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Cover photograph - Maximum value composite of the Nor- 
malised Difference Vegetation Index (NDVI) for July 1989. 
This product is part of a time series of similar data which 
will be used by the Agriculture Project for the zoning of agri- 
cultural regions of the European Community. 
(Data processed by the Agriculture Project) 
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FOREWORD 

Problems of land use and soil conservation require increasingly accurate information on the 
properties and geographical location of soils. An important aspect is to obtain harmonized data 
for highly diverse regions. Within the European Union (EU), the evolution of the Common 
Agriculture Policy as well as an awareness of environmental problems has led the Commission 
to carry out research on a soil information system. The CORINE programme as part of the DG 
XI (Environmental Directorate-General) and the Monitoring Agriculture by Remote Sensing 
(MARS) Project as part of the DG VI (Agricultural Directorate-General) and DG XI1 (Research 
DG) have supported this activity. Vossen and Meyer-Roux describe in the first paper the aims of 
the MARS Project, and emphasis that the agrometeorological models involved in this project 
need soil parameters to run them in any place. Teller in a second paper confirms that most of the 
soil parameters required for environmental problems are the same as those associated with 
agricultural projects. 

In order to harmonize the studies, an EU Support Group, entitled Soil & GIs, was created by the 
MARS Project. National expert soil scientists were drafted in from the EU countries to work on 
providing soil data. For four years, studies have focused on the improvement of the EU Soil 
Map and the establishment of a soil information system for Europe. Indeed, the EU Soil Map 
published in 1985 by the DG VI and digitized by the Corine programme of DG XI contained 
insufficient information for many of the objectives mentioned above (King et al.). Firstly, the 
archives stored in Ghent University were used to complete the attributes included in the digitized 
soil map. Secondly, each counry was requested to check and update the data. 

Despite these efforts, some ma.ior variables are not present in the database e.g. hydraulic soil 
parameters. In order to derive them, a knowledge database based on an expert system was 
created under contract to the EU (Van Ranst et 01.). This second information layer contains 
pedotransfer rules which enable the estimation of soil hydraulic parameters from the variables 
presently stored in the database. Finally real measured data were added as a third infom~ation 
layer consisting of more than 300 located soil profiles provided by the national soil sur\.ey and 
soil data organisations (Madsen and Jones). 

These studies were undertaken for the current 12 EU countries. During the development of the 
different stages, the Commission asked for the enlargement of the projects to cover countries 
bordering the EU, including those countries for which there is a timetable for membership - for 
example, Sweden, Austria ... Thus an action has been launched to extend the methodology to the 
countries of Eastern and Central Europe and further to the North European countries (Jamagne et 
~ 1 . 1 .  

Many applications using the EU Soil Map have already been attempted, and have served to 
highlight the lack of information. The soil information system as described in the various papers 
that make up this monograph is in the process of development. A first version (called version 
2.0, the soil map being version 1.0) is available and a first application has been done on the Soil 
Water Avalable for Plants (SWAP) in the framework of crop modelling. Thomasson gives an 
overview of different methods of estimating this p'ualneter and of developing associated models. 
Arising from this, a SWAP map was produced. King er al. describe the methodology and 



underline the problems linked to conveying and displaying the results. For combining the soil 
data and climate data involved in agrometeorological models, a grid-ce!l method is often used. 
The generalisation of the soil parameters within each grid-cell can then modify the output of the 
agrometeorological models (Ngongo et al.). The final estimated values will soon be included in 
the GIs database for crop modelling (A. Burrill et al.). 

Many applications need soil information for agricultural and environmental monitoring. The 
example of the map of erosion risk is given as an example (Giordano et al.). In most cases, it 
needs other kind of information such as land cover data, meteorological data, etc. (Rijks and 
Hough). 

Soil information at the European level is becoming available in a harmonized form, but much of 
it is dependent on local expertise or is insufficient due to the high variability and diversity of 
soils (Ibanez et al.). Magaldi reports a survey of available soil data at larger scales and shows the 
high vruiability of methods and state of progress of mapping in different countries. As was 
recommended by a meeting of the EU Heads of Soil Survey at Silsoe in 1989, Dudal et al. 
emphasise the need for a refinement at 1:250,000 scale. The aim is not to draw a new map but to 
establish a more accurate database related to the 1:1,000,000 scale, and also to small 
experimental areas (such as catchment or field experimentation) or localised soil profiles. A 
good example of such a database is presented for Germany (Eckelmann et 01.). 

Recommendations along these lines have been made at European level. Maintaining the present 
database and developing a new soil information system needs to be driven by a recognised and 
permanent body within the Commission (Meyer-Roux). The main objectives of this structure 
will be to respond to the EU requirements, to identify national requirements, to harmonize 
international initiatives, to promote soil information systems and to develop research on new 
methodologies for a better representation of soil variability. 

D. King 
Chairman of the 

Soil 6i GIs Support Group 
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I DESCRIPTION OF TWO EU 
PROJECTS INVOLVING 
SOIL INFORMATION 





1.1. CROP MONITORING AND YIELD FORECASTING 
ACTIVITIES OF THE MARS PROJECT 

P. Vossen and J. Meyer-Roux 
Institute for Remote Sensing Applications, Joint Research Centre of the EU, 21020 Ispra (VA), Italy 

Abstract 
The Agricultural Information Systems Unit of Lhe Institute for Remote Sensing Applications, JRC, Ispra, has 
developed a system for the timely forecasting of the production of the EU's most important crops, as support 
to the European Statistical Office (EUROSTAT) and the Directorate-General for Agriculture of the EU. The 
MARS Project information system (Monitoring Agriculture with Remote Sensing) became operational in 
1993. 

The outputs of the system refer to quanlitative assessments of yields and crop hectarages and to qualitative 
crop state monitoring. For the assessment of crop hecbrages, a method using SPOT and LANDSAT TM 
satellite imagery, with a resolution of 20m and 30m respectively, has been developed and validated for large 
regions in France. Germany. Greece, Italy and Spain. For the quantitative crop yield prediction, 
agrometeorological models, using surface observed meteorological data. soil information and research-based 
knowledge on crop growing conditions have been developed. For crop-state monitoring during the growing 
season. NOAA-AVHRR satellite information and meteorological data will be used. The qualitative 
monitoring is specific and the expected resolution is of the order of 50km x 50km 

This paper first briefly presents the various activities of the MARS Project and then concentrates on the 
agricultural information system developed for early crop yield assessment of the EU member states. It is 
entirely implemented in a GIS environment which uses the 1:l.OOO.OOO soils database of the EU as one of its 
primary layers. 

Objective and scope of the 1988-1993 activities of the MARS Project 
On 26 September 1988, the EU Council of Ministers approved the creation of a 10-year 
research and development pilot project for the application of remote sensing to agricultural 
statistics. This project is commonly referred to as the MARS (Monitoring Agriculture with 
Remote Sensing) Project. Its main objective is to upgrade the statistical systems of member 
states and of the Services of the European Union. The Project is being implemented by the 
Institute for Remote Sensing Applications of the Joint Research Centre (JRC). The actions of 
the Project relate to: 

* Crop inventories: quantitative estimation of the hectarages occupied by the various 
crops in a given region or country; 
Vegetation and crop state monitoring: timely, qualitative and regional monitoring 
of the state of vegetation and crops; 

* Crop yield forecasting models: timely forecasting of the mean crop yields per 
country and per large region; 
Rapid and timely estimation of the EU's total production of the most important 
crops. 



The regions referred to in the above activities, are the NUTS 1 statistical regions (NUTS= 
Nomenclature of Statistical Territorial Units) and correspond in general with large 
administrative regions of the EU, for example Central France, Andalucia, Flanders, etc. 

These activities are implemented in close collaboration with national research institutes, 
universities and private bodies, as approximately 80% of the 1988-1993 specific credits of 
the MARS Project have been used for contractual work or collaborative programmes outside 
the Joint Research Centre. 

With 1993 being the target date for the availability of results, the following strategy was 
adopted: 

No new fundamental research would be carried out. Existing research results would 
be validated for use at the European scale. Refinements to the system through more 
fundamental research would be realized in a second phase (1 994-1998), 

0 The core co-ordinating team at EU level would be as limited as possible and full 
advantage would be taken of the knowledge and experience available from 
institutions and private companies in the various member states. 

0 As proven methods relating satellite imagery to quantitative crop yield forecasts at 
the national or regional scale are not yet available, the crop yield forecasting part of 
the project would - at least in the initial stages - be mainly based on more traditional 
methods such as agrometeorological crop growth simulation models. 
The use of remote sensing techniques to improve the precision and spatial resolution 
of outputs would be investigated in the second phase of the project. 

This paper first presents a short overview of the above Actions and then concentrates on 
Action 3 - yield forecasting models - as the critical phase where extensive use of soils 
information is made. 

Crop inventories 
The objective is to know, for a given region or country, the total area occupied by a given 
crop and during a given season. The methodology consists of a combined use of a 
(relatively) limited number of ground observations and of high resolution remotely sensed 
information (SPOT and LANDSAT-TM). The satellite data can be used in two different 
steps: 

Step one as an efficient tool to allocate the sample. This is termed building an area 
frame sampling. It requires interpretation of satellite images to draw the boundaries 
of the strata and then to select the sample of ground observations. 

e In step two the satellite data can be classified using the ground observations as 
training set and evaluation set. It is known as the regression estimator. It requires 
satellite data during the crop season. 

Step one is always cost-effective, which is not always the case for step two. The techniques 
have been validated for several regions in the EU and has been reported on in DelincC (1990) 
and Gallego & DelincC (1991). 



Monitoring vegetation condition and yield indicators 
The main objective of this activity is the timely, qualitative and regional monitoring of the 
condition of the vegetation. This information will then be used as qualitative indicators of 
crop yield. The second objective is to issue alarm warnings in the case of abnormal 
conditions. The information (Sharman, 1990) is derived from the data sensed by the AVHRR 
(Advanced Very High Resolution Radiometer) sensor on the NOAA (National Oceanic and 
Atmospheric Administration) meteorological satellite. The spatial resolution of the data is, in 
theory, lkm x lkm. In practice, the resolution is lower because of panoramic distortion. The 
interpretation of the data can be troublesome, because of the variable water and aerosol 
content of the atmosphere, the presence of clouds, the geometry and angular effect and the 
captor itself, which needs regular calibration because of radiometric instability. 

Indicators are derived to assess the condition of the vegetation. The most frequently used 
indicators are the vegetation indices, which permit monitoring of qualitative evolution of 
vegetation biomass and its water status through the year; also the surface temperature which, 
in combination with the air temperature, allows rough estimation of the real 
evapotranspiration of the crop and the degree of possible water stress. 

Crop yield forecasting 
The objective (Vossen, 1990a) of the crop yield assessment activities within the MARS 
Project is the development, testing and implementation of a system for timely regional crop 
state monitoring and yield forecasting of the following major EU crops: cereals, grain maize, 
rice, pulses, sunflower, soybean, potato, sugar beet, oil-seed rape, wine, olive oil, apple, pear 
and citrus. The quantitative yield forecasts should be acceptably precise at the national scale 
and possibly also for the NUTS 1 regions. The outputs are cartographic products of spatial 
crop-state monitoring, produced at 10-day intervals, for example: development stage of the 
crop, biomass production as compared with the interannual average, remaining soil moisture 
reserve, etc.; and tables with quantitative yield forecasts per country, also produced at 10-day 
intervals. 

Eslimation of total hectarage and  yield of the EU's major crops 
The objective (Husson, 1990; CEC, 1993) of this activity is the rapid and timely production 
of information bulletins on the modifications, relative to the previous year, of the hectarages 
occupied by the major EU crops and of the probable yield of these crops. The scale of the 
activity is Europe-wide, meaning that crop production information is available only for 
Europe as a whole, and the information is not broken down by country. 

For a sample of 53 sites of 40km x 40km in the EU, high resolution satellite imagery (SPOT 
or LANDSAT TM) is acquired and analyzed, if possible 4 times per year. For the estimate of 
the current year's production, no field observations are used to help in analyzing the images. 
However, information that is available from previous years may be used (e.g., the exact 
location of fields and crops and their radiometric characteristics). The images are acquired at 
representative dates of the development stages of the major crops in a region. Careful study 
then allows a stepwise analysis of the data and the identification of the crops on the image. 
Additional analysis also allows the estimation of potential crop yield. 



Crop monitoring and yield forecasting. 
Although remote sensing tethniques are currently being turned into operational tools for crop 
area inventories, land utilization assessment and low resolution vegetation condition 
monitoring, they do not yet permit quantitative prediction and assessment of regional or 
national mean crop yields within the EU. The main constraint is the lack of proven models to 
relate satellite information to quantitative yield estimates on a regional scale. Other 
constraints are the limited availability of sufficiently cloud-free images in the northern half 
of the EU, the incompatibility between low resolution satellite imagery and the size of the 
fieids, the incompatibility between the frequency of availability and the efforts required for 
the analysis of high-resolution satellite data, and the rate of change of crop conditions. 

On the other hand, methods that use information collected at ground stations, such as 
agrometeorological models, drought indices and time series extrapolation have proved to be 
useful for crop yield forecasting in various continents and under different climatic 
conditions. The Weekly Weather and Crop Bulletin of the United States Department of 
Agriculture (USDA, 1987), the Early Warning System of F A 0  (FAO, 1986), the 
extrapolations adjusted for weather conditions of the European Statistical Office (Dagnelie et 
al, 1983) and the various methods applied in the former USSR (Gringof and Kozinets, 1988) 
can be given as examples. There are numerous examples for more limited regions or for 
single crops, such as Haun (1982) for maize, Dagneaud et a1 (1981) for winter wheat in 
France, Sakamoto (1978) for Australian crops, Vossen (1990a) for millets in Botswana and 
the MORECS system in the United Kingdom (Thompson et al., 1981). 

Methods that use data collected at ground stations have however some major disadvantages, 
when they are applied at a regional scale. The required input information often has a limited 
precision and spatial resolution (for example, average farming practices for a large region 
instead of actual site-specific information), the outputs do not always permit a correct 
assessment of the spatial extent of a phenomenon (for example, rainfall, low temperatures,) 
and some of the input information already consists of estimates derived from other 
parameters (for example, solar radiation from cloud cover or sunshine duration). 

The adopted strategy was therefore to work in two phases: 

Q 1988-1993: simultaneous development and implementation of a basic system for 
crop-state monitoring and yield forecasting based on surface information and of a 
system for monitoring vegetation condition using low resolution satellite information. 

Q 1994-1998: gradual improvement and refinement and possibly complete integration 
of both systems by making use of recent or new research. Such improvements can for 
example be achieved by the use of solar radiation estimates derived from satellite 
information in agrometeorological models, by introducing improved techniques for 
the interpolation of rainfall data, by using remote sensing for the assessment of the 
spatial extent of (ago-) meteorological events, by the linking of the surface model 
outputs validated in Phase I to remote sensing imagery, etc. 

The remaining part of this paper describes the system for early crop yield assessment, using 
surface information only, as it was developed between 1988 and 1993. Although operational 
since early 1993, the system is still incomplete and subject to further improvements. The list 
below indicates the limitations of the current system: 



for the yield series used for model validation: partial replacement of the official crop 
yield statistics that were used for model validation by (local) series of real field 
observed yield data. Officially released statistics are often based on expert judgement 
and the noise in the interannual variability of yield series hinders their use for model 
validation; 

for growth of winter cereals during the winter period: development of a winter 
growth module. In the present version of the system, simulation of growth of winter 
cereals starts on 1 January. This option had to be chosen because not enough research 
results are yet available to permit a simulation of actual growth during winter. 

for the water balance module of the models: introduction of a correction for capillary 
rise where the soils database provides an indication that such is likely to occur. It will 
also be investigated whether the introduction of a two- or three-layer water balance 
model instead of the one-layer model presently in use would improve the quality of 
the model outputs. 

for the regression analyses of observed yields against model outputs: possible 
introduction of additional variables. At present, only grain or dry matter production 
modelled in combination with time trends are used to relate yields of annual crops to 
the crop simulation model outputs. Tl~is  approach is justified by the fact that most of 
the crop model inputs and outputs that may significantly account for interannual yield 
variability are strongly correlated between them. On the other hand, conventional 
wisdom would suggest that some of these variables might significantly contribute to 
an improved explanation of yield variability: for example, rainfall in excess of the 
simulated water requirements during part of the growing cycle might be a useful 
parameter to explain unexpectedly low yields of certain crops in some regions or 
years. 

for integration of remote sensing: the methods envisaged to integrate remote sensing 
for crop state monitoring (as opposed to general vegetation monitoring) and yield 
forecasting. (See paragraph 6). 

General Methodology 
The implementation of a system for the production of timely yield forecasts at a national or 
regional scale must address several problems. 

Change of scale, from site-specific input information, to assessments or forecasts that 
are valid for large regions or countries; 
Non-availability of timely information on farming practices and farmers' decision- 
making mechanisms, for example exact planting dates, fertilizer doses, etc. 
Non-availability of part of the input information, for example, the exact profile of 
soil water available for plants (SWAP); the depth of rootable soil; the soil occupation 
by the various crops in a region; etc. 



e Limited precision of the input information: for example, the inEormation contained in 
the EU Soil Map (CEC, 1985) is already a synthesis of the original field 
observations; the meteorological conditions at prime weather stations are not always 
representative of the weather conditions in the farming areas. 

0 Limited spatial resolution of the input information: for example, the EU Soil Map has 
a real resolution of approx. 5km x 5km; the number of daily reporting weather 
stations providing the required inputs is approximately 600 and the time series of 
crop yield, needed for the validation of model outputs, is only available for the NUTS 
1 regions. 

0 Limited knowledge of the relations between crop yield and the agro-, pedo- 
meteorological growth conditions, valid at the scale of the EU regions. Such 
knowledge is often only available at the level of individual research sites and is never 
integrated into information valid at the regional scale. 

It must be concluded that quantitative yield forecasts based on the limited information listed 
above can never be completely accurate for a specific locality; they can only be valid or 
reliable for (very) large areas such as countries or NUTS 1 regions, provided the information 
and model outputs are first carefully weighted for the relative importance, within the large 
region, of soil types, groups of varieties, common farming practices, etc. 

In order to solve some of the problems listed above, the following activities were 
undertaken: 

Establishment of agro-pedo-meteorological crop inventories. 
For most annual crops that are commonly cultivated in the EU, literature and expert- 
knowledge based information was collected on: 

e statistics on cultivated surfaces and yields; 
regionalized phenological crop calendars; 
environmental requirements. 

Crop inventories are available for: Italy, Greece and Spain (Narciso et al., 1992), the 
Benelux countries (Falisse, 1992), UK and Lreland (Hough, 1990). In addition, detailed 
inventories covering the EU as a whole are available for barley (Russell, 1990), potato 
(MacKerron, 1992) and wheat (Russell, 1994). 

The databases (Official Journal of the European Communities No S168 and C223 of 27 
August 1988) can be used either as input to the models of yield prediction or as sources of 
information for testing such models. They provide reference information to warn of the 
occurrence of meteorological and other types of hazards likely to affect yield. They were 
compiled in such a way that they are externally compatible with the standard synoptic 
meteorological data , with the 1:1,000,000 Soil Map of the EU and with the NUTS region 
division of the EU. The databases contain: 

c general crop physiological data; 
c agronomic data, aggregated at the regional level, such as the earliest and latest dates 

of harvest in a region, the most common farming practices, the major varieties grown 
in a regional and the maximum altitude at which a crop is grown; 

0 detailed physiological information from individual trials. 



Table 1 shows, as an example, the distribution of the potato crop over the soil types of the 
United Kingdom (Mackerron, 1992). 

Table 1. Percentage distriburioti of the potato crop over the soil types of the United 
Kingdom (Mackerrot~, 1992). 

Estimatiott of potential evapotranspiratiot~ PET and solar radiatiot~ 
Both PET and solar radiation are key input variables in many crop yield forecasting models. 
Methods for the calculation of both parameters, giving improved estimates as compared with 
locally validated formula, and valid for all of the EU-regions, have therefore been developed 
and implemented (Choisnel et al., 1992, and Hough and Parker, 1992). 

Update of the 1:1,000,000 soils database and developnzenr of a map of Soil Warer Available 
to Plants (SWAP) 
The information contained in the existing 1:1,000,000 EU Soil Map (CEC, 1985) was 
updated and complemented with information available in the original archives used for its 
elaboration and is specified by Bumll et al. (1995). 

Spatial itltelpolation of mereorological input data 
The European meteorological network is relatively sparse considering the large range of 
topography and elevation. As at present no proven techniques exist for the interpolation of 
daily meteorological data from the synoptic network, applicable to the EU as a whole, a new 
technique was developed by the Staring Centre for Agricultural Research, Wageningen, The 
Netherlands, for the interpolation of data on a regular grid (van der Voet et al, 1993). The 
method is also explained in Bunill et al. (1995). 

Time series analysis 
Crop yields largely depend upon the farming practices and they may vary more or less 
rapidly (or drastically), according to the techniques that the farmer adopts and his flexibility 
in introducing innovations. However, this information is not immediately available for crop 
monitoring and yield forecasting purposes at a regional or national scale. Crop growth 



modelling is therefore done on the assumption that environmental grcwing conditions, other 
than the weather, are stable and do not change from year to year. This assumption is 
obviously not true for farming practices such as fertilizer application and choice of crop 
variety. On the other hand, a correctly quantified time-trend of regional and national crop 
yields, may be used as a replacement for part of the farming conditions that affect crop yield 
but that are not easily available at the time the crop yield forecasts are made. The use of a 
time series assumes that, for a given year, changing farming practices from one site to 
another within the area, compensate each other and result in a stable general situation for the 
region as a whole. A consequence will be that the yield predictions can only be valid for the 
areas for which the trend was quantified. 

The Faculty of Agricultural Sciences of Gembloux in Belgium has carried out the study on 
this subject. Different time-series functions were compared by Palm and Dagnelie (1993). 
The main conclusion was that, although more complicated models resulted in a (very) 
limited gain of precision, the technological trend was best approached by the quadratic 
function: 

Y = a + b*T + c * T ~ ,  adjusted by stepwise regression (where Y=Yield and T=Time). 

Models for crop state monitoring and yield forecasting. 
Within the context of the MARS Project, three methods have been developed and tested: 

e A deterministic agrometeorological crop growth simulation model is used for the 
national and NUTS 1 yields of annual crops only: cereals, grain maize, rice, soybean, 
field bean, potato, sugar beet, oilseed rape (colza) and sunflower. 

A statistical model using time-series analysis, 10-day rainfall totals and 10-day 
temperature data as meteorological variables (Palm and Dagnelie, 1993), is used for 
the mean national yields for both annual crops and for tree crops. Weather data are 
not interpolated, but natior~al mean conditiorls are derived from 10-day 
meteorological station values by weighting them by the hectarage of the crop in the 
NUTS region in which the station is located. If no regional crop statistics are 
available, a national mean value is calculated by giving an equal weight to all 
stations. The estimated time series is first quantified. The rest is then regressed 
against the 10-day national mean temperature and rainfall conditions from the 
previous season's harvest month up to the current 10-day period. 

* A model based on the aeropalynologic method (Besselat and Cour, 1990), which 
assumes that the amount of pollen liberated into the atmosphere during the flowering 
period of certain crops, is a good indicator of the yield potential of the crop. It is 
presently being used for vines only, but tests for olive are ongoing. 

In the following section, only the methodology for crop-state assessment and forecasting 
yields of annual crops is presented. 

Crop-state monitoring and yield forecasting of the national and NUTS 1 regional yields of 
annual crops are based on outputs obtained from a modified version of the WOFOST model 
(van Diepen et al, 1989) designed and implemented by the Dutch Winand Staring Centre for 



Agricultural Research according to the specific needs for the EU's agricultural information 
system (Vossen, 1990b, 1992). It uses daily interpolated weather data and the model is run 
for the different soil types on which the crop is cultivated. The model is driven by a 
combined energy balance/water balance module which compares real transpiration with 
calculated potential transpiration through a light interception/COz-assimilation/water 
requirements/water availability sub-module. The model uses only those daily meteorological 
data that can be made available via the synoptic meteorological network and meteorological 
input data are limited to: rainfall, temperature, including maximum and minimum 
temperature, vapour pressure, 24-hour mean wind speed and sunshine duration or cloud 
cover 

It is run once every 10 days. The basic frame of the model was adapted to accommodate the 
various annual crops of interest and the required input information (conversion factors, base 
temperatures, etc.) was made specific for the different NUTS 1 regions of the EU, mainly on 
the basis of the previously presented crop knowledge bases. The models are calibrated to 
make them region-specific (e.g., initial dry matter at emergence, mean planting date, 
calibration of the length of phenological stages as a function of sums of temperatures, etc.) 
on the basis of site specific field data available from various research institutes in the EU and 
on the basis of the crop-knowledge bases. Both adaptation and calibration are reported on in 
Boons-Prins et al. (1993). The general common outline of the models is given in Fig. 2. 

The outputs of the model are agricultural season quality indicators: biomass and grain 
production, under the actual rainfall conditions and as if all required moisture was available; 
estimated actual soil moisture reserve; state of advancement of the cycle during a given 
decade; sums of temperatures, rainfall totals, climatic water balance, estimated radiation, 
potential evapotranspiration, etc., cumulated between given 10-day periods; percentage 
departure from the long-term mean given decade or period within the growing season, for all 
of the previous indicators. 

The Agricultural Information System 
The present system as a whole consists of five parts, one related to the databases, one for the 
processing of real time meteorological data, one related to the software to run the models, 
one geographical information system (GIS) and an external component which groups all the 
complementary information and activities used for crop state monitoring and yield 
forecasting. The overall system is presented in Bunill et al. (1995). 

Validation of the model outputs 
The methodology for the validation of the various models (annual crops, perennial crops, 
vine and olive) has been reported on in Vossen (1990b, 1992). Hereafter follows only a 
summary presentation of the methodology followed for annual crops, using deterministic 
growth simulation models, as it shows the use of the 1: 1,000,000 EU Soil Map database and 
the role of the GIS environment in the overall system. 



At the start of the growing season: 

Step 1.Identification of the major pedological conditions and farming practices that affect 
the yield and the importance of the crop, such as 
(a) the suitable soils and their relative importance, 
(b) the major groups of varieties cultivated in the region and their importance; and 
(c) the major farming practices. 

Step 2,Identification and description, for each region, of a number of representative 
scenarios of crop growing conditions. 

Step 3.For each grid cell, attribution of weights to each scenario, according to the above 
identified pedological conditions and farming practices. For practical reasons the 
number of scenarios can not exceed 3 to 5 per cell. All the scenarios together should 
be representative for at least 80% of the conditions in the cell. The following 
scenarios could for example be tested for wheat : 

Scenario 1: winter wheat, sandy soil -....----- >weight = a 
Scenario 2: spring wheat, clay soil late sowing -------.-- > weight = b 
Scenario 3: spring wheat, sandy soil medium sowing date ---------> weight = c 

At the end of each 10-day period j: 

Step 4. Running of the models for 10-day intervals (but using daily meteorological input 
data), for each of the above scenarios, at the level of each 50km x 50km grid cell 
within the region. 

Step 5 .  For each grid cell, calculation of average model outputs, that are weighted according 
to the relative importance of each scenario in the region. 

Step 6.  Aggregation of the weighted average rnodel outputs per grid cell into average values 
for the NUTS 1 region, for which statistics for the planted area are available. 

Step 7 .  Aggregation of the regional averages unto NUTS 1 and NUTS 0 (the national scale). 
Weightings are done according to the 1975-1990 average area occupied by the crop 
in each region. 1975-1990 is the period for which regional planted area statistics are 
available. Weighting by the planted area of a given year would not be.possible, as 
these statistics become available only after a time-lag of 1-2 years. 
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Figure 1. Schematic o~itline of the crop growth sinl~rlatiotl model as adapted atid 
integrated 01 the Agricultural Inforrnatiot~ System for crop yield for-ecastit~g. 
(after- Vossen, 1990b; Shaman,  M., 1993, persorzal comrn~rtlicatioti) 



Step 8. Regression analysis of the series of regional and national crop yields Yi of a region 
or country against the model outputs and (possible) time series: 

Yi = constant + Y( CROP MODEL OUTPUTS ]ji+ O(TREND]i + errorji 

The possible time series and model outputs are simultaneously taken into account 
and validated on the basis of the hypothesis that weather conditions can suppress or 
modify the expression of a time series (Vossen, 1990a). The tested series function is 
of the form a +I-b*T +I- c * T ~ ,  where b and/or c are zero. If both are zero, there is 
no yield increase or decrease as a result of technological or possible socio-ecological 
evolution or no time series. Usually, analyses including time series are carried out 
for long periods of 20-30 years. However, because of the recent agricultural policy 
of the EU, aiming at a reduction of total production or the subsidies for certain crops 
(e.g., wheat), it was proposed to reduce the length of the time series. Its length 
should nevertheless be long enough to give a sufficient number of degrees of 
freedom in a regression analysis with at least 2 and possibly up to 4 independent 
variables. In practice, the length of the series used for the statistical model validation 
has been set to k = 9 years (If the total length n of the available series is dc, then 
k=n). 

The variables that enter in the regression analysis are then: 

a. [he trend (1 variable) 
b. one of the following outputs, which are interdependent: biomass, grain, leaf area 

index, development stage; (1 variable) 
c. one (possibly more?) of the following variables: the ratio between theoretical 

water requirements and real water consumption, rainfall in excess of water 
requirements during a given development stage, the climatic water balance 
during winter. 

At present, only the above two variables (a) and (b) have been validated. For 
forecasting, only the statistically most significant model output is selected. 

Step 9 .  Model precision and stability and the trustworthiness of the forecasts are evaluated 
with the technique of independent estimates, based on the model validation for the 
previous 9 years. 

Given a region or country for which n years of yield data are available starting in 
year y, the model, after validation based on the period i (i = y to y+k-I), provides 
independent estimates for the yields of the years y+k and y+k+l. The same 
procedure is repeated for the periods y+l to y+k, y+2 to y+k+l, etc., until y+(n-k-2) 
to y+(n-2-1). The production of independent estimates two years ahead is necessary 
because there exists a time lag of up to two years between the time of statistical field 
surveys on crop production and the availability of the results at national or EU scale. 
The procedure eventually results, at the end of each 10-day period j, in the following 
set of constants, regression coefficients and errors (Table 2): 



Table 2. Determination coefficients, regression cotlstants, regression coefficiet~ts and 
errors produced for each 10-day period as part of the validation procedure. 

Even a highly significant statistical regression does not necessarily imply that such a 
regression can be used for precise prediction (de Koning et al, 1993). To assess the 
usefulness of the statistical validations for yield forecasting, the following indicators of the 
quality and trustworthiness of the yield predictions are therefore determined using the 
procedure (Palm and Dagnelie, 1993): 

a. The Jacknife root mean squared prediction error Jac, defined as: 

It is calculated by keeping data out of sight one after another during the construction 
of the prediction error Zjac, each of them being obtained from a regression using a 
set of (n-1) data. Jn can be evaluated through the expression: 

R2Jac = (s2 - X (E Jac)2/n)/~2 
(with s2 being the variance of the series of n yields) 

R~~~~ indicates in what measure it is possible to appreciate the quality of the 
predictions made on the basis of a regression model by using the same data that 
served to construct the regression model. 

b. The indicators R~~~~ and R~~~~ of the quality of the predictions one year ahead and 
two years ahead, based on the regression obtained from the previous k years: 

R2tya = [ I ( €  I t  I2/(n-k-2) - X(e 'i)2/(n-k-2)]fi( E I t  )2/(n-k-2) 
(with € 1  and being the prediction errors if only the time series extrapolation was 
used.) 



If there is no time series, ~t and are the prediction errors if one uses the mean 
yield of the i previous years as a prediction for the yields of the year+l and the 
year+2. If R~~ a or R~~~~ are positive, then the predictions using 
agrometeorologicafmodel outputs are an improvement as compared to the use of the 
time trend alone (or the mean value for the k previous years, if there is no trend). 
However, if they are negative, the predictions are worse, even if the coefficient of 
determination has increased. 

Use of this approach means in practice that the model validations need to be updated 
regularly, when the most recent, survey based, statistics become available. For the 
validation of the regional yield forecasts, statistics are available since 1975. In 1994 
for example, with official regional statistics unto 1992 available, n was equal to 18. 

Step 10. Yield forecasts are made with monthly intervals, from the end of the month of 
February onwards, and up to the end of the growing period of most crops. This 
implies that the above outlined approach has to be followed for the model outputs 
obtained for each month as from the end of February. The equation that is eventually 
used for the forecast depends upon the results of the assessment of step 9: 

a. if R ; ~ ~ ~  > or >> 0, then use the complete regression model; 
b, if R oy, < 0, then use the time trend function alone; if there is no significant 

time series, then use the mean yield for the past k years. 

The results of the validation are reported on in de Koning et a1 (1993). 



Examples of system outputs 
Fig. 2 gives the estimated biomass production of winter wheat at the end of the 10th June 
1993 and Fig. 3 gives the overall picture of crop-state by the end of May 1993. 

.,.. CUMULATED WEIGHT ABOVE GROUND BIOMASS --.--.-*.- -..---.-- :----. PERCENTDEVlATION FROM LONG E R h t  MEAN 

lhird decade ofjunc 
cumulated since Ihe firs, dccsde o f j s n u q  

Figure 2 .  Simulated biomass production of winter wheat on 30  June 1993: percent deviation 
from the long-term mean. 
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Figure 3.  Overall wintel. arid spring crop-state assesstnetlt by the end of I993 



Perspective: introduction of remotely sensed information. 
At present, the system is entirely based on information generated from ground observations. 
However, this approach has as two major disadvantages: first, the input data have to be 
obtained from the relatively sparse European meteorological network, which does not allow 
retrieval of reliable weather information for areas smaller than approximately 50km x 50km. 
Secondly, because ground observed information (farming practices, planting date, stand 
density, variety, soil type, crop development stage, etc.) can not be made rapidly available 
for the whole of the EU, the model outputs themselves for each 50km x 50km grid cell have 
a limited precision. As a result of both facts, the quantitative yield forecasts are reliable only 
when they are applied to large regions or countries. 

However, it is clear that the introduction of remotely sensed information into the models is 
likely to improve significantly the spatial representation and the reliability of both the model 
inputs and outputs. Such improvements are expected from an appropriate use of 
METEOSAT and AVHRR information, especially for the following aspects. 

0 Spatial interpolation of inputs such as meteorological data and of certain outputs such 
as, drought severity indicators; 
Introduction of land utilization information into the system; 
Improved, more reliable and spatially correct depiction of alarm situations such as 
droughts, extreme colds and abnormal high temperatures; 
Direct input of estimated global solar radiation from METEOSAT imagery and, 
provided appropriate research results of remotely sensed surface temperatures and 
evaporation become available within a relatively near future. 
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1.2. THE STATE OF THE SOIL IN EUROPE 

Anne Teller 
Task Force European Environment ~ ~ e n c ~ ' ,  European Commission. 

Abstract 
In conjunction with the fifth environment programme, a pan-European report on the state of the environment 
is being published by the European Commission. Among the main conclusions which can be drawn from the 
report, it appears that the most severe soil degradation processes in terms of their irreversibility are 1) erosion. 
2) acidification, and 3) pollution (by heavy metals, pesticides and other organic contaminants, nitrates and 
phosphates, and artificial radionuclides). To establish the magnitude of soil degradation requires a qualitative 
and quantitative assessment of the current situation and what has occurred in the past. but there is still little 
accurate information for all of Europe and measurement is difficult. Since soil-related problems are site- 
based, any attempt at generalisation is very complex. Traditionally, soil surveys consisted almost exclusively 
of soil maps displaying qualitative information, with different legends, scales. methods and coverage. 
Recently, it has been realised that soils have contributed to a whole series of problems of environmental 
concern and that integrated inventories are necessary. The analysis of the processes by which soils are 
polluted and degraded shows that international. as well as national, action needs to be implemented to protect 
soils, as some problems transcend national borders and can only be solved through the combined efforts of all 
countries. 

Introduction 
Soil degradation is a crucial environmental problem today, a problem that is becoming more 
and more important as a result of the development of human activities, and one that tends to 
get too little attention. However, the role of the soil is of vital importance to Mankind and the 
maintenance of a healthy natural environment. For example, the carbon stored in soils is 
nearly three times that in the above-ground biomass and approximately double that in the 
atmosphere. 

Soil is a dynamic, living system (there are on average 25 tonnes of living organisms in the 
first 30 cm of one hectare of soil) which is formed so slowly that it can be considered a non- 
renewable resource; the formation of a layer of 30 cm of soil takes from one thousand to ten 
thousand years. Compared with air and water, soil has the capacity to act as a sink in which 
pollutants are filtered and transformed until its buffering capability is  depleted. The soil can 
then become a source of chemicals, and pollutants can start leaking into the groundwater. 
The fact that pollution effects are hidden for a long time has led to complacency, and, until 
more recently, concern for the well-being of soils has been slight. 

 h he Task Force European Environment Agency (EC-DGXI) together with the Council of Europe, UN-ECE, 
OECD, WHO and other international organisations has prepared the report Europe's Environment 1993 as 
mandated by the 1991 Dobris Castle Conference of European environmental Ministers. The main purpose is 
to identify the priority of environmental problems in Europe, by presenting scientific data on the state of the 
environment. The report is pan-European (EC, EFTA, Central and Eastern Europe), directed mainly at 
European national and international decision makers, particularly those involved with development of the 
Environment Programme for Europe. The final report was due for general publication by the end of 1994. 



Moreover, unlike air and water, soil can be owned as personal property, which renders any 
soil conservation or protection policies difficult to enforce and requires acceptance of 
responsibility by landowners and managers (Haberli et al, 1991). 

Soil is formed from the combined effects of climate, vegetation, soil organisms and time on 
the rocks and parent materials. The structural arrangement of these components determine 
the main soil characteristics in Europe (320 major soil groups are recognised on the EU Soil 
Map). Because of the emphasis on environmental issues, the soil types can be aggregated on 
the basis of their similar vulnerability to degradation processes (Fraters, 1994). 

Soil performs various functions -- acting as a medium for biomass production, filtering and 
buffering, a habitat and gene reservoir, a source of raw materials, a substrate for buildings, 
roads and other structures, and as an archaeological artefact (Blum, 1990). Impairment of any 
function of soils diminishes their quality, value and capacity to provide the basic necessities 
to support ecosystems. Soil protection should therefore aim at ensuring that soil functions are 
sustainable. 

Threats to the soil 
In Europe, the most severe soil degradation processes, in terms of their irreversibility, are 
erosion, acidification and pollution (by heavy metals, pesticides and other organic 
contaminants, nitrates and phosphates, and artificial radionuclides). Other important threats 
are soil compaction, losses of organic matter through poor management practices, 
salinisation and waterlogging. For each main threat, the causes, magnitude, impact and 
remedies will be reviewed but one should bear in mind that soil degradation processes are not 
mutually exclusive and that interactions will often occur. The specific issues arising from the 
problem of sites contaminated through waste disposal or industrial activities will be briefly 
discussed. 

Soil erosion 
Soil erosion may be caused by inappropriate farming or forestry practices, tourism, sport and 
other recreational activities. An estimated 115 million ha are affected by water erosion, and 
forty two million ha by wind erosion (Oldeman et al, 1991). In agricultural areas, erosion 
affects crop production and yields. In the alpine regions, the intensive use of shallow soils 
and slopes for recreational activities (eg, there are on average 100 million tourists every year 
in the Alps), has led to severe erosion damage and sometimes landslides by decreasing the 
useful soil depth and degrading soil structure. Most of the eroded land in Europe is located in 
the Mediterranean zone where fires aggravate the situation (CORINE, 1992). In Spain for 
instance, 44 per cent of the territory is affected by some kind of erosion and 18 percent is 
losing more than 50 tonnes of soil per hectare per year. Technological solutions to curb soil 
erosion abound but implementation of them also involves socio-economic factors so that only 
an integrated approach will bring the most appropriate solutions. 

Soil acidification 
Soil acidification is a natural process that has been enhanced by human action through 
emission of sulphur and nitrogen compounds from the combustion of fossil fuels and from 
industrial processes. Soil acidification triggers the release of iron, aluminium, calcium, 
magnesium and other heavy metals, thus depleting the buffering capacity. In agricultural 



land, soil acidification is generally unimportant because of liming but this situation can 
change with set-aside and abandonment of agricultural practices in selected areas (Stigliani, 
1993). Soil acidification affects mainly non-agricultural areas (forest, extensive grasslands, 
semi-natural areas). Currently critical loads are estimated to be exceeded in 30 per cent of the 
forested area of Europe, or about 75 million ha (de Vries et al., 1994). This can lead 
ultimately to forest dieback. Water draining from acidified soils contains increased levels of 
aluminium which can have serious impacts in lakes and rivers as well as affect the quality of 
the drinking water supply. The most severely affected areas are the Scandinavian countries 
while the main sources of acidic emissions are the northwestern and central European 
countries. Co-ordinated abatement strategies are called for to reduce acidic deposition. 

Soil pollution by heavy metals 
Soil acts as a vast receptacle for pollutants that can remain in the top layer causing risks to 
biota, or be mobilized (because of soil acidification for instance) and leach to contaminate 
groundwater. Pollution by heavy metals (better called trace elements), such as cadmium 
(Cd), lead (Pb), chromium (Cr), zinc (Zn), copper (Cu), mercury (Hg) and arsenic (As), is a 
problem of great concern. The main sources are from industrial activities, agriculture (from 
fertilisers, manure, pesticides and sewage sludge), waste incineration, combustion of fossil 
fuels and road transport. For Europe as a whole, increasing cadmium concentrations have 
been found in soils during the last 20-30 years (Jensen and Rasmussen, 1992). When heavy 
metals are released to soil solution, they can be taken up by soil organisms and plant roots, or 
leached to groundwater. This may lead to reduced yields or elevated levels of these elements 
in agricultural products or drinking water. In natural areas, it is the long-range transport of 
atmospheric pollutants which is the main source of heavy metal pollution. Remedies are then 
reduction in the emissions from industrial plants, and in agricultural activities. For the latter 
one, this would imply using low metal content resources for the production of fertilisers (eg 
rock phosphate), using less animal feed supplements (which can contain copper to improve 
assimilation), fertiliser, manure and sewage sludge, and reducing the number of animals per 
hectare. Various technologies are also available for treating metal-contaminated soils, but 
most are expensive. Recently, the revision of EU limit values of heavy metals in sludge has 
been requested by the scientific community (Chaudri et al., 1993). 

Soil pollution by pesticides and other organic contaminants 
The use of pesticides is very cost-efficient for pest treatment. The most important 
environmental problems occur for pesticides that are very persistent or very mobile. In 1991, 
approximately 700,000 tonnes of pesticides were used in Europe. Besides pesticides, other 
organic contaminants originate not only from agriculture but also from industrial and urban 
activities, and include many components such as oils, tars, chlorinated hydrocarbons and 
PCBs. There is such a wide variety of organic substances that their detection and monitoring 
in the soil is practically impossible and their effects on microbial processes are often 
unknown. In general, the use of pesticides may unintentionally lead to : 

destruction of the soil microflora and micro- and mesofauna; 
effects on the availability of organic matter especially by herbicides; 
severe yield reductions in crops which follow in rotation due to the presence of 
residual herbicides; 
leaching to groundwater, potentially threatening drinking water resources. 



In 68 per cent arable soils permanently growing crops, modelling st.~dies have shown that 
pesticide levels in water are often above the critical limit of 0.5 mg/m3 (Comelese et al., 
1994). The most sensitive areas are the regions with sandy soils poor in organic matter, as 
well as the regions with heavy clays that form cracks when dry, thus allowing bypass flow. 
Measures that need to be taken .are integrated pest management, selection of pest-resistant 
species for crops, banning of persistent and very mobile pesticides, banning of broad- 
spectrum pesticides. An example of concerted action is that of Denmark, which aims, by the 
use of expert-systems, to reduce pesticide consumption by 50 per cent by January 1997 
without decreasing the farmers' revenues. 

Soil pollution by nitrates and  phosphates 
Nitrogen and phosphorus are important plant nutrients but over-application may lead to 
saturation causing environmental problems such as eutrophication and contamination of 
drinking water that, according to estimates, is affecting 42 per cent of the agricultural area 
(Willems, 1994). Chemical fertilisers and manure are the main source of nitrate in the 
groundwater and surface water of rural areas. In north-western Europe, the disposal of 
manure is the main source of nitrogen. In The Netherlands for instance, intensive animal 
husbandry leads to enormous surpluses of nitrogen and phosphorus. Similar problems arise in 
the Po valley in Italy, another region with a very high livestock concentration. Natural areas 
and forests receive nitrogen input only from the atmosphere. Ammonia generated by 
decomposition of manure slurry is transported long distances, killing forests elsewhere. 
Unlike nitrogen, phosphorus is strongly fixed in soils, often leading to deficiency problems 
in agricultural systems. It is only in soils with low adsorption capacity (such as the sensitive 
sandy soils with shallow watertable found in northern Europe) that the load may reach levels 
where phosphorus is released to the groundwater. In The Netherlands, 80 per cent of soils are 
already saturated with phosphorus. . 

In the EU, the recent Nitrate Directive imposes the establishment of mandatory codes of 
good agricultural practice. These contain mitigating measures such as : 

* selection of less nutrient-demanding crops; 
application of fertiliser at the proper time and in fractionate doses; 

* better adjustment of fertiliser-application and crop demands - information systems 
have been developed in Bavarian (Germany) and Denmark to this effect; 

* sowing winter catch-crops in autumn; 
* less intensive use of grassland, for instance by lowering cattle density and 

improvement of methods for manure application. 

In general, nitrogen leaching cannot be completely prevented. Phosphorus is more a local 
problem in Europe but where it occurs it can take 15 to 30 years before the soil is saturated 
and the effects are seen (as in the Po valley). 

Soil compaction 
Soil compaction is potentially a major threat to agricultural productivity. It tends to be 
underrated because it is not readily observed. It is caused by the effect of (heavy) machinery 
or high stocking rates under wet conditions. It may occur at shallow soil depths as well as 
deeper in the subsoil. It is estimated that 33 million hectares or about 4 per cent of highly 
productive European arable land suffers from compaction (Oldeman et al., 1991). While 
shallow compaction can be countered at an early stage by reworking the soil, subsoil 



compaction is persistent and may cause yield reduction up to 35 per cent (Boels, 1994) 
because of decreased soil porosity. 

Soil organic matter loss 
It is estimated that 3.2 million hectares of land in Europe suffer from soil organic matter loss 
(Oldeman et al., 1991). Intensive arable cultivation, especially in western Europe, has led in 
certain cases to a decline in organic matter and loss of biological activity in the soil. Various 
measures could be taken to increase the organic content of the soils as parts of the codes of 
good agricultural practice but first there is a need to assess the current extent of organic 
matter losses and monitor trends. 

Salinisation 
Salinisation due to irrigation with improper drainage is mostly restricted to south-eastern 
Europe where semi-arid conditions prevail. In Europe, it is estimated to affect 3.8 million 
hectares (Oldeman et a!., 1991). The irrigation of the Hungarian plain, for instance, has 
caused salinisation and alkalinisation of more than 20 per cent of the region (Szabolcs, 
1991). Salinisation has direct negative effects on soil biology and crop productivity. It is 
reversible but reclamation is expensive as it requires complex amelioration techniques. 

Waterlogging 
Waterlogging due to accidental or deliberate flooding, increased runoff or raising of the 
water table, may also adversely affect crop production. It occurs mainly in northern Europe 
(eg northern Russia) and affects 0.8 million ha (Oldeman et al., 1991). 

Soil contamination through waste disposal 
Past and present industrial activities often result in chemical contamination of the underlying 
soil mostly from the disposal of industrial waste in designated landfills or uncontrolled 
dumps. It is estimated that there are 200 000 hectares of derelict industrial land in the EU, 
47 500 hectares from the coal and steel industry (CEC, 1992). In the former DDR, 70 000 
hectares have been abandoned from lignite mining. Since there is no systematic registration 
of actual and potential contaminated sites, the extent of the resulting soil pollution is difficult 
to assess. Remediation costs are estimated at 100 thousand million ECU (Carrera and 
Robertiello, 1993) and the problem of who is to pay is far from settled. Uncontrolled 
dumping can threaten human health and the environment. Leaching contaminates soil and 
groundwater. 

Many former industrial sites suffer serious soil pollution which may impede reutilisation of 
the land even for housing, recreation or other purposes. Maximum allowable concentrations 
of contaminants in soil are established by law in The Netherlands, Germany and France but 
great difficulty surrounds determining threshold values for pollutants. Whether or not clean- 
up operations are undertaken, polluted soils raise a number of legal and technical issues 
(Bocken, 1993). Whatever approach is used, it is first important to know the location of 
contaminated sites. The proper strategies should also address both prevention and 
remediation aspects of soil and groundwater contamination, Prevention should be focused on 
reducing industrial emissions and waste effects on soil and groundwater. 



Soil vulnerability as a basis for a soil protection policy 
The vulnerability of soils to pollution or degradation processes depends on soil parameters 
such as pH, clay content, clay mineral type, texture and organic matter content, combined 
with environment features such as the site relief, total depth of soil, depth of groundwater 
table, water regime and length of growing season. There is then a need for translation of 
pedological characteristics into information relevant to environmental purposes (King et al, 
1994). Different soil types can react in a similar way to soil degradation processes, which 
allows for model development, vulnerability mapping and identification of sensitive areas or 
hot spots. 

There is no European legislation instrument dealing directly with soil protection in Europe. 
Indeed, the difficulty when dealing with soil protection legislation is that there is a wide 
variety of soil types, functions and degradation processes. This renders the setting up of 
realistic targets very difficult. Statutory protection of soils against erosion is probably the 
oldest type of legislation. Legal measures to control soil pollution are more recent. The 
approach used being that of critical loads of contaminants for soil particularly when used to 
produce foodstuffs. Sectoral approaches focusing on specific types or aspects of soil 
degradation are useful, but should be integrated with broader issues at the decision-making 
level, and if possible be part of a Continental and global land use stralegy. 

Table 1. Estimated areas affected by major soil threats in Europe 
Source: Oldeman et al, 1991 

Note that different threats cat1 affect the same lattd area so that numbers do t ~ o t  add 
up to 100%. 

Threat  

Water erosion 

Wind erosion 

Acidification 

Pesticides 

Nitrates and phosphates 

Soil compaction 

Organic matter losses 

Salinisation 

Waterlogging 

Conclusion 
In general, the state of soil is difficult to assess since there is a lack of quantitative data on 
soil properties and on attributes that influence environmental processes. The analysis of the 
processes by which soils are polluted and degraded shows that international as well as 
national action has to be implemented to protect soils, as some problems arise across national 
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borders and can be solved only through the joint efforts of all countries (Council of Europe, 
1990) - particularly where various substances are taken in from the atn~osphere. Integrated 
emission inventories and integrated pollution prevention and control measures are necessary 
for soil as well as for air and water. To implement any soil protection programme, it is 
essential to: 

identify the problems, determine the main causes and effects and gain better 
understanding of the links between the two; an appraisal of the current situation is the 
fust step to be achieved (for instance, there is a need to register contaminated sites in 
Europe and to identify hot spots); 

check the damage that has occurred and record trends, through the establishment of 
targeted and integrated monitoring networks involving vulnerable soils; and to assess 
methodologies (analyses, models, inventories, description of uncertainty), standard 
values, appropriate legal and technical measures which should be harrnonised 
between countries, data collection should not be an aim in itself; 

take preventive measures to protect the soil from irreversible damage and to allow the 
soil to serve only for uses which cannot irreversibly alter or damage other uses .- this 
precautionary principle leads to the concept of soil suitability and vulilerability (ITE, 
1989); 

use technical solutions, when they exist, for greatly reducing or remedying certain 
soil pollution problems bearing in mind that they entail enormous expenses - 
ultimately, the question is whether these expenses are to be financed mainly or in part 
by governments or by the owners of the polluted land; moreover, some crucial 
contamination problems still remain without a potential solution. 

In conclusion, soil protection requires an integrated approach within the larger context of 
sustainable development, and should be linked to socio-economic factors (Van Lynden, 
1994). 
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Abstract 
Requests for information on land use and soil conservation require increasingly accurate information on soil 
properties and their geographical location. Soil maps have always been useful documents that met these 
requirement. thus helping in decision making processes. information presented on soil maps are now managed 
by computer techniques. This is the case for the Soil Map of the European Union (EU) at a scale of 
1: 1,000,000 published in 1985 and computerized in 1986. 

The computerization of this soil map is limited to soil boundaries and to the few descriptive items that are 
originally reported on the legend to the paper map. A great amount of information has been lost that was 
either used in the mapping process or published in the explanatory note and the legend for the map. Many 
scientific publications and draft documents were also used to make the original paper map, but these were 
greatly condensed and simplified in order to publish a readable map. The first version of the digital European 
soil database is thus limited by the information in the paper map, and therefore has many of the same 
deficiencies. 

Using Geographical Information System (GIS) technology. a data structure was developed in order to take 
into account the internal organization of the soil cover in the most appropriate manner. Such a structure 
provides a framework to reflect closely the soil scientist's view of a given spatial soil organization at a given 
scale within a computerized model. As a first step towards such a Soil Sparial Organization Model. the 
authors analyse the published and unpublished materials that were available for the compilation of the EU Soil 
Map. They propose a logical data structure to receive a posreriori these data and also to update information 
with recent observations from the national soil survey organisations. The authors finally show the database's 
improvement in terms of quantity as well as quality. 

Introduction 
Soil information is often used as part of spatial decision-making processes. Until recently it 
was available mainly as paper soil maps and text-based information. But soil maps are 
graphically constrained and thus cannot hold an infinite quantity of information. They also 
have to present a simplified view of reality in order to adhere to readability constraints. 
Finally, most users agree with the fact that maps are usually correct but that they are often 
still difficult to interpret (Msanya eta!., 1987). 



Computer techniques were originally developed for automated drafting of map documents. 
The database was not more than a pre-publication computerized copy of the future paper 
document. 

A first step of constructing soil geographical databases allows for thematic mapping (Guard 
et al., 1989). Here again, computer use is limited to: 

storing large amount of data; 
o fast retrieval of customized views of the data; 

selection/extraction of data; 
e computation/derivation to produce transformed data; 
a combination with other sources of data; and 
o analysis of the data (Burrough, 1986). 

Simple but efficient schemes such as polygon zoning of the mapped area and description of 
the characteristics of each polygon by attributes are used for database construction. Although 
it allows powerful geographic operations, such a database still remains essentially a copy of 
the paper map. 

This study takes the case of the Soil Map of the European Union (EU) as an example to 
illustrate the shortcomings of 

0 apaper map; 
a computerized version of the paper map. 

It then proposes a conceptual framework for a logical database structure that allows for an 
enhancement of the original database by making full use of all available documents relating 
to the EU Soil Map, thus reducing the loss of information caused by harmonization between 
the EU countries and constraints introduced during the publication process.. 

Nevertheless, in the case of the EU Soil Map, the proposed method has been applied after 
map production. Consequently the database structure is constrained by the information 
available and does not fully reflect the knowledge of soil distribution. 

Methodology 
The development of the EU Soil Map took more than 30 years. Since 1952 experts have 
worked on the standardization of mapping methods and soil classification systems in Europe 
(Tavernier, 1985). One of their undertakings was to produce a soil map, first for the 
European continent at a scale of 1:2,500,000 (FAO, 1965) and then for the European Union 
at a scale of 1:1,000,000 (CEC, 1985). The latter was published with a similar FAO- 
UNESCO legend to that used for the Soil Map of the World at a scale of 1:5,000,000 (FAO- 
UNESCO, 1975; FAO-UNESCO, 1981). 

Adaptations were necessary to take into account as much detail as possible at this larger scale 
of 1:1,000,000. The legend grouped soils together according to the main factors of formation, 
and additional information on the main agronomic constraints took the form of phases. The 
compilation took many years with several intermediate stages. To simplify matters, we have 
taken into account only the last stage of the national archives before the intermediate 
compilation of 1980, as well as the information contained in the explanat6ry notes that 
accompany the published map (CEC, 1985). 



Standardization of information of such a diverse nature and origin was long and complex. 
The national correlators' main concern was to limit the information and to produce a paper 
document that is both easily accessible and describes the main European soil landscapes. The 
publication perfectly fulfils the original aims and provides a document that summarises 
general information on soils, and their distribution and use, for the European Union. 

Use of the published map, for example for assessing the suitability of soils for crops (Meyer- 
Roux, 1987) or on the effect on soils of chemical agents or mechanical methods (Giordano, 
1990), proved to be difficult. This was mainly due to the large number of soil types, 
ambiguities in the legend, and the lack of a definitive database describing the soil units. 

Partly to resolve this problem, the published map was digitized in 1986 (Platou e ta[ . ,  1986) 
and incorporated into the CORINE database of the European Union (Briggs and Martin, 
1988). This enabled rapid processing and presentation of thematic documents that are more 
directly accessible to non-specialists, However, only the information on the map was 
included in this CORINE database, and this resulted in a loss of data and the consequent risk 
of error in interpretation of soil properties. 

Analysis of available documents 
The analysis concentrated on published documents, i.e. the map with its legend and 
explanatory notes (CEC, 1985), and unpublished documents from the national archives 
preserved at the University of Ghent since 1970. 

On the map published in 1985, hereafter called the paper map,  the first easy-to-read element 
is the colour of the map units. This represents the predominant F A 0  soil name of each 
association (FAO-UNESCO, 1975), the dominant soil being defined as the soil that occupies 
the largest area of the association. Each association is numbered. This number is reported 
within each polygon and is the key to the legend and explanatory notes that provide 
additional data. But it uses an ambiguous system dependent on character fonts which makes 
reading more difficult. Furthermore, graphic symbols on the paper map indicate the soil 
phases corresponding to agronomic constraints. 

The soil boundaries were prepared at a scale of 1:1,000,000 by each of the member countries 
of the EU. The final draft for publication contains few graphic simplifications. Therefore, 
there is little difference between the original soil boundaries for each country (in the 1980 
archives) and the published map. However, associations with similar characteristics were 
grouped together, which was essential for limiting the large number of associations proposed 
for each country. The grouping was done mainly on the basis of the predominant F A 0  soil 
name, which occasionally concealed characteristics essential for assessing other soil 
properties of a region (for example, the texture of the dominant soil, the name of associated 
soils, etc.). 

A common legend was adopted from the start of work and the twelve countries supplied a 
standardized description of the map units. Also available was a list of the soil types grouped 
together in associations and described in a standardized way in tables (Table 1). 

The information in explanatory notes (CEC, 1985) is in a literal form that is difficult to use. 
In particular, data are not systematically supplied for each type of soil unit. 'However, the 
notes contain other valuable information not directly related to the soil units (King, 1990); 



for example, descriptions of the environment such as climate, geology and vegetation, and 
details on the state-of-progress of survey, agronomic land use, morphological and analytical 
descriptions of soil type profiles. A part of the explanatory notes describes the definition of 
the terms used and provides a glossary, which refers to earlier well-documented work (FAO- 
UNESCO, 1981). 

Table 1. Characteristics of soil associations (Soil Mapping Units) for each country before 
publication. 

i. F A 0  soil name (FAO, 1981) 
ii. 1 = coarse ; 2 = medium ; 3 = medium-fine ; 4 = fine ... 
111. a = level ; b = sloping ; c = moderately steep 
iv. For the full definition of attribution refer to the explanatory notes of the [nap (CEC 1985) 

Development of a Spatial Organization Model (SOM) 
To manage the map information it was necessary to develop a computerized structure for the 
data, designed to reflect the spatial organization of soils. This is called the Spatial 
Organization Model (SOM), a conceptual representation of reality (King et al., 1990) also 
designed to meet the requirements of future users and providing integrity, rapidity, ease of 
access, etc. 
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The SOM was developed from concepts that derive from Geographic Information Systems 
(GIs). Three main points in particular were considered (Burrough, 1986): 
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Figure I .  Relatiotlal diagrani of the Spatial Organization Model (SOM) adopted to 
describe the soil associations of the map of the Europeat~ Comnl~rnities 
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The map information is split into independent layers named covers (thc cover is the numeric 
form of the graphic data). Each cover describes a single theme where objects are all of 
similar nature. 

Tlie data are divided into: 
a geometric data set, giving the spatial position and extent of objects (e.g. soil 
boundaries), 

0 a semantic data set, describing the non-graphic characteristics of objects (e.g. soil 
texture). 
Relations between objects define a topologic data set. It includes relations between 
geographic objects, between geographic and semantic objects, and between semantic 
objects. 

Five covers were defined from published documents, to describe the geographic knowledge 
of the European Union soils : 

Cover 1 = Association 
Cover 2 = Phase 
Cover 3 = State-of-progress of survey 
Cover 4 = Soil profiles 
Cover 5 = Country 

Covers 1 and 2 refer to the same soil subject. But they must be distinguished because the 
phcrse and association paper map boundaries do not necessarily coincide. They have to be 
considered as two independent layers of information both describing soils. The archives also 
provide phase information as an attribute of soil units. By convention we shall call both 
phases respectively the graphic phase and the semar~ticphase. 

Cover 5 (Country) is of indirect concern to soil, but we shall see below its importance in the 
reallocation process of national soil characteristics provided by the archives. 

Cover 1 (soil association) is described in the form of relational tables (Fig. 1). Primarily, the 
polygon table contains the geographic coordinates of the constituent boundaries. All 
polygons with the same characteristics (attributes) are grouped into Soil Map Units (SMU). 
This method avoids redundancy of the attributes describing soils in the polygon table. The 
SMU corresponds to the soil association concept defined by the FAO-UNESCO (1975), and 
it consists of several soil types for which the characteristics may be given, but whose 
geographic limits are not known or cannot be drawn at 1:1,000,000 scale. These sub-units are 
known as Soil Typological Units (STU) and the STU table gives the characteristics for each 
sub-unit. An SMU-STU relational table shows how each STU is related to an SMU and the 
way in which the STUs are organized within the SMUs. 

Method for automatically reallocatittg the characteristics of each association 
The method consists of reallocating to each polygon of the association cover its 
characteristics from archives. Three stages are required (Fig. 2): 
An analysis of the national archives and a standardized code of the attributes 
describing the STUs and SMUs of each country. 
A combination of the country and association covers, so as to characterize each 
polygon by an association number and a country code. 



For the attribute phase, which is one of the characteristics of soils, we have combined the 
results obtained at the end of stage 2 (association cover + country cover) with the phase 
cover, leading to a complete list of Soil Map Units of the EU. Each SMU has an unique 
identity number which avoids the ambiguity of the old coding. The resulting cover is known 
as an SMU cover. 

Thus, each SMU consists of one or more polygons of a similar nature characterized by a 
semantic description from the national archives, and one or more phases from the paper map. 

I OVERLAY BY C O M P ~  

Figure 2 Constitution of the soil Map of the European Union 



Check and update of the geographical database 
Since the beginning of data collection, new soil survey have been carried out. Each country 
has new information which can improve the database. A Support Group of the MARS 
(Monitoring Agriculture with Remote Sensing) Project, named Soils and GIs, was set up to 
check, update and complete the database. New variables were added to describe the STUS: 
depth to gley horizon, subsoil textural class, water management. The successive versions are 
respectively numbered: Version I for the map directly digitized, Version 2 for the 
geographical database improved by the archives and finally Version 3 for the geographical 
database updated by the soil survey organisations of European countries. The data structure 
of Versions 2 and 3 are given in annex of this book. A soil profile analytical database has 
also been compiled by Madsen and Jones (1995). 

Results 
The presentation of results here refers only to the improvement of the description of the soil 
associations from the published notes and the unpublished archives (Version 2 of the 
database). Covers 3 and 4 (state-of-progress of survey and soil type profiles) will not be 
discussed in detail. First, a qualitative assessment of the new data will be made and, second, 
the increase in the amount of data progressing from the paper map to the digital geographic 
database - a quantitative assessment - will be measured. 

Qualitative assessment 
The quality of new data describing the various types of soil is of two kinds: 

each association defined in each country is characterized by the values for each 
descriptive attribute; 
new attributes are added. 

The attributes describing the SMUs are: 
country code; 
parent material; 
altitude; 

* land use; 
graphic phase. 

The attributes describing the STUs are: 
SMU number to which they belong; 
percentage of the association occupied by the STUs; 
soil name according to F A 0  terminology; 
top-soil texture; 
slope; 
semantic phase. 

Table 2 gives an example of the redefinition of an association (no. 3003), indicating the main 
modifications for some attribute values. The names of dominant soils remain unchanged, 
because they were used as key values for the standardization during grouping. The attribute 
texture is an example of an attribute present in the map legend, but which can be read 
erroneously on the published map. The attribute parent material is an example of an attribute 
extracted from the archives, but neither present in the explanatory notes of the map, nor on 



the published paper map and its legend. 

The attributes are coded in accordance with the principles adopted whilst the map was being 
compiled (CEC, 1985). Only the attributes parent n~aterial and larid use are standardized, as 
they were included in the archives in a non-standard form. 

Description of the intra-unit variability 
Each attribute is coded numerically, for example texture is classified into five categories: 
coarse, medium, medium-fine, fine, very fine). Even using these broad classes, heterogeneity 
within STU is such that it is difficult to give a unique code for each attribute. For this reason, 
the following attributes often have several values: 

top soil texture; 
slope; 
parent material; 
land use and phases. 

In Table 2 for example, STUl has slope a and b in Ireland. Multiple coding is a means by 
which intra-unit variability can be recorded, which is essential to alert other users, who might 
wish to produce derived documents for decision-making, to the restriction imposed by such a 
small scale (Walter, 1990). 

Precision atld accuracy of data 
It is difficult to make a quantitative assessment of the improved accuracy obtained by 
including data from the archives. This depends mainly on the weight given a priori to 
attributes needed for a particular final purpose. For some attributes, e.g. land use, an 
appreciation is difficult, but not for others such as nature of paretlt mataial, which is an 
essential complei~~ent of the attribute F A 0  soil name, for estimating the physical and 
chemical soil properties. 

There are three main qualitative improvements resulting from inclusion of data from the 
archives. 

* 'The attributes of the geographic database are now based on their original national 
values instead of being taken from the harmonized average, thus providing a inore 
accurate information. 
Many attribute values were dropped during publication and have now been 
recovered from the archives, thus providing more complete information. 
Intra-unit variability is now coded, thus providing better precision. 

Ideally, to make a realistic assessment of the these qualities, new field measurements should 
be made, which would be difficult at this scale. Nevertheless, i t  is possible to combine the 
soil database with other digital information available at this scale (for example, with a Digital 
Terrain Model or low-resolution satellite images) to highlight quality deficiencies. Checking 
will then have to focus on m a s  with large discrepancies. 

Quantitative assessment 
It is difficult to be objective about a qualitative assessment such as that described above. On 
the other hand, it is easy to make a quantitative assessment, not only of the geometric dataset, 
by calculating the area affected by each update, but also of the semantic dataset, by 
calculating the increase in the number of attributes present in the database. 



On the published map, one association can occur simultaneously in up to seven countries. To 
evaluate the amount of redefinition of soil associations we have systematically investigated 
all soil associations that were grouped together, i.e., every place where the same soil 
association number is present in several countries (Fig. 3). Only 35% of the area of the 
European Union is described by associations whose definition has not been changed by 
grouping several of them between countries. For the remaining 65% it is very difficult, using 
only the published map and explanatory notes, to know the characteristics of texture, of slope 
or of associated soils which really correspond to the original definition supplied by each 
country. 

Table 2. Example of an association (SMU No 3003) having attributes which differ 
between countries. 

Key to Table 2: 
Missing data. STU: Soil Typological Unit. S W :  Soil Mapping UNIT. F A 0  Name: cf. F A 0  
(1975). Texture: 2=medium; 3=1nedium-fine; 4=fine (cf.CEC, 1985). Slope: a=level; b=sloping; 
c=moderately steep (cf. CEC, 1985). Parcnt matcrial: Ml=residual loam from tertiary atd 
cretceous sediments; M2=loess (and orgile a silex); M3=chalk (Cretaceous); M4=glacial drift 
(boulder clay); M5=calcareous moraines; M6=Carboniferous limestone. Land use: Ll=arable 
land. 

Another measure of the increase in quantity of data can be made by multiplying the number 
of objects differentiated in each class of objects (e.g. polygons, SMUs, and STUs) by the 
number of attributes describing the objects (Table 3). The small increase in the number of 



polygons (+ 501) is due to the very large difference between the size of the soil coverage 
polygons and that of the administrative-boundaries cover. The delineations on the counhy 
cover are so few, and they so rarely intersect the delineation of soil covers that they have 
created only a small number of new polygons. A synthetic criterion of comparison is 
proposed by summing up the quantity of semantic information in the SMU and STU object 
classes (in each object class the quantity of attributes is inultiplied by the quantity of objects 
and then the results are added: cf. Table 3). Note that this criterion changes from 624 on the 
paper map to 2089 for both the paper map and the explanatory notes together, and then to 
20031 for the Spatial Organization Model. This is a multiplication factor of about 30 between 
the information contained in the paper map and that contained in the geographic database. 
The factor would certainly be larger if the database had been set up initially using raw data 
and not taken from archive material. 

lich have been redefined 
the area) 

SMU (35% of the area) 

Figure 3. Map of associatiot~s grouped together for the Soil Map of the European 
Union. 



Tuble 3. Analysis of the qltantity of information in various documents relating to the 
Soil Map of the European Union. 

Geomehc data set ~ Semantic data set Global 1 
1 Polygons 

objects attributes 1 i a )  (b) 

Paper Map / 15342 1 3 

SOM 1 1 

Group of I published 15342 documents ~ 
Version 2.0 1 15843 1 
(archives) 

5 

Soil Typological 
Units (STU) 

objects attributes objects* attributes 
( 1  1 (dl 1 ( e l  ' (0 i+t:$( 

* Only the STUs with an area greater than 10% of the SMU ar.e cou~ited. The others, known as inclusions, 
are disregarded. 

Another quantitative assessment is made by producing area statistics for the various attributes 
of the information base. The area of each STU is calculated from the area of the SMU to 
which it belongs and from the percentage representation within this SMU. Then i t  is enough 
to sum, for each country and for the whole of the European Union (EU), the areas taken by 
the various divisions of a chosen attribute. By way of illustration, the percentage values of 
the areas of types of soils in accordance with the nomenclature of F A 0  groups is given in 
Table 4. They differ from the areas actually represented on the paper document, because in 
this case only the dominant soil is taken into account. For example, the area of Cambisols (B) 
represents 45% of the paper mup, whereas in reality it represents only 36% of the territory of 
the EU. Generally, the values obtained differ little from those obtained by Platou et al. 
(1987) at the time of digitizing the paper map. This arises because the F A 0  soil name is the 
main attribute used when grouping soils together, and therefore there are few differences 
between the Soil Map and the geographic database for this attribute. 

Discussion 
With improvement of the Soil Map and the constitution of an SOM it is possible to answer 
many thematic questions. For this reason, the introduction of data into the SOM requires 
great care with respect to quality, as all attributes can be selected and graphically shown 
rapidly and automatically. A few tests permit a critical analysis of the constituted geographic 
database. 

T h e  country effect 
Each of the twelve countries has developed a draft of map unit boundaries for its own 
territory. At the common frontiers between countries it was necessary to adjust the soil 



boundaries and define a single semantic code for the associations straddling a political 
boundary. It is very difficult to find the primary information before standardization, and it is 
common to note frontier associations having no proper definition in national archives. While 
waiting for a revision, we have attributed to these associations the same characteristics on 
both sides of the frontier, which should correspond to the reality. 

Table 4. Area in % of total area of country occupied by the main groups of soils in 
accordance with FA0 nomenclature (1975) for each courttry 

#: F A 0  SOIL NAMES 

In some cases the political frontier coincides with the soil boundary. In places this is either a 
natural boundary, such as a mountain, or asymmetrical valley side, or a disagreement 
between national experts over the soil classification. In this case, the geographic distortions 
between soil association and country coverage have led to the formation of many small 
polygons that have had to be eliminated. 'The threshold area for elimination was fixed at 10 
km2. 

The country effect that is abundantly clear along political boundaries comes from the choice 
of attributes which reflect the working methods of each country's teams. Note, for example, 
that the number of STUs per SMU is not the same for all countries (Fig. 4). The largest 
values, corresponding to the largest areas, are for Italy, Denmark and particularly for 
England and Wales (EW). 



In the same way, average areas of polygons calculated within each country are very different 
(Table 5). Except for Scotland and Greece where there are many small islands giving many 
polygons, the mean area of polygons indicates the degree of mapping detail. Such 
distinctions can be due to the intrinsic variability of the land, but the averages calculated by 
country lead us to suppose that the approaches adopted, whilst staying within the general 
framework of the F A 0  classification, have a national bias. For example, Portugal has 422 
polygons and The Netherlands has 400 polygons. The total area of Portugal is three times as 
large as that of The Netherlands, and the landscape is very heterogenous. Belgium which 
adjoins The Netherlands (same total area and same landscape) has only 183 polygons. 

?\Y? 
/ Up to 3 STU per SMU 

Fig. 4. Map of the Soil Mapping Units with more that1 three Soil Typological Utrits 

One question remains for the definition of associations: What is the geomeric and semantic 
precision needed for determination of an association? Wishing to define the associations with 
detailed geometric drafting and grouping of a few STUs means that an author will take more 
risks than for the associations covering large surface areas and containing many STUs. It is 
difficult to give a universal answer, as this largely depends on the variability of soils, and the 
quality and quantity of information available at the time of definition. 



Table 5 Mean area ofpolygons by country. 

The inadequacy of the European archives for supplying the SOM 
Detailed study of the thematic maps resulting from the extraction of single attributes, such as 
predominant soil texture and nature of phase, is in progress for France. It has demonstrated 
the inadequacy of the archives for some associations. In particular, a conflict exists between 
the semantic phases resulting from archives and the geometric phases resulting from 
digitizing the published map. This demonstrates the difficulty of working with documents 
that were not initially designed to be computerized. In addition, we chose for our study the 
1980 archives, when correlations had already been made between the twelve countries. 
Earlier archives with non-standardized attributes had to be consulted. We have not taken into 
consideration any elimination or modification of soil boundaries before publication, which 
are limited in number but for some themes can be important. 

Portugal 

Spain 

Since this work on information collection started, knowledge of European soils has 
improved. It would be advisable to revise and improve the geographic database constituted 
from new data at a national level. The concepts developed for the constitution of a Spatial 
Organization Model of soils are essential for accommodating the new information, without 
the constTaints of publication. 

422 

2174 

213.0 

229.8 



Conclusion 
Soil cover is three-dimensional in geographic space. It is described by attributes grouped into 
a semantic dataset that can be conceptualized in the form of a mathematical space of n 
dimensions (n being the number of attributes). A conventional map gives only a partial view 
of the soil cover, because it can offer only two spatial dimensions, longitude and latitude, and 
one to three mathematical dimensions. The mathematical dimensions correspond to the 
choice of attributes that are to be given greatest importance by colour, screens, or point 
symbols. This is the case for the example chosen of the publication of the EU Soil Map at a 
scale of 1:1,000,000. Analysis of published documents and correlation methods shows that 
the information is poor in comparison to the amount of data accumulated in archives. 

A structure of the database is proposed to accommodate the original description of the soil 
association resulting from the archives of the member counties of the European Union. The 
structure is called a Spatial Organization Model of soils (SOM) because it is not a map in the 
strict sense of the term. The SOM is constituted at different levels of information such as Soil 
Mapping Units (SMU), typical soil profiles, and state-of-progress of survey at larger scales. 
The first level known as SMU closely corresponds to the concepts of soil associations 
defined in the EU Soil Map. Each SMU comprises geometric objects, which are the 
polygons, and semantic objects, which are the Soil Typological Units (STU). 

The archives of each country can be used to improve the quality of information (precision 
and accuracy) before the grouping required for publication. Likewise, the total quantity of 
data is multiplied by about 30 between the published map and the SOM. The proposed 
methodology can be applied to other published maps. However, the analysis shows that it is 
difficult to use archives that were not intended for computerization. The significance of the 
method is the identification of concepts that allow an SOM to be constituted directly, the 
conventional map beiiig only a representiition of p a i  of iiie SOM. Some projects, for 
example the SOTER project (Batjes, 1990), are considering a similar approach. 

Use of the geographical database allows the database to be updated with new information. 
This work has been done in collaboration with the national soil survey staffs of the counmes 
making up the European Union. At present, the structure of the database is not being 
changed, in order to maintain compatibility of information. I-Iowever, a new structure could 
be developed in the framework of a new programme such as the production of a soil database 
for the EU at 1:250,000 scale, as suggested by Dudal et al. (1993). 
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Abstract 
This paper describes the procedures adopted for the compilation of a soil profilc analylical database for the 
EU. The database will contain a standard range of soil physical and chemical properties for the main soil 
types represented on the European Union Soil Map at 1:1,000,000 scale. Compilation is proposed in stages, 
with the first stage, Level 1, described in detail here. It is suggested that the data will be supplied by national 
representatives from each of the 12 member states of the EU, the collection process bcing coordinated by the 
Soil and GIS Support Group of the MARS Project, JRC. Ispra. Guidelines and Proformas have been 
developed under the guidance of the Support Group and these are included as an Appendix to this mongraph. 

Introduction 
The Joint Research Centre (JRC), Ispra, has been Monitoring Agriculture with Remote 
Sensing - the MARS Project (Meyer-Roux, 1992) - with the specific aim of rapid yield 
estimatiotl across the EU (1989-1993). A yield forecast system will be developed based on 
information from satellite images combined with soil, climatic, and agronomic data (Vossen, 
1992). The most appropriate soil information is that available from the EU 1:1,000,000 Soil 
Map (CEC, 1985) and the attributes related to the different soil types included in the 
digitized form (Platou et al, 1989). 

In order to improve the usability of the map, it was digitized in 1986 as a part of the 
CORINE project (Platou et al, 1989), and digitized versions stored on computers at ADK, 
Denmark and Birkbeck College, London, UK. Furthermore, a number of studies (King and 
Daroussin, 1989; Madsen et al., 1989; Proctor et al., 1989; van Lanen and Bregt, 1989) have 
shown how to combine the digitized version of the map with national analytical databases for 
elaboration of thematic maps showing for example nitrate leaching, h-afficability, irrigation 
needs and water reserves in the root zone. 

Therefore in order to establish a more comprehensive soil database system within the EU, it 
is proposed to compile a soil profile and analytical database connected to the 1:1,000,000 
scale EU Soil Map wadsen, 1989). In this way, an integrated EU soil information system 
can be established and this will provide a useful tool for supporting policy and decision- 
making about agricultural and environmental problems within the EU. Future programmes of 
sustainable land use will depend undoubtedly on the existence of comprehensive databases 
such as the digital EU Soil Map and the proposed EU soil profile analytical database. 



In the early 1990s, scientists at INRA, Orltans (F), expanded the attribute data connected to 
the EU Soil Map (King et al., 1995) adding information on land use, geology, elevation, 
drainage and texture classes. These new data were added to the geographical database, but it 
was realised that many soil units would have been corrected. Nevertheless, the soil profile 
analytical database described in this paper is based on the dominant soil association 
portrayed on the published map (CEC, 1985). 

Principles for the establishment of a soil profile analytical database 
On version 1.0 of the computerized EU Soil Map, there are several hundred different 
mapping units. These are described by a combination of approximately 20 major soil types 
(P,T,B,L), approximately 65 sub-soil types (Lo,Be,Pg), and approximately 40 new sub-soil 
types (Jeg,Vpc, PL). The soil types might be present at different levels, some as dominant 
soil types, some as associated soils and some as inclusions. One soil type might be the 
dominant soil type in one mapping unit and be associated with, or an inclusion in another. In 
addition to the soil type, a description of texture in five classes and three slope classes are 
added, together with some other attributes such as stoniness. 

In the latter part of the 1980s, a number of expert meetings were held to advise the 
Commission (particularly DG VI, XI) on the establishment of a soil profile analytical 
database connected to the 1:1,000,000 scale EU Soil Map (Madsen, 1989). The main 
conclusions from these meetings were that the construction of a soil profile and analytical 
database should be made according to the following principles: 

The database should be compiled in phases, firstly at Level 1, secondly at Level 2 
and finally at Level 3 (Madsen, 1989). 
The member states of the EU should be divided into several regions, in the f i s t  
phase (Level I ) .  Within each region, a soil profile and analytical database should be 
compiled. In later phases, the member states might be subdivided into major or 
minor regions across boundaries. 

e Within each region a typical soil profile description and analytical data should be 
given for each soil type present. In the f i s t  phase data may be provided on the 
dominant soil types, but in later phases soil types present as associated soils and 
inclusions must also be described. 

e The profile descriptions should be given according to the F A 0  system and the 
analytical data according to international standards. 

s The construction of typical profiles including analytical data should be made by 
local experts from the national surveys or soil science institutes. 

In the early 1990s, the JRC established a Soil and GIs  Support Group under the MARS 
Project to discuss these principles in the light of the main goal: to establish a soil profile and 
analytical database usable for modelling and forecasting the yields of different crops within 
the EU. 

The conclusions were that, for the MARS Project, it was only necessary to build up a soil 
profile analytical database, the descriptive soil profile data being of minor interest for yield 
forecasting. The collection or construction of the soil analytical data should be made by a 
local expert. National representatives should be nominated and deemed responsible for 
delivering data from the various member states. A database for typical soil profiles giving 



mean estimated values according to certain well-defined analytical methods should be 
established as well as a database for real measured data from existing profiles. Expert 
judgement suggested that there would be insufficient measured data in national archives to 
characterise all the properties of all the main EU map units. 

The main idea of developing the database in different stages was accepted as the most 
realistic approach. The number of soil types to be computerized would vary according to the 
time availible and the funding provided to establish the database system. It might therefore 
be necessary to start with data for a few soil types and add more later. That would mean 
making a first approximation to a comprehensive soil database system and then later 
following up with a second, third and even a fourth approximation. Based on discussions in 
the Soil and GIs Support Group, the MARS Project would establish a Level I profile 
analytical database for agricultural soils that could later be extended to a Level 2 and Level 3 
database. The Soil and GIs Support Group agreed upon the number of soil profiles within 
each member state that should be present at Level 1, 2 and 3. 

Level 1 Soil analytical database 
At this level, only the dominant soil types present within each member state should be 
stored. Because the primary use of the database is to model and forecast the yield of different 
crops, soil analytical data for agricultural land should be given. Only for non-agricultural 
mapping units should analytical data for non-arable conditions be given. According to Table 
1, this should give nine profiles for Denmark: Be-2, Be-1, Lo-213, Po-1, Ph-1, Rd-1, Gh-1, 
J e g d  and Od. For only one of these (Rd-1) would data from a non-arable land be given. 

Table 2 shows the minimum number of profiles from each EU country which should be 
stored in the database system at Level I. In total it is more than 200 soil profiles. The figures 
are calculated from Table 5 in CEC (1985). This table gives the dominant soil types at 
national level, but does not indicate the texture classes. Some dominant soil types might be 
present with two texture classes and therefore necessitate two soil profiles with analytical 
data. Thus, Table 2 gives the minimum number for each country, and, for Denmark the real 
total is 9 and not 8 because Be is dominant soil type but with two different textures (see 
Table 1). 

Table 1. Compositiorl of mapping units covering Derlmark. 

Po (10%) 
Oe (1 0%) 
Gc(20%): Rd(lO%), Re(lO%) 
Bec (10%): Lg (5%), E (3%) Re (2%) 
Bd (20%): Pg (5%), Od (5%) 
Be (10%): Pg (lo%), Ph (10%) 
Od (20%): Pg (10%) 
Po (5%) 
Ge (lo%), Ph (10%) 



Table 2. Minimum number of soil types in soil analytical aktabase at Level 1. 

NB. D excludes the former German Democratic Republic 

Level 2 Soil analytical database 
At this level, analytical data should exist for each soil type present as a dominant soil type, 
association or inclusion. Furthermore, analytical data should be given for an agricultural 
(farmland) soil and at least one non-agricultural soil if both land uses are present. This is 
because manuring, fertilization and liming of farmland will bring about large differences in 
the physical and chemical composition of the soil compared with non-agricultural land. 

As an example based on Table 1, the following soil types should be given for Denmark: Be, 
Bk, Bec, Bd, Lo, Lg, Po, Ph, Pg, Oe, Od, Ge, Gh, Gc, Rd, Re, Je, Jeg, E. 

The minimum number of soil types to be stored in the database at Level 2 is given in Table 3. 
It is a minimum value, because some of the soils may include more than one texture class, 
and, because of different land uses, the need for two or three profiles has not been taken into 
account. Therefore the number of soils in Table 3 could be doubled, giving a total of more 
than 500 soils. 

Table 3. Minimum number of soils in the database at Level 2 

NB. D excludes the former German Democratic Republic 

Level 3 Soil analytical database 
At Level 3, countries can be divided into several regions,. according to differences in parent 
material, climate, geomorphology, vegetation or topography. Each region will have its own 
set of soil analytical data, but some data may be similar in different regions. 

As an example, Madsen et al. (1989) divided Denmark into four regions when calculating 
and mapping the irrigation need. Using this regionalization, the Level 3 database should 
contain soil analytical data on the soil types shown in Table 4. According to different texture 
classes and land uses, soil analytical data must be given at least twice, or even more for some 
soil types. This means that for Denmark data for at least 120 soil profiles could be required 
at Level 3, which is more than 15 times greater than the number required at Level 1. 



Table 4. Soil types included in a database at Level 3, Denmark 

Region 1: 

Soil analytical data 
In the Level I database, it was agreed that the following analytical results sl~ould be included 
for the different soil horizons comprising the selected soil types. 

Be, Bk, Bec, Bd, Lo, Lg, E, Po, Ph, Pg, Rd, Re, Oe, Od, Gh, Ge, Gc, Je, Jeg 

Region 2: 

Region 3: 

Region 4: 

Results for the following parameters should be available: 

Be, Bec, Bd, Lo, I,g, E, PO, Ph, Pg, Re, Oe, Od, Gh,Ge, Je, Jeg 

Be, Bec, Bd, Lo, Lg, E, Po, Ph, Pg, Rd, Re, Oe, Od,Jeg 

Be, Bec, Lo, Lg, E, Po, Rd, Re, Oe, Od, Gh, Jeg 

Texture Electric conductivity 
Organic matter content CEC and exchangeable bases 
Structure Soil water retention 
Total nitrogen content Bulk density 

PH Root depth 
ESP or SAR Groundwater level 
Calcium carbonate content Parent material 
Calcium sulphate content 

At a later stage, other types of analyses can be collected, such as hydraulic conductivity, 
KC1- soluble aluminium, phosphorous and mineralogy. 

For compilation of the database, national representatives from each member state were 
nominated to be responsible for collecting the material for their respective countries. These 
r~presentatives are as follows: 

E. van Ranst (B)+(L) D. Magaldi (I) 
W. Eckelmann (D) J Lee (IRL) 
H. Breuning-Madsen (DK) A.K. Bregt (NL) 
J.J. Ibanez (E) M.R.T. Bessa (P) 
M. Jamagne (F) R.J.A. Jones (UK) 
N. Yassouglou (GR) 

These national representatives (experts) were asked to provide data on two different 
proformas (see Appendix A): 

Proforma I: Typical soil profiles based mainly on estimated/guesstimated data (Fig. 

1) 
Proforma 11: Measured data for existing profiles (Fig. 2). 



Soil name : 

Country : 
Highest : 

Groundwater level : 
L ~ ~ w e s t  : 

Pnrcnl tno~ei~a l  Landuse : 

Data e.g. 

I ~ e a n  Total I u 

- 

~oui-.-,.. Crops 
Depth (cm)', 

Mean Effefeciive 

Winter-Sown 
Cereals 

Spring-Sown 
Cereals 

Short Grass Beers Olives Maize Cotton A 1 



Figure 2. Proforma 11 for Soil Atlalytical Data : Measured 



Profomla I is proposed so that a database for comparative use across the entire EU can be 
compiled. Therefore the national representatives were requested to complete Proforma I in 
full by transforming measured data according to the methodology in the guidelines (see 
Appendix A) as well as by guesstimation. This database will be suitable for regional 
modelling across the EU as a whole because all data are constructed according to the same 
methodology and there will be no missing analytical values. 

On the other hand, Proforma 11 is proposed for recording measured data only so that there is 
as complete a record as possible of the actual measurements on the representative soil 
profiles for the EU Soil Map units. It is accepted that data will be missing for some of the 
fields in the database, in which case a code for a missing value should be entered. For each 
analytical value, a code for the analytical method will be recorded because methods differ 
from one country to another. 

In Proforma I, the soil profile data available might be from actual profiles or modal ones. 
Furthermore, some data might be real analytical values, others might be estimates or even 
guesstimates because of a lack of information. Thus, information on the origin of the data are 
important and in Proforma I there is provision for recording the origin of the data, as 
follows, from: 

average of a number of profiles 
single representative profile 
prediction derived from mathematical functions 
prediction derived from relationships between horizons and class functions 
expert j udgement 

The Profomas I and I1 together with the guidelines have been developed during the period 
1991-92 and were agreed at a meeting of the Soil and GIs Support Group in Madrid, 16-18 
December 1992. In April 1993, the proformas and guidelines were then sent to the national 
representatives with the intention that they be returned either in paper form or on diskette in 
standard spreadsheet format (for example, MS-Excel, Lotus 1-2-3, etc). In that way, a 
complete computerized Level I soil profile analytical database has been established for the 
EU Soil Map. 
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Abstract 
The general brief for this research was to develop procedures to facilitale the use of the European Union 
(EU) 1:1,000,000 Soil Map for e~~vironmental protection. Thc procedures dcscribed, mainly qualitative 
pedotransfer rules, are necessarily based on cxpert judgement and rely heavily on prevlous work by 
participating soil scientists setting up a soil geographical database to systemise the soilscapes of Europe. 
These procedures form an expert system facilitating the use of the map by other experts, assuming that due 
weight is given to the confidence level of individual attributes and an awareness of the nature of small-scale 
maps. In the absence of a reliable, comprehensive soil prof~le database, the attributes selected are inferred 
from the Soil Map Legend and from easily available EU-wide databases, which allow a partial validation. 
The attributes are intended to form inputs to further miss~on-oriented or problem-solving activities. 

Introduction 
Soil is a non-renewable natural resource, whose proper management is essential for both 
continued agricultural productivity and protection of the environment. The soil environment 
has a number of relevant ecological functions (Batjes, 1991): production of biomass; 
filtering, storage, buffering and transformation of substances and elements; gene reserve for 
biota and a protective function against exogenous processes. Soil vulnerability can be 
defined by the capacity to be harmed in one or more of its ecoiogical function. Important 
processes that influence the soil system's vulnerability are acidification, eutrophication, 
pollution, salinization and erosion. 



Many of the soil and land characteristics stored in the EU Soil Map database (CEC, 1988) 
are irrelevant in the environmental interpretation of the soil map and the map legend is not 
easily usable by non-soil specialists. Comprehensive soils information is thus a prerequisite 
to the work of environmental planners. With the reform of the Common Agricultural Policy 
and the development of policies to confront regional environmental problems, appropriate 
soil information is also needed at EU, national and regional level. 

In order to develop procedures to facilitate the use of the EU Soil Map for environmental 
purposes, a contract was awarded by the Commission of the European Union (DGXI) and a 
group of institutions: the National Agronomic Research Institute (INRA) in France, the 
Laboratory for Soil Science of Gent University in Belgium and the Soil Survey and Land 
Research Centre, Cranfield University, Silsoe and the Land Resource Partnership, 
Pembroke, both in the United Kingdom. The research carried out by this group relies 
heavily on previous work by the Soil and GIs Support Group of the Joint Research Centre 
(JRC), Ispra, setting up a soil geographical data base to systematise the soilscapes of Europe 
(King and Daroussin, 1992) initiated and sponsored by the MARS Project of the DGVI 
(Meyer-Roux, 1987). 

The final aim of this research is to infer soil attributes from available EU-wide databases, 
relevant to be used thereafter to derive thematic maps of important environmental 
parameters, for example: 

hydrology of soil types for predicting catchment response to rainfall and standard 
percentage of run-off; 
location and sensitivity of wetlands; 
soil buffering capacity for predicting susceptibility of soil, ecosystems and surface 
waters to acid deposition; 
vulnerability of groundwaters and surface waters to pollution by agochemicals and 
farm wastes; 
risk of soil erosion, etc. 

Inputs and Attributes Selected 
Major problems were to decide what soil attributes could most reliably be interpreted from 
the EU soil geographical database (CEC, 1985; King et al., 1993) that would be useful for 
interpretive purposes, to construct derivative maps, or to support policy/decision making in 
the new European Environmental Agency; also what level of precision (number of classes), 
should be attempted. 

Table 1 gives an overview of attributes required to develop expert systems to derive 
thematic maps of important environrnental parameters. Some of the attributes required can 
be considered as primary attributes because they can be derived directly from the EU soil 
geographical database; others are secondary or even tertiary. Secondary attributes have to be 
derived from the primary attributes via pedotransfer rules (PTR); while the tertiary 
attributes have to be derived from a combination of primary and secondary attributes via 
pedotransfer rules. 

In the absence of a Soil Profile Database (Madsen and Jones, 1993), attributes, important for 
environmental purposes, are inferred from the EU Soil Map Legend a n d  from easily 
available EU-wide databases. The information inputs (primary attributes) derived directly 



from the EU Soil Map Legend are: 
FA0 soil name; 
topsoil textural class; 
soil phase separations; 
parent material; 
slope class; 

0 altitude and land use for each Soil Typological Unit (STU). 

The information used from other databases - climatic, geological, hydrologic, current land 
use - is often camed as a Regional Code (eg. NUTS administrative units). 

For this research, the attributes listed in Table 2 were chosen from an initially more diverse 
list. For some of these attributes, supplementary input attributes are required which are not 
available in the EU-wide databases. These additional input attributes are listed in Table 3. 
The scale of the EU Soil Map and the accuracy of the input attributes does not allow 
provision of outputs with high precision and makes the use of classes unavoidable. 



Table 1. Attributes required to establish a database of some importat~t 
et~vironmental parameters 

(1) Hydrology of soil types 
predicting catchment risk 
(Boorman and Hollis, 1990) 

ENVIRONMENTAL PARAMETERS 

1 (2) Location and sensitivity of wetlands 

ATTRIBUTES REQUIRED 

I (3) Soil buffering capacity 
(Loveland, 1990) 

I 

(4) Potential for the immobilisation 
of radionuclides 
(Livens and Loveland, 1988) 

I - depth to an impermeable layer 
- depth to gleyed horizon 

I - hydrogeological class 
- presence of raw peaty topsoil 
- packing density 

I 

I - hydrogeological class 
- soil wetness class 
- depth to an impermeable layer 

- depth to rock 
- topsoil textural class 
- maximum CEC class 
- maximum base saturation 
- soil class 
- topsoil organic carbon content 
- topsoil textural class 
- subsoil clay mineralogical class 
- soil parent material 
- soil wetness class 

i(5) Potential for contamination by radon 

- soil porosity class 

(6)Vulnerability of groundwaters to pollution 
by agrochernicals and farm wastes 
(Hollis, 1990,1991a) 

(7) Vulnerability of surface waters to pollution 
by agrochernicals and farm wastes 
(Hollis, 1991b) 

(8) Risk of soil erosion 
(Palmer, 1993) 

- soil class 
- hydrogeological class 
- topsoil textural class 
-depth to rock 
- depth to gleyed horizon 
- depth to an impermeable layer 
- soil adsorption capacity 
- presence of raw peaty topsoil 

- slope class 
- hydrogeological class 
- depth to gleyed horizon 
- depth to an impermeable layer 
- soil adsorption capacity 
- soil porosity class 
- presence of a raw peaty topsoil 
- slope class 
- topsoil textural class 
- carbon content 



Table 2. Name and classes offinal attributes selected with their inputs required 

OUTPUT ATTRIBUTES I INPUT ATTRIBUTES OUTPUT (CLASSES) 

H(igh): > 6.0% 
M(edium): 2.1-6.0% 
L(ow): 1.1-2.0% 
V(ery) L(ow): < 1.0% 

Y ( a )  
N(o) 

H(igh) differentiation 
L(ow) differentiation 
0 :  No differentiation 
(C)hemical or Geochemical 
(Mlechanical or Physical 
MC: Chemical and Mechanical 
ND: No Differentiation 
KQ: 111 minerals + quarlz 
KX: 111 minerals + oxides & Hy. 
MK: 211 and 111 minerals 
M: 211 and Y l l l  non swelling m. 
MS: Swelling and non s. 211 m. 

Topsoil organic carbon content 
(CK-TOP) (0 - 25 cm) 

1 
Presence of a raw peaty topsoil 
(PEAT) 

Soil profile dilierentialion 
( D m  
-- 
Profile Mineralogy (MIN) 

Topsoil Mineralogy (MIN-TOP) 

Subsoil Mineralogy (MIN-SUB) 

BIOLOGICAL ATTRIBUTES 
SN - FA0 soil name 
TS -Topsoil textural class 
USE -Regrouped land use class 
AT - Accumulated mean temp. 
SN - FA0 soil name 

CHEMICAL ATTRIBUTES 
SN - FA0 soil name 

SN - FA0 soil name 

PM - Parenlal material 
MIN -Profile Mineralogy 

PM - Paren~al material 
MIN -Profile Mineralogy S: Swelling 211 minerals 

TV: V i h c  materials 
TO: Andic materials 

Topsoil Cation Exchange 
Capacity (CEC-TOP) 

Subsoil Cation Exchange 
Capacity (CEC SUB) 
Topsoil Base saturation 
(BS-TOP) 

Subsoil Base saturation 
(BS SUB) 

TS - Topsoil textural class 
CK-TOP -Topsoil organic carbon content 
DIFF - Soil profile dilferentiation 
MIN -Profile Minera10,e.y 
TD -Subsurface textural class 
MIN-SUB - Subsoil mineralogical class 
SN - FA0 soil name 
USE -Regrouped land use class 

SN - FA0 soil name 
MIN SUB -Subsoil mineralo~ical class 

L(ow): < 15 cmol(+)kg-1 soil 
M(edium): 15-40 
H(igh): > 40 

L(ow): < 50 % 
M(edium): 50-75 % 
H(lgh): > 75 % 
L(ow): < 50 % 
H(igh): > 50 B 



Table 2., continued. Name and classes offinal attributes selected with their 
inputs required 

OUTPUT ATTRIBUTES I INPUT ATTRIBUTES I OUTPUT (CLASSES) 
MECHANICAL ATTRIBUTES 

Topsoil structure (STLTOP)  -Regrouped land use class ' G(ocd) 
- F A 0  soil name 1 N(orma1) 

Depth to rock (DR) SN - F A 0  soil name 
PHA - P h m  

Depth to n x k  corrected by 
phase (DRPH) 
Subsurface textural class (TD) 

S(hallow): 0-40 cm 
M(oderate): 40-80 cm 

PM -Parental material 
DR -Depth to rock 
PHA -Phase 
SN - F A 0  soil nanme 
TS - Topsoil lexlural class 

Subsoil structure (STLSUB)  I SN - FA0 soil name 

ITD 
- 

- Subsoil textural class 
HYDROLOGICAL ATTRIBUTES. 

Parent material hydrogeological I PM -Parental material I R. C. S. L. H. M (cf. definition 8 3.5.1) 

D(eep): 80-120 cm 
V(ery) D(eep): > 120 cm 

I Coarse 
2 Medium 
3 Finemedium 
4 Fine 

P(mr) 
H(umic) or Peaty soil 

Topsoil Packing Density 
(PD-TOP) 

Subsoil Packing Density 
(PD-SUB) 

Depth to a gleyed horizon - FA0 soil name 
(DGH) 

Depth to impermeable layer - FA0 soil name 
PD-SUB - Subsoil packing dcnsily 

Hydrological class (HG) - F A 0  soil name 
ALT - Elevation 
PMH -Parent material hydrological 

1 0 : Peaty subsoil 

class 

STR-TOP -Topsoil structure class 
TS -Topsoil textural class 
USE -Regrouped land use class 
SN - F A 0  soil name 
STRSUB -Subsoil structure class 

L(ow): < 1.4 g/cm3 
M(edium): 1.4 - 1.75 g/cm3 
H(igh): > 1.75 g,/cm3 

Available Water Capacity of the 

S(hallow): 0-40 cm 
M(odera1e): 40-80 cm 
D(eep): 80- 120 cm 
V(ery deep): > 120 cm 
S(hallow): < 80 cm 
D(eep): > 80 cm 

TS - Topsoil texlural class 

Easily Available Water Capacity 
of the topsoil (EAWC TOP) 
Available Water Capacity of the 

HGl:  soil with permeable subs&atum, 
remote from groundwater: seldom wet 
HG2: lowland soil aflected by 
groundwater, seasonally or permanent 
wet, or artificially dnined 
HG3: soil with impermeable layers 
within 80 cm depth, seasonally or 
permanently wet 
HG4: soils of the uplands and 

topsoil (AWC-TOP) PD-TOP - Topsoil packing density 

TS -Topsoil textural class 
PD-TOP - Topsoil packin~ density 
TD -Subsoil textural class 

mountains 
V(ery) H(igh): > 190 mm 
H(igh) : 140-189 rnm 

subsoil (AWC-SUB) PD SUB - Subsoil packing density I - 



Table 3. Name and classes of additional irlpur arrribures with their inputs required 

G: Halophile Grassland 
G: Managed Grassland 

Procedures - Mainly Qualitative Transfer Rules 
A systematic approach treating each cartographic unit individually would be very time- 
consuming (more than 2000 soil units) and risks becoming biassed as the work advances. 
Therefore it was opted to derive the attributes from a combination of pedotransfer rules, 
joined in an expert system that can be applied in an identical way to all cartographic units. 
The pedotransfer rules applied are established based on expert knowledge of soil scientists 
having participated in the elaboration of the soil map, on representative soil profiles and on 
reference values and relationships described in literature. The new attributes are introduced 
in the geographical soil database where they are accessible to a GIs. 

This approach is very flexible because the rules can be updated at any time in response to 
developments in the field of soil science or environmental sciences. They can also be 
applied on updated databases in the future. 

The general structure of a pedotransfer rule can be visualised by the following diagram: 

INPUT ATTRIBUTES 

1 PEDOTRANSFER RULE I 

OUTPUT ATTRIBUTE L 
CONFIDENCE LEVEL 



The values of the input attributes determine the value (class) of the output attribute to which 
a confidence level is linked (very low, low, medium, high). An inferred attribute, obtained 
through the application of a rule, can be introduced as an input attribute in another rule. 

Each pedotransfer rule consists of a table, in which each line is a possible occurrence, 
meaning a combination of input and output data. For each occurrence the author and the 
date have been stored. Part of the rule for depth to rock is given as an example in Table 4. 

Table 4. Tabular representation of part of the pedotratlsfer rule for "depth to rock" 

Wild cards (*), implying undifferentiation for a particular input, are used systematically. In 
the first line wild cards are given to all input attributes, taking care of all possible missing 
data and producing an output for all Soil Typological Units (STU). The notation *** for soil 
name indicates that the rule is applicable to any soil type. Thus, most European soils are 
assumed to have a moderate depth (40-80cm) to rock, but the confidence level of this 
assumption is very low. Moving down in the table, the input attributes are generally defined 
more precisely, resulting in an output with a higher confidence level. Insertion of the 
Cambisol term (B**) does not much improve the situation. Eutric Cambisols (Be*) are 
rarely shallow: such soils developed on marl (parent material 23 in the EU Soil Map 
database) mostly have a moderate depth, implying a high confidence level that the output is 
correctly predicted. If the SMU contains a shallow, rocky phase (**4), this is assumed to be 
predicted with high confidence. Each line of a rule supersedes all previous lines, hence the 
order in which the lines are applied is crucial. 

Confidence Level 
The term confidence level is used qualitatively, and is not associated with a calculated 
statistic. Definition is therefore difficult. First it must be understood that in the absence of 
geostatistical studies of Soil Mapping Units (SMU's) predictions of inferred attributes refer 
only to the Soil Typological Unit (STU) or Soil Name describing the dominant soil of the 
SMU or the named subdominant soils, where appropriate. 

The confidence level seeks to describe the likelihood that the inferred attribute has been 
correctly predicted for the STU, based on the current level of expert knowledge and 



information. Clearly where an attribute is part of the definition of the STU the confidence 
level will normally be high, eg. depth to a gleyed horizon. Where the attribute is not a major 
element of the definition, but partially, or even dominantly influenced by land use, eg. 
organic carbon, the confidence level is reduced. Attributes known to depend largely on 
seasonal land management are given low confidence, or in the last resort may be generalised 
to the most common occurrence across all inputs. 

Validation 
Reliable validation procedures require a reliable, comprehensive, Soil Profile Analytical 
Database (Madsen and Jones, 1993) and appropriate pilot studies of the distribution of 
measured attributes together with their impact on dynamic processes - eg. pollutant 
movement, hydrologic behaviour, absorption and degradation of additives. Some partial 
validations to establish pedotransfer rules, using limited, available datasets, have been 
carried out. 

Pedotransfer rule for organic carbon content and its validation 
The organic carbon content of the topsoil (upper 25 cm) has been inferred from the F A 0  
soil name (SOIL), the topsoil textural class (TS1) of the Soil Typological Unit (STU), the 
regrouped land use class (USE) and the temperature zone (accumulated mean annual 
temperature, AT). For reasons of convenience, the land use classes (Ul) of the EU Soil Map 
Legend were regrouped into three classes: 

cultivated soils and halophile grassland (C); 
managed grassland (G); 
semi-natural land uses (N). 

Because the climatic variability within the EU will certainly affect the organic carbon 
content, the accumulated mean annual temperature over a period of 20 years has been 
calculated for each NUTS region, using meteorological data from the MARS project and the 
GOA-maize agrometeorological model Wrisson et al., 1992). Three classes were 
distinguished: 

L(ow): < 1800 "C (Ireland, United Kingdom, Denmark, the Benelux and Germany) 
H(igh): > 3000 "C (the Mediterranean areas) 
M(edium): 1800-3000 "C (the rest of the EU). 

Four organic carbon classes were considered in the output : 
H(igh): > 6.0%, 
M(edium): 6.0-2.1%; 
L(ow): 2.0-1.1%; and 
V(ery)I,(ow):<l.O% 

The complete pedotransfer rule is given in Table 5. 

The first 13 lines of the pedotransfer rule define the classes of organic carbon content for all 
soil types based on texture, land use and AT. Generally, clay content is positively related to 



organic carbon content and semi-natural vegetation is expected to supply more organic 
matter to the topsoil then managed land. Temperature affects the composition rate of 
organic matter. In practice, only Luvisols, Podzoluviso!s, Acrisols and Cambisols are 
defined by these first 13 lines, because all other soil types, as well as some gleyic and 
chromic subtypes are redefined further in the rule. Special attention has been given to soil 
types with gleyic properties (Histosols, Gleysols and gleyic subunits). Stagnant water in the 
soil reduces the turnover rate of organic matter, often resulting in large amounts of organic 
matter in the topsoil. 

A partial validation of the organic carbon content rule was performed on a limited soil 
database consisting of plough layers (Ap horizons of minimum 25 cm thick) of 101 soils 
located throughout the EU (Table 6). 

The performance of the rule was quite satisfactory (61 out of 101 samples were estimated 
correctly). It should be mentioned that only soils used as arable land were considered; the 
rule was not checked on soils under semi-natural vegetation or under permanent grassland, 
and this would be difficult. 

King et al. (1994) define a full list of attributes required for a database of major 
environmental parameters (see Table 7) 

Table 5. Part of the pedotransfer rule for organic carbor~ content of the topsoil (for 
a cornpletc table, cf .  King et al., 1994). 



Table 6. Partial validatiorl of the pedotrnder rule for organic carbon content on 
soils with plough layer: estimated data (OC-TOP) compared with 
measured data (CLASS). 

Conclusions 
This research project has shown clearly the potential benefit of a computer-based system to 
facilitate the use of the EU 1:1,000,000 Soil Map for environmental or other purposes, 
primarily because the Soil Map Legend is not easily usable by non-soil specialists. 

The procedures described are mainly qualitative pedorrander rules based on expeit 
judgement. They form an expert system facilitating the use of the maps by non-soil experts, 
assuming that appropriate weight is given to the confidence level of individual attributes and 
an awareness of the nature of small scale maps. 

The attributes selected have been defined as simple classes, rather than as continuous 
ilumencal functions. They are intended to form inputs to further mission-oriented or 
problem-solving activities concerning the protection of the environment. 

Problems of validation will remain intractable without first a reliable, comprehensive, Soil 
Profile Analytical Database and secondly, selected pilot studies of the distribution of 
measured attributes together with their influence on responsive processes. Without such a 
supporting database and high quality spatial studies, it is doubtful whether more mechanistic 
procedures, or dynamic models, are relevant to the use of the EU Soil Map for practical 
purposes. 



Table 7. Attributes required for a database of niajor environnietital parameters 

1. External variables: 

2. Biological variables 

3. Chemical variables 

4. Physical variables 

5. Hydrological variable 

1 1. Land us- (USE) 
12. Elevation (ALT) 
13. Temperature (AT) 
21. Topsoil organic carbon content 

(OC-TOP) 
22. Peat (PEAT) 
31. Mineralogical class of clay 

3 11 Soil profile differentiation (DIFF) 
312 Profile mineralogy WIN) 
3 13 Topsoil mineralogy (MIN-TOP) 
3 14 Subsoil Mineralogy (MN-SUB) 

32. Cation Exchange Capacity (CEC) 
321 CEC of the topsoil (CEC-TOP) 
322 CEC of the subsoil (CEC-SUB) 

33. Base Saturation (BS) 
331 BS of the topsoil (BS-TOP) 
332 BS of Lhe subsoil (BS-SUB) 

4 1. Depth to rock 
41 1 Depth to rock (DR) 
412 Volume of stones (VS) 

42. Soil Structure 
421 Subsurface textural class (TD) 
422 Topsoil structure (STR-TOP) 
423 Subsoil structure (STR-SUB) 

43. Packing Density 
331 Topsoil packing density(PD-TOP) 
432 Subsoil packing density(PD.._SUB) 

51. Parent Material Hydrogeological Type 
(PMH) 

52. Depth to a gleyed horizon (DGH) 
53. Depth to Impermeable Layer (DIMP) 
54. Hydrogeological Class (HG) 
55. Available Water Capacity (AWC) 

55 1 Topsoil Available Water Capacity 
(AW C-TOP) 

552 Topsoil Easily Available Water 
Capacity (EAWC-TOP) 

553 Subsoil Available Water Capacity 
(AWC-SUB) 

554 Subsoil Easily Available Water 
Capacity EAWC-SUB) 
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Abstract 
The EU Soil Map, published in 1985, was elaborated using data (cartographical drafts and descriptive tables 
of soil units) from the FA0 European mapping programme started in the 70's and never hished. A 
harmonisation between these national data sets was necessary and therefore some data were not included in 
the publication but kept in archives. 

The CORINE programme @G XI) computerized the EU Soil Map (I: 1,000,000 scale) in 1986, constituting 
thc first spatialised soil database (version 1.0). Howevcr, the data derived from the digitization of the map 
appeared insufficient to answer satisfactoriIy the problems presented. This database was enhanced initially by 
addition of data from the archives (version 2.0). In the second stage, the database has becc~ improved by 
addition of new attributes, which permit a better characterisation of the mapping and the typological units 
(version 3.1). 

The CEC wished to extend this databasc to the centraI and eastern European countries. So, a spatialised soils 
database is under conslitution, using the same strategy as the one used for EU counlries, and that for Eastern 
Germany. Poland, Bulgaria, Hungary, Czech Republic, Slovakia arid Romania. The papcr describes thc first 
elemefits of a geographical soil database for central and easterri European counlrics, which is lhus a logical 
extension of the work caned  out in the European Union. The final aim is, i r ~  fact, the elaboration of a 
spatialised soils databasc for the wholc of Europe. 

Introduction 
A knowledge of soil resources today is a priority, not only for optimising agricultural 
production, but also for maintaining the quality of our environment. Soil maps and 
geographical databases have become essential for the further development of agricultural 
activities on the scale of the European Union. They permit the exchange of information and 
facilitate the comparison between several regions. Economic exchanges with neighbouring 
countries of the European Union lead to extend this information network. Many 
environmental problems where soil is an important factor are independent of administrative 
frontiers (for example: acid rain, ground- and surface-water pollution, ...) showing the 
urgency to extend such databases to other European countries. 

We give here the first elements of a geographical soil-database for Central and Eastern 
European countries, which is a logical extension of the work carried out in the European 
Union. From a methodological point of view, this project integrates the new techniques 



offered by Geographical Information Systems (GIs), whose background was described in 
previous reports or articles (King and Daroussin, 1992; King and al., 1994a, 1994b, 1994~). 
The aim of such a database is to describe the spatial distribution of the main soil types, and to 
define their properties in relation to landscape characteristics (materials, relief, land-uses, ...). 

The programme of elaboration of the geographical soil database for the Central and Eastern 
Europe is thus included in a wider project: the elaboration of a soil database for the whole 
Europe. The elaboration of that database is realised in a framework of research and storage of 
the pedological parameters that have to be taken in account both for agricultural production 
and land protection. 

After a brief description of the earlier work and the methodology used, we present the 
balance of the presently available data. Then, we describe the work based on the archives 
and, finally, we draw up a framework for future work. 

Earlier work 
The Directorate-General for Agriculture (DGVI), as well as the Directorate-General for 
Research (DGXII) and for Environment (DGXI), are concerned by the activities of soil 
knowledge at the European level. Agronomical research was organised for many years in 
different programme committees with well-defined objectives, and was coordinated by the 
Permanent Committee of Agronomical Research (PCAR). 

The programme committee for Soil Science was called Land arid Water Use atld 
Managemet~t. It worked successively on: 

Making and publishing of the Soil Map of the European Union (CEC, 1985). 
Resource assessment of the physical environment for Europe. 
Analysis of rational management of these resources. 

The Commission of the European Communities (CEC) has wished to favour, promote and 
liarmonise the scientific and technical tools, and databases of the different counmes of 
Central and Eastern Europe, in order to integrate them progressively in the work casried out 
in the European Union, particularly in the domain of soil knowledge. 

The European soil database started in 1986 with the digitising of the EC Soil Map (CEC, 
1985) by the Directorate-General XI (Briggs and Martin, 1988; Platou and al., 1989; CEC - 
CORINE, 1992), which resulted in the first spatialized soil database of the EU, called version 
1.0. But this database soon revealed to be insufficient for solving many thematic problems, 
like those related to the MARS project of the Joint Research Centre (JRC). The data from the 
archives of the EC Soil Map (stored at Gheiit University), were then added to the version 1.0 
database and led to the versiorl 2.0 of the database (King and Daroussin, 1992; King and al., 
1994b). Despite this improvement, the insufficiency of the vei.sior~ 2.0 database has led us to 
research complementary data, in order to improve it and make it more operational. This stage 
is now in progress and will lead to a versio113.0 database (Fig. 1). 

In continuity with the MARS Project work in the EU, the Joint Research Centre asked INRA 
(Soil survey staff- Orleans Research Centre), to study the possibility to extend, this work to 
the Central and Eastern European countries. 



Strategy used 
To integrate the data for Central and Eastern European countries, the same strategy was 
chosen as that used for the EU database (Figure 2). It consists in computerising the draft 
maps at a scale of 1:1,000,000 from the unfinished FA0  work for a Soil Map of ~ u r o ~ e ' ,  and 
in adding data from related descriptive tables. The work discussed here pertains to this stage 
(Jamagne and al., 1992, 1993a, 1993b). 

Figure I .  The different stages for creating the geographical soil database of the 
European Utliotl. 

FA0 - CEC DG VI 

Archives 
(Ghent University) 

EC Soil Map 
Publication * *  Explanatory notcs 

Digitizing 
CEC DG XI 

Version 1.0 u 
I 

Enrichment 
1990 - 1991 

from countries 

Version 3.1 

It was such documents that were re-used by the Commission of thc EC to makc the Soil h.iap of the EC at 
1: 1,000,000 scale. 



Figure. 2. The strategy &red for setting up the soil databases for the E~rropearl Union, 
and for Central and Eastern Europe. 
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EU Database 
version 2.0 
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Central and Eastern Europe 

The chosen methodology consists in analysing the existing documents (archives of the FA0 
project stored at Ghent University), and then asking the concerned countries for their 
participation in verification andlor update. The work will be carried out in three stages: 

Synthesis and harmonization of the documents. 
Digitizing of the documents to facilitate corrections. 
Participation of national mapping services for correction and updating of 
documents. 

Analysis of available data 
The published maps 
Two compilation documents were published that are interesting for the harmonization 
between the soil nomenclatures u s ~ d  by each country, but they do not contain enough 
intrinsic information about soils: 

Soil Map of Europe at 1:2,500,000 by F A 0  (1965) 
Soil Map of the World at 1:5,000,000 by F A 0  (1974, 1981) 

The archives 
These are the archives stored at Ghent University, which were graciously made available by 
Professors R. Tavernier (t) and E. Van Ranst. Some problems became apparent. For each 
country, several successive drafts exist, which required to make a selection on the following 
criteria: 

The most recent draft, i.e. the most harmonised one. 
The draft that has a descriptive table of the Soil Mapping Units (SMU). 
Harmonization for all drafts to obtain documents with largely the same dates 



However not all difficulties are resolved and some fundamental problems remain of 
correspondence between semantic and geometric data @articularly for Romania). Some 
incoherences exist between maps and tables (I-lungary, Romania). Furthermore, there is no 
common topographical support, i.e. no common map-projection system and no 
harmonization at the borders. 

Work carried out for the project 
In view of the above remarks, INRA started with an evaluation of the different documents 
stored at Ghent University. The final choice of documents is described on the Table 1. 

Table I .  Recapitulation of the selected archival documents. 

Poland 

Mapping drafts 
Date 

Authors 

Digitizing of contours (Geometric data capture) 
Digitizing of the maps was done in several stages: 

The archival documents being not directly usable for the digitising (unstable base, 
partially erased contours), INRA transferred the contours of draft maps to a stable 
support. 
The documents were digitized by scanner 
The data were included in the Arc/Info GIs software. We used the same structure 
for this database as that of the version 2.0 EU database. An information layer (called 
cover) includes the storage of contours as vectors, and the identification of each 
closed contour (polygon) in terms of Soil Mapping Unit (SMU). Each country 
corresponds to one information layer, as no data were available on the projections 
used 

Romania 

Descriptive 
table 

Each stage of cover construction was followed by a control phase. Three series of checks 
were thus realised for each cover: a contour control, a label control and a SMU control 
(SMUs not corresponding to soils (towns, lakes, rivers, etc.) are coded with a negative 
number). Some polygons are coded undefined because no information was available for their 
description. 

Eastern Germany Czech and 
Slovak 

draft 4 
1973 

Kuznicki 

draft 4 

Bulgaria 

Original 
1974 

Miickcnhausen 

Hungary 

Legend 

I Date 

Authors 

1974 

Miickenhausen 

1973 
Dobrzanski 
Kuznicki 
Bialousz 

draft 5 
1974 

Koinov 

draft 5 

draft 3 
1973 

Unknown 

draft 1 
1973 

Unknown 

draft 2 

1974 

Koinov 

Republics 
draft 4 
1974 

Unknown 

1973 
Bodolay 

Mhte 
Stcfanovils 

Sziics 

1 

1973 
Ghitulescu 

Florea 

1974 
Hrasko 

Nemecek 
Surina 



Soil description (Semantic data  capture) 
The semantic set corresponds to the descriptors defining soil types. Semantic data capture 
corresponds to the numerical encoding of the archive tables. The semantic data are ranked 
and stored in three different tables forming a relational database, built according to the 
Spatial Organization Model that resulted from the analysis of the EU database (King and 
Daroussin, 1992; King and al., 1994a, 1 9 9 4 ~ ) .  

* The SMUs are described in a first table storing only the descriptive attributes of the 
SMU (minimum and maximum altitudes, land-uses, etc.). 

* These SMUs correspond to soil associations. Each Soil Typological Unit (STU) 
belonging to a SMU is described with its percentage of representation within the 
SMU, in a second table. 
Each STU is described with some descriptive attributes (topsoil texture, slope, 
parent materials, phase, etc.) in a third table. 

N R A  encoded the SMUs and STUs descriptive tables by using the same conventions as 
those used for the EU database. Some new codes were added, particularly for soil names and 
parent materials, because the EU list of codes was incomplete for the new countries. 

For Eastern Germany, only the soil name of each STU was available. INRA thus completed 
the semantic data, using the Soil Map of the World at 1:5,000,000 scale (FAO, 1974 and 
1981). 

For Hungary, the descriptive table belongs to draft map "2". But the corresponding mapping 
draft was unavailable. On the contrary, in this table, the Units of the previous "draft 1" were 
noted. We used this table to describe the SMUs, distinguishing two series of SMUs: those of 
"draft 1" called graphic SMUs, and those of "draft 2" called semantic SMUs that correspond 
to a grouping of several graphic SMUs. For the semantic SMUs, we only have the semantic 
description. The connection between the polygon layer (graphic set) and the descriptive table 
of the semantic SMUs is made through a table giving the list of the graphic SMUs that 
compose each semantic SMU. 

For Romania, the mapping draft is draft 3, but the descriptive table is older. However, the 
correspondence between the soil units on the map and those of the table is available. So, we 
used the numbering of the map and we informed those units with the data put on the table. 

Thematic Maps 
'The second stage for the elaboration of the database is to send several documents to each 
coordinator of each country. The aim of these documents is helping the correspondents to see 
errors and to complete and update the database. Some of these documents are thematic maps. 
The thematic maps chosen were: 

* Distribution of main soil types following the FA0 nonlenclature. 
Parent materials. 

* Topsoil texture. 

They provide a general view of three main parameters in order to highlight some encoding 
errors or spatial distribution anomalies. 

The data structure strongly conditions the making of thematic maps. Effectively, each 
mapping area corresponds to a SMU that is composed of several STUs. The chosen themes 



are described at the STU level, but only the SMU level permits a mapping representation. 
Thus we have to choose how to represent the theme at the SMU level. We opted for 
representing the value of the dominant STU within each SMU for the chosen theme. 

It should be noted that, for the theme Soil type of the dominant STU, we only considered the 
first two letters of the soil type code. For example, a Bec soil type (calcaro-eutric Cambisol) 
will be represented in the same way as a Beg (gleyo-eutric Cambisol) or a Be soil type (eutric 
Cambisol). This simplification was made fust to facilitate the mapping representation 
(decreasing of the number of soil types to represent, easier choice of colours), and also to 
make easier the comparison with the Soil Map of the World at 1:.5,000,000 scale. 

The dominant STU corresponds to the STU representing the greatest area of the SMU (the 
highest percentage). For Poland, Bulgaria, Czech and Slovak Republics, and Romania, the 
percentage of area of the SMU covered by the STUs is known. So, we transferred the value 
for the chosen theme from the dominant STU to the SMU. For Hungary, we made the same 
thing for the semantic SMUs, and then we transferred the value for the semantic SMU to the 
graphic SMUs that compose it. For Eastern Germany, the percentage of area represented by 
each STU within the SMU is not available. We have only information on the order of 
importance of the STUs within each SMU. So the dominant STU corresponds to the fust 
STU in the archives list. The values for the chosen theme for these first STUs are transferred 
to the corresponding SMUs. 

Extension of the EU database to central and eastern Europe 
Extension of the EU database to Central and Eastern Europe has led to a real enrichment by 
introduction of several new elements essentially: 

Introduction of parent-material types characterising the geology and geornorphology 
of Central and Eastern Europe. The influence of periglacial climate was more 
important in these countries than in Western Europe, as seen by the large amount of 
moraine material in Poland and Eastern Germany. 

New types of pedogenetic evolution ("Soil Name") and several subdivisions in the 
used nomenclature have been added to the database. Such complements are mostly 
linked to pedoclimatic regimes specific for these regions, such as the appearance of 
Leptic Podzols, Chernozems, and great expanses of soils with vertic or halomorphic 
(Solonetz) features. 

These additions open new perspectives for the potential use of the European geographical 
soil database in its larger sense. 

Specific problems related to harmonization 
However, at the same time several coordination problems appeared as well concerning the 
harmonization of geographic details, the quality of attributes for semantic definitions, and the 
coordination at national boundaries. 

Poland and Hungary appear too weakly detailed on a geographic point of view, instead of 
Romania which is highly detailed. Germany, Czech and Slovak Republics and Bulgaria are 
between them equilibrated. Boundaries coordination seems to be important mostly between 
Poland and Slovakia, Slovakia and Hungary, Hungary and Romania. The Danube river 



facilitates the problems between Romania and Bulgaria, nevertheless some harmonization 
seems to be done. 

A special situation was given in Germany. After the German reunification, a common 
1:1,000,000 soil map covering the whole Germany was lacking. Organised by the soil staff of 
the Federal Institute for Geosciences and Natural Resources, in a f i s t  step an initial draft has 
been worked out on the basis of the differentially scaled soil maps of Germany: the soil map 
at 1:500,000 of the former German Democratic Republic (Haase and Schmidt, 197911985) 
and the soil map at 1:1,000,000 of the western federal states of Germany (Roeschmann, 
1986). 

Another problem was the two different soil taxonomies which were in use in both part of 
Germany before the reunification. Therefore, it became necessary to adjust all data and data 
structures of both partial soil maps to a common soil taxonomy and data structure, which is 
now used all over Germany. 

In Germany, sixteen federal state soil survey institutes are responsible for soil mapping. To 
ensure comparable definitions and descriptions of soil mapping units supraregional, 
Bodengro-landschaften (soil landscapes) and Boderlregionerl (soil regions), corresponding to 
scales of about 1:5,000,000 to 1:7,000,000, have been defined by representatives of all state 
and national soil survey institutes (Hartwich and al., 1995). The soil regions shall represent 
the highest hierarchic level of a nation-wide soil mapping unit structure. The 1:1,000,000 EU 
Soil Map and the Bodengro-landschaftet~ and soil regions shall be the framework for the just 
starting preparation of a 1:200,000 soil map for Germany too. 

Thus a relatively homogeneous map with a standardised description of the soil mapping units 
has been established. It permits an equally matched assessment of the soil pattern in 
Germany. The map shows 72 soil mapping units with serial numbers described on the basis 
of the German as well as the F A 0  taxonomy. Each soil mapping unit has been assigned to a 
characteristic soil profile (Leitprofil) to enable detailed map interpretations. The 1:1,000,000 
soil map of Germany has been established digitally. So it was easy to be included in the EU 
soil database. The first printing of the map will be done in the spring of 1995. Actually, the 
digital data of the map are an important part of the spatial database integrated into the Soil 
Information System being built up at the Federal Institute for Geosciences and Natural 
Resources (Eckelmann and Adler, 1994). It will be actualised following the progress of the 
preparation of the German 1:200,000 soil map. 

Another thing to see is the extension of the Soil profile analytical database that we have now 
in progress for the EU countries (Madsen, 1991). It seems to be interesting for the CEC to 
extend also that database to Central and Eastern countries. However, there is a problem about 
differences in methods of analysis. It is necessary to compare and then to try to harmonise 
the methods. So we have made a first inventory of the main protocoles normally used in 
Eastern countlies about mechanical, physical, chemical, physico-chemical and mineralogical 
analyses. A synthesis has to be made on that theme in order to see the possibility to prepare a 
general framework for that, and to prepare adequate "pro-formas". 



Present state and future developments 
State of progress 
At the beginning of 1994, the work to be made by INRA was completed and the documents 
where sent to each country. 

We have asked all our correspondents to update and correct the database. The data used come 
from documents drawn up in the 1970s. In the past twenty years, the state of knowledge 
about soils has certainly progressed. This means that many complements and corrections, at 
the geometrical and semantic levels, will be necessary. 

Considering that for the EU database the change to versiotl 3.0 is in progress, particularly 
with introduction of new descriptive attributes of STUs, it seemed necessary to introduce 
these new attributes immediately in the Central and Eastern European database. A descriptive 
guide for these new attributes was thus included in the user's guide describing the updates to 
be made. 

Corrections and complements from Countries 
All the countries have sent data to improve the database, and also, for some of them, a 
number of representative typical profiles for the profile database. 

For Germany, a new map was made by Dr W. Eckelmann, using the map of Dr Roechman 
for the Western part, and the map of Dr Hauser and Schmidt for the Eastern part. It uses 
successively the two F A 0  legends (1974 and 1990). Several levels of aggregation are 
available (soils regions, pedological landscapes). The pedological landscapes could be used 
to make a database at 1:250,000. The total number of SMUs is 72 ; the number of STUs is 
255. The topographical support used is the digital cartographic database of Europe 
(EURODB) from the Institute of Applied Geodesy of Frankfort. A profile database is in 
progress with more than one profile per unit (with a representative percentage of the unit area 
covered by each profile). 

For Poland, Prof. S.Bialousz made a new map, taking in account the new attributes, with 
nearly 50 SMUs and 156 STUs. 

For the Czech Republic, Prof. J.Nemecek and J. Kozak corrected the map using soil maps at 
1:500,000 and 1:200,000. They subdivided the SMUs where Cambisols are dominant 
following the change of parent materials for these Cambisols. Few changing of contours were 
made on the other SMUs. The new version will nearly have 43 SMUs and 150 STUs. Some 
profiles were also given. They made a proposition for the future concerning the use of the 
notion of "Soil Family" giving more importance to geology, lithology and geomorphology. 
Another proposition is to give more importance to texture @article size distribution) and to 
increase the precision of that variable. 

For the Slovak Republic, Prof. J. Hrasko and V. Linkes used a soil map of Slovakia at 
1:350,000 to make the updating. There are no changes of contours, and partial changes of 
SMUs to make them specific to Slovakia. The number of SMUs is 24, and of STUs is 106. 

For Bulgaria, Dr I. Kolchakov and D. Stoichev updated the map without changing the 
contours. The semantic attributes were completed. The number of SMUs is 23, of STUs is 
79. A proposition was made concerning depth of an impermeable layer where the case of the 



very compact BT of Planosols could be considered. Data from numerous typical profiles 
have been given, with both their morphological descriptions and analytical data, and with 
elements on the analytical methods that are used in Bulgaria. 

For Romania, Prof. I. Munteanu made a new map using a map at 1:200,000. New SMUs are 
conceived to correspond to pedological landscapes units. Some correlation problems 
appeared between Romanian classification and F A 0  legend, concerning Phaeozems 
especially. Some problems appeared also concerning the attributes: texture, phases, parent 
materials. The new map describes 107 SMUs and 302 STUS. Representative profiles are 
under preparation, following the two types of Proformas. 

For Hungary, the updating of the map is in progress by Prof. G. Varallyay. Few changing of 
contours will be made, but descriptive data for the new 73 SMUs and the corresponding 247 
STUs will be given. Some new codes for parent material will be added. 

The table 2 gives an overview of the state of progress of the Central and Eastern European 
Database. 

Table 2. Recapitulatory table of the state ofprogress of the work. 

In p.: in progress TBD: To be done. 

Future work 
The spatialized soil database for Central and Eastern Europe presently covers the data for 
seven countries: Poland, Bulgaria, Germany, Hungary, Czech Republic, Slovakia and 
Romania. The extension of the database will concern in the future the Baltic countries, 
Slovenia, Croatia, Albania, and the Scandinavian countries. Switzerland and Austria will be 
involved also, starting from the 1986 Soil Map of Middle Europe (CEC-ISSS, 1986). 

For the temtory of the former Yugoslavia, the F A 0  archives, stored at Ghent University, 
have been prepared the same way as we made for the other countries. Transfer of the 
contours on stable support has been made and digitising also. The same for semantic data and 
codification. The implementation under ARC/INFO is under progress. We have now some 
contacts with Slovenia and Croatia for a direct contribution to our common work. 

For the countries realised yet, the work to be done comprises: 
End of database corrections and updates provided by the coordinators of the 
different countries. 

0 Geometrical fitting of the graphic data with a common topographical database. 



Harmonization at frontiers between countries of Central and Eastern Europe, but 
also with the EU countries. 

The Soil and GIs Support Group has proposed other developments of the Database, 
suggesting that both the parent-material referential and the soil-typology system could be 
modified. The former would require the development of a new system that more closely 
reflects the geomorphologic heritage, particularly important for continental countries, 
providing additional data on the behaviour of materials for environmental purposes. 
Modification of the soil-typology system would entail switching from the presently used old 
F A 0  legend to its new version (FAO, 1990). In many cases, SMU limits would have to be 
redrawn, to reflect the splitting or merging of typologies. 

Some problems have been however brought up, by our colleagues from Central and Eastern 
European countries, and we will have to study them in a near future: 

A more and more evidence of the necessity of a data regionalisation, taking 
particularly more in account parent material characteristics and some extrinsic 
parameters. 
Concerning parent materials, some colleagues insist on the necessity to a better 
reference to Quaternary geology and geomorphology. 
Different problems concerning taxonomy and soil nomenclature have been brought 
up also, dealing with F A 0  legend and WRB nomenclature (FAO, 1990; ISSS - 
ISRIC - FAO, 1994). 
As it concerns the analytical database, and as it was previously decided, the actual 
Proformas have to be rediscussed on the basis of their possibility of use by all of the 
collaborators. In fact, soil scientists of Central and Eastern European countries are 
using methods that are sometimes very different from those used in Western 
European countries 

Different suggestions and propositions have been clearly introduced or are included in the 
different reports that we have received, and we have to study them now. 

The topographical problem 
We plan to direct our work towards a more thorough analysis of the possibilities to 
harmonise unit definitions between countries, as well as towards, a coordination along the 
frontiers, which was not done before. One important problem came from the fact that the 
data we used where not on stable support, and without information on the topographical 
support and the projection used. So, for the moment, the database for Central and Eastern 
Europe is highly distorted. A f i s t  step is then to make a geometrical fitting of the database 
using a common topographical support. 

In cooperation with EUROSTAT (CEC - Luxembourg), we choose the Digital Chart of the 
World, a database at 1:1,000,000 scale, as topographical support. We will use the 
hydrographic dataset to make the fitting. 



Geographic database with soil profiles and contacts in process 
pedotransfer mles . . . . . .  . . 
Geographic database 0 Countries not foreseen for the momen6 

Figure 3. State of progress of the soil database over Europe 



Conclusions 
For EU countries, a soil map at 1:1, 000,000 scale and the associated database exist. For the 
Central and Eastern European countries, a spatialized soil database is under elaboration using 
the same strategy as the one used for EU countries (Fig. 3). Other countries are foreseen for 
the future (Burrill and King, 1993; Le Bas and al., 1994; Jamagne et al., 1994). 

The final aim of the work is to create a spatialized soil database for the whole European 
territory. This database would provide sufficiently good answers to the different kinds of 
problems affecting agricultural production (DGVI, MARS), or those concerning the 
protection of the European environment (DGXI, European Environment Agency), as well as 
for Global Change simulations using pedotransfer rules and functions (Bouma and Van 
Lanen, 1986; CEC, 1993). 

Another aim is to make Relational Databases, including the relationships between the 
typological units of a landscape and describing the main transfers within the soil cover, thus 
opening the possibility to build Spatial Orgarlization Models (Gaultier and al., 1992; King 
and al., 1994a, 1994~) .  

In a world context, different works have been completed or are in progress under the 
auspices of international organizations such as F A 0  or UNEP, e.g. the G W S O D  and SOTER 
programmes (Batjes, 1990 ; ISRIC, 1993 ; FAO, 1993), or the GEMS and GRID 
organizations (1990). Some of these, such as the SOTER programme, are managed by ISRIC 
in Wageningen. It is obvious that a harmonization with these main world-wide programmes 
appears to be an increasing necessity. We think mostly to CESOTER and BASOTER 
projects actually in progress. 

The rational structuring in a computerised form of our knowledge concerning the principal 
soils of Europe, will lead to a further improvement in the management of European soil 
resources. 
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Abstract 
This paper reviews the modelling of soil water relationships. The use of meteorological, crop and soil data is 
explained. The work of the JRC Support Group on Agrometeorology is described with p'micular emphasis on 
interpolation and the estimation of missing values. The llse of remotely sensed information to determine 
actual evapotranspiration and crop-soil water status should permit the use of information from soil maps for 
assessing the soil water available to plants. 

Introduction 
Interactive modelling of soil water relationships requires meteorological, crop and soil data. 
Basic meteorological data include observations of global radiation, net radiation and other 
components of the radiation balance; sunshine hours, maximum, minimum and mean 
temperature; surface temperature of the soil or of the crop growing on it; atmospheric 
humidity; wind speed or run of wind; totals, intensity and duration of rainfall. The derived 
meteorological data of potential and actual evaporation and soil heat flux values can be 
obtained from these basic meteorological observations if the necessary soil and crop 
characteristics are known. In countries outside Europe, derived values also include those 
relevant to the assessment of wind and water erosion of soils, but such information is not 
widely used operationally in Europe. 

The crop data such as the extent of cover by the vegetation, crop canopy resistance, crop 
architecture affecting the temperature profile within the crop, and the temporal and spatial 
development of crop roots are important but will not be dealt with in this paper. 

Suggestions for the homogenising of the observation practices of meteorological data have 
been made and are generally accepted. They are described in detail in the World 
Meteorological Organisation (WHO) Guide for Instruments and Methods of Observations 
(WMO, 1983) and in the WMO Guide for Agricultural Meteorological Practices (WMO, 
1981). Many countries also have their national handbooks for observation of meteorological 
data; these mostly conform to and elaborate on the internationally accepted practices. 



Each country has its own procedures for the management of the observed meteorological 
data. With the advent of microcomputers, WMO has developed the CLICOM system (WMO, 
1987) which describes practices for the entry, verification, management and storage of 
meteorological data. Whenever the volume of data to be treated is greater than the volume 
normally treated nationally, a special software system has been developed (e.g. at the World 
Data Centres or at the Joint Research Centre (JRC) of the European Union); these systems 
usually take into account the basic criteria that govern the management of data as described 
in the CLICLOM system. 

The subject of use of agroclimatic data for interactive modelling of crop-soil water 
relationships has been treated intensively in the literature over many years. A recent 
summary of new research was prepared by Sivakumar et al. (1991). Developments in 
techniques are continuously being reported in the scientific literature. 

This paper deals only with those aspects of management of agrometeorologi~al data that have 
been examined by the JRC Support Group on Agrometeorology (SuGrAm) in the course of 
its activities from 1991 to 1993. These include the subjects of data sets, spatial interpolation 
and data for the crop-soil water balance. Future activities are planned to deal with the 
integration of remotely-sensed and ground-based methods of observing meteorological 
parameters. 

Data Sets 
The work on data sets concerned the following aspects: 

list of representative stations; 
Q missing values in a time sequence; 

missing values in a spatial distribution; 
estimation of global radiation. 

Representative stations 
Each member of SuGrAm analyzed in detail the list of stations from their country that 
reports on the WMO Global Telecommunications System (GTS) and that could contribute 
usefully to the JRC MARS Project on estimating average yields in agricultural production. 
About 650 stations were retained on the basis of the following criteria: 

o The station possesses a complete set of historical data for a significantly long period 
to allow the assessment of trends and of the inherent climatic variability in the area 
around the station.. 
It is possible to evaluate the degree of normality of any situation that occurs in 
future years. Evaluations can be made on a routine basis so that only extreme events 
or combination of events are highlighted. Of the stations retained, about 200 have 
routine observations of sunshine hours which facilitate the determination of spatial 
fields of solar radiation. A list of these stations is available in the final report of 
SuGrAm. 

*The members of this Group are: H. de Bruin, Nelherlands; Anne Burrill, JRC; E. Choisnel. France (until 
1993); K. Heger, Germany; M. Hough. UK; T. Keane, Ireland; R. LeMeur, Belgium; G. Maracchi, Italy; 
R. Mata Reis. Portugal ( u n t i l  1994); D. Rijks, Chairman; B. Seguin, France; R. Sorani, [taly: P. Vossen, 
JRC; A. Yeves Ruiz, Spain. 



The minimum set of parameters observed at each station consists of: 
precipitation; 

0 maximum and minimum temperature; 
0 maximum and minimum atmospheric humidity; 

wind speed or run of wind. 

Observations from these stations, transmitted routinely on the WMO Global 
Telecommunications System, are therefore received by JRC in real-time. 

Missing values in a time sequence 
Although most of the modelling activities of JRC require only daily totals, daily means or 
daily extremes, many of these values are extracted from eight 3-hourly observations. The 
basis for the assessment of missing values of temperature, humidity and wind is therefore a 
reconstruction of the sequence of values throughout a 24-hour period and subsequent 
assessment of the daily mean or total. For observations that cannot be derived from the 
sequence of values of the parameters throughout the day, missing values are chosen from 5- 
day (pentad) periods. In some cases, such as temperature and solar radiation, the missing 
values can be assessed by analogy to an associated parameter. A complete software package 
that allows automatic substitution of missing values in a time sequence has been made 
available to JRC and is operationally used (Meteo-Consult, 1991). 

Missing values in a spatial distribution 
Similarly to the case of missing values in a time sequence, JRC uses a software package to 
provide substitutes for missing values in a spatial distribution (Van der Voet et al., 1993). 
Some basic criteria are that substitute values cannot be chosen from stations that are more 
than lOOkm away, that have an altitude that differs by more than 300m from that of the 
stations where data are missing or that are located on the other side of a natural boundaly. 
The features which are taken as natural boundaries are the mountainous regions of the Alps, 
PyrCnCes and the Apennines and any significant body of water. 

Further limitations on the use of substitute values to establish a spatial distribution of 
parameters is the limitation imposed by coastal zones. No substitution is allowed for inland 
situations using data from coastal zones and vice versa. The width of coastal zones was 
originally taken to be about 25km but further analyses have shown that, depending upon the 
geographic situation, the representative width can vary from 5 to 25km. 

Estimation of global radiation 
Significant research effort has been expended through SuGrAln on the estimation of global 
radiation using sunshine hours, cloud cover, or temperature measurements. A first series of 
analyses assessed, for isolated stations, the values of the coefficients in the Angstrom formula 
for the locations studied. Very acceptable results were obtained (Keane, personal 
communicatiotl; Choisnel, personal communication), but the areal extent to which the 
coefficients could be extrapolated was not ascertained. 

Another internal SuGrAm study by Hough determined one set of coefficients in a 
relationship between global radiation and cloud cover for clear skies and concluded that for 
cloudy skies seasonal and regional differences existed which made the use of one or a few 
formulae on a routine basis unreliable. JRC therefore decided on the need to analyze a 



maximum amount of historical data on sunshine hours, cloud cover and temperature and 
made these data available for a detailed study (Supit, 1994). 

The first part of the latter study related global radiation (Rc) to sunshine hours (n) for 96 
stations in Europe, and calculated an Angstrom-type relationship that provides reasonable 
estimates of global radiation for the years for which data were supplied; there is a small 
seasonal affect and a very weak latitude affect in the coefficient b. For each of the grid points 
in Europe, more accurate results will be obtained if the empirical coefficients a and b in the 
Angstrom formula are interpolated, and thereafter solar radiation is calculated using locally 
observed sunshine hours, than when an interpolated value of global radiation is used. 

In the next part of the study, a formula was calculated for the estimation of global radiation 
(Rc) from cloud cover (cc in octas) in which RA is the Angot value of radiation and a and b 
are empirical coefficients: 

Rc= RA (a + b cc) 

The estimation of global radiation from cloud cover was significantly improved if the daily 
temperature amplitude was also taken into account. 

The physical significance of the inclusion of the daily temperature amplitude term is not 
precisely clear but it is thought that this may to some extent compensate for the lack of 
distinction between low, medium and high clouds. For the use of this formula, five areas with 
more or less homogeneous coefficients were distinguished. Testing of the results against 
observed radiation values, provided mean bias errors that vary between -1.9 to + 0.89 
~ J / m ~ d a ~  with 18 stations out of 34 having values of I + 0.50 and values of r2 that vary 
from 0.70 to 0.94 with 22 out of 34 stations having values of 0.90 or greater. 

Finally, given the fact that from a number of stations there is no real-time transmission of 
sunshine hours, or cloud cover, a relationship between daily temperature amplitude and 
global radiation of the following type was established for 6 regions with 19 stations. 

The mean bias errors varied from - 2.78 to + 2.93 ~ . T / m ~ d a ~  with 21 out of 29 stations 
having values <+ 1.00 and the value of r2 varied from 0.56 to 0.87 with 22 out of 29 stations 

2 having values of r 2 0.72. 

SuGrAm is pursuing the analysis of techniques to use remotely-sensed information for the 
assessment of global radiation but no operationally useful results are as yet available. 

Interpolation in Space 
The purpose of the consideration by SuGrAm of this subject was to recommend to JRC 
techniques for operational use so that the data provided by the meteorological stations 
reporting in real-time could be used on a 50km x 50km grid. The number of stations may 



vary year to year between 600 and 700. At present there are 1389 50km x 50km grids 
covering the EU. A further purpose is to facilitate the interpolation of the 10-day outputs of 
the agrometeorological models. It is possible that at some later stage, JRC would wish to 
work on a 25km x 25km grid. Such a decision would make the choice of reliable 
interpolation techniques even more important. SuGrAm considered two basically different 
methods of interpolation. The first one is based on the use of some type of arithmetic or 
mathematical formula that may or may not take into account simulations of different 
geographic features. The second approach is the use of remotely-sensed information to help 
indicate the extent of homogeneous physical-meteorological conditions and the location and 
extent of transition areas. Such a technique will take longer to develop and verify but enables 
interpolation according to the real physical variability at any one moment, taking this into 
account in real-time. The considerations of SuGrAm on these two techniques are presented in 
the following sections. 

The mathematical and arithmetic approach 
SuGrAm started its consideration on this point with the establishment of a listing of 
procedures in use in each country for each parameter. This is reported on in detail in the final 
report of SuGrAm. The different techniques used vary from simple linear interpolation to 
techniques that take into account physical boundaries such as ocean coasts (Hamilton et al., 
1988) using dummy values at sea, in Ireland, or the location of stations within mountainous 
areas (Benichou and Le Breton, 1986). There were many techniques of intermediate 
complexity. It became obvious from an analysis of existing practices that different 
interpolation methods were required for input data that are available on different scales. An 
example is the need for different methods for rainfall data, available at many measuring 
points, temperature data available at a reasonable number of measuring points and radiation 
data of which only few observing points transmit values in real-time. The different scales of 
measurement reflect to some extent the different variability in the occurrence of certain 
values of these meteorological parameters. 

A second exercise concerned the somewhat subjective evaluation by each member of 
SuGrAm of the areal extent for which data from each station on the list kept by JRC would 
be representative for agricultural purposes. This led to suggestions for exclusion of a number 
of stations for which measurements of temperature, humidity and wind would certainly be 
significantly affected by the immediate physical environment. This category includes 
observations on ships and mountain tops but also those made at some major airports with an 
extensive paved area around them. In many cases, the representative nature of the 
measurements varied from 10-50km around the station. A technique to assess this distance 
(Heger, personal co~nmunication) was supplied to JRC. An effort was made by JFX to relate 
the results of this study to the use of the elementary monitoring units (EMU'S) used in the 
agricultural assessment work. One of the criteria for the acceptance of a station as 
representative was that the expected precision in yield estimates from model outputs as 
compared to observed values (see Fig. 1) in the region would be of the order of + 570 for 
each region and of the order to + 3% for each group of regions. 

The data in Fig. 1 are for a number of years and the observed yield varies from small values 
to large. Variations in the model output are caused by variations in the weather and by the 
extent to which a station is representative for the agricultural area around it. If subsequently 
the curve is used to obtain yield estimates from model output values, the error in estimated 
yield for a given spread in model output is more serious at low yield values than at high yield 
values. 
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Figure 1. Observed yield for an area against model output for one or several stations 
in the area. 

During its consideration of the possible extension of interpolation methods for a future 25km 
x 25km grid, SuGrAm emphasized the need to take into account physical barriers and the 
variable width of coastal strips. It was suggested that a future 25km x 25km grid should not 
be rigid but incorporate potential use of a flexible grid size whenever physical geographical 
conditions make this advisable. The analyses of precision of the methods used by different 
counhies make it clear that interpolation methods should be parameter-specific, including the 
use of a truncated distribution to remove outliers in some cases. 

Considerable attention was paid to the choice between the use of highly developed 
mathematical methods such as Laplacian splines or the consistent consideration of actual 
physical boundaries or transition areas. It was generally considered that the latter would 
provide interpolated values that are closer to the reality experienced by crops but also that 
these techniques would require the use of either digital terrain models or high resolution 
remotely-sensed information. The adoption of such techniques may be more important for 
certain parameters such as solar radiation or minimum temperature than for others such as 
atmospheric humidity, which in many cases depends more on the rather conservative 
characteristics of the air mass than on its micro-scale modification by natural terrain features. 
It was considered that the interpolation of run of wind would have to pass through the 
interpolation to grid points of air mass movements at the 850 hPa levels with subsequent 
calculation for ground level grid point values using the existing formulae describing the 
variation of wind speed with height. Assessments of wind speed at 850 hPa are regularly 
available from the ECMWF and using this method would avoid the certain but unpredictable 
occurrence of spurious results that would undoubtedly occur if interpolation of ground-based 
observations were to be tried. 



Analysis of available radiation data showed that interpolation based on the few observations 
regularly available would be totally unrealistic. It was therefore decided to use other 
parameters as described above. 

Observations of rainfall provide a further case for specific treatment. Depending on the 
nature of the rainfall mechanism, straightforward interpolation of ground observation could 
be totally unrealistic, as in the case of convective systems or highly uncertain, as in the case 
of frontal systems. It was found that interpolation would in almost all cases give a systematic 
overestimation of the occurrence of wet days. This would adversely affect the reliability of 
the results that would be used by crop assessment estimates that take into account the 
occurrence of pests and diseases. It was therefore decided that, as there is at present no 
operational method that uses remote-sensing or radar-based observations, rainfall values for 
each grid will be based only on the value of the nearest station. 

Methods using remotely-sensed information 
SuGrAm has not yet made any recommendation for operational use of methods to interpolate 
values of meteorological parameters using remotely-sensed information but did consider 
methods in respect of assessment of solar radiation, minimum temperature and rainfall. It is 
hoped to continue consideration of these items in the next two years. 

The areal real-time assessment of global radiation using remotely-sensed information is 
hampered at present by the influence of clouds. Under no-cloud conditions, estimates can be 
made with acceptable reliability. Whenever clouds occur, it is as yet virtually impossible to 
assess the thickness of the cloud layer and the extent of interception of radiation during its 
passage through the cloud-laden atmosphere. Even when on satellite images the distinction 
between high and low clouds is possible, it is not possible to assess with any accuracy the 
presence or not of medium and low clouds under high clouds. Therefore, the amount of 
global radiation measured under conditions when satellites discerned high clouds can easily 
vary by 100% depending on the presence or not of additional lower cloud layers. Further 
investigation will show whether new sensors on satellites or the simultaneous analysis of 
daily temperature amplitude or the saturation vapour pressure deficit at ground level can 
reduce the uncertainly of this assessment. 

Small scale tests for the assessment of global radiation using remotely-sensed information are 
now being undertaken in France and The Netherlands, using PC-based software. These tests 
rely on calibration methods that are for the time being only locally validated. A further 
method is being tested in Italy (Maracchi, personal communication) which uses a GIS grid 
matrix to take into account the influence of local topography on the incidence of global 
radiation. 

As discussed earlier, the assessment of rainfall is a very special case. The use of cold cloud 
top duration information has been tested and used for qualitative assessment for a number of 
years. A PC-based technique is available from the UK. Efforts are now under way to 
complement this information with assessments from weather radars. Weather radars for 
assessment of rainfall typically have an effective radius of 75 to 100km. They can provide 
semi-quantitative estimates of precipitation for a ground network with assessment units of 
about 5krn x 5km. The precision of assessment is affected by the difficulty for radar returns 
to distinguish in certain cases between hail and water which can cause significant imprecision 
in quantitative estimates. Radar assessments are valid only for rainfall exceeding a certain 
intensity which m ~ k e  the assessxent ef amounts difficult, causing a relatively important 



imprecision for use in agriculture where 24-hour totals, even of low intensity rainfall, and 
duration of leaf wetness are important criteria. Further work will proceed choosing specific 
values of area, frequency, resolution and scale. 

At the moment an assessment of minimum temperature through remote-sensing is only 
possible in the absence of cloud. Work will be undertaken to extend the estimates of 
minimum temperature for cloud covered areas to nearby cloudless areas using vegetation 
maps and ground-based observations of atmospheric humidity. Results are not expected to be 
available for some time. 

Crop-soil water balance 
In its work on consideration of aspects of the crop-soil water balance, SuGrAm studies in 
some detail the influence of soil heat flux, the assessment of potential evapotranspiration and 
its temporal and spatial variations. 

Soil heat flux 
A first study on the influence on seasonal soil heat flux was made by Choisnel (internal 
SuGrAm report) and concerned initially only France. For 30 stations, the positive or negative 
contributions of soil heat flux to the energy available for potential evapotranspiration was 
calculated for each of the Winter, Spring, Summer and Autumn seasons. For 
agrometeorological purposes, only the Spring value has a potentially significant influence on 
the crop energy budget. Choisnel found values that showed that 4 to 8 % of the total energy 
might be absorbed by heating of the soil in the Spring season. There was a weak gradient 
showing low values in the South-West to higher values in the North-East with a potential 
influence of continentality and mountain areas. JRC thereafter provided funds to extend the 
analysis to a few stations in Eastern and Northern Europe. Although a weak Spring time 
trend also appears to exist in other stations, the results were not systematic enough to allow 
them to be incorporated in a routine calculation programme of potential evapotranspiration. 

Potential evapotranspiration 
SuGrAm concentrated its work on four themes in this subject area: 

* the choice of the ETP reference method; 
assessment of crop canopy resistance; 

* site to site variation in ETP; 
* a jump and trend in ETP. 

ETP reference methods 
Many studies compare different methods of calculating ETP. In the last few years, the F A 0  
commissioned a detailed analysis of various methods and the report of the study was 
discussed by an experts' meeting called by F A 0  (Smith, 1992). As a result, F A 0  now 
recommends that the Penman-Monteith method be used whenever the appropriate input data 
are available. In the absence of such input data, F A 0  recommends the use of the original 
Penman method (Penman, 1948). Similarly, JRC commissioned a report in particular on 
results of research available from Europe (Choisnel et a/., 1992). The study makes a 
comparison of many ETP methods used in Europe and results obtained from lysimeters. A 
detailed analysis of the report shows that the quality of lysimeter data is not necessarily 
sufficiently homogeneous to allow the drawing of unequivocal conclusions. 



In view of this and other results available, SuGrAm considered that a further comparison 
should be made of the Penman-Monteith, original Penman, and Hargreaves formulae. The 
results of this study (Mata Reis and Bujalho, 1991) showed that the different values obtained 
with the different formulae vary with station, altitude, latitude and season. For annual values, 
there was a very reasonable correlation. However, the use of the Hargreaves formula as 
compared to observed potential evapotranspiration provided a rather high percentage of cases 
where errors were greater than 10%. 

In view of the computing power available at JRC, it was decided to retain the Penman 
formula as an operational formula for the time being, given the fact that the radiation 
estimates can also be computed in real-time and to consider adopting the Penman-Monteith 
formula at some future moment once sufficiently reliable information on crop canopy 
resistance exists. 

Crop canopy resistance values 
As indicated above, one major drawback of routine use of the Penman-Monteith formula is 
the lack of knowledge about suitable crop canopy resistance values. SuGrAm suggested that 
an extensive inventory of, these values should be completed. This suggestion has been 
included in a proposal for study under the European project on Human Capital and Mobility 
(LeMeur, personal communication). Hough (internal SuGrAm document) and Seguin 
(internal SuGrAm document) analyzed a few aspects of the assessment of the crop canopy 
resistance. SuGrAm considered that a full study should include the possible influence of: 
latitude, the stage of development of the crop, soil water status, and vapour pressure deficit 
conditions. It should also include whether a relation can easily be established between crop 
canopy roughness and crop canopy resistance. To assess the order of magnitude that could 
arise from the use of incorrect values of crop canopy resistance, ETP was calculated using 
rc = 0.60 and 0.69. 

Site to site variation 
Mata Reis and Oliveira (1991) examined the influence of the surrounding areas on ETP 
especially the difference when ETP was calculated for agricultural areas or at airports. 'The 
conclusions of these studies show that the effect on ETP was that there were few significant 
differences caused by the temperature regime, that sometimes therc were differences caused 
by differences in the atmospheric humidity regime, but that the most important differences 
arose from differences in the run of wind. Unfortunately Lhe readily available observations 
from airports all tend to have higher wind speeds, and sometimes lower humidity and higher 
temperatures than nearby rural areas. These factors all tend to increase the cnlculated ETP. 

Jumpsltrends 
Mata Reis and Lamelas (1993) and Keane (personal communication) studied the occurrence 
of jumpsltrendr in ETP by calculating evapotranspiration using a series of 30 years of data on 
4 stations. He concluded that there was a negative trend in the annual values of ETP, 
decreasing by about 8% over 30 years, caused mostly by decreases in Summer and Spring 
values. These decreases appeared to be due mostly to changes in sunshine hours and relative 
humidity. There upon further studies were made for a few stations in Germany, Ireland, Italy, 
UK and The Netherlands by the SuGrAm members of these countries and by JRC. No 
systematic trends were observed. In a few cases, jzrmps were noticed but a subsequent 
analysis of the station history record shows that these could well have been caused by 



changes in instrumentation. In the UK, sustained increases in the winter ETP during the 
1980's were caused by increases in both wind speed and temperature. 

Conclusion 
The ongoing programme of SuGrAm in respect of crop-water balance work will deal with 
the use of remotely-sensed information to determine actual evapotranspiration and the crop- 
soil water status. It will also try to exploit information in soil maps for the assessment of 
values of soil water available for plants (SWAP) (Thomasson, 1995). 
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Abstract 
Methods to measure and estimate soil water available arid accessible to plants (SWAP) are reviewed, ranging 
from arbitrarily allocated, standardised values, through soil-adjusted and crop-adjusted values, to complex 
dynamic simulation models. It is proposed that the availability of measured soil data, its variability between 
Community countries and the heterogeneity of soil mapping units, impose ralher strict limitations on the level 
of modelling appropriate for use wilh the 1:1,000,000 Soil Map of the European Union and the associated 
analytical databases. The quality and spatial resolution of meteorological data and the requirement for 
generalised, regional predictions of crop performance and environmenlal impacts will also influence the 
choice of modelling procedures and hence the precision of estimates of SWAP, needed for a European land 
information system. 

Introduction 
The concept of soil water available to plants (SWAP) is an immense topic which has been 
heavily researched during the past 30 years in most EU countries and elsewhere. However, 
for the objectives of the MARS Project (Vossen, 1992), we can identify some criteria to limit 
the scope of this review. 

Any methodology adopted must initially be applied via the 1:1,000,000 scale EU Soil 
Map and its Legend CEC (1985). This consists of mixed mapping units defined in 
pedological rather than physical terms (for example, landscapes). 
The availability of soil data, and its standardisation, may be improved by [he 
development of an EU Soil Profile Analytical Database (Madsen, 1991) during the 
next 2 to 3 years. However, resolution of such data to ground-wuih (field scale) will 
depend mainly on the quality of t!~e original mapping and the complexity of the map 
units. 
The quality of soil data required should be comparable with the quality of 
meteorological data offercd, particularly the time-steps used for modelling crop- 
water use (daily, weekly, monthly) and the spatial density of climatological stations 
recording evaporation data. 
The methodology must be sensitive to the rooting habits, water use, growth period 
and ground-cover relations of different crops. 

The MARS Project requires an interactive soil and meteorological model (or routines), 
usable to predict, or explain retrospectively, the impacts of water stress on important crops, 
particularly on annual yields at national and regional levels of production. It is anticipated 
that an operational system for this purpose will also be useful for environmental protection. 



The requirements need to be distinguished from generalised classification of soil water 
regimes as used in Soil Taxonomy (Soil Survey Staff 1975) and the text accompanying the 
EU Soil Map (CEC 1985). These are dominated by mean climatic parameters, and only 
weakly, if at all, interactive with soil properties. Hydro-climatic regimes may be a preferable 
term. The F A 0  system (1978, 1991) to define water aspects for Agro-ecological Zones and 
Length of Growing Period also depends mainly on handling climatic data (temperature, 
rainfall and potential evapotranspiration). Soil water reserves are standardised at lOOmm and 
procedures to adjust these in the range 50-200mm are still being developed. These 
approaches are very useful as afirstfilter for land evaluation, that is whether it is possible to 
  TOW a particular crop, or the degree of risk, but are of limited value predicting yield in a 
particular year. Soil scientists are reluctant to adopt a system which suppresses the 
importance of soil differences for crop-water supply. However, it must be recognised that in 
some parts of the EU, with wet climates, it is unnecessary to calculate SWAP as there is 
negligible water stress on crops (usually grass) and agriculture is not practised intensively. It 
will be necessary to study this aspect further to set boundary criteria for such areas. Also 
many mountain areas can be excluded from detailed evaluation as their soils are too shallow, 
too stony or otherwise unsuitable for intensive farming. 

At the opposite extreme are the dynamic simulation models for crop production involving 
detailed real-time soil and weather variables. Feyen (1987) has edited a series of papers 
giving a good account of the state of the art in EU counmes. These models are derived from 
closely monitored field experiments, often involving interventions in the soil hydrologic 
regime by imgation and drainage measures. Normally, daily inputs of meteorological data, 
regular crop analyses, and both soil-waterltension and hydraulic-conductivity/tension curves 
are needed. Following a review of currently available models (SWATRE, SUCROS, 
CROPR, BUDGET, HEIMDAL, and others). Feyen states rather firmly that 'simple or 
complex yield models, as used herein, should not be transferred from one region to another 
without recalibration. At least field data of 1 or 2 growing seasons are requested for 
parameter assessment before models should be used in a predictive mode' (p128). This type 
of modelling can achieve good prediction of crop perfomlance but is very demanding of data 
inputs. Standardisation of data inputs, from different counmes, is likely to be a problem. 

The core problem 
Soil water available for plants (SWAP) is a complex property and cannot be adequately 
defined in isolation from the type of crop, the climatic context, and the degree of precision 
needed. A large reserve of available soil water allows plant growth to continue during dry 
periods when atmospheric demand, usually estimated as potential transpiration (PT) (Smith, 
1967) or potential evapotranspiration (PET) (Penman, 1962).exceeds rainfall (R). If such 
periods are rare, a large water reserve is a doubtful asset. If the relevant crop growth occurs 
in the cool or wet season, large soil water reserves are also iess critical. 

A simple soil water balance concept (Fig. 1) involves rainfall (R), potential transpiration 
(PT), soil water storage capacity (SWAP), drainage (D), run-off (F), and locally perhaps 
lateral or vertical fluxes of groundwater (G). Duiing periods when PT > R it is useful to 
express soil dryness as the accumulated negative suin of R-PT, termed potential soil moisture 
deficit -PSMD - (Jones and Thomasson. 1985). As the deficit increases, potential 
transpiration and actual transpiration (ACT) diverge as plants have increasing difficulty to 
extract water held at higher suctions. Commonly, a standard soil (SWAP 100 or 125mm) is 



assumed and a linear or curvilinear relation between PT and ACT is imposed. The term 
moisture (or water) deficit is used sometimes to describe the shortfall of ACT from PT (van 
Lanen and Bouma, 1989). although it may be preferable to describe this parameter as a 
transpiration deficit or crop-water deficit (i.e. inigation need). 

Figure I .  Soil -plant - atmosphere continuum, 

It is important to appreciate that divergence between PT and ACT is not solely due to 
exhaustion of the soil water reserves. Many crops do not achieve full ground cover until June 
or July (maize, potatoes, sugar beet) hence can only transpire at full PT rate later in the 
summer. Other crops, established in autumn, reach full ground cover in April but cease 
transpiring in July or August (wheat, barley, oil seed rape) as they approach senescence. 
Apart from grass, few crops are in leaf the whole year. Under arable crops, differences 
between PT and ACT are more often due to lack of ground cover, or crop senescence, than to 
exhaustion of soil water reserves. In areas with a wet, perudic climate, e.g. Fig. 2, there is 
unlikely to be much crop water stress, irrespective of the size of soil water reserves, as 
PSMD is small, hence PT and ACT do not diverge. 

Operational approaches to SWAP 
Methods to define and estimate SWAP will be reviewed in order of broadly increasing 
complexity and their requirements for soil and other data. 

Level 1 Standardised soil value, e.g. SWAP = 100, 125 or 140 mm, etc. (undejinedprojile 
depth) 
This approach is popular with meteorologists as it simplifies the manipulation of 
spatial atmospheric and crop parameters (Smith, 1976; Thompson et al. 1981). 



The soil information needs are negligible. The current Meteorological Office 
Rainfall and Evaporation Calculation System (MORECS) in UK favours use of an 
average medium soil wit11 a nominal SWAP value of 125 mm, adjusted upwards 
or downwards for different crops, and a non-linear water abstraction model. 

Figure 2. Perudic areas in the United Kingdom with negligible drought risk for crops 
(Maximum PSMD <> 75mm). 

Level 2 Stat~dardised soil depth (I00 crn or to rock) and suction litnits (water retair~ed 
between 0.05 and 15 bar (5-1500 kPa), or 0.10 and 15 bar (10-1500 kPa)) 
This method has been popular with some soil scientists (Hodgson, 1976; Mori, 
1982; Thomasson, 1979) as it facilitates comparisons between soils. It involves 
rather naive assumptions for plant root behaviour, but has the virtue of 
unambiguous definition of water reserves as a soil property comparable to cation 
exchange capacity, organic matter, or total phosphate content. It is not suitable for 
interactive use as a land quality, as defined by F A 0  (1976) or Bouma (1989). 

The soil information needs can be summarised as: 

a) Horizon thickness 
b) Particle size class (PSC), or distribution 
c) Pedotransfer functions, as regression equations or tabulated classes, to 

calculate available water content (as % or decimal fraction of soil 
volume). These functions may be based on: 

particle size class (PSC). 
PSC and organic matter, 
PSC, bulk density and horizon class (e.g. A, B or C). 



d) Optionally, packing density, estimated from soil structure and morphology 
(Renger, 1971; Hodgson 1976, Hall et al. 1977) may be used instead of 
bulk density. However, this approach may need reappraisal when applied 
in different climatic and pedological regions and must be verified. 

Level 3 Soil depth andlor suctiotl limits adjusted for patterns of crop abstraction of water 
This approach is used in UK (Hall et al., 1977; Thomasson and Jones, 1989), 
Denmark (Madsen and Holst, 1990), and Germany (Renger, 1971; Renger and 
Strebel, 1980). 

Lower suction limits vary from 0.05, 0.06 to 0.10 bar (5, 6-10 kPa) and the upper 
limit is normally 15 bar (1500 H a ) ;  the difference between the two limits may be 
termed the total available water (TAW). Water retention at 2 bar (200 kPa) 
suction is used to separate easily available water (EAW) from water which is 
more tightly held at higher suctions (>200 kPa) and difficult to abstract, especially 
from deeper subsoils (Fig. 3 and Table 1). 

Table 1 Adjustment to pr.ojile available water (SWAP) for pai.ticular crops 

The soil information needs are as described under Level 2, plus additional 
pedotransfer functions to calculate easily available water, and/or a conceptual 
model of effective rooting depth (Figs. 4 and 5). At this level of operation, it is 
assumed that all water retention data are derived from replicated, undisturbed, 
volumetric, horizon samples of at least 200 cm3 (see Hall et al., 1977) taken from 
adequately described benchmark soil profiles and that conceptual abstraction 
models are based on field observations of water content change, andlor root 
content measurements. 

This approach is operational in UK, Denmark and Germany, with accessible soil 
and climatic datasets (Jones and Thomasson, 1985) which are familiar to research 
and advisory scientists. It has been used to study yield variation in UK 
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(Thomasson and Jones, 1991), employing the methodology shown in Fig. 6, and 
inigation needs in Denmark (Madsen and Holst, 1990). Elsewhere in the EU, 
most of the information to estimate SWAP at this level exists, but there may be a 
lack of adequate data on bulk density and depth of water abstraction for some 
regional soil and climatic landscapes. 

Cereal Rooting Model 

4 ( Example 
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Figure 3. Soil Water available for Cereals. SWAP mm. 
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Figure 4. Schematic drawing showing the root density, the effective root depth, and 
the anlourlt of soil water utilised in the soil layers when wilting occurs due 
to water stress. 



As an initial assessment of potential uses of the EU Soil Map, the Soil and GIs 
Support Group of the MARS Project used estimates of SWAP derived from Table 
2. A series of rules to extend the information given in the Map Legend were 
evolved to estimate the texture and density of lower horizons from parent material 
and the pedological classification of Soil Mapping Units (SMUs). 

Figure 5. Plant-available water in the effective root zone area (area A )  for winter 
wheat growtt on a fine sandy soil. The effective rooting depth is deduced 

from water cor~ter~t measurements at murinzum dryness; the depth at which 
area B = area C is taken as effective rootittg depth. 

Water content vol % 

0 5 10 15 20  

I I I I 

Table 2. Values of Available Water (TAW and EAlV) used to construct the Ewopean 
inap of soil water availability for plartts, minlmetre (SWAP) 
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Figure 6. Itlforrnatiotl flows to assess crop water balatlce atld drought risk. 
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Level 4 Dynamic simulation of' water movement in the root zone 
This approach requires both water retention data, as a continuous relationship of 
water content to suction (@Is), and hydraulic conductivity (K) as continuous 
relationships with suction (Ws) and water content (W). It differs radically from 
those described earlier as the concept of soil water reserves as a definable static 
capacity is rejected. Crop-water supply from the soil is considered as continuously 
variable in relation to atmospheric demand, root extension, water-table depth, rate 
of movement of water to root surfaces and other processes. The central 
assumptions are that any shortfall of actual transpiration (ACT) from PT will 
involve reduction in photosynthesis and hence loss of yield. At higher suctions 
(lower negative pressure head) water movement to roots is usually too slow for 
useful crop growth, hence the shape of the Ws curve is as important, or more 
important, than the 81s c w e .  Also that any partitioning of the 81s curve - field 
capacity, 'easily' available water, wilting point - is inevitably arbitrary and 
questionable. 

Techniques to estimate the necessary parameters and derive pedotransfer functions emanate 
mainly from working groups in the DLO, Wageningen, the Institute of Land and Water, 
Leuven, and the Salinity Laboratory, Riverside, California. The purpose is mainly to supply 
data to feed rather complex crop simulation models and solute leaching models (CEC, 1991). 

Wosten and van Genuchten (1988) give a good description of the methodology. To describe 
the 81s and K/s relationships (curves) it is necessary to solve a series of equations. This 
requires knowledge of : 

8, defined as the water content of the soil at saturation, but in fact, water content 
at zero suction, i.e. including entrapped air. 

&,, hydraulic conductivity at saturation, assumed to be zero suction? Horizontal or 
vertical ? 

8, residual water content, this is assumed to be zero, but variation in the range 0 
to 0.03 cm3 would have little effect as the object is to predict change in the 
moist range. 

The shape parameters a, n and 1 are used to adjust the shape of the 81s or Ws curves. 

These concepts originate from studies of soil water retention and hydraulic conductivity 
datasets from USA, The Netherlands and elsewhere by Mualem (1976) who attempted to 
smooth the large variation for individual soils byfitting procedures. 

Stratification of soil materials uses PSC, organic matter, bulk density and median sand size to 
optirnise the shape parameters to fit the 81s and Ws data. These procedures can be described 
as continuous pedotransfer functions. Wosten et al. (1987) have published data for Dutch 
soils including class pedotransfer functions. 

To use this approach for the EU Soil Map, it would be necessary to allocate 81s and Ws 
relationships to soil horizons from dominant soil profiles in each mapping unit. This would 
require textural, bulk density and K,,, data to ensure that the soil horizon was classified 
correctly and the appropriate shape parameters used. It is likely that many new physical 
measurements would be needed, and some further estimation procedures designed. 



The Leuven team have used a broadly similar approach (Vereecken el al., 1988, Vereecken, 
Doctoral Thesis, 1988) to analyse Belgian soil data involving measurements of 01s and Ws 
on some 182 soil horizons from 40 profiles. They conclude that 01s relationships can be 
estimated satisfactorily from simple soil properties (preferably including bulk density) but 
that the Ws curve is dependent on an accurate measurement of Y,,, which is intrinsically 
highly variable, particularly vertical Y,,. In simple terms, where the Ws curve starts (at or 
near saturation) has a profound influence on the shape of the rest of the curve. 

Discussion 
The procedures outlined for level I estimation of SWAP were assumed to be inadequate for 
the MARS Project. However, it is suggested that meteorological systems such as MORECS, 
which are actually operational in EU countries, be reviewed to establish feasible levels of 
spatial and temporal resolution for atmospheric data. 

Figure 7. Types of soil ware). regime. 
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The additional soil data requirements to pass from level 2 to level 3 appear slight compared 
with the gain in precision and relevance to plant behaviour. It is noteworthy that the only 
operational crop production model in the US, EPIC (Erosion Productivity Impact Calculator, 
Williams er al., 1984, Jones er al., 1991) is a capacity model with approximately level 3 soil 
inputs. Similarly the IBSNAT models used in the International Benchmark Soils Network for 
Ago-technology Transfer (Comerma, 1989, Ritchie and Crum, 1989) are described as 
functional models using mainly capacity inputs or approximations, rather than the dynamic 
rate concepts required for fully mechanistic models. 
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This state of affairs may be related as much to the distribution of types of soil water regime 
(Fig. 7) as to the quality of soil data, or the precision of output required. EPIC, for example, 
works well on freely drained soils and probably also on stagno-soils. The same can be 
claimed for the UK system (Thomasson and Jones, 1989 and 1991). At level 3, problems will 
be most apparent in productive soils on permeable deposits, with groundwater present at 1.0 
to 1.5m depth during the main period of summer growth when capillary rise can make a 
significant contribution to crop water supply. Such soils occupy a relatively small part of the 
landscape in France, UK, Ireland, Italy, Spain, but are fairly common in The Netherlands, 
Belgium and North Germany. 

SOIL CLIMATE 
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Figure 8. Quantity, quality and cost for U N D I G I S  data. 

The problem can be simplistically resolved by adding a nominal 25, 50 or 75mm to SWAP as 
calculated from water retention data, or such land could be arbitrarily classified as non- 
droughty without need for accurate calculation of SWAP. For peaty and silty soils, this 
would be a fair description. An empirical system could be designed to estimate the capillaq 
flux derived from texture, density and groundwater depth as in Table 3 (Renger and Strebel, 
1980, quoted in McKeague et al. 1984). However, objective information on groundwater 
levels during summer is absent from the EU Soil Map, and rather scarce in most national 
databases. 

In relation to the proposed EU Soil Profile Analytical Database of standard profiles and 
analyses (Madsen, 1991; Madsen and Jones, 1993, 1995). level 3 requirements for SWAP 



would be adequately supplied by the analyses specified for a First-Level Database (= 350 
profiles for the 12 EU countries). 

Level 4 procedures to assess SWAP could give more precise understanding of crop 
behaviour. However, questions immediately arise concerning the availability of soil data to 
run the models, whether appropriate meteorological data is likely to be forthcoming and, 
inevitably, the cost (Fig. 8). 

In particular we need to be confident that adequate information on K,,, is available for most 
soil map units, as well as PSC and bulk density. K,,, data is envisaged for a Second Level EU 
Soil Profile Analytical Database at Level 2 (Madsen 1991) involving some 550 profiles, 
possibly 2000 horizons. Standardisation of techniques is particularly important for &,, - 
horizontal or vertical, laboratory cores or field tests, drawdown or infill - and it is the 
author's opinion that reliable, comparable data is unlikely to be achieved without a large EU- 
funded, multinational project. Otherwise, national soil experts would merely be suppliers of 
morphological profile descriptions for allocation of K/s and 131s functions by one or two 
specialist groups. This would be unsafe and would separate national experts from technical 
interpretations in which their critical role is essential. 

Table 3. Estimates of capillary rise (mm waterlday) in relation to packing density, 
texture, and depth of groundwater below the effective root zone (1) 

Sand, mS 
(92,5,3) 

Sandy loam, 
1s (65,25,10) 

Clay, u'T 
(15,30,55) 
Clay u'T 

(12,33,55) 

Depth of groundwater below root zone (em) 1 I I I I I 

Packing(3) 
Density 

(1) Examples are based on a more complete table (Renger and Strehel, 1980). 
(2) Texture class names are from Soil Taxonomy (Soil Survey Staff, 1975). The German texture 

symbol for the particle size distribution indicated (sand, silt, clay %) is given following the texture 
class. 

(3) The packing density classes are: low <1.40 g/cm3, medium 1.40-1.75 g/cm3, and high 
>1.75 g/cm3. They can be estimated from texture and structure or calculated 
(bulk density + 0.009 clay, %.) 

Capillary rise (mm waterlday) 

Renger and Strebe (1980) from McKeague e t a / .  (1984) 

30 

medium 

medium 

high 

It is likely that in the next few years techniques to measure, or derive, these complex soil 
functions will improve, but currently there is a lack of reliable measurements. The relevance 
of this type of modelling as applied through a soil map at 1:1,000,000 scale may also be 
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questioned. It may be more appropriate at scales of 1:50,000 or larger, where real crop 
performance in specific fields, or where detailed management interventions, are being 
evaluated. Ritchie and O u m  (1989) distinguish between broadly functional/deterministic 
capacity models, and mechanistic/dynamic rate models. They regard the latter as more 
suitable for research purposes - to improve understanding of processes - rather than for 
predicting generalised crop perfom~ance. If the MARS Project envisaged a programme of 
intensive crop monitoring in all parts of the EU, a full appraisal of mechanistic models 
involving a range of dynamic hydraulic functions could be attempted. Extensive evaluation 
of the models to establish their portability from the original sites and users would be an 
interesting and necessary exercise (Feyen, 1987). 
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Abstract 
The quantities of soil water available for plants are estimated in the European Union by using the soil 
geographical data linked to a knowledge database. A simplified model is designed to calculate soil water from 
qualitative (or semi-quantitative) data. But few data arc available in the geographical databasc to apply this 
model. The authors suggest thc use of qualitative pedotransfer functions called pedowansfer rules. This enables 
data requestcd by the model lo be derived from data available in the geographical database. Computation is 
performed for each soil typological unit. Results are portrayed at Lhe soil map unit level, but the problem of 
representing high soil variability at small scales is apparent. 

Introduction 
Many international programmes concern the global monitoring of environment or agncultural 
production (CEC-CORINE, 1992; GEMS, 1990; ISRIC-UNEP, 1990; Meyer-Roux, 1987). 
Such studies need soil information for large territories. Soil lnaps have been made (for example, 
FAO, 1965; FAO, 1975; CEC, 1985) but the soil data required by models developed in the 
framework of these global programs are absent. 

The variable soil water available for plants (SWAP) was chosen for this study. This variable is 
essential to calculate the water balance for groundwater monitoring or biomass production 
models. The objective is to provide geographical information harmonized across the European 
Union. Some previous studies have been completed (Mori, 1982; Verheye, 1989; Verheye, 
1991; WRAP map of the EU, unpublished) but these are generally restricted to one country and 
data are estimated by expert judgement. The method adopted was firstly to formalise a 
simplified model to calculate the SWAP parameter and identify the soil parameters required. 
Secondly, pedotransfer rules (Bouma et a/. ,  1987) are used to derive these soil parameters from 
basic soil data available from the geographical database (Van Ranst et al., 1995). This method 
has been applied in the same way for each soil typology unit in the EU. 

Methodology 
General framework 
Soil is a reservoir that absorbs water during rainy periods and can release i t  during dry spells. 
The water reserve available to plants is classically defined as the difference between the quantity 



of water in soil at field capacity (48 hours of drainage after a rainfall) and the quantity of water 
unavailable to plants (wilting point). More details are given by Thomasson (1995). 

Both values can be measured in the field, but they can vary considerably as a result of 
environmental conditions (past rainfall, agricultural work, neighbourhood effects, etc.). For that 
reason, it is more reliable to use laboratory measurements of humidity, which correspond to the 
application of two pressure-threshold values to soil samples that are preferably undisturbed. 
Such threshold values can vary but the following are adopted: 1500 kPa for wilting point, and -5 
kPa for the pressure simulating field capacity (retention capacity). 

To evaluate the total water reserve of the soil, the values obtained for each level or layer that 
was sampled are summed from the surface to the limit of rooting. Field measurements show that 
water uptake by plants decreases with depth, and parallels the reduction in root density. To take 
account of this phenomenon, it is possible to define a suction at which water ceases to be readily 
extractable by plants and this is set at 200 kPa. The volume of water between 5 and 200kPa is 
called the easily available reserve. 

Rapid inspection of the database shows the lack of data on the hydraulic properties of soil 
horizons as well as of information on general water status for the solum. Direct calculations are 
difficult because of a lack of data. To solve this problem, a simplified model for estimating the 
water reserve in soil is formulated and then the parameter values required by this model are 
estimated, using pedotransfer rules and the geographic database. 

Proposal for a crop-adjusted available water capacity model 
Earlier work has attempted to limit the number of laboratory measurements necessary for 
determining profiles of soil water content, and tried to establish links between certain soil 
parameters and water content. The approach began using a homogeneous soil horizon, and then 
to work on an evaluation model for the entire solum. 

For  a n  homogeneous soil horizon, the following equation can be defined for evaluating the 
available water: 

where: Wh = available water reserve in the horizon 
Eh = thickness of the horizon 
Wcr = water volume at the retention capacity, e.g. -5 kPa 

Wpf = water volume at the wilting point, e.g. -1500 kPa 

Several authors have proposed linking the quantity of water retained in a soil sample at a given 
negative pressure or suction with the physico-chemical properties of this soil. The most 
distinguishing characteristics are: particle-size distribution, structure and organic-matter content. 
Mineralogy of the constituent clays also plays a part in the type of organisation of the material 
and thus on its porosity, but this has not been taken into account in this study. 

Particle-size distribution, or texture-class varies considerably between countries. A compilation 
was made on the basis of the five main texture classes of the FA0 system, adapted for the EU. 
Data were also used from the LandIS database in England and Wales (Ragg and Proctor, 1983; 
Ragg et al., 1988), which is one of the largest of its kind in the world - 3600 horizons from 
about 1000 profiles - (Hall et al., 1977). 



Structure and organic-matter content are two properties that influence soil porosity and thus 
water quantity and field capacity. Both characteristics commonly show great lateral variability, 
even within a single agricultural plot and are therefore difficult to model at the scale of 
1:1,000,000, except in the case of histosols and andosols. However, it is possible to take account 
of the vertical variation that is generally observed in most cultivated-soil profiles. Several 
structural-quality classes have been retained, not only by distinguishing worked layers from the 
undisturbed soil below, but also by distinguishing three classes of structural development for the 
deeper layers. 

The relationship between the water present in a horizon at a given pressure and the 
characteristics of this horizon can be expressed as: 

Wp = fp[Tx, St] 

where: Wp = water quantity in a horizon at pressure p 
Tx = texture class 
St = quality of the structure 

fp = pedotransfer function for pressure p 

Equation (1) can then be written as: 

Wh = Eh (fcr[Tx, St] - fpf[Tx, St]) 

A direct connection can be made between the amount of available water and the physical 
characteristics of the soil. The values obtained by Hall et a/ .  (1977) are shown in Table 5. The 
equation now simplifies to: 

where fw is the pedotransfer function that makes it possible to estimate the quantity of water 
available in a horizon, based on its texture (Tx) and structure (St). 

For the whole profile o r  solurn, it is relatively easy to compute the available water by 
summing values for the individual horizons the root zone. However, the geographic database 
does not contain precise data for each soil type on the horizons present. The profile is thus 
reconstituted as three layers that correspond respectively to: 

a worked supeficial layer; 
a subsurface layer from which water is easily extracted by roots; 
a deep layer from which it is difficult for plants to extract water. 

For each layer, the texture, organic-matter content and structural conditions were extracted from 
the database and equation (4) solved. Depending on the depth of the profile or the limit of 
rooting, the bottom layer may be truncated or its data not used at all in the computation. The 
quantity of available water can be evaluated using the following equation: 



where: W = quantity of water available for the solum as a whole 
i = number of the layer 
Wi = quantity of water available for layer i (or easily AW if i = 3). 

The last parameter to be evaluated remains the depth exploited by roots. Soil depth can be 
contained either coded in the soil name, for example, a lithosol has by definition a depth of less 
than lOcm, or in the phase, for example the stony phase indicates a decrease in the total pore 
volume of the soil. Using data associated with parent material, this evaluation of total depth is 
further refined. Rooting depth will be calculated as being the minimum between this total-depth 
value (estimated with the rules) and the potential crop depth (data from field observations and 
corresponding to the genetic properties of the plant). An equation can be written as: 

Da = Min(Ds, Dr) (6) 

where: Da = depth at which water is accessible to the plant 
Ds = depth of soil, or of an obstacle to rooting 
Dr = potential maximum depth of the root system 

Equations (4), (5) ,  and (6) can be combined into a simplified model for estimating water reserve 
in a soil: 

where the symbols are the same as those used in equations (1) to (6) and n is a function of Da. 

The parameters of this equation (thickness, texture, etc.) are either obtained directly from the 
database, or are estimated with the aid of pedotransfer rules. 

Description of the pedotransfer rules 
The equations above were used according to the rules laid down by Van Ranst et al. (1995). The 
final calculation for the profile is independent of such rules. The maximum rooting depth was 
fixed at 150cm for this study, but could be changed on the basis of type of crop. The same is 
true for the depth at which the plant can no longer extract all the available water, which here is 
considered to be 50cm. The main rules used to calculate the values for each Soil Typology Unit 
are outlined below. 

Soil Depth 
For estimating soil depth three input attributes are used: F A 0  soil name, parent material and 
phase. Soil depth refers to the unconsolidated soil as distinct from the hard, continuous, 
coherent and little weathered parent material. It is assumed that the structure of the material is 
primordial and that it constitutes an R or C horizon. Common difficulties occur with fragipans 
or with soft materials such as sand that have little or no coherence. 

Soil depth is not re.adily identified from the F A 0  legend. In general, details are only provided 
for the presence of a diagnostic horizon above a certain depth limit. Soil depth is only clearly 



defined for lithosols (<lOcm) and the lithic phase of other soils (40cm) ;  it is related to soil 
name but can be qualified by the presence of a specific material. 

Table I .  Extract of the rule for estinlatitlg the soil depth 

FA0 soil name I Parental Material I Depth class 

Lo* 

(1) "*" is a wild card as common used in computer operating 
systems syntax to avoid repetitive occurrence lists. In the F A 0  soil 
name colu~nn "***" means "all soils". 

B** 

The rooting depth is the minimum value between the soil depth the maximum depth of rooting 
depending on the plant. This last value is introduced as a parameter. Two other parameters are 
also used: the depth from which water held at lower suctions (5 kPa to 200 @a) is abstracted 
from the soil and the depth of the plough layer. This last parameter may vary with land use. 
Currently, a measurement of 30cm is used throughout the EU. 

45 * 

Soil layers 
There is no information about soil horizons in the geographical database version 2.0. The soil is 
arbitrarily divided into two layers : topsoil and subsoil, roughly correspondiilg to A and B 
horizons. The depth of differentiation is 50 cm when it is reached. With the version 2.0, textural 
class of the subsoil is estimated from the FA0 Soil Name and textural class of the topsoil (Table 
2). An additional class is added to the textural classes of the topsoil, mainly for Luvisols and 
Planosols. Version 3.0 will be more precise than 2.0, directly providing the subsoil textural class 
for each STU. 

6 

*** 

Table 2 .  Rule for estimatitlg subsoil textural class 

4 
Bv* 

Structure quality and packing density 
In order to estimate the soil Packing Density (PD), it is necessary to set up a separate procedure 

*** 5 



(Pedotransfer Rule) to estimate Structure Class beforehand. 
Soil Structure of the subsoil is assessed entirely from the Soil Name (Table 3). Most soils are 
assumed to have normal (N) structure. Good (G) structure is confined to soils dominated by 
strongly developed fine or very fine, porous, subangular peds, and all granular peds. Poor (P) 
structure implies mainly massive, coarse or medium, angular blocky or prismatic peds. Soils not 
evidently having Good or Poor structure are therefore classed as Normal. 

Table 3. Soil Structure Class of the Sub-Soil estimated from Soil Name 

I Class ) Confidence 
* * *  ( a) Bea 1 Good I h 

Regional 
Code 

I Gds 

Input - Soil Subsoil structure 
Name 1 

(Letter Code) , 

Ges 
L ~ P  
1-gs 
Pgs 
Wd 

Poor 

/ All other S T U ' ~  Normal / 1 

Soil Structure Class of the topsoil has the same rule, but also depends on Land Use as  
an input. The main elements are : 

1) All permanent grass and semi-natural uses assumed to be GOOD 
2) All Soil Names in Table 3 assumed to be GOOD 
3) All other uses and soils assumed to be Normal 

Packing density (PD) is a fine earth value, excluding stones, calculated from measured soil 
data: 

PD = Bulk Density + (Clay Content)/100 



With caution, these classes can be broadly related to soil structural conditions as: 

-provided a dominant normal class is assumed. 

The relationships are fairly robust for topsoils and medium textures, but less secure at the 
extremes of the texture range and in subsoils, where overburden pressures normally preclude 
low PD values. 

The general relationships of PD to texture and horizonation, under average land use and 
management conditions, are fairly clear. It is possible to set up a simple protocol to enable 
estimation of PD from the soil map legend. Obviously the extremes of land management 
conditions, with variation in soil structure and PD, will not be represented, but neither will 
they be shown on a 1:1,000,000 scale map, or indeed any map at a scale smaller than about 
1:10,000. 

Table 4. Protocol to estimate PD Class from EC Texture Classes and Horizonation 

Use Normal structure as the default value in the absence of conflicting information 
t See Table 3 
# See Rule for attributes c and g 
- Under arable land use these textures are usually Medium PD 
NB For Fluvisols (J**), allocate low confidence for PD-SUB 

Good structure t 

Poor structure t 

Available water for an horizon 
The values of water-retention capacity are attributed to the pF corresponding to the available 
reserves between the wilting point and the field capacity (water held between 5 kPa (0.05) and 
1500 kPa (15 bar)), and to the easily available reserve (water held between 5 kPa (0.05) and 

L 

M 

M 

H 

M 

H 

M 

H 

H 

H 



200 kPa (2bar)). These values are estimated from texture and density. Specific values are 
attributed to the surface horizon, to take account of the effect of agronomical activity (organic- 
matter content and tilling). Three classes are proposed, but we can use the numerical values for 
making a more accurate evaluation for the profile (solum) as a whole (Table 5). 

Mapping the results 
The data that directly derive from the model are complex and cannot be shown easily on a map. 
There is a need to simplify the information to maximise its impact but the reality of the 
underlying data should be preserved. 

Table 5. Example of estimation of Available water- capacity(AWC) and Easy AWC 
values 

As most Soil Mapping Units (SMU) contain several Soil Typological Units (STU), it may be 
impossible to show multiple data on the map. One solution to this problem is to select the 
dominant STU for each SMU as this occupies the greatest surface area. Certain SMUs are very 
complex and contain up to I1 typological units and, in these cases, the dominant unit may 
represent only a small percentage of the association, thus leading to errors when interpreting the 
map (Daroussin et al., 1990; Ngongo et al., 1993). 
Furthermore, certain mapping units can have highly diverging results for their STUs. Faced with 
such spatial variability, it is preferable not to give only the results of dominant units at the 
publication scale of 1: 1,000,000. 

Instead, it is proposed to assign a colour to each of the classes of the calculation of the available 
water. The classification operation can be done on the level of STUs, and it will be easy to 
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calculate the surface percentage taken up by each class. The selection of the dominant class will 
enable a much more precise representation of reality than the choice of a dominant STU 
according to the pedogenic soil name alone. 

Only a small percentage of the European Union corresponds to pure SMUs. For that reason, we 
propose to produce a set of maps that show confidence level as well as purily concerning a 
specific subject. For the subject of water reserves, we adopted the graphic technique developed 
by Mori (1982), which affects a colour to each class. In this way, each mapping unit is assigned 
a colour that corresponds to its dominant class. If an SMU contains two classes of water reserve 
and the associated class has a lower value than the dominating class, the colour will be 
attenuated; in the opposite case, with an associated class that has a higher value, the colour will 
be more intense. 

If three classes are present in a single SMU, a specific colour will be attributed, annulling the 
colour earlier attributed to the dominant class. In this case, associated classes below a surface 
threshold fixed at 30% are ignored. The proposed method makes it possible to show, on a single 
document, the estimated water reserves that are most represented in an area, as well as the type 
of reserves in the secondary units. In the case of strong spatial variability, the data are 
completely masked so as to avoid a wrong interpretation. 

Conclusions 
The soil map of the European Union and its associated geographic database, represent a 
knowledge potential that is based on many years of map-data collection and compilation in 
Europe. Such data have already been used in applications related to agriculture and the 
environment, thus showing the interest and importance of such knowledge as well as its limits. 
The main limitation is the difficulty of obtaining accurate data on soil parameters needed for 
environmental studies, when based only on synthetic attributes such as the soil name according 
to the F A 0  classification used. 

The objective of our work was to propose an automatic irlterpretatior~ of the data in the 
geographic database, leading to estimates for environmental use that are as reliable as possible. 
This meant that it was necessary to formalise as rules, the informal interpretations made by a 
well-versed reader when faced with a soil map. 

Such rules are called pedopan@er rules, by analogy with pedotransfer functions, that link the 
standard soil-analysis characteristics to more complex properties, such as hydrodynamic 
properties. The rules were formalised in a standard format, facilitating their handling and use. 
They were created by expert judgement based on a general knowledge of Soil Science. They can 
be associated with a region, in specific cases that are not mentioned as part of the initial EU Soil 
Map. 

The results provided from such rules are only qualitative estimates. At the 1: 1,000,000 scale it is 
difficult to provide precise information from the few data contained in a soil map, and care was 
taken to indicate the methodological limitations of our approach. An indicator was created for 
internal spatial variability within Soil Mapping Units (SMU), indicating the surface percentage 
of Soil Typological Units (STU) that was used for the interpretation within an SMU. 

The rules were drawn up from the attributes available in Version 2.0 of the EU soil geographic 
database. Version 3.1 will provide access to increasingly plentiful and accurate data. At that 



stage, it will be necessary to modify some of the rules, to make them compatible with the new 
version. The statistical and cartographic validation of values estimated from the rules will start 
under the new version. This will be helped by integration of the profile database that is currently 
being created. 

The currently ongoing R & D work on the drawing up of more precise pedotransfer rules should 
lead to modification and even replacement of some of the rules proposed in this report. In fact, 
such rules cannot be considered as a final product, but precisely as a means for highlighting 
attributes and/or regions for which data are lacking and where a special effort has to be made to 
collect the missing information in the future. 
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Abstract 
The EC land information system has been combined with climate, topographic and crop parameter data, as 
well as historic agricultural statistics, to produce an integrated database suitable as input to a European level 
crop growth modelling system. The selection of variables to be included in the database was based on both 
data consistency and availability throughout the continent, as well as the relevance to the distribution of crop 
growth at that scale. The data in the integrated database are pre-processed to assign values to grid squares of 
50km by 50km. which form the basic modelling units of the MARS crop growth model, although the 
simulation process also takes into account the variability of soils within the grids. 

Introduction 
The Crop Growth Monitoring System (CGMS) is the end product of research devoted to the 
development of an ago-meteorological modelling system to provide crop-state assessments 
and yield forecasts on the basis of a GIS database. The research was launched in the context 
of the MARS project of the Joint Research Centre of the European Union, whose broader 
goals include the development of systems to provide information about agricultural acreage 
and yield in Europe, in support of the CEC Directorate-General VI (Agriculture) and the 
Common Agricultural Policy. While the CEC regularly receives information from the 
member states about agricultural production, the final validated estimates are normally 
delivered after the end of the season; the information delivered from different countries is 
also often not comparable. MARS thus aims to provide timely and objective European-wide 
methodologies for supplying information to assist the decision makers at the EU level. 
Satellites provide an ideal source for this type of information and most of the systems 
developed within in the context of MARS are satellite image based. CGMS provides a 
complementary methodology which can be used to cross-check satellite-derived results and 
provide information, such as yield, which is difficult to determine from imagery alone. 

The research and development of CGMS has been coordinated by the JRC but includes 
inputs from a variety of other institutes and companies. The meteorological data were 
obtained from national meteorological services, while the other data inputs and the 
underlying algorithms were contributed by agronomists and soil scientists throughout the 
E.U. as well as other sources. 



The database 
One of the critical components in the development of CGMS was the definition of the set of 
input data. The mechanisms of plant growth are sufficiently understood that modelling of a 
specific crop in a given site where all of the environmental conditions can be measured is 
relatively simple. The goal of this project, however, was to develop an operational system at 
the European scale where the availability of data becomes a much greater constraint. It was 
essential to identify the parameters which are measured uniformly across all of Europe, and 
available at a resolution which was suitable for regional crop growth modelling. For 
relatively static variables such as soil characteristics and long-term mean meteorological 
conditions, this involved an effort to inventory the existing information to assess the 
possibility to compile and harmonize it across the EU. For dynamic parameters, such as the 
current weather conditions, the input data were limited to those which not only were 
regularly collected but which could also be received and processed in semi-real time. 

On the basis of these criteria the set of available input data was defined to consist of daily 
historic meteorological data from some 350 stations, daily current season weather from about 
700 stations, altitude on a 5 minute resolution grid, regional crop parameters, historical crop 
statistics by administrative unit and the EU soils database at a nominal scale of 1:1,000,000. 
Compilation of the identified parameters and development of the MARS database were 
undertaken in parallel with the development of the model. ARCAnfo and Oracle were 
selected as the systems for the management of the spatial and tabular data respectively. 

Meteorological data 
The MARS meteorological database is composed of two Oracle tables called STATIONS and 
METDATA, which contain respectively information about the meteorological stations and 
daily meteorological data. The table STATIONS contains information about the location and 
other characteristics of the European meteorological stations for which we either have data or 
for which data could be via the Global Telecommunication System. Attributes in this table 
include WMO Station number, Station name, Latitude, Longitude and Altitude. The location 
of these stations is also stored in a related ARCAnfo dataset. 

The main meteorological data table, METDATA, contains daily meteorological observations. 
This table contains 29 meteorological parameters including various indicators of cloud cover, 
temperature, and vapour pressure. Stations across Europe measure different subsets of these 
parameters so many records contain blank fields for parameters which are never measured; 
stations often also include blank fields for parameters which were not available on a certain 
date. However, the stations selected for inclusion in the database are those which normally 
report at least minimum and maximum daily temperature, rainfall, windspeed, vapour 
pressure (or humidity) as well as either global radiation, sunshine hours or cloud cover. 
These parameters are therefore the basic meteorological inputs to the CGMS model, to which 
can be added additional derived parameters such as potential evapotranspiration, and 
available solar radiation. 

The project to compile the meteorological database stretched over a period of 5 years. Some 
of the data were purchased directly from the various national meteorological services, others 
were acquired via the Global Telecommunication System. As the data were obtained from a 
variety of different sources, considerable pre-processing was necessary to convert them all to 
a standard format. Two different procedures were used for distinct subsets of the dataset. 



The Historical data were ordered directly from the national meteorological services. They 
represent approximately 380 stations in the EU, Switzerland, Austria, Poland and Slovenia, 
with data from 1949 to 1991 as available. These data were converted into consistent units and 
bound checked, by the MARS Project. The database was also scanned for inconsistencies, 
such as runs of days with the same value for a variable or minimum temperatures higher than 
maximum temperatures. 

The Current data have been received for approximately 750 stations in the EU and 
neighbouring European countries since 1 January, 1992; many but not all of the stations 
represented in the Historical data are included. These Current data are received via the GTS 
satellite communications system and pre-processed using the AMDAC software package 
(Meteo-Consult, 1991). This system extracts, decodes and processes the GTS data. After 
decoding, the data are first subjected to consistency checks for air temperature, dew-point 
temperature, pressure at sea level, wind speed, amount of precipitation, amount of clouds and 
duration of sunshine. This error scanning is undertaken by comparing each observation with 
other observations of the same parameter from surrounding stations and at other times in the 
same day at the same station. Obvious errors in the observations are corrected automatically 
and a message is written to a log file; other errors are flagged for possible correction by an 
operator. 

After error checking, AMDAC attempts to fill in missing values through interpolation based 
on both time and space. First a temporal interpolation for six elements is performed for each 
station with missing elements. The time interpolation is followed by a spatial interpolation 
for which observations of nearby stations are used. Finally, a second time interpolation is 
performed for stations which obtained new element values in the spatial interpolation. In both 
of these interpolation procedures, values are only estimated where there is sufficient 
surrounding information to justify interpolation. Thus, where a group of stations are missing 
the same parameters for a series of days, no interpolation is unde~taken; the values remain 
blank. 

Fig. 1 shows the distribution of the meteorological stations for which MARS currently 
receives data. 

Although the Historical and Current data were compiled separately, they now are completely 
merged in the METDATA and STATIONS Oracle tables. The crop growth simulation model 
can thus be run equally on any growing season in the database. 

Topographic data 
The national survey agencies in many European countries have produced maps and/or digital 
datasets of their country's topography at a national scale. However, these national sources 
have never been harmonized into a European topographic dataset. There is indeed quite a 
market for such a product but the amount of work involved was beyond the scope of this 
project. The best available source of topographic data for all of Europe, and in fact for the 
world, is the ETOPOS-5 dataset distributed by the NGDC of NOAA. This dataset contains 
one data point representing the mean altitude for each grid of 5 minutes latitude by 5 
minutes of longitude. The European on-land points were extracted and converted to 
ARC/Info format as the basis for the topographic input to the CGMS model. 



Figure 1. Distribution of meteorological stations for which MARS currently receives 
data. 



Crop parameter data 
A database of information about the specific growth constraints of individual crops is an 
essential input to any crop growth model. A project was therefore launched to collect and 
compile all possible data of this type. Undertaken by researchers in a number of institutes, 
this work consisted of examining all of the relevant literature to determine the physiological 
and cultivation characteristics of the relevant crops in the various regions of Europe. 

The resulting data provide reference information to be used to warn of the occurrence of 
meteorological and other types of hazards likely to affect yield. They were compiled in such 
a way that they are externally compatible with the standard synoptic meteorological data, 
with the EU. soils map and with the administrative divisions (Nomenclature Unit Territory 
Statistic (N.U.T.S.) regions) of the EU. They contain: 

a. General crop physiological data which are either independent of, or directly related 
to, environment, (such as rooting depth, base temperature, etc.) such that 
interactions with location can be ignored. This information was mainly obtained 
through literature searches. 

b. Agronomic data, aggregated at the NUTS 111, I1 or I level, such as the earliest and 
latest dates of harvest in a region, the most common farming practices, the major 
varieties grown in a region, maximum altitude at which a crop is grown, 
technological evolution over the last years, etc. 

c. Detailed physiological information from individual trials, such as the duration of 
phenological stages. 

The results of this work is reported in a series of publications which will eventually be 
computerised in their entirety. At present, a number of these standard region-specific 
physiological crop parameters have been converted to Oracle format for use as input to the 
CGMS model. (Boones et al., 1993) 

These parameters are included (as relevant) for ten different crops, namely, winter wheat, 
grain maize, barley, rice, sugar beet, potatoes, field beans, soybean, rape seed, and sunflower. 
Some of the crops have been broken down into varieties and individual variety values are 
stored for the parameters which vary between varieties. 

In addition, each crop is assigned to one of the following crop groups: grass, cereals and root 
crops. The crop parameter database contains parameters for the suitability of each of these 
groups with respect to several soil related characteristics: phase, texture, slope, alkalinity, 
salinity, maximum rootable depth required, and drainage situation. 

Soils data 
The soils database provided as input to the CGMS model is that described in early chapters 
of this book. It is the EU Soils Dutubuse, as corrected and expanded by the contributions of 
the MARS Soils and GIs Support Group. The soils database as such is used mainly in 
conjunction with the crop knowledge bases, to identify the areas where a given crop can 
possibly grow. In addition to the basic soil database, an uvuilable water capacity database is 
available in the MARS database developed by the Pedological Service of the French National 
Institute for Agricultural Research (I.N.R.A.) in collaboration with the Soil Survey and Land 
Research Centre of England and Wales (King et al, 1993). This contains for each soil 



typological unit in a soil mapping unit: a profile available water capacity estimate for the first 
3 main horizons (or less if an unpenetrable horizon is present) on the basis of pedotransfer 
rules, an estimated maximum possible rooting depth, and an indication whether moisture 
could become available through capillary rise. 

When CGMS was undergoing development, the profile description database was not 
available so it is not used by the present version of the model. 

Statistical d a t a  
The other datasets available as input to the model are those available from Eurostat, the CEC 
statistical service. Their data on historical crop yield, and acreage on the basis of 
administrative units were integrated into the MARS Oracle database. n conjunction with an 
ARC/Info dataset describing the spatial extent of the administrative units, these data were 
used both for validation of the model and to convert CGMS's yield assessments into 
quantitative production estimates. 

Data Pre-Processing 
On the basis of distribution and resolution of the various types of data in this integrated 
database and in order to provide information at  a level of detail appropriate to the needs of 
the CEC planners, 50km x 50km grids were chosen as the basic modelling units (see Fig. 2). 
In order to run the model at this scale, it was first necessary to describe each grid square in 
terms of the input parameters. 

Determination of mean agricultural  alt i tude 
The ETOPOS-5 datapoints provide a picture of the altitude distribution within each grid 

square. The density of ETOPOS-5 altitude data in relationship to the grid system varies with 
latitude. In the north of Europe, there are about 65 points per grid square, compared to more 
than 45  in the south. The points in each grid square are ranked and the 25% altitude is taken 
as representative of the mean agricultural altitude. (In mountainous areas, agriculture is 
located in the lowerlying areas, while in flat or undulating landscapes where a p c u l t u r e  is 
omni-present the difference between the 25% and 50% values is minimal.) There are not 
enough datapoints to provide good estimates of the average slope in the grid square; this 
aspect of topography is therefore not derived from the ETOPOS-5 data. 

Interpolation of the meteorological da t a  
The  meteorological parameters are assigned to the grid squares on the basis of a spatial 
interpolation from the surrounding points. The stations are first examined on a yearly basis; if 
the percentage of days for,which weather data are available falls below a certain threshold, 
the station-year is excluded from further analysis. Any remaining blank fields in the good 
station-years are then replaced with long-term mean values (from the same station) so that 
the interpolation procedure per se does not need to handle missing values. 

As no proven techniques for the interpolation of daily meteorological data from the synoptic 
network and applicable to the EU as a whole existed (such techniques were only available for 
a limited number of variables and only for a few countries), a new technique was developed 
by the DLO-Staring Centre for Agricultural Research in The Netherlands for the 
interpolation of data from the existing network of meteorological stations to a regular grid 
(van der Voet et  al., 1993). 



Figure 2. MARS project: basis modelling units. 



In this technique, the values of the variables are estimated by means of averaging the data 
from an optimum set of stations surrounding the centre of the grid cell. The set of 
surrounding stations is selected on the basis of criteria of similarity between the station 
characteristics and the grid cell to which the data are being interpolated. The criteria are: 
proximity, similarity in terms of altitude, similarity in terms of distance to the coast, the 
position relative to climatic barriers such as the Alps and Pyrenees, and distribution around 
the grid cell. Initially, the 7 nearest stations surrounding a grid cell are scored on the basis of 
the following empirically validated rules: 

where: 

SCO(i) = "difference score" 

DIS(i) = distance score: distance between a grid location L and a station S(i) in km. Note 
that stations which are more than 400 km away are excluded automatically. 

ALT(i) = altitude score: the absolute difference in altitude between L and S(i) in m, 
weighted for the relative importance of altitude in comparison with the other 
criteria. The best fit for the weighting was found to be 0.5. 
Thus ALT(i) = absolute difference in altitude * 0.5. 

COT(i) = distance to the coast score: a score assigned on the basis of the absolute differenr,e 
in distance to the coast between L and S(i), as follows: 
For any distance above 200 km: COT(i) = 100 
For distances between 100 and 200 km: COT(i) = 50 + 0.25 * distan~e 
For distance between 50 and 100 km: COT(i) = 25 + 0.50 * distrace 
For distances below 50 km: COT(i) = 1 * distance 

BAR(i) = penalty of 1000 in the case a station S(i) is separated by a climatic barrier from 
location L. In practice, such stations are thus disqualified. 

For each possible combination of 1, 2, 3 or 4 of the 7 initially chosen stations, a suitability 
score is calculated. (It was found that increasing the number of chosen stations beyond 4 does 
not significantly improve the quality of the results.) This score is determined as follows: 

where: 

SCO(c) = "suitability score" 

DIS(c) = the average distance between S(1), S(2) ... S(n) and L (km) 

ALT(c) = the average difference in altitude between S(l), S(2) ... S(n)and L (weighted as 
for AL'Ti) 

COT(c) = the average difference in corrected distance to the coast between 
S(1), S(2) ... S(n) and L 



GRA(c) = the distance between L and the centre of gravity of S(l), S(2) ... S(n). 
This score favours the selection of stations that surround a grid cell centre L, 
rather than, for example, a combination of closer stations but that are all 
located on one side of L. 

NUM(c) = a factor based on the number of stations S(l),  S(2) ... S(n); 
for one station NUM(c) is 0.5, for 2 stations NUM(c) is 0.2 and for more 
than 2 stations, NUM(c) becomes 0. This weighting favours the selection 
of more than one station. 

DIF(c) = the minimum of the calculated difference-scores of all stations in the combination. 
This value characterises the range of the other components of the formula; 
it balances the importance of the number of stations in relation to the other 
components. 

The combination of stations with the best score SCO(c) is used to interpolate values at the 
grid cells for most of the meteorological parameters, including minimum and maximum 
temperature, sunshine hours, vapour pressure, wind, radiation, and evapotranspiration (the 
latter two being calculated at the station). A simple average of the values at the selected 
stations is assigned to the grid cell. For every increase in altitude by lOOm between the 
station altitude and grid's mean agricultural altitude, a decrease of 0.6"C is introduced for 
temperature and a decrease of 2.5% for vapour pressure. It should be mentioned that inverse 
distance weighting only results in a negligible improvement in terms of error assessment 
(mean error, mean of the absolute error and mean square root error); this provides an 
indication that the approach already takes into account the effect of distance . 

In the case of rainfall, one single station, with the lowest difference score is selected. The use 
of more than one station may improve the mean prediction error, but it also overestimates the 
number of wet days considerably, hence modifying the temporal distribution of rainfall 
which is of major importance for crop modelling. 

As this evaluation is undertaken on a yearly basis, different stations may be used to estimate 
the same grid for different years, but the procedure ensures that the best possible 
interpolation is undertaken for each year. There is a certain degree of error involved in this 
interpolation methodology since it is based on the certainly false assumption that 
meteorological parameters are smoothly distributed. 

The validation (van der Voet et al, 1993) was done by changing the rules and selecting the set 
of rules which minimised the errors between observation and estimate for a set of 350 
stations with an average of 25 years of daily meteorological data covering the whole of the 
E.U.. According to the results of the analysis of the errors of estimate, the meteorological 
conditions that are relevant for crop growth, are fairly accurately estimated at a spatial 
resolution of 50km x 50km (ibid.). 
Thus the yield forecasting methods that use meteorological information, can not give reliable 
outputs at the local scale and the agrometeorological data or model outputs obtained for a 
given station or gridcell, can only serve as areawise or regional indicators of the quality of a 
cropping season. To use the information for quantitative yield forecasts, it is necessary to 
calculate regional averages of local outputs, that are preferably weighted for the area 
occupied by the crop in a region and the occupation of the different soil types by a crop. 



Assignment of other parameters to grids and selection of simulation units. 
The crop parameters are assigned to the grid square simply by maintaining a table indicating 
which, if any, variety of each crop is grown in each grid square, and dates of start of the crop 
growth season. 

Assignment of the soils data to the grid squares is the most complex. The soils database 
contains over 10,000 soil unit polygons and these polygons do not mesh in any way with the 
grid system. To complicate matters, each soil mapping unit is composed of several different 
soil typological units, which contain information about phase, and several derived 
parameters, namely alkalinity, salinity, rooting depth and drainage situation. These STUs 
may themselves contain more than one texture or slope class. 

Each STU is fxst sub-divided based on the possible combinations of texture class and slope 
class into Single Soil Typology Units (SSTUs). Since precise information about their 
distribution is not available they are assumed to be equally distributed in the STU. The 
characteristics of each of these SSTUs is assessed to determine which are suitable for a 
growth of the crop. 

The suitable SSTUs are then re-grouped; soils whose characteristics result in similar crop 
growth simulation results are put together. For practical reasons, the number of soil groups 
has been limited to 4, distinguished on the basis of estimated soil rooting depth, the most 
strongly discriminating factor betwcen soils for their water supplying capacity. 

These soil group units are then intersected with both the grid squares and the administrative 
regions to produce elemerltary mapping units or EMUs. The administrative regions are 
included at this point to allow aggregation by NUTS region as well as by grid square. 

Each EMU is then assigned meteorological and crop parameter values on the basis of the grid 
square of which it is a part. EMUs from the same grid with similar soil characteristics can 
then be grouped together into a simulation unit whose input data are passed to the crop 
growth simulation model and for which output values are calculated. 

Status of the system 
CGMS is based on the principles of the WOFOST crop growth simulation model developed 
by SC-DL0 and AB-DL0 in Wageningen. The details of the model are described in the 
paper of this publication by Vossen and Meyer-Roux (199.5). It is applied to each of the 
simulation units to derive crop yield indicators which can then be aggregated back to either 
grid squares or administrative regions. 

The CGMS model has been implemented in a proto-type system which has been installed at 
the JRC in Ispra. The ARC/Info package provides the tools for management and pre- 
processing of the input spatial data and the production of graphics, while Oracle is used to 
manage the tabular data. The spatial interpolation of meteorological data and the crop growth 
simulation are coded in Fortran programs. 

The present implementation simulates the crop growth for the current season to produce crop 
state assessments. It also allows a simulation for a series of years to characterise mean 



historical conditions. It is thus possible to predict how the current season will perform in 
comparison to normal conditions. By aggregation of the results obtained in individual 
simulation areas and incorporation of the Eurostat statistics on yield and acreage for 
preceding years, the model can also produce quantitative crop production estimates on the 
basis of administrative units. 

The system was been calibrated and validated at the EU scale. Its outputs are a considerable 
improvement on the linear trend estimation normally used by the CEC to predict agricultural 
production. This is also further described in the paper by Vossen and Meyer-Roux (1995). 
The present system, however, is only a first step. From a technical point of view, the 
software may be generalised into a more flexible modelling tool capable of producing results 
from a wider range of simulation rules. The model, itself, is also just a preliminary product 
which will be refined. 

Presently, the impact of factors such as pests and irrigation is included only in terms of their 
average statistical impact on past agricultural statistics. Simulhtion results are derived by 
deviation from the past statistics; Lhese impacts are thus assumed to be at the same level for 
the present year. In some cases, additional research could help describe and quantify their 
impact of factors such as pests on crop growth. In many cases, however, improvements to the 
model will depend on the availability of input data. Statistics on the distribution of irrigation, 
for example, would be necessary to stratify the use of the soil water sub-system. 

Remote sensing techniques will be used to ameliorate the collection of data which could be 
used Lo refine the model. For instance, techniques for estimation of global radiation from 
Meteosat data will improve both the quality and resolution of input meteorological 
parameters leading to improvements in the crop powth model. 

The soil water sub-model could also be refined by improved input daLa. As mentioned 
before, the CGMS model was developed before the profile database was available, but the 
database could now be incorporated. 

Conclusions 
Development of the CGMS agro-meteorological model was one of Lhe main motivations for 
the establishment of the MARS Database. It required the collection and harmonization of 
data on soils, topography, meteorology and crop requirements at a European scale. As [he 
database is expanded and improved so will the predictive power of the CGMS system 
increase. This model is however, only one possible application of the database. Not only 
agricultural production but also a variety of other processes including infiltration and 
dispersion of contaminants, forest development as well as engineering events cannot be 
adequately described without such a database. While sophisticated modelling certainly 
requires research into algorithm development, the process is also critically dependent upon 
the availability of adequate data sources. 
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Abstract 
When estimating the average regional moisture deficit, it is necessary to investigate the accuracy of methods 
for selecting a representative soil unit within a grid cell. Thus, we wanted to know whether the choice of a 
dominant mapping unit ( D m  within a grid cell would lead to a correct moisture deficit estimate. The main 
three scenarios to do so are DMU, MUW (Mapping Unit Weighting), and TG (Thematic Gathering). DMU 
means that a grid-cell area is characterised by the soil properties of a Soil Mapping Unit (SMU) that 
dominates this area. The hfUW is the weighted mean value of moisture deficit estimated frorn each SMU in a 
cell. TG combines all Soil Typological Units (STU) with the same physical properties required by a 
simulation model for estimating the water balance. 

The moisture deficit estimated from each of these scenarios is compared with a moislure deficit value of the 
same cell computed from a reference scenario. The latter, a weighted mean value of the moisture deficit of the 
grid cell area is calculated from moislure deficits estimated frorn each Soil Typological Units. A simulation 
model was applied to the whole of France for estimating the annual variation of the moisture deficit for maize, 
using 32-year's worth of 10-day data. Three resolutions of grid cells (10km x 10km. 20km x 20km, 40km x 
40km) were used to explore the consequence of changing grid-cell sizes on the accuracy of predicting the 
moislure deficit. As a quality measure of each scenario, we used the Mean Absolute Error and the Mean 
Square Error. The TG scenario produced a better estimate of the moislure deficit than the use of DMU data. 
When considering the TG scenario, the error in estimating the moisture deficit is 10%. against the 21% error 
produced by the Dominant Mapping Unit scenario. Combining the TG scenario with a grid cell of 40km x 
40km. resulted in the smallest Mean Square Error. 

Introduction 
The quality of specific soil profiles for a correct estimation of the moisture deficit for an 
entire area or for a specific location within a area was investigated by Bregt and Beemster 
(1989). They compared three maps at scales 1:10,000, 1:25,000 and 1:50,000, covering a 
small area in Netherlands and concluded that average values of moisture deficit or crop yield 
can be reasonably well predicted when using representative profile descriptions of the map 
with the smallest scale. When studying a country or a continent, soil-survey data are 
interpreted from small-scale maps. Information from such maps commonly is used as input 
data for simulation models (Meyer-Roux et al., 1989). However, though the geographical 
distribution of soil characteristics can be assessed from soil maps, it is generally difficult to 



allocate a meteorological station to each mapping unit of a vast area (Choisnel, 1989), but the 
climatic data can be estimated from interpolating on a regular grid (Webster and Oliver, 
1990; Burrough, 1992 ). The use of a grid cell implies that a soil unit is selected that occupies 
the largest area within a cell; other units commonly are ignored (Wijsten et al., 1985; 
Nicoullaud et al., 1992). Considering a grid cell composed of a large number of mapping 
units, it is difficult to decide if the soil properties of the dominant mapping unit are the most 
representative of a cell area. The type of soil considered representative for each grid cell, has 
a major impact on the simulation result. Incorrect choice of a representative soil unit within a 
raster cell will lead to wrong results. Therefore, a qualitative knowledge of the representative 
soil unit is important (Bregt et al., 1991). 

Few studies have investigated the quality of a representative mapping unit within a grid cell 
for estimating the moisture deficit. Earlier work has compared simulated values of 
representative profile descriptions with simulated values of individual bore holes, to assess 
the moisture deficit quality or change in yield for an entire area or for a specific location 
within that area (Bouma et al., 1980; Wosten et al., 1985; Bregt and Beemster, 1989). In this 
paper, we investigate the accuracy of some methods for selecting a representative soil unit 
within a grid cell, when estimating the average regional moisture deficit. The GOA 
simulation model was applied to the whole French territory for estimating annual variations 
of the moisture deficit for the maize crop; use of the model was based on 10-day records 
spanning the past 32 years. 

Basic data 
Soil data 
We used the French soil map, derived from EU Soil Map at a scale of 1:1,000,000 (CEC, 
1985) and distinguishing 321 soil associations. Each soil association, or Soil Mapping Unit 
(SMU), is composed of one or several Soil Typological Units (STU). The STU that covers 
the largest area within a SMU is the dominant soil unit. The other STUs are associated units, 
or inclusions if the area occupied by the STU within a grid cell is less than 10%. Soil 
characteristics of the dominant STU were either provided by the map legend (e.g., five soil 
texture classes and four slope classes) or derived by interpretation from pedotransfer 
functions (e.g., soil depth, apparent density and permanent wilting point). Soil data needed 
for this study are water retention including field capacity, permanent wilting point, clay 
content, bulk density and soil depth. Detailed descriptions of the pedotransfer functions used 
for deriving soil parameters were presented by King (1990). 

Weather data 
Ag~oclimatic data from 57 meteorological stations were used. Areas with an elevation of 
over 500m were excluded as little of this ground is used for maize growing. Year-to-year 
weather variations was considered by using a 32-year (1958-1989) historical record of 10- 
day data. The data set comprises minimum and maximum temperatures, global radiation, 
rainfall and reference evapotranspiration. 

Spatial interpolation 
The basic meteorological network of 60 stations in France is relatively sparse. Consequently, 
interpolation techniques are required to derive meteorological characteristics for each 
elementary area in which the weather is considered homogeneous. This area is a square grid 
cell. Three resolutions of grid cell were investigated: 10km x lOkm, 20km x 20km and 40km 
x 40km. The moving average interpolation method by inverse square distance weighting 



(Burrough, 1986; Cressie, 1991) was used. The weather within a grid cell was derived from 
weather data from the surrounding five stations within a radius of 150km. This interpolation 
method has the advantage of being simple and results can be obtained with limited 
computing time. Other interpolation methods such as kriging which lead to quantitatively 
better and more accurate results could be used for further verification. 

Crop data 
Specific maize-crop properties require for the growth model were collected. They include 
maize cultivar, sowing-to-flowering duration (in degree days), sowing-to-maturity duration 
(in degree days), energy-use efficiency, harvest index, base temperature, extinction 
coefficient, flowering-to-maximum LA1 duration (in degree days), rapid-senescence duration 
(in degree days), critical water potential, leaf-area index, maximum rooting depth. 

GOA simulation model 
The GOA model described by Biisson et a/ .  (1992) was used to generate yields and water 
balance of the maize crop in France. Its is composed of a development module, a growth 
module and a water module. The major biological processes simulated by the model include: 
phenological development, intercepted photosynthetical active radiation, root growth, 
biomass production, leaf area, yield, potential and actual evapot~anspiration, and water stress. 
GOA is coded in Fortran-V and is enclosed within a procedure that describes the 
environmental variation of maize crops in time and space. This procedure is interfaced with 
the ARCDnfo Geographical Information System for analysing and displaying spatial data. 

Methods 
Moisture deficit is defined in this paper as the difference between the potential and actual 
evapotranspiration during a certain period of time (Van Lanen et al., 1987). The GOA 
growth model calculates moisture deficit at 10-day intervals, but when this estimate is based 
on a rasterised soil map, the choice of representative mapping units within a grid cell 
becomes problematical. Earlier studies (Bouma et al., 1980; Wosten et al., 1985, Bregt and 
Beemster, 1989, De Jong et al., 1992) in this field selected soil units that occupied the largest 
area within a cell, ignoring the other units. 

We wanted to know whether the choice of the dominant mapping unit within a cell would 
permit the correct estimation of moisture deficit. The choice of the representative mapping 
unit and the cell size are two important factors influencing the estimation of moisture deficit. 
The French soil map was covered three times by grids with different cell resolutions (10km x 
lOkm, 20km x 20km and 40km x 40km). Each grid cell comprises one or more Soil Mapping 
Units (SMU) which are associations of Soil Typological Units (STU). Fig. 1 shows, for 
instance, that SMU 'A' is. an association of three STUs Al ,  A2, A3. The quality of a 
representative mapping unit is assessed by comparing its value of the moisture deficit with 
that estimated from a reference scenario. In this scenario, the moisture deficit is estimated 
from each STU within a grid cell, after which a weighted mean value of the cell is calculated 
by using the area occupied by each STU as a weighting factor. 



(a) SOIL W P I N G  U N r r S  
(SMU) 

~ 5 . c :  SMU mhin a 
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~ 1 . B l . C l - :  STU wirhi 
a Soil Mapping Unit 

Figure 1. Schemaric outlitte of the transfer of soil data within a grid cell: a )  
sirnplifled soil map showing three Soil Mapping Units (A,B,C)  ; b) grid ; c) 
soil map with grid superimposed: A,B,C are fragments of Soil Mapping 
Units A,B,C occurring within the cell ; d) srretchitig of the middle cell with 
the surface percentage of the area of each Soil Mapping Unit within a cell 
and the percentage of the area of each Soil Typological Unit within Soil 
Mappitig Unit. 

Defining the quality of a representative Soil Mapping Unit 
'Ihree scenarios for the choice of the representative soil unit within a cell are now described 
(Fig. 2). For each grid cell, the estimated moisture deficit of a given scenario is compared 
with the moisture deficit value of the same cell computed from the reference scenario. 

* Dominant Mapping Unit (DMU) scenario: Soil properties of the Dominant Mapping 
Unit characterise the entire cell area. This means that the SMU covering the largest 
area within a cell is selected. In Figure 3, the SMU 'B' covering 60% of the cell area 
is selected. This scenario, the most common in agrometeorological simulations, 
assumes that soil properties of the dominant STU in the largest SMU of a grid cell 
characterise the entire cell area (e.g. STU B1 of SMU B). This scenario implies one 
simulation per grid cell. 

Mappitig Unit Weighting (MUW) scenario: Each Soil Mapping Unit is characterised 
by soil properties of its dominant Soil Typological Unit and the moisture deficit is 



estimated from each Soil Mapping Unit found in a cell. A weighted mean value of the 
moisture deficit of the cell is then calculated. The number of simulations within each 
grid cell equals the number of Soil Mapping Unit within it. 

Thematic Gathering (TG) scenario: Because the pedological differences of STUs in a 
cell do not necessarily correspond with differences in soil properties, we first 
combined all STUs within a SMU that have similar physical properties. After that the 
SMUs with similar soil properties were combined. The resulting new units are called 
Thematic Gathering Units. The gathering of STUs according to physical soil data for 
the GOA model, reduces their number from 321 (the whole of France) to 50 TGs. 
The dominant unit within a cell is selected for estimating the moisture deficit. This 
scenario implies one simulation per grid cell. 

Figure 2. Referetlce scenario: a) A, B, C are a~b i t ra~y  Soil mapping U~lits and A ] ,  
A2,  A3, BI,  CI are arbitrary Soil Typological Units ; b)  R I ,  R2, R3 are 
average moisture deficits of each Soil mappit~g Unit and R is the average 
moisture d&cit value of the cell area. 



(a)  SCENARIO 1: DMU 

I (d) SCENARIO 3: TG 

(c)Al=Tl Bl=T3 Cl=Tl 11~53% 

A 2 = n  BZ=Tl C2=T3 --+- T2=41% - 
A3=T3 B3=T1 T3=6% 

Figure 3.  Gerieral outline of the scenarios for selectit~g the representative mapping 
unit within a cell: a)  Dominant Mapping Unit scenario ; b) Mapping Unit 
Weighting scenario ; c) T I ,  12, T3 are thenlatic units of the Thematic 
Gathering scenario and ; d) TI is the representative unit of the cell area. 

As a quality measure of each scenario for estimating the moisture deficit for the entire area, 
we used the Mean Absolute Error and the Mean Square Error (Puentes and Bras, 1986; Bregt 
and Beemster, 1989; Voltz and Webster, 1990). They were calculated according to: 

MAE = Mean Absolute Error 

MSEP = Mean Square Error of Prediction 
n = total number of grid cells within the studied area. 
Di = estimated value of the moisture deficit of a given grid cell. 
DRi = the reference value of the moisture deficit of a given grid cell. 



Detailed descriptions of the use of these equations in soil surveying are presented by 
Leenhardt (1991). The value of the MSEP is more influenced by the nugget effect in the data 
set. Large variations within mapping units or between grid cells will lead to higher MAE and 
MSEP values. These equations are applied to each grid-cell resolution, to assess the accuracy 
of each scenario in estimating the average moisture deficit in France. The scenario that gives 
the lowest MSEP value is selected as the best one for the studied area. 

Assessment of the quality of a cell size 
The Double Conversion method (Bregt et al., 1991) was used for assessing the percentage of 
cells in the entire area for which the moisture deficit was incorrectly estimated because of a 
wrong choice of representative mapping unit within a cell. To this end a soil map was 
covered twice by grids with different resolutions. First a tlonnal grid resolution was used, i.e. 
the common grid-cell size used in that area. The soil map was then covered again, but with a 
much smaller grid cell to produce a fine grid (Figure 4). The total error is the sum of all cells 
in the fine grid with moisture deficit results that differ from those of the 'normal' grid, 
expressed as a percentage. In this study, the fine grid has a resolution of lOkm x lOkm, 
whereas the resolutions of 20krn x 20km and 40km x 40km are normal grids. 

(d) 10+10 km 
(Fine grid) 

(a) SOU. MAPPLNG UNITS  

D (c ) 

/ (c) $2; 2 1 6 )  

@) GND 

Figure 4. a)  and b )  Fragment of soil map and a fine grid: A, B ,  C are arbitrary Soil 
Mapping Units ; c) a soil map wirh grid s~rpcrimposed ; d) fine grid ; A,  B ,  
C are representative Soil Mapping Utlirs of each grid cell ; e) atldfi grids 
wirh [he tlltmber of cells incorrectly el~al~rared (i~ormal'grid). 



Results 
Comparing the quality of scenarios 
In the following section we discuss the accuracy of predicting the moisture deficit from the 
representative mapping unit within a cell. The Mean Absolute Error (MAE) and the Mean 
Square Error (MSE) values calculated from the three described scenarios were compared 
with those from the reference scenario. The values are presented in Table 1 for a grid 
resolution of 20 x 20 km. The estimated mean values of the moisture deficit for the whole 
area, computed by averaging the moisture deficit of the reference scenario over a 32-year 
period, is 176 mm. Because the reference scenario is assumed to be the more realistic, this 
value is considered to be the best estimate of the average moisture deficit in France and we 
used it to compute the overall error. The MAE gives an indication of the quality of the 
scenario for predicting the moisture deficit at a specific location. The calculated MAE from 
the DMU is plus or minus 37 mm, which correspond to an error of 21%. 

Table 1. Mean Absolute Error (MAE) and Mean Square Error (MSE) values for the 
average moisture deficit by using a grid cell resolution of 2Ohm x 20km. 

MUW 176 
TG 176 17 404 

DMU = Dominant Mapping Unit. 
MLTW = Mapping Units Weighting 
TG = Thematic Gathering. 
CV = Coefficient of Variation. 

Comparing MAE values, we found that the decrease of this error is higher from DMU to 
MUW scenarios (7%) than from MUW to TG scenarios (4%). Maintaining all SMUs found 
in a cell (MUW scenario) considerably improves the estimate of the moisture deficit, but 
requires more computing time. The small difference in overall error observed between the 
MUW and the TG scenarios is due to the similar number of STUs when estimating the 
moisture deficit. Both scenarios imply more than one soil unit for calculating the average 
moisture deficit of the cell area. The MSEP of the TG scenario is much lower than that of the 
DMU scenario. The essential difference between the TG scenario and the other ones lies in 
the heterogeneity of soil units within each grid cell. When a grid cell is composed of many 
soil units, the dominant one is not necessarily the most representative. The TG scenario 
decreases the heterogeneity of soil units within a cell by combining them according to the 
soil properties required by the model, and also reduces the risk of making mistakes in 
selecting the representative'soil unit. 

Comparing scenarios, we found that the improvement of the MSEP is more effective 
between the DMU and MUW scenarios (60%) than between the MUW and TG scenarios 
(15%). The results showed that soil survey data needed to improve the estimate of moisture 
deficit, must be provided by STUs even though their pedological delineation may not be 
indicated in a mapping unit. The MSEP and MAE due to the variability of soil units within a 
cell can be discussed by grouping grid cells in classes that are defined according to the 



surface percentage of dominant units. Four classes have been established: <40%, 41-65%, 
66-80%, >80% (Figure 5). The DMU scenario showed that about 9% of the grid cells in 
France have dominant units that occupy less than 40% of the total grid-cell area, resulting in 
very high MSEP(70 mrn). About 50% of grid cells have dominant mapping unit that occupy 
between 45 and 65% of the cell area; here the MSEP is still high. Only when the area of the 
dominant unit exceeds 80% does the MSEP becomes srnall (< 20 mm), but such cells are 
rare. By applying the TG scenario, the area occupied by the dominant thematic unit within a 
grid cell should exceed 66% of the cell area. In this scenario, about 60% of grid-cells are 
located within the 66-80 class, which explains the srnall error produced by this scenario. 

Using the French Soil Map at a scale of 1:1,000,000, the number of soil units within a cell is 
too high to use the standard method for choosing the dominant mapping unit. The Thematic 
Gathering scenario appears to be the most efficient for the reasonable estimation of the 
average moisture deficit. 

1 (9%) @  omi in ant ~ a ~ ~ i  nX Unit scenario(DMU) 

B ~ h e m a t i c  Gathering scenario (TG) 

<40 41-65 66-80 >80 

Surface classes of representative mapping units (76) 

Figure5. Comparison of the moislure deficit Mean Square Error (MSE) flom 
Dominant Mapping Unit (DMU) and from Thematic Gathering (TG) 
scenarios. 

Qualitative comparison of grid-cell sizes 
The performance of different sizes of grid cells in estimating the moisture deficit is evaluated 
by comparing their MSEP values. Table 2 shows that the MSEP decreases when decreasing 
the size of the grid cell, which is true for all three scenarios. This means that using a fine grid 
(e.g., lOkm x lOkm for France), the accuracy in estimating the moisture deficit is the same 
for the three scenarios. Furthermore, the use of a small grid cell is only meaningful if it meets 
the resolution of soil maps and climatic data. By using a fine raster, difference in MSEP 
between scenarios are small. The advantage of using the TG scenario is demonstrated in 
Table 2: the MSEP estimated from this scenario when using a size of grid of 40km x 40km is 



lower (584) than those estimated from the DMU (1580) and M W  (608) scenarios with a 
grid-cell resolution of 20km x 20km. This has an important implication for the choice of an 
optimal size of grid that corresponds to the resolution of soil and climatic data. In this case, 
there is a distinct advantage in using a grid-cell size of 40km x 40km, because such coarse 
resolution decreases computing time and power. Furthermore, the DMU scenario should not 
be recommended for grid cells of 20km x 20km and 40km x 40km. 

Table 2. Mean Square Error (MSE) computed from different sizes of grid cell. The 
three scenarios are compared. 

DMU = Dominant Mapping Unit. 
MLJW = Mapping Units Weighting 
TG = Thenlatic Gathering. 

The double cor~version method allowed the estimation of the percentage of grid cells from 
which the moisture deficit has been incorrectly estimated, using grid-cell sizes of 20 x 20 and 
40 x 40 km (Table 3). This percentage increases with the size of the grid cell. The percentage 
estimated from the TG scenario when using a size of grid of 40 x 40 krn is lower(l3%) than 
that estimated from the DMU scenario(l4%) with a grid-cell resolution of 20 x 20 km. For 
the TG scenario, the percentage of cells incorrectly estimated increases by more than 100% 
when changing from 20 x 20 to 40 x 40 km. 

Table 3. Percentage of grid cells with the moistirre deficit incorrectly estitnated 

DMU = Doniinant Mapping Unit . 
TG = Thematic Gathering . 

Conclusion 
This study focused on assessing the accuracy of methods for the selection of a representative 
soil unit within a grid, when estimating the average moisture deficit of the French temtory. 
Our approach indicates that the estimation of the average moisture deficit of a grid cell, when 
considering all Soil Typological Units(STUs) found within it, lead to a more realistic 
estimate than the more conventional use of Dominant Mapping Unit (DMU). Using all Soil 
Typological units TU within a cell could be prohibitive for routine use because of its great 
appetite for computing time and power. As shown in this study, a reasonable estimate of 
moisture deficit can be obtained after combining all Soil Typological Units with the same 
physical soil properties in each cell. This Thematic Gathering scenario produced a better 
estimate of the moisture deficit than the use of dominant soil mapping units directly derived 



from soi l -swey criteria. 

When considering the Thematic Gathering scenario, the overall error in estimating the 
moisture deficit is 10% which is less than half the error produced by the Dominant Mapping 
Unit scenario. Use of the latter scenario is not recommended where the heterogeneity of soil 
units within a grid cell is high or where large grid cells are used. The small grid size of 
lOkm x lOkm produced similar Mean Square Errors for the three scenarios, but the use of a 
small grid cell is only meaningful if it meets the resolution of soil climatic data. Our study 
showed that applying the Thematic Gathering scenario to a grid cell of 40km x 40km resulted 
in smaller Mean Square Error than the two others scenarios when using a grid cell of 20km x 
20km. Our method is valid for any environmental study involving the superposition of a grid 
on a soil map for predicting the behaviour of phenomena. Although the results obtained are 
valid for the GOA simulation model, the methodology is not restricted to this model. 
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Abstract 
The general background of erosion risk in southern Europe is discussed. A n~ethodology involving the stable 
factors of climate, topography and intrinsic soil properties to assess potential erosion risk is described. Actual 
erosion risk is heavily influenced by vegetation cover and the land use system. Only two classes of land cover 
could be employed at the European scale: bare or insufficiently protected soil and soil with satisfactory 
protection (permanent vegetation cover). The differences between potential and actual erosion risk are 
reviewed for administrative regions in southern Europe. 

Introduction 
Today, land policy must be oriented towards sustainable land use. It is a prerequisite to have 
a cartographic expression of land according to its quality and erosion risk. In the last two 
decades soil erosion has considerably increased for a number of reasons, but principally the 
following: 

vegetation suppression; 
irregularity of the topography and the steepness of the relief; 
overgrazing with consequently a greater percentage of bare soil; 
agricultural mechanisation which compacts the soil and reduces water infiltration; 
frequent tillage which reduces the stability of soil structure; 
levelling and major earth movements; 
increase in field size of the fields consequently making the management of runoff 
more problematic increase in the prevalence of monoculture. 

The soil erosion is particularly severe in the southern countries of the EU where, in addition 
to the above mentioned causes, we must consider the following points: 

discontinuous terrain and steep slopes; 
recurrent periods of drought alternating with periods of intensive rainfall; 
presence of easily erodible soils; 
long agricultural history characterised by a poor land management which has caused 
loss of fertility encouraged soil erosion. 



In some places, and especially in the Mediterranean Basin, other factors are acting to degrade 
the land: 
1. The traditional terrace systems have been abandoned on steep slopes, while up and 

down ploughing is frequently practised in hilly regions, thus completely altering both 
the landscape and local hydrology. 

2. The traditional small and medium size farms have suffered a great reduction in 
livestock numbers which is affecting soil conditions by reducing the returns of manure 
to fields and by substituting forage crops and permanent pastures with annual crops 
which provide less complete soil cover and less effective protection against erosion. 

3. The disappearance of field boundaries, (hedges, ditches, stone walls, tree belts) and 
increased field size. 

In addition, the problem of soil erosion has become more complex and difficult to manage 
the intensification of agriculture, which, until a few years ago, was supported by the 
Common Agricultural Policy (CAP). 

In order to have an idea about the magnitude of the soil erosion in the southern countries of 
the EU, the mean soil erosion rate of some small watersheds are given below: 

0 Savio river near Forli (Italy) 23 t/ha/year (Gazzolo and Bassi, 1966); 
* Drac river near Grenoble (France) 8 t/ha/year (Fournier, 1972); 
e Subcatchments of the Segura river near Murcia (Spain) 40 t/ha/year (Romero Diaz et 

al., 1992). 

Concern about soil erosion in the Mediterranean area has grown in recent years and several 
studies have highlighted the need for policy actions (Graziani, 1987; CEC, 1987). In the light 
of this concern, the Council of Ministers, in adopting the CORINE (COoRdination 
INformation Environment) Programme in 1985, requested the Commission of the European 
Communities to provide information on soil erosion risk and important land resources in the 
Mediterranean region under the aegis of the DGXI - Environment and Protection of the 
Consumer - (Official Journal of the European Communities 1985). At the same time UNEP 
(United Nations Environmental Programme) in the framework of the Mediterranean Action 
Plan has focused the attention on soil erosion in the Mediterranean coastal areas where the 
more intensive changes in the region have occurred in the last 20 years. 

Methodology 
The project is based on two methodological procedures: 
1. Comparison between soil erosion risk and land quality; 
2. Separation of potential risk from actual soil erosion. 

The former displays the quality of the soil at risk of eroding. From the economic point of 
view, the worst situation is that characterised by good quality land affected by severe soil 
erosion risk. The second allows, as far as soil erosion is concerned, the distinction between 
relatively stable factors (climate, topography and soils) and those susceptible to change 
(vegetation and land use). In a similar way, potential land quality concerns the stable factors 
previously quoted when the actual land quality is a modification of the potential by taking 
into consideration the major improvements made by man (inigation, drainage and terraces). 
The full methodology is described by Giordano et al. (1991). Here we present some 
methodological aspects concerning soil erosion risk. They are partially extracted from 



Giordano (1993). 

Soil erosion 
The methodological structure is presented in Fig. 1 where the separation between potential 
and actual risk is readily apparent. 

Soil conditions 
The soil data basically come from the EU Soil Map at the scale 1:1,000,000 (CEC, 1985) 
digitized for a GIs in the framework of CORWE (Briggs and Mounsey, 1989). Nevertheless 
several problems exist with this map and in some cases it has been necessary to rely upon 
more detailed or more recent infonnation obtained from maps at larger scales. This, for 
example, is the case in Greece. The soil factor has been analysed in terms of erodibility using 
texture, depth and stoniness. 

Other soil characteristics very important in assessing the erosion risk, like organic matter, 
structure and permeability have been not considered because of their absence on the EU Soil 
Map. The assessment of soil texture classes has been made according to USDA (1951). The 
classes have been later grouped in the following way: 

Low erodibility - sandy clay, clay, silty clay; 
Medium erodibility - sandy clay loam, clay loam, silty clay loam, loamy sand, sandy; 
High erodibility - sandy loam, loam, silty loam, silt. 

Obviously it is a very crude grouping which explains the majority of the cases but not all. As 
a matter of fact some badland areas (calanchi and biancane in Italy) very sensitive to erosion 
are clay textured (Raglione et al., 1980). The slopes of the calat~chi present bare soil which 
during the summer dries out creating a thin crust which will be taken away by the autumn 
precipitations. It causes generalised sheet erosion which concentrates in the drainage network 
to fonn a mud flow. 

The soil depth is an important factor in soil erodibility because it allows the rainfall to 
produce runoff and also because the erosion losses affect sllallow soils in a more severe way 
than the deep ones. The influence of stones is complex. On the one hand they prevent splash 
erosion but on the other hand they produce turbulence in the runoff. Nevertheless, stoniness 
has been evaluated as a positive factor against soil erosion. The EU Soil Map indicates only 
two levels of stoniness: >lo% surface covered by stones and <lo%. 

In accordance with Fig. 1, the values assigned to the three variables taken into account 
(texture, depth and stoniness) are combined by means of a simple multiplication procedure. 
The resulting 18 erodibility classes have been grouped in the manner presented in Fig. 1. 

Climate 
The climatological stations have been selected according to a criterion of homogeneous 
spatial distribution. The areas referred to given stations were defined by the Thiessen method 
(Chow Ven et al., 1988) adjusted locally for regional topography. The climate erosivity has 
been analysed using two indices: Foumier (1960) - modified by Amoldus (1977) and F A 0  et 
al. (1987) and the xerothennic index of Bagnouls and Gaussen (1953). 



The modified Fournier Index is expressed as follows: 

where Pi = total precipitation in month i 
where P = mean annual total precipitation. 
As it is mentioned by Giordano et al. (1991) 'correlation between the Fournier Index and the 
Universal Soil Loss Equation - USLE - (Wischmeier and Smith, 1965) rainfall erosivity 
index is relatively weak (Gabriels, 1989). Nevertheless a broad relationship has been 
demonstrated with rates of soil loss, at least at the catchment scale (Stoddart, 1969), and 
given the geographic resolution of the present study, the modified Fournier Index was felt to 
be adequate'. 

The Bagnouls and Gaussen (1953) xerothermic index improves the reliability of the Fournier 
index in the Mediterranean environment. It is very well known that recurrent long periods of 
aridity are negatively affecting the soil conservation because they prevent soil to from 
growing a good vegetation cover and the absence of plants in turn induces soil to be eroded. 

The Bagnouls and Gaussen (1953) index is calculated as follows: 

where: tl = mean temperature ("C) in month i 
pl = total precipitation (mm) in month I 
Kl = proportion of month i for which 2tl -P,>O 

The subdivision in classes is given in Fig. 1. 

Slope 
The slope has been calculated according to a simplified Kormoss (1975) methodology. The 
simplification consists of counting the number of contour lines inside a square of lkm (scale 
of the analysed topomaps 1:100,000) with 50m contours along two transects (north-south and 
east-west) and the diagonals. Spain and Portugal have utilised their existing digital terrain 
model (DTM) which may analyse contour lines at 10m intervals. This fact has some 
important consequences because hills with modest elevation but with steep slopes may 
appear as sloping areas on the slope map produced by the DTM whereas they will appear as 
flat zones on the slope map prepared by the Kormoss method. miis explains why hilly 
regions like Monferrato in Piedmont (Italy) are evaluated as gently sloping while a similar 
topographic region (e.g. Alentejo in Portugal) was classified as steep terrain. 

Latzd cover 
The land cover is from the practical point of view the most important aspect in the soil 
erosion model since improved vegetation cover is the best method to control erosion. At the 
same time, it is also the weakest element because of the ease and rapidity of changes in land 
use due to degradation of the natural vegetation. 

Today the best way to analyse the land cover is to use satellite images. In the light of this, the 



CORINE programme launched the project land cover some years ago which is still in 
progress. Eventually it will provide the project soil erosion with data for the southern EU 
countries. Pending the availability of these data, information from different sources has been 
digitized for storage in the CORINE information system. 

Only two land cover classes are used in the present project - perntanetit cover and non- 
permanent. It was decided not to make an inferior version of the data that would be available 
on completion of the project land cover. 
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Figure I .  Methodological schemefor soil erosion risk assessment 



Potentiul soil erosion risk index 
The potential soil erosion index is calculated as the product of 3 classes of soil erodibility, 3 
classes of erosivity and 4 classes of slope. The theoretical possibilities are 36 which are 
grouped into 3 classes 

Actual soil erosion risk index 
The potential soil erosion risk classes are revised using the two land cover classes. In the case 
of bare or insufficiently protected soil, the land cover factor leaves the potential soil erosion 
index unchanged. In the case of a satisfactory protection the actual soil erosion risk is 
downgraded by one class in respect of the potential soil erosion risk. 

Results 
The GIs embraced by CORME had been implemented by digitizing the basic maps relating 
to soil, climate, topography, land cover and major land improvements. After calculation of 
the appropriate values according to the described methodology 19 thematic maps can be 
produced (CEC, 1992). The scale of maps can be diversified but the slope map had to be 
digitized at a scale of 1:100,000 whereas those for soil, land cover and irrigation were 
digitized at the scale of 1:1,000,000. 

The climate map is inadequate at the thernlic scale. Finer resolution which, in the Italian 
case, is given by the 426 individual meteorological stations taken into accoulit (one station 
every 720 km2). The comparison between the map of the actual soil erosion risk and that of 
potential soil erosion risk is particularly interesting to those responsible for land planning. 
For example, several areas judged to be satisfactory from the point of view of the actual soil 
erosion risk could prove to be easily eroded if the existing natural vegetation were cut or 
depleted. 

In Spain, on the slopes of the Pyrenees and Cordillera Cantabiica, the soil erosion risk 
ameliorates passing from the potential risk to the actual one. This may be easily explained by 
the presence of the many woods and meadows. The situation ameliorates to a lesser extent in 
the Sierra Nevada where forests are less continuous. Hilly or gently sloping areas like 
Estremadura, province of Badajoz, Caceres and Castilla la Nueva and the province of Ciudad 
Real, being characterised by very erodible soils, have high potential soil erosion risk. The 
lack of permanent vegetative cover does not improve the actual soil erosion risk which 
remains high. 

A similar situation can also be found in Portugal where the northern part with mountains and 
forests has a high potential soil erosion risk but a medium incidence of actual soil erosion. In 
the south, the advantage of a flat or gently sloping topography is negated by incomplete 
vegetative cover and consequently the actual soil erosion risk is quite high. 

In France, areas of high potential soil erosion risk are found in the western part of the 
Pyrenees, in the region between Millau and Lodeve, in the Cevennes range, in the zone 
between Toulon and Draguignan and in the Alpes Maritimes. In these places there is, in the 
majority of the cases, a foresuy canopy which makes the actual soil erosion risk medium. 
Only in the Millau-Lodeve area is the risk of actual soil erosion still high due to the 
incomplete land cover. It should recalled that the region around Millau has been overgrazed 
historically by sheep for production of roquefort cheese. 



In Italy, two mountainous ranges and the two islands must be considered separately. 
1. The Alps have, in spite of steepness and frequent soil erodibility, a moderately erosive 

climate and, most important, a consistent land cover. This means that the actual 
incidence of soil erosion is low in the majority of the cases and it is moderate only in 
those environments where the combination of rainfall erosivity, soil erodibility and 
slope introduces a high potential soil erosion risk (Valle Stura di Demonte, Valle di 
Susa, Val Sesia, Val d'ossola, valli Bergamasche, Valtellina, Bellunese and 
Tarvisiano). 

2. On the Apennine mountains, woodlands and rangelands control the risk of erosion. 
Without vegetation cover the soils would manifest their inherent vulnerability which, 
depending on the environments, may be related to excessive slope, soil erodibility as in 
the Apennines of Emilia and Irpinia, or climatic erosivity as in Calabria 

3. Sardinia has a high potential soil erosion risk because the topography is rough and the 
climate is aggressive. But actual soil erosion is moderated by the relatively high 
percentage of pasture and forest. 

4. Sicily has, like Sardinia, high potential risk of soil erosion but unlike the latter the 
scarcity of forest makes the likelihood of actual soil erosion very high 

In Greece, the potential soil erosion becomes worse from north to south. The risk is low in 
Macedonia and Thessalia, high in Epirus and Sterea, very high in the Peloponneses and in 
Crete. Considering the actual soil erosion risk, there is consistent improvement in Epirus and 
the Peloponneses but not in Crete where the erodibility of the soils, the aggressiveness of 
climate, the roughness of the topography, and the lack of forests and permanent grasslands 
does not allow the soil to recover. 

The results obtained in the different countries are compared in Table 1. The potential soil 
erosion risk is presented by administrative regions in Fig. 2. 

The GIS tool 
Although, as stated above, the data available in the context of this project were of variable 
quality, the study has proved to be a useful application of GIs techniques particularly the use 
of ARC/INFO. Each data set produced was registered to and compiled for the reference 
CORWE geographic database at a scale of 1:1,000,000 and in Lambert azimuth projection 
application, and further integated. 

The overlay process, following the conceptual methodology, was a complex process for a 
number of reasons: 

c large data volumes requiring large disk space; 
e large numbers of polygons in each data set requiring significant disk storage; 
c long processing times with large disk storage requirements during analysis; 
c although most data sets were in vector form, one important data set for slopes was in 

raster form. 

Several tests had to be performed in order to establish how best to perform the final overlay. 
'The efficiency and flexibility of the raster form was finally the main reason for this latter 
choice taking into account the complexity of the data sets involved. The variation in the level 
of accuracy and resolution of the basic data generated some tloise in the final results. This 
noise was filtered using an algorithm based on a neighbouring cell majority criterion. 



In the final stage of the project, files were converted back to vector form in order to produce 
better cartographic outputs. 

Conclusion 
The approach developed in this project represents a first attempt to assess and map soil 
erosion risk and land resources at large scale in the Mediterranean region. 'The challenge was 
to develop and apply, using existing basic data for the relevant areas, a common 
methodology that would enable qualitative information on soil erosion and land resources in 
the southern regions of the EU to be compiled. Although the methodology applied is 
relatively simple, it has resulted in useful outputs with specified constraints and limitations. 

This work has also revealed how much remains to be done in this field, for example: 
the need for high quality data to be compiled and harmonised at European level; 
the development for a long term basis for using new methodologies employing more 
sophisticated models for erosion, land quality and aggregation. 

Nevertheless, the benefit of this work has been to show the way forward and emphasise the 
importance of the problem of soil erosion and land resource management at the European 
scale. Land degradation is a particularly important issue in southern Europe. It is therefore 
important that policy makers and the scientific community continue to cooperate to protect 
the vital and irreplaceable soil and land resources. 

Table I .  Potential and actual erosion risk in southern coirtltries of the EU 

I I 

Actual soil erosion risk: National Data 
Country I High risk area I Moderate risk I Low risk area I Excluded area '"' I Total 

h" YO I h L I  % I h L I  % I h L I  % 1 km2 
France (south) 1 1693 1 1 1 22362 1 12 1 123643 1 65 1 42463 1 22 1 190 161 

(i) Without the islands (ii) Includes urban land, lakes, bare rock and area of missing data 



Figure 2.  High potential soil erosiotl risk by adn~inistt.ative region. 

175 



REFERENCES 

ARNOLDUS, H.M.J. (1977). Methodology used to determine the maximum potential 
average anriuul soil loss due to sheet and rill erosion in Morocco. F A 0  Soil Bulletin 34, 
Rome. 

BAGNOULS, F. and GAUSSEN, H. (1953). Saison skche et indice ~Crothermique. 
Bull.Soc.HistNat.de Toulouse, 88(3/4). 

BRIGGS, D.J. and MOUNSEY H.M. (1989). Integrating land resource data into a European 
geographical information system: practicalities and problems. Applied Geography 95-20. 

CHOW VEN, T.E., MAIDMENT, D.R. and MAYS, L.W. (1988). Applied hydrology. 
McGraw-Hill, New York. 

CEC (1985). Soil Map of the European Communities 1:1,000,000. Office for Official 
Publications of the European Communities, Luxembourg, 124pp, 7 maps 

CEC (1987). Nota d'injormazior~e sul programma CORlNE. Nota No 1. DG-XI Direzione 
Generale dell'Ambiente. Bruxelles. 

CEC (1992). CORINE, soil erosion risk and inlportant land resources. DG-XI Luxembourg: 
Office for Official Publications of the European Communities (ISBN 92/826/2545/1). 

FAO-UNEP-UNESCO (1987). A provisior~al methodology for soil degradatiorl assessment. 
Roma, Italy. 

FOURNIER, F. (1972). Les aspects de la conservation des sols duns les differentes regions 
climatiques et pedologiques de /'Europe. Consiglio d'EuroPa. 

GABRIELS, D. (1989).A provisional method for calculating the rain erosivity in EC 
countries with reference to the Mediterranean regions. Persorial communication. 

GAZZOLO, T. and BASSI, G. (1966). Carta delle linee di eguale erosione progressiva 
media. Supplemento degli Anriali del Servizio Idrografico. Ministero Lavori Pubblici, Roma, 
1966. 

GIORDANO, A. (1993). Rischio di erosione attuale e potenziale in Italia. (Programllla 
CORINE della CEE). Cellulosa e carta no 2, p.10-18. 

GIORDANO, A., BONFILS, P. BRIGGS, D.J., MENEZES DE SEQUEIR, A E., 
ROQUERO DE LABURU, C. and YASSOGLOU, N. (1991). The methodological approach 
to soil erosion and important land resources evaluation of the European Communities. Soil 
Technology 4: 65-77. 

GRAZIANI, C.A. (1988). Erosione dei suoli agricoli nella CEE. Ambiente risorse e salute. 

KORMOSS, I.B.F. (1975). Carte des perltes moyerlries (Italic). Commission des 
Communautes EuropCennes Direction GCnCrale de llAgriculture, Bruxelles. 



RAGLIONE, M., SFALANGA, M. and TORRI, D. (1980) Misure dell'erosione in un 
ambiente argilloso della Calabria. AnnJst.Sper.Studio e Difesa del Suolo X I :  159-181. 

ROMERO DIAZ, M.A., CABEZAS, F. and LOPEZ BERMUDEZ, F. (1992). Erosion and 
Fluvial Sedimentation in the River Segura Basin (Spain). Catet~a 19(3/4): 379-392. 

STODDART, D.R. (1969). World erosion and sedimentation. In: Water, earth and man. 
R.J.Chorley (ed.),. 43-64. Methuen, London. 

USDA. (1951). Soil Survey Manual. Agricultural Handbook No.18. U.S. Dept. Agric. 

WISCHMEIER, W.H. and SMITH, D.D. (1965). Predicting rainfall-erosion losses from 
cropland east of the Rocky Mountains. Agriculture Handbook No. 282. Washington D.C. 
U.S.A. 





IV SOlL MAPS AND SOlL 
INFORMATION 





IV.l. THE PEDODIVERSITY CONCEPT AND ITS 
MEASUREMENT: 

APPLICATION TO SOIL INFORMATION SYSTEMS 

J J. Ibaiiez, 
Centro de Ciencias Medioambientales CSIC, Madrid, Spain 

and Grupo Espaiiol de Expertos en Suelos y Sistemas de Informaci6n Geogrifica. 
S. De-A1 ba, 

Centro de Ciencias Medioambientales CSIC, Madrid, Spain 
and 

J. Boixadera 
Scrvei d'Agricultura, Generalitat de Catalunya. 

and Gmpo EspaAol de Expertos en Suelos y Sistemas de Informaci6n Geogdfica. 

Abstract 
This paper defines the concept of diversity, reviews the main methodological tools for determining it and 
examines its possible applications in the sphere of pedology. More specifically, it analyses its potentialities in 
the analysis of soilscapes, in drawing up soil and land information systems and in Ihe process of pedological 
system modelling. Pedodiversity and spatial soil variability are not synonymous concepts but they are 
complementary. 

Introduction 
Diversity is a clear concept that can be measured simply and quickly. As a result of the 
interest aroused by the study of biodiversity, indices and models for its quantification have 
spread extensively in the field of ecology. 

However, the diversity of abiotic landscape structures (pedological, geomorphological, etc.) 
has hardly touched on the interest of researchers (Ibadez et a/., 1990a and 1990b; Ibaiiez et 
a/., 1991a). This is surprising, inasmuch as the latter have deep quantitative and qualitative 
repercussions on the architecture of landscapes, ecosystems and biocoenoses. Consequently, 
knowledge of them proves essential for interpreting the structure, dynamics and evolution of 
any segment of the ecosphere. 

The characterisation and quantification of geomorphological diversity, lithodiversity and 
pedodiversity as non-renewable natural resources should be taken into account when 
estimating an area's ecological value. At the same time, this may be the way to explore, 
quantify and compare the complexity of soilscapes in different areas and environments. 

Endeavour will be made in this paper to show how diversity indices may also be useful in 
soil surveys and in designing a soil information system. 



The concept of diversity and its measurement 
The concept of diversity for many researchers is restricted to the inventory of the number of 
different types of unit (species, etc.) present in a certain ecosystem or landscape. As it will be 
seen later, this concept, whilst very widespread, has only a limited value. It is what has been 
generally termed richness. 

From a methodological point of view, the different ways of measuring diversity may be 
grouped into three categories (Magurran, 1988): 

Indices of richness (number of unit types s.s.) 
0 Abundance of unit type models. 

Indices based on proportional abundance (or extension) of unit types. 

Indices of richness 
When there exists a possibility of delimiting the study area in space and time, as well as 
recognising all the unit types present, estimating richness proves extremely useful. If, on the 
contrary, only a sample and not the entire population can be obtained, it is necessary to 
distinguish between numerical richt~ess (Kempton, 1979) and species density (Hurlbert, 
1971). In the case of soil mapping, the former would be defined as the ratio between the 
number of different (soil) unit types found and that of profiles studied; the second refers to 
the number of (soil) unit types per sampling area. Considering that the number of (soil) unit 
types found may depend on the area's dimensions and sampling density, different approaches 
have been developed which endeavour to circumvent this problem. This is the case of the 
technique called rarefaction, originally proposed by Sanders and subsequently modified by 
Hurlbert (1971). In parallel fashion, some simple indices have been proposed which 
endeavour to combine the number of unit types found and the total number of samples 
studied. Amongst them Margalefs itidex of diversity and Menhinick's index of diversity may 
be quoted (Magurran, 1988). 

Models of abundance 
Models or distributions of abundance offer the most complete mathematical data description. 
Although there are a large number of models i11 the literature, the majority of studies are 
based only on four of them. These are the geometric series, the logarithmic series, normal 
logarithmic distribution and the broken stick model. Fig. 1 shows the behaviour of these 
distributions in a rank-abundance graph (unit types are placed in order according to their 
decreasing degree of abundance). Nevertheless, other rnethods of graphic representation are 
used (May, 1975; Magurran, 1988). As can be seen in Fig. 1, there is a sequential order of 
distributions starting with the least equitable (a few unit types are dominant whilst the rest 
are very rare or infrequent); that is to say, the geometric series continues with the logarithmic 
series and the t~ormal logarithmic dis~rib~ition (where unit types with intermediate 
abundances are the most cornmon) and ends with the broken stick model (the most equitable). 
It is common for ecologists to hypothesise on the ecological meaning of these mathematical 
distributions (May, 1975; Pielou, 1975, Magurran, 1988). In the authors' opinion, many of 
them can continue being valid in the sphere of pedology. For a more rigorous analysis of 
models of abundance, a visual inspection of the graphs must be accompanied by statistical 
methods (like adjustment correctness tests) which weigh the adjustment of data against the 
different types of distribution tested (Ganis, 1991). 
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Figure I .  Representatiotl of the hypothetical curves illustrating rho vpical shapes of 
the four rangelabundatlce distribution nlodels: geonierrical, logarithmical, 
normal-logarithmical and broken stick series. It1 these models, the 
abundance of each unit type is represented according to a logarithmic scale 
as against the rank the unit occupies, placed in order from the most 
abundant to the least abundant unit iype (After MAGURRAN, 1988). 

The majority of communities studied by ecologists show a log-normal distribution of species 
abundance (Sugihara, 1980). According to May (1975), the ubiquity of this model occurs as 
a response to the statistical properties of large numbers and as a consequence of the Central 
Limit Theorem. Nevertheless, good adjustments to the geometric and logarithmic 
distributions have been found in com~nunities poor in species (generally subjected to heavy 
environmental stress) or in the first stages of the ecological succession (Magurran, 1988). On 
the other hand, the broken stick model (Macarchur, 1957) is much less frequent. 

Indices based on the proportional abundance of unit types. 
This is the most frequent way of estimating diversity. They have also been called indices of 
heterogeneity (Peet, 1974) or parametric indices (Southwood, 1978). 

From this point of view, diversity may be broken down into two elements. The first would 
relate to richness. This is the number of entities present (that is, the number of different soil 
types according to a certain classification). The second would be evenness (with respect to 
the relative abundance of unit types). This distinction is quite logical, inasmuch as it is 
intuitive to understand that for two different pieces of land with the same area and identical 
richness, the most diverse will be that where the different unit types tend to occupy a more 
equitable or equiprobable area. 



Table I .  Indices of diversiiy. 

Table 1 shows the main features of the most used indices of diversity. As can be seen, whilst 
some lay greater importance on the number of unit types, others lay special emphasis on 
evenness. Table 2 may serve as an illustration for analysing the enormous differences these 
indices demonstrate in populations with the same richness and variable evenness. Note that 
the index used in this case gives greater weight to richness than to evenness despite which 
marked differences in diversity are demonstrated. 

Table 2. Proportional abutidat~ce of unit types 

An examination of the extreme cases shows that Land Region D proves to be more diverse 
than Land Region A because almost all the space in Region A is occupied by the same unit 
type. 

Land region 

A 
B 
C 
D 

The diversiiy logarithms most used in ecology come from the Theory of Information 
(Magurran, 1988). These are the Shannon Index (Shannon and Weaver, 1949) and the 
Brillouin Index (in Magurran, 1988). Both equations have very close mathematical 
connections with that developed by Boltzmann to determine the entropy of thermodynamic 
systems (Wagensberg, 1986; Ibaiiez et al., 1990b and 1991a). More specifically, the latter is 
equivalent to Shannon's index, which is why Shannon termed his algorithm an Index of 
Entropy. The Shannon Index considers that specimens are randomly sampled from an 

Shannon Index 
(nat) 

0.40 
0.79 
1.14 
1.39 

Unit types 
Richness 

4 
4 
4 
4 

(% surface area) 
Type-1 

91 
49 
33 
25 

Type-2 
3 

49 
3 3 
25 

Type-3 
3 
1 

3 3 
25 

Type-4 
3 
1 
1 

25 



effectively infinite population. This algorithm also assumes that all unit types are represented 
in the sample. Its mathematical expression is as follows: 

where H' is the negative entropy negenh.opy or diversity of the population studied and pi the 
proportion of specimens found in unit type i-nth. In fact, the true value of pi is unknown but 
estimated by means of nJN where ni is the number of specimens of the species considered 
and N the total number of specimens sampled (it may also be the percentage of surface area 
occupied by each i unit type). It has been proven that this manner of proceeding in estimating 
pi does not significantly affect the results (Peet, 1974). Log, or the natural logarithm is 
usually employed in Shannon's algorithm calculations but any other logarithmic base can be 
adopted. H' units are the same as in the Theory of Information: binary digits or bits for log,, 
natural bels or tlat for log, and bels or decimal digits decits for log,, (Pielou, 1969). 

The value of the Shannon Index is usually between 1.5 and 3.5 and very rarely exceeds 4.5 
bits (Margalef, 1972). Wagensberg (1986) analyses the physical reasons whereby in nature it 
has not been possible to detect estimates higher than 5 although this is mathematically 
possible (May, 1975). 

When the Shannotl Index is calculated for several samples from the same population, its 
values tend to be normally distributed. This property allows parametric statistics to be used 
(Taylor, 1978 in Magurran, 1988). 

Material and methods 
With the purpose of analysing the potentialities of the metl~odologies for studying 
biodiversity in the sphere of soil science, two types of examples were chosen. The first is a 
practical exercise where a large part of the previously mentioned techniques are applied to 
the analysis of the diversity of soilscapes in European Union countries. For this reason, work 
has been undertaken on the matrix of data drawn up by INRA and the Soil and GIS Support 
Group (1992, p. 30, table no. 7) extracted and modified from the 1: 1,000,000 scale EU Soil 
Map (CEC, 1985). The analyses have been made with respect to the area occupied by the 
different STU (soil taxonomic units) of the 1:1,000,000 scale EU Soil Map; this table is 
made using only the highest level of the FAO-UNESCO legend (FAO-UNESCO, 1974), that 
is the so-called soil units. Consideration will be made of the results obtained on the 
geography and diversity of the EU soilscape. The second example, of a theoretical nature, 
will endeavour to underline how this type of methodology (especially indices based on the 
proportional abundance of unit types) may be extremely useful as tools of land information 
systems. More specifically, their potentialities for quantifying the heterogeneity of SMU (soil 
map units) will be analysed. 

This is why the computer programs drawn up by Ganis et al. (1991) were used. The 
techniques and algorithms which, in the author's opinion, may be most interesting for the 
aims pursued, were selected from this. 

Nevertheless, before interpreting the results, some prior considerations must be taken into 
account. These will help in understanding up to what point results may be generalised, as 
well as the method's weaknesses. 



Firstly, estimates of pedodiversity have been tackled on 1:1,000,000 scale maps. Thus, as a 
consequence of the scale itself and of the soil mapping process, a considerable amount of 
information is lost (for example, STUs occupying a small percentage of the SMU are not 
considered, even as inclusions, in the legend of the 1:1,000,000 scale EU Soil Map). In other 
words, the results obtained are scale-dependent (as a way to sample the full population) and 
can only be considered as rough estimates. 

In parallel fashion, the analysis of the diversity of landscapes is confined to study of data by 
country, that is, lands delimited by administrative boundaries. A stricter analysis would call 
for sectorialisation by natural regions or ecoregion type frameworks (Lammers and Johnson, 
1992). Consequently, the conclusions here expressed with respect to north-south differences 
must be taken with the utmost caution. 

Moreover, the figures obtained for richness and diversity are determined by the maximum 
number of STU allowed, both in the SMU and in the system of classification used. Only 21 
STU appear in this analysis. The FAO-UNESCO (1974) legend has only 26 soil units, 
therefore, the magnitude of these two variables reach fairly low values (it must be 
remembered here that estimates of diversity are only comparable when the results to be 
analysed have been obtained by one and the same index and the same logarithmic base). 

Indices of richness and diversity do not independently question the quality of the information 
used. As a result, the veracity of the results is directly proportional to the quality of the data 
used. 

Methods to determine diversity of pedology and geomorphology 
Background: pedodiversity and landscapes 
In the field of soil-geomorphology relations, Ibafiez et al. (1990a) show how the process of 
hierarchisation of drainage basins leads to an increase in the richness and diversity of 
soilscapes. This fact may be thermodynamically explained thanks to the connections between 
the Shannon Diversity Index and the Boltzmann Entropy Index. Ibaiiez et al. (1990a) claim 
that drainage basins and their soil cover behave like dissipative struct~rres far from 
thermodynamic equilibrium (Prigogine and Stengers, 1983). Ibaiiez et al. (1993~) have also 
applied this methodology to analysing the geomorphic diversity of Mediterranean countries. 
This latter study shows how fluvial incision and the hierarchisation processes of drainage 
basins increase negentropy or diversity of geomorphic landscapes in a predictable fashion. As 
these investigations were carried out on systems with natural, completely defined boundaries, 
their results are subject to uncertainties and are irrelevant the methodology expounded here. 

Pedodiversity of EU soilscapes: richness 
Table 3 and Fig. 2 give the estimation of soil richness both for each of the member countries 
and for the EU overall. At first sight, the results would suggest that countries bordering the 
Mediterranean Basin have a greater iichness than those in the mild andor cold environment 
of the centre and north of Europe. Likewise, as detailed later on (table 4), soilscapes of the 
Iberian Peninsula have the same number of soil unit types 19 as the whole of the remaining 
Mediterranean countries, including its temperate climate regions (France, Greece and Italy). 
Furthermore, the pedo-richness of the Iberian Peninsula is considerably greater than that 
found both for the whole of the British Isles I4 (England, Wales, Scotland, Northern and 



Southern Zreland) and for the whole of the cold and/or temperate climate continental EU 
countries 14 (Germany, Holland, Belgium, Denmark and Luxembourg). 

Rlchnesa In typological unllr of  eolls (FAO-Unesco, 1974) 
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Community member countries iE:1/1.000.000) 

Figure 2. Richness in soil typological units for the EU Soil Map (Drawn up from 
INRA & Joint Res. Centre, 1992; in Ibaiiez et al., 1993b). 

Table 3. Results using indices of diversity in countries of the EU. 

S 1-1' Hmax Hmaxr BH E E* a It 
14 1.63 2.64 0.87 1.63 0.62 0.62 1.21 8.68 
10 1.63 2.30 0.76 1.63 0.71 0.71 0.95 4.19 
11 1.86 2.40 0.79 1.86 0.77 0.77 1.07 5.55 
17 1.90 2.83 0.93 1.90 0.67 0.67 1.31 7.36 
18 1.88 2.89 0.95 1.88 0.65 0.65 1.41 6.82 
13 1.74 2.56 0.84 1.74 0.68 0.68 1.02 6.37 
7 1.57 1.95 0.64 1.56 0.80 0.80 0.63 6.35 

14 1.95 2.64 0.87 1.95 0.74 0.74 1.15 5.68 
16 1.81 2.77 0.91 1.81 0.65 0.65 1.45 6.75 
10 1.33 2.30 0.76 1.32 0.58 0.58 1.31 4.41 
9 1.74 2.20 0.72 1.74 0.79 0.79 0.79 6.97 

14 1.87 2.64 0.87 1.87 0.71 0.71 1.19 10.5 
11 1.69 2.40 0.79 1.69 0.71 0.71 0.97 6.02 
8 1.28 2.08 0.68 1.28 0.61 0.61 0.82 3.53 

21 2.11 3.04 1.00 2.11 0.69 0.69 1.47 7.06 

S: Richness in types of soil. BH: Brillouin's Index of Diversity (nat). 
H': Shannon's Index of Diversity (nar). HC= - Znl * In p l  E: Pielou's Index of muitability 

H~nax: Maximum diversity. Hmax = Ln S. E=H'/Hmax. 
Hmaw: Maximum relative diversiry. Hmaxr = Ln S/Ln NTOT E*: Drillouin's Index of muitability. 

E*=BWDHmax. 
a: a index of Logarithmic distribution. A: h index of Normal Logarithmic distribution. 



Moreover, it is also true that, in general, the iichness of soilscapes increases as does the area 
sampled (Table 4, Fig. 2). This fact has also been checked when analysing biodiversity-area 
relations (Magurran, 1988). To this effect, it must be borne in mind that the Mediterranean 
EU countries tend to have a greater area than the more northerly ones. In any event, when 
results are grouped by regions (here we exclude Italy and France, being counties which 
enjoy both a Mediterranean and a temperate climate, and take the Iberian Peninsula as 
representative of Mediterranean environments), it can be seen how differences not dependent 
on the area are emphasised. 

Table 4. Richness in soilscapes in the EU. 

Richness Area (km ) 
1. British Isles 305 420 
2. CentralMorthem 356 549 

3 . 1 + 2  661 949 
4. Iberian Peninsula 609 556 

Consequently, the fact that the richness of European Mediterranean countries tends to be 
higher is due to the joint action of both circumstances. Nevertheless, Ibaiiez et al. (199.5 and 
1995b) show how the high pedo-richness of Mediterranean counties is a phenomenon on a 
global scale and, therefore, irrespective of the relations between the number of unit types and 
surface area under study. 

Similarly, with the data analysis it is inferred that smaller sized countries frequently include 
various STUs in their 1:1,000,000 scale soil maps with areas less than 10 km2. It must be 
borne in mind that many of them, with a great tradition of the soil survey, have more 
complete detailed maps and higher sampling densities. This all leads to the thought that the 
soil richnesses of these countries may be overestimated compared with the larger countries of 
the EU. 

Pedodiversity and abundance modeIs. 
It was then determined as to what canon fype the abundance model data from countries 
examined conformed. Different analyses were performed with this, varying the data matrix 
structure (gross data, percentages, etc.) and logarithmic bases (log,, log,, log,, and log,). A 
visual inspection of the abundance distribution graphs, as Magurran (1988) and other authors 
suggest (Fig. 3) was carried out. In view of the large amount of information generated, only 
the results of greatest interest will be expounded. 

Indices of pedodiversity based on the proportional abundance of unit types. 
As already mentioned, this is the methodological tool most used in studies on biodiversity. 
Although experiments have been made with a dozen indices, this discussion will be based 
solely on the Shannon, Brillouin, a and It indices (Table 3). The idea with this is to 
simply endeavour to analyse four representative examples. In addition, it must be pointed out 
that the two E indices of evenness studied, i.e., Pielou's (H'm,,,) and Brillouin's (HB/HB,,,) 
offer results similar to those already given. (Table 3). Thus, the following decreasing 
gradient of evenness in the distribution of STUs by countries can be established: Denmark > 



Ireland (Eire)> Belgium > Germany > England and Wales >Scotland > The Netherlands > 
Italy > France > Spain > Portugal > Greece > Northern Ireland > Luxembourg. 
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Figure 3. Abitrldatlce distribution graphs for soil types (in accordance with FAO- 
UNESCO nomenclature, 1974) for 1:1,000,000 scale soil maps of 
Luxembourg, Spain, Germany, Denmark and total EU data (Drawn up 
fiom INRA & Joint Res. Centre data, 1992). 



Pedodiversity, soil survey and  land information system 
Indices of diversity based on the proportional abundance of unit types may be used with 
various aims in the framework of soil survey activities. The following can be quoted amongst 
them: 

1. Determining an index of macromorphological heterogeneity or negentropy of soil 
profiles considering the number and thickness of genetic horizons; 

2. Quantification of the pedological diversity of a landscape (natural or administrative 
regions, counmes, soil maps, etc.); 

3. Determining the homogeneity-heterogeneity of a soil association or SMU; 
4. Estimation of the loss of information occurring in the map generalisation process. 

Pedodiversity and the problem of rnap generalisation. 
Point 2 has already been dealt with in profusion in foregoing sub-sections. As far as 4 is 
concerned, an example of the loss of information produced by the map generalisation process 
is given by Ibafiez et al. (1993b). More specifically, richness shown in soil units (FAO, 
1974) for lands whose areas and map scales differ in orders of magnitude. The landscapes 
analysed on the smaller scales comprise those of the more detailed scales. 

In the authors' opinion, with suitable information (e.g., soil maps of various lands on 
1: 10,000, 1: 100,000 and 1: 1,000,000 scales) regularities on the loss-gain of pedological 
information with changes of scale can be found. To this effect, Arnold and Wilding (1992) 
point out that : 

"For example, we are aware that as we enlarge scales we can recognise, identify and 
delineate more detail than at the smaller scales. Is there a theory or set of concepts that link 
the levels of variability together throughout the continuum of space? Is there a self-similarity 
that overrides the concepts we impose on our understanding of detailed soil surveys? Is the 
similarity that we search for in spatial variability only present in the degree of complexity of 
shapes and sizes and not in the organising patterns of apparent chaos?". 

Pedodiversity, spatial variability and map unit heterogeneity. 
Characterising soil spatial variability in soil surveys has been a persistent problem. 
Variability has been partitioned into two broad classes, random and systematic (Upchurch 
and Edmonds, 1992). Systematic variability is that variability which can be attributed to a 
known cause, understood, and predicted. When the variability cannot be related to a given 
cause, it is called random variability. However, this relationship between systematic and 
random variation will likely be scale dependent (Upchurch and Edmonds, 1992). The 
category in which one places a set of parameters depends on the level of observation (Hall 
and Olson, 1992). As the spacing of observations decreases and the number of observations 
increases, the apparent randomness of the landscape decreases (Wilding and Drees, 1983). In 
soil mapping, the variation could be divided among delineations, within map units, among 
sampling sites (pedons) within delineations, amongst soil profiles within sampling sites, and 
amongst observations (i.e. residual or error variation) (Upchurch and Edmonds, 1992). 

Indices of diversity based on the proportional abundance of unit types enable the 
heterogeneity of mapping units to be defined in a strict, mathematical fashion. These 
methodological tools may be potentially more useful than qualitatively classifying mapping 
units by traditional methods (e.g. consociations, associations, complexes and undifferentiated 
groups). 



Pedodiversity and Soil Infolmatiotl Systems 
The diversity of the SMUs for Spain present on the EU Soil Map (1:1,000,000 scale), which 
is currently being updated (INRA and Soil and GIs Support Group, 1992), have been 
analysed. An analysis of this type, which would cover data from all EU countries, would also 
enable certain differences of procedure in making out soil maps and/or in the processes of 
map generalisation used by the different National Soil Survey Organisations to be detected 
and quantified. 

Pedodiversity modelling and nested mapping databases. 
Simulation modelling is increasing in importance as a tool for soil survey interpretations. 
Soils within a region can be inventoried and characterised; and simulation models can be 
developed that use the soil data to predict the response of watersheds or other environmental 
units to environmental impact, etc. (Lammers and Johnson, 1992). If minor components of 
units on detailed soil maps prove to be important to modelling landscape processes and 
assessing environmental concerns, they must be retained in small scale databases. 

There is not the slightest doubt that, in addition to the concept of taxonomic purity, that of 
interpretative purity - similar and dissimilar soils - is a great help in drawing up and 
interpreting soil maps and in modelling processes (Soil Survey Staff, 1983; Nordt et al., 
1992). 

Conclusions 
Indices and models of diversity are shown to be a powerful methodological tool in the sphere 
of ecology. By using them, ecologists have studied the factors involved in the structure and 
organisation of ecosystems on different levels of space-time resolution.. 

Several algorithms and models have been used for analysing the diversity of EU country 
soilscapes. Their possible applications in drawing up soil information and land information 
systems have also been considered. 

The distribution-abundance of STUs in soilscapes has been shown to follow patterns similar 
to those already established for biocoet~oses. Both biodiversity and pedodiversity data 
conform to log-normal distribution. 

The fact that biodiversity patterns (Magurran, 1988), geomorphological diversity (Ibafiez et 
al., 1993c) and pedodiversity are similar leads to the conclusion that there are universal 
regularities common to the self-organisation process of the ecosphere's biotic and abiotic 
structures. However, further research work will be necessary for corroborating or refuting 
these preliminary conclusions but the ability to determine the diversity of the Earth's 
different subsystems using the same body methodologies enables their respective inbinsic 
space-time processes to be compared. 
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Abstract 
Based on critical analysis of papers presented at the Meeting of the Heads of the EU Soil Surveys (Silsoe, UK 
1989) a synthesis of the present state of the art of soil mapping in EU Countries is offered. For each country 
the content and percentage of soil mapping cover, the kind of national organization responsible for carrying 
out the soil survey and finally the type of soil classification used are described. The information collected 
shows that very different criteria are used for making soil surveys in EU countries and enables a common 
policy of technical integration to be suggested. .We examine the difficulties found by scientists in each 
country for the implementation of a revised version of the 1:1,000.000 scale EU Soil Map during the activity 
of the Soil and GIs Support Group of the MARS Project. From recent experience, some suggestions for 
making soil mapping at small scale throughout EU countries are proposed. 

Introduction 
It is often remarked that the main peculiarity shared by EU countries is the difference 
between them. This is certainly true in the field of soil science and particularly for soil 
mapping. If we examine the status and methodology of soil surveys made over the last 30 
years in EU countries, it is notable that only the physical-chemical properties are similarly 
described and quantified in the field or laborato~y. For other properties, the methods used are 
often different and consequently comparison is difficult. Integrated EU policies will therefore 
require progressive standardisation of soil survey methods, as in other scientific disciplines. 

Soil Mapping in EU Member Countries 
At the meeting of the Heads of Soil Surveys of the EU countries held in Silsoe in December 
1989, a series of papers (Hodgson, 1991) was presented synthesising the present state of soil 
mapping in the EU. Soil mapping, either for purely scientific research, or for operational 
objectives, has been conducted in several EU countries by different organisations. For 
example, soil mapping in Germany is controlled by the Geologica! Service, whereas in other 
countries it is the responsibility of autonomous private organisations, as in England and 
Wales (since 1986). In most cases, soil mapping is controlled by the Ministry of Agriculture. 
These differences in organisational structures have lead to differelices of timing, objectives, 
intensity and spatial cover from one country to another. In the UK, there are three separate 
soil survey organisations, with different programmes of work, in England and Wales (EW), 
Scotland (SC) and Northern Ireland (NI). 

Taking into consideration mapping activity in the various countries, it was therefore 
necessary to divide the work done in UK into 3 parts and put together Belgium and 
Luxembourg. Consequently the comparison was made between 13 countries instead of 12. 



The data given in the reports presented at the Silsoe Meeting (Hodgson, 1991) and some 
updating since by national representatives allows a synthesis of the recent activity in most 
countries. 

Three types of map scale have been adopted at the national level: 
e Large scale:<1:25,000 

Medium scale:1:25,000 to 1:100,000 
0 Small scale:1:100,000 to 1:250,000. 

In addition to the scale of publication, maps from most countries belonged to the following 
types: 

Pedological maps; 
Derived or thematic maps, for example of: 

Land capability; 
Soil suitability; 
Land evaluation. 

A common theme is also the percentage of national territory covered by soil mapping for 
each scale. Furthermore, organisations making soil surveys sub-divide into: 

National soil survey offices 
Other state organisations (universities, research organisations, state ministries, etc.) 

0 Regional and local agencies and private organisations 

The results of the investigations are summarised in the tables below, and information from 
the various countries is discussed. 

Map scales 
Several scales are in use in EU countries (Table 1). Some prefer to work with large scales, 
others prefer smaller ones. Only Denmark concentrates effort equally at three scales Many 
countries lack soil surveys at any particular scale. Belgium and Northern h l a n d ,  for 
instance, lack medium and small scale surveys, while Portugal has only medium scale 
surveys. If we recall that the EU review of pedological mapping (Dudal et a/., 1993) allotted 
great importance to medium scale evaluation, we notice that the least iand coverage and 
consequently the greatest difficulties to achieve a common soil mapping programme show up 
in countries such as Greece, Italy and France, which have cover for only a third of their 
territory. These problems do not occur in countries such as Belgium and Northern Ireland, 
which although lacking small-scale mapping, have an almost complete cover of large-scale 
mapping. 

When analysing these data, the following picture emerges: 
0 Countries having sufficient information: DK, EW, NL, SC, B, NI; 
a Countries with modest information: D, P, S,  IRL; 
e Countries with minimal information: GR, I, F. 

It is desirable that the new EU operational programmes will develop projects in order to 
continue and improve pedological information in those countries still lacking these data. 



Table 1. Percentage of soil mapping cover at different scale class for EU Courltries 

Abbreviations: 
B-L = Belgium and Luxembourg : DK = Denmark ; EW = England and Wales ; I; = France ; 
D = Federal Republic of Germany ; GR = Greece ; I = Ilaly ; NL = Holland ; NI = Northern Ireland ; 
P =Portugal ; SC = Scotland ; IRL = Ireland ; S = Spain 

Map contents 
We have in this case a fairly homogeneous picture (Table 2). Almost all countries produce 
either basic soil maps or interpretative maps for particular land uses. The production of the 
latter types of map has been increasing owing to the success in the scientific and policy fields 
achieved by the USDA Land Capability System (Klingebiel and Montgomery, 1961), and 
also by the F A 0  Framework for Land Evaluation (FAO, 1976). The availability of 
complementary maps often involving pedological information also appears in almost all parts 
of the EU, albeit with different themes (for instance, in some countries, as land suitability 
maps, landscape or geomorphic maps and others). 

The status of digitised and computerised soil maps and soil profile data is very variable. Most 
countries own some kind of data bank but the data are often incomplete, only compiled for a 
specific purpose, or still in the process of being computerised (Jones and Biagi, 1987; Norr 
1986). Only Portugal seems to lack any kind of computerised system despite a long tradition 
and experience in soil studies. It is notable that even in countries with different intensities of 
soil survey, attempts had been made to transfer basic information into operational 
information to encourage easier consultation for land users and greater use of soil science. 



Table 2. Occurrence of thematic maps derived from basic soil maps in the EU. 

Country Database Soil derived 
B-L Yes Yes 
DK Yes Yes 
EW 
F Yes Yes Yes 

Abbreviations as in Table 1 

Organisations responsible for Soil Survey 
There is a wide range of organisations responsible for soil survey in EU countries (Table 3). 
The establishment of a centralised soil survey has not been given a high priority in some 
countries. In fact, a centralised soil survey exists in only 60% of EU countries; the same 
percentage of countries have national research organisations, University departments or other 
autonomous bodies concentrating on soil survey. 

Countries with a centralised soil survey organisation also have the most complete mapping 
cover. Soil survey is a time consuming task that is best undertaken by teams of scientists and 
consequently is not best performed by university researchers who often take a more 
individualistic approach and have other demands on their time such as teaching and 
supervising of students. 

It is optimistic to note, however, that there is increasing interest shown towards soil survey 
and mapping by local authority organisations (Chambres d'Agriculture in France, Regionf in 
Italy, Juntt. in Spain etc.). This means that with the right coordination these organisations 
will be able to stand by the official researchers and contribute to speeding up soil survey 
work. It is predicted that there will be an increasing demand for basic soil survey, as well as 
for solutions to environmental problems of both an agricultural and a non- agricultural 
nature. 

Soil Classifications 
The EU countries have followed a national approach to soil classification (Table 4) either 
because of the different priority given to soil science or the different political and social 
pressures when each country started systematic soil survey. Nine of the 13 countries are 
solely national classification systems. Some of these national classifications are used only in 
their country of origin but others have been applied elsewhere. 



The most notable of these is that of the Soil Survey of England and Wales (Avery, 1980) 
which provides an excellent basis for classifying soils in northern Europe. However, more 
irfternational classifications have been used in the UK as indicated in Table 4. 

Table 3. Occurrence of Organisatiorls involved in soil surveys for EU Countries. 

Abbreviations: 
B-L = Belgium and Luxembourg ; DK = Denmark ; EW = England and Wales ; F = France ; 
D = Federal Republic of Germany ; GR = Greece ; I = Iraly ; NL = Holland ; NI = Northern Ireland ; 
P = Portugal ; SC = Scotland ; IRL = Ireland ; S = Spain 
State-soil-SUN National Soil Survey Office 
State-agency State Agencies as Universities, Ministries, etc ... 
Other-agency Regional, Local Agencies, Private Organisations, etc. 

Table4. Kind of soil classificatior~ used it1 EU. Courltr.ies for official undlor- 
comn~otl soil surveys. 

Abbreviations as in Table 3 

20 1 



By intertlational classification we mean a classification that has been and is widely used 
outside the country of origin. The following classifications are considered to be 
intertlational: 
1) Soil Taxonomy and further updating through the Keys (Soil Survey Staff, 1975) 
2) FA0 Soil Classification from the Soil of the World Map Legend Scale 1:5,000,000 

(1974 and 1988 versions); 
3) French Soil Classification (CPCS, 1967). 

These international classifications are commonly used only in few countries (France, Italy, 
Spain, UK (England and Wales) and Greece aided by the EU-FA0 Legend and of the USDA 
Keys. 

It would be desirable if individual EU countries adopted European and world classification 
systems even though this might mean some loss of the precision obtained through the use of 
a national system. This loss of precision should be outweighed by the ability to apply models 
and make interpretations at EU level. One recent and encouraging example of a wider 
approach is the EU-FA0 classification adopted for the 1:1,000,000 scale EU Soil Map (CEC, 
1985). For an EU Soil Map at larger scale (1:200,000 to 1:250,000) the new F A 0  
classification (FAO, 1988) could be used successfully with some modifications. 

For soil mapping at more detailed scales both the USDA and CPCS systems offer suitable 
platforms. The worldwide use of the Soil Taxclnomy (USDA, 1975), including Third World 
projects (IBSNAT) suggests that EU countries should apply this methodology despite the 
significantly greater information requirements in terms of both laboratory and field data 
compared with alternative systems. 

However, the Soil Taxonomy is suffering because of the significance given at high 
taxonomic level to climatic aspects which are changing under the influence of Global 
warming. The question of choice remains because a new version of the Soil Taxonomy is 
being compiled and this updating should overcome some of the criticism assigned to its 
predecessor. 

Regional evaluation and updating of the EU Soil Map. 
During the work-programmes of the Soil and GIS Support Group, the EU Soil Map at 
1:1,000,000 scale is being updated, using the information from more detailed and recent soil 
surveys. The EU Soil Map was compiled from data gathered many years ago to produce, in 
particular, the FAO-UNESCO (1974) Soil Map of the World at a scale of 1:5,000,000. 

Initially it was intended that modifications to the boundaries of the EU Soil Map Units would 
be kept to a minimum in order to avoid re-digitising of the whole map. This restriction 
resulted in redefined soil map units that included other soils identified from new soil surveys. 
This new information showed that the original map units on the 1:1,000,000 map no longer 
coincided with new soil associations. 

In Italy for example, soil surveys at different scales are not consistent and some areas are 
lacking medium scale information. New soil associations had to be delineated and 
pedological information derived from nearby areas in the light of the lithology and the 
geomorphology of the land under consideration. This problem is also widespread in other EU 
countries, with the exception of Denmark and The Netherlands where few difficulties were 
encountered during revision and updating of soil map units. 



Conclusion 
Our aim should be to provide better and more detailed soil information at European level. To 
achieve this, the following actions need to be set in motion. 

1. Political and scientific initiatives must be promoted in order to improve the survey of 
soil resources in those countries where the need is not fully recognised or perceived to 
be of low importance, for example in Italy, Greece and in Spain where there are no 
national soil survey organisations. 

2. It will be necessary to define the standard criteria required for soil surveys at specific 
scales both for soil classification and for the thematic maps derived therefrom. 

3. It will be necessary to review and discuss the concept of small scale mapping units. It is 
appreciated by most soil researchers that soil survey by different teams results in soil 
map unit boundaries that do not match up across map sheet boundaries. This is a 
problem that also occurs in geological mapping. 

This particular problem (3) was highlighted by recent research in a border area separating the 
Federal Republic of Germany from The Netherlands. The research was conducted by the 
German Soil Service and a Dutch Soil Survey Team during 1982-83 (Haans and Heide, 
1983). Even though the operational methods of the two groups were not contradictory and 
the soil survey for agriculture used the same original documents, the basic soil maps 
produced by the two groups were fundamentally different because of differing criteria and 
the method of grouping pedons. 

There are potentially two directions to follow, one simpler but perhaps safer, the other more 
complex. The first one is to take as a reference unit watershed basins or catchments of a fixed 
order according a classification of the hydrographic network bearing in mind the optimum 
number of units to be shown on the map. Inside each basin or catchment, which represents a 
basic physical unit for the purposes of soil conservation and the use of the surface waters, soil 
associations should be defined such that detail about composition can always be improved in 
future but without changes to the boundaries. 

A similar proposal was recently put forward by an Italian Committee charged by the National 
Geological Service to formulate a ruling for the field assessment of hill slope stability. In this 
case the watershed basin was proposed as reference unit. Taking into account that a 1:5@,000 
scale sheet of the Italian Official Topographic Map covers an area of 400 km2 it was 
estimated that almost 1000 mapping units would be needed on a single sheet. 

The second method, the more complex and rigorously scientific one, depe.nds on defining 
geomorpho-pedological units similar to those on some small and medium scale surveys in 
Italy, identifying the system soil functioning in France (Jarnagne and King 1993) and by 
determining the terrain unit that represents the basic data of the SOTER Database of ISRIC 
in The Netherlands. These units and particularly those determined by French scientists, 
represent without doubt an excellent approach to the delineation of physiographic units not 
likely to change with time and mostly related to the effects of pedogenesis on the landscape. 
With this method, we should obtain landscape-soil units, maybe smaller than basin units but 
satisfying the requirements of modern soil cartography better. 



The development of new European soil mapping according to one of the above 
lnethodologies should create better and more appropriate documents in the future. In the 
meantime, scientific progress should enable improved and more objective soil classification 
and mapping methods than those used hitherto to be developed. 
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Abstract 
The state of soil surveys and land inventory studies in the EU are summarised in relation to the feasilbility of 
producing a soil map or computerised database at 1:250,000 scale. The main uses of such information would 
be environmental protection and assuring the sustainability of prevailing land use systems. Numerous 
operational methodologies are available to summarise land information and address problems of spatial 
variability. These are reviewed in relation to the needs of the EU. It is concluded that, while complete cover 
of a 1:250,000 map is desirable in the long term, more realist~c shorter-term aims should include studies of 
pilot zones, development of a common multi-purpose legend and an enhanced common soil profile database. 

Background 
Recognizing the need for relevant soil information as a basis for land use planning and 
environmental protection, the Commission of the European Communities (CEC) sponsored a 
meeting of representatives of main soil survey organizations of the Member countries. One of 
the recommendations of this meeting - which took place at the Soil Survey and Land 
Research Centre, Silsoe, UK in December 1989 - was that a general purpose soil map of 
Europe be prepared at a scale of 1:250.000. It appears indeed that the fast-growing 
appreciation of the importance of soils in an environmental context calls for a European soils 
inventory, at a scale larger than the existing 1:1,000,000 scale EU Soil Map (CEC, 1985) 
based on the most up-to-date material. Topical issues such as soil erosion, water quality, 
acidification, set-aside, land contamination and optimal land use must be addressed at the 
level of regions, watersheds and landscapes for which a 1:250,000 scale seems to be the most 
appropriate. A higher resolution of soils information is especially required to ensure 
compatibility with the CORINE inventories of land cover and biotopes (CEC, 1992) which 
are camed out at a scale of 1: 100,000. Furthermore, the need is felt for a user-friendly legend 
which, combined with a soil database, allows for easy interpretation. 

Considering the diversity of soil survey coverage in European countries, the Task Force of 
the European Environment Agency, Directorate-General for the Environment, Nuclear 
Safety and Civil Protection (DG XI) of the CEC commissioned a study on the feasibility of 
the creation of a soil map of Europe, at a scale of 1:250,000 (Dudal et al., 1993). The study 
was entrusted to the Institute for Land and Water Management of the Katholieke Universiteit, 
Leuven (Belgium) in collaboration with the Winand Staring Centre for Integrated Land, Soil 
and Water Research, Wageningen (The Netherlands). An account of the findings of this 
study is the subject of this paper. The term concerned, Soil Map of Europe is used here in a 
broad sense. It does not necessarily imply the production of a published document since the 



choice between a printed map, a soil database, or a combination of both, should be decided 
after considering advice from the countries concerned, the needs of the CEC and the 
resources available. 

Inventory of available data 
In most of the European countries, systematic soil surveys were started in the 1950s (or 
earlier) against the background of an urgent need for increased agricultural production. The 
coverage of detailed surveys (1:20,000 to 1:50,000 scales) varies considerably within the 
European Union: near full coverage in Belgium, Denmark, The Netherlands, Portugal, 
Scotland and Northern Ireland; intermediate coverage in France, Germany, Greece, Ireland, 
Luxembourg and England and Wales; low coverage in Italy and Spain. The preparation of 
soil maps at reconnaissance scales (1:200,000 to 1:300,000) is completed in The Netherlands, 
England, Wales and Scotland; partial coverage is available in France, Germany, Italy, 
Portugal and Spain. More specific information on soil mapping in the counmes of the 
European Union is available from earlier reviews (Dudal et al., 1966; CEC, 1985); and also 
in this monog~aph (Magaldi, 1995). 

The methodologies, the classification, the scales and the coverage of the surveys conducted 
in the different countries varies widely and evolved over the years. From the overview of 
survey material available in the countries of the European Union, it appears that the legends 
of small-scale soil maps can be grouped in three broad categories, legends in which the first 
entries are: single factors, taxonomic units, or physiographic units. 

Single-factor entries 
Legends in which single soil factors are used as a first entry have been applied in Belgium 
(Tavernier and MarCchal, 1958), Denmark (Madsen et al., 1992), Luxembourg (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, 
Luxembourg), 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. Profile development is indicated at a third level 
(Belgium, Luxembourg and The Netherlands) which allows for establishing a link with a soil 
classification system. 

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 1:250,000 scale soil map, 
the taxonomic unit is further qualified in terms of associations of series defined on the basis 
of texture, parent material, hydromorphism, colour and mineralogical characteristics. 

In France, the national soil classification (CPCS, 1967) was used in the early surveys of the 
1:100,000 scale soil map of the country. At a later stage, the soil classification 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 varies in the different Lander. Where soil units 
are used as a f i s t  entry, it is the soil classification developed by the German Society of Soil 
Science that is being applied (Benzler et al., 1982). The 1:1,000,000 scale Soil Map of 
Germany, also based on soil typology, provides a correlation with the F A 0  legend and the 
USDA Soil Taxonomy. 

In Greece, the generalized soil map at the scale 1:500,000 was prepared on the basis of the 
F A 0  legend (Yassoglou, 1992). 

In Ireland, the 1:575,000 scale 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 scale general soil map of the country (Mancini, 1966). More recently, most 
of the soil units of selected soil maps (scales of 1:10,000-1:250,000) were further qualified 
with site and soil attributes such as landform, rock outcrops, frequency of flooding, slope, 
texture, depth, etc., with a view to the implementation of a computerized national soil data 
base (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 F A 0  and USDA classifications (Carvalho Cardoso, 1961). 

In Spain, the different autonomous regions have adopted a range of soil classification 
systems, including the F A 0  legend and the USDA Soil Taxonomy. Soil units are further 
characterized by the parent material on which they have developed (Ibaiiez et al., 1991). 

Physiographic entries 
Legends which use landforms or parent materials as a f i s t  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 RCfkrentiel rkgional pCdologique. In the latter instance, soils information is no 
longer provided on the maps themselves and is relegated to the explanatory texts (Jamagne, 
1967). 

In Germany, a number of LXnder have adopted landform as the first entry in the legend, 
followed by a brief description of the environment, the soil units and the parent material 
(Eckelmann et al., 1987). 

In Scotland, the f i s t  entry in the legend of the 1:250,000 scale soil map is the soil association 
based on a concept of parent material and land systems. The component soils are specified as 
a second entry according to a classification system developed by the Soil Survey of Scotland 
(1984) for the systematic survey of the country. 



Approaches to a common legend 
In spite of the great diversity of legends described above, it appears that they are in fact 
based on the same components and that the difference consists mainly in the choice of the 
component which is given precedence as the first entry. In the legends based on single 
factors, such as texture and drainage class, the third entry provides the link to soil taxonomic 
units. When taxonomic units are given precedence they are combined into associations, the 
boundaries of which are delineated on the basis of physiographic units and are complemented 
with data on texture, parent materials and slope. When the f i s t  entry is a physiographic unit, 
a following entry specifies the soils which are comprised in the landform or the type of 
parent materials which characterize the mapping unit. 

At the European Union level it would seem that options toward a common legend are either a 
soil taxonomic or a physiographic approach. Within the latter option, concrete guidelines 
have been developed by the SOTER project, which is briefly described below. 

A taxonomic approach 
Although the legends based on soil taxonomic units as a first entry rely on different soil 
classification systems, the 1:1,000,000 scale Soil Map of the EU (CEC, 1985) amply 
demonstrates the possibility of consolidating these different systems through the legend of 
the FAO/UNESCO Soil Map of the World (FAO, 1988). It should be realized, however, that 
during the preparation of this map there were insufficient resources and time for a thorough 
correlation. National units allocated to an apparently similar F A 0  unit may differ when class 
criteria did not fully match or when sufficiently precise equivalents were not available in the 
international legend. With the preparation of a 1:250,000 scale soil map, such deficiencies 
should be overcome by allowing for adequate correlation and fieldchecks. The refinement of 
the third level of the FAO/UNESCO classification could cater for soil units in national 
systems for which there is no adequate niche at present. 

A shortcoming of soil taxonomic units is that they are defined on the basis of a limited 
number of characteristics which may not necessarily be those that are of major interest for 
management and environmental purposes. Furthermore soil units do not necessarily reflect 
the major landforms and parent materials on which they develop, two attributes which can 
more easily be appraised by the non-specialized user. These disadvantages can, and mostly 
are, remedied by delimiting the soil associations on the basis of landforms and a set of parent 
materials, and by complementing the legend with data on texture, depth and slope. Such an 
approach is well illustrated by small-scale maps already in use in some of the countries of the 
European Union. 

The use of the F A 0  soil units as a fust entry would have the advantage of linking up with the 
existing 1:1,000,000 scale EU Soil Map and of already having a common, generally 
accepted, reference system as a starting point. 

A physiographic approach 
Landforms and parent materials are closely related to the characteristics and distribution of 
soils at all scales. The presentation of map units on this basis facilitates the user's insight into 
the spatial variation and the location of different soils in the landscape. Differences in the 
composition of parent materials may also reflect differences in fertility of soils which on 
other grounds fit within the same taxonomic unit. Therefore it may seem appropriate to use 
geology/lithology units as a first entry in the map legend. 



Small-scale soil maps in some European countries are constructed on this basis. However, 
extending this approach to the entire Union might entail difficulties of correlation and 
compatibility. Landforms can be described or grouped in many ways (plains, valleys, 
mountains, hills, plateaus, piedmont deposits, etc.) which may cover quite different concepts 
in different environments. Furthermore differences in altitude, latitude and climate make it 
arduous to compare landforms at a continental scale. In some instances, the physiographic 
units used as entries in small-scale soil maps are actually rlatural regions, characterized not 
only by their landform and parent material, but also by land use, population and vegetation. 
Comparison across country boundaries of these terroirs or Lurldrchaften would be difficult. 
Soil taxonomic units would need to be retained as an entry at a lower level in the legend in 
order to reflect the soils pattern at continental scale. 

The SOTER approach 
In order to overcome the difficulties of comparability 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 (Van Engelen ar;d Pulles, 1991). 

The land is seen as a collection of areal elements made up of terrain and soil individuals. 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 criterion a) leads to a map of the terraill; application of criterion b) leads to a 
subdivision into terrain comporlei1ts. These terrain components may be further subdivided 
according to soils occurring in them. At the lowest hierarchical level this results in soil units 
being the smallest areas indicated on the map and described in the database. 

SOTER does not prescribe any soil classification system, but favours a characterization of 
the soils in accordance with the F A 0  (1988) legend for the Soil Map of the World. A case 
study has been made for The Netherlands comparing the SOTER approach to the legend used 
for the 1:250,000 soil map of the country and to a conversion into the F A 0  legend. The study 
concludes that in this instance, the best predictive results are obtained when using the original 
Dutch legend, followed by the SOTER approach and the F A 0  classification. Inclusion of the 
textural characteristics which qualify the mapping units did increase the performance of the 
FAO-classification. The comparison did not take into account the slope characteristics, since 
the study area showed little relief. 

Spatial variability 
It is obvious, that at a scale of 1:250,000, mapping units will need to be associations of 
different soil units combined with physiographic and single factors. Hence these mapping 
units will imply a certain variability, not only with regard to the composition of the 
association, but also within the soil units themselves. It is essential that this variability be 
analyzed and quantified if the map is to be used for interpretations and the preparation of 
derived thematic maps. 



The expression of variability needs to be made in terms of the size and the kind of spatial 
units concerned and presented in function of the information that is available or that can be 
generated. Soil variability can be presented in a number of ways. The following sequence is 
of increasing complexity and cost: 

Variability is not presented; 
A qualitative description by expert judgement is given of the variability range per soil 
characteristic within each map unit; 
A division into subunits is made, based on large scale maps. Subunits are ordered by 
their relative coverage. Soil characteristics are given for each subunit; 
Parameters are presented that describe the type and shape of the distribution of soil 
behaviour of the soil unit; 

0 Functions describing the spatial structure of soil characteristics are given (e.g. by 
semi-variograrn). This enables the design of efficient sampling schemes, and it also 
allows the prediction of the probability of occurrence of extreme values and their 
locations within the mapping unit, which may be important in environmental studies; 
Additional information is presented in the form of a variance-covariance matrix 
correlations or covariances between soil characteristics. These matrices are extremely 
useful when the spatially variable behaviour and the occurrence of extreme behaviour 
within the soil unit is to be predicted using a simulation model or pedotransfer 
function; 
Functions describing tlie spatial structure of soil characteristics (e.g. the semi- 
variogram) are given, and functions describing the degree of correlation between two 
soil characteristics as a function of their mutual distance (e.g. the cross-serri- 
variogram) are given as well. 

The type of presentation of the variability can be indicated in an extra column in the database 
added to the representative value of a soil characteristic. The variability itself can then be 
described at a lower hierarchical level in the relational database, according to the type that is 
chosen. This approach allows incorporation into the database of information about variability 
with several levels of detail, according to the data available in different countries. 

A Soil Database 
The amount of information that can be represented on a map is necessarily limited. The 
attributes required in addition to those used for the definition of the mapping units can 
however be stored in a database. The map legend is then the link between the spatial entities 
and the information which can not be cartographically recorded. This information can be 
represented in tabular form related to well identified mapping or soil units. 

If the strength of a soil database at a scale of 1:250,000 must lie in its applicability to solve 
environmental problems, it must contain information about soil and terrain attributes that 
influence environmental processes. To create an inventory the effect that soil attributes have 
on environmental processes, it is necessary in the first instance to identify the processes in 
the soil that describe the soils' reaction to environmental impacts. Table 1 shows the most 
relevant processes as well as the soil or terrain attributes by which these processes are 
determined, using pedotransfer functions (Boorman and Hollis, 1990; Boekhold et al., 1993; 



Bouma and Van Lanen, 1986; Breeuwsma et al., 1991; Livens and Loveland, 1988; Wosten 
and Van Genuchten, 1988; Vereecken et al., 1989). 

Table I .  Processes in the soil and relevant soil or terrain attributes. 

Py=pyrite present; Ds=depth to impermeable layer; Dg=depth to groundwater; Ca=CaC03 %; OC=Organic 
Matter %; Te=texture; Pm=parent material; Ap=air filled porosity; CN=C/N ratlo; Al=Al-oxalate; Fe=Fe- 
oxalate; pI3=pH, Tp=Terrain position; Sc=Slope characteristics (slope angle, slope length, slope form); 
LU=Land use; Cm=clay mineralogy; Dr=depth to rock: *=for each soil layer. 

An overview of soil and terrain attributes that influence the soils' reaction to environmental 
processes is given in Table 2. Sensitive attributes are given for the following environmental 
processes: Acidification, Eutrophication, Pollution, Desiccation, Erosion, Immobilisation of 
radionuclides and Catchment response. The attributes given in Table 2 should be included in 
a 1:250.000 soils database. Attributes indicated with an asterisk (*) should be known for 
every soil layer; other attributes are site-specific only. 

Table 2. Enviror~nle~ttal processes and 1.elevarzt soil or terrair~ attributes 

Py=pyrite present; Ds=depth to slowly permeable layer; Dg=depth to groundwater; Ca=CaCo3 %; 
OC=Organic Matter %; Te=texture; Pm=parent material; Ap=air filled porosity; CN=C/N ratio; AI=Al- 
oxalate; Fe=Fe-oxalate; pI3=pH, Tp=Terrain position; Sc=Slope characteristics (slope angle, slope length, 
slope form); LU=Land use; Cm=clay mineralogy; Dr=dep[h lo rock: *=for each soiI layer. 
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When developing the database for the 1:250,000 soil map of Europe, account will need to be 
taken of the databases already developed by CORINE, MARS and the Soils and GIs Support 
Group. These three activities relate to the CEC 1:1,000,000 Soil Map of Europe and the data 
gathered in this framework are equally valid for a 1:250,000 map. A link will also have to be 
established with the databases that are already operational in member countries such as 
Aardewerk (Belgium), the Danish soil database, LandIS (England and Wales), DONESOL 
(France), NIBIS (Germany), Computerized Soil Mapping Data (Italy), Soil Information 
System-BIS (The Netherlands), MLURI Soils and Land Inventory Data Base (Scotland) and 
SINDARES (Spain). 

Form of presentation 
For the storage and presentation of the soil data one may envisage three options: 

s printed soil map with description of mapping units in a booklet; 
e database containing digitized soil maps and associated attributes; 

combination of database and printed map. 

In all three options, a common coordinate system for the European Union must be chosen in 
order to combine the data of the different member countries. At this moment most member 
countries use their own national system as a geographical reference for their soil maps. The 
UTM (Universal Transverse Mercator Coordinate System) could be used as a common 
reference. 

An important aspect in the evaluation of the options is the flexibility in production, extension 
and use. The database option appears to be the most flexible one in this respect. It allows for 
the storage of soil data from different countries when they become available. Future 
extension with new attributes (e.g. information about spatial variability) can more easily be 
carried out in thc database option. The flexibility in the use of the data is also much larger 
with the database option. For various applications, selected attributes and soil data mast be 
combined with other spatial data, such as land use, relief and climate. A soil map in the form 
of a database is the only practical option for this type of use. 

A printed soil map would result in an availability of the data for a larger public. Maps stored 
in libraries can also be used by persons and organizations which do not have access to 
computer hardware and software for processing of the digital data. 

When envisaging the publication of a printed soil map, with either total or partial coverage, it 
is imperative that a common base map and a standardized sheet size be adopted. A common 
1:250,000 base map of Europe is the military Joint Operations Graphic, 1501 series, which is 
available for all member countries. The size of map sheets is 60cm x 46cm and each covers 
17,250 km2. The countries of the European Union are covered by 160 sheets, a number of 
which include stretches of sea. The map uses the Universal Transverse Mercator Coordinate 
System (UTM). According to preliminary investigations these maps may be used for civil 
purposes subject to an official request to the Ministry of Defence in the respective country. 
Another common cartographic base is the 1:250,000 Low Air. aeronautical charts also in the 
UTM system. These sheets have a size of 120cm x 51 crn, covering 38,250 km2 each and are 
available for purchase from national geographic institutes. 



The preparation of a 1:250,000 soil map of Europe could favouably be initiated as selected 
pilot zones in each of the countries of the community. The rationale of this approach is that it 
would allow the development of a common legend prior to embarking on a wider coverage. 
If printed maps of pilot zones were selected, it would need to be agreed if these areas are 
delimited according to the topographic sheet index or in terms of natiu.al-administrative 
regions. The latter approach might facilitate the mobilization of resources in the regions 
concerned and may promote a stimulus to other regions to support the preparation of small- 
scale maps for their territory. Small-scale soil maps of natural-administrative regions is the 
approach that has been adopted in France and in Italy. 

In order to create an overall framework for the project it would be useful if, at the outset, an 
agreement be reached about the major soil regions of Europe. A broad stratification, at a 
scale to be decided upon, would provide a first level of harmonization and a basis for 
locating and comparing the pilot zones which will be selected to develop the 1:250,000 
legend. 

Applications 
It is worth noting that in those countries where a generalization of detailed soil surveys was 
carried out, a number of applications have been made at regional and national level. A few 
examples are mentioned below to illustrate achievements and to point to possibilities of 
extending these applications at the European level. 

Assessment of the groundwater vulnerability of England and Wales in support of a 
policy and practice for the protection of groundwater. The soils information used in 
this assessment provided data on the physicd properties which affect the downward 
movement of pollutants (1 : 1,000,000). 
Assessment of the risk of soil erosion in England and Wales by water on land under 
winter cereal cropping (1:625,000). 
Assessment of drought hazards in Niedersachsen used for the evaluation of the 
feasibility of supplementary irrigation (1:200,000). 
Evaluation of the land capability for forestry in South-West Scotland (1:250,000). 
Assessment of land suitability for sludge utilisation on agricultural land in Scotland 
(1:250,000). 
Assessment of the land capability for agricultural use in the region of Madrid 
(1 :65,000). 
Evaluation of the grazing potential of Irish land (1:126,720). 
Delineation of lands vulnerable to nitrate leaching in The Netherlands (1:250,000). 
Planning of land use and protection of valuable agricultural land around expanding 
towns and villages in Denmark. 
Assessment of the land capability in Southern Portugal (1 :250,000). 
Assessment of the soils affected by wetness and of the useable water reserves of soils 
in France (1:250,000). 
Assessment of the risk of agrochemical pollution in rural land use in Belgium 
(1 :500,000). 



These applications have been made on the basis of expert knowledge, in an empirical way, or 
through modelling and integration of soils information, site conditions and socio-economic 
parameters. Soil information systems are increasingly being used to provide basic data to a 
wide variety of land users. 

The applications given above are mostly country specific. Harmonization on the basis of a 
1:250,000 soil map of Europe offers considerable potential for extension of these services 
throughout the Union. Further applications of a common database could be envisaged in the 
following fields: 

a Suitability of lands of the European Union for different crops, grazing, forestry and 
horticulture. 
Suitability of lands for ecological habitat creation and intensive recreation. 

a Assessment of hazards to the environment in terms of erosion, nitrate leaching, 
pollution by agrochemicals, salinity, compaction. 

a Assessment of soil resilience and buffering capacity towards acidification, 
desiccation, sludge acceptance, pesticide toxicity. 
Assessment of soil water regimes in terms of drainage and irrigation requirements. 

a Evaluation of future strategies with regard to set-aside, climate change, competition 
for land from different sectors of the economy, water quality control, waste disposal, 
afforestation. 

A number of these issues can no longer be tackled within national boundaries only and will 
need to be addressed at the European level. 

Conclusions 
In most European countries a shift has taken place from the preparation of detailed soil maps 
toward surveys at smaller scales. This shift seems to reflect a change of emphasis from 
increased agricultural production at the farm level to optimized and sustainable land use in a 
regional context. The initiative of the CEC to harmonize this trend into a soil map of Europe 
at a scale of 1:250,000 seems therefore most timely. 

The coverage of detailed soil surveys (1:20,000 to 1:50,000) in European countries ranges 
between 15 and 100 % of the total land area. In all countries, however, there are areas where 
coverage is sufficient to be converted into a 1:250,000 soil map through generalization, 
eventually complemented with some additional fieldwork. 

In England and Wales, Scotland and The Netherlands a complete soil map coverage at 
1:250,000 has been implemented. Partial coverages are also available in France, Germany, 
Italy and Spain ranging from 10 to 50 % of the total land area. 

Survey methods and the construction of the mapping legends differ among the countries of 
the European Union. Nowever, it appears that these legends are actually based on similar 
components which, even though being given different weights, could be consolidated into a 
common legend useable at European level. 

The options for the development of a common legend are to use either taxonomic or 
physiographic units as a first entry. A specific form of the physiographic entry is the SOTER 



approach. A choice should be made on the basis of a consultation among the EU member 
countries, taking into account the advantages and disadvantages of the different approaches. 

The soil components of the legends used in European countries are expressed in terms of 
national soil classification systems, the FA0 legend or the USDA Soil Taxonomy. By 
analogy with the 1:1,000,000 scale EU Soil Map, the revised F A 0  legend could be a 
generally acceptable system to classify the soils in a European framework. 

The information which can be conveyed by means of mapping units is necessarily limited, 
especially at a small scale. The map will therefore need to be complemented by a database 
which will cater for attributes which are relevant for specific issues related to land use and 
environmental protection. 

Special attention will need to be given to the presentation of variability within mapping units, 
both with regard to soil characteristics and the composition of the soil associations. 

Considering the differences of national approaches to soil survey and soil classification, the 
preparation of a soil map of Europe will require a correlation of the various efforts, both with 
regard to the map making and the construction of the database. 

The cost of preparing a soil map of Europe at a scale of 1:250,000 will vary from country to 
country according to the present status of the soil survey coverage. Responsibilities will have 
to be clearly established, especially in countries where soil survey charges have been 
delegated to regional authorities or have been partly privatized. 

In countries where a generalization of detailed soil surveys has been carried out, a number of 
applications have been made at regional and national level. They reveal a considerable 
potential for extending these services throughout the Union on the basis of a joint soils 
inventory. 

The harmonization of soil survey methodologies at small scales would be well served by the 
preparation of a integrated map of the soil regions of Europe. These regions would reflect the 
distribution of major soil associations as well as their relationship to the broad physiographic 
units of the community. Both are indicative of environmentally critical areas and of zones of 
promising development potential. 

Overall i t  can be concluded that the preparation of a 1:250,000 soil map of Europe is feasible 
and desirable. Considering the lack of a complete soil survey coverage, a wall-to-wall soil 
map cannot be envisaged in the short term. However, a start can be made in areas where 
sufficient basic material is available, initially in pilot zones, with a view to the development 
of a methodology, a common legend and a common database. 
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Abstract 
During the past twenty years, extensive soil investigations have been carried out in Denmark. In the late 
1970s, a national soil mapping programme was canied out grouping the agricultural land into eight soil 
classes, according to the texture of the plough layer (Mathiesen, 1980). This mapping was followed up by 
regional soil profile investigations during the 1980s. A pilot project was carried out in 1980 in Himmerland, 
northern JuUand, to test methods for establishing a national soil profile database (Madsen. 1983). From 1981 
until 1984, soil profile investigations were carried out along the trench of the gas pipeline that was constructed 
across the country from the North Sea and the German border to Copenhagen (Madsen and Jensen, 1976). 
More than 800 soil profiles were studied in detail and soil physical and chemical analyses were canied out in 
the laboratory. 

In 1986, in order to predict the amount of nitrogen fertilization and manuring required hy Danish agriculture, 
the Danish Agricultural Advisory Centre set up a nation-wide study, based on a 7km grid. In total, about 800 
sites were established, of which approximately 650 were on farmland. At each site, composite soil samples 
l ~ o m  16 augerings were collected several times a ycar and analyzed for [heir contcnt of nitrate and ammonia. 
During 1987-89, soil profiles were described and classified at all sites and soil samples wcrc collected lrom 
the profiles for chemical and physical analyses. 

The comprehensive soil profile investigations during the 1980s has revcaled that a rev~sion of the Danish 
contribution to the EU Soil Map is necessary. This paper shows how the revised version of thc Danish EU 
map has been constructed by combining landscape maps, national soil maps and the soil profile classifications 
from the investigations in the 7 krn grid. 

Introduction 
Denmark is geographically situated at about 56ON 1 1°E. It has a temperate, Atlantic climate 
with a winter mean temperature of about O°C and a summer mean of about 17OC. The mean 
annual precipitation ranges from more than 800 mm in central Jutland to below 500 rnrn in 
the Great Belt region. The annual potential evapotral~spiration is about 550 mm, the annual 
actual evapotranspiration about 380 mm. In spring and early summer, the potential 
evapotranspiration exceeds precipitation, and the vegetation utilizes water stored in the root 
zone, causing depletion of soil water. In late summer and early autumn, the soil water 
reserves are replenished due to a precipitation surplus. In late autumn, winter and early 
spring, leaching takes place. In central Jutland, the annual percolation exceeds 400 mm. In 
the Great Belt region it is about 150 mm (Aslyng, 1978). 



The natural vegetation is deciduous forest, the climax vegetation being beechwood. Today, 
about two-thirds of the country is agricultural land that is manured, limed and, to some 
extent, drained. Only about 10% is under forest, and a large part of this is spruce plantations. 

Fig. 1 shows the origin of the parent material of Danish soils. The major part of the country 
consists of Weichsel glacial deposits, mainly tills. In western Jutland, old relic Saale glacial 
deposits and the younger Weichsel outwash plain deposits dominate, while in northern 
Jutland marine deposits cover large areas. Along the west coast of Jutland, sand dune and 
saltmarsh deposits are dominant. Fig. 2 shows where clayey (>15% clay) and sandy ( 4 5 %  
clay) parent material are situated and where extensive peatlands are located. 

1: Old morainic areas from Saale ; 2: Young morainic areasf,-om Weichsel ;3: Outwash 
plains from Weichsel ; 4: Dune sand areas ; 5: Marine deposits from the Yoldia period ; 
6: Marsh areas and areas below sea level ; 7: Marine depositsflorn the Littorina period 
or younger : 8:  Mixed areas 

Figure 1. Denn1al-k: A simplified con~putel--dra~v londforn~ t?lap 



clayeylloamy parent material (above 15% c!ay) 
sandy parent material (less than 15% clay) 

Figure 2. Denmark - The locatior~ of clayeylloan~y a t ~ d  sandy pctretlt material, 
wetlands and tnajor moor-lands. 



The Danish landscape is generally flat or slightly undulating. Only about 1% of the country 
has slopes with gradients exceeding 12'. Today, half of this area is afforested. Therefore, 
severe soil erosion due to water is not a big problem, but colluvial deposits occur frequently 
on footslopes due to sheet and rill erosion. 

The overall soil-forming processes on well-drained sites are: 
o acidification due to the leaching of calcium carbonate and exchangeable bases, 
0 weathering of the different minerals, migration of clay particles on loamy or clayey 

soils, 
podzolization of sandy soils involving translocation of humus, iron and aluminium 
(hydr)oxides from the A to the B horizon. 

In wetlands, gley processes and peat formation are the dominant soil-forming processes. 

Data collection 
The soil map is constructed by using different landscape maps and the national soil maps for 
delineation of different mapping units. All the maps have been digitized and stored in a 
nation-wide comprehensive database system (Madsen et al., 1992). The following maps have 
been used: 

The landscape map shown in Fig. 1 (scale 1: 100,000). 
The texture map shown in Fig. 2 (scale 1:500,000). 

o Map showing the location of wetlands in the first half part of this century (scale 
1 :20,000). 
Textural information from the Danish Soil Classification including more than 
36,000 texture analyses (scale 1:50,000). 

The two first-mentioned maps (Figs. 1 and 2) delineate the pedological mapping unit. The 
wetland maps are used for a percentage quantification of the wetland soils (fluvisol, gleysol, 
histosol) as inclusions within associations. ?'he national soil map and related texture analyses 
are used for delineation of different textures according to the 5 classes defined in the EU Soil 
Map and subsequent publications (CEC, 1985). Furthermore it gives information on slope 
class. 

The pedological assessment of the mapping units was mainly based on the soil classification 
of the soil profiles situated in the 7k1n grid, but also results from other pedological 
investigations were taken into consideration when necessary. 

Within the 7krn grid a soil profile was excavated at each intersection and described in dctail 
according to Madsen and Jensen (1988). From each horizon, soil samples were taken for 
physical and chemical analysis, and undisturbed samples were collected in cores for 
determination of soil water retention and bulk density. For each of the excavations, an 
augering was made to a depth of 2 metres, from which a soil sample was collected. 

All samples were analyzed for texture, pH, organic matter content and calcium carbonate 
content. All samples containing more than 0.5% organic carbon were analyzed for total 
nitrogen. exchangeable bases, acidity, and cation exchange capacity were determined on half 
of the samples. Dithionite-citrate and pyrophosphate soluble iron and aluminium were 



determined on selected samples for classification purposes. Soil water retention was 
determined on all core samples. The analytical methods are described in Madsen and Jensen 
(1992). 

Results and Discussions 
All the soil profiles have been classified according to the revised FAO-UNESCO Soil 
Classification system used for the EU Soil Map (CEC, 1985). The sandy soils are mainly 
regosols, arenosols or podzols, while the more clayey soils are cambisols, phaeozems, 
luvisols, acrisols or podzoluvisols. The wetland soils are mainly gleysols, fluvisols or 
histosols. Fig. 3 shows the soils of the 7km grid categorized into the eight groups defined 
below. Because the sampling has been carried out in a fixed grid, it is possible statistically to 
make some simple estimations on the occurrence of different soils found within different 
geographical regions. 

1) podzolized sandy soils 
FAO: podzols 

2) non-podzolized sandy soils 
FAO: arenosols, regosols 

3) acid loamy and clayey soils with clay illuviation 
FAO: acrisols, podzoluvisols 

4) neutral or slighly acid loamy or clayey soils with clay illuviation 
FAO: Iuvisols, luvic and most gleyey phaeozems 

5) loamy or clayey soils without clay illuviation 
FAO: cambisol.~, phaeozems except luvic and some gleyey ones 

6) wetland soils showing gley formation 
FAO: gleysols, fluvisols 

7) wetland soils showing deep peat formation 
FAO: histosols 

8) soils on limestone 
FAO: rendzinas 

The names in italics above indicate the eight major soil groups. 



1: podzol 2: arcnosol, regosol 
3: acrisol, podzoluvisol 4: luvisol, phaeozem wilh Bt 
5: cambisol, phaeozem without Bt 6: gleysol, fluvisol 
7: his~osol 8: rendzina 

Figlire 3. Denmark - Major soil groupings accordit~g to the 1974 FAO-UNESCO Soil 
Classificatiot~ system that are f o ~ i t ~ l  within the 7 h~ grid. 



Soils of different landscapes 
Table 1 shows the number and percentage share of the different soils in relation to the 
landforms shown in Fig. 1. Rendzinas have been excluded from Table 1 because only three 
rendzinas were found. The landforms of the reclaimed sea areas and salt marsh have also 
been excluded as the number of soils investigated in these areas was very small. However, 
most of the soils of these two landforms are fluvisols or gleysols. Areas with mixed 
landforms where the soils cannot be related to a definite landform have been excluded. 

Table 1. Soil Types in Relation to Landfoims (numbers in brackets refer to code in 
figure I ) .  

P : podzol 
QR : arenosol and regosol 
AD : acrisol and podzoluvisol 
LH : luvisol and phaeozems with clay illuviation 
CH : cambisol, all phaeozems without clay illuviation, rendzina 
GJO : gleysol, fluvisol, histosol 

* Including salt marsh, reclaimed and mixed areas 

In the littorina areas, wet soils dominate: 56% are gleysols or fluvisols, while 9% are 
histosols. On the more elevated parts, arenosols are most common while podzols are rare. On 
the Yoldia plateau, well-drained, non-podzolized, sandy soils dominate, while loamy soils 
are rare. The wetlands are mainly situated in deep narrow valleys. In these valleys, histosols 
dominate. The dune landscapes show regosols/arenosols and podzols on the well-drained 
parts, while the wetlands are characterized by gleysols, some of which have thin histic 
epipedons. In the Saale glacial landscape and on the Weichsel glacial outwash plains, podzols 
dominate, accounting for about two-thirds of the profiles investigated, while arenosols cover 
less than 20% of the area. Among the loamy soils, no specific soil type dominates. The 
wetland soils, mainly gleysols and fluvisols, cover about 10% of the area. Only 1% are 
histosols. In the Weichsel glacial landscape, luvisols are the dominant soil type, accounting 
for 40% of the investigated profiles. Cambisols cover 15% of the area, while acrisols cover 
only 5%. Among the sandy soils, arenosols seem to be a little more common than podzols. 
The wetland soils account for 11% of the investigated profiles, 9% were gleysols/fluvisols 
and 2% were histosols. The three rendzinas, mentioned earlier, were also found in these 
areas. 



In the country as a whole, podzols and luvisols are the most common soils. Each covers 26% 
of the investigated area. Arenosols, carnbisols and gleysols each cover 10% to 20% of the 
investigated area, while acrisols, histosols and rendzinas are rare, covering 5%,  2% and less 
than 1%, respectively. The rather well-drained soils cover 86% of the area, and the wetland 
soils 14%. 

Some landscapes like salt marsh, littorina, indiked areas, yoldia and coastal dunes cover 
relatively small areas and the soil profiles are developed under special soil-forming 
conditions. There is no systematically regional variation in the complex of soil types within 
these areas and thus there is no need for a subdivision of them. Each can therefore be 
appointed one set of dominant soil, association and inclusion. 

1: carnbisol > luvisol ; acrisol absent : 2: luvisol >> carnbisol ; acrisol nearly absent ; 
3: luvisol > acrisol = carnbisol ; 4: acrisol >> luvisol= carnbisol ; 
5: acrisol = carnbisol > luvisol ; Ratio: >> higher than 3, > 1.5 lo 3. = Icss [han 1.5. 
For dctailed defiriitiori of ihe major group, see Table 2. 

Figure 4. Dennlark: Soil regiot~s based ot? soils otl loonly or- clayey par-etlt materials. 



The pedological development within the Weichsel and Saale landforms, outwash plains and 
inland dunes are more complex; they were therefore into several different mapping unit 
because other factors like climate, parent material, vegetation history and the Pre- 
Quarternary substratum play an important role for the soil development (Madsen and Jensen, 
1992). The location of different soil types developed on well-drained clayey and sandy 
parent material will be discussed below. 

Fig. 4 shows the dominant soils, and hence the dominant soil forming processes, for well- 
drained loamy and clayey soils in different parts of the country. Five major regions have 
been identified. Two major geomorphological features can be recognized on the map; the 
Main Terminal Moraine and the East Jutland Terminal Moraine. Table 2 shows the number 
and proportion of the different soil types within the various regions. 

Table 2. The regional variation in the pedological developt?zetit of loarny and clayey 
non-wetland soils. 

AD : acrisol and podzoluvisol 
LH : luvisol and phaeozems with clay illuviation 
CH : cambisol, phaeoze~n without clay illuviation and rcndzina 

Region 1 (catnbisol>luvisol) includes the southwestern part of Zealand and the northern p a t  
of Lolland. The parent material in this region is mainly loamy calcareous till. The dominant 
soil forming processes are weathering and structure formation. The soils are classified as 
cambisols. Clay illuviation leading to the formation of luvisols was only apparent : in one- 
quarter of the profiles. Acid soils with clay illuviation are not found in the region. 

Region 2 (luvisol>>cambisol) covers almost all the remaining area east of the East Jutland 
Terminal Moraine. In this region, about 80% of the soil profiles are luvisols. These are 
neutral or slightly acid soils with clay illuviation. Only about 20% of the soils are cambisols, 
and acrisols are nearly absent. 

Region 3 (luvisol~acrisol=canibisol) has a range of soils with and without clay illuviation 
similar to that found in Region 2, but acid soils with clay illuviation are more common, 
making up about one-quarter of the soils investigated. Luvisols are still dominant, covering 
more than half of the area. 

Region 4 (acrisol>>luvisol=can~bisol) covers Vendsyssel and the northern part of 
Himmerland. The area is mainly sandy and only 14 soil profiles have developed on loamy or 



clayey parent material. Among these, acrisols dominate, making up about 70% of the 
profiles. The loamy and clayey soils in the northern part are more acid than in the south, but 
soils with a loamy and clayey texture are rare in this region. 

Region 5 (acrisol=cmbisol>>luvisol) includes most of the loamy and clayey parts of the 
Saale glacial landscape. There is more or less the same areal extent of acrisols and cambisols 
(about 40% each), while luvisols are nearly absent. 

Fig. 5 shows Denmark divided into three regions according to the frequency of podzolized 
sandy soils. Table 3 shows the number and percentage share of the different soil types within 
the various regions. Region A, (podzol>> arenosol), covers the area west of the Main 
Terminal Moraine of central Jutland and some parts of central eastern Jutland. Furthermore, 
northeastern Za land  belongs to this soil group. There is a clear dominance of podzols 
making up about 90% of the sandy profiles. In Region B, (podzol>arenosol), about two- 
thirds of the sandy soils are podzols, whereas in Region C, (arenosol>> podzol), the non- 
podzolized soils dominate, m&ing up more than 80% of the sandy soils. In total, 60% of the 
sandy soils are podzols. 

A: podzols >> arenosols ; 13: pdzo l s  > arenosols ; C: arcnosols >> podzols 
Ratio: >> higher than 3, > 1.5 to 3. = less lhan 1.5. 
For dersiled definit~on of the major groups, see Table 3 

Figure. 5. Detlrnark - Soil r.epiotls based on soils on sat~dy parent material 



Table 3. The regional variation in the podzolizatiotl of sandy non-wetland soils. 
P : podzol QR : arenosol and regosol 

Soil texture and slope class 
According to the EU Soil Map (CEC, 1985), the soils should be divided into one of five 
texture classes. Based on 36,000 soil texture analyses a texture map showing the five classes 
was compiled at a scale of 1:100,000. The major part of the country is texture class 1, but a 
significant part of the Weichsel glacial landscape is texture class 2. Only in the salt marsh 
area are more heavy textures found, and some minor areas are classified as texture class 4. 
The texture map was combined with the pedological map when constructing the mapping 
units. 

As previously mentioned, the Danish landscape is generally flat or slightly undulating. Only 
1% of the country has slopes with gradients exceeding 12'. Thus the country as a whole is 
classified as slope class a. 

The soil map 
By combining the different computerized maps and the above-mentioned information about 
the pedological development of Danish soil and the regional soil variation, it is possible to 
define the 16 different mapping units listed in 'Table 4 and to construct a revised EU Soil 
Map for Denmark (Fig. 6). There were originally 17 different mapping units (CEC, 1985), 
but at a meeting in Hannover, Germany, in June 1992 the mapping units around the Danish- 
German border were harmonized. This was done to avoid the national borderline also being 
represented as a soil boundary. Minor adjustments were made to reconcile the two maps, and 
in the process one of the Danish mapping units was excluded (mapping unit 3, a subdivision 
of the salt marsh area according to texture). 

Mapping unit 1 is the peatland from Fig. 2. Mapping unit 2 is the salt marsh, and mapping 
unit 4 covers the younger marine forelands (Littorina) and indiked areas on Fig. 1. Mapping 
units 5 to 11 are the relatively well-drained clayey mapping units in the Weichsel glacial 
landscape, whereas mapping unit 12 is the same but in the Saale glacial landscape. Mapping 
units 13 to 15 are the sandy well-drained soils. Mapping unit 13 is mainly situated on the 
outwash plains west of the terminal moraine, mapping unit 14 covers part of north Jutland, 
whereas mapping unit 15 is mainly located on the islands. Mapping unit 16 is on coastal 
dunes and mapping unit 17 is the Yolda plateau in the north. 



Figure. 6. The revised European Soil Map of Dolr?~ar-X-. 
For defirli~ion of the mapping uriics, see Table 4 



Table 4. The definition ofthe 16 different mclppirtg units on the revised EU Soil Map of 
Denmark. 

REFERENCES 

7: 

8: 

9: 

10: 

ASLYNG, H.C. (1978). Milje og jordbrug. DSR, Kgbenhavn. 

CEC (1985). Soil map of Iiie European Comntuttiries, 1:1,000,000. Office for official 
publications of the European Communities, Luxembourg, 124pp, 7 maps. 

(55%) 
Lo-2 
(50%) 
Lo-1 

MADSEN, H.BREUNING (1983). Hirnrnerlands jordbundsforhold. Folia Geographica 
Danica, XVI 

(20%) 
Lg-2 
(30%) 
Lg-1 

12: 

13: 

14: 

15: 

16: 

17: 

Lo-2 
(60%) 
Lg-2 
(25%) 

(20%) 

(5%) 
Qc-1 
(5%) 
Qc-1 

Ah-1 
(25%) 
Po-1 
(45%) 
Po-l 
(50%) 
Qc-1 
(80%) 
Rd-l 
(90%); 
Qc-1 
(65%) 

Bd-1 
(20%) 
Pg-1 
(10%) 
Pg-1 
(10%) 
Ge-1 
(5%) 

Od 
(10%) 

Lg-2 
(15%) 
Lo-2 
(20%) 

Dd-1 
(25%) 
Ph-l 
(30%) 
Qc-1 
(30%) 
Po-1 
(15%) 
Re-1 
(10%) 
Po-1 
(20%) 

(5 7%) 
Gm-2 
(5 %) 
Gm-1 

Id-1 Qc-1 Gm-2 Be-2 
(10%) (5%) (5%) (5 %) 
Ah-2 Dd-2 Be-2 Gd-2 Po-1 
(15%) (15%) (10%) (10%) (5%) 

Bg-1 
(10%) 
Qc-1 
(10%) 
Gd-1 
(5%) 

Dd- 1 
(5%) 

(5%) 
Be-2 
(10%) 
Be-l 

Gd-l 
(10%) 
Od 
(5%) 
Oe 
(5 %) 

(10%) 

Po-1 
(10%) 



MADSEN, H. BREUNING and JENSEN, N.H. (1976). Jordprofilutlders@gelsen. 
Landbrugsrninisteriet Arealdatakontoret, Vejle. 

MADSEN, H. BREUNING and JENSEN, N.H. (1988). Vejledtlitlg ti1 beskrivelse af 
jordbundsprofiler. Landbrugsministeriet Arealdatakontoret, Vejle. 

MADSEN, H. BREUNING and JENSEN, N.H. (1992). Pedological Regional Variations in 
Well-drained Soils, Denmark. Geografisk Tidsskrifr 92: .61-69. 

MADSEN, H. BREUNING, NaRR, A.H. and HOLST, K.A.A (1992). The Danish Soil 
Classification. Atlas of Denmark I,3. Reitzel, Copenhagen. 

MATHIESEN, F.D. (1980). Soil classification in Denmark. Its result and applicability. EU 
seminar on Land Resource Evaluation, Wexford, Ireland, 1978. 

0STERGAARD H.S. (1990). Kvadratnet for tlitratzo~dcrs@gelser i Datzmark. Oversigt 1986- 
1989. Landbrugets Rgdgivningscenter, Landskontoret for Planteavl. Skejby, Arhus 



IV.5. THE SOIL INFORMATION SYSTEM " FISBO BGR". 
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Abstract 

The Federal Institute for Geosciences and Natural Resources has started to set up a soil information system 
(FISBo BGR). This information system is intended to contain all information relevant to soil protection. It 
will then be possible to recall and interprer [he data according to scientific or regional criteria. Additionally, 
methods and criteria will be developed for recognition and assessment of soil contamination. FISBo BGR 
consisls of three main components. The spatial database conlains all small-scale soil maps for nationwide 
need. They will be used as an extensive database, for example, to create thematic maps. The laboratory 
database contains the results of soil analyses, i.e. basic chemical and physical data (soil properties), as well as 
data on inorganic and organic contaminants. Standardized methods for evaluation of these data will be stored 
in the method base: this defines these methods, e.g. for the derivation of the retention capacity, the 
groundwater recharge. or soil productivity from soil maps and the relevarll basic pedological dala. 

Introduction 
Soil protection has become a priority issue at the EU and national levels as well as in the 
individual Federal States of Germany. This developmenl can be seen in the increasing 
demand for pedological information. The Federal Institute for Geosciences and Natural 
Resources [Bundesanstalt fiir Geowissenschaften und Rohstoffe, (BGR)] has responded by 
starting to establish a soil information system (FISBo BGR) for Germany. 

Structure of the Geo-Information System 
The BGR Soil Information System (FISBO BGR) is one branch of a comprehensive 
information system for the geosciences, for example, geology, soils, geomorphology, 
hydrology etc. Together they form the geo-information system, a network which enables 
broad interdisciplinary evaluation of different topics. The structure of such an information 
system has been described by Vinken (1992). This and other papers in his compilation 
(Vinken, 1992) give an extensive view of the actual work using information systems in 
Germany. A simplified structure is shown in Fig. 1. 

Tasks and goals of the BGR Soil Information System (FISBo BGR) 
In Germany, sixteen Federal States are responsible for administration of soil use and soil 
protection. The Federal Government of Germany is responsible for nationwide aspects of soil 
protection and for issues at the E U  and international level. The BGR as an agency of the 
Federal Government advises it on all matters related to geosciences. In this context, the BGR 
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soil information system helps to support its work on soil use and soil protection and needs to 
be seen as a specialized addition to the information systems of the individual Federal States 
currently being built (Fig. 2). 

In order to be able to advise the Federal Government, it became necessary to set up a 
modem, digital information system that contains all the data relevant to the use and 
protection of soil nationwide. The soil information system of BGR helps to make extensive 
data available to answer all kinds of questions and to process these data for the whole of 
Germany. Therefore, this soil information system can be regarded as a tool and as an 
appropriate use of modem information technologies. 

In summary, the FISBo BGR is undertaking the following tasks: 

to elaborate and provide a database in co-operation with the German Federal States 
according to the needs of the Federal Government; 
to analyze this database to answer requests for information by the Federal Government 
(for example to prepare presentations of the current situation, to compile basic and 
thematic maps, for prognosis, to draft guidelines as required by law); 

e to provide a basis for handling questions handed in by EU agencies or international 
bodies; 

e to provide a basis for cooperation with other research institutions (for example for 
nationwide analyses). 

Structure of the BGR Soil Information System (FISBo BGR) 
Because of the above mentioned goals and tasks, close cooperation between the Federal 
Government and the individual Federal States became necessary. That effectively meant that 
the structure of the state information systems and that of the BGR had to be similar in order 
to guarantee the most effective information transfer. Structural patterns have been proposed 
for a nationwide information system, by a special working group representing the Federal 
States (SAG Informationsgrundlagen Bodenschutz, 1989). They have been completed 
through by a number of consultations and agreements, for example Mirldestdotensatz 
Bodenuntersuchungen by the same working group (Sag Informationsgrundlagen 
Bodenschutz, 199 1). 

The following structural components are being built up at the BGR to be compatible with 
those information systems of the individual German states: 

1. spatial database 
2. laboratory database, which includes laboratory data as well as profile data with their 

location 
3. method base. 

With respect to future cooperation with EU organizations, these structural components have 
to be adjusted to be useable at the EU-level. This refers above all to comparable data field 
registers, data sets and methods. 



Contents of the FISBo BGR spatial database 
The spatial database established at the FISBo BGR has to meet the special requirements to 
produce soil survey maps with the highest precision possible in order to fulfil its duty to the 
government. Fig. 3 shows the contents of the spatial database (map index, maps, assigned 
soil units). 

PISBo B(7R - contents of  the laboratory database 

documentation of the contents of  
the laboratory database 
(meta-information) 

I 

data f i e l d  directory 
(meta - information) 

) f i e l d  data I 

s o i l  pro f i l e  data 

I 1 

analysis  data I 

Figure 3. Contents of the FISBo BGR laboratory database 

In cooperation with the state Geological Surveys of Germany, BGR has started setting up 
guidelines for the standardization of the soil map of Germany at the scale of 1:200,000 
( ~ ~ K 2 0 0 ) .  The following steps are of special importance: 

development of a general legend for the standardized soil map 1:200,000; 
a development of rules for converting soil survey maps at other scales. 

To support these steps the following handouts are being prepared for all state Geological 
Surveys of Germany: 

* flow chart including all working steps of the state Geological Surveys of Germany as 
well as those of the BGR; 

* data sheets with 40 data fields for data collection with respect to the soil; 
units of the 1 : 200,000 soil maps. 



rules in the form of general legends and tables to ensure correct and comparable 
definitions and use of Bodenlandrchaften (soil regions), typical soil profiles 
(benchmark soils) within the whole 1:200,000 soil map project. 

After that it will be possible to compile 1:200,000 maps in cooperation with the state 
Geological Surveys of Germany. 

Because of the reunification of Germany, a common 1:1,000,000 soil survey map was 
lacking. An initial draft was worked out on the basis of the existing maps (Hartwich et al., 
1993). An important step was the adjustment of the soil map of the former German 
Democratic Republic (Haase and Schmidt, 1979) and the soil map of the pre-reunification 
parts of the Federal Republic of Germany (Roeschmann, 1986). This required the 
standardisation of all data and data structures for soil maps. The first draft of the 1:1,000,000 
soil map ( ~ ~ ~ 1 0 0 0 )  will be printed in the spring of 1994. 

The existing Soil Map of the EU at a scale of 1: 1,000,000 (EU Soil Map 1000) is being 
updated and at the same time to be adjusted to the new German borders of the ~ ~ ~ 1 0 0 0 .  
This is necessary for the harmonisation of soil information between the German Federal 
States but also at the EU-level. For this purpose, the soil map unit characteristics on the 
revised 1:1,000,000 scale EU Soil Map have to be translated according to the F A 0  
nomenclature. 

Initially, the spatial database for the 1:1,000,000 scale EU Soil Map has been used to derive 
thematic maps on various aspects of soil protection. This use will be the main application of 
the spatial database in the future. 

Contents of the FISBo BGR laboratory database 
The laboratory database will be compiled to be appropriate for the 1:1,000,000 and 
1:200,000 scale soil survey maps. Only when this has been done, will it be possible to create 
pedotransfer functions, which relate different soil properties to one another or to soil textures 
(Bouma and van Lanen, 1987). They are necessary for the interpretation of soil maps and the 
production of thematic maps (I-Iennings, 1993). Furthermore, those data can be used to 
examine special soil characteristics, for example to determine the degree of contamination of 
soils using geostatistics. The pedotransfer functions are essential for creating standardized 
data sets from heterogeneous data. 

At the meta-data level, the laboratory database will contain: 

index of the laboratory database (meta-infomation), including: 
- documentation of laboratory methods; 
- list of all kinds of laboratory data; 
laboratory data field index (meta-information), including: 
- data field index for the Federal Republic of Germany; 
- data field index for the EU; 
- data field index for international terms (e.g. FAO, Soil Taxonomy). 



At the data level, the laboratory database will also contain: 

field data (Sag Informationsgrundlagen Bodenschutz, 1991); 
profile data: 
- data coded on the basis of the national soil mapping guide (3rd & 4th editions), 

- data coded on the basis of international nomenclature; 
- analytical data 
- pedochemical and pedophysical data to mark the map, 
- soil contamination data. 

Contents of the FISBo BGR method base 
The use of pedological data for analyses of specific topics (for example for a thematic map) 
requires not only an effective database system, but also a single concept and definition of a 
method base which can be used by BGR as well as the German Federal States. This method 
base is to contain a collection of evaluation methods (Eckelmann and Miiller, 1989; Miiller et 
al., 1993). Each method contains on the one hand a list of parameters required and on the 
other hand simple pedotransfer functions (Fig. 4). It still has to be decided whether numerical 
simulation models can be included in a method-base like the one in the BGR soil information 
system. 

Figure 4. Contents of the FISBo BGR method base 
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As a f i s t  step, a compilation and standardization of formal methods has been worked out 
(Hennings, 1993). This offers an overview on the already existing methods and helps to 
standardize the use of those methods. Using this paper, the state Geological Surveys are able 
to identify the most appropriate methods for generating thematic maps. 

These methods have been described using similar patterns: the main documentation sheet, a 
flow chart for each method, and a collection of pedotransfer functions. They contain: 

Main documentation sheet, including: 
- required land quality (name of method - risk of groundwater contamination by 

heavy metal) 
- source of the method (author of the method, cited literature); 
- required base data; 
- parameters required (more or less complex, final or intermediate stage of 

development); 
- advice on how to use this method, limits of use (e. g. scale). 
Flow chart, including: 
- parameters required for the method, e. g. 
- land use, 
- soil texture, 
- humus content, 
- pH, 
Pedotransfer functions, including relatively simple, partially developed and complex 
ones, and as mathematical algorithms. 
Connections (the flow chart diagram lines) between base data, pedotransfer 
functions and the intended result. 
Collection of pedotransfer functions in the shape of tables or mathematic algorithms. 

This documentation of the methods has been developed so that it can be used by all of the 
states Geological Surveys for their own work, as well as for application involving the whole 
country. 

Substantial importance will be given to the optimization of pedotransfer functions for a 
variety of soil properties and land qualities in the form of programmable algorithms. These 
algorithms, once they are established as reliable and accurate approaches, provide the 
opportunity to estimate key relationships that greatly simplify the miliimum taxonomic data 
required by modelers (Wagenet et al. 1991). 

Several pedotransfer functions to estimate the soil hydraulic properties have been published 
on the 1980s. To prevent repetitions and identify best suited approaches for a target-oriented 
selection of methods for the method base of a soil information system, existing algorithms 
should be tested on the basis of the inventory of a laboratory database. The main objectives 
of such investigation are to: 

quantify the validity of pedotransfer functions for estimating hydraulic properties in 
general, 
compare existing approaches on a common database, 
obtain a ranking according to the accuracy of predicted values. 



In a former investigation, six pedotransfer functions for estimating the water retention curve 
were tested and their validity was evaluated (Tietje and Hennings 1993). Among the six 
methods examined two algorithms stand out because they yield the least deviation between 
the estimated and measured values. The results allow a target-oriented selection of methods 
for the method base of a soil information system. 

Beside the above mentioned method documentations some more methods, guides and 
instructions have to be standardized in the future 

for collecting data 
- field sampling instructions, 
- aggregation concepts for maps; 
for analysis 
- geostastistical classification of individual characteristics, 
- adjustment of classification diagrams etc., 
- supplement for DIN-norms, ISO-standards etc., 
complete standardized research programmes. 

Use of the Soil Information Systems FISBo BGR 
The Soil Information System FISBo BGR will be used first to advise the Federal 
Government using all types of data and method bases. Moreover, it will be used to develop 
pedotransfer functions and more or less complex methods for soil evaluation for their use by 
the state Geological Surveys as well as the BGR to guarantee similar results for the 
individual states and the nationwide level. At least it will be basis for applied and scientific 
co-operation with other instituts on the EU and the global level. 

In a further application the structures of the FISBo BGR will be developed and transformed 
for the special need in the matter of technical aid in developing countries. Then data from 
technical aid projects can be handled in the project area as well as in the BGR and can be 
used to built up a database for global soil information. 
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V.1. FUTURE NEEDS FOR SOIL INFORMATION IN THE 
EUROPEAN UNION 

J. Meyer-Roux 
Institute for Remote Sensing Applications, Joint Research Centre of the EU, 21020 Ispra (VA), Italy 

The activity of the Soil and GIs Support Group represents a historic turning point in studying 
soil information from many perspectives. 

The activating forces were not official soil organisations or groups of scientists but two projects, 
the MARS and CORINE Projects, where soil aspects were a relatively minor part of the overall 
programmes. 

The Soil Map of the European Union was the starting point of the activity but evolved rapidly 
into the soil contribution to a more general information system. Subsequently the support has 
changed from paper documents to computer data organised for specific output. 

The Commission of the European Union, through the Joint Research Centre, has been a catalyst, 
playing a leading role in adapting soil information to the needs expressed by DGVI-Agriculture 
and DGXI-Environment. North America, Soviet Union, International Organisations, in 
particular the FAO, were in the past the points of reference and often the main palmers for joint 
projects involving national European scientists. European co-operation was instead the driving 
force of this project. 

We must however have a critical view of such changes. Are they something worth pursuing? Are 
there some risks ? How can we avoid them? Neither soil scientists nor soil organisations 
provided the dynamism for these projects. 

This is something we can observe in many fields. Society and policy-makers tend to avoid 
financing basic projects in geology, mapping and soil science which are intended for general 
strategic purposes. End users, or customers in sectoral policy areas which can support part of the 
costs, must be involved even for multi-purpose projects. 

Soil information studies must be sustained by projects well recognised by policy-makers. The 
drawbacks are a potential for diversification of the work being done, a lack of harmonisation and 
in general, a decrease in quality of the scientific base if remedies are not found. 

The activity of the Soil and GIs Support Group and the supporting JRC organisation has 
maintained professional standards, but it was often based on personal links between the soil 



scientists, the JRC personnel and the good relations between agriculture and environment. We 
should look at more formal institutional links. 

The change from maps to a computer database is also a necessary change. It allows the treatment 
of more information which previously had to be discarded or left in the archives because it 
would not fit on a paper map. It allows the processing of such data according to complex 
algorithms for water balance models or erosion risk models. 

This allows more precise control of the quality of work through thematic maps or the matching 
with other existing maps. But there is also a potential for decreasing quality if there is too much 
emphasis is on the thematic output without checking the quality of the various layers of 
information, since soil information is generally combined with other data and becomes only a 
part of the overall system. 

Computerised information introduced such a change in the handling of soil information that we 
must rethink soil mapping methods as a whole, and here the Soil and GIS Support Group clearly 
shows the way. 

The Soil and GIs  Support Group has obviously reinforced European links between soil 
scientists. This is a role of the Commission but for obvious geographical reasons, as well as the 
fact that European institutions are harmonising more and more policies, the Commission of the 
European Union has an important role in the overall mechanisms for implementing common 
regulations. 

There is, however, a danger in such an evolution. The Commission's r61e for administrative 
aspects of directives is well recognised. In general, technical aspects such as soil science which 
vary horizontally are not considered as such, and there is the potential gap between financial and 
administrative aspects and scientific considerations. There again, we must find a way to bridge 
such a gap. 

It is not sufficient to analyse these new trends in terms of their benefits and potential drawbacks; 
we must also try to advise the direction of changes, even where these require very careful 
discussion and analysis. 

To counteract the potential for too much diversification in soil information between regions or 
countries or predominance of narrow thematic objectives, it is necessary to define standards of 
quality and to find a way to enforce them. It is also necessary to define guidelines for soil 
databases according to present and future needs at different levels. The soil scientists must be 
clearly responsible for such directives. 

It is necessary to set up a soil information system at European level, available to test different 
models independently of specific applications. 

Furthermore, a recognised body within the Commission is needed. l'his could give advice when 
funding from the Commission is required for EU-wide soil programmes as well as 



implementation of soil surveys at regional level, under regional programmes, which will be the 
main source of financing in the future. 

The Joint Research Centre would probably be the most suitable place within the Commission to 
receive and support such a group. National soil organisations should recognise its necessity and 
participate in its functioning and/or funding through the detachment of high level soil scientists 
at least for a substantial period of time. 

Such recommendations should be carefully analysed and discussed, but we must take the 
opportunity of currently favourable conditions. 

The Soil and GIs  Support Group has clearly demonstrated its capacity not only for counselling 
the MARS Project with a sound analysis of problems, but in particular by the excellent work of 
INRA in implementing the soil data base. 

We must implement a policy of data availability which clearly takes into account the various 
costs involved at the various levels, by national soil organisations, also costs of maintenance and 
dissemination. Such a policy must take into account the various potential users, scientific or non- 
profitable as well as profit-oriented organisations. 

The Soil and GIs  Support Group has clearly realised an impressive piece of work. The new 
guidelines are a commensurate challenge in order to: 

0 maintain scientific standards; 
harmonise the programmes; 

0 define a data policy; 
have closer institutional links. 

Times are quite favourable to achieve these new tasks. Soil information is an important part of 
the knowledge of our physical environnlent. There is a strong emphasis on developing better 
knowledge necessary to pursue what is often called sustait~able developmetlt. 

The 4th Framework Programme of the EU and the JRC programme, which is part of it, reflect 
such priorities. 

There is no doubt that we will be strongly supported if we continue to demonstrate both our 
capability to improve soil information and to provide it in a useful form for policy-makers 
dealing with sectoral problems. 
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APPENDIX 1 

DICTIONARY FOR SOIL MAPPING UNITS 
AND SOIL TYPOLOGICAL UNITS (VERSION 2.0,1993) 

J. Daroussin 
National Agronomic Research Institute (INRA) - Soil survey staff of France 

45 160 Ardon, France 

Structure of data 

Coverage SOIL 
Graphic description of the Soils of EU. 
Arc/Info coverage with polygon topology. 
Projection: Larnbert azimuthal 
Source: CORINE 
Revised: INRA (Institut National de la Recherche Agronomique), SESCPF (Service d'Etude 
des Sols et de la Carte Pedologique de France). 

Info file SO1L.PAT 
Polygon attribute table for coverage SOIL. 
COLUMN ITEM NAME WIDTH OUTPUT TYPE N.DEC ALTERNATE NAME INDEXED? 

1 AREA 4 12 F 3 
5 PERIMETER 4 12 F 3 
9 SOIL# 4 5 B 

13 SOIL-ID 4 5 B 
17 COUNTRY 3 3 I 
20 SMU 4 4 I 

AREA Area of polygon (in square meters). 
PERIMETER Perimeter of polygon (in meters). 
SOIL# Arcflnfo internal identifier for polygon. 
SOIL-ID User's identifier for polygon. 
COUNTRY Country code (see bellow cover COUNTRY): identifier of country to which the polygon 

belongs. 
SMU Soil Mapping Unit number: identifiei of Soil Mapping Unit to which the polygon belongs. 

Info file SMU 
Table describing the Soil Mapping Units. 
COLUMN ITEM NAME WIDTH OUTPUT 

1 COUNTRY 3 3 
4 SMU 4 4 
8 COPIED 1 1 
9 PAPER-CODE 4 4 

13 INCCT 1 1 
14 MAT1 3 3 
17 MAT2 3 3 
20 ZMIN 4 4 
24 ZMAX 4 4 
28 USE1 2 2 

TYPE N.DEC 
I 
I 
C 
I 
I 
C 
C 
C 
C 
C 

ALTERNATE NAME INDEXED? 
COUNTRY-CODE 
SOIL-MAYUNIT# 
FROM-OTHER-SOIL 
PAPER-MAF-CODE 
INCLUSION-COUNT 
1 ST-PARENT-MAT 
2ND-PARENT-MAT 
MINIMUM-ALTITUDE - 
MAXIMLRv-ALTITUDE - 

1ST-LAND-USE 



30 USE2 2 
32 USE3 2 
34 USE4 2 
36 PHASE1 2 
38 PHASE2 2 

** REDEFINED ITEMS ** 
14 MATlG 1 
14 MATlSG 2 
17 MAT2G 1 
17 MAT2SG 2 

COUNTRY 

SMU 

COPIED 

PAPER-CODE 
I N c m  

MAT1 
MAT2 
ZMIN 
ZMAX 
USE1 
USE2 
USE3 
USE4 
PHASEl 
PHASE2 
MATlG 
MATlSG 
MAT2G 
MAT2SG 

Country code (see bellow cover COUNTRY): identifier of country to which 
the SMU belongs. 
Soil Mapping Unit number: identifier of Soil Mapping Unit. NB: at this 
time, an SMU can only belong to not more than one country, except for non 
soil SMU numbers (< 0). 
Means that the SMU's characteristics were ('c') or were not (' ') copied from 
those of the corresponding SMU in neighbour country. 
Paper map soil code. 
Number of inclusions in the SMU (in the updated version of the data base, 
inclusions have been converted into Soil Typological Units). There were 
from 0 to 8 inclusions per SMU. 
First parent material code of the SMU. 
Second parent material code of the SMU. 
Minimum altitude (in meters) of the SMU. 
Maximum altitude (in meters) of the SMU. 
First land use code of the SMU. 
Second land use code of the SMU. 
Third land use code of the SMU. 
Fourth land use code of the SMU. 
First phase code of the SMU (New graphic phase 1). 
Second phase code of the SMU (New graphic phase 2). 
Group of first parent material code of the SMU. 
Sub-group of first parent material code of the SMU. 
Group of second parent material code of the SMU. 
Sub-group of second parent material code of the SMU. 

Info file STU.ORG 
Table describing the organisation of Soil Typological Units within each Soil Mapping Unit. 
COLUMN ITEM NAME WIDTH OUTPUT TYPE N.DEC ALTERNATE NAME INDEXED? 

1 SMU 4 4 I - SOIL-MAP-UNIT# 
5 STU 4 4 I - SOIL-TYF'O-UNIT# 
9 PCAKEA 3 3 I - %-AREA-IN-SMU 

SMU Soil Mapping Unit number: identifier of Soil Mapping Unit. 
STU Soil Typological Unit number: identifier of Soil Typological Unit. 
PCAREA Proportion (%) of the area of the Soil Mapping Unit covered by the Soil 

Typological Unit (for each SMU, sum of PCAREA is 100%). 



Info file STU 
Table describing the Soil Typological Units. 
COLUMN ITEM NAME WIDTH OUTPUT TYPE 

1 STU 4 4 I 
5 COUNTRY 3 3 I 
8 SOIL 4 4 C 

12 TEXT1 1 1 C 
13 TEXT2 1 1 C 
14 SLOPE1 1 1 C 
15 SLOPE2 1 1 C 
16 PHASE1 2 2 1 
18 PHASE2 2 2 I 

** REDEFINED ITEMS ** 
8 SOLLG 1 1 C 
8 SOILSG 2 2 C 

N.DEC ALTERNATE NAME INDEXED? 
- SOIL-TYPO-UNIT# 
- COUNTRY-CODE 
- FULL-FAO-NAME 
- 1ST-TEXTURE 
- 2ND-TEXTURE 
- 1ST-SLOPE-CLASS 
- 2ND-SLOPE-CLASS 
- lST-PHASE 
- 2ND-PHASE 

- FAO-SOIL-GROUP 
- FAO-SOIL-SUBGROU - 

STU 

COUNTRY 

SOIL 
TEXT1 
TEXT2 
SLOPEl 
SLOPE2 
PHASE 1 
PHASE2 
SOILG 
SOILSG 

Soil Typological Unit number: identifier of Soil Typological Unit. NB: at this 
time, an STU can only belong to not more than one country, and not more 
than one SMU. 
Country code (see bellow cover COUNTRY): identifier of country to which 
the STLJ belongs. 
Full F A 0  soil name of the STU. 
First texture code of the STU. 
Second texture code of the STU. 
First slope class code of the STU. 
Second slope class code of the STU. 
First phase code of the STU (Semantic phase 1 from archives). 
Second phase code of the STU (Semantic phase 2 from archives). 
F A 0  soil group of the STU. 
F A 0  soil sub-group of the STU. 

Info file PAPER-LEGEND 
Table describing the paper map legend. 
Source: CORINE. 
COLUMN ITEM NAME WIDTH OUrPUT 

1 PAPER-CODE 4 4 
5 TYPE 4 4 
9 TEXTURE 4 4 

13 SLOPE 2 4 
15 ASSOCIATIONS 23 23 
38 ASSOC-TEXT 12 12 
50 INCLUSIONS 23 23 
73 INCLU-TEXT 12 12 
85 SYMBOL 4 5 
89 ORDER 20 20 

109 GROUP 30 30 
139 SUBGROUP 40 40 

TYPE N.DEC ALTERNATE NAME INDEXED? 
I - PAPER-MAP-CODE 
C 
C 
C 
C 
C 
C 
C 
B 
C 
C 
C 

PAPER-CODE Paper map soil code. 
TYPE Full F A 0  soil name of the paper map dominant soil unit. 
TEXTLJRE Textures (0, 1 or 2) found in the paper map dominant soil unit. 
SLOPE Slopes (0, 1 or 2) found in the paper map dominant soil unit. 
ASSOCIATIONS Normalised list of full F A 0  soil name of associated units. 



ASSOC-TEXT Textual (taken from paper legend) list of full F A 0  soil name of 
associated units. 

INCLUSIONS Normalised list of full F A 0  soil name of included units. 
INCLU-TEXT Textual (taken from paper legend) list of full F A 0  soil name of included 

units. 
SYMBOL Symbol for mapping representation 
ORDER Developed F A 0  soil order name. 
GROUP Developed F A 0  soil group name. 
SUBGROUP Developed F A 0  soil subgroup name. 

Coding of attributes 

COUNTRY 
0 Background polygon 

30 GREECE 
31 NETHERLANDS 
32 BELGIUM 
33 FRANCE 
34 SPAIN 
39 ITALY 
45 DENMARK 
49 GERMAN FEDERAL REPUBLIC 

351 PORTUGAL 
352 LUXEMBOURG 
353 IRISH REPUBLIC 
440 ENGLAND 
441 SCOTLAND 
442 NORTHERN IRELAND 

MAT1, MAT2, MATlG, MATZG, MATlSG, MAT2SG 
(If parent material is drift or residuum from various rocks, then last number (unit) is coded 
"9") 

No parent material 
100 Undifferentiate alluvial deposits (or glacial deposits) 
110 River alluvium 
111 Old fluviatile deposit (tertiary) 
112 Terraces 
120 Estuarinemarine alluvium 
130 Glaciofluvial deposits 
131 Till 
140 Glaciofluvial drift 
200 Calcareous rocks 
210 Limestone 
211 Primary limestone (Carboniferous) 
212 Secondary limestone 
213 Tertiary limestone 
214 Ferrugineous limestone 



Hard limestone 
Soft limestone 
Secondary chalk 
Marl 
Secondary Marl 
Tertiary Marl 
Gypseous Marl 
Gypse 
Dolomite 
Clayey materials 
Old clayey sedimentary deposits 
Primary clay and sandstone 
Secondary clay 
Tertiary clay 
Alluvial or glaciofluvial clay 
Tertiary alluvial clay 
Glacial clay (tertiary and quaternary) 
Gravely clay 
Boulder clay 
Residual clay from calcareous rocks 
Flint clay (Argile h silex) 
Siderolith formations 
Claystone, mudstone 
sandy materials 
Old sandy sedimentary deposits 
Secondary sands 
Tertiary sands 
Alluvial or glaciofluvial sands 
Glacial sands 
Sandy gravely materials 
Eolian sands 
Locally coversand 
Coastal sands (Dune sands) 
Shelly coastal sands 
Non calcareous coastal sands 
Sandstone 
Calcareous sandstone (Macigno) 
Femgineous sandstone (Old red sandstone) 
Clayey sandstone 
Soft quartzy sandstone 
Hard quartzy sandstone 
Quartzite 
Loamy materials 
Residual loam 
Old loam (Touyas) 
Stony loam 
Clay loam 



Eolian loam 
Loess 
Locally loess 
Sandy loess 
Siltstone 
Detrital formations 
Arkose 
Breche, Poudingues 
Flysch, Molasse 
Ranas 
Crystalline rocks 
Acid crystalline rocks (+ migmatites) 
Granite 
Diorite, Quartzodiorite 
Non acid crystalline rocks (+ migmatites) 
Syenite 
Gabbro 
Crystalline metamorphic rocks 
Gneiss 
Schists 
Micaschists 
Slates 
Shales 
Calcschists 
Green schists 
Other rnetarnorph ic rocks 
Volcanic rocks 
Acid volcanic rocks 
Basic volcanic rocks 
Phonolites 
Basalt 
Other rocks 
Organic materials 

PAPER-CODE 
0 No paper code (background polygon, ...) 

1001 Paper code number 1001 
1002 Paper code number 1002 
1003 ... 

.... 
3109 
3110 Paper code number 3 110 



PHASEl, PHASE2 
0 No information 
1 None 
2 Gravely 
3 Stony 
4 Lithic 
5 Concretionary 
6 Petrocalcic 
7 Saline 
8 Sodic 
9 Glaciers 

10 Soils disturbed by man 
20 Fragic 
21 Drained 

SLOPEL, SLOPE2 
No information 

a Level (dominant slope ranging f ~ o m  0 to 8 %) 
b Sloping (dominant slope ranging from 8 to 15 %) 
c Moderately steep (dominant slope ranging from 15 to 25 %) 
d Steep (dominant slope over 25 %) 

SMU 
- 1 
-2 
-3 
-4 
-5 
0 
1 
2 

Undefined (islands, ...) 
Towns 
Soils disturbed by man 
Water 
Glaciers 
Background polygon 
SMU number 1 
SMU number 2 

... 
570 SMU number 570 

son 
A 
Af 
Ag 
AP 
B 
B c 
B cc 
B d 
Bda 
B ds 
Be 
Bea 

Acrisol 
Fenic Acrisol 
Gleyic Acrisol 
Plinthic Acrisol 
Cambisol 
Chromic Cambisol 
Calcaro-Chromic Cambisol 
Dystric Cambisol 
Ando-Dystric Cambisol 
Spodo-Dystric Cambisol 
Eutric Cambisol 
Ando-Eutric Cambisol 



B ec 
Bef 
B g 
B gc 
Bge 
Bgg 
Bgs 
Bh 
Bk 
Bkf 
Bv 
Bvc 
Bvg 
Bvk 
B xs 
D 
Dd 
De 
Dg 
Dgs 
E 
Ec 
Eo 
Fo 
G 
Gc 
Gcf 
Gcs 
Gd 
Gdf 
G ds 
Ge 
Gef 
Ges 
Gh 
Ghf 
Ghh 
Ght 
Gm 
Gmf 
Hc 
Hg 
Hh 
HI 
I 
Ic 
Ich 

Calcaro-Eutric Cambisol 
Fluvi-Eutric Cambisol 
Gleyic Cambisol 
Calcaro-Gleyic Cambisol 
Eutri-Gleyic Cambisol 
Stagno-Gleyic Cambisol 
Spodo-Gleyic Cambisol 
Humic Cambisol 
Calcic Carnbisol 
Fluvi-Calcic Cambisol 
Vertic Cambisol 
Calcaro-Vertic Cambisol 
(Gleyo-)Vertic Cambisol 
Calci-Vertic Cambisol 
Spodo-Gelic Cambisol 
Podzoluvisol 
Dystric Podzoluvisol 
Eutric Podzoluvisol 
Gleyic Podzoluvisol 
Stagno-Gleyic Podzoluvisol 
Rendzina 
Cambic Rendzina 
Orthic Rendzina 
Orthic Ferralsol 
Gleysol 
Calcaric Gleysol 
Fluvi-Calcaric Gleysol 
Stagno-Calcaric Gleysol 
Dystric Gleysol 
Fluvi-Dystric Gleysol 
Stagno-Dystric Gleysol 
Eutric Gleysol 
Fluvi-Eutric Gleysol 
Stagno-Eutric Gleysol 
Humic Gleysol 
Fluvi-Humic Gleysol 
Histo-Humic Gleysol 
Thioni-Humic Gleysol 
Mollic Gleysol 
Fluvi-Mollic Gleysol 
Calcaric Phaeozem 
Gleyic Phaeozem 
Haplic Phaeozem 
Luvic Phaeozem 
Lithosol 
Calcaric Lithosol 
Humo-Calcaric Lithosol 



Id 
Ie 
J 
Jc 
Jcf 
Jcg 
Jd 
Jdg 
Je 
Jeg 
Jt 
Kh 
Kk 
Kkv 
Kl 
L 
La 
Lap 
LC 
Lcr 
Lf 
Lg 
L g a 
L ~ P  
Lgs 
Lk 
Lkc 
Lkcr 
Lkv 
Lo 
LP 
Lv 
Lvc 
Lvk 
0 
0 d 
0 0  
Oe 
P 
pg 
Pgh 
pgs 
Ph 
Phf 
PI 
Po 
Pof 

Dystric Lithosol 
Eutric Lithosol 
Fluvisol 
Calcaric Fluvisol 
Fluvi-Calcaric Fluvisol 
Gleyo-Calcaric Fluvisol 
Dystric Fluvisol 
Gleyo-Dystric Fluvisol 
Eutric Fluvisol 
Gleyo-Eutric Fluvisol 
Thionic Fluvisol 
Haplic Kastanozem 
Calcic Kastanozern 
Verti-Calcic Kastanozem 
Luvic Kastanozern 
Luvisol 
Albic Luvisol 
Plano-Albic Luvisol 
Chromic Luvisol 
Rhodo-Chromic Luvisol 
Fenic 1,uvisol 
Gleyic Luvisol 
Albo-Gleyic Luvisol 
Plano-Gleyic Luvisol 
Stagno-Gleyic Luvisol 
Calcic Luvisol 
Chromo-Calcic Luvisol 
Rhodo-Chromo-Calcic Luvisol 
Verti-Calcic Luvisol 
Orthic Luvisol 
Plinthic Luvisol 
Vertic Luvisol 
Chromo-Vertic Luvisol 
Calci-Vertic Luvisol 
Histosol 
Dystric Histosol 
Placi-Dystric Histosol 
Eutric Histosol 
Podzol 
Gleyic Podzol 
Histo-Gleyic Podzol 
Stagno-Gleyic Podzol 
Humic Podzol 
Ferro-Humic Podzol 
Leptic Podzol 
Orthic Podzol 
Ferro-Orthic Podzol 



P P  
PPh 
Q 
Qc 
Qcc 
Qcs 
Ql 
R 
Rc 
R d  
Re 
T 
Th  
Tm 
T o  
Tv 
u 
UI 
v 
v c  
v c c  
v P 
VPC 
W 
Wd 
We 
Xk 
XY 
zg 
20 

PL 
rO 

SOILG 
A 
Af 
Ag 
A P 
B 
Bc 
B d 
Be 
B g 
Bh 
Bk 
Bv 
B x 

Placic Podzol 
Humo-Placic Podzol 
Arenosol 
Cambic Arenosol 
Calcaro-Cambic Arenosol 
Spodo-Cambic Arenosol 
Luvic Arenosol 
Regosol 
Calcaric Regosol 
D y stric Regosol 
Eutric Regosol 
Andosol 
Hurnic Andosol 
Mollic Andosol 
Ochric Andosol 
Vitric Andosol 
Ranker 
Luvic Ranker 
Vertisol 
Chromic Vertisol 
Calcero-Chromic Vertisol 
Pellic Vertisol 
Calcaro-Pellic Vertisol 
Planosol 
Dystric Planosol 
Eutric Planosol 
Calcic Xerosol 
Gypsic Xerosol 
Gleyic Solonchak 
Orthic Solonchak 
Plaggensols (old PL) 
Rock Outcrops (old RO) 

Acrisol 
Ferric Acrisol 
Gleyic Acrisol 
Plinthic Acrisol 
Carnbisol 
Chromic Cambisol 
Dystric Cambisol 
Eutric Cambisol 
Gleyic Cambisol 
I-Iurnic Cambisol 
Calcic Cambisol 
Vertic Cambisol 
Gelic Cambisol 



D 
Dd 
De 
Dg 
E 
Ec 
Eo 
Fo 
G 
Gc 
G d 
Ge 
Gh 
Grn 
Hc 
Hg 
Hh 
HI 
I 
Ic 
Id 
Ie 
J 
Jc 
Jd 
Je 
Jt  
Kh 
Kk 
K1 
L 
La 
LC 
Lcr 
Lf 
Lg 
Lk 
Lo 
LP 
Lv 
0 
0 d 
Oe 
P 
pg 
Ph 
PI 

Podzoluvisol 
Dysmc Podzoluvisol 
Eutric Podzoluvisol 
Gleyic Podzoluvisol 
Rendzina 
Cambic Rendzina 
Orthic Rendzina 
Orthic Ferralsol 
Gleysol 
Calcaric Gleysol 
Dysmc Gleysol 
Eutric Gleysol 
Humic Gleysol 
Mollic Gleysol 
Calcaric Phaeozem 
Gleyic Phaeozem 
Haplic Phaeozem 
Luvic Phaeozem 
Lithosol 
Calcaric Lithosol 
Dysuic Lithosol 
Eutric Lithosol 
Fluvisol 
Calcaric Fluvisol 
Dysuic Fluvisol 
Eutric Fluvisol 
Thionic Fluvisol 
Haplic Kastanozem 
Calcic Kastanozeni 
Luvic Kastanozem 
Luvisol 
Albic Luvisol 
Chromic Luvisol 
Rhodo-Chromic Luvisol 
Fenic Luvisol 
Gleyic Luvisol 
Calcic Luvisol 
Orthic Luvisol 
Plinthic Luvisol 
Vertic Luvisol 
Histosol 
Dysuic Histosol 
Eutric Histosol 
Podzol 
Gleyic Podzol 
Humic Podzol 
Leptic Podzol 



Orthic Podzol 
Placic Podzol 
Arenosol 
Carnbic Arenosol 
Luvic Arenosol 
Regosol 
Calcaric Regosol 
Dysmc Regosol 
Eumc Regosol 
Andosol 
Humic Andosol 
Mollic Andosol 
Ochric Andosol 
Vimc Andosol 
Ranker 
Luvic Ranker 
Vertisol 
Chromic Vertisol 
Pellic Vertisol 
Planosol 
Dystric Planosol 
Eutric Planosol 
Calcic Xerosol 
Gypsic Xerosol 
Gleyic Solonchak 
Orthic Solonchak 
Plaggensols (old PL) 
Rock Outcrops (old RO) 

Acrisol 
Cambisol 
Podzoluvisol 
Rendzina 
Ferralsol 
Gleysol 
Phaeozem 
Lithosol 
Fluvisol 
Kastanozem 
Luvisol 
Histosol 
Podzol 
Arenosol 
Regosol 
Andosol 
Ranker 



V Vertisol 
W Planosol 
X Xerosol 
Z Solonchak 

P Plaggensols (old PL) 
r Rock Outcrops (old RO) 

STU 
1 STU number 1 
2 STU number 2 
3 ... 

.... 
2089 STU number 2089 

TEXT1, TEXT2 
No texture (histosoils, ...) or no information 

1 Coarse (< 18 % clay and > 65 % sand) 
2 Medium (18 % < clay < 35 % and > 15 % sand, or < 18 % clay and 

15 % < s a n d < 6 5  %) 
3 Medium fine (< 35 % clay and < 15 % sand) 
4 Fine (35 % < clay < 60 %) 
5 Very fine (> 60 % clay) 

USE1, USE2, USE3, USE4 
No information 

1 Pasture, Grassland, grazingland 
2 Poplars 
3 Arable land, cereals 
4 Wasteland, schrub 
5 Forest, coppice 
6 Horticulture 
7 Vineyards 
8 Garrigue 
9 Macchia 

10 Landes 
11 Halophile grassland 
12 Arboriculture, orchard 
13 Indusuial crops 
14 Rice 
15 Coton 
16 Vegetables 
17 Olive-trees 
18 Recreation 
19 Extensive pasture, grazing, rough pasture 

ZMIN 
Altitude in meters 

ZMAX 
Altitude in meters 





APPENDIX 2 

GUIDELINES FOR SOIL MAPPING UNITS AND SOIL 
TYPOLOGICAL UNITS (VERSION 3.1, EXPECTED 1995) 

C. Le Bas and J. Damussin 
National Agronomic Research Institute (INRA) - Soil survey staff of France 

45 160 Ardon. France 

1 - The objectives 
In 1992, it was decided to complete the EC Soil Data base from the version 2.0 to the version 
3.0. After the meeting held in Madrid on December 1992, the Support Group decided to add 
other attributes, and to change some old ones. The attributes whose definition was modified 
are signed (+) and the new attributes are signed (+)  on this document. The aim is thus to 
check the values of the existing attributes and to inform the new ones. The new version will 
be called version 3.1. 

2 - Description of the enclosed documents 
In addition to the present document, a table of descriptive attributes are supplied on a 
numerical form. 

The table of descriptive attributes 
The table provided as a computer print-out describes the characteristics (or attributes) of the 
Soil Typological Units (STU), which are grouped in SMUs. You can find from left to right: 

- a list of existing SMUs attributes, 
- a list of STUs attributes existing in the version 2.0, 
- a list of attributes added with the version 3.0, 
- a list of new attributes added to realise the version 3.1. 

The complete definition of these attributes is given in the Appendix of this guide. 

3 - Description of the attributes modified or added 
Two kinds of modification was done to make the version 3.1. Some attributes existing in the 
version 2.0 or in the version 3.0 were modified, and some new attributes were added. These 
modifications and additions resulted from the last meeting of the Support Group, held in 
Madrid in December 1992. They are presented in the table below. The complete definitions 
of every attribute are in the Appendix. 



Attributes of the 
version 2.0 modified 

signed * 

Attributes 
of the version 3.0 

modified 
signed 

4 - Conclusion 
If there is any question about this new version of the data base, don't hesitate to send us a fax. 

Attributes added 
for the version 3.1 

signed + 

Please send the updates to : 

Attribute name 
TS1 and TS2 

U1 and U2 
DT 

TD1 and TD2 
ROO 
W M l  

(old WM) 
IL 

WR 

D. KING 
INRA-SESCPF 
Orlkans Research Centre 
Soil Survey Staff of France 
ARDON 45160 OLIVET 
FRANCE 

Modifications or definition 
Code "0" added 

Code "20" and "21" added 
Code "5" modified 

Code "0" added 
Codes reversed 

water management system not only for 
alleviate waterlogging 

Codes reversed 
Codes reversed 

CFL 
WM2 
WM3 

Document prepared by J. Daroussin, J. Hollis, M. Jamagne, R.J.A. Jones, D. King, 
C. Le  Bas and A.J. Thomasson, and revised by the members of the MARS 

Support Group "Soil and GIs". 

Wet concept precised 
Confidence level 

Purpose of the water management 
Type of water management 

APPENDIX 

ATTRIBUTES CODING DESCRIPTION in version 3.0 

LIST OF EXISTING SOIL MAP UNITS ATTRIBUTES (not to be checked): 

SMU Soil Mapping Unit number 

1 SMU number 1 
2 SMU number 2 
3 SMU number 3 

569 SMU number 569 
570 SMU number 570 

Remark for the encoding of the new SMUs: 

If you add a new SMU, you must choose a new number. In order to avoid 
confusion, the new SMU number will be the present number with an additional digit. 



Example: If you split the SMU 354 to give two SMUs, one of them is 
numbered 3541 and the other takes the number 3542. 

If you split it to give 3 SMUs, the resulting SMUs take 
respectively the number 3541,3542 and 3543. 

AREA Area of the SMU in the country (km2) 

P C A l  Proportion of the area of the country covered by the SMU (%) 

LIST OF SOIL TYPOLOGICAL UNITS ATTRIBUTES EXISTING IN THE version 2.0 
(to be checked or completed): 

STU Soil Typological Unit number 

1 STU number 1 
2 STU number 2 
3 STU number 3 

2088 "' STU number 2088 
2089 STU number 2089 

Remark for the encoding of new STUs: 

If you add a new STU, you must choose a new number. In order to avoid 
confusion, the new STU number will be the present number with an additional digit. 

Example: If you split the STU 354 to give two STUs, one of them is 
numbered 3541 and the other takes the number 3542. 

If you split it to give 3 STUs, the resulting STUs take 
respectively the number 3541,3542 and 3543. 

PCA2 Proportion of the area of the SMU covered by the STU (%) 

SOIL F A 0  soil name of the STU 

This list can be completed if necessary. If you add a new soil code, please give the literal 
expression in this list. Be careful that the first minuscule of the code is more important than 
the second minuscule. 

Example: Bge = Eutri-Gleyic Cambisol; Gleyic is more important than Eumc. 

A Acrisol 
Af Femc Acrisol 
Ag Gleyic Acrisol 
Ap Plinthic Acrisol 
B Cambisol 
Bc Chromic Cambisol 
Bcc Calcaro-Chromic Cambisol 
Bd Dystric Cambisol 
Bda Ando-Dystric Cambisol 
Bds Spodo-Dystric Cambisol 
Be Eumc Cambisol 
Bea Ando-Eutric Cambisol 
Bec Calcaro-Eumc Cambisol 
Bef Fluvi-Eumc Cambisol 
Beg Gleyo-Eutric Cambisol 
Bg Gleyic Cambisol 
Bgc Calcaro-Gleyic Ca~nbisol 

Bge Eutri-Gleyic Cambisol 
Bgg Stagno-Gleyic Cambisol 
Bgs Spodo-Gleyic Cambisol 
Bh Humic Cambisol 
Bhc Calcaro-Humic Cambisol 
Bk Calcic Cambisol 
Bkf Fluvi-Calcic Cambisol 
Bv Vertic Carnbisol 
Bvc Calcaro-Vertic Cambisol 
Bvg Gleyo-Vertic Cambisol 
Bvk Calci-Vertic Cambisol 
Bxs Spodo-Gelic Cambisol 
D Podzoluvisol 
Dd Dystric Podzoluvisol 
De Eumc Podzoluvisol 
Dg Gleyic Podzoluvisol 
Dgs Stagno-Gleyic Podzoluvisol 



E Rendzina 
Ec Cambic Rendzina 
Eo Orthic Rendzina 
Fo Orthic Ferralsol 
G Gleysol 
Gc Calcaric Gleysol 
Gcf Fluvi-Calcaric Gleysol 
Gcs Stagno-Calcaric Gleysol 
Gd Dystric Gleysol 
Gdf Fluvi-Dystric Gleysol 
Gds Stagno-Dystric Gleysol 
Ge Eutric Gleysol 
Gef Fluvi-Eumc Gleysol 
Ges Stagno-Eutric Gleysol 
Gh Humic Gleysol 
Ghf Fluvi-Humic Gleysol 
Ghh Histo-Humic Gleysol 
Ght Thionic-Humic Gleysol 
Gm Mollic Gleysol 
Gmf Fluvi-Mollic Gleysol 
Hc Calcaric Phaeozem 
Hg Gleyic Phaeozem 
Hh Haplic Phaeozem 
Hi Luvic Phaeozem 
I Lithosol 
Ic Calcaric Lithosol 
Ich Humo-Calcaric Lithosol 
Id Dystric Lithosol 
Ie Eutric Lithosol 
J Fluvisol 
Jc Calcaric Fluvisol 
Jcf Fluvi-Calcaric Fluvisol 
Jcg Gleyo-Calcaric Fluvisol 
Jd Dystric Fluvisol 
Jdg Gleyo-Dystric Fluvisol 
Je Eutric Fluvisol 
Jeg Gleyo-Eutric Fluvisol 
Jt Thionic Fluvisol 
Kh Haplic Kastanozem 
Kk Calcic Kastanozem 
Kkv Verti-Calcic Kastanozem 
KI Luvic Kastanozem 
L Luvisol 
La Albic Luvisol 
Lap Plano-Albic Luvisoi 
LC Chromic Luvisol 
Lcr Rhodo-Chromic Luvisol 
Lf Ferric Luvisoi 
Lg Gleyic Luvisol 
Lga Albo-Gleyic Luvisol 
Lgp Plano-Gleyic Luvisol 
Lgs Stagno-Gleyic Luvisol 
Lk Calcic Luvisol 
Lkc Chromo-Calcic Luvisol 

Lkcr Rhodo-Chromo-Calcic Luvisol 
Lkv Verti-Calcic Luvisol 
Lo Orthic Luvisol 
Lp Plinthic Luvisol 
Lv Vertic Luvisol 
Lvc Chromo-Vertic Luvisol 
Lvcr Rhodo-Chromo-Vertic Luvisol 
Lvk Calci-Vertic Luvisol 
0 Histosol 
Od Dystric Histosol 
Odp Placi-Dystric Histosol 
Oe Eutric Histosol 
pL Plaggensols 
P Podzol 
Pg Gleyic Podzol 
Pgh Histo-Gleyic Podzol 
Pgs Stagno-Gleyic Podzol 
Ph Humic Podzol 
Phf F~ITO-Humic Podzol 
PI Leptic Podzol 
Po Orthic Podzol 
Pof Ferro-Orthic Podzol 
Pp Placic Podzol 
Pph Humo-Placic Podzol 
Q Arenosol 
Qc Cambic Arenosol 
Qcc Calcaro-Cambic Arenosol 
Qcs Spodo-Cambic Arenosol 
Qi Luvic Arenosol 
r O  Rock Outcrops 
R Regosol 
Rc Calcaric Regosol 
Rd Dystric Regosol 
Re Eutric Regosol 
T Andosol 
Th Humic Andosol 
Trn Mollic Andosol 
To Ochric Andosol 
Tv Vitric Andosol 
U Ranker 
Ui Luvic Ranker 
V Vertisol 
Vc Chromic Vertisol 
Vcc Calcaro-Chromic Vertisol 
Vp Pellic Vertisol 
Vpc Calcaro-Pellic Vertisol 
W Planosol 
Wd Dystric Planosol 
We Eutric Planosol 
Xk Calcic Xerosol 
Xy Gypsic Xerosol 
Zg Gleyic Solonchak 
Zo Orthic Soionchak 



4 TSl Dominant surface textural class of the STU (5 classes EC system) 
4 TS2 Secondary surface textural class of the STU (5 classes EC system) 

No information 
0 No texture (histosols ,...) 
1 Coarse (< 18 % clay and > 65 % sand) 
2 Medium ( 1 8 % < c l a y < 3 5 %  and s a n d > l 5 % ,  or c l a y < l 8 %  and 

15 % < s a n d < 6 5  %) 
3 Medium fine (< 35 % clay and < 15 % sand) 
4 Fine (35 % < clay < 60 %) 
5 Very fine (> 60 % clay) 

S 1 Dominant slope class of the STU 
S2 Secorldary slope class of the STU 

No information 
a Level (dominant slope ranging from 0 to 8 %) 
b Sloping (dominant slope ranging from 8 to 15 %) 
c Moderately steep (dominant slope ranging from 15 to 25 96) 
d Steep (dominant slope over 25 %) 

SPl Dominant phase of the STU as figured in the archives ("Semantic phase 1") 
SP2 Secondary phase of the STU as figured in the archives ("Semantic phase 2") 

0 No information 
1 No phase 
2 Gravelly 
3 Stony 
4 Lithic 
5 Concretionary 
6 Petrocalcic 
7 Saline 
8 Sodic 
9 Glaciers and snowcaps 

10 Soils disturbed by man 
20 Fragic 
2 1 Drained 

M1 Dominant parent material code for the STU 
M2 Secondary parent material code for the STU 

This list can be completed if necessary. 

(If parent material is drift or residuum from various rocks, then last number (unit) is coded 
"9" )  

No information 
100 Undifferentiated alluvial deposits (or glacial deposits) 

110 River alluvium 
111 Old fluviatile deposit (Tertiary) 
112 Terraces 
113 Lacustrofluvial alluvium 

120 Estuarinernarine alluvium 
130 Glaciofluvial deposits 

131 Till 
140 Glaciofluvial drift 

200 Calcareous rocks 
210 Limestone 



211 Primary limestone (Carboniferous) 
212 Secondary limestone 
213 Tertiary limestone 
214 Fermgineous limestone 
215 Hard limestone 
216 Soft limestone 
217 Marly limestone 
218 Chalky limestone 
219 Detrital limestone 

220 Secondary chalk 
230 Marl 

231 Secondary marl 
232 Tertiary marl 
233 Gypsiferous marl 
234 Schistose marl 

240 Gypsum 
250 Dolomite 

300 Clayey material 
310 Old clayey sedimentary deposits 

311 Primary clay and sandstone 
312 Secondary clay 
313 Tertiary clay 
314 Pleistocene clay 

320 Alluvial or glaciofluvial clay 
321 Tertiary alluvial clay 
322 Glacial clay (tertiary and quaternary) 
323 Gravely clay 
324 Boulder clay 

330 Residual clay from calcareous rocks 
331 Clay-with-flints 
332 Siderolith formations 
333 Calcareous decalcification clay 

340 Claystone, mudstone 
350 Calcareous clay 

400 Sandy material 
410 Old sandy sedimentary deposits 

411 Secondary sand 
412 Tertiary sand 
413 Flint sand 
414 Pleistocene sand 

420 Alluvial or glaciofluvial sand 
421 Glacial sand 
422 Sandy gravelly material 

430 Eolian sand 
431 Locally sandcover 

440 Coastal sand (Dune sand) 
441 Shelly coastal sand 
442 Non calcareous coastal sand 

450 Sandstone 
451 Calcareous sandstone (Macigno) 
452 Fenugineous sandstone (Old red sandstone) 
453 Clayey sandstone 
454 Soft quartz sandstone 
455 Hard quartz sandstone 
456 Quartzite 
457 Schistose sandstone 

500 Loamy material 
510 Residual loam 
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511 Old loam qouyas)  
512 Stony loam 
513 Clay loam 

520 Eolian loam 
521 Loess 
522 Thin loess cover 
523 Sandy loess 

530 Siltstone 
600 Detrital formations 

610 Arkose 
620 Breccia and puddingstone 
630 Flysch and Molasse 
640 Mudflow deposit 

700 Crystalline rocks and rnigmatite 
710 Acid crystalline rock 

711 Granite 
712 Diorite, Quartzodiorite 

720 Basic crystalline rock 
721 Syenite 
722 Gabbro 
723 Serpentine 

730 Crystalline metamorphic rock 
731 Gneiss 
732 Embrechites 

740 Schist 
741 Micaschist 
742 Slate 
743 Shale 
744 Calcschist 
745 Green schist 

750 Other metamorphic rock 
800 Volcanic rock 

810 Acid volcanic rock 
820 Basic volcanic rock 

821 Phonolite 
822 Basalt 
823 Andesite 
824 Rhyolite 
825 Volcanic tuff 

830 Volcanic slag 
900 Other rocks 

910 Organic material 

ZMIN Minimum altitude of the STU (m) 

ZMAX Maximum altitude of the STU (m) 

U 1 Dominant land-use of the STU 
U2 Secondary land-use of the STU 

This list can be completed if necessary 

No information 
1 Pasture, Grassland, grazingland 
2 Poplars 
3 Arable land, cereals 
4 Wasteland, schrub 
5 Forest 



Horticulture 
Vineyards 
Garrigue 
Bush, maquis 
Moor 
Halophile grassland 
Arboriculture, orchard 
Industrial crops 
Rice 
Cotton 
Vegetables 
Olive-grove 
Recreation 
Extensive pasture, grazing, rough pasture 
Dehesa (spanish land-use) 
Cultivos enarenados (spanish land-use) 

LIST OF ATTRIBUTES OF SOIL TYPOLOGICAL UNITS ADDED IN THE version 3.0 
(to be checked or completed) OR IN THE version 3.1 (to be informed): 

+ DT Depth class to textural change 

No information 
1 Textural change between 20 and 40 cm depth 
2 Textural change between 40 and 60 cm depth 
3 Textural change between 60 and 80 cm depth 
4 Textural change between 80 and 120 cm depth 
5 No textural change between 20 and 120 cm depth 

+ TDl Dominant subsurface textural class of the STU (5 classes EC system) 
+ TD2 Secondary subsurface textural class of the STU (5 classes EC system) 

No information 
0 No texture (histosols, ...) 
1 Coarse (< 18 % clay and > 65 % sand) 
2 Medium (18 % <clay < 35 % and sand> 15 %, or clay < 18 % and 

1 5 % < s a n d < 6 5 % )  
3 Medium fine (< 35 % clay and < 15 % sand) 
4 Fine (35 % < clay < 60 %) 
5 Very fine (> 60 % clay) 

+ ROO Depth class of an obstacle to roots (presence of unfissured rock or contineous 
ferric gypseous or calciferous pan, ...) 

No information 
1 No obstacle to roots between 0 and 80 cm depth 
2 Obstacle to roots between 60 and 80 cm depth 
3 Obstacle to roots between 40 and 60 cm depth 
4 Obstacle to roots between 20 and 40 cm depth 



c lL Presence of an Impermeable Layer within the soil profile1 

No information 
1 No impermeable layer within 150 cm 
2 Impermeable layer between 80 to 150 cm 
3 Impermeable layer between 40 to 80 cm 
4 Impermeable layer within 40 cm 

4 WR Dominant annual average soil water regime of the STU : which of the following 
best describes the dominant annual average soil water regime of the STU ? 

No information 
1 The soil profile is not wet2 within 80 cm depth 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 depth 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 depth 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 

WM Water management system of agricultural land (several  attribute^)^ 

& WM1 Does the agricultural land normally have a water management system ? 

No information 
1 Yes, there is a water management 
2 No, there is no water management 

+ WM2 What is the purpose of the water management system ? 

No information 
1 To alleviate waterlogging (drainage) 
2 To alleviate drought stress (irrigation) 
3 To alleviate salinity (drainage) 
4 To alleviate both waterlogging and drought stress 
5 To alleviate both waterlogging and salinity 

* WM3 What type(s) of water management system are evident ? 

No information 
Pumping 
Ditches 
Pipe underdrainage 
Mole drainage 
Deep loosening 
"Bed" system 
Permanent flood imgation 
Permanent overhead sprinkler 
Permanent trickle imgation 

'Saturated, horizontal hydraulic conductivity of less than 0.1 m.day-1 or, high packing density defined as: 
bulk density (g.cm-3) + (lo clay)/100 2 1.75 in textures finer than class 1 (coarse). 
l ~ e t  = waterlogged ; defined as : a matric suction of < 10 cm, or a matric ptential o r >  -1 kPa. 
3Choose the appropriate code if more than half the estimated unit area is affected. 



+ CFL Confidence level for the STU attributes 
If the STU has a high variability, particularly for texture, depth change and depth 

obstacle to roots, you can indicate it in order to warn users about the confidence. 

H High confidence 
M Medium confidence 
L Low confidence 



APPENDIX 3 

THE ESTABLISHMENT OF A SOIL PROFILE ANALYTICAL 
DATABASE FOR THE EUROPEAN UNION: 

GUIDELINES FOR COMPLETING PROFORMAS 

H. Breuning Madsen, 
Geographical Institute, University of Copenhagen. Oster Voldgade 10, DK-1350 Copenhagen. Denmark. 

and 
R. J. A. Jones 

Soil S w e y  & Land Research Centre, School of Agriculture. Food &Environment. Cranfield Universily, 
Silsoe Campus, Bedlord, MK45 4DT. UK. 

Introduction 
National experts are asked to provide data for European Soil Map units on the enclosed 
forms. Two  proformas are provided for: 
I. Typical soil profiles mainly characterised by estimatedJguesstimated data 
11. Measured data for existing profiles 

Proforma I is designed so that a database for comparative use across the EU can be compiled. 
Experts are requested to complete Proforma I (in full) by transforming measured data 
according to the methodology in the guidelines below as well as by guesstimation. 

Proforma I1 is proposed for recording the measured data but it is accepted that data will be 
missing for some of the fields in which case a missing value code (eg -1) should be entered. 

Origin of Data 
The soil profile data available might be from actual profiles or modal ones. Furthermore, 
some data might be real analytical values, others might be estimates or even guesstimates - 
because of lack of information. The following categories are suggested: 

average of a number of profiles; 
single representative profile; 
prediction derived from mathematical functions; 

prediction derived from relationships between horizons and class functions (e.g. 
texture and density class); 
expert judgement. 

The codes 1, 2 3, 4 or 5 should be entered as on Proforma I to identify the origin of the data. 
In Proforma I1 only measured values should be given and the analytical methods indicated. 

Ideally, Profonna I should be filled out for the dominant soil type (on the European Soil 
Map) in each country. Proforma I1 should only be co~npleted if measured data are available. 
If data for certain fields are missing estimates should not be entered on Proforma 11. 



I Proforma for estimated data 
Give data for the profile representative of the dominant soil type in the mapping unit. 

Soil Name 
The name of the soil type is indicated inclusive of the texture class. For example: Be-4,Lo-2. 
Some soil types do not have a texture class i.e. histosols. 

Country 
Use the international abbreviation of your country name, i.e. F, I, DK, D. 

Groundwater Level 
'The mean highest and mean lowest permanent or perched groundwater table is indicated. 
That should be the mean of at least 10 years. Generally such information is lacking and so 
you will normally have to estimate or guess (guesstimate) the values. use the following 
classes: 

1: groundwater level between: 0 - 50 cm 
2: groundwater level between: 50 -100 cm 
3: groundwater level between: 100 -150 cm 
4: groundwater level between: 150 -200 cm 
5: groundwater level below: 200 cm 

For example, If you estimate the mean groundwater level in winter to be 70 cm and in 
summer 190 cm you record: 

Highest: 2 
Lowest: 4 

Parent Material 
Write in words what you believe is the parent material. For example: fluvial deposit, dune 
sand, boulder clay. 

Land use 
'This will be cropping for dominantly agricultural units; record other uses for units which are 
not used for agriculture. 

Horizon 
Name the different horizons according to the F A 0  system. See Appendix 1. 
For example: The horizon sequence of a luvisol: Ap, E, Bt, C. Please choose or construct 
your benchmark soils, so they have as few horizons as possible. 

Deptlt 
Indicate the soil depth in cm. 
For example: 0 - 30 or 30 - 50 or 50 - 120 cm. The deepest horizon stops at a depth of 2 
metres, i.e. the last horizon may be 50 - 200 cm. 

Texture 
Estimate the % of different particle size fractions (<2mm) to the nearest integer (or 'whole' 
number i.e. without giving decimals). For example: clay 28% , not 27.8%. The contents of 
all the texture grades should add up to 100% 



Stones + Gravel 
Estimate the percentage stones and gravel in the soil. Use the folowing codes to record the 
amount of stones + gravel for each horizon: 

Code Class Content by vol 

1: very few < 5% 
2: few 5 - 15% 
3 : frequent or many 15 - 40% 
4: very frequent, very many 40 - 80% 
5 : dominant or skeletal > 80% 

Do not describe the mineralogy, size or weathering status. 

Structure 
Desctibe the type of structure according to the following list FA0 (1986). Do not describe 
size or stability but use the numeric code for the structure class. 

Code 
1: 
2: 
3 : 
4: 
5: 
6: 
7: 
8 : 
9 : 
10: 

Class 
platy 
prismatic 
columnar 
angular blocky 
subangular blocky 
granular 
crumb 
massive 
single grain 
wedge shaped 

Organic Matter (OM) 
Estimate the organic matter content (%) (not the organic carbon content] in each horizon to 
one decimal place e.g. 3.8%. 

CarbonlNitrogen (CIN) Ratio 
Record the C/N ratio to nearest whole number, 

CaC03 and CaSOq.ZH20 
The calcium carbonate equivalent (CaC03) and gypsum content (CaS04.2H20) should be 
given to the nearest integer i.e. 36. 

Active CaC03 
The method of Druineau (1942) modified by Gehu-Frank (1959) is suggested. A log 
subsample of soil is shaken (for 2h) in 250ml of ammonium oxalate. A 20ml aliquot of 
filtrate is then treated with acidic potassium permanganate (60-70 deg C). Active calcium 
carbonate is then determined from the following equation: 

Active CaC03 (%) = (A - B) N 50 (0.125) 



Where:A = ml KMn04 in the blank (oxalate only) 
B = ml KMn04 in sample 
N = normality 
50 = equivalent weight of CaCO3 

SAR and ESP 
Sodium adsorption ratio (SAR) should be recorded to the nearest integer. In humid areas, 
SAR is usually less than 4. Unless data for these areas indicate otherwise, enter '<4'. 
Exchangeable sodium percentage (ESP), the proportion of exchangeable sodium as a 
percentage of the cation exchange capacity, should be recorded to the nearest integer. In 
humid areas, ESP is normally less than 15% and should be recorded as '<lo'. Only one of 
these parameters, SAR or ESP, should be recorded. 

PH ( H 2 0 )  
pH measured in water, soil: water ratio 1:2.5. If you do not have information on pH in water 
but in an other medium estimate the pH(H2O) from measured pH data. Based on several 
thousand analyses in Denmark i.e. the following algorithm can be used: 

pH (H20) = p H  (0.01 M CaC12) + 0.5 = pH (1 M KCl)  + 0.9. 

The pH - values should be given to one decimal place, i.e. 5.9. 

Electrical Conductivify (EU) 
EU measured in saturated paste extract; group the soil horizons into the following classes and 
record the numeric code. In non marine humid areas code 1 should be entered if analytical 
data are absent. 

Code Range Class 
dS m-I at 25 deg C 

free 
slightly affected 
moderately affected 
strongly affected 

Exchangeable Bases 
The exchangeable bases should be given for an extraction with 1M NI44AOc at pH 7.0. The 
values should be given to one decimal place only except when the values are lower than 0.1 
cmol+/kg. 

Cation Exchange Capacify (CEC) and Base Saturation (BS) 
CEC is given to one decimal place for each horizon as the sum of exchangeable bases and the 
exchangeable acidity at pH 8.1. Base saturation is calculated as the percentage of the CEC 
taken up by exchangeable bases 

BS = (TEBICEC) 100 
TEB - total exchangeable bases 
BS is expressed as an integer (mass) 
(or whole number). 



Soil Water Retention 
The volume percent of water in the soil horizons at 1, 10, 100, 1500 kPa and field capacity 
(FC) are estimated to the nearest integer value eg 38, 32, 20, 10. Indicate the most 
appropriate value for field capacity. 

Porosity and Bulk Densify 
The porosity (%) is given to the nearest integer; the bulk density to two decimal places. 

Root Depth 
Two root depths are indicated for selected crops. The effective root depth is defined as the 
depth of soil in which the plant available water (field capacity - permanent wilting point) is 
equal to the amount of soil water utilized by the plants until wilting occurs due to lack of 
water. The mean total root depth is self evident. Depths are given for the different types of 
vegetation (indicated on the scheme) which may grow on the soil type. If no crop is growing 
enter '-1'. In arid areas, where there is usually little or no leaching, effective rooting depth has 
no significance and should not be recorded. 

I1 Proforma for measured data (existing soil profiles only) 
The structure of lhis proforma is similar to that proposed for estimated data except for the 
introduction of a second column to record a code defining the type, method and/or units of 
measurement. In general, under 'VAL', abbreviation for value, record the result of the 
measurement and under 'COD', abbreviation for code, list details, units or a code defining the 
measurement, eg under CEC, '1' under 'COD' could be the measurement in an extract from 
1N NH4AOc at pH 7.0. If i t  is self-evident that the measured value would be zero but no 
analysis has been carried out, record '0' in the 'VAL' column and 'NA' under 'COD'. Record 
missing values as '-1' 

Longitude, latitude and altitude 
Longitude and latitude should be recorded in the traditional way using degrees and minutes 
in relation to the Greenwich Meridian and the Equator. Altitude should be recorded in metres 
above Mean Sea Level. 

Soil name, Country, Groundwater level, Parent material and Land use 
These should be recorded as on the proforma for estimated data (described above) Horizon 
notation should be recorded according to F A 0  system. Record  he lower depth, in cm (to 
nearest integer value), for each horizon in the soil. 

Texture 
Record measurements for 5 fractions - clay, silt, and 3 sand fractions to one place of 
decimals. Under 'esd', an abbreviation for equivalent spherical diameter, record the upper 
limit (to the nearest integer), eg 2um for clay, 50 or 60 um for silt, 200, 600, 2000um or 
other (eg 200, 500 um) relevant limits for sand. 

Stones and gravel, and structure 
Record these using the same codes as for the estimated proforma. 



Organic Carbon (OC) 
Record measurement of organic carbon (not humus) to one decimal place under 'VAL' and 
one of the following codes under 'COD': 

A1 Method of Walkley and Black 
A2 Leco Method Tabatabai and Brernner (1970) 
A3 Other (specify on separate sheet) 

Total Nitrogen (N) 
Record measurement to one decimal place under 'VAL' and one of the following codes under 
'COD': 

A4 Wet digestion (Kjeldahl method) (%) 
A5 Other 

Calcium Carbonate (CaC03) 
Record measurement of total CAC03 to nearest integer under 'VAL' and one of the 
following codes under 'COD': 

A6 Calcimeter method (%) [measures C 0 2  emitted] 
A7 Other 

Gypsum (CaSOq.2 H20) 
Record measurement to nearest integer under 'VAL' and one of the following codes under 
'COD': 

A8 For soils with small quantities of gypsum: By water extraction: USDA 
Handbook No 60, Diagnosis and Improvement of Saline and Alkaline Soils 
(1954). 

A9 For highly gypsiferous soils: By loss of crystallisation water between 40 & 
110 deg C. 

A10 Other 

Acidity pH 
Record measurement to one decimal place under 'VAL' and one of the following codes under 
'COD': 

A1 1 1: 1 water (H20) 
A12 1:2.5 water (H20) 
A13 1:2.5 0.01 M Calcium Chloride (CaC12) 
A14 1:2.5 1M Potassium Chloride (KC1) 
A15 Other 

Electrical Conductivity (EU) 
Record the measured EU value in dS m-l.  

A17 In extract from sample saturated in water 
A18 Other 

Exchangeable Calcium, Magnesium, Potassium and Sodium 
Record measurement to one place of decimals under 'VAL' and one of the following codes 
under 'COD': 

A19 Neutral Alnmonium Acetate (NH4AOc) extract, cmoil+/kg 
A20 Other 



Cation Exchange Capacity (CEC) 
Record measurement to one place of decimals under 'VAL' and one of the following codes 
under 'COD': 

A21 Distillation method (cmol+/kg) 
A22 Total Exchangeable Bases (TEB) + Exchange Acidity 
A23 Other 

Base Saturation (BS) 
Record measurement to nearest integer under 'VAL' and one of the following codes under 
'COD': 

A24 TEBICEC (%) 
A25 Other 

Soil Water Retention (WC-I, WC-2, WC-3, WC-4, WC-4, WC-FC) 
Because many different suctions are used for measuring soil water retention, national 
correspondents are requested to enter measurements for water contents (WC-..), as percent 
by volume, at 5 suctions one (WC-FC) of which should be field capacity (FC). Record 
measurement to the nearest integer under 'VAL' and under 'COD' record the suction in kPa at 
which the measurement was made eg : 5, 10, 40, 200, 1500 kPa. With at least five 
measurements, a soil water suction curve can be constructed from which estimates at 
intermediate suctions can be made. 

Total Pore Space (TOT-POR) 
Record the result of the measurement under 'VAL' and method under 'COD': 

A26 (1-DB/DP), % {DP is particle density, 2.55 - 2.65g/cm3 
A27 Other 

Bulk Density (DB) 
Record the result of the measurement to two decimal places under 'VAL' and method under 
'COD': 

A28 Soil core in lab, g/cm3 
A29 Wet measurement in the field, g/cm3 ' 

A30 Other 

Root depth 
The depth of soil available for rooting should be recorded to 2 m (200 cm); the depth in cm 
(to nearest integer) to rock should recorded under D-Rock and the depth (cm) to any other 
obstruction, such as a compact layer, under D-0th-Obs. 

Analytical Codes 
Any additional codes for analytical methods can be introduced coding from A30 onwards. It 
will not matter if these codes appear to be out of numerical sequence as they will be setup as 
a relational table which can be added to easily in the future. 
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Problems of land use and soil conservation require increasingly accurate information 
on the properties and geographical location of soils. An important aspect is to 
obtain harmonized data for highly diverse regions. Within the European Union 
(EU), the evolution of the Common Agriculture Policy as well as an awareness of 
environmental problems has led the Commission to carry out research on a soil 
information system. The CORINE programme as part of the DG XI (Environment) 
and the Monitoring Agriculture by Remote Sensing (MARS) Project as part of the 
DG VI (Agriculture) and DG XI1 (Research) have supported this activity. 

In order to harmonize the studies, an EU Support Group, entitled Soil & GIs, was 
created by the MARS Project. llational expert so11 scientists were drafted in from 
the EU countries to work on providing soil data. For four years, studies by this 
group have focused on the improvement of the EU Soil Map and the establishment 
of a soil information system for Europe. This monograph includes several papers 
describing the requirements for and the contents of the European Soils Database 
to which this group contributed. 

The soils information system contains a geographic database, a soils profile 
database, and a knowledge base for derivation of additional soils characteristics, 
including the available water capacity. The papers also provide an overview of 
applications of soils information systems, including a description of erosion risk 
mapping, crop modelling projects, and environmental monitoring. Finally, the 
need and possibility for improvement and extension of the database to higher 
resolution and wider geographic coverage is discussed. 






