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INTRODUCTION

This article outlines the activities carried out within the sub-project known as “Phare
MERA Land Degradation Mapping-Assessment of Soil Erosion in Poland”. The aim of this
sub-project was to develop and apply consistent methods of collection and analysis of
combined remotely sensed and digital cartographic data for the assessment, modelling and
mapping of soil erosion in Poland.

The general approach applied at national level as well as slightly diverse methodological
approaches to several test-areas arc outlined. The different approaches stem from the
variability in geographical character of the selected test-areas, as well as from the types of
source data available for spatial analysis.

BACKGROUND

Land degradation caused by accelerated soil erosion is among the most critical
environmental hazards of modern time.

According to the UNEP, crop productivity for about 20 million hectares each year is
reduced to zero or becomes uneconomic because of soil erosion and erosion-induced
degradation. Buringh estimated that the annual global loss of agricultural land caused by
erosion is 3 million hectares. Since the beginning of settled agriculture, accelerated soil
erosion irreversibly destroyed as much as 430 million hectares, constituting 30 percent of
the presently cultivated land area. Human-induced soil loss is estimated to 26 billions tons
per year (natural erosion -9.9 billions tons per year).

As far as Poland is concerned, soil erosion caused by mismanagement, neglect and
exploitation ruins 10 million tons of fertile soil per year. It is not much in comparison with
the 240 million tons of soil lost annually in Nepal or | billion tons lost in Ethiopia (the
source of Old Egypt’s wealth). Nevertheless, the fact that soil erosion causes the annual
loss of 0.25 million tons of grain crops emphasises its economic importance and therefore
justifies the conservation efforts. Over 100 000 km? of arable land (30% of the (otal area)
are cndangered with medium and high risk of soil erosion and related, erosion-caused, off-
site problems as well as on-site soil degradation.

The main questions (o be answered are the following:
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—What are the criteria to evaluate the degree of erosion-caused soil degradation?

— How can one assess the impact of soil erosion in economic terms?

Several atlempts have been made throughout the world over the last 70 years in order (o
cvaluate and map land quality, land degradation, risk of soil erosion and soil loss at local,
regional and national levels.

It is worthy of note at this point, that as early as 1879 Loll published in Poland a {irst paper
on wash-out processes and ils impact on soils productivity. In 1926 Bac started the first
quantitative and comparative study of the soil loss al Dublany near Lwow (experimental
station of the Agricultural Academy). In the same year Bennet, considered as the founder of
modern “erosion science”, presented “Soil Erosion: A National Menace”.

Polish experiences related 1o soil erosion research and the early history of Polish efforts
undertaken to mitigate the erosion are summarised in the Proceedings of the Anti-Erosion
Congress organised in Lublin in 1968, i.e. 40 years after Bac’s first scientific publication:

In spite of the fact that the knowledge base has been already available, the decades of the
1970s and 1980s will be remembered still as those of theoretical conversation rather then
practical conservation. Nevertheless, several important events took place during that time.
The scientific community remained very active in undertaking further experimentat
research projects, planning and monitoring site-specific conservation measures and
organising annual conferences, workshops and seminars. Many researchers carried out field
measurements and applied mathematical modelling for soil loss and run-olf estimations.
The debates centred on the rational planning and proper use of agricultural land (85%
privately owned and heavily dispersed into small, cultivated plots). These activities,
undertaken within the framework of the state research program helped to increase the public
awareness of cnvironmental degradation, to recognise the interconnectedness of resources,
and to foster the formulation of the national land management and conservation policy.

In 1973 the Ministry of Agriculture issued the legal regulations concerning the general
(1:25 000) and detailed (1:5 000) inventory of soil erosion and enforced the application of
anti-erosion measures. The recommended methodology was elaborated in the Institute of
Cultivation, Fertilisation and Soils (IUNG) at Pulawy and applied a rather simple matrix
algorithm.

In 1980 the National Remote Sensing Cenwre (OPOLIS) of the Institute of Geodesy and
Cartography in Warsaw initiated an integrated soil erosion survey based on remotely sensed
and conventional data. The main aim of this survey was (o use the already existing models
and to determine the variables (crosion factors) of these models on the base of the remotely
sensed and conventional data. In addition, several assessment procedures, ranging from
simple qualitative operators to more complex deterministic, stochastic and parametric
models (including USLE) were tested and applied for erosion risk ecvaluation. This
analytical approach resulted in the generation of raster-type databases for selected test-sites.
It also showed that, given the constant technological development (higher spatial and
spectral resolution of remotely sensed data, advances in digital data processing and
computer graphics, elc.), the ability to determine the variables of the models was growing
{aster then the capacity of the models Lo give satisfactory results.
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Experiences gained from this survey might be regarded as the first Polish attempt to apply
modern GIS and soil erosion prediction technology for sound and reliable conservation
planning and resource management.

Soil erosion prediction technology (defined as “a collection of mathematical expressions
used 1o estimate rates of soil erosion as functions of independent variables with values that
represent a given set of conditions”™) has already emerged as an operational tool applied for
conservation planning. However, a lack of co-ordination of the efforts undertaken by
various researchers means that different methods of data collection and processing have
been used, making the results inconsistent and hardly comparable.

The situation has changed recently, when several inlernational organisations brought
together a pool of expertise emphasising the essential role of co-ordination between all
involved agencies.

ASSESSMENT PROCEDURES

Three different approaches are presently used in what might be referred to as modern Soil
Erosion Prediction Technology (SEPT). The first, the oldest and most popular, is
empirically based. This approach requires large amounts of field data represenling many
years of empirical measurements and observations, assembled and analysed with the aid of
statistical and regression analysis techniques. As a result, several experimental, parametric
models, (i.e. simplified representations of reality) were developed and could be applied for
erosion assessment and prediction. At present, they oflen serve as a tool to guide
conservation planning.

The second approach, more complex and demanding, is process-based. It relies on
fundamental hydrological and erosion processes such as detachment, transport, deposition,
etc. The third approach is a combination of two previously mentioned.

The methodology used in this sub-project relies on the empirically derived, parametric
modelling based on specially adapted factors of the Universal Soil Loss Equation (USLE).
Additionally, guidelines provided by the Polish Agricultural Research Institute (IUNG), in
Pulawy, have been taken into consideration. Central to this methodology is its conceptual
basis, according to which soil erosion is a function of two groups ol factors:

A. factors relatively stable:

— the erosivity of the climate

— the erodibility of the soil

— topography (slope length and slope angle)

B. faclors susceptible to change

—man’s activities ( land cover and land use, including conservation practices)

This approach is especially suitable for usec with modern GIS technology, offering
unsurpassed analytical capabilities to compare, aggregate and overlay large volumes of
thematic data. The assessment procedurc proposed and used for the present study at
national level (modificd and adopted for the Polish conditions) is presented on Figure 1.

69



Soeil

texture
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2/55-635
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5110 - 150 1 |None
6> 150 2 |Low
Slope 3 [Moderate
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215%-10% 5 | Very high
3110%-18%
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51>27%

Figure 1: The Assessment Procedire.
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During the first stage of work, a national digital database has been created, and guidefines
for soil erosion assessment have bcen proposed and then applied in order to identily
geographically diverse lest areas selected for further, more detailed investigations. This
database contains scaleable thematic coverages (Albers Conical Equal Area projection),
representing the spatial distribution of the following main factors affecting process of soil
erosion:

— Land cover/use prepared according to slightly modified CORINE, level 111 classification
system.

— Digital Elevation Model (DEM), a synergistic product (raster), generated from digitised
and interpolated contour lines (40-meter interval) and pre-processed data obtained during
long-term gravimetric surveys of the whole country. The DEM has been subject to further
analysis aimed at derivation of such products as slope coverage (4 classes), rclict olour
hipsometric map and exposition.

— Soil. Soil Mapping Units (SMU} and special-purpose information on soil texture (four
classes), soil depth (lwo classes) and soil stoniness (four classes) have been derived and
visualised from soil databasc which had been made available for this sub-project by its
author, Prof. S. Bialousz from Warsaw Technical University.

— Rainfall erosivity based on digitised spatial distribution of the so-called modified
Fournier index, considered as a good approximation of the rainfall crosivity factor (R) of
the Universal Soil Loss Equation (USLE).

The above themalic coverages were combined to generalc a ncw thematic coverage

representing potential soil erosion. This product displays the country-wide, spatial

distribution of four general, qualitative soil erosion risk categories, derived as a result of the

Table 1: Erosion risk categories.

1-low top-soil is only slightly washed out and might be fully recultivated, in general -
soil loss is irrespective of current land use and vegetation

2 - moderate | top-soil is reduced, numerous rills and channels are formed from which soil
particles are detached by the shearing action of the flowing water and by slumping
of undercut siedewalls

3 - medium erosion degrades severely the soil profile and leads to formation of typical
erosion-caused landscape with undulated relief and dissected stopes, deluvial soils
are formed in depressions, conservation practices should be applied already at this
stage in order to mitigate the continuous soil degradation

4 - high almost complete reduction of top-soil, exposed parent rock subject to denudation,
delluvial soil in depression with thick accumulation level, dissected undulated relief
with frequent gullies, depressions, land should be protected using complex,
agro-mechanical measures

5 -very high | soil profile is completely degraded, bedrock denuded, land cultivation endangered,
well developed network of deep gullies and ravines, badlands formation occurs,
reforestation recommended
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multiplicalive assessment procedure applied already for similar studies carried out in
Western Europe. These classes correspond only roughly with five erosion risk categories
expressed in descriptive way and used for erosion inventory in Poland. These risk
categories are presented in Table 1.
The operational method, which it is proposed (o use for an inventory of soil erosion in
Poland, is based on a simple matrix algorithm developed in the Institute of Cultivation,
Fertilisation and Soils (JUNG) in 1975. This method was modified in the Remote Sensing

Table 2: Matrix algorithm [UNG-75.

Land cover and land-use Slope Soil
Built-up | Forests. Range Orchards And Crop fields Barren |lInclination | Erodibility
areas, |Woodland,| [and, Plantations (privately owned and | land in class
Roads, | Thickets, | Meadows, dispersed plots degrees
Railways| Brush, | Pastures, cultivated by
efc. elc. elc. individual farmers)
Terraces | Contour { Contour { Upand # #
stripsof | plowing | down hill
grass plowing
0 0 0 0 0 0 1 3 1 <3 loess and
0 0 0 0 0 0 2 4 2 |36 loess-like
0 0 0 0 1 1 3 5 3 |6-10 deposits,
0 0 1 1 2 2 4 9 4 [10-15] |sit
0 1 2 2 3 3 9 5 5 [>15
0 0 0 0 0 0 1 3 1 [<3 lose and
0 0 0 0 0 0 2 4 2 [3-6 fine
0 0 0 0 1 1 3 ] 3 [6-10 P |sand,
0 0 1 1 2 2 4 ) 4 110-15| |rendzinas
0 1 2 2 3 3 5 5 5 [>15
0 0 0 0 0 0 1 3 11«8 lose and
0 0 0 0 0 0 2 4 2 136 coarse
0 0 0 0 1 1 3 5 3 | 6-10 [3 | sand loamy
0 0 1 1 2 2 4 5 4 110-15] |sandsilt,
0 1 2 2 3 3 5 5 5 [>15 silty loams
0 0 0 0 0 0 0 2 11«3 sandy sitty
0 0 0 0 0 0 1 3 2 |36 loams, loamy
0 0 0 0 01 0 2 4 3 |6-10 ¥ |silts, loamy
0 0 0 0 1 1 3 5 4 110-15| |gravels
0 1 2 2 3 3 5 5 5 |>15 gravels
0 0 0 0 0 0 0 2 11«3 silty
0 0 0 0 0 0 1 3 2 |3-6 clayes,
0 0 0 0 0 0 2 4 3 {6-10 b | skeletal
0 0 0 0 1 1 3 5 4 110-15] | formations,
0 1 2 2 3 3 5 5 5 |>15 rankers
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Centre of the Institute of Geodesy and Cartography in 1982, and is presented in Table 2. As
stated before, this assessment procedure has served as a basis for most of erosion surveys
carried oul in different parts of Poland, and aims to qualify and not to quantify the soil
€rosion process.
In practice, it is often accepted to simplify the assessment method for a particular inventory,
and to reduce the number of final classes to just four broad, qualitative categories of
erosion risk:
0 - none, I- low, 2 - moderate, 3-high.
These categories are used as a classification system for this general study at a national
level. The results, combined with recoded land-use data, enabled the preparation of a new
thematic coverage representing the spatial distribution of actual soil erosion risk,
characterised with the same classification scheme.
In addition, for the sake of clarity and comparison, the so-called “Reniger’s map™ has becn
digitised in order to depict in a generalised way the location, extent and rate of soil erosion.
This map represents a commonly approved, collective judgement, and is often used as a
basis for more detailed investigations.
The product of spatial analysis derived from the “source” digital data, Reniger’s map as
well as the expertise and so-called regional reference level of the Polish researchers helped
to identify and select several test areas proposed for [urther investigation. It has been
evident that the final choice of test areas would be influenced by such factors as availability
of data, time of access, costs, elc. Eventually, it was decided that the following regions
would serve as the test-areas:

~“Beskidy” - located between 18043°15”W to 19945°E and 49948°42”N (o 49922°44"N. It
is the largest from all selected test-areas and covers 3581,26 km?2. It extends over the most
west-outstretched part of the Polish West Carpathians and is composed of three distinct
mountain ranges: Beskid Slaski (West), Beskid Zywiecki (East}, Beskid Maly (North).

~ “Krakéw”- covers 1600 km? and extends over the southern part of Krakéw and Miechow
Upiands, south-western part of Sandomierz Depression and Hills of Wicliczka. Its centre
is covered with built-up areas (urban and industrial) of Krakéw and Nowa Huta
metropolitan area. The area belongs to one of the most ccologically endangered and
degraded regions in Poland.

- “Kazimierz™- located in the north-western corner of the Lublin Upland, extends over the
western part of the heavily dissected Naleczéw Tableland. Pedological and climatic
conditions make the whole region highly susceptible (o denudation and various forms of
land degradation, including frequent landslides and severc soil erosion. The most
prominent landscape features are large gullies and ravines with reforested slopes and
bottoms, which dissect undulated relief composed of small hills and depressions. Another
characteristic landscape feature is the steep morphological escarpment of the Vistula
River valley. The whole region has been intensely cultivated for more then 1000 years,
and at present agricultural land occupies almost 90% of the area. Cultivated fields (plots)
are small, which helps to reduce soil loss, but overall land-use pattern indicales that, in
general, anti-erosion, soil conservalion measures (lerracing, contouring, cropping
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management, ctc.) arc not commonly applied either by local farmers or by authorities
responsible for environmental protection of this region.

DATA GATHERING

The search for appropriate thematic data characterising selected test-areas revealed that in
most cases these data do not exist in digital form. Generation of digital dala and subsequent
development of a digital database is commonly acknowledged as one of the most expensive
and time-consuming stage of every GIS-oriented project. In these circumstances and in
view of time constraints, efforts have been undertaken in order to:
— gain access Lo the rather limited pool of already existing digital data generated by other
rescarch organisations and individuals,
—encourage selected institutions and individuals to participate in this sub-project, and make
them interested in converting analogue data into digital form,
- use most cffectively all relevant, existing data (both analogue and digital) and experiences
rclated to soil erosion research.
Fortunately, access to remolcly sensed digital data has turned out (o be relatively simple
and casy. Landsat TM images have been made available from the archives of the Remote
Sensing and Spatial Information Centre of the Institute of Geodesy and Cartography (I1GIK-
OPOLIS) in Warsaw, (National Focal Point and co-ordinator of this MERA sub-project).
The preparatory phase consisted of search and retrieval procedures carried out in order to
preview the appropriate fragments of Landsat TM scenes and to register sclected areas on
magnetic media. These data have been subsequently subject to multispectral classification,
recoding and rectification procedures, in order to derive a meaningful information ready to
be combined with collateral, thematic coverages (by composite mapping analysis
incorporaling recoding, weighting and scaling). Finally, cartographic representations of soll
erosion risk distribution (thematic maps and poster) were produced.
Concluding the previous remarks, 1t should be stated that one of the main advantages of this
sub-project, apart from the obtained results of the spatial analysis, has been the very fact of
making this analysis possible by generating, compiling and collecting various “source”,
digital country-wide or regional data.

Processing of Remotely Sensed Data

As foreseen in the Methodology Guidelines for the PHARE MERA Land Degradation sub-

projcct, the objectives of this activity were as follows:

a. to correct geometrically and radiometrically the Landsat TM satellite imagery, using
standard image pre-processing procedures;

b. to examine the spectral characteristics of the various land degradation types by spectral
analysis of the imagery;

c. to map the spatial distribution of land degradation, using image classification and GIS
modelling techniques.
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In practice, pre-processing procedures were limited Lo georeferencing (rectilication to a
map co-ordinate system using ground control points, transformation based on polynomial
equations, and image re-sampling techniques).

Spectral analysis consisted of signature extraction, ISODATA unsupervised clustering,
region growing analysis based on spectral distance measurcments, signature editing
procedures and supervised, maximum likelihood classification.

Access was also secured to digital maps of land cover at scale 1:100 000, generated within
the CORINE Land Cover Mapping Project. However, it was decided to re-classify the
imagery, since the classification system used for the CORINE Project is not fully adequatc.
Nevertheless, the CORINE land cover maps were useful for Landsat TM rectification
(image-to-map registration).

Since the aim of classification was to identify rather rough land cover categories, and
eventually to differentiate between fully protected, not fully protected, and unprotected
areas, the accuracy of classification was not considered a priority. Thus, field checking and
error analysis werc not done.

An interesting attempt was undertaken to derive information about the relationship between
spatial distribution of agro-complexes, slopes characterising these agro-complexes and
orientation of particular crop-fields. Aerial photographs ol the Kazimicrz test-area werc
applied for this work in order o increase the accuracy of resulls.

CLOSING REMARKS

During the first stage of this study several thematic data layers have been gencrated, and
then combined according to the pre-defined assessment procedure. It has been revealed that
the preparation of the “source” data used as variables for subsequent spatial analysis should
always be regarded as the most important step affecting the overall accuracy of the final
information.

Once again, it has also become clear that data generation and preparation are the most
costly and time-consuming phases of every project. Spatial analysis, regarded as computer-
aided, composite mapping analysis based on spatial coincidence of thematic data layers, is
a highly flexible and effective procedure to derive qualitatively new information. It also
offers many possibilities Lo combine and present the final information.

During the second stage of the project it was proved that the results depend not only on the
type and character of the input data and processing methods, but also on the specific user-
defined requirements and assumptions concerning different spatial variables (scaling
indexes, variable weights, assignment of calegories).

It is quite evident now that remotely sensed data and modern GIS technology, used equally
as a qualitative and quantitative tool, provides added insight into complex environmental
indicators, processes and phcnomena. It also facilitales comparisons between various
geographic regions and helps to perform multitemporal analyses (change detection). This
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