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Abstract: The 1:250,000 soil mapping program of France is nearly complete. Although mapping has
been conducted using conventional methods, there is a discernible need to obtain more precise soil
data using other methods, and this is attracting considerable attention. However, it is currently not
possible to implement a conventional and systematic program throughout the French territory, as the
cost of acquiring new data on a finer scale is too high. In light of this, the Ministry of Agriculture
commissioned a national survey to determine the needs of soil mapping in France, which asked
questions to soil data producers and end-users. The results presented here summarize the main
needs expressed by end-users. The main topics covered by soil mapping applications are identified
in addition to the main mismatches between topics currently covered using available soil maps and
the needs of end-users. Certain priorities for producing new soil information are identified in relation
to geographical environments and settings, soil attributes, the spatial resolution of maps and the use
of uncertainty estimates. Digital Soil Mapping is identified as a method that can bridge economic,
scientific and practical considerations, but it requires dedicated efforts in order to build capacity.
Finally, there is discussion of how the consideration of user needs can be employed to enhance the
contribution of a new Digital Soil Mapping era, and to launch an operational soil security paradigm
in France.
Keywords: soil mapping; end-users’ needs; digital soil mapping; France

1. Introduction
The concept of Global Soil Security was initially defined in two seminal papers [1,2], and aims to
solve the global soil crisis by maintaining and improving global soil resources. This concept includes
five dimensions (soil capability, soil condition, soil capital, soil connectivity and soil codification) that
are fully described in the two papers and were discussed in depth during a conference at College
Station (Texas, USA) and another in Paris (France) [3,4]. Although soil security is a global issue, its
implementation needs action at a more local scale (e.g., a national scale). This is why we report here the
needs of soil map end-users that were expressed through a vast survey recently conducted in France.
This paper summarizes a communication given during the third Global Soil Security conference held
in Sydney, Australia, in December 2017.
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The French national soil mapping strategy was driven by the Ministry of Agriculture and
INRA (French National Institute of Agronomic Research), and then taken over by GIS Sol (group
of scientific interest for soil). Since the beginning of the 1990s, it has favored the completion of an
exhaustive coverage of the territory by compiling a Soil Geographical Database on a scale of 1:250,000.
The compilation of this database has mainly been based on conventional 1:250,000 soil mapping
conducted on a regional level (‘Référentiels Régionaux Pédologiques’, RRPs) and coordinated by
INRA on a national level. The data from these RRPs have been progressively made available to users
through a national standardized soil information storage system (DoneSol) and user interfaces that are
accessible on the web.
This French RRPs program is nearly complete. However, although its results have already been
largely available and employed since the early 2000s [5], there is a growing need for more precise
soil data. This need is attracting considerable interest [5,6], and the Ministry of Agriculture has
commissioned a committee of experts to identify a new agenda for conducting the next step of the
national soil mapping strategy in France, and has requested one that considers the soil mapping
needs of end-users, remains realistic in terms of cost and considers new developments in digital soil
mapping approaches [7]. Within this framework, the specific challenges for soil mapping in France
are thus to better assess the users’ data needs for a new implementation program. As a first step in
expediting this, the committee conducted a national survey to compile a factual statement relating to
demand–production correspondence on a technical level. Considering the above, the objectives of this
current paper are as follows:
(i)

to identify the main mismatches between the topics currently covered by available soil maps and
the needs of end-users;
(ii) to highlight some of the priorities inherent in the production of new soil information in relation
to geographical environments and settings, soil attributes, the spatial resolution of maps and the
use of uncertainty estimates;
(iii) to identify technological barriers and the need for capacity building and
(iv) to discuss to what extent the needs of end-users can be fulfilled in the near future, and how a
suitable improved soil mapping strategy could help provide useful inputs to the five dimensions
of soil security in France.
2. Materials and Methods
The committee in charge of compiling the survey questionnaire included experts from research,
higher education and agricultural development, in addition to people with extensive experience
in soil mapping (either in a conventional or digital way, or both) and in using soil data in various
applications. To create an inventory of soil knowledge using the soil maps currently produced and used
in France, the committee created two surveys: one for map producers and one for end-users. These
questionnaires were firstly tested by conducting oral interviews on a panel of 15 people from various
origins. After refinement, one questionnaire was sent to map producers (using either conventional or
digital soil mapping techniques) and the other to current or potential end-users.
The questionnaires included a broad range of questions (up to 92 for map producers and 67 for
end-users) that covered practical, technical, scientific, economic and governance issues. This paper
reports only on the practical, technical and scientific issues relating to the development or use of the
maps. The types of questions used in the present paper are summarized in Table 1.
Certain generic questions were asked to both end-users and producers, whereas the wording of
technical questions differed substantially between the two groups. The reason for this was to analyze
to what extent the maps meet current needs, and to identify the main gaps between the demands of
users and the current maps provided. The surveys included a number of open- and closed-ended
questions; most of the closed-ended questions were formulated to enable results to be quantified,
whereas the aims of open-ended questions were to allow participants to express themselves freely in
their own words, and to allow each individual to explore his/her ideas without being constrained by a
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3. Results
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The red dots represent themes identified as being the most important by the research community,
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rather good match between research priorities and the overall ranking, although the research partly
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bears this ranking. Note the particular positioning of biodiversity issues, which are identified as a
identified as a priority by users but have not yet been fully integrated into the mapping activities of
priority by users but have not yet been fully integrated into the mapping activities of producers.
producers.
3.2. Land Cover and Related Issues That Are Not Sufficiently Addressed
3.2. Land Cover and Related Issues That Are Not Sufficiently Addressed
Figure 3 represents an attempt to identify the main thematic gaps and to classify them according to
Figure 3 represents an attempt to identify the main thematic gaps and to classify them according
land cover. This is conducted using information provided in answers to several open-ended questions.
to land cover. This is conducted using information provided in answers to several open-ended
questions. The corners of the triangle in Figure 3 represent the main land cover types, which are
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Along the side that joins the agricultural and forest or semi-natural corners are mainly data
Along
the side that joins the agricultural and forest or semi-natural corners are mainly data relating
relating to past or current human actions that have been identified as lacking. End-users strongly
to past or current human actions that have been identified as lacking. End-users strongly expressed
expressed the need for information on land management and agricultural practices, both for current
the need for information on land management and agricultural practices, both for current practices
practices and also for information about the past history of land cover, land use and land
and also for information about the past history of land cover, land use and land management. This
management. This kind of information is of particular importance when dealing with issues relating
kind of information is of particular importance when dealing with issues relating to climate change,
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The side joining the urban and forest/semi-natural corners appears quite empty, which suggests
that no specific soil-related issue has been identified at this interface.
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According to this graph, different groups of variables can be identified according to whether
According to this graph, different groups of variables can be identified according to whether
they are relatively simple or costly to measure and map and whether they are stable over time.
they are relatively simple or costly to measure and map and whether they are stable over time.
Interestingly, quite a large number of attributes relating to soil structure and soil water behavior are
Interestingly, quite a large number of attributes relating to soil structure and soil water behavior are
often considered important by end-users but are difficult for producers to map. The same occurs for
often considered important by end-users but are difficult for producers to map. The same occurs for
biodiversity indicators.
biodiversity indicators.
A more complex situation is illustrated in the following with respect to the responses of end-users
A more complex situation is illustrated in the following with respect to the responses of end-users
concerning the statement that they would like the thickness of soil to be described and quantified for
concerning the statement that they would like the thickness of soil to be described and quantified for
different types of soil attributes.
different types of soil attributes.
If we refer to internationally agreed specifications (i.e., GlobalSoilMap specifications [9]), the soil
thickness, also called the ‘soil depth’, corresponds to the definition provided in [9,10], which is ‘the
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Figure 5. Frequency of five major groups of soil attributes employed by end-users (the sum of bars
Figure 5. Frequency of five major groups of soil attributes employed by end-users (the sum of bars
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100% because several responses were allowed).
not equal 100% because several responses were allowed).

Interestingly, soil type is the most commonly used attribute, and this is partly attributed to the
fact that many legacy soil maps are still only scanned and thus provide only a soil type/class in their
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Interestingly, soil type is the most commonly used attribute, and this is partly attributed to the
fact that many legacy soil maps are still only scanned and thus provide only a soil type/class in their
legend. Therefore, if there is no further semantic information extracted from soil profiles or from soil
databases (DBs) relating to maps, the only information available to end-users is the soil type/class.
Sustainability
2019,
11, x FOR
PEER information
REVIEW
of 15 Soil
Another
possible
reason
is that
about the soil type and class (for instance, in the 8World
Reference Base [14]) is often used as a ‘proxy’ for a large number of thematic maps (e.g., Arenosols
legend. Therefore, if there is no further semantic information extracted from soil profiles or from soil
indicate a sandy soil texture, Chernozems imply a high soil organic content in the upper and deep
databases (DBs) relating to maps, the only information available to end-users is the soil type/class.
layers,
Rendzic
Leptosols
provide
informationabout
about
content,
ranges
of pH
soil depth
Another
possible
reason
is that information
thethe
soilCaCO
type 3and
class (for
instance,
in and
the World
and Gleysols
provide
useful
information
about
water-logging).
However,
some
high-level
groups,
Soil Reference Base [14]) is often used as a ‘proxy’ for a large number of thematic maps (e.g., such
as Cambisols,
derive
soilChernozems
properties ifimply
they aare
notsoil
described
using enough
qualifiers.
Arenosolscannot
indicatebea used
sandytosoil
texture,
high
organic content
in the upper
and second
deep layers,
Rendzic
provide
information
about the
CaCO3 content,
ranges to
of pH
and
The
group
of soilLeptosols
properties
is ‘physical
properties’,
particularly
with respect
particle-size
soil depth
andsoil
Gleysols
provide
information
about
However,
some
distribution
and
texture.
Thisuseful
is consistent
with
theirwater-logging).
position in Figure
4 and
thehigh-level
fact that soil
groups,
such
as Cambisols,
cannot be
used to derive
soil properties
if theyPTFs
are not
described
using
texture
may be
used
to derive certain
important
soil properties
by using
(e.g.,
[15–18]).
enough
qualifiers.
The third group is that of ‘hydric and chemical properties’, which received similar scores.
The second group of soil properties is ‘physical properties’, particularly with respect to
The position of hydric properties may be attributed to the fact that they do not have a large enough
particle-size distribution and soil texture. This is consistent with their position in Figure 4 and the fact
presence in soil DBs (see Figure 4). However, the position of chemical properties is a little more
that soil texture may be used to derive certain important soil properties by using PTFs (e.g., [15–18]).
surprisingThe
and
is in
contradiction
with the
of pH, CEC
and received
cations in
Figure
4. However,
third
group
is that of ‘hydric
andpositions
chemical properties’,
which
similar
scores.
The
it must
be
remembered
that
very
few
oligo-elements
are
included
in
soil
DBs.
Another
possible
position of hydric properties may be attributed to the fact that they do not have a large enough presence
explanation
is (see
thatFigure
most 4).
of However,
these properties
(N,ofP,chemical
K, pH, properties
CEC and is
cations)
havesurprising
been published
in soil DBs
the position
a little more
and is in
in contradiction
withof
theFrench
positions
of pH,
CEC and[19],
cations
in that
Figure
However,
it mustmaps
be remembered
a report
on the status
soil
resources
and
all4. these
national
are available
that
very few oligo-elements are included in soil DBs. Another possible explanation is that most of these
online
[20,21].
properties
(N, P, K,
pH, CEC
and cations)
have beenwhich
published
in a report
the status
of French
soil
The final group
is that
of ‘biological
properties’,
re-enforces
theonneed
to include
biodiversity
resources
[19],
and
that
all
these
national
maps
are
available
online
[20,21].
measurements and indicators in soil DBs [22]. Indeed, although very significant progress has been
The final group is that of ‘biological properties’, which re-enforces the need to include
made on mapping microbial abundance and biodiversity on a national scale [23–27], measurements
biodiversity measurements and indicators in soil DBs [22]. Indeed, although very significant progress
are still
very sparse on more local scales and are not usually integrated into soil DBs. In addition, there
has been made on mapping microbial abundance and biodiversity on a national scale [23–27],
are still
only sparseare
measurements
of on
other
organisms
that
are
important
for soilinto
biodiversity
measurements
still very sparse
more
local scales
and
arevery
not usually
integrated
soil DBs. and
functions,
although
programs
aim to fill these
e.g., in [28,29].
Finally,
many biological
In addition,
thereon-going
are still only
sparse measurements
of gaps,
other organisms
that are
very important
for
soil properties
vary and
highly
with time,
andon-going
it is thus
more difficult
to these
map gaps,
theme.g.,
than
is to map
soil biodiversity
functions,
although
programs
aim to fill
in it[28,29].
many biological soil properties vary highly with time, and it is thus more difficult to map
stableFinally,
variables.
them than it is to map stable variables.

3.4. Certain Methodological Considerations about Mapping
3.4. Certain Methodological Considerations about Mapping

Although quite clear to map producers, end-users still tend to confuse scale, spatial resolution
Although
quite clearend-users’
to map producers,
end-users
stillthat
tendthey
to confuse
scale, spatial
resolutionabout
and precision.
In particular,
responses
reflected
are confused
(or unaware)
and precision. In particular, end-users’ responses reflected that they are confused (or unaware) about
the effects of the type and size of mapping supports employed (e.g., points or blocks, polygons or
the effects of the type and size of mapping supports employed (e.g., points or blocks, polygons or
grid-cells). Figure 6 shows the responses from producers and end-users to the question, ‘At which
grid-cells). Figure 6 shows the responses from producers and end-users to the question, ‘At which
scale scale
are polygon
soilsoil
maps
useful
depending
area they
theycover?’
cover?’
are polygon
maps
useful
dependingon
on the
the area

Figure
6. Responses
to the
question‘At
‘Atwhich
which scale
scale are
maps
useful
depending
on the
Figure
6. Responses
to the
question
arepolygon
polygonsoil
soil
maps
useful
depending
on the
area they
cover?’.
area they
cover?’.

Sustainability 2019, 11, 2940
Sustainability 2019, 11, x FOR PEER REVIEW

9 of 15
9 of 15

The
categories
(producers
andand
end-users)
roughly
follow
a diagonal
(from
The responses
responsesfrom
fromboth
both
categories
(producers
end-users)
roughly
follow
a diagonal
small-scale
maps for
veryfor
large
areas
to large-scale
maps for small
whichones),
appears
quiteappears
logical.
(from
small-scale
maps
very
large
areas to large-scale
mapsones),
for small
which
However,
it
is
of
note
that
the
responses
from
end-users
show
a
larger
spread
around
this
diagonal,
quite logical. However, it is of note that the responses from end-users show a larger spread around this
which
indicates
that end-users
are more
aboutabout
the notion
of scale.
InInparticular,
diagonal,
which indicates
that end-users
are confused
more confused
the notion
of scale.
particular,itit is
is
astounding
1:1,000,000 scale
for field-scale
field-scale
astounding that
that some
some end-users
end-users still
still believe
believe they
they can
can employ
employ aa 1:1,000,000
scale map
map for
decision
decision making.
making.
However,
when asked
asked about
resolution, most
However, when
about their
their need
need for
for resolution,
most end-users
end-users said
said they
they require
require rather
rather
fine
resolution
products
(i.e.,
from
25
to
250
m),
which
may
suggest
that
most
applications
require
fine resolution products (i.e., from 25 to 250 m), which may suggest that most applications require aa
fine
resolutionand/or
and/orthat
thatend-users
end-usersare
are
aware
that
is easier
to aggregate
into coarser
fine resolution
aware
that
it isit easier
to aggregate
fine fine
gridsgrids
into coarser
ones
ones
thanreverse.
the reverse.
than the
End-users
strong interest
interest in
in obtaining
obtaining uncertainty
uncertainty indicators.
indicators. However,
End-users express
express aa strong
However, aa large
large
proportion
of
them
do
not
know
which
indicators
are
best
suited
for
their
purpose
or
proportion of them do not know which indicators are best suited for their purpose or how
how to
to consider
consider
them
them and
and communicate
communicate about
about them.
them. In
In addition,
addition, there
there are
are strong
strong differences
differences between
between the
the answers
answers of
of
different
categories
of
end-users
(Figure
7).
different categories of end-users (Figure 7).

Figure 7. Responses to the question ‘Do you think you can consider uncertainty in the uses you make
Figure 7. Responses to the question ‘Do you think you can consider uncertainty in the uses you make
of a soil map and that this uncertainty will be considered by decision makers?’.
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Respondents from research and higher education fields (mainly research institutes, universities
Respondents from research and higher education fields (mainly research institutes, universities
and agronomy high schools) were mostly very confident that the uncertainty indicators (or indicators of
and agronomy high schools) were mostly very confident that the uncertainty indicators (or indicators
the prediction performance of the maps) would be easy to use and that it would be easy to communicate
of the prediction performance of the maps) would be easy to use and that it would be easy to
this to decision makers. Respondents from the development and application domains were much
communicate this to decision makers. Respondents from the development and application domains
less confident in their ability to consider uncertainty indicators, and were not very confident that
were much less confident in their ability to consider uncertainty indicators, and were not very
these uncertainties would be considered by decision makers. This general tendency shows that a
confident that these uncertainties would be considered by decision makers. This general tendency
large number of end-users still feel uncomfortable about producing and using uncertainty indicators,
shows that a large number of end-users still feel uncomfortable about producing and using
and this tendency was much more apparent with people from agricultural organizations.
uncertainty indicators, and this tendency was much more apparent with people from agricultural
Both producers and end-users expressed a strong interest in moving from conventional to digital
organizations.
soil mapping (DSM). However, most indicated that they would need strong technical support to
Both producers and end-users expressed a strong interest in moving from conventional to digital
acquire new concepts and methods, and a significant proportion of end-users felt uncomfortable with
soil mapping (DSM). However, most indicated that they would need strong technical support to
uncertainty. The responses to many open questions showed that end-users would like to not only have
acquire new concepts and methods, and a significant proportion of end-users felt uncomfortable with
digital maps of soil properties but would be more interested in maps that represented changes in these
uncertainty. The responses to many open questions showed that end-users would like to not only
properties over time, or even maps forecasting possible future changes.
have digital maps of soil properties but would be more interested in maps that represented changes
in these properties over time, or even maps forecasting possible future changes.
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4. Discussion
This section discusses certain elements relating to this survey and its principal findings,
and observations are linked to the five dimensions of the Soil Security concept [1,2]. Indeed, linking
soil attributes to soil security offers a unique opportunity to enhance the link between soil scientists,
stake-holders, policy makers and other disciplines. The communication of soil security may be more
effective than focusing on soil itself [1–4,29].
4.1. Limitations of This Survey and Points of Interest
A large number of responses from both map producers and end-users were gathered via the
survey. Although the results may be somewhat biased, as it required the willingness and time to
complete the long questionnaires, and therefore only a certain number of end-users and producers
completed it, this was the largest survey conducted on soil mapping needs in France since a report
published more than 20 years ago [30]. In this survey, we investigated whether the data produced
matches the data required by end-users, and results show a correspondence in this respect for many
variables but not for all. It is essential that users know what information exists and where to find
it, and an effort to disseminate information (metadata and data) needs to be made to strengthen the
‘Connectivity’ between producers and users. ‘Soil Connectivity’ describes the social dimension, i.e.,
how people view and value the vital soil resource [2].
4.2. Filling the Gaps for Certain Land Cover/Environments
There is still a severe lack of soil information for some environments (such as urban and peri-urban
areas and industrial areas), which is concerning given the importance of associated threats such as
urbanization, contamination and natural risks, and considering that a vast proportion of the French
population lives in or close to a city. This oversight may be partly attributed to the fact that the first soil
surveys were historically developed for agricultural production. In fact, with some rare exceptions,
urban soils have simply been cut out on most of the previous conventional medium-scale legacy
soils maps, and are considered to be areas of ‘no soil’. Moreover, in these environments, the lack of
contamination mapping is a concern for human health, as the areas with higher populations are also
often the most contaminated. Specific point data on the contamination of urban and industrial soils do
exist, nevertheless [31], but they are not often mapped, and they require a strong investment into the
development of methods that are adapted to the particularities of these environments, which exhibit
considerable heterogeneity over a short distance. More efforts are required to enable the mapping
and characterization of urban and industrial soils, and certain initiatives are currently ongoing in this
respect [32,33]. On a national level, a spatial analysis of a regular 16 km to 16 km grid covering the
French territory has enabled the mapping of large trends according to geochemical background and
diffuse contamination (e.g., [34–36]). However, there is an urgent need to fill the gap between mapping
large trends and more local ‘hot-spots’, both in urban and industrial areas and in local environments
and settings.
4.3. Requirements for Other Data Relating to Factors Controlling Soil and Associated Changes
The results of this survey indicate that many attributes relating to soil structure and soil water
behavior are often lacking in soil DBs. Indeed, some soil structure descriptions and related properties
are often stored in DBs as qualitative variables (for example in relation to structure as being crumby,
granular, polyhedral, blocky, prismatic and columnar; or to porosity and permeability as ordinal
classes). However, they are still rarely used to derive functional soil properties, which suggests that
research should be conducted to assess if and how they could be included in some PTFs. Similarly,
biological activity descriptors and measurements are often missing, although some ongoing attempts to
include them are being made [22,28]. Available water capacity is also rarely measured, which stresses
the need for complementary measurements such as those currently being conducted in the framework
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of the second round of the French soil monitoring network, and/or the need for assessment of the
potential of some co-variates for mapping this property (e.g., the response of vegetation under drought,
which could be captured by remote sensing though a spectral index such as Normalized Difference
Vegetation Index (NDVI), or by yield measurements). In general, however, some end-users express the
need for maps of functional soil properties rather than maps of soil state variables, which emphasizes
the need to move from a DSM to a digital soil assessment, and thus implies an increased need for
process knowledge in mapping [37,38] and for mapping soil ecosystem services. This last point could
bring new insights about ways to assess soil ‘Capability’ and ‘Capital’ and to increase soil ‘Connectivity’,
by highlighting the role of soil in providing services that are essential to human well-being.
The need to know soil characteristics is often related to the need for information about agricultural
and management practices with respect to soils. The same is true for past land management, where
there is a lack of essential information, such as that relating to the history of land use. In general, these
practices or management methods are essential for making measurements and predictions, and for
monitoring future changes. Many issues relating to soils require both soil maps and maps of cropping
systems and agricultural practices. However, the production of the latter map types does not depend
on a soil mapping strategy in the strictest sense, but rather on using complementary approaches such as
surveys, aerial photographs, old maps of land cover, integration of remote sensing data and conducting
research into markers or specific tracers of land cover and land use changes. This is of crucial relevance
for understanding and modeling processes controlling dynamic soil properties, such as those related
to global cycles of water, carbon and nitrogen. Moreover, the capacity to monitor land use changes
and practices in the future via remote sensing provides the opportunity to move from DSM to Digital
Soil Monitoring. Additionally, the integration of the effects of changes in land use and practices by
modeling could enhance the possibility of simulating scenarios to foresee or predict their effects on soil
‘Condition’ and on fluxes between other environmental systems such as air, water and vegetation.
It is interesting that some end-users say they would also like economic data, particularly for
the interface between peri-urban and agricultural areas. Information about the resale value of land
(especially if it is converted to land for expanding cities and surrounding commercial activities) is one
of their high priorities. Conversely, helping decision makers to plan land use also requires information
about the value of ecosystem services rendered by soils [39–41], and this relates to the dimension of
‘Capital’ in the concept of Global Soil Security [1–4].
4.4. Considerations about Digital Soil Mapping and Uncertainty
Although producers and end-users express a strong interest in moving from conventional mapping
to DSM, they also express the need for strong scientific and technical support. End-users (and even
some map producers) appear to be confused about the implicit link between spatial resolution and
uncertainty that is frequently wrongly made. Many still feel that if the size of the support is finer then it
will include more reliable and accurate semantic information. Furthermore, many end-users simply do
not know how to use uncertainty or how to communicate it. Decision-makers frequently feel uneasy
about uncertainty, and they often prefer delineating areas that have sharp boundaries, mainly for legal
reasons (such as land planning or zoning decisions), because communicating uncertainty opens the
possibility of decisions being questioned and can lead to endless discussions. This may explain why
respondents from agricultural organizations do not entirely believe that decision makers will consider
uncertainty. Indeed, maps are often used as tools to help decision making about policies linked to
agricultural practices (e.g., the spreading of effluents, irrigation quotas, the delineation of protected
areas, subventions to maintain agricultural activities and the use of fertilizers and pesticides) or for
land use planning (see Section 4.3).
4.5. From Digital Soil Mapping to Digital Soil Monitoring and Modeling Future Changes
The end-users express interest in obtaining maps that show changes in soil properties over time,
or even maps that forecast possible future changes. In other words, they are not only interested in
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obtaining information about soil properties that may be considered rather stable and related to their
intrinsic biophysical characteristics (which refer to the dimension ‘Capability’), but they also want
information about changes in soil ‘Condition’ [1–4]. An underlying question that was not addressed in
the questionnaire, is whether soil scientists are able to establish better links between the ‘Condition’
and ‘Capability’ of soil and/or to define thresholds for which changes in ‘Condition’ will modify
‘Capability’ in a more or less irreversible way. The responses from end-users also suggest a need to
build interfaces between existing soil information (either ‘Capability’ or ‘Condition’) and the need
for process-based modeling tools to predict future changes under different scenarios such as climate
change, changes in land use, human demands for food, and markets and regulations (the latter refers
to the dimension ‘Codification’).
5. Conclusions
Although several topics were considered important by both soil map producers and end-users,
there is an evident lack of information pertaining to certain environments, both in terms of associated
soil data and their mapping. This is particularly true for urban and peri-urban settings and their
interface with the rural environment. It is considered that greater efforts need to be made with respect
to such areas, and that a special emphasis should be placed on topics than enable the potential effects
of contaminants on human health to be assessed, in addition to soil sealing and providing tools to
assist decision-makers to effectively plan land use.
Although there appears to be a consensus about the minimum dataset required, the list of soil
attributes currently available in geographical soil DBs needs to be extended and densified, either by
realizing new measurements (this is especially the case for contaminants, but also for some oligoor major elements) or by establishing more efficient PTFs (this is mainly the case for soil structural
and hydrological attributes). In addition, some very important attributes (such as soil thickness)
require more research attention to enable their eventual prediction. Furthermore, the spatial resolution
provided by current maps is not fine enough for the needs of many users, and sampling sites thus
need to be densified and DSM approaches developed to provide fine grids pertaining to soil attributes
that have a satisfactory precision.
More data on soil attributes are required, as are data on related fields linked to changes in the soil
‘Condition’, such as land use changes, soil management and agricultural practices.
There is also a need to move from maps predicting soil ‘Capability’ to maps describing and
forecasting changes in soil ‘Condition’, and a need to integrate the dimensions of soil ‘Capital’ and
‘Codification’. It is not possible for all the dimensions of Global Soil Security to be addressed only by
soil science research and the development of DSMs.
There is a strong need for capacity building with respect to DSMs; in particular, the development of
cost-effective methods for estimating and mapping uncertainties should be pursued, and it is necessary
to address the question of how to communicate the meaning of uncertainties and how to use them in
further modeling and decision making. End-users will also need to consider the use of new concepts,
and short technical training courses could be used as a tool-kit for end-users to employ the use of
new mapping techniques. Finally, the need for better communication about DSMs and uncertainty
is evident, especially with respect to decision makers, but also for all end-users and producers. This
communication could be a way of improving soil ‘Connectivity’ in the global framework of soil security.
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