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ABSTRACT
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The choice of pilot areas follows from an analysis of problems that must be solved before a
georeferenced 1 : 250 000 database of the European Union can be built. These problems are: the
harmonization of existing maps and data; the harmonization of additional soil survey and data
collection methods; and the definition of the structure and content of the database. Options to solve
these problems were inventoried and evaluated in a JRC-sponsored workshop. A general approach
towards a georeferenced 1 : 250 000 soil database for the EU is proposed and the implications for
the work to be dong in the pilot areas are reviewed.
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Summary

Previous work on the feasibility of constructing a 1:250,000 georeferenced soil data-
base suggested, that the first phase should consist of solving harmonization, mapping
and sampling problems in pilot areas. In order to prepare the work in these pilot
zones, these problems have to be defined in some detail. To this purpose, a workshop
was organised by the Joint Research Centre (JRC) of the European Union.

Problems with respect to the harmonization of existing maps and data have two
dimensions. First, there is the problem of the harmonization of existing map legends.
Based on a comparison of the possible approaches, it is proposed to harmonise the
existing national legends towards a SOTER-type legend, which is slightly modified.
Second, there is the problem of data harmonization. Many options exist to represent
attribute values of texture, parent material etc. Some proposals are made for attribute
classes to be used in a common database, some matters are still unresolved.

Additional soil mapping and data collection can be done in various ways. A structured
way of soil mapping is proposed, that follows the lines set by SOTER. There is not
yet agreement on one method of additional data collection, because the data collection
may be either multi- or single-purpose and may either precede or follow soil mapping.

The proposals that follow from the analysis of these problems have lead to a working
definition of a georeferenced 1:250,000 database, and to the definition of criteria
that should be met by the pilot areas. After discussion in the Soil Information Focal
Point (SIFP), these definitions should be formalized in a Manual for the production
of a georeferenced 1:250,000 soil database for the EU.



1 Scope and general introduction

1.1 Historical perspective

At the Heads of Soil Survey meeting in Silsoe on the progress of soil survey activities
in the countrics of the European Community, which was held in 1989 (Hodgson,
1991), it was advised to have a study done on the feasibility of the creation of a soil
map annex database scale 1:250,000 for the European Community. In 1992, the task
Force, European Environment Agency, DG XI commissioned such a study, which
was conducted the next year by the Institute for Land and Water Management,
Katholieke Universiteit Leuven and the Winand Staring Centre for Integrated Land,
Soil and Water Research, Wageningen, the Netherlands. The report (Dudal et al.,
1993) was discussed in the Soil and GIS support group in Copenhagen in 1993.

At the founding meeting of the Soil Information Focal Peoint (SIFP) in Hannover,
1994, a number of pilot actions were identified and initiated. Among these pilot
actions was the definition of pilot zones at 1:250,000 scale. This action was con-
firmed in the Heads of Soil Survey meeting in Orléans in 1994. During the next
SIFP-meeting in Rome, 1995, a task group was formed to initiate this pilot action.
This working paper is the report of this task group.

1.2 Objectives of the working paper

At the SIFP-meeting in Rome, it was decided that the working paper should contain:
1 a proposal for the mapping methodology and the approach to a common legend,
2 a list of criteria to select pilot areas.

Both the proposal and the list of criteria should be the result of an inventory of opin-
ions and experiences on mapping, data sampling and problem orientation among the
SIFP-members. To achieve this aim, a workshop was organised in Ispra on November,
7 and 8, 1995.

1.3 Workshop

The Ispra workshop was attended by R. Dudal (chairman), M. Jamagne, D. Arrouays,
H. Breunig-Madsen, R. Hartwich, P. Finke, D. King, L. Montanarella, and P. Vossen.
Ibafiez-Marti contributed papers to the workshop. The workshop was structured
around the following items:

— options for mapping methodologies and for a common legend,

— structure and content of the database,

— options for additional sampling,

— options for harmonization of existing maps, data and data-interpretations,

— criteria for selection of pilot areas.



For each item, an introductory paper was presented, followed by often vivid dis-
cussions. The program and conclusions of the workshop are added in annexes 1 and
2. The conclusions and recommendations of the workshop will be repeated in the
different chapters of the working paper.

1.4 Readers’ manual

As this working paper is the synthesis of discussions and presentations during a work-
shop, it was felt that the structure of the working paper should more or less foltow
that of the workshop. Chapters 2, 3, 4 and 5 therefore contain the ingredients of the
workshop: The contents of the presentations and a summary of the discussions and
of the conclusions drawn during the workshop. Chapter 4 also synthesizes the con-
clusions drawn during the workshop towards a working definition for a georeferenced
1:250,000 database. In this chapter, matters still unresolved are listed and a working
schedule is proposed. The selection, delineation and research items in pilot areas
which follow from this working definition are described in chapter 5.
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2 Harmonization of existing maps and data

2.1 Harmonization of map legends

Three types of map legend entries have been employed in the existing soil maps of
the countries in the European Union. These entries have been analyzed by Dudal
et al. (1993) from the perspective of the adoption of a common legend. These legend
entries are: (i) single factor entries; (ii) taxonomic entries; (iii) physiographic entries.
In this section, these three entries are described and advantages or disadvantages
are listed from the perspective of their usage for a harmonized soil map 1:250,000.
Furthermore, the SOTER-approach (iv) is described as a special case of a physio-
graphic entry.

Single factor entries

Legends in which single soil factors are used as a first entry have been applied in

Belgium (Tavernier and Maréchal, 1958), Denmark (Madsen, 1991), Luxemburg

(Vermeiren, 1967) and the Netherlands (De Bakker and Schelling, 1989). The main

single factor used is the texture of the surface layers. It is combined with the drainage

class (Belgium, Luxemburg), the water table class (The Netherlands), the calcium

carbonate content class (The Netherlands), the slope and the geological substratum

(Denmark). In each case organic soils are separated from the mineral soils. Although

these single factors do not provide for an actual soil classification, they have the

advantage that they are easy to measure and that correlation between different coun-

tries is relatively easy. Usually, in these systems, profile development is indicated

at a third level (Belgium, Luxemburg and The Netherlands) which allows for estab-

lishing a link with a soil classification system.

Advantages:

— Profile classification is easy and correlation between countries is relatively easy
(Dudal, 1995).

— The resulting map legend is easy to understand for non-soil scientists (Dudal,
1995).

Disadvantages:

— The method is relatively little applied at the European scale (Dudal, 1995).

— The method is able to dissolve a part of soil spatial variability only, namely the
part dealing with the single factors. For some other, also relevant factors (e.g.,
physiography), the single factor approach to delineate soil bodies is not optimal
(Ibédfiez, 1995a).

Taxonomic entries

Legends of which the first entry consists of soil taxonomic units have been used in

England and Wales, France, Germany, Greece, Ireland, Italy, Portugal and Spain.

The classification systems used vary between and sometimes also within countries:

— The classification used in England and Wales and in Northern Ireland is the one
developed by the Soil Survey of England and Wales (Avery, 1980). For the
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1:250,000 soil map the taxonomic unit is further qualified in terms of associations
of series defined on the basis of texture, parent material, colour and mineralogical
characteristics.

— In France the national soil classification (CPCS, 1967) was used in the carly sur-
veys of the 1:100,000 soil map of the country. At a later stage the soil classifica-
tion units were moved to a lower level in the legend with landforms being used
as the first entry.

— In Germany the construction of the legend varied in the different Lander. Where
soil units were used as a first entry, the soil classification developed by the Ger-
man society of soil science was applied (AG Bodenkunde, 1982; AK
Bodensystematik, 1985). Recently this soil classification has been revised (AG
Boden, 1994) and for the contruction of a standardized soil map a common legend
was developed. The first entry in this new legend is based on a combination of
soils and parent material. The 1:1,000,000 Soil Map of Germany (Hartwich et
al., 1995), also based on soil typology and parent material, provides the correla-
tion with the Revised FAO Legend.

— In Greece the generalized soil map at 1:500,000 was prepared on the basis of the
FAO legend (Yassoglou, 1992).

— In Ireland the 1:575,000 general soil map uses the classification of the earlier
USDA system adapted to fit the specific requirements at national level (Lee,
1991).

— In Italy use is made of a national soil classification system developed for the
preparation of the 1:1,000,000 general soil map of the country (Mancini, 1966),
but the FAO, French and USDA soil classifications are also being applied. The
soil units are further qualified with parent material, texture, depth and slope
(Magaldi et al., 1992).

— In Portugal a national soil classification is being used. Besides the soil groups
which fit the specific local requirements, the Portuguese soil classification also
comprises components of the FAO and USDA classifications (Carvalho Cardoso,
1961).

— In Spain, the different autonomous regions have adopted a range of soil classifica-
tion systems, including the FAO legend and the USDA Soil Taxonomy. Soil units
are further characterized by the parent material on which they have developed
(Ibafiez et al., 1991).

In spite of the varying national systems, the 1:1,000,000 EC Soil Map of Europe
demonstrates the possibility of consolidating these different systems through the
legend of the FAOQ/Unesco Soil Map of the World.

Advantages:

— The vse of the FAO soil units as a first entry would have the advantage of linking
up with the 1;1,000,000 soil map of Europe and of already having a generally
accepted common reference system as a starting point. In areas without a
1:250,000 soil survey coverage the existing 1:1,000,000 soil map of Europe could
fill in the gaps pending the obtention of more precise information (Dudal, 1995).

— Most of the existing 1:250,000 soil maps use this approach.

— Field correlation to a common system is feasible.

Disadvantages:

— Soil taxonomic units are defined on the basis of a limited number of character-
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istics, which may not necessarily be those which are of major interest for man-
agement and environmental purposes (Dudal, 1995, Ibéfiez, 1995a).
— The resulting soil map legend is not understandable for non-soil scientists.

Physiographic entries

Landforms and parent materials are closely related to the characteristics and distribu-
tion of soils at all scales. The presentation of map units on this basis facilitates the
users’ insight into the spatial variation and the location of different soils in the land-
scape. Differences in the composition of parent materials may also reflect differences
in ‘fertility’ of soils which on other ground fit within the same taxonomic unit. Small-
scale soil maps in some European countries use Geology/lithology units as a first
entry in the map legend. Such an approach applied to the entire community would
entail difficulties of correlation and compatibility. In some instances the physiographic
units used as entries in small-scale soil maps are actually ‘natural regions’, character-
ized not only by their landform and parent material, but also by landuse, population
and vegetation (pédopaysages).

Legends which use landforms or parent materials as a first entry are being used in

France, Germany and Scotland:

— In France, landforms combined with parent materials have been used as a first
entry for the more recent surveys of the soil map of France at scale 1:100,000.
Reference to soil taxonomic units is given at a third level. The physiographic
entry is currently applied for the 1:250,000 ‘Référentiel régional pédologique’.
In the latter instance soils information is no longer provided on the maps them-
selves and is relegated to the explanatory texts (Jamagne, 1967).

—— In Germany defined landforms (Bodenlandschaften) with a brief description of
the environment are used to subdivide the legend of the new 1:200,000 soil map.
The first entry in the legend is the soil association and the parent material (AG
Boden, 1994; Hartwich et al., 1995).

— In Scotland the first entry in the legend of the 1:250,000 soil map is the soil asso-
ciation based on a concept of parent material and land systems. The component
soils are specified as a second entry according to a classification system devel-
oped by the Soil Survey of Scotland (1984) for the systematic survey of the coun-
try.

Advantages:

— The resulting map legend is easy to understand for non-soil scientists (Dudal,
1995).

— The inclusion of physiographic information and parent material in the legend
enlarges the insight in spatial variation and location of different soils (Dudal,
1995).

Disadvantage:

— Correlation at the European level is difficult, because physiographic units used
as entries in small-scale soil maps are in some cases actually ‘natural regions’
(Dudal, 1995). This fact causes non-unique entries to the common legend, and
as a result possibly causes delineation problems.
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SOTER approach

In order to overcome the difficulties of comparability in a physiographic approach,
the SOTER project has developed definitions of the various terrain components. The
SOTER-approach, World SOils and TERrain Digital Database at a scale of
1:1,000,000, aims at the improvement of future mapping and monitoring of changes
of world soils and terrain resources, and in the development of an information system
capable of delivering accurate, useful, and timely information about soils and terrain
resources (ISRIC, 1991).

The land is seen as a collection of areal elements made up of terrain and soil individ-
uals. The higher levels of the SOTER-classification scheme are defined by terrain
properties, the lower levels are defined by a soil classification. Differentiation criteria
relating to the terrain are:

a physiography and lithology;

b surface form, slope, microrelief, parent material and texture.

Application of the criteria of (a) leads to a map of the ‘terrain’; application of the
criteria of (b) leads to a subdivision into ‘terrain components’. These terrain compo-
nents may be further subdivided according to soils occurring in them. At the lowest
hierarchical level this results in soil units being the smallest components described
in the database. If the intricacy of soil patterns allows it, soil units or soil associations
are the smallest areas indicated on the map, if not, map units may be terrain compo-
nents.

SOTER does not prescribe any soil classification system, but favours a characteriz-

ation of the soils in accordance with the FAO (1988) legend for the Soil Map of the

World. This preference is followed by Dudal (1995) and Ibafez (1995a). Ibdfiez

(1995a) suggests adaptation of the SOTER-concept by using climate and vegetation

as additional keys. He too stresses the use of Digital Terrain Models (DTM), possibly

derived from ERS-satellite images, to obtain morphometric data.

Advantages:

— The inclusion of physiographic information and parent material in the legend
enlarges the insight in spatial variation and location of different soils (Dudal,
1995).

— SOTER provides and has proven to be a well-defined platform for the correlation
of existing material, as experiences show (Van Engelen and Peters, 1995; Van
Engelen, 1995).

Disadvantages:

— The resulting map legend, which is an assemblage of symbols, may be difficult
to understand for non-soil scientists (Dudal, 1995).

— The current SOTER-approach has been developed for small scales (1:1,000,000
to 1:5,000,000). A more detailed characterization would be required for a
1:250,000 scale entailing greater difficulties of transboundary correlations (Dudal,
pers. comm.).
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2.2 Data harmonization

The need for harmonization arises from two main reasons: (i) measurement methods
may be different between countries, sometimes even between laboratories within
countries; (ii) keys to classify measurements may be different between countries.
The differences between measurement methods are hard, sometimes impossible to
overcome. This, added to the quality of the analyses (see e.g. Pleijsier, 1989) and
the variability within the soil body represented by the analysis, sometimes makes
the use of class-variables inevitable. Below, an overview will be given of some
options for the harmonization of a number of class-variables related to a soil map
1:250,000 for Europe.

Parent materials

At present, five options exist to describe the parent materials in the European Union:
(i) the description in the 3.1 version of the Soils Geographical Database 1:1,000,000
of Europe (Le Bas and Daroussin, 1995), (ii) a proposal from Spain, (iii) a proposal
from Italy (Magaldi, 1993), (iv) a proposal from Germany (Hartwich, 1995a), and
(v) the SOTER-proposal (FAQ, 1993). Descriptions (i) to (iv) have evolved from
discussions in the Soils and GIS support group, description (v) has another origin.
Options (i}, (iv) and (v) are listed in Annex 3.

Texture classes

Three options exist to classify textural data (Fig. 1): (i) the system used in the 3.1
version of the Soils Geographical Database 1:1,000,000 of Europe (Le Bas and
Daroussin, 1995), which distingunishes 5 textural classes, (ii) the system used in
SOTER, which defines 5 texture groups for unconsolidated parent material, and is
based on (iii) the USDA system, which defines 12 soil texture classes (USDA, 1993).
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Fig. 1 Basic textural classes in EC, SOTER ard USDA systems

Water regimes or drainage classes

A number of options have been developed to define water regimes or drainage
classes, both at the national and the European level: (i) the 3.1 version of the Soils
Geographical Database 1:1,000,000 of Europe (tabic 1; Le Bas and Daroussin, 1995),
which defines 4 water regime classes, (ii) the Dutch water table class system, devel-
oped for a scale 1:50,000, has 8 main water regime classes (fig. 2), (iii) the UK
Hydrology Of Soil Types (HOST), developed for a scale 1:250,000 classifies into
29 hydrological classes of soil (table 2; Boorman and Hollis, 1990), (iv) the attributes
prescribed by SOTER (table 3; FAQO, 1993).

Table 1 Water regimes defined in the 3.1 version of the 1:1,000,000 Geographical Database (Le
Bas and Daroussin, 1995). wet is defined as a matric potential of >-1 kPa.

Water regime Descriptien

1 The soil profile is not wet within 80 cm for more than 3 months, nor wet within
40 cm depth for more than 1 month

2 The soil profile is wet within 80 cm for 3 to 6 months but not wet within 40 cm
for more than 1 month

3 The soil profile is wet within 80 cm for more than 6 months but not wet within
40 cm for more than 11 months

4 The soil profile is wet within 40 cm depth for more than 11 months
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Table 2 HOST-classification for the UK, scale 1:250,000. Simplified after Boorman and Hollis

(1990). IAC = Integrated Air Capacity. Numbers indicate HOST-classes.

MINERAL SOILS

GROUND
WATER
OR
AQUIFER

SOIL
HYDROGEOLOG
Y

No imperme-
able or gley
layer <100 cm

Impermeable layer <100
cm but no gleying or
Gleyed layer 40-100 cm

depth to
gleyed
layer <40
cm

PEAT
SOILS

>10m

Weakly consoli-
dated,
Microporous,
Bypass flow
uacommIon

Weakiy consoli-
dated,
Macroporous,
Bypass flow v.
uncomman

Strongly consoli-
dated, Non or
slightly porous,
Bypass flow com-
mon

2-10 m

Unconsolidated
Macroporous,
Bypass flow v.
uncommeon

Unconsolidated
Microporous,
Bypass flow com-
mon

12

13

14

<2 m

Unconsolidated
Macroporous,
Bypass flow v.
uncommon

Unconsolidated
microporous,
Bypass flow com-
mon

3
(permeable)
or

9

(slowly
permeable)

10
(drained)
or

11
(wndrained
)

NO
GROUND
WATER
OR
AQUIFER

Permeable

15

Soil water storage
capacity

IAC>7.5 IAC<=7.5
Y% %

Slowly permeable

16

17 20

23

26

Impermeable (hard)

18 21

24

27

Impermeable (soft)

Eroded peat

19 22

25

28

Raw peat

29
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Fig. 2 Water table classes nsed in the 1:50,000 soil map of the Netherlands

Table 3 SOTER-attributes related to water regime and drainage class. After FAO (1993)

Characteristic Description Number of
classes

Surface drainage Surface drainage of the terrain component 5

Depth of groundwater Mean ground water level, terrain component value

Flooding Frequency of the natural flooding of the terrain component 10

Duration Duration of the floeding of the terrain component 7

Start Month of start of flooding period value

Drainage Drainage of soil component 7

Infiltration rate Basic infiltration rate of soil component 7
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Table 4 Major landforms classification for SOTER units (after FAO, 1993)

Ist level 2nd level Gradient  Relief intensity
(%)

L Level land LP plain <8 <100 m/km
LL plateau <8 <100 m/km
LD depression <8 <100 m/km
LF low-gradient footslope <8 <100 m/km
LV valley floor <8 <100 m/km

S Sloping land SM medium-gradient mountain 15-30 >600 m/2km
SH mediurn-gradient hill 8-30 >30 m/slope nnit
SE medium-gradient escarpment zone 15-30 <600 m/2 km
SR ridges 8-30 >50 m/slope unit
SU mountaineous highland 8-30 >600 m/2 km
SP dissected plain 8-30 <50 m/slope unit

T Steep land TM high gradient mountain >30 >600 m/2 km
TH high gradient hill >30 <600 m/2 km
TE high gradient escarpment zone >30 >600 m/2 km
TV high gradient valleys >30 var,

C Land with composite  CV valley >B var.

landforms CL narrow plateau >8 var.
CID major depression >8 var.

Slopes and landforms

From national physiographic surveys, different possible classifications have evolved.
An option applicable at the European scale is the classification proposed by SOTER
(FAOQ, 1993) for major landforms (table 4). These landforms can be further character-
ized inside SOTER according to the regional slope (%), hypsometry and the degree
of dissection.

Soil Classification
Options at the European scale are the FAO revised legend (FAQ, 1988) or the World
Reference Base, which is still in development (ISSS, ISRIC and FAO, 1994 draft).

2.3 Workshop discussion and conclusions

Harmonization of map legends

In several countries, soil map legends and their first entries have been adapted since
mapping started. During the workshop, these experiences were shared and the possi-
bility to transform national soil maps to the SOTER-system was reviewed.

Denmark

The Danish data would allow for a SOTER-like approach by overlay of existing soil,
landform and slope maps.
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France

In France, a taxonomic approach has developed towards the pedopaysage approach.
An appearing problem was, that too many landscapes appear due to a lack of correla-
tion. The resulting physiographic maps are also not directly useable for all purposes.
A preference for a SOTER-approach exists, but since this approach has a strong
structural emphasis which needs to become more functional, the establishment of
reference areas is suggested, which are mapped and eventually monitored at a more
detailed scale. The data from the reference areas enabie the simulation of processes,
and the results of this can be translated back to the 1:250,000 scale. At a question
about a comparison of the costs related to a pedopaysage combined with reference
area approach with a complete survey at the 1:250,000 scale, it is answered that a
physiographic maps costs about 2 frs/ha, a map of a reference area costs about 100
frs/ha, whereas a complete soil map at 1:250,000 costs about 15 frs/ha. The reference
area approach is considered a priceworthy alternative at the regional scale in France.
At European scales this is yet uncertain. A proposal made, is to try out a conversion
from the pedopaysage-approach with reference areas to a SOTER-approach.

Germany

In a reaction to the difficulties encountered when combining the GDR and FRG-maps,
a mapping guide has been published, in which classification keys and symbols are
described and prescribed (AG Boden, 1994). A mapping procedure scale 1:200,000
has been formalized too. The first entry to the map legend 1:200,000 in Germany
is now a combination of soil association and parent material (Bodenform).

Netherlands

In the Netherlands, a conversion from the 1:250,000 soil map to the FAO (1988)
and SOTER systems has been made, by using geologic and geomorphologic maps
as overlay (Van het Loo, in prep.).

Generally, it is felt that the SOTER-approach provides a useful platform to harmonize
existing soil maps. Since the SOTER-method is developed for scales between
1:1,000,000 and 1:5,000,000, it is felt that a refinement of the definition of Terrain
and Terrain Components within the SOTER-system should be pursued at 1:250,000
scale. Two possibilities emerged from discussions with Van Engelen (ISRIC): (i)
an extension of the list of parent materials, and (ii) the use of a detailed DTM to
obtain morphometric data. Backward compatibility can be ensured by refining the
SOTER-system through extension of the existing legend rather than by creating a
new legend. Extension of SOTER with vegetation and climate keys was not sup-
ported, since these data can be added at any time through GIS-overlay with existing
spatial databases. Furthermore, vegetation cannot be considered a stable attribute
of land, whereas the other SOTER-keys are.

The following conclusions were drawn:

— A study should be done in France on the transformation of existing physiographic
soil maps (pedopaysage as first entry) to the SOTER-legend.

— A similar study should be done in Germany on the transformation of existing
physiographic soil maps (BodengroBlandschaften as first entry) to the SOTER-leg-
end.
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— The SOTER-approach should and can be refined for 1:250,000 scale, preferably
through an extension of the current SOTER system which guarantees backward
compatibility. Main items of extensions are the list of parent materials and using
a detailed DTM to derive morphometric data.

Data harmonization
The discussion focused on analysis of the potential of each of the options described
in section 2.2. The following conclusions were drawn:

Parent materials

The proposal made by Hartwich (1995a) was considered to be most appropriate for
a 1:250,000 soils database for Europe. An effort should be made to transform the
data from the 1:1,000,000 database according to the Le Bas and Daroussin (1995)
system towards the Hartwich (1995a) system. Hartwich will provide for a conversion
table. Another effort which could be considered is harmonization of the Hartwich-
proposal with the SOTER-system.

Texture classes

The USDA-system was considered to be too detailed for mapping purposes, since
internal variability of soil texture in the map units will most probably exceed the
tolerance of the textures classes in this system. The EC-system and the SOTER-sys-
tem are of comparable detail. One advantage of the SOTER-system is, that is compat-
ible with the USDA-system, whereas the current EC-system is not. This may be an
important factor when a profile database would be added to an 1:250,000 geographi-
cal database, because texture classifications for individual soil profiles can easily
be done with the USDA-system.

Water regimes or drainage classes

It was commonly felt, that the water regimes defined for the 1:1,000,000 geographical
database need refinement to be applicable to the 1:250,000 scale. The existing options
will need some more study before a decision can be made.

Slopes and landforms

It was agreed to accept the SOTER-methodology for use in the 1:250,000 geographi-
cal database. Using a detailed DTM as a basis would open possibilities to refine
classifications were needed, and is therefore advocated.

Soil classification

Since the WRB is still in its definition phase, the FAO (1988) legend was considered
the most appropriate choice for a the soil component of the 1:250,000 geographical
database.
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3 Additional soil mapping and data collection

3.1 Options for structured soil mapping

Taking the conclusions on harmonization of existing map legends (section 2.3) as
a starting point, it evolves that three options exist to structure future soil mapping
at the European level in such a way, that harmonization efforts will be small after-
wards. These options all use physiographic features as first entry in the legend: (i)
the pédopaysage approach applied in France, (ii) the approach used in Germany to
obtain the national 1:200,000 soil map, and (iii) the SOTER-approach. These three
approaches are briefly described, with emphasis on experiences with soil mapping.

Pédopaysage approach (France)

This soil mapping method involves a physiographic survey on a scale 1:250,000 of

a ‘natural region’, followed by a detailed soil survey (1:10,000 to 1:50,000) in

selected ‘Reference areas’. In these reference areas, soil/landscape relations and inter-

actions are established through mapping and sampling. Using these relations, the
map units of the 1:250,000 physiographic map can be characterized pedogenetically.

This approach is now commeon practice in soil mapping projects in France.

Advantages:

— As stated in section 2.3, the Pédopaysage approach with reference areas is prob-
ably a cost-efficient alternative for a complete soil survey.

Possible disadvantages:

— Physiographic map units are characterized through mapping and sampling activ-
ities in a selected part of the total area. The reliability of this characterization
strongly leans upon the assumed representativity of these reference areas.

— The delineation of the map is currently a “natural region’, which has boundaries
that not necessarily coincide with physiographic units, since they are defined by
landuse, population and vegetation as well (see section 2.1).

Approach in Germany

For the construction of soil maps scale 1:200,000 in Germany, a procedure has been

worked out (Hartwich, 1995b) to harmonize activities of the state soil survey groups.

The main principles are:

— Guidelines for soil map unit and soil profile descriptions (AG Boden, 1994), and
flow charts showing all steps to be taken by the state geological surveys as well
as those taken by the coordinating institute (Hartwich et al., 1995).

— Data sheets with 42 data fields for data collection related to the soil units of the
1:200,000 soil maps.

— Rules for converting soil survey maps to other scales.

— A common legend for the standardized 1:200,000 soil map.

These principles serve as a framework, and something comparable could be envisaged

for EU-wide mapping activities. Practical experiences in Germany are limited to the

harmonization of existing soil maps at a variety of (larger) scales. The a-priori defini-
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tion of Soilscapes (BodengroBilandschaften) and Soil Regions (Bodenregionen) in

Germany will prevent many border harmonization problems in future mappings.

Advantage:

— The a-priori definition of Soilscapes or Soil Regions as entries for a legend pre-
vents difficulties with the correlation of future mapping activities between coun-
tries as well as at the national scale.

SOTER

SOTER does not prescribe a mapping methodology, but merely gives a platform for

the construction of soil databases. However, a mapping methodology can be envisaged

which follows the structure of the database: The first step is the delineation of Terrain
and Terrain Units, following the differentiating criteria in FAO (1993). Hereto exist-
ing small scale geologic maps, geomorphologic maps, areal photographs and satellite
images and DTM can be employed. Hereafter, soil mapping can take place, whereby

STU are classified according to the map legend chosen (preferably based on the

FAQ’88 legend).

Advantages:

— The a-priori definition of the physiographic entries in SOTER and the production
of a small-scale landscape map using these definitions prevent difficulties with
the correlation of future mapping activities between countries as well as at the
national scale.

3.2 Options for additional sampling

To define an additional sampling programme, it is important to realise what purpose
the sampling should fulfil, and who will be the users of the data. In the context of
a 1:250,000 database, the aim is to characterize Soil Typological Units with soil
analytical data. However, if the context is widened, possibilities to finance such
samplings become better. The purpose of sampling could therefore be extended to
enable the monitoring of environmental and agricultural problems and processes as
well as the description of a 1:250,000 soil map. Three sampling options have been
described to collect additional soil data. These are described below.

Grid sampling

Madsen (1995) has proposed a grid sampling method, which could be worked out
along the lines set by the ‘International Cooperative Programme on Assessment and
Monitoring of Air Pollution of Forests’. In this program, a 16*16 km? transnational
grid is monitored throughout Europe as far as the gridpoints coincide with forests.
A cost estimate has been made for analysing texture, organic matter, pH, CaCO,,
water retention, bulk density, CEC, exchangeable bases, total N and P, Al and Fe,
both dithionite and oxalate extractable, micronutrients and heavy metals. At a EU-
covering grid, costs of analyses would be 15,000,000 ECU for sampling 10,000 pro-
files at a 16*16 km? grid, 1,500,000 ECU for sampling 1000 profiles at a 50*50 km?
grid and 375,000 ECU for sampling 250 profiles at a 100*100 km? grid.
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Advantage:

— Grid samplings can be carried out independently, and have not necessarily to be
based on an existing soil map. In this way, grid sampling can provide useful
information for soil mapping, though soil mapping can not be based entirely on
grid sampling.

Disdvantage:

— Grid sampling is a rigid method which does not take into account the landscape
structure. A grid sampling may therefore result in undersampling (or no sampling)
of some soil map units.

Sampling in reference areas at larger scales

King (1995) and Ibdfiez and J. Boixadera (1995a) have proposed a sampling method
which should eventually result in a nested database which supports soil maps at vary-
ing scales (Fig. 3). After selecting areas which are considered representative for soil
map units at a scale of 1:250,000 and 1:1,000,000, these areas are to be mapped in
detail and sampled. In this respect the approach fits in the French soil mapping pro-
gram (section 3.1). Thus, the sampling and mapping program yields a set of
‘benchmark’ profiles and -areas, which can be included in monitoring programs as
well. The development of a system of nested databases should be accompanied by
the development of scale transfer methods to disseminate large-scale monitoring
results to 1:250,000 and 1:1,000,000 map units.

o0,

1M

1:250,000

\—4@ Reference areas

Soil
| profiles

Fig. 3 Nested databases to characterize map units at different scales

Advantage:
— Sampling in reference areas may be a cost-cfficient alternative to a complete
coverage by sampling of soil map units.
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Disadvantages:

— A soil map for both the reference area as at the 1:250,000 scale has to be present
before sampling can effectively take place.

— Selected reference areas are considered to be representative, but this cannot be
proven.

Stratified random sampling methods to characterize map units

Additional sampling to fill the gaps in a database supporting a soil map means, that
some spatial units (map units) have to be characterized with one or more parameters,
€.g. SAR-value. Finke (1995b) describes a sampling program in The Netherlands,
which atms at characterizing soil map units. A method was developed that enables
the unbiased characterization of soil map units, with the possibility of an a-priori
evaluation of the cost/quality ratio of the result in case some knowledge on spatial
variability is available. In this sampling approach, the map polygons that comprise
a soil map unit are regarded as one population which has to be characterized. The
characterization is then a matter of taking a sufficient number of random samples
to be able to calculate an unbiased estimate of the population mean. Fig. 4 gives an
example.

[ )

ARandom sampling location in SMU-1
Fig. 4 Stratified random sampling to characterize a soil map unit

Since a soil map may contain a large number of map units, it may be not realistic
to characterize all soil mapping units separately, especially when expected differences
between soil map units are small for the parameter sampled. So a stratification may
vary with respect to the soil properties sampled.
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Existing knowledge on spatial variability in the form of a variogram can be used to
optimize the number of random samples to be taken in a soil map unit. A method
has been developed and operationalized to calculate the minimum number of samples
needed to obtain a certain quality of the estimate of the mean, in terms of the stan-
dard error (Fig. 5). In the Netherlands this method has been applied to save as much
money on sampling as possible while maintaining an acceptable quality.

HIGH

quality criterion

Sampling error

LOW

Sample size

Fig. 5 Relation between quality of the estimate of the mean and sample size. Simplified after
Finke et al., 1995,

Advantage:

— A stratified random sampling method guarantees the sampling of all soil map units
through the stratification, and provides unbiased (representative) values.

Disadvantage:

— A soil map 1:250,000 must be present before sampling can effectively take place.

3.3 Workshop discussion and conclusions

Structured soil mapping

Both the French, the German and the SOTER approaches are or have been carried
out in projects and fulfil their purpose. It was agreed in the workshop that the
SOTER-approach should be the basis for a common approach. As stated in the section
on harmonization of mapping methods (2.3), this implies that at the national level
conversions to SOTER should be tried in France and Germany. If possible, these
conversions should address both existing material for harmonization purposes as yet
unmapped areas.
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Additional sampling

During the workshop, it was agreed that future sampling should if possible serve
more than one purpose, because possibilities for financing the sampling increase this
way. The definition of a EU-wide environmental monitoring program which supports
the construction of a 1:250,000 soil database was therefore advocated. It was decided
to use existing data (e.g. the WISE database and the 1:1,000,000 database) as much
as possible before embarking on sampling programs. Also it was agreed, that the
accuracy and confidence levels of these existing data should determine whether addi-
tional sampling is necessary.

No conclusion was drawn on which sampling method to use. One consideration is
important in this respect: If the sampling is to be carried out before a 1:250,000 soil
map is completed for an area, a stratified random sampling or a reference area sampl-
ing is not possible while a grid approach is possible. If a 1:250,000 soil map is com-
pleted for an area, all three options are possible, where the stratified random sampling
guarantees that all map units are visited, the reference area approach is probably
cheapest and the grid approach may have some deficiencies. Probably the circum-
stances (mapped/unmapped area, national conventions, financing possibilities) will
determine the sampling method which is the most appropriate in an area. Also, it
is worth mentioning here, that a relation should exist with the working program of
the EEA, i.c. that of the Topic Centre Soil and Contaminated Sites).
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4 Approach to a georeferenced 1:250,000 soil database

4.1 Definition and general approach

In this chapter, the following working definition of a georeferenced 1:250,000 data-
base will be used:

The georeferenced 1:250,000 soil database is a combination of a digital database
of georeferenced pedon-data and a digital map 1:250,000 of the soilscapes in the
EU. These soilscapes correspond to the Terrain Component level identified by the
SOTER-approach, though the definitions by SOTER may be adapted.

From this definition, it emerges, that soil mapping activities will be subordinate to
database construction. Soil mapping will be limited to the delineation and adequate
description of soilscapes if no soil maps are available yet at appropriate scales. Soil
sampling will aim primarily at the supply to the database of representative data.

In section 4.2, an approach to obtain a soilscape map from available material supple-
mented by additional sampling is proposed. In section 4.3 the consequences of this
approach with respect to the relation between the database and the soilscape map
are described, and a proposal for the contents of the database is made.

4.2 Towards a soilscape map of the EU

It is proposed that the soil map scale 1:250,000 be constructed using the SOTER-
methodology to define the legend. As described in section 3.1, this involves the delin-
eation of Terrain and Terrain units following the criteria set in FAQ (1993), and
employing existing small scale geologic maps, geomorphologic maps, areal photo-
graphs and satellite images, and Digital Terrain Models (DTM). The list of parent
materials used by SOTER should however be extended to reflect the Hartwich
{1995a) proposal.

Soil region map 1:1,000,000

It is proposed to start with making a Seil Region map of the EU, in which dominant
parent material and main physiography are delineated at a scale of approximately
1:1,000,000. The 1:1,000,000 parent material map soil map of Europe can serve as
a partial basis for this map. This soil region map corresponds with the first step set
in the SOTER-approach: a subdivision of the area according to main landforms and
lithology (the TERRAIN). This covers the items: minimum and maximum elevation,
dominant slope gradient, relief intensity, major landform (table 4), regional slope,
hypsometry, degree of dissection, (extended list of) parent material and the area frac-
tion permanently covered by water. The Soil Region map 1:1,000,000 should cover
the whole EU and will be used (together with other criteria that follow in chapter
5) to delineate the pilot areas.
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It is proposed not to use vegetation or climate as differentiating criteria. These
attributes can be added at any time to the database through overlay with other data-
bases.

Soilscape map 1:250,000

As the second step in the construction of a soilscape map of the EU, it is proposed
to subdivide the Soil Regions into Soilscapes. The soilscapes should be defined and
delineated using the criteria set by SOTER, eventually after a generally confirmed
adaptation of these criteria. This covers the items: dominant slope gradient and length
of slopes, form of slope and surface form, average height, (extended list of) parent
material, texture group of unconsolidated material, depth to bedrock, drainage, depth
to groundwater and flooding characteristics. The resulting soilscape map should be
at scale 1:250,000. In contrast to the Soil Region map 1:1,000,000, a Soilscape map
1:250,000 should be made in the pilot areas first with the purpose of testing and
improving the criteria.

It is proposed to convert existing maps at scales of approx. 1:250,000 to the common
SOTER-based legend in the pilot areas with the purpose of testing the approach.
These conversions should at the least be tried in France and Germany, but preferably
in all EU-countries.

Additional sampling to support soilscape characterization
The amount of additional sampling depends on the amount of data and maps available
in a (pilot) area.

If in a region, soil data are present, they arc used to characterize Soil Components
within each delineated Soilscape (Terrain Component) by area fractions. The term
‘Soil Component’ is defined by SOTER, and corresponds to the ‘Soil Typological
Unit’ (STU) used in the 1:1,000,000 soil map of Europe. The soil data are also used
to define the STU’s. This will result in a database of STU, linked to the map units
of the Soilscape map 1:250,000. Each STU should be described in the database by
the attributes of one or more pedons, an area contribution to the Soilscape map unit
and the attributes which describe the Soilscape, and an indication of the variability
within the STU.

If in a region, not enough soil data are available, a sampling program should be
carried out to characterize the delineated Soilscapes. A stratified random sampling
scheme is proposed to collect basic soil profile descriptions first. The results can
be used to define STU, and to obtain good area estimates for each STU contributing
to the Soilscape. Subsequently, samples from a subset of the described soil profiles
can be analyzed. The amount of samples should be sufficiently large to describe the
variability within the STU.
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Additienal soil mapping

Whether or not additional soil mapping within the delineated Soilscapes is to be
carried out, should be decided by regional authorities. It is not a prerequisite for a
successful production of a 1:250,000 soil database, but it is extremely useful when
reference areas are to be established for map validation, environmental monitoring
etcetera.

4.3 Structure and content of the database

Structure

At the scale 1:250,000, Socilscape map units will be soil associations. The soils within
such associations may vary widely, not only in their genesis but also in their func-
tional behaviour. Because environmental studies will be an important application
of a 1:250,000 database, it is proposed, that a database 1:250,000 will provide infor-
mation for all Soil Typological Units (STU, components of the Soilscape), preferably
extended with information on within-STU variability. This approach corresponds
to (minimally) the level 2 approach, as it was applied to the 1:1,000,000 soil database
of Europe. The structure of the database will necessarily differ from that of the
1:1,000,000 soil database, because of the stronger emphasis that will be put on phys-
iography. The database structure defined by SOTER can serve as a starting point.

Database attributes

Annex 4 summarizes the attributes present in two ¢xisting databases: the version
3.1 EC-geographical database extended with the information on Proforma I, and the
database proposed by SOTER (FAQ, 1993). Additionally, in annex 4, the proposed
minimal contents of a database 1:250,000 for environmental purposes, as defined
in Dudal et al., (1993) are indicated. In the workshop it was decided to define the
contents of a 1:250,000 database based on a comparison of these databases. It was
also decided, that the contents of the database should be consistent in space.

Generally, the SOTER database contains more detailed physiographic entries than
the EC-databases. Soil profile data entries in these two databases overlap to a great
extent, though the EC-database gives more insight in the water regime. The database
content proposed in the feasibility study is defined in a more general way, and can
be considered a subset of the EC database. Since both the SOTER and existing EC-
databases were developed for use at a scale of 1:1,000,000, and the planned database
is for use at a scale of 1:250,000, it is proposed to define the entries to the 1:250,000
database as the combination of the entries of both SOTER and EC-1:1,000,000 data-
bases to provide more detailed information. This proposal can be summarized as fol-
lows: Usage of the entries from the SOTER-approach, extended with entries on the
water-management (at Terrain Component level), average, lowest and highest
groundwater levels (at the pedon and STU-level), total porosity, water content at
field capacity, SAR-value, ESP, BS and pyrite presence (Horizon information). This
proposal leaves the matter of how these entries are defined (classes, numeric values)
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unresolved, because it needs more discussion. The proposal does also not prescribe
which attributes are mandatory and which are optional. It is proposed, that the list
of parent materials used in SOTER is extended to reflect the Hartwich (1995a) pro-
posal. It is also proposed to further discuss in a workshop these entries and also
discuss possibilities on how to present the water regime and drainage class, and to
discuss whether data on heavy metals, macro- and micronutrients and pesticide con-
tents should be added. The result of these discussions should yield a Manual for the
production of a 1:250,000 soil database.
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5 Pilot areas

5.1 Criteria for the selection of pilot areas

The main aims of having pilot areas are

— To find ways to deal with harmonization problems in an early stage of mapping.
This will enable mapping procedures to be adapted and also provides a training
for the people involved.

— To solve harmonisation problems related to existing data and maps.

Discussions during the workshop resulted in the following criteria for the selection

of pilot areas:

— Representative soilscapes must be encountered.

— A representative coverage of EU-countries must be established.

—- National and/or regional support for this type of work must exist, e.g. by com-
bining pilot area research with research on regional pressing problems requiring
soil information, such as environmental/soil degradation research, physical
planning research etc.

— Transboundary and transregion harmonization problems must be encountered.

— Some experience must be gained on unmapped territory.

These criteria have resulted in the proposal for the location of pilot areas summarized

in table 5.

5.2 Delineation of pilot areas

Itis proposed that the pilot areas will be delineated after a regional working platform

has been established. This working platform should provide operational support for

the later soil mapping and sampling activities in the pilot areas. Delineation of these
pilot areas should preferably occur in two successive stages:

— Construction of a Soil Region (Terrain) map of the EU, in which dominant parent
material and main physiography are delineated at a scale of approximately
1:1,000,000 (data entries are described in scction 4.2).

— Usage of the Soil Region boundaries to delineate pilot zones in the areas of inter-
est.
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Table 5 Proposed location of pilot areas

Pilot Countries involved Motivation
area

1

Nordic countries Representative soilscapes (glacial features)
Representative coverage of EU
Transboundary and transregion harmonization

Germany, Denmark Representative soilscapes (glacial drift}
Representative coverage of EU
Transhoundary and transregion harmonization

Germany, Belgium, Neth-  Representative soilscapes (loess, peat, coversand)
erlands, France Representative coverage of EU

National/regional support exists

Transboundary and transregion harmonization

England, Scotland Representative soilscapes (..)
Representative coverage of EU
Transboundary and transregion harmonization

France (regions) Representative soilscapes (..)
Representative coverage of EU
National/regional support exists
Transboundary and transregion harmonization
Unmapped territory

France, Italy Representative soilscapes (..)
Representative coverage of EU
National/regional support exists
Transboundary and transregion harmonization
Unmapped territory

Italy {(northeastern Representative soilscapes (..)

regions) Representative coverage of EU
National/regional support exists
Transboundary and transregion harmonization

Spain, Portugal Representative soilscapes (..)
Representative coverage of EU
Transboundary and transregion harmonization
Urmapped territory

Greece Representative soilscapes (..)
Representative coverage of EU

5.3 Proposal and working schedule

Manual

1

34

It is proposed that a Manual for the production of a 1:250,000 soil database be

written in 1996. JRC should seek funding for this task, if this proposal is accepted

by the SIFP-meeting in March, 1996. This Manual should be discussed in a work-

ing group, finalized and be confirmed in 1996. The Manual should contain:

— a protocol for the production of a Soil Region map 1:1,000,000 for the EU,
based on the proposal in section 5.2,



-- a formal description of the main entries of the common legend, based on the
proposals in sections 2.3 and 4.2,

— a formal description of the attributes and attribute classes in the database,
based on the proposal made in sections 2.3 and 4.3,

— a framework for the harmonization of existing map legends towards the com-
mon legend, based on the proposals in section 2.3,

— a sampling protocol for additional data, based on the proposal in section 3.2
and 3.3.

2 Since the proposals in this working paper do not fully answer all questions, it
is proposed to have at least one workshop on these matters.

Pilot areas

— It is proposed to have pilot areas in most EU-countries (table 5) for reasons men-
tioned earlier. Regional and National interest should therefore be inventoried by
the national representatives of each country during 1996.

— The proposed timing of the delineation of these pilot areas is as follows: (i) Con-
struction of a Soil Region (Terrain) map of the EU: preferably in 1997; (ii) Usage
of the Soil Region boundaries to delineate pilot zones in the areas of interest:
in 1997.

— It is proposed to start the work in the pilot areas in 1997, pending the previous
actions, and to ask the Soils Bureau to coordinate and support this effort.
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