescape density 
• Practical elements of the user interface. 
• Degree of complexity of information output before user is confused 

The result of this appraisal will be a complete system evaluation report. This will 
include operational assessment and user feedback in terms of ease of use and accuracy 
of the application of the TACIS output to the "real world". 

First evaluation results are presented at the ICC conference. 
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The National Atlas of Sweden by the last book: 
The Geography of Sweden 

The Geography of Sweden, the last book volume of SNA, was published in May, 1996. The 
volume is a summary and a geographical analysis of the earlier sixteen volumes and is 
intended to be a source of inspiration for further studies in the earlier sixteen thematic 
volumes or as an introduction for the use of the recently completed version of the electronic 
version of The National Atlas of Sweden. 

The Land, The Cultural Landscape, The Economy, and The Living Conditions and Life 
Pallems are the main headings of the final volume, which presents a summary of the whole 
atlas in a geographical concept, all though the earlier sixteen books are organised and 
published in a different order from the geographers point of view (Figure 1). 

The chapter The Land, or physical geography, is primarily based on the volumes Geology, 
Climate, Lakes and Rivers, Sea and Coast, Geography of Plants and Animals and The 
Forests. 

The chapter The Cultural Landscape,' or human geography, has its basic information from 
the themes Landscape and Selllement, Cultural Heritage and Preservation and The 
Infrastnlcture. The Environment and Maps and Mapping give basic information about the 
physical geography as well as about the human geography of Sweden. 

The Economy is more detailed described in the volumes The Forests, Agriculture, 
Manufacturing and Service and Sweden in the World, as well as The Injrastnlcture. Finally 
the chapter Living Conditions and Life Pal/ems is based on the volumes The Population, 
Work and Leisure, Cultural Life, Recreation and Tourism and, Sweden in the World. 

The chapter The Land gives a broad picture of the diversity of Sweden from coast to 
mountain range, from nemoral to northern boreal and Alpine vegetation zones, from the 
sub-Cambrian peneplan in the south to the Cambrian- Ordovician and Silurian bedrocks in 
the mountain range in north-east with well developed valleys created by erosive exogenous 
processes during the course of millions of years . Between these areas the landscape created 
by Quaternary deposits dominate with the richly variation of glacial and glaciofluvial 
landforms. The climate and its variety from the sub-polar climate zone in the north to the 
warm-temperate climate zone in the south is also described in this chapter. 

Geography deals with the spatial perspectives, where relevant questions are What exists?, 
Where?, Why there?, Together with what?, What are the consequences?, What is the 
human impact on the landscape? Geography uses concepts such as position, distribution, 
spread, spatial relations, network, region and landscape. 



The Land 

NATIONAL 
ATLAS 

SwEDEN 

Figure I : The last book of the National Atlas of Sweden The Geography of Sweden gives a 
general picture of the country 's geography. The book summarises the earlier 16 volumes 
and organises them in a logical geographical concept into the four main groups related to 
different branches of Geography: The Land, The ClIllllrai Landscape, The Economy and 
The Living Conditions and Life Pat/ems. Together they provide an exhaustive picture of 
the geographical diversity of Sweden. 
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The geographical and cartographic description of Sweden is done in an international and 
historical perspective and many types of thematic maps are used. The changes in the cultural 
and physical landscape, in the economy and in the living condition and in the life patterns 
are important tasks to be presented in the National Atlas. 

The largest scale in the National Atlas is I : I ,250 000 for maps covering the whole country, 
except for the reference map at 1:700 000. Hence only 18 maps at this scale occur in the 
whole atlas. In the volume The Geography oj Sweden extracts from eight of these maps 
have been compiled for nine regions to demonstrate the possibilities of comparative 
cartographic studies to be made between thematic maps within an specific area as well as 
between different Swedish regions. 

Most of the maps in The Geography oj Sweden are previously published in earlier volumes 
of the atlas. Some of the maps are extraction and generalisations to smaller scales. The total 
number of maps in this book is 379 including 73 extracts from maps at 1: 1,25 M. 

In the chapter The Cultural Landscape there are maps describing the old and recent 
agrarian landscape, a series of ten maps describing the forest landscape, the industrial 
landscape illustrated in e.g. a map of the industrial specialised regions and maps of the 
landscape of quarries and mines. There are also maps of the transport landscape, the urban 
landscape and maps of recreational centres and about environmental problems. 

The chapter The Economy describes the industrial structure, urbanisation, regional 
specialisation and maps about the physical and economical pre-requisites for the 
localisation. There are many map series describing the changes in the industrial landscape 
and in employment and foreign trade and maps illustrating effects of regional development 
policies in Sweden .. 

Finally, in the chapter Living conditions and Life Pallern, you find series of maps about 
population development and settlement patterns, health, education, housing and economy, 
politics, population movements and how the Swedish people use there time, the cultural 
life, sport activities and outdoor recreation and tourism, 

The Electronic Versions of the National Atlas of Sweden 

The production of the National Atlas of Sweden has from the beginning used computer aided 
mapping and information technology (IT) for the production of the book version. This gave the 
project an unique opportunity to create a set of interdisciplinary databases. These are made 
available through the personal computer version of the atlas - The National PC-Atlas oj 
Sweden. As early as in 1989 the concept for a PC-Atlas was presented and an own 
development started to produce a programme for a "low cost GIS-system" available 
especially for the schools. 



The SNA PC-Atlas; MS DOS version 

The first version of the National PC-atlas of Sweden was presented by Amberg (19991). A 
more detailed description of the design is found in Amberg (1993). This is an MS-DOS 
version, just fulfilled in May 1997, covering an extract of all the topics of the book version. 
The software and the data are distributed on diskettes as well as on CD. 
The PC-Atlas has data and programme bundled and the presentations are stored as scripts. The 
software is a GIS-engine, producing maps on demand, but the main purpose of the system is to 
be a viewer of the databases. Data integration and examples are provided by SNA and we 
anticipate that the user will develop 
own scripts and exploit the full potential of the databases. 

The presentation ideas are formalised in "screen view script" symbolising book pages, which 
control the programme. The scripts describe what will be shown, where it will be shown and 
with what method. When a presentation is copied or saved to a new file the programme will 
create a new script. Hence, the presentations do not exist as ready made images. 

We do not expect the user of the PC-Atlas to be a specialist and consequently it realise matters 
that the data must be easy to find and automatically be presented on the screen. It is possible to 
display a mixture of data in texts, images, charts, and maps. 

Siekierska (1990) separated three types of electronic atlases: I . view only, static or dynamic; 2. 
interactive and 3. analytical and stated that the difference between the analytical electronic 
atlases and geographical information systems would lie in there structure, and especially in the 
fact that atlases have some narrative structure geographical information systems lack. In the 
design of the Swedish PC-Atlas we have tried to find a way beyond the basic narrative 
structure which is based on the book metaphor. In normal mode the PC-Atlas is a view only or 
limited interactive, in advanced mode it is limited analytical and dynamic. 

The increasing interest ofIT and geography in Swedish schools the last years has been 
important in launching the PC-atlas project. There is an enhanced demand on teaching staff 
development courses and a need for pedagogic development. From the PC-Atlas project we 
have offered one day introductory courses for teachers to meet this request. This training 
program has so far attracted more than 250 teachers from about 190 schools. In total about 
300 PC-Atlases in the MS DOS version is now in use, most of them at the schools. 

The new SNA PC-Atlas GIS · Windows & ArcView Version 

funds from the County of Norrbotten have been available to develop the SNA databases and 
to continue the development of the PC-atlas. There is a user demand 
of Windows based software and to use data-sets on other computers than PCs. The new PC
Atlas uses ArcView 3.0 by ESRI. A special module have been added in order to faci litate 
search for data hierarchically (book/chapter/page), by keywords (headings) and lists of variable 
names. A coherent meta-database has been added in order to manage the relations between 
data descriptions, attributes and geometric figures. The script files have been replaced by a 
database structure. The new PC-Atlas is called PC-Atlas GIS in order to underline that it is an 
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atlas information system. Most of the functions of the older MS DOS version as well as a 
greater general functionality of the ArcView software will bring a broader 
range of the maps and charts of the Atlas books available in electronic form, although the new 
programme platform is more hardware demanding. 

The Plans for the Future National Atlas of Sweden 

The Swedish Government had declared that it of national interest to keep the database of the 
National Atlas of Sweden updated and to develop the electronic version. 

The National Land Survey has taken the decision to update some of the books, which are out 
of print or because the information is out of date. The volumes 
Maps and Mapping and The Forests have already been printed in a second edition. The 
Population and Sweden in (he World will be released in the second revised edition in spring 
1997. and The Geology will be updated in the autumn 1997. The Infrastructure will be revised 
by far in 1998. 

There is also a decision on production of a complementary national volume Health and Care 
and of a regional at las of the southernmost region Atlas of Sklme. The manuscripts for these 
two volumes are under way and they will be published in April -98 and December -97, 
respectively. 

A plan for the future in a 5 year perspective is now discussed but there are no decision taken 
yet. The plan will include a production of an INTERNET version of the electronic atlas and an 
annually update of the database and the PC-Atlas GIS on CD. 

In the preliminary plan also another three new national volumes has been given interest with 
the tentative titles Swedell ill the new Europe, Gender and Changes ill (he Agriculture alld 
Forestry. There are also plans for two more regional atlases covering the west of Sweden and 
the region around Lake Malaren. 

The ambition for the National Atlas of Sweden has been to be thematically complete, to be 
actual and to be objective and based on quality secured statistical data. The ambition is also to 
present a pedagogic concept with good cartography and to make available a description of the 
geography of Sweden for people in Sweden and abroad. The -new information technology is a 
challenge and further development of the electronic version will take full advantage of this 
development. We hope to get the chance to fulfil these ambitions in the near future . 
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Cartolnternet: Considerations for Publishing Data-Driven Maps on the 
World Wide Web 

Public, policy, and business uses of spatial data are becoming much more useful 
when presented as maps and map series. In many parts of the world the world wide 
web is increasingly becoming the delivery mechanism for spatial data and maps. 

The creation of a map based on a combination of queries involves many aspects of data 
base management, spatial analysis, and cartographic processing including selection, 
generalization, classification, and symbolization'. This study investigates the 
technologies behilld spatial data and cartographic composition for delivering maps on 
the Internet through the use of "analysis engines". Further, considerations for future 
trends wi ll be in for discussion. 
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The categories of map use on the Internet are quite similar to those of electronic or 
interactive atlases. This list expands upon a simpler categorization which placed 
atlases in one of three classes: view only (static maps), creating maps on demand, and 
analytical mapping using GIS concepts (Keller, 1995) . 

1. educational (curriculum based) 
Alexandria Proj ect 

2. random browsing (discovery) 
Intellicast and the Weather Channel 

3. directed researching (topical information finding) 
Great Lakes Regional Environmental Informa tion System 

4. researched direction finding (from point a to point b) 
Visa and Compaq Computer 

5. map creation (interactive composition based on combination of statistical 
assessments or assemblies) 

GIS Public Empowerment Program (West Virginia) and Mapmaker 
Facility: California Dept. of Forestry and Fire Protection 

6. research tool (discovery, prediction, modeling, analysis, synthesis, presentation of 
results) 

ICE Maps (UC Davis, California) 
7. data finder (spatial database searching and metadata access) 

NOAA Maplndex and PetroConnect and EOS Explorer Prototype and 
ERIN: Distributed Spatial Data Library 

Still the most prevalent map on the Internet is the precompiled static weather map. 
These maps are often created by commercial services with such a renewal rate that the 
information seems nearly dynamic. The second most prevalent map on the Internet (US 
based sites) appears to be based on street-finder functionality. With the proper database 
and methods of map rendering, these dynamic maps, are certainly a productive 
application of the Internet to many business applications and tourism or way finding. 

Although there has been much written on the subject of the electronic atlas, the term is 
both self defining and self defying. An atlas, electronic or not, has all of the 
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characteristics outlined above. The most important attribute that the author finds in 
both electronic atlases and maps on the Internet is that very little or any data needs to 
sit on the editorial cutting room floor - rather - the data can be made completely 
available and a layer of tools to select, simplify, classify, and symbolize can be 
delivered with the data: cartographic objects. A most important element which also 
needs to be delivered to the user is rules and methods to use those data and tools to 
produce maps. 

_~ C ATM Locator 
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Internet Technology & Map Rendering 
Given the current Internet technology: How much can be done in each of these areas 
over the Internet to make the map a truly high-productivity tool worth the investment 
in underlying GIS technology? 
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Cartolnternet Technology Evolution 

• Dynamic Maps 
(Prepared at User Request) 
- Similarities to an "electronic atlas" 

- Provider-dependent on tools and data 

- Client-dependent on assembly and intent 
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Internet Technology and Stages in Journalistic Cartography 
The stages of evolution for journalistic cartography have been tracked by a number of 
our colleagues (Monmonier, 1988), Roughly outlined this has involved some key 
milestones related to communications advances and more recently in enterprise-wide 
computer implementations in the media businesses. (This paper does not address the 
substantial developmental advances in technology or implementation of pre-press 
graphics in publication cartographies). 
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Satellite & Computer Graphics Wire Services Graphics 
Network 
(COTS 

N 

All forms 
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What does the Internet afford the user and demand of the developer? 

Development Environment 
The developer must look carefully at the growing "standards" in WWW environments 
both on the client side and the server side for making maps work interactively on the 
Internet. Interfaces with HTML can give a high feeling of interactivity while adding 
Java (in all platforms) or ActiveX (in Microsoft environments) controls can highly 
increase the interactivity with the mapping engines. 
CLIENT 

HTML 
Java 
ActiveX 

SERVER 
mapping engine(s) 
web serving processes 

ESRI Component Basics for Internet Map Serving 

Developmental Architecture for Dynamic Mapping 

Described with examples and explanations during conference. 
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TRANSACTION MONITOR 
Starts and Monitors Agents 
Manages Requests and Complex 
Transactions 
Maintains Queues of Work for Agents 
Accounts for Work Flow 

AGENTS 
database 
symbolization (rendering) 
address matching/geocoding 
routing 
spatial searching (example: overlay or buffer determination) 
metadata search and management 
raster or compression generator (GIF, JFIF, geoTIFF) 

DATABASE ACCESS AND DELIVERY 
relational database extensions 

SQL 
spatial features and spatial tools 

Some Suggestions on Technology Implementation 
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The use of the WWW for interactive mapping can benefit from the same technology as 
other forms of interactive multimedia. In fact, there is technology available which can 
make for productive map-centric information systems with the Internet as the delivery 
mechanism. A few suggestions on implementation are made here to challenge some of 
the talented developers out there who see a map as a powerful communication device. 

• Use a different data set (compilation) for the analysis than for the map rendering 

• Combine static (raster) maps in a spatial library with geographic reference overlays 
of thematic information which "answers the question" asked interactively by the 
user 

• Compose only for the "page" layout of the browser 

• Utilize motion in constructing the map or delivering the aspect of change 
build the bivariate map from ... . 
Build a choropleth map from highs to lows or lows to highs 

• Combine sound with each map! 

Sound should be composed as in advertisements or documentaries or other visual 
media on television since the technology is quickly approaching making this 
commonplace. Sound and visuals together can greatly enhance the imprinting on the 
mental map!! 

Closing 

It is my hope that during the presentation and demonstration of this information, the 
reader is challenged to move rapidly forward implementing map-centric data 
exploration systems. The technology is both widely available in the marketplace and 
rapidly maturing (and expanding) to allow maps to be combined with other forms of 
multimedia - not just incorporating multimedia in maps, but rather making the map 
one of those key forms of multimedia that many implementers can adopt and adapt in 
deli vering information over the Internet. 
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A final goal to making maps operate on the Internet is to " ... .improving the atlas ' s [or 
WWW page] "Fahrvergnugen" [with] an emphasis on atlas "Disney-fication (fun to 
use)". 
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The paper presents the histmy and current situation o/national cartography 
and topographic and cartographic bases in the Republic o/Slovenia. Its origins 
stem from the period be/ore Sloven ian independence. Concerning the system's 
scope, analogue cartography is still in the development stages, but by content 
and quality it compares with European levels. The Surveying and Mapping 
Authority o/the Republic o/Slovenia does not construct an ideal range 0/ digital 
topographic bases, but limits the extent o/its work to its current capacities and 
available means within a/easible time span. Major attention is directed towards 
the creation o/topographic bases with a precision and detail scale 0/1:25,000. 
Some o/the elements o/this area have already been compiled/or the entire 
territory o/Slovenia. The concept o/the database is such that it can be applied 
in Geographic In/ormation System environments and in cartography. 
Keywords: topographic and cartographic system, digital topographic data 

INTRODUCTION 

The national cartographic system covers the territory of the Republic of 
Slovenia and parts of its neighbouring countries, wherever that is necessary for 
filling the system maps. The topographic and cartographic system of Slovenia is 
the official national recording system for all Slovenian analogue and digital 
topographic and cartographic data and material. It includes maps and digital 
bases of spatial data of scale and precision levels between I :5,000 and 
I :2,000,000, and data from other bases connected with topography. The 
supervisor of the topographic and cartographic system is the Surveying and 
Mapping Authority of the Republic of Slovenia (SMA) of the Ministry of the 
Environment and Physical Planning, which provides continuous financing and 
supervision from the national budget. The Slovenian topographic and 
cartographic system is, in content, similar to other European systems . 
Slovenia possesses large quantit ies of cartographic material in various scales in 
analogue form, which are, in terms of their storage medium, of limited use. In 
order to avoid automated digitization of this material, the SMA has begun 
restructuring the digitization of geodetic records with a series of development 
and applied projects . Using modem techriologies and methods it is striving to 
adjust to the needs of users and to its own capacities, with a trend towards 



establishing comprehensive topographic databases within a reasonable time 
period and with realistic financial assets. The analogue material is being 
converted into digital form, with standardized quality control. The emerging 
topographic and cartographic system will record databases of the principal data 
of national importance by a method which will allow its distribution in the form 
of standardized products in graphic, numeric and classic cartographic form . 
Limited by available financial and staff capacities the SMA is building 
gradually, with regard to the immediate needs of users. 

HISTORY 

In the past, the topographic and cartographic system for Slovenia was analogue, 
and since 1993 has been systematically converted to a modem digital 
topographic and cartographic system. The process was initiated immediately 
after Siovenian independence. Prior to that part of the cartographic system was 
in the hands of the former Yugoslav military, thus leaving much of the 
cartographic material in Belgrade. Since we have not managed to recover all the 
material necessary for upgrading the system, after the break-up of Yugoslavia, 
we are now working on it wherever empty areas occur. Although the maps of 
the national cartographic system are based on modem principles, their contents 
are not always maintained regularly and in a conventional maintenance cycle. 
Between 1992 and 1994, the SMA began conducting a series of development 
research projects with the primary aim of renewing and modernizing the 
national topographic and cartographic system. 
Thus the project of creating the first Sloven ian national topographic map on a 
scale of 1:25 000 began. Its conception stretches back to 1947, when the bases 
for the map were established. Slovenia managed to obtain the publisher's 
originals of these maps from the years 1985-1986 from the Military 
Geographical Institute of Belgrade before the declaration of independence. 
The project of creating scanned map originals of the reproduction originals of all 
larger scale and small scale maps for Slovenia was initiated in 1993 as part of 
the digitization of geodetic records. 
Digitization ofthe individual contents of various topographic maps was carried 
out. The first databases were converted from national maps by various 
contractors appointed by the SMA. Regardless of the medium of compilation, 
the SMA will maintain these databases exclusively from original sources. 
Standards were set, based on current knowledge, which mainly include the 
content and structure of the bases, exchange formats, the manner of compilation 
and quality. 
The SMA's aim was to employ modem technology and methods in an effort to 
adjust to the needs of users. All the projects were directed at establishing digital 
spatially referenced bases of spatial data within a reasonable time period and 
with reasonable financial means. At the SMA, we are compiling databases of 
essential data of national importance in our topographic and cartographic 
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system, which we will be able to distribute as standardized products in graphic, 
numeric, digital and classic cartographic forms. 

CARTOGRAPHIC MATERIAL 

Currently Slovenia has larger scale maps on a scale of 1:5 000 and 1: 10000. A 
national topographic map on a scale of 1 :25 000, a topographic map on a scale 
of 1 :50000 and small scale maps on the scales of 1 :250 000, 1 :400000. 1 :750 
000, 1: 1 000 000 and 1: 1 500 000. 

Basic topographic maps 1:5 000 and 1:10000 
The entire territory of Slovenia has been charted with topographic maps on a 
scale of 1:5 000 and in less intense areas on a scale of 1: 1 0 000. These maps 
display a series of territorial records and plan documents. Maintenance and 
updating is based on cyclic aerial photography and ground surveys. The 
dynamics of updating depend primarily on the interest of more important users 
and allocated budget assets. Annually about 200 pages of maps of this scale are 
supplemented and renewed. Considering the fact that the territory of Slovenia 
involves 2,700 pages on the scales o( 1: 5 000 and 1: 1 0 000, the dynamics of 
renewal are insufficient, since in ideal conditions renewing all the pages would 
take 15 years. The SMA encourages a prioritized updating of the basic 
topographic maps in areas where users have shown most interest. Because of the 
wide range of use of these maps in populated areas the SMA has directed its 
efforts towards simplification, lowering costs and shortening procedures for 
renewal and maintenance, which can be achieved by digitizing topographic 
bases and introducing automated production. 

National topographic map 1 :25 000 
The territory of Slovenia is charted on 20 1 pages of the national topographic 
map on a scale of 1 :25 000 (DTK25). The map is based on a topographic map 
on the scale of 1 :25 000 (TK25) created by the Military Geographical Institute 
of Belgrade in 1985-86. This is the only Siovenian topographic map which gives 
data from approximately the same segment of time in an equal manner, since it 
was created within a very short space of time. This map carries most of the 
spatial records. Its use is also prescribed in landscape planning and landscaping. 
By 1998 the SMA will complete the remaining pages of this map. The outdated 
original map TK25 was updated with the main communication lines in Slovenia, 
urbanized areas in larger settlements and fast developing settlements, and with 
individual large-scale buildings outside settled areas. Corrections of 
geographical names have been made by adding to them the official names of the 
settlements and in dual-language areas the names used by the minorities. The 
map is intended for individual use, for orientation or as a basis for planning and 
as the basis for printing maps on any chosen theme. The map is not classified as 
secret and is freely avai lable on the market. 



Topographic map 1:50000 
The topographic map on a scale of 1:50000 (TK50) was drawn by the Military 
Geographical Institute of Belgrade in former Yugoslavia and was derived from 
the topographic map 1:25 000. The originals for this map were not available to 
Slovenia and it has therefore not been maintained properly . It was drawn more 
than 10 years ago and is now practically useless. In 1977, the SMA ordered the 
production of a new system map on the scale 1:50 000, based on modem 
approaches, which will fill the gaps in the system of scales, and will be primarily 
for use by the Slovene military. 

Small scale maps scales: 1 :250 000. 1 :400 000, 1 :750 000, 1: 1 000 000 and 
1:1500000 
The survey maps are drawn on paper formats AD, B2, and A3 . They are 
arranged so that they can be used independently or in various combinations of 
their basic contents for printing maps with various chosen themes. All the 
survey maps were updated in 1994 and are regularly updated with important 
thematic subjects. 

DIGITAL BASES 

Scanned map originals 
Scanned map originals have been made from all the reproduction originals of the 
basic topographic maps, scales 1:5 000, 1: 10 000, topographic maps, scales 1:25 
000 and 1 :50000 and small scale maps of Slovenia, scales 1:250000, 1:400 000 
and 1 :750 000, for the entire territory of Slovenia. On all the scanned map 
originals only the contents within the frame of the page were scanned, making 
further use easier, especially in combining pages for system maps. The data is 
scanned with a resolution of300 dpi, the contents of individual layers depends 
on existing reproduction originals of the maps. Each scanned original is spatially 
referenced and recorded in its database with name, date of conversion, scanning 
operator and data owner. All the pages of the publisher's originals, which result 
from updated classic topographic maps are immediately scanned, thus ensuring 
maintenance of the database of scanned map originals. 

Digital topographic base of enhance precision 
The project of the methodological and technological solution for establishing 
and maintenance of a digital topographic base (DTP5) provided the instructions 
for its establishing and maintenance. The base comprised a test area. The 
sources of digitization are scanned publisher's originals of the basic topographic 
maps on the scales of 1:5 000 and 1: I 0 000. 
Apart from their use in geodesy (providing a topographic and topologically 
simple base in vector form and at the same time a cartographic base for drawing 
maps) this data is intended primarily for use in planning on a local level (roads, 
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use and potential uses of an area, hydrography, forestry, etc .). So far only a test 
area has been included, but future plans have been made to establish a 
comprehensive system and to manage and maintain such a database. 

Records of geographical names 
Parallel to the renewal of the maps of various scales (1:5 000, 1: 10 000, 1 :25 
000) the SMA is creating a Record ofOeographical Names (RON). On the basis 
of the project for preparing the technological basis for establishing RON, the 
instructions for establishing, supervision and maintenance were also defined . 
The primary purpose of geographical names is orientation in an area. Apart from 
its usefulness in everyday life, this aim is even more strongly expressed in the 
use of geographical names on maps, publications, atlases and in the use of 
digitized data in various GIS, postal services, etc. Positioning geographical 
names depends on relative positions with regard to other contents, and therefore 
cannot be positioned exactly. Control of the positioners on publisher's originals 
of geographical names assure the graphic accuracy of the copy to within ± 
0.2mm. 

Digital partial stereorestitution of maps 
Digital partial stereorestitutions of maps are digitized aerial photographs 
transformed into the national coordinate system with the inclusion of a digital 
relief model. They are drawn in the scales 1:25000 and 1:5000. The sources for 
creating the partial stereorestitutions are aerial photographs in various scales of 
recording: for basic topographic maps on the scale of 1:5 000 the recording scale 
is 1: 17 500, for basic topographic plans on a scale of 1: 1 0 000 the recording 
scale is 1 :30 000, for a topographic map on a scale of 1 :25 000 and 1 ;50 000 the 
recording scale is 1:46 000. The guidelines for standards and practical drawing 
of partial stereorestitutions of maps were determined within the project. By 
copying onto paper or film it is possible to get a picture - partial stereorestitution 
at any chosen scale. The resolution of the data for the partial stereorestitution of 
a map on a scale of 1:5 000 (DOF5) is 1 m and the positional precision is 0.5m. 
The resolution of the data for a partial stereorestitution of a map on a scale of 
1 :25 000 (DOF25) is 2m and the positional precision is 1.1 m. The data are in 
raster form and are intended as a background for various computer applications 
as well as for compiling various contents. The data from the digital partial 
stereorestitution are organized so as to enable connection to supervision bases 
with the help of prearranged rules (Directorate of Public Roads, Environmental 
Protection Authority, Landscape Planning Office, etc.). 

Digital model of the relief 
The model of the Earth 's surface on the territory of Slovenia, defined by a 
square grid of points distanced 100m apart. is called the Digital Model Relief 
(DMR). For each point the altitude above sea level is determined, which enables 
us to generate the DMR. The sources for data entries were basic topographic 
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maps on the scales of 1:5 000 and I: 10000. DMR data facilitates various 
analyses, photography, etc. DMR has been made for the territory within 
Slovenia, while for the territory covered by the small scale map on the scale 
1:250 000 it is still being drawn using corresponding data from neighbouring 
countries. Another project is underway, for improving the quali ty and density of 
the digital model relief. 

Register of spatial units 
The Register of Spatial Units (RSU) is a database which includes digitized 
borders of spatial units with their centroids and descriptive data about 
interdependencies and hierarchy. In the RSU we keep data on the basic and 
additional spatial units. Basic spatial units are those wh ich homogeneously 
cover the entire territory of the country. These units are the spatial section, 
statistical section, settlement, municipality, cadastral municipality, SMA office, 
administrative unit and country, house number and street name. Additional 
spatial units can cover the territory of the whole country or individual 
comprehensive regions. These are: street, regional SMA office, local 
community, rural community, city district, electoral area and a number of others. 
RSU is organized as a central base, which is kept and maintained at one 
location, but access to the data is possible from all regional SMA offices. 

Generalized cartographic base 
We wish to devote some special attent ion to the Generalized Topographic Base 
(GKB25), its use and future development. With a project started in 1994, the 
SMA managed to include the entire territory of Slovenia for four thematic 
groups ofGKB25. We have chosen this title because the data was derived from 
scanned map originals of the systemic topographic maps, in which individual 
elements were more or less generalized. The data compiled in this base is 
intended to serve several purposes: drawing digital maps on the scale of about 
1:50 000, with generalization also on smaller scales, analysis and investigations 
in a GIS environment, and in combined use. Because of its structure and content 
it can be included among elements of a topographic base of medium precision. 
So far elements of the fo llowing thematic groups have been digitized: 

I ) Roads 
Roads include the axes of all road sections, shown on a topographic map on the 
scale of 1:25 000 (roads with all road structures, i.e. bridge, tunnel, etc.). For 
roads, identification axes have been digitized as one line, for motorways, the 
axes of both roadways have been included. Every line includes descriptive data 
on the type of road and road structure. Besides general descriptions, each section 
is linked to data from the Directorate of Public Roads, compiled on the basis of 
maps on the scale of 1:50000. After all 20 I pages were completed, control 
identifications were conducted, as well as vectorisation and visual control of 
overlapping, topological correctness and comprehensiveness. 
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2) Hydrography 
The hydrographic content includes all the axes of waterways with descriptive 
data of the type, name, width and direction of each section of the waterway in 
the hydrographic network. Structures on the waterways constitute the point 
layer, while the descriptive part shows the type of structure on the water, such as 
dam, waterfall , source, and so on. Flat structures on the water include 
descriptive data about the type of water surface and constitute the polygon layer. 

3) Contour Lines 
Contour lines are included as shown in the source, and form the line layer of the 
relief. Main and basic as well as support lines show data about the altitude above 
sea level, included as descriptive data, corresponding with the coding defined in 
structural standards. 

4) Railways 
Elements of the thematic group railways are the axes of railway lines, station 
structures and other structures on the railway. Besides their spatial positions they 
also include data on the type of railway line, electrification and the type of 
railway structure on the railway, and the name of the station structure. 

In addition to general descriptions (source of data, supervisor of the data -
organisation, supervisor of the data - contact person, compilation - organisation, 
date of data compilation) each element also includes special descriptions 
determined with the help of a cartographic key. 

Precision 
Positional precision of all layers are the precisions of scanned publisher 's 
originals of topographic maps on a scale of I :25 000. We estimate this to be 
between ±5 and 10 metres. Altitude precision is estimated between ± IO and 20 
metres. 

Drawing - scope 
The entire compilation and joining of the sections was conducted by a mapping 
and surveying organization through a contract with MS. The work was assigned 
to contractors after a public bid published in the Official Gazette of the Republic 
of Slovenia. For the entire compilation and establishing, the SMA has so far 
allocated slightly less than DM I million. 

Standards 
During the project for establishing and compiling data for a base of medium 
precision, internal protocols and methodological standards were formed , which 
were confirmed by the SMA. The entire data compilation was conducted 
according to these standards. 



MAINTENANCE AND UPGRADING 
Most users exhibited a need for a several yearly cycle of maintaining data at the 
base. In most cases these are national institutions, which need digital data from 
the GKB25 database for planning on a national level, and find the given 
updating schedule sufficient. In the first phases, the maintenance project mainly 
involved entries of changes after updating class ic topographic maps and their 
reproduction originals . During regular maintenance the operations of scanning 
and vectorisation of changes entered into the base were repeated. After the entry 
of the changes the topology was constructed and the base was again available to 
users. For 1997, the SMA is preparing a project for establishing a system of 
maintenance ofGKB25 from original sources, such as aerial photography and 
data from other supervision bases. 

USES OF GKB25 
The base is intended for supervisors of databases for the purposes of geodesy 
(national topographic base, national topographic map) and to provide other users 
of databases an access to the geo-information infrastructure. 
The topological structure of the generalized cartographic base is suitable for use 
in a GIS environment, or as entry data for cartographic bases of smaller scales. 
All the elements are compiled according to the rules for constructing GIS and 
can act as the basic framework for individual applications, and offer us a good 
starting point from which each user can define his spatial data. Here we 
encounter a discrepancy between the demands of users and the means and 
capacities available. The base presented here is a sound compromise, which can 
be effectively used in many areas. We are pointing out here the usefulness of 
GKB25 together with layers of scanned map originals, digitized partial 
stereorestitution, digital cadaster maps and the data from the register of spatial 
units kept and maintained by the SMA. With this we have satisfied the 
immediate needs for spatial data in digital form . Future development should be 
directed towards improving the quality of compiled data. 

CONCLUSION 

In as much as this paper has succeeded in presenting the basis of the topographic 
and cartographic system in the Republic of Slovenia and has illustrated the 
efforts and activities of the SMA in constructing a modem system of digital 
topographic bases and larger scale maps, its purpose has been achieved. By 
establishing a generalized cartographic base compiled from a source on the scale 
of I :25000 the SMA strived to provide the largest possible circle of users with 
an adequate solution, within a reasonable time period and with relatively limited 
financial assets, in a transition towards establishing a comprehensive 
topographic and cartographic system in Slovenia. The authors have tried to point 
out the existence of these data and their structure, from which it will be possible 
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to form one 's own picture about the usefulness of such data for various needs at 
the national level as well as for the needs of local communities. 
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THE THEMATIC ATLAS, THE MONUMENT OF 
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I. Genesis of the Atlas 
This hand-written Atlas not, yet, taken advantage of by science - is 

allocated at the Russian State Military History Archives in Moscow (sign. RGYIA, Fond 
846, inventory 16, N 18465, vol. 15). It is the 15th volume, the last one, after 14 volumes 
of the descriptive materials entitled: Supplements fo the statistical and military
topographical description oj the Polish Kingdom [Statisticheskoe i voenno
topograjicheskoe opisanie Zarstva Polskogo J - about 10 000 pages of calligraphic 
text). These are the materials supplementing the Topographic Map oj the Polish 
Kingdom, executed and printed in Polish: Topografic~na Karta Kr6lestwa Polskiego -
1843. On the other hand, the hand-written statistical Atlas, was prepared in Russian. 
Similarly to the earlier volumes of the descriptive materials , it has a hard skin binding 
with ornaments in the "empire" style (neoclassicism). 

Taking into account that as the descriptive, so the statistical material s, 
contained in the 14 volumes and in the Atlas, date mainly from the years' 1837-1841 , we 
should accept those years as the time of the intensive work devoted to the collection of 
text materials, to their calligraphic copying for 14 volumes and to the drawing of maps 
for the Atlas. 

The content of the 22 maps of the Atlas and its statistical tables allows to 
qualify the Atlas as belonging to the group of thematic atlases (as the sets of uniform 
maps of environment and social phenomena) the tradition of which dates back to the 
beginning of the nineteenth century. The Atlas was not dedicated to the Czar (as was 
the Topographic map oj the Polish Kingdom). Probably, it was not to be printed, 
however, the inscription "copy" in the upper right corner of the title page is the 
evidence that at least two hand-written copies had been made. 

The roots of the Atlas are to be found in the tradition of the military 
topographic service of Poland and of Russia as well. It is the result of our close 
neighborhood and of the history of the two nations. The Atlas is the culmination 
synthetic stage of the work on the Topographic Map oj the Polish Kingdom (on the 
scale I: 126000) - being the turning point in the cartography of the territory of Poland. 
There were two periods in the work on the Topographic Map: 

I. In the years' 1818-1830, that is up to the Polish armed insurrection 
against Russia, the work was executed by the Headquarters of the Polish Army who 
performed topographic surveys for more than half of the area, on map sheets (published 
partly). 
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2. In the years' 1832- 1843 , (after suppression of the insurrection and 
further dependence of Poland on Russia) Russians, in partly cooperation with Poles, 
continued the Map's compilation, under the supervision of Major General Karl I. Richter 
(1793-1842), who - after having verified the survey materials that had been collected up 
to 1830 - completed the Map of the whole territory of the Kingdom. The Topographic 
Map of the Polish Kingdom was printed in 1843, in 500 copies. 

Notwithstanding the complex political relations between Polish and 
Russian nations, the Map was a really mutual achievement of the two nations. The 
Polish Kingdom, set up under the terms of the Vienna Treaty, in 1815 - in spite of 
proclaimed considerable civil liberties - found itself within the realm of the Russian 
Empire. The Polish Army had been subordinated to the czarist governor-general , and 
was treated as a part of the Russian Military Force. Due to thi s subordination , the 
Headquarters of the Polish Army had to use in its practice the Russian system of 
measures and the Russian scales for maps. Contacts and cooperation between Polish 
and Russian topographers have been permanent and effective. 

After 1831, when the Russian army had become responsible for the Map 
compilation, a number of Polish officers joined the Russian Topographical Corps and the 
General Staff and participated in the topographic survey. On basis of our studies we can 
stress: "Although the main tasks were, after 1831 , performed by the Russian officers of 
the General Staff and the Corps of Military Topographers (CMT) - the following Polish 
officers also participated in surveying, compiling maps and descriptions: Stanislaw 
Denhoff, lieutenant colonel of CMT, J6zef Koriot , colonel of CMT, Franciszek 
Leszczynski, sub lieutenant of artillery , Bonawentura Chlebowski and Wiktor 
Moczulski , sub lieutenants of the Engineering Corps . The latter participated in 1832, in 
triangulation survey. In 1833 , (after an illness and a vacation) he was transferred to the 
Russian General Staff. From 1833 to 1835, B. Chlebowski was engaged in drawing first 
original sheets of the Topographical Map. S. Denhoff, J. Koriot and F. Leszczynski 
contributed most to the Topographic Map of the Polish Kingdom , up to its completion 
(Denhoff and Leszczynski up to 1839,1. Koriot - to 1843)" [I]. 

Among the Polish authors of the Topographic Map and the Atlas, Dengoff 
played the most prominent role. In the Russian State Military History Archives (F. 846 
[VUA], op. 16, No. 18467) the following non signed Denhoff's manuscript has been 
preserved: " Redactions topographiques, stati stiques et militaires sur la Pologne formant 
pieces de complement, de travaux du Leve et de la construction de la carte de ce 
pays ... " (775 sheets). The title indicates that it served as a supplement to the 
Topographic Map of the Polish Kingdom , and in this way it was a supplement to the 
Prilojenia in 14 volumes of descriptions, and the Atlas itself as the 15th volume of this 
stock. Redactions by Denhoff are, in fact , the instructions or - as colonel Bender calls 
them in hi s Catalogue, "Programma" [2] - used as in preparation of 14 volumes of 
Descriptions, so in compilation of the Atlas. Denhoff instructs how to present an ample 
scope of phenomena in graphic form , in text, in statistical tables and maps particularly 
concerning such prominent natural features as the relief, rivers , soils, vegetation , and the 
phenomena attributed to the social infrastructure like industry , agriculture, religion , 
education, culture, etc. Denhoff ' s Redactions ar<,: the clear ev idence of his great 
influence on the compilation of all 15 volumes (of the texts and Atlas), and, as a result, 
they are the fundamental and unique source on the history of the Topographic Map of 
the Polish Kingdom, and, connected with it , geographical and statistical studies. So, 
while analyzing the 22 maps of the Atlas, we should refer to these Redactions. 

II. Historical background and comparison with other 
thematic maps and statistical atlases of Europe and Poland 
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The roots of some genres of Thematic Cartography may be found deep in 
the past, e.g. the Antic Road Map - "Tabula Peutingeriana" or the Renaissance maps of 
Saints ' Itineraries (1500), to name but two examples of such maps. In the Renaissance, 
which was the time of acute interest in Ancient Geography, among some scores of maps 
published by Ortelius from 1570 onward, a part of them had to relate to the " History." 
In 1598, Itinerarium pictum ... Roman Imparium - "Tabula Peutingeriana" had been 
published. It was again issued in 1819 by Petrus Bertius along with Ptolemy ' s 
Geography (an enlargement of the Mercator' s Atlas's edition of 1578) as the second 
volume, together with other sources on the Ancient Geography. Although the demand 
for road maps had been always evident, the thematic cartography up to the end of the 
eighteenth century was dominated by the historical maps. In Poland, historical maps 
continued to be of prominence well into the nineteenth century. From the end of the 
eighteenth century up to the Insurrection of 1831 , twelve Polish historical atlases had 
been published [3]. At the same time, one could see in the eighteenth century a growing 
demand for thematic maps of natural phenomena, as has been indicated by D. Hauber. In 
Enzyklopadie published iII Kriinitz (1793), in an anonymous article on Land-Karre the 
demand was stressed for compiling, besides already widespread historical and road 
(post) maps, also maps illustrating the geographical distribution of crafts, products of soil 
and its fertility, and especially, mineral resources, all these being the matters of great 
concern for politicians and rulers of the Age of the Renaissance, Mercantilism , and 
Absolutism [4]. At the turn of the 18th and 19th century that demand had been met: 
maps portraying important natural phenomena, as well as maps relating to the economy 
and based on statistics begun to be compiled. This tendency towards the extended 
development of Thematic Cartography had found the impulse in the large-scale 
Topographical Cartography. 

The 1820s had been most fruitful for thematic cartography based on 
statistics: for example , Atlas universeile de Geographie. Physique. Politique. 
Statistique et Mineralogique was published in Brussels , in 1827. In Germany, besides 
three atlases of less importance, Administrativ Sratistischer Atlas VOI7l Preussischen 
Staate was printed in Berlin, in 1827-1828 [5]. 

One could follow up similar tendencies in the fields of geography and 
thematic cartography in the Polish Kingdom before 1831 , for instance, statistical
geographical descriptions of administrative units , starting from such small ones as 
counties , had been compiled. In Warsaw ' s lithographic workshops, some thematic maps 
of the Kingdom were printed, particularly road and post maps [6]. 

Juliusz Colberg had published in 1826-1827 the Atlas of the Polish 
Kingdom (Atlas Kr6lastwa Polskiego/ Atlas du Royaume de Pologne ) which became 
the first Atlas of the country, which responded to the social demand for the spatial data 
about the nation. As the titles of maps, so the respective explanations were in Polish and 
French. The Atlas in the scale of 1:535000 was issued in J6zef Slawinski ' s lithographic 
workshop (Warsaw), the Atlas's cover being richly ornamented by Wilhelm Ruchacz. 
The decoration presented the two-headed czarist eagle having the Kingdom ' s coat of 
arms on its bosom. The coats of arms of the 8 Polish voivodships surrounded the eagle. 
Maps of the voivodships of Krakow, Sandomierz, August6w, Lublin , Plock, Podlasie, 
and Mazowsze had , on their frames , longitudes and latitudes marked . Besides the 
voivodships' centers, district and county towns were marked, as well the border between 
particular administrative units. To each map, statistical tables were attached informing 
on : II capitals , area and population of the voivodships; 2/ religious and scientific 
institutions; 3/ borders and tracts. 

The Atlas of the Polish Kingdom of 1840 was compiled in the 
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exceptionally advantageous conditions : the descriptions supplementing it had been 
completed , and the execution of the Topographic Map (1818-1843) was being in the 
final stage. It was the time of growth of the importance of statistical cartography, when 
thematic maps dominated such classic work as Der Phisikalischer Atlas by Heinrich 
Berghaus (published by 1. Perthees in Gotha, in 1838-1848). Those circumstances, as 
well as the natural and social-political characteristics of the Polish Kingdom could not 
fail to influence on the selection of the topics of the maps for the Atlas of that country. 
When compared with the above mentioned earlier atlases , the Statistical Atlas of the 
Kingdom fully ignores historical topics , and it concentrates instead on the military 
problems. 

III. Maps of the Atlas as the synthesis and completion to 
the Topographic Map Project. Their connection with the content of 
the 14 volumes of Prilojenia (supplement) and Redactions by S. 
Donhoff. 

The title on the green-skin cover (of 42x52 cm), decorated with an 
engraved ornament, briefly informs about the content of the work : Statisticheskii Atlas 
C::.arstva Pol'skogo [Statistical Atlas of the Polish Kingdom] . On the inner part of the 
title page it is pointed out that this Atlas with tables "serves for the explanation of 
s tatistical and military description of the country" (sluzjashii poyasneniem 
statisticheskomu i voennomu opisaniu etogo kraja) . This entry underlines the close 
connection between the Atlas and the 14 volumes of descriptive materials and the 
Topographic Map of the Polish Kingdom. Below we find a remark, that the Atlas "has 
been compi led under the General Staff Major-General Richter ' s supervision in 1840" 
(sostavlen pod rukovodstvom General'nogo Shtaha General Majora Rikhtera v 1840 
godu). On the inner side of the title page there is a " Note: Mail Service's Map and the 
Map of Routes for Convicts ' transportation are based on the information of 184'1 and 
1842; other maps have been compiled with utilization of data obtained in 1843"(Karty. 
poclztovaiy i etapnykh dorog ispravleny po svedeniyam 1841 i 1842 goda. prochie je 
karty sostavleny po svedeniyam v 1843 godu). The last date in thi s "Note" is an 
evidence, that notwithstanding the date of 1840, placed in the Atlas ' s title , it had been 
bound and presented to the Czar in 1843, together with the 14 volumes of descriptions 
(preceding it) and with the Topographic Map. The maps of the Atlas are not signed. 
Their authors must have undoubtedly been members of the team (several scores of 
officers) working on the Topographical Map of the Kingdom. Alexei V. Postnikov has 
been lucky to find their names and publish them (see: [1)). 

In the Table of content, being equivalent to the list of the titles of the maps, 
the latter are divided into: Maps for the statistical description of the Polish Kingdom 
(I -XIX), and Maps for the Military-Topographic Description of the Polish Kingdom 
(XX-XXI) ; sheet # XXIII is the Table of the distances between the gubemiya and the 
district cities and the county towns of the Polish Kingdom. Eight maps (II-IX) reflect 
the then existing knowledge of the country in the field of the Earth Sciences. Directly 
connected with them are three maps (XIV-XVI) , illustrating the production based on the 
natural, particularly mineral resources . Other maps, such as : administrative (1), postal (X), 
permanent market places (XVII), border passages (XVIII) , state-owned properties (XIX), 
administrative division (XI), the structure of judicature (XII), and the Warsaw 
educational district (XIII) , are of social-cultural character. Of the maps (XX-XXII) , 
serving for military-topographic description , map # XX is for its scale, the real 
masterpiece of the military cartography. 

All maps of the Atlas (size 4Ox50 cm) are of the same scale I : 1008000, 
marked on each one below the title. Either above , or in one of the map 's comer below, 
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under the linear drawn scale, there is an inscription: "Scale: 24 versts in the English 
inch". The network of co-ordinates for the majority of maps graduated in minutes, and is 
the same as on the report maps, informing on the particular stages of the Topographic 
Map Project ' s realization. Some maps, for instance, map XX, have a more dense network. 

The first map of the Atlas shows the country's administrative partition into 
guberniyas and districts with capitals of corresponding territorial units. These elements 
of the Map # I are part of content in all other maps of the Atlas. 

The method of compiling of the maps, and, consequently, their designs are 
dependent, first of all, on the content they represent. The artistic level and technical 
efficiency of the Atlas's map makers are evident. In some of the maps , the delicate 
drawing and pastel colors are coming to the fore (e.g. Map II). Others have strong 
contrasting colors showing the mutual relations of the areas having the definite 
phenomena (e.g. maps IX, XX). Whereas the way of presentation of the phenomena was 
not very differentiated (points, symbols, underlining), the scale of colors used is 
impressing and considerable amounting to II tones . For hand drawing of the maps, 
water colors, brush and pen have been used. We dare to propose a guess, that at least 
two persons cooperated in the execution of the maps : the calligrapher, and the artist
drawer. That fact is perhaps explaining the disharmony between the description of 
borders in the table of symbols and their actual drawing on Map XV. 

The Statistical Atlas similarly to the Topographic Map has the genetic 
connection of its content with the already mentioned essential textual sources such as: 

1/14 volume of Prilojenia - Supplements to the Statistical and Military
Topographic Description of the Polish Kingdom. These supplements exceed the 
content of the Thematic Atlas concerning such aspects as the topographic surveyor 
data on system of measures and weights. 

21 S. Donhoff's Redactions, which was as the general description of the 
country, so some kind of a scientific program and manual for the detail description of the 
Polish Kingdom to be materialized later on in the above mentioned 14 volume 
Prilojenia. 

Notwithstanding the essential closeness of these two sources with the 
content of the Atlas's thematic maps, the successive volumes of the "Supplements" are 
not always concordant with the sequence of these maps in the Atlas. To make clear the 
relationship among maps of the Thematic Atlas, Redactions, and Prilojenia, we put their 
respective addresses in these sources in the list, which is as follows . 

I. Map of the administrative divisions corresponds to: Redactions , pages 
15, 158-166, 192- 195; Prilojenia, demographic data - volumes VI-VIII. 

II. Relief and Hydrography Map corresponds to: Redactions, pages 4-5, 
176-182,227-228,232,242-245,251; Priiojenia, data on relief, including list of the 
highest elevations, lakes, marshes , forests, climate - volume I, pages 161-374. 

III. Map illustrating the River System corresponds to: Redactions, pages 
5-9, 70-74, 176-178,246, 249-268; Priiojenia, description of rivers, including data on 
navigability, state of waters, the Augustow Canal- volumes II and III ; volume XIV, pages 
1-62. 

IV. Map of Soils and Land Utilization corresponds to: Redactions, pages 
13- 14; Prilojenia, data on forests with marshes - volume I, pages 237-321; areas of 
culti vated lands in 1840 - volume VIII. 

V. Forest Map corresponds to: Redactions, pages 15, 180-182,285-312; 
Prilojenia, description of forests, volume I, pages 261-321. We have found in Russian 
State Military History Archives a map of the same kind , that is Carte forestiere du 
Royaume de Poiogne, scale 1:500000, size 160xll0 cm, call number RGVlA, Fond VUA, 
# 18449 (a date of publication is not stated). 
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VI. Geognostic [Geological] Map corresponds to : Redactions, pages 15, 
183 ; Prilojenia, "List of the Minerals of the Kingdom" by Jagocki, volume XIV, pages 
276-280; volume XIV as a whole is an assortment from the geological description of the 
Polish Kingdom by 1. Pusch of 1836. 

VIIMap of Mineral Springs corresponds to: Redactions, page 246. 
VIII Road Map corresponds to: Prilojenia, volumes IV and V (stages of 

tracks for troops). 
IX Soil Map from the viewpoint of military communications corresponds 

to the same sources as map IV. 
X Postal Map corresponds to: Redactions, pages 146-147, 241; 

Prilojenia, materials on roads can be found in volume IV, and on post communication -
in volumeV. 

XI Map of the Ecclesiastical administrative division corresponds to: 
Redactions, pages 15-76, 192, 208-218; Prilojenia, volume VIII. 

XII Map of judicial administrative division corresponds to: Redacions, 
pages 16, 220-224; Prilojenia on legislation and judicature, including table on pages 
204-219. 

XIII Map of the Warsaw School District corresponds to: Redactions, page 
219; Prilojenia, volumes VI-VIII. 

XIV Map of all Possible Productions corresponds to: Redactions, pages 
17-22,148, 182-187, 235, 313-338; Prilojenia includes some data on productions in 
volume VIII and the whole volume IX is dedicated to the industries and agriculture in 
the Polish Kingdom. 

XV Map of production based on raw Products got from Mines 
corresponds to: Redactions, pages 184, 187, 313-338; Prilojenia, volume IX, pages 495-
579. 

XVI Map of Quarries and Mines belonging to the State Treasury 
corresponds to: Redactions, pages 184-187, 313-338; Prilojenia , volumes VIII , IX, and 
XIV. 

XVII Map of the Market Places and of the Roads leading to them 
corresponds to: Redactions, pages 22-37, 50-52, 225; Prilojenia, volume IX, pages 579-
716. 

XVIII Map showing Frontier Passages and the Customs-houses 
corresponds to : Redactions, pages 52-64, 165. 

XIX Map of the Property belonging to the State Treasury corresponds to: 
Priloj enia, volume IX, pages 495-577 (including tables showing expropriation of Polish 
insurgents ' property by Russians), Volume XIV, pages from 119 up to the end, including 
mining production (pages 355-394). 

XX Map for the Military-Topographical Description. 
XXI Map, showing the regions of Troops ' Encampments. 
XXII Maps of the Stages of the Tracks for the Convicts' Transportation 

corresponds to: Prilogenie, volume IV, including description of the tracks with a map. 
IV General remarks 
The roots of the Statistical Atlas of the Polish Kingdom are to be found in 

the European tradition of statistical geography and thematic cartography. The Atlas 
proofs that the scientific basis in administering the country has taken a strong footing at 
that time, and so Atlas's maps portrait political, economic and military features of the 
kingdom on the base of trustworthy analytical and statistical data. All Atlas's maps are of 
the same scale, and together with statistical tables they present a clear and comparable 
with other contemporary maps picture of many facets natural and social environment of 
the country. Although executed in Russian and by the Russian Army Headquarters, the 
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Atlas is a successfUl continuation of the work on the Topographical Map of the Polish 
Kingdom before and after the Insurrection of 1830. It is the result of both Polish and 
Russian endeavors in this respect. The modem scientists are very much interested as in 
the studying of relative role and importance of the two nations ' specialists in the 
fulfillment of this Project, so in finding in the content of the Topographical Map and of 
the Thematic Atlas a historical information on the Polish natural and social environment 
in the first half of the 19th century. Hence the question arises: may the Statistical Atlas 
be acknowledged as the First Polish National Atlas? Encouragement to answer this 
question positively has been given by Professor Konstantin A. Salishchev, the 
outstanding Russian cartographer, in his definition of the national atlas : "As national 
atlases we understand the essentially complex geographical atlases of definite countries, 
comprising the summary and generalization of contemporary scientific knowledge in the 
field of physical , economical and political geography of the given country" [8]. The 
Statistical Atlas of the Polish Kingdom in all ways fulfills criterias of this definition , and 
we are safe to name it the First Thematic National At las of Poland. 

After having become available in the Russian State Military History 
Archives, the Statistical Atlas of the Polish Kingdom arose interest as among historians, 
so amidst geographers and cartographers. So, A.V. Postnikov, while searching for roots 
of Russian-Polish cooperation in the history of geographical exploration and mapping of 
the Slavic Lands in the Middle and Western Europe, has studied and used the Atlas 
together with other sources connected with the Topographic Map ' s Project, already in 
1988. The result is his monograph on the Geographical exploration and survey of 
Poland in the process of the Topographical Map of the Polish Kingdom Compilation 
(1818-1843) published in 1995. Since 1988 close cooperation between authors of thi s 
presentation and respective Institutes of the History of Sciences of Russian and Polish 
Academies of Sciences has commenced. The results of this join research on the 
invaluable source materials of Topographic Map and the Statistical Atlas of the Polish 
Kingdom have been reflected in some special publications [9]. However, to make the 
Atlas really avai lable for scientists ' studies at large, it is necessary to facsimi le it as the 
monument of Cartography and the source for the historical-geographical studies. Taking 
into consideration the recent atmosphere of ecological awareness, and the endeavors 
aimed to the environment' s protection, the value of the Atlas is especially important. The 
Atlas's maps, statistical data, and descriptions in 14 volumes of Prilojenia portrait the 
natural environment in 1840s and give an opportunity to study the changes in Polish 
nature, caused by human activities during last 150 years. The maps are of special 
importance, because they may be used as a starting point for research aimed at 
evaluation of the tempo and trends of the environment's transformation. One of the 
ways such transformation can be traced is to compare these maps with the later 
cartographic sources up to the most modem ones (including those compiled with use of 
airspace sensing ' s data) . 

It seems that the above mentioned historical-geographical aspect forms 
only a small part of those reasons, which could be put forward for facsimi le publication 
of the Atlas we hope to fulfill. If we would overwhelm the difficulties of facsimile 
publication, we dare to think, that this edition would be a finishing touch as of the 
lengthy and fruitfu l cooperation of Russian and Polish Cartographers in the 19th 
Century, so of the join studies of their compatriots, Historians of Geography , in the 
Modern Age. 
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This paper starts with a story . As a Project Manager for GeoSystems Global 
Corporati on, th is story begins with a phone call that typically comes from one of our 
sales persons or from a client in need of maps. This one happens to come from one 
of our sales staff who just got off the phone with a potential customer who we' ll call 
10. 10 needs maps of all of the countries of the world for inclusion in a new CO
ROM product that will be released later this year. The product is slated for delivery 
to stores in December, testing begins in September, maps would need to be delivered 
by August 15 and today is lune 23 . That gives us one and a half months and we are 
not in a position to start the project until we finalize the business, technical and 
graphic arrangements with 10 and her company. My fi rst job is to call 10 back and 
find out exactly what it is that she needs. 

As is normal with projects like this one, a cartographer needs to be ass igned to this 
project to serve as the lead cartographer and contact person. Thi s is not always an 
easy ass ignment because at many times, the appropriate cartographer mi ght not be 
immediately available due to their being currently ass igned to another project. I fee l 
that it is crucial to get this cartographer involved with the project as soon as 
abso lutely possible. In this case I happen to get lucky and a seni or cartographer 
with lots of experience with electronically displayed maps is available and together 
we place the call to 10. 10 is the project manager for the CD-ROM project and maps 
is not the only thing that she is responsible for. We discuss what she would like the 
maps to look li ke, how they will be used, what content she expects to see on the 
maps, graphic and technical requirements, along with the required de livery schedul e 
and format. Before we do anything else, she'd like to see a sample of what we can 
deliver her. I ask if she has internet access and a www browser. She does, so I 
quickly post a few samples of our maps on a private client viewing space and I give 
her the URL. While still on the phone, she finds the maps that I 've posted and with 
the three of us viewing the same maps in real time, we further di scuss her needs and 
requirements for the maps. She likes what she sees but has a few additional 
requirements that were not discussed in the original phone conversation with our 
sales person. One requirement is that the non-map content of their CD-ROM must 
match the content of the maps, or better stated, the map content needs to match the 
content of the CD-ROM . The other requirement is that the maps ultimately must be 
delivered not only in Engli sh but in Spanish, German, French and Italian as well. The 
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foreign language versions, however, do not need to be delivered as soon as the 
English versions. The delivery date for the English maps remains the same even 
though the scope of the project has just increased exponentially. 10 asks if this is 
do-able and our answer is an unqualified yes. 

Foreign language translations of maps is not an easy process but it is a whole lot 
easier now that we have built some tools and databases that allow us to much easier 
and efficiently replace English place names with their foreign language equivalent. 

Given the facts that this fictitious phone call is not all that fictitious and that this 
request is much more typical of the kinds of requests that we get daily, it has become 
an absolute requirement for us to be able to satisfY such a request in a short time 
frame. A few tools and systems that we feel are essential to be able to deliver maps 
quickly, efficiently and as hi gh quali ty fini shed products are as follows: 

• A database of current cartographic data is essential as is the ability to access and 
license other data that may be needed. Access to data is multifaceted as you (or 
someone in your company) needs to know where to go for data, the limitations and 
capab ilities of the avai lable data, the price and licensing arrangements that the data 
provider requires and what to do with the data once you get it. You need to know all 
of this at any given time so that you can speak intelligently with a potential 
customer. 

• Once you have the data, you need to have the infrastructure that will allow you to 
process the data and manipulate it into the form that is required by the customer. 
This infrastructure comes in the form of both human and computer resources. The 
nature of the type of computer resources that are appropriate for the manipulation of 
cartographic data are GIS systems such as Arclnfo, MapInfo, and the like. These 
systems and the human resources who can operate them do not come inexpensively 
but the resulting rewards are huge. Aside from that, this ability is a requirement in 
today 's cartographic world . 

• Frequently, exported data from a GIS needs to be brought into a more "graphically 
fr iend ly" environment that gives the cartographer a whole host of other drawing and 
painting tool s that allows them to create the fina l map in the desired graphic 
specifications of our customer's . Today's GIS systems are offering more and more 
graphical too ls that allow the cartographer to " finish" maps without having to go 
into another production platform. More frequently than not, however, we still bring 
the data from a GIS into a PC/Macintosh environment where we use off the shelf 
software packages such as Adobe Illustrator, Aldus Freehand; Corel Draw, 
Photoshop, etc .. to customize the fina l map into the graphic and technical 
spec ificat ions required by our clients. One important and necessary link is to have a 

2196 



tool that can change the raw data that is exported from a GIS into a format that is 
easily read by drawing/painting packages . 

• The next step in the production cycle (the fine tuning and customization of the 
map) is one that can and has been the subject of numerous papers . It is constantly 
evolving as new and more powerful software tools and computers are made available 
and it is not the intent of this discussion to get into this area. Suffice it to say that 
cartographers today have many many options available to them for the manipulation 
and presentation of geographic data: 

• Finally, you need to have plenty of storage space so that all of this data can be 
accessed, created, moved, stored, backed up, archived and prepared for delivery. 

To get back to the ori ginal story, all of the above described tasks, and a few more, 
have already been done when the phone call from 10 came in. The maps are current 
as they undergo constant review for corrections, changes and updates The 
challenge now is to take the already prepared country maps, modify them into the 
graphic specifications that 10 and we together are working on and, oh yea, deliver 
them in 5 languages. 

A good cartographer can make a quick, effec tive, useful and attractive map quickly if 
he has been given enough of the right information that will a llow him to make the 
map. There is, however, a whole series of questions that the cartographer needs to 
ask before setting out to make a map regardless of whether it is going to be 
produced quickly or not. These questions are even more important given the speed 
at which the production cycle can take place. An overlooked or unasked question 
can result in a poorly designed, incorrectly prepared and/or inaccurate map. My 
focus here and at GeoSystems is on maps that will ultimately display electronically, 
as opposed to print, but the questions are basically the same. 

Target Audience 
The first question and the one that I consider to be the most important is : Who is 
the end user and what is the intended purpose of the map? Who is the target 
audience? Will the final product be offering the maps as a general reference set of 
maps, as a navigational device, or as a forum for display ing other pieces of 
information? 
This may seem like a very stra ightforward and simple question but without the 
answer to this question, the map may not serve it 's intended purpose and if it does 
not serve it ' s intended purpose, what good is it. Too simple ofa map may leave the 
user frustrated and, conversely, too detailed or too complex of a map may confuse 
the user. 
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Interactive or not 
Will the map be used as a general reference map with no interactivity where the map 
appears on screen, or can the user do something to the map or with the map . Often 
times a map contains more in formation than can be displayed accurately or even 
intelligibly and one way to make the map work and, in fact , become much more 
effective and useful , is to produce the map in such a way that is interactive, that is, 
the user can make decisions as to how the map is displayed or more typically, it can 
be displayed exactly how the user wants or needs it displayed. This is a very 
important question to ask and one which will , no doubt, cause the production 
process to be considerably more complex and lengthy if interactivity of any kind is 
required. 

Media 
What media or medium is the map intended for? Five or so years ago, this question 
may not have even been considered but with the advent of electronically displayed 
images on a computer screen, TV screen, movie screen and future display media, th is 
is an extremely valid and important question. To the untrained eye, a map that was 
designed exclus ively for electronic display but ultimately printed out wi ll tend to 
look very e lementary. The reasons for this are quite simple. In order for a map to 
display in such a way that the type is readable and attractive, larger point sizes have 
to be used . Larger point sizes are typically used in elementary school maps so this 
conclusion is seemingly an obvious one. I suggest that a map that has been 
properly des igned and produced for e lectron ic display is as difficult, if not more 
difficult, than a map designed for print. I say this because the number of decisions 
that have to be made by the cartographer can potentially be greater for an 
electron ically di splayed map because less detail and less content can be shown . 
The cartographer has to try to get the same amount of informat ion on a map being 
disp layed electronically, and he can't, so the decision of what to show and perhaps 
more importantly, what not to show, can be a very difficult challenge. A map as 
des igned for e lectron ic display can always be printed but a map that has heen 
designed for print can not always be di splayed electronica lly and still be a use ful 
map. 

Size 
This quest ion can be answered in two ways. First ly, how large should the map be, in 
pixels? What size window wi ll the interface allow for the disp lay of a map? Will the 
map be pannable? Secondly, what is the maximum size that a map can occupy in a 
computer 's memory? This is often a difficult question to answer but not an 
impossib le one. Knowing how much space is all otted for maps and other content is 
a key questi on that a ll electron ic publi shers need to have a hand le on so they can 
budget their space accordingly. With the advent ofOVO, wh ich will ultimately 
suppl ant CD-ROMs, thi s will become less of an issue but it wi ll not go away . 
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Color 
Is the final product an 8 bit (256 colors), a 24 bit (17 million colors) or a 32 bit 
product? Is there a certain color palette that needs to be used? 

Geo-referencing 
Frequently a client will want to display his or her own points or icons on a map and 
have them display in the correct geographical location. In order to do so, a map 
needs to come from a quality database of geographical informat ion or be produced 
from a topologically correct map. All proj ection information needs to be documented 
and incorporated into the software that will be used to display the points. I f 
projection informat ion is not supplied and a Cartesian x,y system is used, the point 
wi ll potentially not display in it ' s correct geographical location. This phenomenon is 
particularly a problem in upper latitudes 

Anti-aliased 
Is this graphical treatment desired or not? 

Delivery format 
Firstly, is it a raster or a vector. Secondly, if a raster is required, should it be a pict, 
gif, ti ff, bmp, dib, jpg, etc ... ? If vector, we ll that's a whole other issue that needs to 
be dealt with between their technical people and ours. What will be done with the 
vectors, how wi ll they be displayed, and, of course, what vector format is required . 
Raster fi le de liveries, from my experience, are much more common but the question of 
vectors is usually brought up and then pushed under the rug for the next release of 
the product. 

Editorial process 
It ' s never too late to check a map. Sometimes a publisher 's dead line is so ti ght that 
they may require that a map or a series of maps be delivered by such and such a 
date. Ifa cartographer is aware of this date well ahead of time, this deadline should 
not come as a surprise and delivery of an accurate map by this date should not be a 
problem. If, however, an ambitious de livery schedule is expected, the client may ask 
for maps to start to be delivered as soon as possibl e so that the production process 
can move fo rward. Rarely, however, is a deadline so ti ght that a cartographer cannot 
take an extra hour, day or longer to double check and verify that a map is correct. 
Th is is especially important if a batch or other automated or semi automated process 
is undertaken. Every map needs to be looked at before it is delivered to prevent a 
map from being released with embarrass ing and/or incorrect information. 
It 's never too late to ask for more time. 

Cartographic production processes, regardl ess of the software and hardware 
configurations, have spawned a whole new type of cartographic product ion 
expectat ion: speed. Today's microcomputer technology, the myriad of software 
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programs, tools, utilities and the ease at which high quality data and information is 
availab le has made today 's cartographic buyer one who demands speed. Literally, 
with the click of a few buttons, a map can be generated, modified, enhanced, 
reduced, enlarged, dithered, have it 's color palette swapped, scaled, stretched, 
warped, anti-ali ased, embossed, converted into any format and delivered via e-mai l, 
internet, intranet, fax, or ftp to a customer virtually anywhere in the world. We as 
cartographers need to let our customers and map users know that these abilities are 
not to be taken li ghtly. When Federal Express and other overnight delivery services 
came onto the scene not that many years ago, the business world embraced them 
and now simply cannot image how we ever lived without overnight service. How 
could it ever get any better than that? Well it has! 

As cartographers, it is imperative that we arm ourselves with the best computers, the 
best software , the best data, the most complete set of maps, the best delivery 
devices and perhaps the most important thing of all , the cartographic dedication, 
commitment, resolute, whatever you want to call it, to tell the customer that we want 
to double check the map before sending it. This might take a few minutes, a few 
hours or even longer, but it is without a doubt something that we need to do with 
each and every map that is released fr,om our cartographic hands, especially given 
the speed at which we can do things today. 

Supply a " first proof', take the time to insure that we are presenting current and 
accurate data on the map, and as mentioned above, we need to have the opportunity 
to do a last minute check before releasing anything. A modern, cohesive and 
integrated cartographic production process will help insure that this final check is 
not something that will reveal embarrassing, inaccurate or incorrect results. 
The finished map is simply the end result of what is sometimes a complex production 
process and as cartographers, it is our job to make sure that it (the map) can bask in 
the glory of being a we ll designed, accurate and attractive map that, most 
importantly, will serve the purpose of the end map user. 
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1. Introduction 
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The automation of Cartographic Generalization has been one of the key problems in the 
field of Cartography, and in recent years became a very attractive theme in GIS . With the study 
of it going upsurging, some related themes such as Master Database Multiple Representation, 
Multi-Scale GIS, Multi-resolution GIS, and Scale-Independent Database, are standing as mainstream in 
GIS field . To date, however, the resolution of Auto-generalization is far from satisfactory, two causes of 
which can be found: I lowing to the complication of auto-generalization itself, both in theory and in practice; 
2) due to the defects of previous researches in it, e.g. , ignoring the guidance of geographic law to the 
Generalization and relying solely on computer graphics method, isolating computer aided mapping from GIS 
and denying database generalization as one kind of cartographic generalization, furthermore , rare attention 
has been paid on combining mathematic method and expert system, etc. 

This paper is a summary of the author' s research on Geographic-Feature Oriented 
Generalization in GIS Environment (GGGEN), which refers to: I)Cartographic generalization in 
GIS environment, i.e , on one side, generalization should be one of GIS functions, on the other side, GIS 
tools can be used in generalization; 2) Geographic-Feature Oriented Generalization, i.e., 
Generalization process should be guided by geographic regulations, and the results of 
Generalization reflect in turn geographic laws. 

2. Information mechanism of GGGEN 

As a kind of geographic information process and transformation, Generalization should be 
driven or guided by its inner information mechanism. GGGEN's information mechanism can be 
described as follows: 

2.1 Geographic cognition: the subjective & objective criterion of GGGEN 
Geographic cognition and Generalization are two information processes on different 

levels. Geographic cognition involves such mental activities on geographic objects as 
perception, thought, reasoning, problem solving and mental imagery. The whole procedure of 
geographic cognition, i.e., from cartographers ' cognition of the geo-objects in mapping stage to 
map users ' perception to geo-information, and in another word, the process from source data to 
maps and furthermore to new maps, reflects human beings ' spirally developing understanding 
of geographic objects. Cartographic generalization, on the other hand, deals with an 
information abstraction and generalization, based on geographic cognition, for specific mapping 
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objectives and definite mapping scale. Therefore, geographic cognition is the subjective & 
objective criterion ofGGGEN. 

Geographic cognition runs through each stage of Generalization. In map designing step, it 
serves as knowledge guidance, including knowledge about geographic complex's systematic 
function, hierarchic structure and the combination of multiple features, for the plot of 
Generalization principle, content and classification index. In Generalization operating stage, 
cognition is a kind of underlying controlling factor for the composition of map when geographic 
features and objects are selected & deleted, classified, and graphics elements are simplified. In 
map checking and rectifYing step, cognition serves as a reference brain image for output map to 
be compared with, i.e., for cartographers to see if the visually represented geographic 
regulation ·conform what they have in mind, and if not, they may trace back to previous stages 
for proofing. 

2.2 The generalization and filtering of spatial information: GGGEN's function of 
information Processing 
It ' ll be found that cartographic generalization is no longer only for information 

representation, but also functions as a kind of effective tool for geo-data processing. 
Firstly. GGGEN has the fllnction of generalizing the spatial distriblltive pattern of 

geographic objects, which involves two points, one being regional differentiation pattern of 
geographic complex, and the other, the spatial positional pattern and mutual topological 
relationship of various point, linear and areal geo-objects. For the former point, GGGEN's 
approaches include: making out generalizing indices based on grade-resolution system, merging 
lower level classes & grades to higher level ones, selecting & simplifYing the parcel boundaries, 
and transferring scaled graph to non-scale symbols, if necessary. For the latter point, GGGEN 
deals with geographic characteristics from the point of view of graphics relationship on maps, 
i.e., the features of geo-objects ' spatial distributive graphics, including island-like, speckle-like, 
fan-like , zoned, belt-like, stratous, and cross-like patterns, and also geo-objects ' distance 
comparison and spatial density comparison, as well as the intersection, tangency, secant, 
adjacency, encircling among variety of point , linear and areal geo-objects. In Generalization, the 
spatial graphic feature, distance & density comparison as well as mutual topological 
relationship, of geographic objects, should be maintained . Furthermore, the higher is the geo
objects ' generalized level , the higher is the abstraction degree to spatial positional pattern. 

Secondly. GGGEN inellldes thefilllction offiltering to complicated geo-information. i.e., 
from the point view of entropy, GGGEN filters out Conditional Entropy and keep Inter
informat ion so as to extract the most necessary and important information from complicated 
source data. 

2.3 From geographic data processing to geographic data visualization: the two-step 
scheme of GGGEN 

GGGEN is executed in two steps. The first one is the concept generalization which 
selects/ deletes source data, merges geo-classes & geo-grades in database environment, and 
does not deal with graphics displaying problem. The second step is graphic generalizing which 
does such operations as symbolization, resymbolization, simplification, displacement, 

coalescence, exaggeration, etc. on the result of the first step. 
In the above actions of from the data fllrther process to the data representation, 

visualization serves as the guidance principle ( including the guidance of science, effect of 

information transporting, as well as art istic effect) to GGGEN in both concept generalizing step 

and graphic generali zing step . 
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3. Theoretic models of GGGEN 

According to the order ofjrom overall to partial, from general to detail, there are four 
level of GGGEN theoretic models. They are: 

3.1 From digital landscape model to digital mapping model----GGGEN's database 
model scheme 
DLM and MCM refer to Digital Landscape Model and Digital Cartographic Model 

respectively ( Brassel and Weibel, 1988). The former describes geographic database in which 
the objective world is reflected as data entities to store Geo-objects' accurate positions, shapes 
and attributes, as well as their mutual topo-relationship, while the latter describes cartographic 
database in which map symbols for specific scales are appended to the above data entities. 

GGGEN in essence is the process of data transformation from DLM to DCM. The 
concept generalization stage occurs in DLM, while the graphics generalizing stage occurs in the 
transforming process from DLM to original DCM (i.e., symbolization and resymbolization) and 
from original DCM to new DCM (see Fig.I) . 

3.2 Multiple representation of master database----GGGEN's database hierarchical 
scheme 
Multiple representation of master database indicates the derivation of a series of data 

set or data levels with different scales or resolutions. These data sets are connected in certain 
joining way, integrating a multi-representation database. In another word, the data in multi
representation database is the different presentative form or appearance of the same geo-objects 
in different scales or in different resolutions. This is quite useful for GIS data analysis since a 
relatively general view of an object is needed for some instances, while more detailed 
information of it will be needed in another case, and we can't obtain the effective view only 
using zoom in and zoom Ollt in windows manipulation. GGGEN is an indispensable approach in 
generating and maintaining such hierarchic scheme of master database (see Fig.2) . 

Models Op"ration Steps 

-DataCapture and Digitize 

r:
,--:-c1::;:=;-- Concept Generalizing 

and Resymbolizing 

r---,~=:;---Graphics Generalizing 

Fig. I The Model From DLM to DCM 

Multi-representation DB 

Data Level· l 
Data Levcl-2 

Data Level-n 

Present as maps 

Fig.2 Scheme of Master-Database Multiple Representation 

3.3 Knowledge and geo-object based procedure scheme 
This level of model consists of five parts: structure recognition, process recognition, process 
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4. GGGEN approaches: knowledge rules combined with mathematical 
models 

Under the guidance of information mechanism and theoretic models of GGGEN, we use 
the method of knowledge reasoning combined with math models to execute the GGGEN 
operations (see Fig.S) . Generally speaking, mathematical models are mainly used in driving 
concrete operators, e.g., using the square root model, regression model, comprehensive fuzzy 
judge model, geometrical series model, etc., to accomplish selection / deletion operation, and 
using Douglas-Peucker model, fractal model, Mathematical MOIphology Method, etc., to 
simplify graphics, as well as using the spatial aggregation model to finish the generalization of 
geo-classes & geo-grades, etc. This is represented in Fig.S as the Process Execution step. On 
the other hand, knowledge reasoning functions mainly for the judgment in each process and the 
linkage among various processes. 

Specifically, the knowledge reasoning method is used in following five places: 
1) Structure Recognition, i.e ., to recognize the geographic characteristics of geo-objects in 

databases or on maps, including recognizing the geo-classes, geo-grades, spatial position, geo
importance, and topo-relationship, of geo-objects. The result of structure recognition is 
deciding the objects which will be executed later. 

2) Process Recognition, i.e., to determine which process or operator should be used to the 
objects previously recognized and decided, and what kind of result will be brought about . 

3)Process Modeling, i.e. , to select mathematical models, knowledge rules and 
corresponding parameters for the detailed generalization operations. 

4) Generalization Quality Assessment, i.e., to check and assess the output quality of the 
new maps or new databases according to five criteria. 

5) Deciding the Next Action, i.e., after the satisfactory or uIISatisfactOlY conclusion in 4), 
to decide what to do next . The actions to be selected are Correct Current Plan, Select the Next 
Object, and End 

5. Realization and applications of GGGEN methods 

To realize the GGGEN method, we built a generalization module, which integrates GIS 
tools, expert system and mathematical model library, in GIS . The brief structure of it is 
di splayed in fig .6. 

The GIS software package we use is MGE (Intergraph ). For the expert system, there are 
three types of knowledge and rules in knowledge base, which are: I )the descriptive knowledge 
on geographic characteristics; 2)basic GGGEN operational rules, including the knowledge rules 
in the fi ve steps of knowledge reasoning in fig .S; 3) special purpose knowledge rules, including 
the geo-feature oriented comprehensive generalization rules, and the generalization rules for 
China's typical geographic regions. For the third part of this module, besides commonly used 
mathematical models, the math library also has some new models, such as graph theory model, 
fractal model , mathematical morphology model, filtering model, etc. 

To test the GGGEN method and tool , two sample applications were done, in which the 
fir st one was for generalizing the basic geo-unit maps ofYanqing County, and the result reflect 
GGGEN's representation of regional natural landscape feature through multiple data levels and 
map series, while the second one was for the generalization of transportation network in 
Zhujiang Delta Economical Zone, and the resu lt realized the GGGEN 's representation of 
regional humanistic landscape features through the technology of multiple representation of 
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master database for transportation network. Both of above two applications got satisfactory 
results. 
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SCIENTIFIC CONCEPT AND PROGRAM 
OF THE LANDS OF RUSSIA ATLAS 

Ural D. Samratov, Ph.D., L. N. Kouleshov, Ph. D, 
L.N. Poroshina, Ph. D., A.L. Overtchouk, Ph.D. 

Address: Russian Federation State Committee for Land 
Resources and Land Management 
Lev. Tolstoy Street, 5/1 
Moscow, Russian Federation 
Fax: (7-095)246-1007 

1. The land cadastre, land management and land monitoring are the basic 
tools for governmental management of land resources providing the 
authorities with statistical and map information on condition and use of 
lands in Russia. 

Generalized, systematized and comparative spatial land data 
presented in a easy to excess format is required in Russia for more 
effective land resources management. 

Developed under the State Land Monitoring Program The Lands of 
Russia Atlas is expected to become the source of such information. 

2. According to the accepted scientific concept The Lands of Russia Atlas 
by its character is a complex Atlas presented in the form of linked small 
scale maps representing the country 's land assets, their structure, factual 
use, condition, protection and etc. 

The Lands of Russia Atlas by it's objective is a multipurpose map 
publication intended to be used in research, practical, and political 
activities. 

2. The Lands of Russia Atlas Structure will include 10 Chapters: 
I. Introduction (3 maps and 1 illustration) 
II. Environmental Conditions Influencing Land Use Patterns 

(8 maps) 
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III. Social and Economic Conditions Influencing Land Use 
Patterns (3 maps). 

IV. Land Use (10 maps). 
V. Modem Condition of Land (14 maps). 
VI. Environmental Assessment of Lands (8 maps) 
VII. Cadastral Assessment of Lands (7 maps) 
VIII. Protection, Condition and Land Use Forcast (8 maps) 
IX. Modem Land Relations (5 maps) 
X. Land Relations in the Middle of XIX and the Begging of the 

XX Century Russia. 

4. Two versions of Lands of Russia Atlas are expected to be published: 
• Scientific 
• Popular 

The scientific version will be presented as a set of maps with 
minimum of required text and illustrations. It is be intended to be 
used by government authorities, researchers and experts involved in 
decision making on land management issues on federal and regional 
levels. 

The popular version is intended for mass reader including school 
and college students. The maps included into this version will be 
designed in an easier to read format with simpler legends. The 
textual part will contain educational information on land illustrated 
with drawings and photographs. 

Each version will be presented in hard copy and electronic formats . 
The scientific version of the Atlas is expected to be published in 
both Russian and English languages. 

5. Technically the development of the scientific version will proceed the 
development of the popular version, thus the popular version will be a 
remodeled form of the scientific version as it becomes available. 

6. The scientific version of the Lands of Russia Atlas Program determines 
the scales, composition and general workflow technologies. 

The 1:8 000 000 scale is accepted for nature maps and related 
thematic maps. The 1:15.000 000 scale is accepted for maps 
illustrating statistical data on the use and condition ofland. The 1:30 



000 000 scale is accepted for maps adding additional information to 
the main maps. The use of 1: 10 000 000 and 1 :20 000 000 scales is 
foreseen on as needed basis. 

An untraditional for Russian atlases composition if expected to be 
implemented in the Lands of Russia Atlas: 

• Maps will be printed on loose leafs inserted into 36 X SO 
cm folder. 

• I:S 000 000 (I: 10 000 000) scale maps will be printed on 
lOS X 60 cm sheets folded twice. 

• 1:15 000 000 (I: 20 000 000) maps will be printed on 
single sheets in 36 X 60 cm format. 

The following workflow technology is planned to be used during the 
creation of the scientific version of Atlas: 

First stage. Creation of manuscripts by traditional ways in 
paper form using various maps, statistics and remote sensing 
data sources. 
Second stage. Computer processing of manuscripts in 
preparation for publishing and receiving of digital data for 
electronic copies. 
Third stage. Publishing of hard copy version and development 
of different levels of electronic versions. 

7. The popular version of the Lands of Russia Atlas is planned to be 
published in the volume format. 

S. Both scientific and popular versions of the Land of Russia Alas are 
expected to be published in 1999. 
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THE DEVELOPMENT OF COMPUTER AIDED 
GEOLOGICAL CARTOGRAPHY AND GIS IN CHINA 

Zuoqin, JIANG 
chief of computer application division, department of science and technology of MGMR, 

senior engineer, #64 Feinei Street, Beijing Xisi, China. 

Abstract 
Maps play a very special roll in Geosciences, which not only are indispensable 

representative form, but also important means of research. Development and application of 
Computer graphic technology constantly are emphasized in geosciences. In 1993, a computer 
aided editing and publishing system of color geological maps -MAPCAD was released. Now, it 
has been applied to all over the country, and a revolutionary change is taking place in 
traditional geological cartographic working method. 

GIS is a powerful spatial data management system, with which geological data, especially 

map data can be managed efficiently and retrieved flexibly to meet various requirement from 
different customers. At present, we are making effort on combining establishment of digital 
database of Geological maps based on MAPGIS , a general geographic information system 
developed in house, with computer aided geological cartography (CAGC, in this paper, refer 
to the stage from draft of author to published map). 

This paper will describe development, current state and trends of CAGC in China 

Background 
Maps play a very special roll in Geosciences, which not only are indispensable 

representative form, but also important means of research. There is saying in China that 
geosciences, in some extent, is a sort of graphic representation science. Early in 1913, the 
geological cartography began with mapping when the geological survey of China was found 
(Guozhi and Yuqi 1990). By the end of 1995, in China mapping at 1:1,000,000 had been 
finished, 1 :200,000 had covered 6,910,000 km2

, 91 % of the area planing to be surveyed, and 
1 :50,000, 1,400,000 km2

, about 14.6% of the land area of the country (Surveying Division Of 
Regional Geology, 1996). Geological maps for 30 provinces at 1:500,000 or 1:1,000,000 
scales also had been fmished. At the same time, a large number of metallogenic, mineral 

resources, tectonic, lithofacies paleogeographical, engineering, environment and hazard, 
geophysical and geochemical maps in different scales are created and published (Changsong 
and Guizhou, 1993). However, China is a large country with 9,600,000 km2 territory, and task 
of geological mapping and cartography is really heavy. At present, average about 3,000 sets of 
diversified reports with up to ten thousands maps are submitted to the Information Institute of 
the Ministry of Geology and Mineral Resources of China (MGMR) every year. All these maps 

are created or published in traditional way before Sep. , 1994. 
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As a result of characteristics of geological maps - more types , more complex and large 
volume of information, it takes a long time for maps to publish with traditional cartographic 
method, and even verse to map revise. Like geoscientist from other countries of the World, 
Chinese geoscientists have similarly made a lot of effort to find a new technology or new 
methods to change this situation. Development of computer technology makes it possible. 

In early of 1970's, Many advanced countries began to application of CAGC technology, 
and by the late of 1980's, the new technology had been adopted, in different extent, in 
production of geological maps in these countries. For example, in Germany, CD-400, a 
automatic cartographic system was installed in 1977 to deal with color geological maps 
(Annual Report of BGR, 1993). Although commercial software's, such as software from 
INTERGRAPH are powerful enough for color map publishing, unfortunately, they are very 
expensive, even now. While there are hundreds of geological teams who are engaged in 
geological mapping in China. If only relying on exporting foreign software 's, it is real difficult 
to image how to realize modernization of geological cartography completely in the country. 
So, compare to advanced countries, what we have down is mainly to depend on developing 
relevant software in house. We have got a big success, not only a powerful software has been 
developed, but also is applied all over the country. 

Preliminary Development and application 
Development and application of began with drawing contour maps in early of 1970's in 

MGMR. Through the effort during longer than ten years, some progress were made in this 
field, with improvement of performance and coming down of price of computer hardware, 
especially occurrence of microcomputer, application of computer graphic technology become 
more and more popular. 

Maps Of Geophysics And Geochemistry Were Drawn Automatically 
By the mid and late of 1980's, it had been realized that geophysical and geochemical 

contour maps were drown au tomatically by computers in most geological teams. The new 
technology had been brought into the production process of these maps. At that time, The 

National Geochemical Surveying Program at I :200,000 was under way. Maps drown by 
computers was up to 60-70% of the total maps. This is the major achievement in this stage. 

A Fundamental Program Library For Plotting Of Geological Graphs Was Built Up 
The library named SDK was built up in 1991 based on development during the last 20 

years (Deng Fei, 1989, Quanhong, 1991) . SDK includes programs in C or FORTRAN, which 
can plot more than tens geological graphs, such as statistics graphs, graphs of mineral and 
rock, stratigraphic paleontology graphs, archaemagnetism graphs, and 5 types of standard map 
outlines, 53 graphic processing algorithm modules, 5 fonts of Chinese character library as well 

as library with thousands of pattern and symbols. all of them conforming to the relevant 
national standards. The library are disseminated to more than 50 agencies. 

Software Drawing Interactively Simple Geological Map Was Developed 

The other achievement during this stage is to develop some software which is able to edit 

maps, comparatively simple with no strict accuracy requirement , interactively and output on 
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pen-plotter can (Administration Division Of Mineral Resources and et al. ). Distributive maps 
and research degree maps are examples. 

However, a litter progress had been made in computer aided cartography for complicated 
geological maps, especially for color map publishing. Although early in 1977, some geologists 
from Chinese Academy of Geological Sciences (CAGS) investigated about development of 
CAGC both in China and abroad, and posed a feasibility analysis report about importing 
foreign commercial software to promote development of CAGC in China in 1982(Investigation 
Group, 1982), later, there are also other several suggestions were worked out about how to 
develop CAGC technology in China (Zhongxin et aI. , 1983, Xiang, 1986, Zhongxin et al. 
1987), because of financial and some other reasons, all of these were not implemented. 
Development of in house software had not made a substantive progress either. 

MAPCAD . A Great Breakthrough 
In order to fully utilize the imported small computer MY-IOOOO, software engineers from 

Dep. of Computer Science of China University of Geology successfully developed a virtual 
graphic interface, which integrates large format screen, digitizer, color electrostatic plotter, pen 
plotter and scanner together, to form a unified development platform for color graphs in 1987. 
Then, they began to develop computer aided system for color map drawing on MY on the 
platform in 1988 (Siwei, 1990). The software named MAPCAD-MY was released in April, 
1989 (Xincai and Siwei 1989), which provides powerful tool for input, edit, output to 
electrostatic plotter of color maps. The development laid important technical foundation for 
solving editing and publishing of color geological maps. 

Unfortunately, there is only one MY computer in MGMR. In order to disseminate the new 
technology, an important decision had been made in 1989, which is to transport the system on 
PC (Zuoqin, 1989). In 1992, MAPCAD-PC was released, which is as powerful as MY version. 
However, publishing of color maps still is a problem. Then, we focus on implementing color 
separation and screening, which is solved in the end of 1992. A computer aided editing and 
publishing system of color maps - MAPCAD, which makes the whole procedure of color map 
publishing, from digitizing, editing, processing, proofing, color separating until output of plate 
film for printing, be computerized on PC, was released in Jan. 1993 (Xincai, Siwei et al. 1993). 
This is a great breakthrough, which makes changing of traditional geological cartography 
working method possible. Practice afterwards improved it completely. 

The Features of MAPCAD 
MAPCAD is a large-scale application software with copy right of MGMR, and consist of 

six main parts. they are map input, editing, ornamenting, proof out and color separating and 
screening for creating of plat film. The main features (Xincai, Siwei et al. 1993) of the system 
are as follows. 
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• Graphic data can be input by both digitizer and scanner with effective 
vectorization function; 

• Powerful edition functions. Representing perfectly complex spatial relations, for 
example, to multiple inlaid polygons, easy to deal with their spatial positions and 
colors correctly; 

• Advanced and effect ive algorithm and software for deviation calibrating to 



guarantee high accuracy of data and high quality maps; 

• Capability to defme line types, patterns and icons with parameters arbitrarily, rich 
library of line types, patterns, legends, Symbols and color codes based on relative 
national geological mapping standards; 

• Capability to deal with large format, muilti-sheets and complex geological maps, 
and to clip and past up maps flexibly. 

• Data format compatible with ARC/INFO, INTERGRAPH and AUTOCAD; 
• POSTSCRIPT interface for map publishing; 
• Run on 486 PC with 8M memory on both DOS and WINDOWS or above. 

A Revolutionary Changing Is Taking Place In The Traditional Geological 
Cartographic Working Method With MAPCAD Used All Over The 
Country 

Several important application tests were conducted after MAPCAD was released, 
including standard geological map sheet at 1 :50,000 and a small scale geological maps, whose 
goal is to testing function and efficiency of the software. Editing and publishing of 1 :2500,000 
color geological map of Yun Nan province is the first finished test in Sep. 7, 1994. Experts 
from geology, geological cartography, geography, mapping, geological publishing and 
computer graph agree uniformly that quality of the map fulfills quality requirement of open
published map, not only from representation of geological content, color, fineness, but also 
accuracy. Yun Nan province is mountainous region, whose geological phenomenon is very 
complicated, moreover scale of the map is small. The map includes more than ten thousand 
graphic elements with several tens colors, whose publishing adopts 9 color printing. Successes 
of this test and tests for 1:50,000 as well as large format geological maps have shown clearly 
that MAPCAD is powerful enough to deal with editing and publishing of complicated color 
geological maps. It marked the beginning of changing traditional geological cartographic 
working way. 

Since then, only several years, about 1000 sets of MAPCAD have been installed all over 
the country, export of which has began. They are applied to more than 20 fields, including 

geology, geography, surveying, mineral resources, land use and management, environment, 
water resources, city planing, transportation and etc. More than ten thousands pieces of 
various kinds of digital geoscientiflc maps have been produced (Xincai et al. 1997). CAGC 
technology has been adopted in the process of geological map production. Furthermore, tens 
companies with MAPCADs from 5-20 sets have been founded to be engaged in commercial 

digital cartography. 

Advantages Of New Technology 
A lot of practice has approved the great advantages of new technology. First of all, it can 

extremely increase productivity of geological map production. According to statistics of 
applications of MAPCAD, the new technology reduces processes of color map publishing from 
12 steps to 5, shorts the time to 1/3 to 1/5 for new map publishing, to 1/10 to 1/20 for revising 
map, reduces the cost by average 1/3. Second and more important is data sharing. Digital data 

can be used repeatedly, compared to the traditional paper maps. 
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A Revolutionary Change Is Taking Place Through Using MAPCAD In Geological 
Cartography 

The New Technology Has Been Adopted In Map Production Of 1:50,000 Regional 
Geological Mapping. 

The regional geological mapping is a fundamental and strategic mission of geological 
survey organization for any country. As stated above, mapping at 1 :50,000 scale is going on in 
China and only 14.6 % of the total volume is finished. At present, there are about 70 sets of 
MAPCAD have been installed in geological teams since the test of 1:50,000 map sheet was 
finished in the end of 1994. In examination and assessment meeting for maps at 1 :50,000 
published during 1990-1995, hold in Dec. of 1996, 38 pieces of total 155 sheets are produced 
by MAPCAD, account for 25%. Because MAPCAD was released only in early of 1993, this 
figure means the application of MAPCAD increased quite rapidly. 

A Series Of Important New Geological Maps Are Produced With MAPCAD . 
In The 30th International Geological Congress hold in Beijing in Aug. of 1996, there are 

155 maps exhibited, among them, 55 sheets are produced by CAGC technology, 80% of which 
is down by MAPCAD. Some typical maps are illustrated in table 1- ( exhibition committee, 
1996). 

bl IS ta e orne eo ogJca aps ro uce sy n G I . IMP d d B MAPCAD I 30th IGC 

name scale format 
length x width(cm) 

Geological Map Of Asia And Europe 1:5,000,000 380 X 250 
Tectonic Map Of China And Adjacent Region Areas 1 :5,000,000 150 X 120 
Engineering Geological Map Of Regional Stability Of China 1:5,000,000 90X 120 
Metallogenetic Tectonic Map Of China 1 :4,000,000 130 X 100 
Metallogenic Map Of Gold Deposits Of China 1 :4,000,000 170 X 140 
Distribution Map Of Gold Deposits Of China 1 :2,000,000 l70 X 280 
Map Of China Crustal Wavy Mosaic Structure 1 :5,000,000 90 X 120 
Geological Map Of The Shi Zi Kou And Adjacent Region 0 1:50,000 100X 80 
The Three Gorges Project 

Map Of Water And Soil Erosion And Its Control In China 1 :8,000,000 300 X 210 
Map Of Geoscientific Transact From Aertai To Taiwan 0 700 X 100 
China 

Geological Map Of liang Xi Province 1:500,000 

Geological Map Of China I : 12,000,000 51 X 33 

The First Set Of Digital Atlases Have Been Produced 
The following atlases are published with new technology since the first digital atlas - Land 

Use Atlas of Gan lingzi district of Da Lian city was released in Sep. of 1994. 

• Atlas Of Regional Geology And Geophysics Of Sea Area Of China 
• Atlas Of Mineral Resources Of China 
• Atlas Of Geophysics Of China 
• Atlas Of Geology Of China (is going to finished) 
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Computer Aided Geological Cartography and GIS 
CAGC and Management of Geological Spatial data 
The goal of CAGC is to change traditional geological cartographic working method. 

whether traditional cartography, or CAGC, both of them concentrate on graphic expression of 
geological content and effect of mapface. Output of CAGC includes paper map and digital data 
for plotting(coordinators, a series control data for color, line width and etc.). While 
management of geological spatial data mainly concerns information not only on spatial position 
of geological objects, but also attributes (fault, structure, lithology and so on), more important, 
on spatial topological relationship among them, which form the foundation of spatial analysis. 
While some important cartographic data, like outline and other ornamenting information, is not 
saved in geological spatial database. The spatial database and cartographic database are 
different (study tour 1993). 

Information included in geological map is the most fundamental information in 
geosciences, which is shared with high frequency. Effective management of it becomes more 
and more important with computers are used wider and wider. 

Development of MAPGIS 
GIS is a powerful spatial information management system for geoscientists, which enables 

them to conduct computer - aided integration, analyses and interpretation to multi-sources 
geoscientific information and flexible retrieval of spatial data to meet various different 
requirements. Managing effectively spatial data, mainly map data, is one of important function 
GIS, which is the major difference from RDBMS. 

Experiences in both external and domestic applications of GIS have made us understand 
clearly that the great significance of GIS in spatial data management and its bright application 
future, Almost at the same time when MAPCAD was being transported on PC, a software 
development project of GIS was lunched. The project was initiated officially In early of 1992 
and finished in Oct. 1995. The most important achievement of the project is that a general 
geographic information system software - MAPGIS is released (Xincai et al. 1995). 

Compare to other commercial GIS softwarwes, besides the common functions as a general 
GIS, MAPGIS also has the following features. 

• It is developed with c++ on Windows, with user friendly and easy-to-use 
interface in both English and Chinese; 

• powerful capability of automatic, semi-automatic and interactive vectorization 
function suitable for di fferent type of maps; 

• Mapbase management system can manage up to thousands of maps and is 
powerful for retrieval across these maps, and map clipping and pasting up; 

• Perfectly error or mistakes locating and correcting functions with high 
productivity to guarantee high accuracy of the data; 

• Drivers for all kind output devices, Post Script interface for output of plate film 
for open publishing quality maps. 

MAPGIS is not only a tool of map data management, but is a tool to join data 
management and cartography. 
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Combining Establishment Of Spatial Database And CAGC With MAPGIS 
Because of the importance of effective management of geological spatial data, Many 

advanced countries, such as U.S., Canada, Australia, Germany, began to adopt GIS to manage 
geological spatial data in late of 1980's or early of 1990's (David et al. 1990, Thomas et al. 
1995, Digital Cartography Unit 1993, study tour 1993), and combine establishment of spatial 
database and digital cartography. This has become an apparent tendency in modernization of 
geosciences. In China, although application of MAPCAD is mainly for CAGC at beginning, 
now, we have made a big effort to change this, including holding seminars to discuss how to 
built digital geological mapbase with GIS and how to combine it with cartography, and setting 
application projects of MAPGIS for geoscientific spatial data management. Until now, about 
500 sets of MAPGIS installed all over the country, and development projects of digital 
map bases at 1 :500000, I :200000 and I :50000 scales with GIS have been initiated. We 
understand clearly that it is really a long way to go for us, and there are a lot of problems need 
us to face, but we must be successful through our hard working. 
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THE FORMATION OF NEW PRIVATE 
CARTOGRAPHY IN RUSSIA 

Yury Artem 'ev 
Publishing company "Karta" ("Map", The first private 

cartographic publishing company in Russia) 
Krasnogvardeyskaya pI. , 3 

195272, St. Petersburg 
Russia 

The reorganizat ion of economic relations ("perestroyka") in Russia has 
been going on for 13 years. These years have shown the difficulties of this 
process . However, in spite of sharp decrease in production volumes and 
population real income and also considerable inflation during many years, and a 
number of other negative pro.: ·:~ses in economics, Russia could achieve one of 
the most important object of thi s reorgani zati on: the creation of a new class - the 
class of owners. At present, in Russ ia, a gre.at part of the industrial enterpri ses 
are in private property; hundreds of thousands of new joint - stock compani es 
have been formed, and millions of citi zens became the owners of these 
enterpri ses . 

At present Russian cartographic production also is in a difficult state. The 
problems related to general situation in economics and a number of some 
specific problems are characteristic of thi s period. The most considerable of them 
was state monopoly of map production that continued up to date. It weak ly 
stimu lated the introduction of new economi c relations, marketing investi gations, 
modern technologies. As a result it had some negati ve consequences for map 
quality. 

The foundation of private cartographic enterprises is the most important 
result of these changes. It is ne,:essary to note that such enterprises took place in 
Russia 's history in former times. As far as in 1705, in Moscow, Peter I founded 
Civil printing - office for printing the " books, maps, and any leafs" . A. Ph . 
Kiprianov, the well - known engraver and cartographer, was at the head of thi s 
printing - house. Subsequently a number of ofter private publishin g offices have 
also publi shed maps and atlases whi ch were a great success. So, A. Ph . Marx 's 
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Publishing Office has published " World atlas" edited by Yu . M. Shokalsky. For 
long this atlas was the best atlas in Russia. However, only A. Il'in 's cartographic 
enterprise founded in Saint-Petersburg in 1859 was the first and only private 
specialized enterprise. It existed up to 19 17 . 

The private enterprises on the production of cartographic materials once 
again became to be found ed since 1989, firstly, as co-operatives and then as 
joint-stock companies. To-day more than 20 such private enterprises out of 30 
registered enterprises of different property forms ( which besides other activity 
also produce cartographic materials) are located only in the north-west region of 
Russia. However, for the present, Saint-Petersburg Publishing Company "Karta" 
founded in 1989, is an only private specialized cartographic enterprise in new 
Russia. 

New cartographic organizations are founded, first of all , in the large cities 
of Russia which have necessary personnel, polygraphic resources, and also 
considerable potential commodity market. To-day the majority of such private 
firms has been registrated in Moscow and Saint-Petersburg. 

At present these private cartographic enterprises represent not great 
collective ( 10-50 persons) consisting of professional cartographers, as a rule, 
having a work experience at State enterprises . Geographers, historians, and other 
specialists are engaged for the development of some subject materials. The 
profess ional skill of the personnel provides a reliable basis for creating new 
production. 

The technologyware of these new enterprises corresponds to modern 
demands. So for the first time in Russia, Publi shing Company "Karta" has 
prepared to publication and printed the reference map " Saint-Petersburg '97 " 
(84x 120 cm) with using computer technology at all the stages of compiling and 
preparation for publication . 

The compiling of maps and schemes for various strata of society, first of all 
on the territory of the towns and suburbs ( maps for drivers, schemes of 
passenger transport, maps for tourism and sport orienteering ) is a basic direction 
of activity of these new enterprises . The subj ects of these maps are explained by 
the aspiration to satisfY the requirements of buyers and to provide the receiving 
of high profit. The activity of th.' new enterprises is quite successful. So, in 1997, 
in Saint-Petersburg, 32% of all the maps for various strata of society were 
prepared by the private firms. The new enterprises make every effort to extend 
the subj ect variety of the town maps. So Publishing Company "Karla" develops 
some new themes: " town and people", "architectural heritage"(maps "Saint
Petersburg courts","Walk on Moscow", "Architectural memorials of Nizhny 
Novgorod", calendar-panorama "Saint-Petersburg"), and others. 

The peculiarity of production of these private fi rms is not only original 
subjects but also more high level of design and polygraphic performance. The 
complexity of the maps and outward appearance of the production are very 
various: from the simplest schemes printed in two colours in a traditional "paper" 
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variant to map electronic versions on a laser disk (Publishing Company "Top 
Map"). The marketing investigation results of market of polygraphic services 
and production sale, carrying out by the private enterprises, testi fy about 
possibility to developing new foreign territories. State boundaries become 
"transparent" for production and sale of these products. So, Russia Publishing 
Company "Karta" has prepared to publication Atlas "Estonia roads" (scale 1:200 
000), the first Atlas in the independent republic Estonia and printed it in Finland . 
Publishing Company "New time"(Saint-Petersburg) in close co-operation with 
Publishing Company "Karttakeskus"(Helsinki) have published the map of Saint
Petersburg for Finland inhabitants. Often the printing of the production of the 
new private enterprises is realised at the printing-offi ces in Latvia and Finland; 
and a sa le - at the shops of Estonia, Latvia, Finland and Sweden .. 

The conditions for cartographic business development in Russia cont inue to 
be complex. The difficulties with the licensing of cartographic activity, 
limitations concerning publication and use of information some kinds restrain the 
initiative of the private employers and raise the price of the maps. In particular, 
because of inaccessibili tyof town large-scale plans the new firm s are obliged to 
carry out all works on their compiling on the basis of the space photographs 
interpeted in fi eld. 

Many financial diffi culties of these new firm s are explained by the 
unsufficient support of "small business" by our state, impossibility of receiving 
the credits, excessive taxes, and also still low purchasing capacity of population. 

At the same time Russia people 's hi gh standard of education and map 
potential consumption, and also a low level of market saturation by necessary 
production, and weak competition of state and foreign firms in this sphere are the 
favourable circumstances for private cartographic business development. 

We suppose that the di fficulties which these new private cartographic 
enterpri ses feel at a present stage are di fficulties of formation and growth . And if 
a reorgani sation in a sphere of cartographic production of Russia continues these 
difficulties will be overcome. 
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In this paper a brief analysis is made of measurements in digital maps conceming 
quality atlalysis procedures. Patticulat· attention is given to map en·or and associated 
conceptual problems, coveri.ng positional accuracy together with completeness and 
classification en-ors. 

1. Introduction 

The development of quality tests for map accepta.t1ce atld map matlagement is a 
subject of growing interest. As the availability and use of digital maps increases, so 
does the need for their con-ect ma.t1agement from the teclmical or economic points of 
view. 

Concepts related to quality are often refelTed to in technical literature, but 
practical implementation is prejudiced by weakly defined theoretical concepts a.t1d 
intrinsic limitations of the cattographic model. 

Difficulti.es appeat· when en-or quantification is intended for decision SUppOit (or 
for metadata descriptions). These decisions, involving the acceptatlCe or rejection of a 
map or a methodology, should be consistently based. 

Caltographic elTor can be classified as intemal or extemal (Saporiti , 1994), 
analysed tluough two distinct groups of procedures. 

lntemal en·or a.t1alysis consists of the verification of geometric propelties 
restricted to factors described within the cattographic model. For exatnple, height 
sequence in contour representations, overlap of incompatible entities, connectedness in 
network structures and polygon closing could all be tested . 

Extemal en-or a.t1alysis should quantify the conespondence between the map and 
reality. The a.t1alysis can be applied to samples of single points, for insta.t1ce by using 
GPS to co-ordinate a set of test points in the field. Such atlalysis of points may use 
distance measurements atld co-ordinate differences between field points and their 
conesponding map points . The altemative or complementalY procedure relies on the 
comparison between an accurate reference map (test map) atld the map under analysis 
(object map), which is more complex atld has not been fully investigated. 
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The comparison of test maps and object maps requires the availability of 
call0metric functions in order to quantify four types of enors related to posilion, 
classijicalion, omission, and delail. 

Geographical enor can be considered under an object or a graphical element 
approach. Both approaches may offer good results, but the object approach raises 
several difficulties when dealing with prutial or combined elTors. The use of simple 
graphi cal elements, without attributes or object structure, is intended to apply to 
whatever standaI'd or data structure is chosen by the user. This is also a less ambiguous 
approach conceming en'or quantification, even if sometimes an object framework is 
needed to improve analysis reliabili ty. 

Positional elTors aI'e quantified by measuring distances between con-esponding 
elements, points or lines. They can be described using elTor sUlfaces and statistical 
parameters. 

Classification elTors occur when elements common to both maps are identifi ed as 
belonging to entities of a different nature. They can be quantified by the number and 
dimensions of these elements, possibly weighted by some ranking criteria. 

Omission elTors occur when elements existing on the test map aI'e not represented 
on the object map and vice-versa (which some authors designate as commission 
elTors). This type of elTor can also be quantified in the same way as classification 
errors. 

Detail errors are measurements of differences in the way conesponding objects 
are represented. They can be quantified using the number of vel1ices (non collinear) , 
lengths, areas, sinuosity, or related characteristics. 

As shown below, these aI'e not fully independent elTors, they often occur 
simultaneously and separation into different components CarulOt be pelfOlmed. 

2, Co mponents for errOl' measurements 

2. I lntemal Analysis 

lntemal analysis can be perfOlmed using a set of rules. These rules CaIl be 
expressed under four types of conditions: 

I - graphical and topological propel1ies; 

2 - domain of attributes; 

3 - topological relationships ; 

4 - contextual aIlalysis. 

These cond itions could be expressed in a general language in order to enable the 
creation of customjsed sets of rules. 

The conditions for graphjcal properties detect situations where colour, type of 
symbol , layer, etc. don ' t match the rules for graphical representation. These kind of 
rules on ly apply to CAD based maps or plot layouts, having small or no interest in a 
pure GIS environment. Testing for topological propel1ies includes the test for polygon 
closing and cOlmectedness in a network. 
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The second type of condition applies whenever a domain of possible values is 
defmed for each class of objects. These JUles are typically applied in a DBMS 
envirorunent. 

Objects may occur with impossible or mandatOlY topological relationships 
between them. For example, some intersections may not occur or some class of points 
should always be contained within polygons of a defmed class. 

Contextual analysis is defmed by spatial relationships not included in previous 
types of conditions. A typical example is height testing in contour representation. 

2.2 Extemal Analysis 

Crutometric functions for extemal analysis can be divided into two main groups: 
global analysis and cOITespondence analysis. 

Figure I - 4-Set Classification 

Global analysis functions are 
applicable to the whole map 
providing results unrelated to 
individual objects. Examples of these 
are counters (of veltices, entities, 
length of lines and ru'eas, using 
rectangulru' boxes or buffers) and 
detection functions. Conespondence 
analysis applies to matching 
elements identified in both maps. 

To pelfOlm a cOlTespondence 
rulalysis it is necessalY to establish a 
paired cOlTespondence between 
elements from the test and object 

map . Designating the object map as A and test map as B, elements from both maps can 
be divided into four sets, with the following membership criteria (Figure I): 

Set I - elements of A not existing on B; Set 2 - elements of B not existing on A; 
Set 3 - elements of B existing on both A and B; Set 4 - elements of A existing on 

both A and B. 
This division is in itself a basis 

for quantification of omission enors, 
conceming entire entities or their 
component graphical elements. 
Measurements of positional ruld 
detail enol'S can only take place 
between elements classified in sets 3 2 
and 4. Generic functions for 
counting veltices, lengths and 
sinuosity can then be applied to the 
variolls representations of an object. 

Figure 2 

t~ __ / 

t t 
Also selective updating procedures can be based on thi s 4-Set classification . In 

selective updating, from B over A, only graphical elements from set 2 will be entirely 
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added and their topological connections should be rebuilt using elements of set 4 
instead of elements from set 3. 

Thi s 4-Set concept asswnes the possibility of establi shing cOlTespondences 
between graphical components based only on graphical evidence. This task is 
generally impossible to accomplish in an exact manner, as is illustrated in figure 2, 
where two parallel lines are compared. In the first situation the difference between 
them is completely absorbed in positional eITol'. In the second situation, paI1 of the 
elTor is explained as omission eITol'. 

It CaIl be considered that positional en or is generally indistinguishable from 
detail en or and omission elTOl'. However, map interpretation should be possible by 
establishing criteria to choose what type of enor each situation falls in. These criteria 
would not produce exact results but they should be as conect as all expert 's analysis. 

3. Omission error 

When object aIld test maps aI'e of similar generalisati on levels and accmacy, 
positional en or can be majored aIld situati ons beyond that tolerance considered as 
omi ssion en ors. In situations of comparison between maps of different generalisation 
levels, aI1ificiai intelligence techniques (Matos,1997) are applicable to recognise 
similar elements based on graphical propelties. 

Omission enors can be detected even without a test map, by direct compaI'ison 
with reali ty or aerial photos, but somewhere in the process someone must decide what 
is mappable. Quantification of omission en ol's is also a highly sensitive subject. It 
calmot be done by merely counting the enors, othelwise a missing airp0l1 would count 
as much as a missing cottage. An altemative is to consider measuring missing aI'eas or 
line lengths, possibly weighted according to a predefmed rank. PaI1iai omissions, i.e. 
when an object exists on both maps but with different size aIld shape, can be 
considered as detail en ol's. 

4. Positional errol' 
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Figure 3 - Positional errors measured with human 
in ll!rprctalioll ( I) and to nearest point (2). 

/ 
I 

Positional en ol' measurements are 
necessaI'ily based on co-ordinate 
diffe rences and cOITespondent distances. 
The way to obtain these qUaIltities is 
obvious when applied to single points, but 
less clear when applied to lines or 
polygons. 

Positional differences between lines 
CaIl be measured in several ways, namely 
by the mean distance between lines 
(calculated for vel1ices or random points 
along the polyline) and HausdOlff di stance 
(Hangouet, 1995). Mean di stances offer 
diffe rent results depending on the set of 
points chosen on both lines. The HalisdOlff 



distance is unique but just shows the maximum difference, not the most characteristic 
one, and it is velY sensitive to differences in the extremities. 

/~ 

2 t-

One difference which has a useful 
meaning can be obtained dividing the map 
into zones and for each zone measuring the 
maximum difference between lines, 
considering all the pairs existing in the 
zone. The result would be something like 
the mean maximum difference. 

Another possibility is based on the use 
of closed areas between lines, divided by 

Figure 4 - Case where the obj ect defUlition should avoid 
error measurement to the nea rest point measurement (2) 

instead or between correspondent points ( I). 

the length of a third line whose points 
bisect the sh0l1est segments between the 
lines in comparison. Tills last method is 

similar to a mean distance. 

At last, compatibility between lines can be measmed by the lengths of segments 
of a first line that fa ll within a buffer built around a second line. Thi s buffer radius 
cOITesponds to a predefmed tolerance. TillS process can be applied to the whole map, 
after removing omission enors. 

Measming distances between lines also requires a 
simplification in order obtain a solution for a generally 
unsolvable problem (flgme 3). The sh0l1est length 
between one point from one line and the nearest point in 
the other line, vel1ices or not, does not necessari ly 
define a difference between representations of the same 
pal1 of reali ty. In some cases an object approach is 
necessaIY (figure 4). 

One imp0l1ant aspect is that positional elTors have 
different imp0l1ances, according to the way they occm. 
EITors coming from traIlslation, scale and rotation are 
easy to con ect and they behave like effec ts of a single 
eITor (fi gure 5). For instance, a map with a translation of 

100111 

Figure 5 - Region aOected hy a 

10 m affecting all its points must be considered 
diffe rently of a map with a random eITor of 10 m. Thus, 
positional eITors must also be measured fo ll owing 
geometr ic cOlTection, in order to obtain the most pelfec t 
matching between maps, leaving only random en ors for analysis. 

translation error. 

5, Closing ,'ema l'ks 

The tests mentioned above give different results when applied in different order. 
COlUlting the same en'or more than once should be avoided. Jntemal analysis should be 
pelfo lmed first. Extemal analysis should begin by removing class ification eITors and 
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then omission/commission enors. Positional enor measurements only apply to objects 
with no enors detected in previous tests. 

Detail enor is a type of omission/commission enor of small amplitude and 
should not have a significant effect on positional enor measurements. Detail en'or tests 
behave like detectors of different generalisation levels. When generalisation levels are 
significantly different, positional enor measurements don ' t apply. 

Figure 6 - Sample of comparison belween maps digitized using three diITerent methods. 

The presented approach to enor measurement has revealed an effective 
usefulness in tested cases (Figure 6) and provided a basic framework for decision 
SUppOit. Moreover, the detennination of cOiTesponding elements (4-Set classification) 
appears as an unavoidable requirement in the use of caltography from different 
sources. 

The above mentioned procedures are being implemented as a software product 
call ed DECalt, developed in c++ within tile AutoCAD graphical environment. 
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The cognitive starting abilities needed for learning mapping skills of the 
physical map were identified in order to evaluate Grade 3 to 6 Israeli 
Elementary School students. 
A previous study created a sequential model that defines seven starting 
abilities necessary for a meaningful learning of mapping skills: conserving 
the sizes of the objects and the distances between them, conserving spatial 
order, changing the viewpoint, measuring, symbolizing, using reference 
systems, employing proportional thinking. 
However, four additional starting abilities are needed for the pupil is to be 
trained to see a physical map as a 2-D vertical of the 3-D landscape and to 
encode and decode topographic heights represented by contour lines and 
colored strata. 
These additional abilities as follows: 
(a) to adopt a decentric vertical viewpoint (instead of an egocenrtric 

frontal viewpoint. 
(b) to conserve the height of an object and to visualize it in a vertically 

drawn map. 
(c) To identify the 3-D reference system for locating the points in the 3-D 

landscape. 
(d) to symbolize the topographic height as measured in this reference 

system in a physical map. 
These four abilities were described as the variables of the model Fig. 1. 
The first and leading variable is the changing spatial viewpoint of the subject 
from a frontal to a vertical stage. 
This changing viewpoint is followed by a change of the view of the 
landscape ' s projection as observed by the subject (the second variable). 
These changes are accompanied by changes in the subject's ability to 
identify gradually the conserved dimension of the 3-D landscape. 
Together with the change of projections, the child develops an ability to 
organize the locations of the features according to a developing reference 
system (the third variable). 
Parallel to the development of this reference system, the ability to encode 
and decode enhanced (the fourth variable). 
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Fig.1 A model of sequential development 
of the starting abilitie s, 
required to encode and decode the 
3-D landscape into and f rom a 
physical map . 

Decodes the 3-D form of the 
landscape from a 2-D physical 
~p 

Measures and symbolizes 
topographic height into and 

. !from a phys ical map I. 

Identifies conserved length and 
width, recognizes that the 
conserved topographic height is 
seen as zero 

Implements a decent ric vertical 
viewpoint 

Repr esents identified stratum 
of height on the map symbolized 
by colors, a s colored area 
limited by contour lines 

Identifies the conserved length 
height and width 

Implements a n egocentric 
oblique viewpoint 

-

Represents identified contour 
line on the face of the 
landscape as a set o f equal l y 
leve l ed po ints 

Represents identified space 
between two nearby horizontal 
planes as a st r atum of height 

Represents identified contour 
as a cutting line be t ween the 
horizontal pl ane and the 
surface of the landscape 

I !Represents identified 
. - horizontal plane as a datum 

plane 

Represents identified the 
surface of calm water as a 
horizontal plane 

Represents identified su rfaces 
of the table and the floor as 
planes 

Represents identified trees and 

Measures and symbolizes the 
•• ~ I topographic height of a spatial 

point by its location in a 
colored area on a physical map 

Measures and symbolizes the 
topographic height of a spatial 
point using the contours lines 
on a topogr aphic map 

Measures and symbol ize a 
stratum o f height on 3-D model 

HMe asures and symbolize the 
vertical interval between two 
nearby horizontal planes 

Measures and symbolizes contour 
lines as a set of points on a 
3-D mode l which are equally 
leveled above a "datum plane " 

Measures and symbolizes 
_H. _ I distances between obj ects 

located on a horizontal p l ane 

Measures and symbolizes equally 
height points combined as a 
::,:,,;,.: o·ur line 

Identifie s the conserved length 
and height only 

Implements a n egocentric 
horizontal viewpoint 

telephone -bars as some __ Measures and symbolizes po int 

Identfying conserved dimentions 
of the landscape' features 

Changing viewpoint in course 
of observing the l andscape 

"vertical lines" of height on the vert ical axis 

Representing identified 
f eatures according to changing 
Reference System 

Measuring and symbolizing 
topographic height according 
changing Reference System 
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CARTA MARINA 1539. 
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"Olaus Magnus Gothus greets the honourable reader. To be able to understand 
easily this map of the Scandinavian countries and the wonders that exist there . 

That is how Olaus Magnus introduces his description of (and on) the famous map 
of the Scandinavian countries in 1539. Olaus Magnus ' brother Johannes had been 
appointed Catholic archbishop of Sweden, but because of the Protestant reforma
tion the two brothers were in exile since the mid I 52Qies. They spent some years 
in Venice, at that time the Mecca of the art of printing. It was in Venice Olaus 
Magnus printed the map he had been working on for twelve years. The beginning 
of its long title was "('arla marilla et descriptio septemtrionalium terrarum ..... In 
English translation: "Marine map and description of the northern countries and their 
wonders, carefully executed anno 1539". Olaus Magnus also called it Carla Golhica, 
which is annotated on the preserved copies, perhaps by the author himself To-day 
we usually call it Carla marina. 

For its time Carta marina was surprisingly modern. It is the earliest map to present 
a fairly accurate picture of Sweden and its neighbouring countries. And it had a great 
influence on the map-making of the 16th - 17th centuries. Its contents were spread 
through printed copies on reduced scale. In spite of its name, Carla marilla is a topo
graphical map. It owes its special character to the many ethnographical pictures. 
Olaus Magnus comments, with both facts and fantasy, all the wonders of the little 
known and exotic northern countries. There are three versions of the description : in 
Latin (on the map), Italian and German (printed separately) . 
Carta marina can be regarded as an anticipation ofOlaus Magnus ' major work 
Hisloria de genlihlls seplemlriollalihlls (History of the northern peoples), printed in 
Rome in 1555. This is the first decription on a large scale of the countries and peoples 
of the North. Its connection with Carta marina is obvious - it can be said that this 
history constitutes a richly detailed commentary on the map. 

The map consists of 3 x 3 parts, cut in wood and printed separately to be put together 
as a large map of 170 x 125 cm. It was probably printed in a small edition, which 
explains its rarity . For centuries it disappeared without trace. 
In 1886 a copy was found at the Hof- und Staatsbibliothek in Munich. Seventy-five 
years were to pass before another copy was found , the one which Uppsala University 
Library secured from Switzerland. These two surviving copies are both uncoloured . 
They are priceless documents for the study of historical cartography and cultural 



history in the North. 

In 1997 for the first time a facsimile-print on the scale I : I is now made from the copy 
in Uppsala. The map had been reproduced previously (1975, 1986) only on a reduced 
scale. In order to achieve the greatest possible agreement with the original, the nine 
sheets of the map are reproduced in a facsimile edition with the aid of silk-screen 
printing. The artist Adriaan Honcoop ofUppsala is responsible for the graphic work. 
The facsimile has been printed in a numbered edition of75 copies. To the nine 
sheets, printed separately, is added an English (or Swedish) translation of the descrip
tion, preserved together in a specially designed cover. 

For further illformatioll 011 tlte facsimile: 
Tel . ./6 18183957, fax ./618183913 
or e-mail: MargaretaLilldgrell@JIb.uu.se 
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BETWEEN GEODETIC REFERENCE FRAMES 

B-G Reit 
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SE-80 I 82 Gavle, Sweden 

Fax +46 26 610676 
E-mail bo-gunnar.reit@lm.se 

Abstract 

A simple method is developed whic'h makes it possible to introduce a rigorously 
defined global reference frame without being forced to abandon the plane grid system 
in use. The method utilizes the Transverse Mercator projection and can replace the 7-
parameter transformation in most everyday work within surveying and mapping. . 

Introduction 

The never-ceasing progress in computer technology has made the use of digital maps 
widespread. The advent ofGPS has undoubtedly meant a revolution to geodesy. Many 
countries are changing to a global reference frame as a national standard. This often 
leads to lengthy computations involving several consecutive transformation steps. Not 
all GIS systems have algorithms implemented for transformation between geodetic 
datums. A typical sequence of transformations might look like 

(q>, ')..) • .,.., B (X, Y, Z).1OOa1 B (X, Y, Z), .. _ , B (q>, ')..)'~'''~I B (x,Y)~,_, B (X, Y),~, (I) 

Fortunately there is a simple way of shortening the above sequence. The following 
sections describe a method which can be applied in a number of situations. 

The Method 

The method is based on the following assumption: 

Given a geodetic datum A and a plane rectangular system of another datum B, it is 
possible to find a set of projection parameters (us ing the same projection as used for 
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the given plane coordinates of datum B) to define a plane system of datum A, which 
approximates the plane system of datum B. 

The idea is that possible deficiancies in scale and orientation of the plane system B can 
be modelled by a suitable choice of projection parameters. Commonly used projections 
with non-zero convergence of meridians like the Transverse Mercator (Gauss-Kriiger) 
and the Lambert Conformal Conic (Conical Orthomorphic) rotate the plane system 
when the central meridian is changed. However, a badly oriented Mercator system 
cannot be well modelled as the convergence of meridians of this projection equals 
zero. Also for areas situated on both sides of the equator the method will not be able to 
model a rotation as the convergence of meridians changes sign at .the equator in most 
projections. 

Apart from some unrealistic cases, the plane system A will never be coincident with 
the plane system B in a strict mathematical sense. The discrepancy between the 
systems is caused by difference in curvature of the ellipsoids and by tilting and 
displacement of the ellipsoids relative each other. However, the effects of these 
differences will in most cases be quite moderate. 

If the differences between the plane systems are acceptable, (I) can be reduced to 
one simple transformation step 

(<P ,A.)global B (x'Y)local (2) 

For the Transverse Mercator (Gauss-KrUger) projection an algorithm has been 
developed, which can be used for computation of the parameters of the projection. In 
short the procedure is as follows . The prerequisites are: A set of control points with 
known coordinates (q>,A) A and (x,y) B and the equatorial radius and the flattening of the 
ellipsoid of datum A. Notice that the ellipsoid of the plane system is not needed in the 
computations. The northing and easting are functions of latitude and longitude but also 
of the the projection parameters: 

(3a) 

(3b) 

where ko is the scale factor along the central meridian Ao and No and Eo are the false 
northing and easting respectively. 

Equations (3a) and (3b) are linearised by Taylor expansion around approximate values 
of the sought parameters . Each control point will give rise to two linear equations of a 
linear equation system. The system is solved by the method of least squares to estimate 
corrections to the approximate values. The whole procedure is iterated if necessary. 
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Accuracy 

The method has been tested in a number of examples. The plane coordinates in all 
examples below are obtained by using the Transverse Mercator projection. 

Example J 

Sweden, transformation between the national map grid (x'Y)RT 90 2.5 go" v and global 
geodetic coordinates (~,A)SWEREF 93' [1, 2] . Area under consideration: 56°«p<68° and 
12°<A<23° (covering most of Sweden). Number of control points: 20. 

Control points in this case have been the stations of the permanent Swedish GPS 
network. The maximum radial (2D) difference, in any of the control points, between 
the grid coordinates of the global reference frame and the original coordinates of the 
national grid amounts to 0.126 m. The r.m.s. of the differences is 0.066 m (2D). 

The parameters have been checked in 70 other stations of the triangulation network 
giving a maximum difference of 0.243 m and r.m.s. 0.081 m. 

All differences in this example include the errors in the first order triangulation and 
the GPS positional errors. 

Example 2 

Sweden, transformation between the local grid (x,y) of the city of Boras and global 
geodetic coordinates (~,A)SWEREF 93 ' Area under consideration: 50 by 61 km. Number 
of control points: 17. 

Maximum difference (2D) III any control point 0.008 m, r.m.s. 0.004 m. No 
measuring errors included. 

Example 3 

Finland, transformation between the national grid (x,Y)KKJ and global geodetic 
coordinates (~,AhuREF89 ' Area under consideration: 600<~<70° and 19.5°<A<31.5° 
(covering to the most part of Finland). Number of control points: 144. 

Coordinates of the control points used for computation of the projection parameters 
are obtained through transformation of a uniform grid of points from the global system 
to the plane system KKJ according to sequence (1); cf. Matti Ollikainen [3]. 

Maximum difference (2D) in any control point 0.089 m., r.m.s. 0.027 m. No 
measuring errors included. 
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Example 4 

Australia, transfonnation between the national grid (x,Y)AMG84 UTM 50 and global 
geodetic coordinates (<p,A)GDA- Area under consideration: -35°<<p<-20° and 114°<A< 
120° (covering the part of Australia within UTM zone 50). Number of control points: 
112. 

Coordinates of the control points used for computation of the projection parameters 
are obtained by transformation of a unifonn grid of points from the global system to 
the plane system according to sequence (I). The transfonnation has been described in 
detail by W. Featherstone [4] . 

Maximum difference (2D) In any control point 1.048 m, r.m.s. 0.499 m. No 
measuring errors included. 

Discussion 

Obviously the method makes the 7-parameter transfonnation superfluous in most 
cartographic applications. For instance UTM coordinates of local datums can easily be 
transfonned to UTM coordinates of a global reference frame. 

What is more important, the method offers a simple and smooth way of replacing 
local datums by a global reference frame. For historical reasons, many national datums 
have a rather fuzzy definition. These countries might benefit from switching to a 
modern global reference frame. 

For example, in Sweden the national datum is based on the Bessel 1841 ellipsoid. No 
specific datum point exists and the definition of the national geoid may be questioned. 
In addition, more than one hundred cities and municipalities in Sweden use their own 
systems. Most of these systems exist only as plane grid systems, lacking a rigorous tie 
to a geodetic reference frame. 

Introducing a new geodetic reference frame automatically give rise to the question: 
What plane grid should be used for surveying and mapping? Replacing the grid system 
often leads to new map sheet divisions, updating of the positional infonnation in all 
databases a.s.o., operations that are very costly and time consuming. For example, the 
total investments in large scale maps and geographic and cartographic databases in 
Sweden amount to billions of pounds . 

The following scenario illustrates how the proposed method could be utilized. 

Like most countries in western Europe, Sweden has made a densification of the 
European reference frame EUREF 89. Coordinates have been computed for the 21 
stations of the pennanent GPS network. These coordinates constitute the Swedish 
densification under the name SWEREF 93. 
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By the suggested method, Transverse Mercator projection parameters can be defined, 
which map the geodetic coordinates of SWEREF 93 of the GRS 80 ellipsoid to plane 
grid coordinates being very close to the plane system RT 90 2.5 gon V, based on the 
Bessel ellipsoid now in use. The maximum difference is estimated at 0 .25 m. Being 
coincident with RT 90 2.5 gon V on the 0.25 meter level, the new system can be used 
for the national map series, without causing any additional costs neither to the map 
users nor to the map producers. 

For cities and municipalities like Bonis, further densifications of SWEREF 93 should 
be made, using state of the art GPS technique. In a similar way as for the national grid, 
a new accurate local plane system can be introduced. From example 2, one can deduce 
that any deviations between the new system and the old plane system is most probably 
caused by bad geometry inherent in the old system. As stated before, all existing 
databases, digital maps a.s.o. can be retained. 

Summing up 

The method makes it possible to introduce a well defined global datum without any 
costly revisions of the plane system used for presentation and everyday work in 
surveying and mapping. Not being forced to use the 7-parameter transformation, will 
relieve cartographers and users of GPS , GIS a.s.o. of the necessity of taking an 
advanced course in geodesy. . 
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TOPOGRAPHIC MAP CONTENTS AGEING 

Abstract 
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Disadventages of the existing topographic map up-dating used within the 

Czech Armed Forces. The proposed method provides for objective 

determination of ageing of single 1689 sheets of topographic maps of 1 :25 000 

scale by assessment of topographic map graphical filling by means of reference 

graphical etalons and by means of calculated correlation between the graphical 

filling and number of changes (maps ageing) . Established from the last 3 up

datings of 96 representative topographic maps of 1:25 000 scale was the 

number of changed content elements of map and a correlation was calculated . 

Similarly, on the basis of topographic map of 1 :25 000 ageing also 1 :50 000, 

I: 100 000, 1 :200 000 topographic map ageing was specified. 

Introduction 

The map content ageing is a very important fac tor which influences the quality 

of topographic maps. 

The previous up-dating of topographic maps within the framework of the 

Czech Armed Forces was implemented in line with the former mili tary doctrine 

i.e. from the West to the East, irrespective of the actual level of topographic 

map ageing. This method resulted in increase of costs because up-dated were 

also those topographic maps whose contents was changed only a little, e.g. 

maps of non urban conglomerations, maps of mountain areas, etc. which did not 

age so rapidly compared with the average filled maps. 

The proposed method assumes that ageing of topographic maps depends upon 

the graphical filling of a map, i.e. especially upon the map elements which 
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change the most frequently. It applies especialy to the map socioeconomic 

elements such as res idential locations, roads, industrial and topographic objects, 

e tc. 

The map ageing changes continually and it depends upon the territory character 

and upon the degree of cartographic generalisation. When specifying the limit 

time of topographic map ageing it is necessary to know time when a map 

contents agrees with the territory situation. 

The limit time of topographic map ageing (TM) can be understood as the time 

when a map is not able to serve to the users' purposes fo r which it was 

developed. 

The limit time of topographic map ageing depends upon the quantity of 

changes in the map content and upon the users' demands. 

The system of determination of limit time of topographic map 
ageing 

The limit time of ageing of a single map depends upon the importance and 

contents of the map in formation. 

The importance of map information can be determined by statistic methods at 

the map users. 

The contents of maps can be measured when we know the degree of 

measurabili ty of point, line and polygon fea tures of the maps. 

To determine ageing of the point features we use quantity of the point changes, 

as a criterion with the line features we take as a criterion of ageing the 

measurable element of the length. With the polygon features we employ as a 

criterion the element of the area . 

At present , it is possible to solve these problems by using the statistic methods 

based on the fac t, that ageing of topographic maps depends upon the graphical 

filling, it means in most cases upon the density of the urban areas in a concrete 

map contents. 

The main principle of determini ng the limit time of ageing of single 

topographic maps consisted in the following procedure: 

• de termining the graphical filling of single topographic maps 1:25 000: 



• selection and process ing of the comparative graded graphical etalons which 

represent typical Czech landscape, 

• measurement of the graphical filling of the etalons (in % of filling), 

• measurement of the graphical fi lling of single topographic maps by 

comparing the map with a etalon, 

• determination (calculation) of the graphical filling of the single maps (in %). 

• determination of the limit time of single topographic maps 1:25 000 ageing: 

• determination of the quantity changes in the representative selection set of 

the topographic maps 1:25 000 (as the average of changes fro m the 2nd, 3rd 

and 4th map up-dating), 

• determination of the relation between the graphical filling and the number of 

changes on the topographic maps 1:25 000, 

• calculation of the limit time of ageing of single topographic maps 1:25 000 . 

• determination of the limit time of ageing of single topographic maps of 1:50 

000, I : 100 000 and 1:200 000 scales . 

Methodology of determination of the graphical filling of 
topographic maps 1 :25 000 - 1 :200 000 

The graphical filling is determined by the total area of map symbols and names 

and it is expressed in mm2/cm2 (in %). 

This graphical fillin g was measured totall y at 1689 topographical maps 1:25 

000 of the fo rmer CSFR by means of 14 reference graphical etalons of 8 X 8 

cm in size on the map. The graphical filling of those etalons was measured 

properly and was expressed in percentage (from II % up to 87 % with a pace 

interval of approx. 6 %). By means of those etalons, the filling of all 1:25 000 

topographic maps in selected 5 survey fi elds evenly distributed over the 

topographic map and selected by means of etalon applied to the map sheet was 

visually assessed. By averaging of graphical filling in 5 fi e lds, the map overall 

filling by comparing the whole map and etalons was defined. The resulti ng 

filling of the map was specified by average measurement in fi elds and overall 

filling. 2 persons performed independently the above mentioned measurement 

which should have prevented a potential deviation from the given criterion - 2 

independent measurements should not differ from each other by more than 

eta Ion degree. 
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The determination of the graphical filling was then the basic presumption for 

the determination of limit time of ageing of single topographic maps 1 :25 000. 

The determination of limit time of ageing of topographic map 
1 :25 000 

Determination of the limit time of ageing of the single topographic maps of 

1:25 000 scale is based on the correlation between the graphical filling and 

topographic map ageing (the number of changes of topographic map contents 

elements). 

The concrete determination of ageing of single topographic map was based on: 

• determination of the average number of changes of the contents elements of 

the single topographic maps from the selective set of 96 sheets of 

topographic maps from all las t 3 up-datings, 

• determination of the correlation, between the number of changes and the 

graphical filling of the topographic maps, 

• determination of the relation between ageing of the topographic maps and 

the number of changes of the map contents elements (calculation of the limit 

time of single topographic map ageing). 

The determination of number of changes of the concents 
elements of the available topographic maps 1 :25 000 

To determine the limit time of ageing of single topographic maps available 

map ground materials from The Military Topographic Institute, Dobruska from 

2nd, 3rd and 4th up-dating of 96 representative map sheet of topographic maps 

were used. 

On the basis of statistic data (from Military Topographic Insti tute) on the 

number of changes of the selected elements (settlements, industrial and 

topographic objects, roads, hydrography, fores ts) the charts in which the 

changes re-calculated for the 8-year period were processed. The 8-year period 

was determined for the fo llowing calculation on the basis of the average length 

of the period of the up-dating of the topographic maps. 



Determination of the relation between the graphical filling 
and the number of changes 

This relation was determined by means of the correlation. After the plotting the 

data from the set "x" (graphical filling) and "y" (number of changes of the 

contents elements) the point diagram of the correlation field, which is 

characteristic for the linear correlation was developed. For the purpose to 

express the correlation of the following numerical values for the territory of the 

Czech Republic was determined: 

• xp (average graphical filling of the 96 representati ve sheet of the 

topographic maps 1:25 000 = 22,9 % 

• yp (average number of changes of the selected topographical elements on 

the representative 96 map sheets for the 2nd-4th up-dating) = 369,7 

The relations between the graphical filling and the number of changes on the 

topographic maps 1 :25 000 was determined by means of an equations: 

xi = 0.0 13 Y + 18.05 

Yi = 24.13 x - 18 1.95 

Calculation of the limit time of ageing of single topographic 
map 1:25 000 

For the determination of limit time of ageing all map sheet 1:25 000 we 

suppose that the value of average number of changes of the selected 

topographic features during 2nd-4th up-dating (re-calculated for the 8-year 

peri od) = 369,7 changes correspond to the average value of ageing of the 

topographic maps 1 :25 000 = 8 years and that the number of changes (and 

graphical filling) are inversely proportional to the limi t time of map ageing . 

For the final determination of ageing of topographic maps (TM) it was 

necessary to consider time of the production cycle . 

The concrete values of limit time of ageing of single sheet of the topographic 

maps 1:25 000 from the territory of the former Czechoslovakia are stated in (2). 
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Determination of the limit time of ageing of all topographic 
maps 1 :50 000, 1: 1 00 000 and 1 :200 000 

The values of graphical filling of topographic maps 1:50 000, I: 100 000 and 

1:200 000 were determined by means of arithmetic mean from the values of 

graphical filling of the single topographic maps 1:25 000. 

Then it was necessary to choose the special etalons for the forei gn countries . 

The limit time of ageing all I 386 maps 1:50 000-1 :200 000 was determined by 

comparing the proportion of graphical filling to the average filling and the 

average value of limit ageing to determined limit time of ageing. 

For the final determination of limit time of ageing of the topographic maps 

(TM) it was necessary to consider time of the production cycle, too. 

The concrete values of graphical filling and of limit time of ageing of single 

topographic maps 1 :50 000 - 1:200 000 are stated in [2]. 

Conclusion 

This introduced system for the determination of limit time of ageing of 

topographic maps is an important presumption not only for the objective 

decisions in the process of up-dating of single topographic maps but also for the 

determination of the quality of the topographic maps at the users. 

This system enables to calculate the graphical fi lling of map and by means of it 

to compare the capacity needs to the editorial and cartographic work. 

It will be possible to use the special software for the objectivity of calculation 

of limit time of ageing of topographic maps provided that topographic maps in 

ras ter or in vector formal from the last 2-3 periods of map up-dating will be 

available. 

References 

[I J Miklosfk ,F. ,-Lauermann,L.-Hofmann ,A.-Rybansky,M.: 

Ideovy projekl automalizovaneho systemu prubl· neho hodnocenf jakosti 

lopografi ckych map 

(Vyzk umn a zprava) VA Bmo, 1990,5 1 s. 



[2] RybanskY,M.: Regionali zace zajmovcho uzemf z hledi ska oeekavanc 

rychlosti zastaranf obsahll topografickych map (Vyzkllmmi zprava) V A Brno, 

1994,67 s. 

2245 



TEAM EARTH: 
Goode's Homolosine Projection Transformed 

Carmela Venti 
78 Great Neck Road 

Waterford, Connecticut 06385 USA 

The arena of maps continues to expand although the landmass remains relatively 
constant. Computers are opening new routes via the information highway, creating 
virtual landscapes and new map projections. Map data has become more accessible 
and as a result maps are being transformed by both cartographers and other 
professionals. 

Mapping concepts are being applied to genetics, planting, weather and many other 
organizational systems as well as art. Artists have been manipulating maps to address 
socio/political issues . 

This poster paper shows a transformed equal-area map as an anthropomorphic map. 
Three faces are configured in each lobe of this "interrupted" homolosine projection. 
The work is entitled "Team Earth, A Projection for Peace" by artist Carmela Venti. 

Cartographers have had to bare the same burden as the Greek mythical figure 
"Atlas," to devise methods of showing the Earth's sphere on a flat surface. As we all 
know only the globe can provide geographical relationships in true perspective but it 
presents scale limitations. 

Scale variations are shown more accurately in flat maps but no flat map can show the 
whole globe without distortion. Map projections often compromise correct shape and 
size of a large area as well as distorting grids of parallel and meridians. 

Goode's equal-area or homolographic projection emphasizes standard area scale 
rather than correct shape. The particular homolosine referenced is classified as an 
"interrupted" design projection.This projection may seem "unnatural" or awkward" 
but the logic can be appreciated because providing continuity or unity is also a map 
property. 

What is important is to utilize the projection that best shows what it is 
that you want to see and say. 

Artistic license is used to focus various map information. Time and space is 
compressed, ordered, systemati zed and designed in maps. It is this aspect of 
abstraction in maps that make the nebulous concepts of time and space more 
tangi ble. 

Maps are literally fiction. Taking this into consideration it is not surprising that 
cartographers, in many historical and contemporary examples of maps, have even 
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transfonned geographic areas into shapes resembling human fonn. 

Such anthropomorphic transfonnations date from the 1500's as in "Europa Regina." 
Other maps of Europe depict each country in caricature describing the political 
attitudes of the time, e.g. "War Map of Europe." Examples are classified under "Map 
Oddities" at Chicago's Newberry Library and were displayed at the British Library 
as a "Cartographical Curiosities" exhibition in 1978. 

Human and animal forms have been used to identify geographic regions and 
constellations on maps throughout history. Rock fonnations of mountain ranges are 
named and labeled for the old men or the sleeping giants they may resemble, etc. Italy 
is commonly recognized as a boot. And Michigan in the US is often referenced as the 
hand state. These are just a few examples. 

There is overlap in general terms between anatomical diagraming and geographic 
mapping systems. Numerous metaphors exist between man an the land. The highway 
is configured with arteries like those in the human body. A mouth is not only part of a 
river. The ocean has a tongue! The peninsula of Cape Cod, MA appears like the 
flexed muscle of an arm. And like humans most every city has a heart. 

Residing on Great Neck Road the artist continues her pursuit of Map/portraits and 
"Places as Faces". The strategy and logic of these designs can range from political to 
person/place relationships. These anthropomorphic maps engage the viewer in a 
double discourse. The gestalt imagery is arresting and initiates the question of intent. 

Does the Map "Team Earth, A Projection for Peace" using Goode's "interrupted" 
homolosine projection suggest standard areas, propose unity through alliance or 
imply team association? Is resolution of difference through game and not war 
conveyed? Can changes in latitude change attitudes? 

It is the process of questioning and the mental map metaphor that this work 
addresses. This projection creates a powerful positive suggestion with an existing 
symbol. It also introduces a cross disciplinary investigation that can be a valuable 
teaching tool. 

Venti has been working with maps over the last ten years. This is a recent work from 
her anthropomorphic Map/portraits. Among other works by the artist are "Mask 
American" and "Mr. Freeway" which were included in paper given by Jean 
Robertson and Craig McDaniel at the International History of Cartography, Chicago 
Conference. 

Her work has been included in Map Art Exhibitions at the Cultural Center in 
Chicago, Illinois, the Louisville Art Association, Kentucky, the Turman Gallery, 
Indiana, and the DeCordova Museum in Massachusetts. Venti received her BFA and 
MFA degrees in printmaking from the Universities of the Arts in Philadelphia and 
Rhode Island School of Design. She has taught at the University of Hartford Art 
School and Central Connecticut State University. 
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A STUDY OF CARTOGRAPHIC INFORMATION THEORY 
USED IN MAP MAKING 

Abstract: 

He Zongyi , Zhu Guorui and Pang Xiaoping 
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39 LuoYu Road, 430070 

P. R. CHINA 

This paper introduces the method fo r measuringthe info rma tion comtent of a 

map based o n info rma tion Theor y. By us ing cartographic info rma tion theo ry the bes t 

map classifica t ion ca n be de te rmined, the bes t he ight ta bl e can be designed , there

fore, the info rmati on content o f map can be promoted, the e ffec t of ca rtographic 

communica tion can be promoted. By us ing ca rtographic info rmat ion theory , qua lity 

o f ca rtogra phi c ge ne rali za t io n can be evalu a ted, the mathe ma ti c model o f ca rtograph

ic genera li zatio n can be es ta blis hed. By us ing ca rtographic informa tion theory, info r

mat ion va ri a tion o f map e lements ca n be meas ured, it p rov ided a sc ieut ifi ca l bas is fo r 

t he map rev is ion making po licy o f ma p adminis tration a nd produ ction bra nch. 

1. In trod uction 

For se veral t en yea ts , Communi ca tion Theory. Info rmat ion Theory . Semeio lo

gy and Percepti on Theo ry h ave been va lued by Ca rtographer. These Th eo ry a re ap

pling to th e prac ti ce o f map des ig n, ca rtogra phic me thod and technics step by s tep 

and a re p lay ing an important ro le in develo ping ca rtographi c theo ry a nd informati on 

t heor y. 

In fo rma tion theory is used w idel y as the founda ti on no l onl y in Ca rtographic 

communica tion but a lso in map des ign , eva luat ion o f map qu a lity a nd map ge nera liza

tion 

2. 1 

2. 1. 1 

2. App lica tion of Info rma tion Theor y in M a p Des ig n 

U s ing info rma t ion theo ry to des ig n map c lass ificat ion 

Ca lcul a t ing map info rmation co nte nt o f c lass ifica ti on 

E very class has a co rres ponding mea ning and some conte nts cha rac te r. If one 
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datum is incorporated into one class . we get the classification information of the da

tum. The formula of calcu la ting map info rmat ion content of classifica tion: 

H =-2..: Pilog,Pi (bit) 
i = 1 

(1) 

In the formul a : 

m is class quantity. 

P; is da ta fr equency in class i. 

Several different classification methods can be used for a gronp of data. 

Supposing the re a re n kinds of cl ass ification methods a nd information content of 

a ll met hod s a re H I ' H , • ... H". We can get the maxinum information content of every 

method according to the principle o f informat ion theory. They are: 

H I malt' H 2 max , ••• , Hn max ; 

So their re lat ive entropy are: 

H 
H I H , H " 

I O =~' H ,o=-H • . ..• H"o= H
I max 2 max nmax 

Their s urplus entropy a re: 

R I=I- H IO • R,= I-H,o .···.R,,= I - H "o (2) 

2. 1. 2 

method. 

Making certain of cartographi c classification by information theory 

To a group of statistic data. we can design ma ny feas ibl e class ification plans us-

ing o th er mathe matical class ifi cation models according to the classification princ ipl e . 

and ca lcul a te the m by using formula 1 and 2. Then we get minimum R m ;" in R; (i = 1 . 

2 .· ... n) and regard the c la ss ifica ti on model as th e map classificat ion model. This 

model s upplies the mos t info rmation content. 

We class the population of 31 county touns (cities) of an area. The data list as 

fo llows : 

Table s ta ti s ti c da ta o f 31 co unty tou ns' (c ities') population of an area 

No. data No. I da ta No. data No. I data 

1 202083 9 346484 17 479824 25 588006 

2 I 232678 10 354 847 I 18 I 500899 26 ! 609555 

3 I 2645 14 11 357756 I 19 503 124 27 i 610998 
I 

4 280498 12 369 194 20 512166 28 820142 

5 301778 13 373105 21 517093 29 95 1806 

6 312889 14 374483 22 534594 30 958281 

7 320982 I 15 390706 23 54 1679 31 1016065 

8 343486 16 47:l30S 24 56 1782 

These data ca n be classed by seven met hods . These methods are a rithmetica l 
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classi fi cat ion, geometrical cl ass ificat ion any se ries classification of the best classi fi ca

tion w ith mathematical rule, the bes t cutting classification and patten recognition 

step by step , the classification resu lt as following li s ts: 

T able 2 Res ult of ca lcula ting information content by using ar ithmetical classi fi 

cat ion 

class ificat ion limit 
data quantity fr equency 

- iog,P, - Pi iog, P , 
in eve ry class ( Pi) 

200000 - 400000 15 0.484 O. 32 0. 513 

400000 - 600000 10 O. 323 0.49 0. 430 

600000 - 800000 2 0.065 I. 19 O. 257 

800000 - I 000000 3 0. 097 I. 01 O. 326 

1000000- 120000C I O. on I. 49 0.1 58 

:6 I 31 I. 000 I. 684 

T a ble 3 Resu lt of ca lcula ting information content by using geomet r ica l classifica

t ion 

class ifica tion limit data quant ity ! frequency I I ' / I . . - og,P , -Pi og,P, 
tn every class (PI) , 

200000 - 4 00000 4 0.1 29 O. 889 ! O. 381 

300000 - 4 50000 11 O. 355 1. 495 i O. 53 1 

450000- 655000 12 O. 387 1. 369 
, 

O. 530 

655000- 982500 3 O. 097 3. 369 O. 327 

982500- 14 43750 1 O. 032 I 4. 950 0. 158 

L: 31 1. 000 1. 927 

Table 4 Result o f ca lculating information conten t by using da ta se ries 

data quantity frequency I i 
classification limit . - log,P I I - Pilog,P , 

in every class (PI) i 

200000- 600000 2 O. 065 I 3. 954 O. 257 

260000- 340000 5 i O. 161 I 2.632 O. 424 

340000 - 4 60000 8 O. 258 I 1. 954 O. 504 

460000- 660000 12 O. 387 I 1. 369 O. 530 

660000 - 1 020000 4 0. 129 i 2. 95 4 O. 38 1 

L: 31 1. 000 i i 2. 096 

Tab le 5 Res ult of calcul a ting information content by using any series (x= 1) 
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class ificat ion limit 
data quantity frequency 

- log,P 1 - P ;log,P 1 
in every class (Pi) 

200000- 280000 3 O. 097 3. 369 O. 327 

280000 - 400000 12 0.38.7 1. 369 O. 530 

400000 - 5 60000 8 O. 258 i 1. 954 O. 504 

560000-770000 4 0. 129 2. 954 O. 381 

770000 - 1020000 4 I 0. 129 2. 954 O. 381 

L: 31 1. 000 I 2.1 23 

Table 5 Res ult o f calcu la ting info rmat ion content by us ing any se ri es (x,cl) 

class ificat ion limi t 
data quantity I frequency I I 
. . - og,P 1 
111 every class i (PI) I 

- P ;log,P 1 

200000- 250000 2 O. 065 i 3. 954 I O. 257 

250000-340000 8 O. 161 2. 632 O. 424 

340000-470000 8 O. 258 1. 954 O. 504 

470000-680000 12 O. 387 I 1. 369 O. 530 

680000 - 1 020000 I 4 0. 129 i 2. 954 O. 38 1 

L: 31 1. 000 2. 096 

Table 6 Res ult o f ca lcu la ting information content by us ing the bes t cutting cl ass ifi-

cation 

I da ta qua ntit y I fr eq uency i I 
I 

classifica tion limit I 1- og P - P;log,P , 
I in eve ry class ( Pi ) , I 

200000- 250000 i 2 O. 065 I 3. 954 O. 257 

250000-290000 i 2 O. 065 
, 

3. 954 i O. 257 : , 

290000 - 330000 I 3 O. 097 I 3. 369 O. 327 ! 
330000 - 4 30000 ! 8 ! O. 258 i 1. 954 ! O. 504 

430000-540000 : 7 ; O. 226 ! 2. 147 O. 485 I 

540000-700000 ; 5 O. 161 I 2. 632 ; 0. 424 

700000 - 1 020000 I 4 0. 129 I 2. 954 0. 38 1 
'V 1 31 1. 000 I 2. 635 L.J 

T a bl e 7 : Resu lt o f calc ulating in fo rma ti on co ntent by us ing patten recognitio n step 

by step 

class ification lillli t 
data qua nti ty II fr eq uency I 1 

1
- log,P , - P ;log,P , 

in every class ! ( Pi) I - ; 
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200000 - 2 70000 3 O. 097 3. 369 O. 327 

270000 - 330000 4 0.1 29 2. 954 O. 38 1 

330000- 380000 7 O. 226 I 2.14 9 0. 485 

380000-4 30000 1 O. 032 4. 950 O. 158 

430000 - 520000 6 0. 194 2. 369 O. 460 

520000- 720000 6 0.1 94 2. 369 0.4 60 

720000- 1020000 4 0.1 29 2. 95 4 O. 38 1 

2: 31 1. 000 , 2. 652 

Fi na ll y comparing and ana lys is in g t he information provided by the seve n plans, 

the res ul t is in T a bl e8. From it, we can find tha t class ifica tion method o f patten 

recog ni t io n s tep by s tep is opt imist ic class ifica ti on model. If onl y fi ve c lasses ca n be 

identifi ed on map. The a ny se ri es cl ass ifica tion method is o ptima l. 

Ta ble 8 compara tion a nd analys is the seven plan. 

cl ass Provid ed info rm a tion i max ! re lati ve s urplus 
cl ass ifica tio n mode l 

quantit y content H I entropy I entropy entropy 

arithm eti c se ri es 5 1. 684 2. 322 i 0. 725 0. 275 . 

geometri c se ri es 5 1. 927 2. 322 O. 830 0.1 70 

any data se ri es 5 2. 096 2. 322 O. 903 0. 097 

IX=I 5 2. 123 2. 322 0. 914 0.086 
a ny series IX,," ] 5 2. 096 2. 322 0. 903 0. 097 

the bes t cuttin g 7 2. 635 I 2. 807 I O. 939 0.061 

patten recogniti on 7 2. 652 I 2. 807 i O. 945 ! O. 055 ; 

2. 2 A pplication in des ig ning height table o f re lief 

2. 2. 1 Getting data 

A rrange many points eq uall y o n to pograp ica l map a nd co un t the points between 

two nea r contours . The s ta tist ica l res ult o f a n a rea is in fo llowing T a ble 9 

heig ht groups da ta qu antit y fr equency 

50~ 1 00 919 O. 32485 

1 00~ 150 822 O. 29056 

1 50~200 473 0.1 6720 

200~250 2'11 0. 085 19 

250~300 126 0. 04151 

300~ 350 92 0. 03252 
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350~400 

400~450 

500~550 

550~600 

600~ 650 

650~700 

700~750 

750~800 

800~850 

850~900 

900~950 

950~ 1 000 

:6 

62 

51 

6 

3 

3 

3 

2 

4 

0 

0 

2829 

0.02 192 

O. 01803 

O. 002 12 

0. 00247 

O. 00106 

O. 00106 

O. 0106 

0. 0007 1 

0.00141 

O. 00035 

1. 0 

2. 2. 2 Des igning a he ight ta ble using info rmation . method 

First we se lec t some reasonable he igh t tab les in order to comparing each o ther. 

S uch as fo llowing three p la ns : 

1. 100 . 200 , 500. 1000 (mete r) 

2. 50 . 100 . 200. 300 . 500. 750 . 100 (meter) 

3. 200 . 400 . 600 , 800 . 1000 (meter) 

T he resu lt o f calculating info rma tion content of them as foll ows : 

T a ble 10 

he ight (meter ) data quantity I frequency 
i - log ,P; I - P;log ,P; 

< 100 919 i O. 32485 1. 622 16 I O. 52696 

1 00~200 1295 I 0.45776 1. 2734 I O. 51605 i I 
200~500 586 i O. 207 14 2. 27 132 I 0.47048 I 

500~ 1000 29 

I 
O. 01025 i 6.608 10 I 0. 06773 

'V 2829 1. 0 I 1. 4458 L.J 

T a ble 11 

height (mete r ) !data qu a ntity I fr equ ency -log,P ; I - P ;log,P; 

50~ 1 00 I 919 

I 

O. 32485 1. 622 16 I O. 52696 I 
I I O. 51605 1 00~200 I 1295 O. 45776 1. 12734 

I 
200~300 I 367 O. 12973 I 2.94643 I O. 38224 
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300~500 219 0. 0774 1 3. 69 133 O. 28575 

500~ 750 22 O. 00778 7.00604 O. 0545 1 

750~ 1 000 7 0.0247 8. 66 130 0.02139 

L; 2829 1. 0 1. 7869 

T a bl e 12 

height (mete r) data quantity frequency - log,P ; - P;l og, P; 

< 200 2214 I O. 78261 I O. 35364 i O. 27676 

200~400 521 I 0.1 84 16 I 2. 44098 I 0. 449 53 
! 

400~600 78 0.02757 5. 18078 0.14283 

600~800 11 O. 00389 8. 00604 0. 03 114 

8 00~ 1 000 5 0.00177 9. 14 207 O. 01618 

L; 2829 1. 0 O. 9164 

W e know the information content o f the second plan is the most and the infor

mation con tent of the first plan is less than the second by comparing Tab le 10. Table 

11 and Table 12. The gro und re lief is s hown o n map by using the three height table. 

CseeFig 1. Fig. 2. Fig. 3 ) in o rder to ver ifing if a bove est imat ion is correct and rea

sona bl e. From sheets we know the second plan is more proper to s how the area re lief 

than the first one . The third one is infer io r. The conclusion is unanimo us with a bove 

conclus ion. So we cho ice the scond plan that has the mos t informa tion content and 

regard it as opt imal he ight table . But the first plan is su itable to s how re lie f o f the 

Fig. 1 Fig. 3 the third plan 

3. Estimation of the optimiza tio n o f ca rtograp hic generalization by us ing map infor-

mat ion content. 
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3. 1 M easuring map info rmation content 
2 Nk 

1= N log, R N W ~ ~ M k;P k;qki tk; 
k=o j= l 

In the fo rmul a : 1- map info rma t ion content 

- fea ture quantit y 

R - feature time 

W- cl ass qu antity o f fea tures 

K - dimens ional quantity o f symbol 

If K =O . it is po int symbol 

K = l 

K =2 

it is line s ymbol 

it is a rea symbol 

N k- qua ntity o f k - dimens iona l fe a tures 

M k;- qua ntit y of charac te ri s ti c po int o f No . i symbol 

Pk;- compl exity o f drawing of No . i symbol 

qk;- importance o f fea ture 

tk;- to tl e qua ntitx o f charac ters 

3. 2 Theore ti ca l coeffici ent o f ca rtographic genera liza tion 

Suppos ing sca le se ries is k l • k, . "'. k ,, ( k l > k,> .. . > k ,, ). scales are 1: M I' 1 

M , . '''1 : M" a nd info rmation content o f map is I I' I, . "'. I". 

If sca le ki is turned into kj (i < j ) . the theoriti ca l coe ffi cient o f ca rtographic gen

e ra li za tion o f the map w hich scale is kj is defin ed as ~;j : 

M 
~; j = M ' 

) 

3. 3 Virtua l coeffici ent o f ca rtographic ge nera liza tio n 

~ IJ 

Virtu a l coe ffi cien t o f ca rtographic ge nera liza tion o f map w hich sca le is de fined as 

~s= .!i 
ij I; 

3. 1 E va lua ting optimi za tion of cartographic genera li za tion 
s 

Defin e ~ . ./~;j as o ptimi za tion parameter o f ca rtographic gene ra lization 
IJ 

6~;j=~ S/~;j and G = 1 -6~; j 
IJ 

If jG I :;:;;; 10 % . the ca rtographic ge nera li za tion is op timal 

G > 10 % . the ca rtogra phic genera liza tion degree is hig her 

G < - 10% . t he ca r togra phic genera lizat ion degree is lower. 

3. 5 E xa mpl e 



For exa mple bas ic map se ri es o f our country , we eva lu a te optimiza tion o f carto

graph ic genera liza tion of maps at 1 : 25000, 1 : 50000 a nd 1 : 100000. W e cho ice 

four s hee ts o f t he a rea to measure t hem. The result o f measuring and evalu a ting as 

fo llowing T abl e 13 : 

T a bl e 13 

No. !iliee t name 

A Wei Zhuang 

1l I Zheng zhau 

C I Zheng zhou 

o i Zheng zhou 

s hee t numbe r 

9--40 - 48 -
pj' -2-C2l 

9-49-48 -
pj'-2 

9-49-48 
-pj' 

9-49-48 

sca le l ime 

1 ' 1 II 197 1 

, 2. 5 7J 1972 

I , 5 II 1975 

I' lOll 1978 

measu ring 
range 

'I' 
34' 47'30" 

34'50' 

• 
11 3'4 1'1 5" 

11 3' 45' I 
i 

map information 
conl eni 

50573. 25 

23 65 1. II 

12774 .14 

4 147. 18 

~ ij 
s 

~ ij G 

1-

34% 

, I 

O. 41 O. 48 1. 17 

O. 5 O. 54 1. 08 

o. 51 O. 33 0. 66 

- 17% 

8% 

From a bove t able we can find tha t cartographic generali za tion of topograph

ic map a t 1 : 50000 is optima l. 

The topographic map a t 1 : 25000 still has many little det a il s a nd gener a li za tion 

degree is much lowe r. The topographic map a t 1 : 100000 fo rsa kes much information 

and it s degree is higher. 

4. De termining va ri a ble info rma t ion content o f map by info rmation method 

4. 1 Principle o f de te rmining va ri abl e cartographic infor ma tion content. 

We can ge t the va ri able information content o f features s ymbo l 6 Is and of le tt er

press 6 1, us ing be low fo rmul a : 
2 N, .6N,. 

'" "'-- '" 6 Is= L.J L.J ,;N log, L.J( 6 m + 1 ) ( 6 p + 1 )( 6 '1 + 1) 
i - I j= 1 k = \ 

In the formul a : 

6N is va ri ed qua ntit y o f fea tures . 

N i is c lass qua ntity o f i -dimens ional fea tures. 

6Nij is va ried quantity of N i cl ass features. 

( i =O po in ts , i = l lines , i=2 areas) 

6 m = Im l- m ,1 rep rese nts va ried cl ass qu an t ity o f fea tutes . 

m l is cl ass quantity o f de ri ved mapping. 

m, is class qu antity o f Bas ic mapping . 

6 p = I PI- p,1 is va ri ed quantity o f ave rage complexity o f fea tures. P I is ave rage 

com plexit y o f Derived mapping, P , is average complex ity o f basi c mapping. 

6 '1 = 1'1 1- '1 ,1 is va ried qu antit y o f ave rage importance o f fea tures . 
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6s is varied quantity of letterpress type 

6t is varied quantity o f le tterpress size. 

Is is info rmation content o f fea ture symbols of bas ic mapping a nd II is info rma

tion content of letterpress which can be calcu la ted by be low formula: 
2 N i Nij 

I. =2:2:N log, 2: (m+ l) (p+l) (q+l) 
i-O j= l k = 1 

Ni 

11= 2:n 10g,(s+ U (t+2) 
j""' l 

In the formula: 

"l is quantity of a ll feat ures . 

N i is quantity o f all i-dimens ional feat ures . 

1 ij is quantity of Ni class fea tures. 

m is c lass number o f fea tures . 

p is a verage complexity of features 

q is average importance of fea tures 
Nij 

In order to s implifing it, s uppose u =2:( m + l)(p + l) (q + l> 
k-I 

n is quantity of a ll le tterpress . 

s is type quantity of le tterpress . 

t is s ize qu antity o f let te rpress . 

Va ri abl e cartographic info rmation content can be dec ided by following formu lar: 

F=6I/I 

In the formula: 6 I=6 Is+6II 

I = Is+ II 

As usual ly, if F > 35% , The whole sheet need revi s ion, if F <20% , a pa rt o f 

the s heet need rev is ion and if F :S;; 20%, the s hee t need no t rev is ion. 

V aried degree o f one fea tures information can be ca lcu lated by following formu-

la : 

F; =6Ii/I; 

If F; > 30 % , this kind o f fea tures need rev ision If. Fi :S;; 30% , It need not rev i-

s IG n 

1.2 E xpere ment about de te rmining varied cartograp hic con ten t 

In o rder to examing if the method is reasonable , t wo sheets o f map a bout one 

area at different date are choiced to do an expe rement. They are JiuJia ng cit y topo

graphical maps a t 1 : 50000 which were publi shed in 1966 and in 1981. The s hee t 

published in 1966 is bas ic map. Vari ed info rmation come from the s heet published in 
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198 1. 

4.2.1 Determining va ri ed information content o f point feat ures 

" V arit y" not only include add ed o r los t fea tures , but a lso include the fea tures 

tha t va ri ed in s hape and in position. 

T a ble 14 R esult from ca lcula ting and analysising varied informat ion content of 

point fea tures. 

N Q IIbit 6N 6 Q 6 I1bit F 

landmark features 89 1 928 970. 99 20 1 1 060 2 71 2. 39 279. 34% 

bui ld - up areas 3 326 8 8205 . 52 54 641. 46 1 680 3 933. 58 20061. 19 36. 71 % 

brid ge 11 5 3 842 . 64 1 369. 41 164 1 243. 79 I 206. 64 88. 11 % 

L: 3 530 93976. 16 56981. 86 2 055 4 869. 04 23 980. 22 42 . 08 % 

4. 2. 2 Determining var ied information content of line fea tures 

T abl e 15 R esu lt from calcula ting and analys ising varied informa tion content of line 

fea tures . 

N Q IIbit 6 6 Q 6 I1bit F 

roads 433 14 986. 3 6 006 . 3 260 676. 2 2 444. 34 40. 70 % 

Boundaries 69 294 565. 78 18 23 1. 8 141. 42 25 . 00 % 

wate r fea tures 234 2 987. 64 2701. 48 162 476. 03 1 440 . 98 53 . 34 % 

pipelines 207 680 1 947.74 320 217 2 483 . 2 127. 49 % 

embankment 320 445 1. 37 3 878. 41 185 1 107. 04 1 870. 35 48. 22 % 

contours 1 571 8 455. 2 25 713. 42 723 1 471. 5 7 608. 18 29. 59 % 

L: 2 834 107 95 1. 31 40813. 13 1 668 41 79. 57 15 988. 47 39.17 % 

4.2.3 Determining va ried information content of area fea tures 

T abl e 16 Result from ca lcul a ting and analys ising vari ed information conte nt o f a rea 

fea tures 

N Q IIbit 6N 6 Q 6 I1bit F 

wate r areas 490 56 725. 9 7 737. 94 11 5 1 795 1 258. 98 16. 27 % 

vege tati on 1 388 16 511. 04 1944 7. 47 17 2 1 506. 72 1 816. 32 9. 3 % 

sa nds 129 7020 1 648. 27 129 7020 1 648. 27 100 % 

Build - up areas 9 92 58. 71 11 33 55 . 49 94.52 % 

L: 2 016 28 892. 39 427 4 779. 06 16. 54 % 

4. 2.4 Determining varied information content of le tterpress 

T a bl e 17 R es u lt from ca lculating a nd analys is ing va ri eed information conte nt o f le t-
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terp ress 

n t s I / bit 6 n 6 t 6s 6 I/bit F 

Build - up a reas 752 7 2 3575. 68 702 3 0 1630 45. 59% 

wa ter fea tures 71 4 2 525. 53 144 2 0 288 54. 80% 

relief 63 . 53 % 

digit 298 2 1 894 480 1 0 760. 78 

mount name 4 1 1 10. 34 2 1 0 3. 17 

co nto urs 21 1 1 54. 28 26 0 0 26 

2:: 1 243 . 50 789. 95 

vege tation 5 1 1 15. 85 12 0 0 12 75.71 % 

roa ds 5 1 1 15. 85 10 0 0 10 63.09 % 

2:: 5 176.4 1 2 729 . 95 53 % 

4. 2. 5 Determining va ri ed information content of evey kind of featu res . 

Beca use updating pla ns of map a re var ious varied informat io n content need ca l

cu la ting fo r use. 

T ab le 18 Resu lt fro m ca lculating and ana lys is ing varied information content of ev

ery kind o f fea tures. 

I 1 I 6 1 I F 

Build - up areas 58 275. 85 21 746.68 37. 3% 

R elie f 28 605 .1 9 10046.4 35. 12% 

R oads 7 391. 56 3 660. 98 49.5 % 

Wa ter fea tures 14 643 . 36 4 858.3 1 33.2 % 

Vegeta tion 19463.32 1 828. 32 9. 4 % 

Bou nda ri es 565 . 78 141. 42 25 % 

pipelines 1 947.74 2 483. 2 127.5 % 

la ndmar k fea tures 970 . 99 27 12. 39 279. 3% 

"" 131 863.79 47477.7 36% LJ 

'I. 3 Ana lys is ing va ri ed degree o f informa tion 

We ca n ana lysis va ri ed degree o f informa tion a nd decide how to apdat map after 

we ge t va ri ed cartographic information co ntent. The res ult as fo ll ows 

T a ble 19 R esu lt of a na lys is ing var ied degree of cartographic in formation 
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whole landmark pipeline Roads 
Build - up Relief wa te r Bo und ari e vege 

s hee t fea tures areas areas ration 

F 36 % 279.3 % 127 . 5 % 49.6 % 37.3 % 35. 12% 33 . 2 % 25 % 9. 4 % 

analysising > 35 % > 30 % > 30 % > 30 % > 30 % > 30 % > 30 % < 30 % < 30 % 

From T able 19. we see the map need updating if we think ove r ever. kind of 

feature. The featur es need rev is ion except boundaries and vegeta tion. 

But Boundaries is a special feature a nd so need better up-to-date image. It 

need upda ti ng though it s var ied degree is less than· 30 %. 
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THE NEW PC-ATLAS OF SWEDEN 

Background 

Per Ogren 
METRIA 
Box 847 

97126 Lulea 
Sweden 

In 1996 the ten year long project to produce a new National Atlas of Sweden has 
come to an end. In total 17 volumes have been produced. The National Atlas of 
Sweden is a description of the geography of Sweden in maps, text and pictures. 
Each of the volumes is devoted to a special theme. More than 300 experts and 
researchers have been involved in the project. 

The Atlas was produced using a complete digital production system and already 
from the start voices were raised that the atlas should be published on a digital 
media and in 1991 the first PC Atlas was released. 

The first versions bfthe PC-Atlas up till now were based on a custom-made 
software. Resent developments in GIS have brought new user-friendly, fairly 
cheap but powerful GIS-software to the market and the public. In march 1997 the 
PC Atlas of Sweden was released on a commercial software. While changing 
software the database have been updated and a metadatabase including a 
powerful search system have been developed. 

This paper will describe the product and its basic concepts and will also discuss 
how we believe the PC-Atlas can be used in schools, libraries, by local 
government and by commercial companies. 

Basic concepts 

The new PC-Atlas GIS consists of the Swedish National Atlas database, a search 
system and a GIS software. The new PC-Atlas GIS is based on Windows and 
runs under Windows 3.11 or higher. The functionality is to a large extent 



constrained to what is implemented in ArcView 3.0 but follows the same basic 
principles as the old DOS-based version. 

Choosing a commercial software 
The software is of secondary importance to the product. What the PC-Atlas is all 
about is above all the database. However, because we wanted a simple product 
which would be easy to use and could be used without ftrst having to by several 
products it was not possible to produce a database with could be used by any 
GIS-software. The reason for choosing a commercial software was the well 
known problems facing a small software producer of keeping track with the big 
commercial producers, developing new functionality. We wanted to keep our 
own programming to a minimum. 

Finally we chose the ESRI product ArcView as the initial platform for the PC 
Atlas. ArcView have the functionality that have been requested by the users at 
the same time as it i fairy simple to use. Also choosing Arc View we have a 
product that we believe will continue to develop with our users. 

This paper does not describe standard Arc View functionality but some of the 
special functions developed for the PC-Atlas, the most important being the 
search system. 

Data and metadata 
The PC-Atlas database consists of data from 16 volumes of the National Atlas of 
Sweden because the 17:th volume, Swedish geography is a combination of maps 
from the previous volumes. 

The PC-Atlas GIS is not a copy of the book-version but follows the same 
concept. The PC-Atlas includes most of the maps from the book-version but no 
pictures or main text. Instead each page in the PC-version includes a longer 
caption. The PC-Atlas includes complementalY data sets and much more statistics 
then what is illustrated in the book-version. You can use the PC-version as a 
stand alone product or together with the books. 

All databases, covers, attributes, pages and maps are registered and documented 
in a metadatabase. Metadata about the geographical databases includes 
information about there name, type, scale, projection, the name of the attributes, 
date, accuracy etc. Metadata about the pages, maps and themes include 
information on witch documents and maps that are included in the page, the 
layout, name of the maps and themes etc. 
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Figure 1. An example of a page with one map and a caption. 

Metadata is stored in dBAS E-files in a relational database. Most users will not be 
aware of the metadatabase structure. The program takes care of how data is 
entered in to the metadatabase when the users want to save there own data. The 
metadatabase structure is important for the program since it makes it easy for the 
programmers to add new types of data, pictures, video, text etc. It also makes it 
possible to implement new criteria's to search for data. 

Search system 
Working as a GIS-teacher have taught me that it is usually more difficult to 
teach a beginner how to handle files and documents when how to use different 
GIS-functionality. In order to access information in the metadatabase we 
developed a special search system. The system makes it easy to search for 
information in many different ways. You can search for pages, maps, covers and 
attributes using different methods : 

• Searching for information choosing a book or a chapter. By clicking at a book 
or a chapter, pages, maps and data connected to the chosen book will be listed 
on the right side. 

• An alternative method is to search for information by entering a search-word. 
All pages, maps and data whose headings mach the search-word are listed. 
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Figure 2. The Search System. 

Place-names 
The new PC-Atlas GIS includes a place-names database with 57 000 names. You 
can search for a specific name or types of names through the search system. 
Once found the name or group of names can be placed on the current map. 

Put yourself in focus 
A special function has been created so that the users can decide what part of Sweden 
that should be shown when a page includes a map showing a detail over a part of 
Sweden. 

Creating your own Atlas 
The user can do any changes to the pages, maps and themes in the PC-Atlas . The 
changes are saved in a special book and do not affect the original database. In the users 
book preset chapters are created to store new pages. Data about the new datasets, 
metadata is entered into the metadatabase. Users can also enter new datasets, covers and 
statistics as long as the user have the unlimited version of the PC-Atlas . 

Pages and maps created by the user can be exchanged between users using special 
import/export functions . 

How the PC-Atlas can be used 

In schools 
Education ' s purpose includes preparing people to lead fulfilling and responsible 
lives. Education should help people develop an understanding for the 
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environment and of human interaction with that environment. Teacher need new 
methods and tools to achieve the goal. The PC-Atlas combines the holistic 
approach in geography with an interactive GIS-tool. 

Today we need to learn about the whole world. We need to understand matters of 
global scale. In this process maps are very important. Maps are widely used by 
the media, by commercial interests, by researcher and others to inform us. It is as 
important to learn how to read maps and pictures as it is to learn how to read and 
write. We all know how easy it is to lye using statistics, using statistics on a map 
increases the impact! 

Students will learn how maps are created and they will learn that the map no 
matter how neat it looks it is no better than the data which it is based on. 

Using GIS student get a tool to analyze how different phenomena' s in nature and 
society is connected. The results of the analysis is visualized geographically 
shown on a map. By altering or calculating statistics various alternatives can be 
visualized. 

The problem of using GIS in schools is that teachers do usually not have the time 
it takes to prepare the data, develop new exercises. Using the PC-Atlas the 
teacher get a complete database including both covering the Swedish geography 
in a number of different themes. 

Using the PC-Atlas means learning by doing while having fun! 

Local government and business 
Local government usually have quite a lot of data covering there region. The PC
Atlas can be used as a reference to compare your own region with others. 
Distributing the National Atlas to a larger number of employees is cheaper using 
the PC-Atlas then to bye the same amount of books. 

In house statistics can be mapped and displayed using the PC-Atlas maps as 
basemaps. In house statistics can also be analyzed together with the statistics in 
the PC-Atlas. 



STUDY OF THE MARINE BOTTOM OF THE SPANISH 
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Abstract 

In this paper we present the general objetives and scope of the Spanish Exclusive 
Economic Zone program and the preliminary results of the first cruise carried out by 
Hydrographic Institute of the Navy (IHM) and the Spanish Oceanographic Institute 
(lEO) in the continental margin o.ffValencia - Balearic Islands . 
The 220 geophysical profiles totalizes 9204 km. of Gravimetry, magnetics , single 
beam echosounder, sub-bottom pro filer and multibeam echosounder, covering 12.000 
Km2

. 

Morphologically, the first processed area, the Valencia slope, shows a striking pattern 
of channels with low sinuosity index and deeply incised in the slope that flow in NW
SE direction to the Valencia Deep.This area shows also a general cover of 
unconsolidated sediments in different slumped degrees. 

Key Words: Economic Exclusive Zone program,muItibeam 
morphology,Valencia slope-Balearic sea 

The exclusive economic zone (EEZ) of a country, it is an area located beyond 
territorial and adjacent sea to this, of a maximum extension of 200 nautical miles counted 
from the base lines as of those which is measured the width of the territorial sea. The 
rights and the jurisdiction of the riverside State and the rights and freedoms of the other 
States, included the delimiting with the adjacent, are governed by the Convention of the 
United Nations on the Law of the Sea, signed in Montego Bay (Jamaica) 10 of 1982 
December. 

This means that 40 % of the oceanic surface of our planet is from that moment, the 
EEZ of the riverside countries, what compels to effect a basic cartography of the new 
terri tories. 

The same as in the years of the decade of the fifty large area extensions, mainly in the 
countries development were cartographied and prospected in a way rapid and with a low 
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cost using the advances obtained in photogrametry by air and remote sensors, in the 
decade of 90 several countries, between them Spain, have begun to build the cartography 
and to prospect systematically their EEZ using for this multi beam sounding and 
sonographs of the bottom. 

On the other hand, the new technologies in digital cartography pennit to carry a whole 
slew of information until the scientists, what will help to know better large part of the 
planet. In the same way, a good knowledge of the geomorphology and hydrography of 
the EEZ, it is indispensable for a reasonable national administration of the marine 
environmental and economic interest. 

Consequently, the Spanish Government approved 22 of April of 1993 the 
development of a program for to Study the Hidrography and Oceanography 
characteristics of the Spanish Exclusive Economic Zone (EEZ). . 

This study was commissioned to the Spanish Oceanography Institute (lEO) and to the 
Hidrographic Institute of the Navy, having to be acquired the data with the BIO 

Hesperides . 

Objectives 

This project main objective is the detailed study of the morphology of the marine 
bottom of the EEZ, of the qualities and arrangement of the materials that constitute it and 
the factors that have influence on bottom features over time. 

The information obtained with this project, it will be able thereinafter be used to 
obtain others cientific objectives, using new proccessing metods. So a hidrographic and 
geophysical data bank is being forming, the one which will be able be consulted by the 
members of the national scientific community that express their interest. 

In this way the Spanish Society will be able to have a basic information, systematical 
and responsible, fundamentally as hidrographic and geomorphological charts, the one 
which will be able be used by Institutions and persons as starting point for the 
accomplishment of other projects more specific. That is to say, at the end of the EEZ 
project will exist a base atlas and a wide and complete data bank, on the marine areas at 
the disposal of investigating and companies. 

On the other hand and in terms of a Management of the Marine Areas, the information 
obtained in this project, it is the base to build a cartographic catalogue of the 
characteristics, uses and development of our marine zones. 

Metodology 

The metodology followed for the study and cartographic rai sing by the marine bottom 
by the ZEE, consists of the geophysical profiles accomplishment with multibeam 
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sounding EM-12 and EM-IOOO, marine proton magnetometer, marine gravimeter and 
mud penetrator (3.5 Khz). 

The data of SIMRAD EM-12 and EM-IOOO multibeam echosounder have been 
processed with the programs Neptune and Irap, what has permitted to elaborate 
bathymetric maps and 3D blocks. 

For to obtain the gravimetry data was used a marine gravimeter Bell Aerospace
Textron BGM-3, with takes of data each 10 seconds. The liaison with the net of the 
National Geographical Institute to determine the G of the ship was accomplished with a 
land gravimeter Lacoste & Romberg G-953 of the University Complutense of Madrid, 
being effected the corresponding measured for the alteration from derives to the 
beginning and final from campaign, in the Cartagena harbour. 

For the adjustment of the data formats, were development several programs, using for the 
final proccesing of gravity data the Niebla program, elaborated by the U.C.M. (Andres 
Carbo, 1995). The program organizes and tries files of gravimetry and navigation datas 
with the same record length and in common hours. Accomplish also the corresponding 
alterations and records two files: one with the records whole; and other in the one which 
is taken the corresponding reading to points separated between if preset times. 

Processing the previous files are obtained files for each line that contain: Area, Line, 
Day, Hour, X, Y, Z, Gravimetry, Free Air Anomaly, Anomaly of Bouguer. 

The magneto metric profiles have been accomplished using a marine proton 
magnetometer Geometrics G-801, polarizing each six seconds and with a precision of 1 
nT. 

Also they were carry out continuous seismic profiles with mud penetrator O.R.E 136 
A, 3.5 KHz. It has been worked to a power of 10 kW and with emission pulses of 4 
seconds 

To know the position have been used simultaneously two Global Positioning System 
Diferential (Skyfix and GPSD),whose data have been processed thereinafter. 

Results 

It is being accomplishing with this Project, a mapping of bottom fetures has been 
carry out with profiles of multibeam overlap at 100%, what will assure the total coverage 
of the territory. 

A wide and complete data bank on the marine areas have building. 

All datas obtained during the oceanographic cruise, they are studied, interpreted 
and retlected in charts, whose scale in this first experimental phase is being that of 
1:100.000 and 1:200.000 the cartographies. 
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The basic results of the project is the elaboration of the following maps: 
- Bathymetrycs Charts 
- Geomorphologycs Charts 
- Bottom Qualities Charts 
- Reflectivity Qualities Charts 
- GeomagneticCharts 
- Gravimetry Charts 
- Fishing charts 

Colaborations 

For to carry out this project, it has been considered timely, due to 
their/its/your/his importance and magnitude, unite it the experience and effort of the 
Hydrographyc Institute of the Navy and of the Spanish Oceanography Institute, those 
which are jointly liable for the accomplishment of the same. 

Nevertheless a project of these characteristics affects direct or indirectly to the 
interest and competitions of a great number of organizations and institutions of the 
country, and it is by this therefore is considered a mobilizing and open basic project. 

Organizations as the University of Madrid, the University of Ccidiz, the Real 
Observatory of the Navy, National Geographical Institute, Technological Institute 
Geomining of Spain, Sciences Institute of the Sea, etc. will collaborate in greater or 
minor measured according to their/its interest and possibilities. 

Also they exist Universities and Institutes, whose interest remain referenced to 
topics very concrete or to their/its influence zones. Each time the project act in different 
zones or capture appropriate information, these organizations are invited to participate 
and collaborate. 
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Introduction 

The Geographic Information Systems tools aplication in the marine area 
is relatively recent. The specific characteristics of the environment make 
necessary the appropriateness of the system, initially conceived for the 
organization and land data management. 

The objective of SIGMAZAL (SISTEMA DE INFORMACION 
GEOGRAFICA MARINO DE LAS ZONAS DE ACONDICIONAMIENTO 
LITORAL) project is to use the GIS for management of the marine 
environment, in the coastal zone of the Spanish Mediterranean. 

The SIGMAZAL project is a Marine Geographical Information System 
for management of the coastal and continetal shelf resources that it has been 
developed during the year 1996 in the Instituto Espanol de Oceanografia 
(IEO) for Spanish General Secretariat of Maritime Fishing (S .G.P.M.) of the 
Ministry of Agriculture, Fishing and Nourishment (M.A.P.A.). 

Objective 
The objective of the project has been the preparation of a marine GIS for 

a pilot zone on the Mediterranean continental margin of the province of 
Murcia (Spain), that permitted to carry out an adequate management and 
follow-up of the "Coastal Conditioning Initiatives" envisaged in the Fishing 
Plan 1994-1999. prepared by the S.G.P.M .. 

The "Coastal Conditioning Initiatives" correspond to performances of the 
Spanish public Administration that intend, on one hand, to avoid certain 
practices of forbidden fishing, favoring the crafts fishing arts and, additionally, 
they try to preserve, regenerate and develope high-priority interest areas, bhoth 
ecological and fishing . 

These performances imply the official statement and the delimiting of 
certain areas by the Administration such as: marine reserves, artificial reef 
zones, ship sinking zones ships with the purpose of forming artificial reefs ' 
and protection and production zones of mollusks. 
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On the other hand, at present are zones that meet the above mentioned 
characteristics and in which reefs have already been installed or are being 
controlled for some time. 

Therefore, the objective of the development of this GIS project is to put 
at disposal of the Administration a tool that permit the knowledge of the 
situation of the zones, their characteristic, the fulfillment of the law, the 
development of the Fishing Plan and the modifications that are being carried 
out, all this in an immediate way, as well as to count on some data bases 
(D.B.), updated and easy to consult. 

GIS offers the necessary spatial organization of the data, as well as two 
ways of conSUlting, being able, not only to know the location of the elements 
on a cartographic base, but to have an easier access to the associated data 
bases, making the decision making easier and taking into account more 
parameters. 

Project Development 

The project development has followed the following phases: 
a) Identification of the possible sources of data. on the marine environment. 

The sources of information used have been: National Geographical Institute, 
Spanish Oceanography Institute, Hidrographic Institute of the Navy, Direccion 
General de Costas (MQ of Environment) and other publications of the 
M.A.P.A .. or of other authors . 

b) Accomplishment of the data synthesis. 

From the data gathered from different sources, these were filtered and re
elaborated in order to leave those that would be more reliable. 

c) Cartographic environment definition ( projection system, work scale ,etc.) 

d) Definition of the entities and objects that they would have to appear in the 
GIS. 

e) Design and setup of the data bases (D.B.) for the GIS. 

According to the elements and entities to be transacted the following large 
groups of D.B. were made: 

I) Protected Marine Zones data base. 
II) Mollusk Zones data bases. 
III) Bathymetryc data base. 
IV) Subsoil data base. 
V) Physical environment data base. 
VI) 



e) Information treatment and introduction process design , as well as the 
incorporation of this information to the GIS. 

The introduction of data to GIS was established so that it would be possible to 
carry out in three different ways, but that they are perfectly compatible whith 
one another. 

These three forms or modalities are: 

1) Preexistent cartographic documentation. 
2) Alfanumeric data bases originated from other data bases already established 
(of statistic type) . 
3) Directly through keyboard to modify and/or to add elements to the 
corresponding D.B. 

Data Bases Content 
According to needs and purpose that is intended, the content of the five 

large Data Bases groups were subdivided at the same time in more specific 
topics, according to the following scheme: 

I) Protected Marine Zones Data Bases 

A) Artificial Reefs Data Base With Instalation Project: "Artificial reef" are 
those areas in which reef structures designed and conceived to such effect will 
be sounded . 

B) Marine Reserves Data Base: a "Marine Reserve" would be a protected zone 
with the objective of preserving in it those ecosystems that are essential for the 
development of the marine species of fishing interest, for which restrictions or 
prohibitions fishing activity are established, as well as limitations to the human 
activity that could alter the balance of the ecosystems subject to protection. 

C) Sinking ZonesData Base: "Sinking Zones of wood hulls of fishing ships to 
form artificial reefs" are areas selected specifically for the sound of wood 
hulls. 

D) Data Base of the Rest of the Zones: They are included here zones in those 
which a specific performance measure has not been defined yet no or those 
that, though are partially defined, are potentially opened to complementary 
measures apart from the already adopted. 

II) Mollusk Zones Data Bases 
A) Mollusk Production Zone Data Base. 
B) Protection and Improvement Zones Data Base. 
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III) Geographical Data Bases 

The information contained in this data base is constituted by the coast 
line and the isobaths. 

The coast line corresponds to the official coast of Spain (BCN-200) 
mapped by the National Geographical Institute (LG.N.). Being anticipated for 
the future, that the coastal topographic base proceed from the 1/25.000 
cartographic scale. 

The isobaths incorporated to the data base are expressed in meters, with 
a variable equidistance, that oscillates from 2 m (between 0 and - 50 m of 
depth, which is the most interesting zone for the project), to 100 m of interval 
when the depth is over 500 m. 

The bathimetric information incorporated to the SIG proceed 
fundamentally from the lEO ocenographic campaigns, as well as of data and 
nautic charts of Instituto HidrogrMico de la Marina (LH.M.). 

IV) Subbottom Data Bases 

This data base contain the thickness of not consolidated sedime~ts, 
expressed in meters and it is stored in the data base as isolines, with an 
equidistance every 5 meters. This information cover the Spanish continental 
platform only . 

V) Bottom Characteristics Data Bases 
This data base has been subdivided in three: 

A) Bottom quality Data Base. 

B) Bottom morphology Data Base: This data base contain information about 
the principal forms that affect to the marine bottoms, according to their origin 
(erosive, transportation, sedimentary) and the importance that they have in 
management of the coastal zones. 

C) Bottom uses and obstaclesData Base: The information contained in this 
data base makes reference mainly to the human activity, such as objects 
(buoys, cables, pipe-lines, etc.) or uses (fishering, oil production, military 
zones, etc.). 



Tools 
The tools used in the project have been: PC-ARC/lNFO, ArcCAD, 

ArcView and AutoCAD, have also been developed small programs to adapt 
the data files of different origin and format. 

Results 
The results obtained for the pilot zone have allowed to interrelate the 

cartographic information related to bathymetry, litology of the bottom, limits 
of the performance zones, beacons, etc. with the alfanumeric D.B. 
corresponding to ships, type of artificial reefs, sunk modules, installation cost, 
legal regulation and responsible Authority over the zone. 

The utilization of GIS has allowed to locate the zones included in the 
"Coastal Conditioning Initiatives" on the global representation of the natural 
environment. 

This has permitted us to know whether the initatives carried out have 
been efficient, as well as taking decisions regarding the performance in new 
areas. 
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