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many reasons, stakeholders géaﬁ%t always aware that they are reliant upon soil data

and information to support their activities. Various reviews of stakeholder needs and
how soil information could be improved have been carried out in recent years.
However, to date, there has been little consideration of user needs from a non-expert
perspective. The aim of this study was to explore the use of explicit and hidden soll
information in different organisations across Europe and gain a better understanding
of improvements needed in soil data and information to assist in practical use by
non-expert stakeholders. An on-line questionnaire was used to investigate different
uses of soils data and information with 310 responses obtained from 77
organisations across Europe. Results illustrate the widespread use of soil data and

information across diverse organisations within Europe, particularly spatial products
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and solil functional assessments and tools. A wide range of improvements were
expressed with a prevalence for finer scale resolution, trends over time, future
scenarios, improved accuracy, non-technical supporting information and better
capacity to use GIS. An underlying message is that existing legacy soils data need to

be supplemented by new up-to-date data to meet stakeholder needs and information

gaps.
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Highlights
e The fundamental importance of soils in the environment means that decision makers
make extensive use of soils data and information
e A questionnaire was constructed to investigate stakeholders’ use of soil
assessments and tools as well as looking at desired improvements on information
they currently use.
e The questionnaire yielded 310 responses from 77 organisations across Europe.
e Stakeholders in agriculture and research are more likely to request improvements in

finer scale resolution for soil mapping applications.

Stakeholders communicated the fundamental importance of contemporary
data and spatial soils information for wider scale applications and contemporary

data and their end user needs.



1. Introduction

Soils form a major component of our natural environment on Earth, performing an array of
essential functions that underpin key ecosystem goods and services which we rely on
(Costanza et al. 1997; Smith et al. 2015). The significance of soils within the environment
has meant that stakeholders have to use a wide variety of soils data and information in their

decision making.

The concept of soil functions was first conceived during the early 1950s and has since been
widely adopted in national and regional policy (Blum, 2005). From the mid-1900s onwards,
soils functional aspects have been incorporated into assessment tools such as maps and
models that assist decision makers across a wide range of soil-related issues from land use,
cropping practises, protection of water bodies, and restoration of habitats to climate
regulation. For instance, many early assessments around agricultural productivity, such as
the Land Capability for Scotland (Bibby et al, 1988) and laterally, the CAPRI model (Britz
and Witzke, 2014), are based on soil maps. However, functional assessments have since
extended across many other issues such as groundwater vulnerability (Environment Agency,

2013; Harter and Walker, 2001).

When exploring what needs to be improved in terms of soils data and information, we need
to understand the contemporary needs of stakeholders particularly where soils data and
information may be implicit or part of an underlying model or assessment tool. There are
various reviews of stakeholder needs and how these levels of information could be improved
which have been carried out in recent years (Black et al, 2012, Prager and McKee, 2014,
Valentine et al, 1981, Grealish et al, 2015, Omuto et al, 2013, Houskova et al, 2010,
Panagos et al, 2012). However, these reviews have generally assumed that stakeholders
have some knowledge of soils or are fully aware that they are using soils data and
information. The aim of this study is to understand soils data and information stakeholders’

needs across Europe from a non-expert perspective.



Jones et al. (2005) reviewed soils resources and information use across Europe and
determined that these are traditionally associated through the function of food and fibre
production, with increasing applications to other issues such as climate change and water
resource management (Blum, 2005; Grealish et al. 2015, Haines-Young, 2011). Soil maps,
data and information are used in many sectors besides soil science, such as farming,
hydrology, land degradation, policy and environmental modelling (Valentine et al. 1981,
Mather, 1988, HouSkova et al, 2010, Hallett et al, 2011, Omuto et al, 2013, Prager and
McKee, 2014). The majority of soil information users indicated that key soil attributes are
readily available (Wood and Auricht, 2011). However, improvements in a range of sail
properties such as soil moisture, toxicity, biology and carbon are required (Auricht, 2004,

Grealish et al. 2015).

Furthermore, engineering properties such as subsidence and corrosion are also of interest
(Pritchard et al, 2015). These types of information are available but awareness of data
accessibility and where to find them remains challenging. Information needs are also specific
to stakeholder requirements and the spatial resolution of the undertaking. Black et al, (2012)
consulted a wide range of stakeholders in developing the Soil Monitoring Action Plan for
Scotland with further consultation taking place with farmers and local authorities by Prager
and McKee, (2014). Key improvements mentioned were finer spatial resolution, soil trends,

soil biological and physical indicators and sealing.

The FAO (2012) identify three major challenges in addressing soil information availability.
The first of these focusses on the importance of soil protection, particularly to the global
modelling community as it will help mitigate and adapt to issues such as climate change and
food security. A second consideration is soil monitoring, focusing on improving global soil
data at finer scale resolution. The third looks at advancing Digital Soil Mapping (DSM) and
Digital Soil Assessment (DSA) techniques. DSM and DSA offers potential to map soil
properties at detailed and broad scales (McBratney et al, 2003; Behrens and Scholten, 2006;

Carré et al, 2007; Hartemink et al. 2008). However, it is not clear how any of these



challenges reflect the needs of stakeholders, and difficulties remain around integrating the

capability of models and the envisioned users of this data.

Stakeholder interaction and participation should be considered from the outset, and this is
very rarely done (Reed, 2008). Studies by Bouma (2012) and Black et al. (2012) highlighted
that end-users were often not aware that they were using soils data and information so could
not easily communicate further needs. It is therefore not straightforward to assume what the
needs of envisioned users of ‘new’ soil information are, in particular where this information is
embedded in derived tools. Here we planned a survey of non-expert users to investigate
their current needs and perceived gaps in their ability to deliver in their work activities. This
information is vital in addressing how new soil tools and products, such as DSM and DSA,
might (or might not) meet the stakeholder requirements and the likelihood of such products
being of practical use. Our aim is therefore to investigate what soils assessments and tools
stakeholders currently use and what improvements, if any are required for future soil

products/information sets.
2. Methodology

A detailed questionnaire was carried out to consider the range of soils data and information
currently being used across Europe with a focus on explicit and hidden soils information
being used by non-expert stakeholders: non-experts being people who use soils information
or data in their everyday work but who are not expected to be academically trained soil

scientists.

The questionnaire was compiled using the web-based survey programme Qualtrics

(http://www.qualtrics.com/). In addressing the different uses of soils data and information, we

considered it important to address functions of soils and contact stakeholders with close
connections in and around these functions. Therefore, stakeholders were identified in order
to be representative of the primary functions of soils

(http://www.fao.org/resources/infographics/infographics-details/en/c/284478/ ) including

biomass production, cultural heritage, regulating, biodiversity/habitats and infrastructure. A


http://www.qualtrics.com/
http://www.fao.org/resources/infographics/infographics-details/en/c/284478/

list of organisations across Europe, with named soil contacts, was draw up by accessing
published materials, on-line searches and personal knowledge. The remit and primary
activities of these organisations corresponded well with at least one of the soil functions and
provided coverage across the soil functions. Stakeholders were based around commercial
organisations, learned societies, non-governmental organisations (NGOs), local authorities
and government organisations. A total of 98 organisations were contacted across 22
countries in Europe. Of these, 34 organisations can be considered trans-European in their
activities i.e. no specific alignment with any one region or country. A pilot study of the
guestionnaire was conducted with staff at The James Hutton Institute (Aberdeen) and the
Scottish Government’s ethics committee; the questionnaire incorporated amendments
following relevant feedback. The survey was carried out from July to August 2015 and was

made accessible to stakeholders through an anonymous online link.

3. Questionnaire Results

3.1. What sectors use soils information?

There were 310 individual responses to the questionnaire from 77 out of the 98
organisations we contacted and, from this, 93% of stakeholders said that they handled

information about soil in their work.

Stakeholders were asked to identify what best describes the activities of their organisation.
Stakeholders could tick more than one option for this question in order to obtain a broader
understanding of activities associated with individual organisations. The top three activities
were agriculture, research organisations (universities, institutes etc.) and conservation (Fig.
1). Stakeholders who ticked ‘other’ ranged from people who worked in landscape
photography, archaeology and oil and gas services. This shows that there is a wide array of
stakeholders who have an interest in soils data and information and who may use certain

tools and assessments related to activities within their organisation.



Agriculture

Research organisation
Conservation
Environmental Consultancy
Forestry/Woodland

Other

Planning

National/Fed Government
Waste Management

Estate or reserve management
Environmental Regulator
Landscape Design

Local Authority

Water Industry
International Agency
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Local community
Finance/insurance

Activity
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Responses (n=312)

Fig.1: Range and type of organisations and the percentage of responses to the

guestionnaire.

This was to get an understanding as to the variety of organisations people worked for.

N.B. Stakeholders could tick more than one option for this question.

3.2. Tools and assessments and awareness of embedded soils information

Stakeholders were encouraged to tick as many boxes as possible in terms of what tools and

assessments they use in their work. These assessments are grouped by related soill

functions. Most responses came from people who were connected with agricultural

production and conservation of habitats and biodiversity. Respondents were asked about

how aware they were that many of the assessments had soils information embedded within

them, with 87% saying that they were ‘aware’.



In relation to ‘Biomass Production’, it was found that the two main tools predominantly used
were agricultural land evaluation and fertiliser/pesticide usage assessments. In terms of
assessments grouped under ‘Infrastructure’, it is the extraction of raw materials such as clay,
sand and silt, followed by assessment of the impacts of soils on assets such as pipes and
electric cables. Nitrate Vulnerable Zones (NVZs) were found to be the main assessment tool
used by stakeholders closely associated with ‘Environmental Regulation’ with soil erosion

and diffuse pollution to water following closely behind.

Habitat suitability maps and land restoration assessments were the most commonly used

assessments by stakeholders related to ‘Habitats and Biodiversity’.

The number of stakeholders requesting information on fundamental soil properties from the
guestionnaire was relatively high. Soil chemistry (primary contaminants) and other properties
including soil acidity, alkalinity and carbon had the highest demand and application (Fig.2). A
number of other assessments which were not listed in the survey were also used by
stakeholders including soil climate zones to identify nutrient demands of crops and

grasslands.
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Fig.2. Tools and assessments used and percentages used by respondents.

These are broken up into their closest related soil function.

3.3.  Sources of information, licencing and spatial importance



Respondents were asked to identify what sources they used to acquire soil information
required for their work. The use of maps in either paper or digital format is the most prolific
with 78% of respondents using them while 65% of respondents use Geographical
Information Systems (GIS). Other sources consisted of social media websites and

discussions with knowledge transfer exchange with stakeholders (11% of respondents).

On the whole, most stakeholders found most sources that they used either ‘very useful’ or
‘useful’. 95% found the use of maps, expert knowledge and field and laboratory analysis to
be either ‘useful’ or ‘very useful’. However, 11% reported that GIS systems were ‘not very

useful’ or ‘not useful’ (Fig. 3).



[ Field analyses @ Expert Knowledge

W Geographical Information Systems (GIS) B Maps (paper or digital)
@ Databases W Books/reports
B Websites B Other (please specify)

Fig. 3: How stakeholders rated usefulness of sources.

Outer circle represents the percentage of stakeholders who rated ‘very useful’.

Inner circle represents those who rated ‘not very useful’.

When asked whether or not their organisation paid for licenced use of soils information, 49%

said that their organisation did, 30% said 'no' and 21% said that they 'didn’t know'.



Respondents were asked to assess the importance of spatial soils information for wider
applications and end-user groups and as a result of this, an overwhelming 98% of the
respondents said that this was ‘very important’ or ‘important’. Previously, we saw that 93%
handled information about soil as part of their work. This extra 5% illustrates that those
respondents who do not use, or acknowledge soil as part of their work still see the

importance of spatial soil information for wider applications and end-user groups.

3.4. Requested improvements to soil information and data

Improvements to soil data and information were a key issue addressed in this questionnaire.
Respondents were asked what they would like to see improved in relation to the information
they already use and this has been summarised in Fig.4. We grouped improvements post-
survey to ease interpretation under four main themes: ‘Uncertainty’, ‘Scale and Coverage’,
‘Metadata’ and ‘Fundamental Data’. Most stakeholders wanted soil information at a much
finer resolution or scale to what they currently use. With regards to ‘Uncertainty’,
respondents wanted improved accuracy and credibility of data sources. With regards to
‘Scale and Coverage’, as well as wanting information at finer scale resolution, respondents
wanted to see improvements in co-ordinates of geographical locations (i.e. data in a format
which they can georeference). With respect to ‘Metadata’ issues, respondents requested
improvements in the availability of associated documentation related to the data. Finally,
under the category of ‘Fundamental Data’, we see that respondents wish to see
improvements with trends over time and contemporary data. Respondents were then asked
specifically if they would be interested in using any new information that might arise from
improvements in spatial resolution/scale and uncertainty. From Table 1, we can see that
there is a positive response to improvements regarding both of these issues. Other notable
requirements ranged from improving map and data interpretations, and the ability to use

multiple datasets or assessments.
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Fig. 4: Improvement recommendations by the stakeholders

Issue Yes
Spatial 209
resolution/scale
Summary of 159
uncertainty/error
values

Other (please 10
specify)

Total
responses
245

216

17

Table 1: Would you be interesting in any new information arising from an improvement in

spatial resolution/scale or summary of uncertainty/error values



There was a space at the end of the questionnaire for respondents to add any extra
information that might be useful. The main themes that came out from the additional
responses were opportunities to increase knowledge transfer between research and policy
makers and also the importance of education and training, which are vital in terms of

increasing soil understanding.

3.5. Relationships between organisations and desired improvements

One of the main objectives of this study was to establish from the questionnaire what desired
improvements were linked to the activities of particular activities. To achieve this, responses
were cross tabulations between activities of the organisations and the desired improvements
the stakeholders had requested. This was undertaken using the Qualtrics software. The
cross tabulations were then used to create heat maps using R Statistics software

(https://www.r-bloggers.com/citing-r-or-sas/) (Fig. 5). The legend indicates how the shading

relates to the number of people who answered responses to both of these questions i.e. the
darker the colour then the greater the correspondence between activities within that specific
organisation and the requested improvements. From this we can see, improvements in
finer/scale resolution are being requested most by stakeholders whose activities revolve
around agriculture or research but consistently needed across all organisational activity
groups. Trends over time are also particularly related to those working in agriculture and
research but also sought by stakeholders in conservation and national/federal or

governmental agencies.
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Fig. 5: Heat map showing the cross tabulation of responses (N) between the activities of an
organisation and suggested improvements in soil related information.

The darker the colour indicates a greater number of responses.

Using the same data, we converted the crosstabs into percentages to explore needs within
activity groups. For the majority of organisations (Fig. 6), finer scale resolution and,
associated, improved data accuracy predominated individual organisational user needs.
Some organisations identified quite specific needs. In the finance/insurance category, these

include improvements in contemporary data, finer scale resolution, improved coverage and
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methodology in how the data was generated. In the water sector, understanding soil

classification and non-(expert) user summaries were identified as relatively high needs.

Agriculture

Consenation

Construction
Environmental Consultancy
Environmental Regulator
Estate management

Financefinsurance

.Il
B EH T EEE T

Forestry

International Agency

Landscape design
Local Authority

Local Community .
Mational Fed Govt
Planning .
Research
Viaste
\Water .
Other
O CdcCc Z 00 30 o0O==35 350300058 ()
= I3 g@g S O O 3 5 m 33;:. (=T =T
3 222 °Zzemg28g2size 2
_'E%g'::._‘:mn.ggg_'amg =
o wop e ol Fes o P 3 g o
3 = 23 FFgEscba 5w T g o
L 222, 282 ©LOFasIga =
o = = % 58 mE'I:I_‘I_._ED 3
] = 3 o a' [ S = o o]
3 2 3 = NC I A~
- == U o 3 E 8% 2w g c P
un‘f = 2 B = o ® o 5 T o 3 <
® o < z ° Fs53%83 @8
o 2 s g S3° & 3
- o o =% Iy = [}
Z o = =] 3
=] Lg w = ar
2 =2 2
5
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4. Discussion

It is encouraging that we were able to obtain a large number of responses from non-expert
stakeholders across substantially different organisations. It is clear that many diverse sectors
are using, wish to use or access soils information on a regular basis to support day-to-day
work practices. Moreover, our survey demonstrates that soils data and information are
widely used in a range tools and assessments and are often integrated with other data
sources such as historical data on climate and vegetation (e.g. where soil climate zones
were used to establish nutrient demand for crops and grassland for regional animal manure

management).

The survey responses also identified that there are barriers to accessing and using
appropriate soil data. Overall, it would seem that stakeholders find difficulties obtaining and
collecting information for projects which are under licence or where they have to pay for the
use of it. Payment for use of data is particularly dependent on organisations procurement
procedures and that different organisations are willing to pay varying amounts in order to
obtain certain data for their work or projects (Montanarella and Vargas, 2012; Diafas et al.
2013). It is unclear how much this constituents a significant barrier to the use of soll
information, as payment was not identified as one of the key improvements from the
guestionnaire. However, improving accessibility would clearly benefit non-experts.
Alongside this, there is a clear need to address technical understanding with needs identified
for knowledge transfer between research and policy, education and training, improving
associated supporting information, understanding soil classifications and non-expert user
information. A need for more technical knowledge may well reflect a lack of soils in school
and university level education. The level of responses suggests that there is demand (and
opportunity) for soils training opportunities focussed on non-experts and practical
applications. In parallel, there is also a clear need for increased skill capacity in GIS within

organisations using spatial soil data and information. Without this, it is difficult to see how



new spatial soil products, which are predominately GIS in nature, can be widely adopted for

practical use.

Stakeholders used a variety of information sources and of these, it was notable that a high
proportion of people found GIS to be the least useful source of information even though a
high proportion of stakeholders use or want to use spatial information and that GIS is a
widely used spatial information platform. This may be due to constraints around technical
ability, accessibility to GIS software (although open-source GIS software is available e.g.
QGIS), or could allude to a more fundamental problem with the GIS medium being

inadequate for the assessments undertaken by the respondents.

Other sources of information that were mentioned ranged from the use of social media sites
like Twitter, academic journal articles and discussions with other stakeholders. Although not
used widely at present, social media does now present real and widespread opportunities to
communicate with and inform non-experts. Interestingly, most people found field and
laboratory analyses to be ‘very useful’ or ‘useful’ alongside maps, whether in paper or digital
format, and expert knowledge. Reasons could be that stakeholders are utilising ‘tacit
knowledge’ from field experts who acquired this information in the first place, thus using it as
a validation tool (Hudson, 1992) and they are sufficient familiar with handling field and lab
results. This may also reflect issues discussed about constraints with technical

understanding and GIS skills limiting use of other soil data and information sources.

The questionnaire also indicated widespread requirements for information on future
scenarios and trends over time. There is a significant amount of legacy soils data available
but much of this is at over 30 years old which could be used more to explore future
scenarios and trends over time. There is however an underlying requirement for new
information on soils to be able to determine current trends in soil properties and functions
and to support modelling of future scenarios based on current conditions. Legacy data, on its

own, cannot meet current user needs.



Our survey indicates that a number of soil properties including texture (sand, clay and silt),
contaminants, bulk density, pH and carbon have widespread use. These should be a priority
in making more accessible and useable by addressing the needs for non-expert supporting
materials, finer spatial resolution, trends over time etc. However, there are also other soil
properties to be considered. Many of the answers in the questionnaire reflect instances
where soil properties underpin soil functional assessments and tools. In such instances, the
relevance of individual soil properties is “hidden” to the user and therefore the need for
information on individual soil properties may not be fully expressed. This is a potential pit-fall
to be recognised in any future assessments of stakeholder needs. Table 2 illustrates the soil
properties used to derive these assessments using information gathered from previous
documentation and literature (e.g. GlobalSoilMap, 2011a, GlobalSoilMap, 2011b, Mayr et al.
2006). This can be used in post-hoc identification of “hidden” soil properties in
guestionnaires, in particular when exploring needs for soil functional assessments and in
ensuring that all necessary soil properties are being considered in the improvement of
existing mapping or development of new modelling and mapping, such as DSM and DSA
(c.f. Mayr et al. (2006). Expressing the links between soil properties and soil functions can
also be used as a tool in raising stakeholders’ awareness of the wider range of soil

properties which underpin the soil functional assessments and tools that they use regularly.



Related Soil
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Agricultural land evaluation
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Drainage systems

Fertiliser and pesticide usage
Irrigation requirements
Land Suitability for Forestry

(Micro) nutrient concentration

Soil borne diseases and/or
pests

Soil pathogens
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Climate change models
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Flood risk maps
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v
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v
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earth)

4 4
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Fundamental Soil
Properties

Habitats and
Biodiversity

Nutrient Vulnerable Zones

Pesticide safety assessment
Pollutants in soil

Reclamation of contaminated
land

Runoff potential

Sludge acceptance potential

Soil erosion

Diffuse pollution to waters

Nutrient cycling

Soil acidity/alkalinity levels
Soil carbon/organic carbon
Soil chemistry

Soil moisture

Soil temperature
Habitat suitability maps

Land reclamation/restoration

Land use change modelling

Pollen counts
Protection of animal species

Recreational space



Infrastructure Extraction of raw materials %4 %4 v v v v

Infrastructure assessment

Land Suitability for Housing

Table 2: Soil assessments mentioned in the questionnaire measured against probable soil properties that will be mapped as future work. Table

adapted from: GlobalSoilMap (2011a, 2011b) and Mayr et al. (2006)
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Most stakeholders stated, from the questionnaire, that they require information at finer
spatial scale/ resolution than what is currently being offered. An obvious focus for future
work is to deliver finer spatial scale in the key soil properties identified by the stakeholders
(i.e. bulk density, soil contaminants, pH, texture and carbon). However, one assumption is
that finer spatial scale will lead to improved data and subsequent assessments. This may not
be the case since scale is a complex parameter which is dependent on context and
application (Goodchild, 1997, Wu and Li, 2009). Supported and promoted by FAO

(http://www.fao.org/global-soil-partnership/pillars-action/4-information-and-data/en/), DSM is

a major opportunity to gain soil property information at finer spatial scale than existing
products, with the benefit of characterising accuracy and precision properties (Cavazzi et al,
2013). Such predicted soil property products can then be used to make significant advances
in modelling and mapping the soil functional assessments which are widely used by diverse
stakeholders and organisations. However, it is imperative that such approaches are matched
with field assessments to critically evaluate and validate the accuracy of predicting soil

properties at finer spatial resolution using existing (generally legacy) data.
5. Conclusions

The questionnaire was designed to understand how soils data and information are being
used by non-expert stakeholders for a range of purposes. The responses indicate that
stakeholders are generally aware of the utility of soil data and soil functional assessments for
their work however they may not be aware of the full range of soil properties underlying soil
functional assessments. Stakeholders identified that better and wider use of existing (and
future) soil information by non-experts could be enabled by improvements in data access
and user-friendly supporting materials. The majority of stakeholders require finer spatial
resolution than is currently offered, contemporary information on soils and trends over time
for soil functions as well as properties. Established soil modelling such as the global
initiatives in DSM and DSA can address some of these needs. However, a clear message

from stakeholders is that existing legacy soils data needs to be supplemented by new up-to-
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date soil data which is fit for current and future uses. Requirements for contemporary data
demand investments in new and novel monitoring and sampling at sufficient spatial
resolution and frequency to enable assessments of the range of soil functions. These will, in
turn, be used deliver and shape a wide range of multi-organisational activities and policies. A
guestion still remains on long we can rely on legacy soil data to make decisions today and

into the future?
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