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. IMPORTANCE OF INFORMATION SYSTEMS
FOR RATIONAL USE OF RESOURCES OF SOILS

Basing on results of analysis of classification of soils as well as frequently
performed investigations of soils it may be stated what physical, chemical and
morphological properties of soils - and the landscape where particular soils occur
- should be described, measured and analysed in order to qualify soils to particular
taxonomic units (and to specify its type) and to evaluate its quality, agricultural or
forest usefulness and to estimate its properties from the point of view of required
or planned utilisation.

In the past the basic attempts related to investigations of soils were directed
onto recognition of existing conditions. This might be described as inventory,
which presents location of soils and properties of outlined soil units within
particular areas. This also covers various types of soil maps, collected text which
describe soil profiles, results of laboratory tests of physical and chemical properties
of soil samples. It is valuable material, which has been collected within many years
of cartographic and soil analytic works, which still has high cognitive values.

Less attention has been paid to diagnosis of soil conditions, functioning of soil
as an element of landscape and interpretation of properties of soils with respect to
the existing or planned management of land.

The so called ,,soil-and-water conditions” maps may be mentioned in this
group, which present soil water relations with respect to demands for melioration
(require or do not require water melioration works) as well as soil studies
performed for the needs of development of land management plans. Maps of ,,soil
classification”, produced for the needs of register of lands, are typical inventory
maps. Agro-pedological maps present elements of inventory (types, granulometric
composition of soils, value of soils), as of interpretation (complexes of agricultural
usefulness).

Many data and information which present location and properties of soils have
been acquired for the area of Poland and for the majorities of areas all over the
world. In recent years, FAO, the International Society of Soil Science and other
international bodies, have been stressing that in order to: develop and present
diagnosis, conditions of degradation of chemical and physical properties of soils,
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investigation of roles of soils in the global climatic changes, better utilisation of
information on soils degradation for the needs of prevention against pollution of
underground and surface water as well as for wider consideration of properties of
soils for the needs of sustainable management of particular areas, it is important
that besides presentation of the image of soil cover it is also important to interpret
acquired data. This problem which has been specified as sustainable development
has been considered as the key issue of investigations of soils, agriculture and
ecology performed in Western countries. The French specialists add that such
development should be sustainable within a longer period of time, and call it
aménagement durable.

Besides the above mentioned applications of cognitive nature, which encourage
to think over such operations which may cause degradation of the natural environ-
ment, many typical applications exist which require the ability to interpret location
of soil cover and soil properties. One of the projects of this type, which has the
widest importance, is crop predictionfor the European Union countries. Hydro-
logical properties of soils and spatial location of soil units play the significant role
in the applied model.

In the case of smaller areas, plans of strategic development are developed,
natural and economic conditions of development are analysed and physical
management plans are prepared. This relates to administrative units as well to
natural regions, landscape parks or reservations. The soil potential of a given area
should be considered during implementation of all analyses and development of
all plans.

Another important area of activity which has to consider information on soils,
is forecasting of impacts of investments to surrounding environment. The envi-
ronmental protection law obliged the investor to perform the environmental impact
assessment. Many works of this type has been already performed, as for example
in the case of construction of motorways.

The issue, which will become important in Poland, is development of a system
of criteria of distribution of the assistance funds for the Polish agriculture after
Poland becomes a member of the European Union. A policy of subventions for
agriculture which is applied in the European Union equalises the costs of produc-
tion incurred by farmers who operate in less favourable conditions. One of the
factor which influence such worse conditions is the quality of soils, which is not
only measured by means of soil categories.

The area of activity (scientific research, agriculture, forestry, environmental
protection, archaeology, physical management, investments, preventive activity
and health protection...) where soil information is required for the needs of various
stage of implementation, is considerably wide.

Already existing information may be sufficient for some needs, whilst perfor-
mance of additional investigation is required for the needs of other areas.

Due to large scope of information on soils, wide range of applications and
diversification of source data, the effectiveness of utilisation of such data by means
of conventional methods decreases. Therefore it is necessary to create soil infor-
mation systems which will utilise the contemporary information technology. They
should meet criteria of Spatial Information Systems, i.e. they should be called as
Spatial Information Systems on Soils.
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Il. THE BASIC TERMS RELATED TO INFORMATION
SYSTEMS

1 Spatial Information Systems

A soil information systems may be considered as on of sectoral information
systems which are created for the needs of forestry, hydrology, environmental
protection, or as a sub-system of the general information systems which covers
the given area. The Spatial Information System is one of information systems;
however it may be distinguished by specified geographic location of data which
are collected by this system. Such data are sometimes called as geocoded or
georeferenced data. Along with technological development, understanding of the
idea and the definition of Spatial Information Systems have been changed. At
present, all issues which are covered by the Spatial Information System, is best
presented by the definition proposed by the authors of Arcinfo software package
(ESRI, USA), which is one of the leading software packages used for creation and
exploitation of Spatial Information Systems:

,»he Spatial Information System is an organised set of computer hardware,
software, geographical data and personnel to be used for effective acquisition,
updating, processing, analysis and visualisation of all forms of data (information)
which are geographically located.”

In Poland 3 definitions exist: Land Information Systems, Geographical In-
formation Systems and Spatial Information Systems. The ,,Soils” sub-system
may be located within each of them. Therefore all of these systems will be briefly
presented below:

It has been assumed in Poland, that the Land Information System (System
Informacji o Terenie) is the system of the highest level of details. It includes
information on land parcels, buildings and underground installations. It has been
also assumed that the level of details of such a system corresponds to the level of
details of map produced at large scales (1:500, 1:1000,1:2000). Land Information
Systems are created for individual settlements or their parts.

A numerical, large scale map and a register of lands and buildings are required
for the needs of creation of the LIS system. In Poland the process of transformation
of records of lands into the cadastre of lands is being performed.

The existing register of lands contains data on land use categories and soil
classes (value) in particular categories. The content of the map produced for the
needs of soil classification of lands includes more information than data on soils
which are included in the register of lands. Therefore it cannot be stated that the
register of lands includes all data on soils which exist on large-scale maps.

For this level of details (1:2000, 1:5000) soil data are mainly used for studies
performed for the needs of local physical management plans, assessment of needs
concerning melioration of lands, issuing decisions on exclusion of lands from
agricultural production in the case of investment as well as for analyses of soil
conditions of farms and forests.

Thus, the LIS system should include a thematic layer soils, independently from
data which are included in the register of lands; this layer should contain informa-
tion concerning soil types, parent rocks, diversification ofsoil profiles as well as
selected physical and chemical properties of soils.
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The Geographical Information System (System Informacji Geograficznej=
SIG) collects data of the lower spatial resolution than LIS. The level of details and
spatial resolution of data correspond to maps produced at the scales of 1:10,000,
1:25,000 and smaller. The scale of 1:5000 (the scale of agropedological maps
produced for rural areas) is often considered as the transitional scale between LIS
Systems and Geographical Information Systems.

Geographical Information Systems are developed for larger areas (a munici-
pality, a province, a selected region, as for example a national park). In Poland
parallely to SIG also the English abbreviation GIS is used for Geographical
Information Systems. The term Geographical does not mean, however, that this
is the domain of geography. It means that information is geographically located.
It is worth to add that the first professional system in the world, which had some
features of the GIS system, was created for the needs of management of agricul-
tural lands in Canada. Later, implications to create Geographical Information
Systems were given by experts in physical planning, landscape architects, bota-
nists and foresters. Some Polish authors use the term Systems of Geographical
Information (Geograficzne Systemy Informacyjne). This results in narrowing of
the scope of the system to geographical application only.

The Spatial Information System (System Informacji Przestrzennej - SIP) is a
collective term and it covers both classes of systems mentioned above. The term
Spatial Information System is relatively seldom used in literature published in
English. In the majority of Western countries all the problems are covered by the
term Geographical Information Systems (GIS), independently from the level of
details and the size of areas.

2. What is and what is not the Spatial Information System?

Let us make some considerations basing on the definition of the Spatial
Information Systems presented above. The first part of the system includes
material and non-material elements of the system: computer hardware, software,
data and personnel. It is an organised (systematic) set of elements. It must be
accompanied by internal organisation of the institution, which intends to create
the system.

The second part of the definition discusses functions and possibilities of the
system: acquisition, collection, (correction), updating and processing of data and
performing analyses as well as creation of information, visualisation and making
data and information available to users.

Data are the most important and expensive part of the system. Data are stored
in a database. The data base is not an accidental or chronological data set, but it
is organised according to the database structure which is created according to
specified logical rules. The database is accompanied by the Database Management
System, which may be considered as specialised software which allows to locate
the data in a specified location, as well as to search for and to visualise data.

Databases which store geographically located data are called the spatial
databases. Geometric and descriptive parts of such databases are distinguished.
The geometrical part may be acquired from maps, aerial photographs or satellite
images and is recorded in a computer in the digital form; it ensures geographical
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location of data (location of outlines, lines, points) and it creates a skeleton for the
descriptive part of the database.

The geometric part ofthe data, which are acquired from various sources should
be transformed to one reference system. It is especially important for soil maps,
which were produced on background maps in various cartographic projection
systems, which usually were specially distorted and which were published without
geographical or geodetic co-ordinates.

It sometimes happens that location of outlines on a agropedological map
printed at the scale of 1:100,000, which result from such distortions are equal to
3mm. Such errors may have considerable influence on results of analyses, which
require overlaying soil maps, hydrographic maps, digital terrain models, what is
often performed for the needs of evaluation and validation of lands.

Therefore this stage of creation of the information system concerning soils
should be implemented by a cartographer who is also competent in the, so called,
geometric data correction.

The descriptive part of the database contains attributes (features) of objects.
Sometimes this part is also called the semantic part of the database. Software and
hardware which are currently available do not introduce any limitations concer-
ning the number of attributes for an object (an outline or a soil profile). As it was
important to transform the data to one reference system in the case of the geometric
part of the database, in the case of the descriptive part of the database it is very
important to use the uniform classification of variables (described attributes). This
particularly refers to multi-year data, at various laboratories, for different areas
and itrefers to all types of data: physiographic descriptions, descriptions of profiles
(terminology, symbols of horizons and features), classification of properties (as
granulometric composition, structure) data resulting from laboratory tests (met-
hods of marking).

Creation of the soil information system should therefore be preceded by
development of a dictionary which becomes a standard for data description or by
acceptance of one of the existing standards. Successful attempts to unify descrip-
tions of data were noticed on the occasion of creation of the European Geogra-
phical Database on Soils, and in Poland - when the BIGLEB was created. In the
case of such ranges where the European standards or 1SO standards already exist,
national dictionaries should be adjusted to these standards.

In most cases the created soil information systems utilisc relational databases.
Data are recorded in arrays which rows are assigned to soil units and columns to
attributes (features) ofthese units. Such arrays are combined by relations (recorded
in one identification column); therefore it is possible to find data located in various
arrays and related to a specified soil unit.

In the case of visualisation of data a separate presentation of spatial distribution
for each attribute, which is recorded in the database, may be generated. In other
words, basing on the database it is possible to produce numerous thematic maps,
the number of which is identical with the number of attributes, which are recorded
in the database. That is why a computer-generated map is often considered to be
the graphical illustration of the database.

Considerable hopes are connected with object-oriented databases, but consid-
erable experiences with utilisation of such databases for soils information systems
have not been gained yet. The importance of object-oriented databases is more
significant in the case of detailed systems (LIS) and the cadastre.
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In the first years of development of spatial information systems in Poland, a
simplified understanding of the term GIS was popularised besides the full idea of
GIS. This term was used for specification of both, all components of the systems
as well as software which is necessary for creation of the system. So one can often
hear the statement: ,we have the GIS system” - although it means that only a
computer and software (ArcInfo, for example) are available.

In the case of other simplification, databases (spatial databases in this case) are
compared with GIS. The database is one of the most important element of the GIS
system. However, the database itself is not the system. If the database is sufficient
to perform an individual task, it may be created for these needs but the resulting
product should be called the database and not the GIS system.

Another simplified approach equates a numerical map with the GIS system. A
digitised or scanned, numerical soil map is a required element of the system
(geometrical data) only, but it does not create the complete system.

As it was already mentioned, the Spatial Information System is distinguished
from other systems of information by geographical location of data. It should be
stressed that any element of the Spatial Information System cannot be equated
with the system. As itis clearly stressed in methodology and exploitation of Spatial
Information Systems, they should allow to perform spatial analyses being the
source of information for making decisions concerning physical planning and
management.

In order to facilitate such analyses and simulations of variant solutions, with
the use of mathematical modelling, the following, minimum requirements must
be met:

- data must have topological structure,

- software should contain modules of spatial analyses,

- demands for results and personnel qualified to perform required analyses

should exist.

If the scope of collected data is not considerably wide and the data will be
basically used for presentation of spatial distribution of soils or their properties
and analyses of inter-relations between properties of soils or analyses of relations
of soil properties with other elements of the environment will not be performed,
creation of the database, or even the databank concerning information on soils
would be sufficient to complete the task.

Similarly to the GIS system, non-uniform understanding of terms soils data-
base and soil databank also exists. These terms are often used interchangeably.
From historical point of view, soil databanks were the first. They were created
when technical parameters of computer hardware, its memory, speed of operations
and printing abilities and access to computer were limited. Databanks stored
information on soils and their properties. They replaced and widened the scope of
data recorded in registers existing before, which included description of profiles
and analytical data for a given area, which could be sorted according to specified
keys, as, for example, soil types.

Databases must meet criteria, which are assumed for the needs of design,
creation and exploitation of databases. As it was discussed earlier, they much be
characterised by the specified structure of the data.

BIGLEB (the Bank of Information on Soils) is a special case; it has been
designed and partially commissioned by the Polish Society of Soil Science and
which is more than a simple databank.
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I1l. MODELS USED FOR PRESENTATION OF SOIL COVER

Issues which are discussed here, are widely known to soil experts who have
field experiences or intuition. They are discussed in more details since phenomena
and formal relations must be logically described in the case of utilisation of
computer-assisted technology. A model of presentation of the reality is a starting
point for all discussions concerning creation of Spatial Information Systems.

The soil cover which exists on the Earth surface is of continuous nature. It
seldom happens that rapid transition between particular types of soils occurs
(slopes or distinctive differences of rocks) and borders between such soils is
located within a belt the width of which is smaller than graphical accuracy of a
map.

Soil cover which is presented by soil maps is also continuous (since breaks
between contours do not exist), but variations between soils presented by these
maps are of rapid characteristics. A line being the border between two types is the
line of arbitrarily assumed border of changes.

Thus, we have the soil reality as a continuous phenomenon and its discrete (non
continuous) map presentation. Such presentation of the soil cover has been called
the model of the soil cover. Creation of a soil cover model is performed in not the
same way as development of an architectural design or a car design. In the case of
engineering designing works models are developed basing on real or designed
dimensions and outlook of objects.

However it is not possible, in the case of soil cover, with the exception for small
test sites, to achieve dimensions (concerning the surface and depth) which may
allow for representative presentation of soil features. Therefore the soil cover
model is always an approximation and deviations from the reality depends not
only from the number of field and laboratory measurements but also on the idea
of presentation of the soil cover.

In the case of cartography of soils and soil information systems, several ideas
are described, which are called as auxiliary models. We will limit our discussion
for presentation of two such auxiliary models. They are: the profile model and the
landscape model.

In the case ofthe profile model it is assumed that the profile which is selected
in a location which best represents a part of the soil cover is of the same structure
and properties as the soils cover fragment which is represented by this profile. The
selected fragment of soil cover becomes a soil contour which is then distinguished
on the soil map. It is also assumed in this model that properties of soils which are
described and analysed for the soil profile are identical with properties of soils of
the soil contour. With respect to properties of soils which are described and
analysed in the profile are not interpolated between adjacent profiles, since
interpolation or similar tests of variations of soil features were already the base
for delineation of the contour range. Other features, which have not been analysed
for the profile, may be interpolated.

This auxiliary model is applied for the needs of large-scale cartography of soils.
If, basing on data collected in this way, the database which includes location of
profiles, ranges of contours and all described and tested properties of soils, it will
be possible to perform visualisation of spatial distribution of particular properties.
It will be also possible to perform three-dimensional visualisation which, for
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example, presents the depth of deposition of clay or the thickness of soil horizons
on the solid rock.

Geometrical data stored in the case of utilisation of the discussed model are
related to location of profiles and ranges of contours as well as descriptive data on
profiles and their surroundings and results of laboratory tests.

We discuss here the profde model, but, according to present understanding, the
contour is compared with apedon and not with a profile.

The landscape model is used for the needs of presentation of soils in large areas
and production of medium- and small-scale maps (1:50,000 and smaller). It is
assumed in thematic cartography that the size of the smallest contour which may
be distinguished on a map equals to 0.25 cm2. It corresponds to the area of 25
hectares in the case of scale of 1:100,000, and to the area of 2,500 hectares in the
case of 1:1,000,000 scale. Contours of this size usually include more than one type
of soil and therefore they cannot be uniform with respect to properties of soils. So
it is important to know, what percentage of contours are covered with particular
types of soils and what is the level of diversification of properties of soils.

In order to make the distinguished units uniform (similar percentage of types
of soils and similar variations of properties), contours should be delineated after
the analysis of landscape elements is performed (terrain relief, lithology, morpho-
genesis, hydrological conditions, vegetation cover) and after morpho-litho-genetic
units or units at the specified level of hierarchical division of landscape are
delineated.

They will be soil cartographic units (equated with specified in the legend). It
should be known that each of them consists of several typological units, the borders
of which are not specified on a map.

In the case of utilisation of such a model, geometric data which are stored in
the database are related to ranges of soil cartographic units and descriptive data
specify the percentage oftypes of soils (typological units) and their characteristics.
In the case of this model, characteristics of elements of landscape and climatic
data are also important.

Using typical functions included in the Database Management System, carto-
graphic units may be located, visualised and printed, for example according to the
criteria of dominating types of soils, specified percentage of inclusions ( gley soils
p.ex.), according to parent rocks or the depth of soils.

In the case of this model, the descriptive part should be presented at two levels
of details. At the first and more general level such attributes are presented which
are related to cartographic units and typological units, which have been delineated
within cartographic units. These attributes are based on the existing maps, aerial
and satellite photographs. The role of analytical data acquired for profiles is limited
since, in the case of large areas, it is impossible to acquire analytical data for all
typological units distributed, for example, in various contours within the area of
a country. Therefore, contrary to the profile model, the soil profile cannot be
equated with the contour where the profile is located.

At the second level of details, for example in a separate array in the relational
database, analytical data for the existing profiles may be located. Relations
between both arrays may be ensured, for example, by the number ofthe typological
unit.

In the first stage such typological units and their properties may be located and
visualised in the database, for which analytical data exist. Transfer of these
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analytical data to similar (although not identical) typological units located within
other parts of the area may result in acquisition of some information which are
required for analyses, but the risks to make a mistake is increased in this case. For
example, the same luvisols created out of sandy loam will be characterised by
different chemical composition and hydrological properties, depending on the
region.

Diversification of the profile and landscape approaches is important for under-
standing the methodology of data collection (production of a map is one of the
stages of data collection), as well as the possibility of utilisation of databases and,
in particular, for assessment of reliability of data and presentation of the real soil
cover. In many cases not only the soil map content (the soil database) is important;
it is also important what cannot be presented due to the scale of a map.

Concluding consideration of models of presentation of the soil cover we would
like to present our attitude to the terms: data and information. As it turns out from
experiences, they are used without proper understanding; sometimes one term is
exchanged by the other. Below we present diversification of these terms which
has been assumed in manuals of Geographical Information Systems.

Data are understood as results o fobservations, survey and analyses. So, it can
be the pH =5.5, 12% of CaCO03, 1.2% of C or 15 cm of the depth of Al horizon.
Information are understoodas knowledge, which results from data interpretation,
connecting and adding the results to the general knowledge. For example, the class
of hydrological conditions, soil classes or complexes of agricultural usefulness
should be placed in this category.

Types of soils should be probably placed in this category as well. In the wider
context, data which are mutually linked, amended with the general knowledge
andpreviously collected information, create new information which is required
for decision making. The decision can be related to demands (lack of demands)
for drainage, utilisation of the areas according to plans of physical management
or types of activities aiming at protection against erosion.

Data and partial information concerning soils are not the only sources of
knowledge on soils which are utilised for the needs of decision making with respect
to land management. The decision models which facilitate to make optimum
decisions, utilise data which originate from various sources and which concern
various issues. Therefore it is important that soil data may be easily entered to
other information systems. So, data standardisation is required.

The logical string in brief: data information is presented in the following
diagram:

Data —>analyses — information —management

or
data —» information —knowledge —» decision
Information is a set offacts and opinions which increase the knowledge ofa
recipientand increase his ability ofmakingproper decisions [Keith R.Mc Cloy,

1995]. The objective of processing data into information is to create the knowled-
ge, which is required for making decisions related to land management.
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V. FUNCTIONAL APPROACH
TO THE SPATIAL INFORMATION SYSTEM

We should return once more to the definition of the Spatial Information System,
which was proposed by ESRI. The second part of this definition lists the basic
functions of the system: collection, storing, updating, processing, analyses (cre-
ation of information), visualisation of data and information which are geographi-
cally referenced.

It is amended by the newer approach by the comment that a system should be
appropriately organised and institutionalised and that it should have such hardware
and software capabilities and such forms of data that it would facilitate to generate
information assisting in making decisions with respect to physical management.

It is impossible to present in this document comments on all elements and
functions of the Spatial Information System, with respect to information on soils.
Therefore we will limit these comments to sources of data, which may be used for
creation of the system as well as to comments concerning organisation and
modules of spatial analyses of data.

1. Sources of data

High importance of selection and acquisition of data is stressed in publications
concerning the methods of creation and utilisation of the Spatial Information
Systems. Therefore the scope of data to be stored in the database as well as methods
of data acquisition should be carefully investigated. The tendency exists to store
all available information in the database, without consideration of their real
usefulness for further analyses, frequency of their possible utilisation and costs of
acquisition. Large sets of data require more computer memory and better technical
parameters of hardware and software are necessary for effective data processing.

The following sources of basic data, which can be used for the needs of soil
information systems, may be recommended:

- results of direct field surveying,

- existing soil maps,

- thematic maps,

- archive descriptive and analytical data,

- aerial photographs,

satellite images.

Brlef characteristics and methods of utilisation of the above materials will be

presented below.

1.1. Data from direct field surveying

These data are related to location of soil profiles, delineation of ranges of soils
contours, description of profile environment (terrain relief, vegetation cover,
management of lands) and description of soil profiles.

Location of soil profiles has been seldom specified in practice in such a way
that this information could be entered to the spatial information system. Applied
forms did not contain any tables or windows where geographical or geodetic
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co-ordinates or other data concerning locations, could be typed in. If necessary,
such information must be collected from a map.

At present, it is possible to specify locations of profiles as well as ranges of
contours by means of GPS (Global Positioning System) methods, with the use of
simple satellite receivers.

Description of profiles and surrounding environment should be presented with
the use of unified forms, adjusted to the structures of databases; data may be easily
transferred from such forms to magnetic media. In several countries (Germany,
the Netherlands, France, the USA) coding of description of soils and the environ-
ment has been directly started in the field with the use of field computers. This
requires the special software and hardware resistant to hard field conditions of
work.

1.2. Data from soil maps

The soil maps at the following basic scales have been produced in Poland:

1:5000 classification and agropedological maps (coverage for the entire country),

1:25,000 agropedological maps for districts (powiats), corresponding to the division
before 1975 (coverage for the entire country),

1:100,000 agropedological maps for 49 provinces (voivodships). Coverage for the entire
country. Not all of these maps have been printed yet.
Soil-genetic maps in sections of topographic maps. They are waiting to be
printed,

1:300,000 archive soil maps in sheets; 28 sheets were printed in the period 1957-60

1:500,000 awall map printed in 1972

1:1,000,000 and smaller scales
wall maps, atlas maps, prepared and printed in various periods,

1:1,000,000 produced in 1996 for the European Geographical Database on Soils. It exists in
the numerical form with the database.

The value of a soil map as a source of data for the Soil Information System
mainly depends on its timeliness, the quality of source materials and methods of
elaboration. Since almost all maps mentioned above were produced in the past,
the analyses should be always performed aiming at specification of:

- the transition from the units of the legend to names of soils used in the
dictionary which has been prepared for the information system,

- the methods of geometric correction of data which is required for transforma-
tion of data into one, geo-referenced system.

Contours of the soil map can be digitised (changed into the numerical form) by
means of manual digitisers or by means of scanning and processing of data files.
After identification of digitised contours, which are called polygons, attributes
may be assigned to such polygons. Some of characteristics may be acquired from
the same soil map (types of soils, some parent rocks). Remaining characteristics
should be acquired from other maps or from other sources of data.
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1.3. Data from thematic maps

Principles of operations are the same as in the case of soil maps. The map should
be changed into the digital form, transformed to the same geo-referenced system
and attributes should be assigned to contours. In the case of thematic maps which
are used for the needs of creation of soil information systems, data which are
included in these maps are usually sufficient (types of vegetation communities on
»vegetation maps, types of surface features on geological maps).

In the case of advanced Spatial Information Systems for large areas or in the
case of environmental information systems, data concerning various components
of the environment, which are related to soils exist already in the digital form.

1.4. Archive descriptive and analytical data

They will be mainly descriptions of soil profiles which are located in classifi-
cation documents, documentation of agropedological maps and in other documen-
tation as well as results of analyses of soil samples. 2 or 3 basic difficulties exist
which are related to utilisation of these materials for creation of soil information
systems.

As it was discussed earlier, soil profiles usually are not characterised by
geographic location. Coordinates should be specified by means of a map or field
drawings in this case. Applied description of profiles, although they are similar to
large-ranges works, as for soil classification for register of lands, are different than
in the case of drainage works or soil-and-vegetation community maps.

Criteria of description of the same properties of soils and properties of the
environment could also be different. Various analytical methods were used for the
needs of laboratory tests and results of laboratory tests were seldom compared to
standards.

Considering the existing errors and unreliability of works, it should be stated
that the value of archive descriptive and analytical data, although the great volume
of such data exist, is considerably limited with respect to development of soil
information systems.

1.5. Aerial and satellite photographs

Aerial and satellite photographs should become the auxiliary materials for the
existing soil maps and results of soil investigations. Advantages of these photo-
graphs are their timeliness and complexity of presented images of the Earth
surface which facilitate to perform landscape analyses. Some limitations result
from the fact that such photographs in majority do not present the soil surface but
the vegetation cover.

Utilisation of aerial and satellite photographs for the needs of investigations of
soils are not discussed here, since they are presented in the latest issue of the
manual Pedology [PWRIL,1999].

1.6. Why the Spatial Information System and not the database
or a soil information system only?

This question may seem to be strange since soil has the spatial nature, which
occurs in the geographical space what results in the necessity of geographical
location concerning the soil data.
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Therefore every soil information system should be, by its nature, the Spatial
Information System.

It practically happens, but in the first approximation only. Geographic location
of data and information is only one criterion which should be met by the Spatial
Information System.

If the soil information system is to co-operate with systems (or sub-systems)
concerning other elements of the environment or the technical infrastructure, it
should meet criteria of designing of Spatial Information Systems, collect data in
such forms that the transfer to other sub-systems should be possible and in such
notation that it should be possible to perform spatial analyses of data (a topological
model of data is required).

Finally, the soil information system should be included in the organisation of
the territorial (municipality, province, country) Spatial Information System; orga-
nisation of such a system specifies methods of transfer of soil data to other
sub-systems and to the entire systems and the ways of supporting soil data with
other data concerning elements of the environment and possible users of the data.
It is similar to creation of levels of the access during designing of databases.

The Spatial Information Systems are sometimes considered as an element of
the public information systems. Therefore two types of soil information systems
might be distinguished: such systems which are used by the designers or a limited
group of users (as soil experts or experts in related sectors) for the future works or
systems which will be commonly used by wide groups of users. In the first case
they may be the databases or simplified spatial information systems. In the second
case they should be the Spatial Information Systems on Soils, which utilise
software, methods of data collection and organisation of data similar to the Spatial
Information Systems.

V. EXISTING EXPERIENCES AND TASKS

Many experiences concerning creation of soil information systems have been
already gained in Poland and abroad. The majority of initiatives ended with ideas
and commencement of works concerning databanks or databases. Limited expe-
riences have been gained with respect to exploitation and utilisation of such
databases for the needs of spatial analyses.

Experiences from such European and world initiatives as: SOTER (Soil and
Terrain Digital Data Base), CESOTER (Central European Soil Data Base),
STIPA and DONESOL in France, ISRIC System, systems of the Dutch and
German Soil Services, Soil Data Base for Central and Eastern Europe, Can SIS
(iCanadian Soil Information System), NASIS (National Soil Information System,
USA) may be utilised for the needs of creation of the systems.

In Poland works concerning the development of soil information systems were
started almost in the same time as in West European countries. A concept of the
soil databank (BIGLEB), developed by the Polish Society of Soil Science, did not
differ from the European solutions. Partial implementation of this idea turned to
be interesting and appreciated. We already mentioned that the range of content,
an idea and organisation of BIGLEB were closer to the Spatial Information System
on soils than to soil databank.
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Intensity of further works aiming at development of the system, considering
the progress in computer technology and in theory of the Spatial Information
Systems, was considerably decreased, since they exceeded financial and organi-
sational possibilities of the social body, which is the Polish Society of Soil
Science.

Later initiatives, such as the Data Bank on Mineral Soils of Poland, the Data
Base on Location of Marginal Soils, the Spatial Information System concerning
the nature and values of wetlands and green areas in Poland, are related to
experiences of BIGLEB.

Works concerning the development of the European Data Base on soils,
initiated by the European Union, which are the continuation of works concerning
the soil map of Europe at the scale of 1:1,000,000, according to FAO, have mostly
influenced the methodology of creation of soil information systems. In Poland,
works concerning the Geographical Data Base on Soils, according to European
Union classification, have been already completed at the level of accuracy which
corresponds to the map scale of 1:1,000,000. Some methodological experiences
are the result of these works.

Basing on these experiences, as well as on experiences concerning the deve-
lopment of ideas of the national and regional Spatial Information Systems, the
following research and organisational tasks appear:

- improvement of a model of presentation of soil cover with consideration of
fuzzy logic rules,

- an idea of description of soils which considers requirements of automation of
works,

- structuring of data concerning soils, which is the base for designing structures
of databases,

- amethod of evaluation of the existing cartographic, descriptive and analytical
data and methods of transformation of data into a uniform geometric and
descriptive system,

- models and methods of spatial analyses limited to soil phenomena and models
which consider soils as one element only,

- an organisational model and competencies of soil services in Poland, which
are required for creation, utilisation and development of soil information
systems.
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