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Introduction: 
  
The Scottish Soil Database and associated maps is one of the most comprehensive 
collations of national scale soil data in Europe. Since its inception in 1948 to the end 
of systematic survey in 1988, the Soil Survey of Scotland produced a range of 
digitised and paper maps at a number of scales from full national coverage at 
1:250 000 scale to more local surveys at scales of 1:10 560 or larger. In addition a 
comprehensive database was developed that currently contains information on over 13 
000 geo-referenced soil profiles. Although some digitising of detailed soil maps is 
currently being carried out and soil profiles are added to the database sporadically, the 
main emphasis of current interest is on the utilisation of the spatial and point data for 
a variety of purposes.  
 
From interactions with a range of end-users within the Scottish Executive and 
agencies, it is clear that soil data are of considerable potential value to them in 
delivering their statutory and corporate objectives.  This interest also extends to a 
number of UK government departments with specific responsibility to deliver key soil 
information to the EC during the formulation and development of its Soil Protection 
strategy. Similarly, many aspects of the implementation of the EC Water Framework 
Directive are dependent on an understanding of the spatial distribution and properties 
of soils within catchments. The soils data held by the Macaulay Institute puts Scotland 
in an excellent position to contribute to a UK perspective on soil protection. The 
Institute has good collaborative links on a number of projects with the National Soil 
Resources Institute (NSRI), who have been retained to provide similar soil 
information for England and Wales by Defra, the lead UK department for liaison with 
the European Environment Agency. 
 
Since the end of the systematic survey of Scottish soils in 1988, the existing soil 
spatial and point data have been used in a number of projects and interpreted in a 
variety of different ways to provide more easily understood soils information for users 
in the academic world, government agencies and NGOs.  Although some attempt has 
been made to co-ordinate this effort, there is no single, coherent attribute dataset that 
can be used to fulfil the requirements of many users.  
 
The pedological basis of classification for soils in Scotland is flexible for use by the 
specialist but can be difficult for the non-specialist and prone to misinterpretation. In 
order to develop an information base which can be readily understood and used by a 
range of non-specialists, three elements require to be brought together in a coherent 
way, namely soil maps, soil data and the expert knowledge available at the Macaulay 
Land Use Research Institute. A key feature of the work is to systemise some of the 
knowledge held by individuals. Changes in priorities for soil research over the past 20 
years has meant that knowledge gained during the systematic collection of soils data 
now resides within only a few individuals. Investment in data enhancement and 
digitising of soil maps has come from a variety of both public and private sources 
rather than through SEERAD ‘core’ funding. 
 
This project aims to rationalise the existing derived soil data and to utilise existing 
soil knowledge to develop an integrated attribute database of soil information with a 
common base at the chosen spatial scale of 1:250 000. This map scale was selected as 
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it is the only scale of map that provides complete Scotland-wide cover, encompasses 
many of the most important and extensive soil types in Scotland and has also been the 
basis for many of the derived datasets . 
 
Project objectives: 
 
The primary objective of this project is to create an information base on Scottish soils 
that will take account of the increased requirement for soil data by a range of end-
users. Specific aims of this project are to: 
 

• consult with the principal end-users in Scotland via a workshop concerning 
their requirements for soil data now and in the immediate future and establish 
the feasibility of providing the required data and relating these to their existing 
data holdings, 

 

• rationalise previous extensions to the Scottish Soils Database base held by the 
Macaulay Land Use Research Institute and collate metadata on verified 
datasets and on the methods used to derive the original base data, 

 

• extend the chemical, physical and biological aspects of the information base 
using existing data, check thoroughly for errors and correct, 

 

• assess critically the options for new measurements on archived soil samples 
and limited resampling of key soils taking into account the age and 
applicability of some existing data, and 

 

• co-ordinate these activities with those that are being carried out at the National 
Soil Resources Institute, Cranfield University, in providing UK data through 
Defra to the European Environment Agency. 

 
 
As part of the development of the Scottish Soils Knowledge and Information Base 
(SSKIB), funded through grant-in-aid by SEERAD, there is a commitment to engage 
with key end-users in order to determine their requirements for soil data now and in 
the immediate future and establish the feasibility of providing the required data and 
relating these to their existing data holdings. After consultation with potential end 
users, we will review the existing derived datasets, rationalise them and derive a 
common basis for an attribute dataset. This database will then be populated with 
existing and newly derived attributes to provide a comprehensive dataset of soil 
information suitable as input to a wide range of modelling activities. 
 
 
Workshop Presentations 
 
 
To start this process a workshop was held at the Macaulay Institute on Sept 22nd 2004 
with key end-users from the public sector to summarise the current position of soils 
data and consult with them about future developments.  The list of attendees, the 
programme for the day and the presentations given are summarised in the appendices 
to this report. The workshop was  attended by delegates representing key departments 
within the Scottish Executive, the Scottish Environment Protection Agency, Scottish 
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Natural Heritage,  the Forestry Commission, Local Authorities and NSRI (Appendix 
1: delegate list). The programme (Appendix 2) was intended both to inform through a 
number of presentations (Appendix 3) and to stimulate discussion on end-user 
requirements. The presentations described the nature of the soils data held by the 
Macaulay Institute and some of the datasets derived from them. After a discussion 
where delegates outlined their data requirements, there were further presentations on 
the current threats to the Nation’s soils and aims of the current research project to 
develop a soil information and knowledge base for Scotland. The knowledge and 
information base will differ from the database in one key respect, the information 
contained within is derived from the Scottish Soils Database and is a combination of 
summary statistics, interpretation and expert judgement. The following sections give a 
brief resume of the presentations made at the workshop and summarises the key 
discussion points and suggested courses of actions that emerged from them. 
 
Scottish Soils Database 
 
The Scottish soils database comprises observed and measured data on over 13 000 
soil profiles and is held in an ORACLE relational database management system 
(RDBMS) with four principal tables. 
 
• Basic  This table contains 39 separate attributes covering soil and site 

information collected for each of the recorded profiles. 
• Mineral  This contains 46 largely morphological descriptors of each 

mineral horizon contained in the database. 
• Organic  This table holds information on 23 attributes recorded for the 

organic horizons of the soil profiles. 
• Analytical  21 analytical attributes for each soil sample are recorded 

although in some cases the analytical records are incomplete.  
 
The data have been collected over a number of years in several phases of survey and 
in different research projects. The provenance of each soil profile is recorded in order 
to distinguish between these various sources. These categories include profiles 
collected to characterize soil series, objectively sampled profiles that comprise the 
National Soil Inventory, profiles collected in order to describe soils at research sites as 
well as high resolution grid and transect data from other specific research projects. 
The raw data are held as a series of codes and require significant expertise to interpret 
them.  Over 50% of the analytical data are from soil profiles sampled before 1970 and 
approximately half of the soil profile descriptions only exist as hard copy. A limited 
amount of georeferenced hydrological and geochemical data also exists and is stored 
in linked tables within the Oracle RDMS.  
 
A significant amount of hard copy survey information from some of the major peat 
bogs in Scotland also exists but is not recorded in any electronic format.  

Soil Maps and soil classification 

Classification: The Scottish soil classification is based on the recognition of 
morphological features within the soil profile, in particular the nature and sequence of 
individual soil layers (horizons). It does not depend on the horizon achieving a 
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specified thickness, except in the case of peat, or having a specified chemical 
composition. However some of the concepts central to the classification, such as soil 
parent material, act to limit the variability in soil chemical and geochemical 
properties. Although unique to Scotland, information is available to enable the soils to 
be classified according to other UK and International classification systems.  

Soil mapping units: The basic unit in the classification system is the soil series 
(taxonomic unit) and this is also the basic mapping unit for map scales of 1:63 360 
and larger. It is perhaps unfortunate the term series applies to both a soil mapping unit 
and a taxonomic unit. The 1:250 000 maps have mapping units based on landscape 
units as the same recurring pattern of soils are found in association with similar 
landscapes throughout Scotland (Macaulay Institute for Soil Research, 1984). Soil 
maps give information on the Soil Association, which is a group of soils developed on 
the same or similar parent materials and which characteristically occur together in the 
landscape. The Soil Series (as a mapping unit) comprises mainly soils with similar 
type and sequence of horizons developed on similar parent material although it is 
accepted that there may be other soils present and are usually named after the locality 
in which they were first described (Futty and Dry, 1977). A Soil Complex is a 
mapping unit based on landform where the natural variability of the soils makes it 
impossible to map individual soils. Within the 1:250 000 scale maps the concept of 
the soil complex has been developed and extended to produce map units based on 
parent material (soil association), landform and soil type. 

Extent of coverage: The 1:250 000 scale maps cover the entire country and are 
documented in a series of seven handbooks, one for each soil map sheet (Macaulay 
Institute for Soil Research, 1982, 1984). These maps have subsequently been 
digitised. Soil maps and, in some cases, accompanying memoirs, have been published 
at a scale of 1: 63 360, covering much of the cultivated areas of Scotland and adjacent 
hill land. Areas not covered at the 1:63 360 scale are available as provisional 1:50 000 
uncoloured maps. Finally, maps are available for some areas, prepared from clean-
copy field-scale maps, and are published at a scale of 1:25 000, many of which are 
now available in digital form. These broadly cover the same areas as the 1: 63 360 
scale map coverage.  
 
Derived datasets 
 
In addition to the raw point and spatial data there have been a few key extensions to 
the soils database in the form of specific projects, often aimed at user-oriented re-
classifications of the data (e.g. HOST – Hydrology of Soil Types). These derived 
datasets are generally based on an interpretation of the soil properties of individual 
soil series or soil horizons. Crucially, they often have process-based understanding at 
their core. Despite the fact that only few directly measured physical properties are 
available in the database, there have been significant developments in this area, 
principally the HOST classification (Boorman et al., 1995). This approach uses 
morphological characteristics of soil horizons to assess the likely pattern of water 
movement through the soil and fits this to a series of conceptual models. Additional 
work has included the development and application of pedotransfer functions that 
enable unmeasured properties to be calculated from available data and knowledge. 
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Chemical data, largely derived from the analytical table were, for historical reasons, 
primarily aimed at properties broadly linked to measures of soil fertility.  A dataset of 
soil carbon contents has been derived and work is currently underway to produce 
statistical summaries of the chemical status of the main soil horizons identified for 
each soil series that occurs within the 1:250 000 scale map. Maps of the soil 
geochemical signature have been produced from the soil geochemical database. An 
example of the incorporation of process-based knowledge in the chemical context can 
be found in the assessment of the sensitivity of Scottish soils to pollution by 
potentially toxic elements (PTE). 
 
Current threats to soils and protection measures 
 
Soil is essentially a non-renewable resource that is under pressure from land use and 
management, atmospheric deposition, urbanisation and global climate change. While 
earlier soil protection strategies concentrated on specific threats such as soil erosion, 
there is a now a need to consider the soil processes supporting the multiple 
functionality of soils. Soils provide a number of functions such as biomass 
production, environmental interactions as well as certain anthropogenic functions like 
provision of raw materials, a platform for man made structures and preservation of 
cultural heritage. Assessments of soil quality need to be based on soil process and 
function rather than indicators of quality based on composition alone. 
 
There are a number of soil policies designed to protect soils or to provide a 
framework for soil protection (such as GAEC) and SSKIB will provide the data 
required to produce strategic assessments of those areas likely to be impacted by such 
policies. The development of the Scottish Soil Knowledge and Information Base is 
well placed to inform and provide input data to meet the requirements of the 
SEERAD Draft Research Strategy, particularly Programme Objective 7: Protecting 
the Nation’s Soils. 

 
Discussion Points, Conclusions and Next Steps 
 
Stakeholder requirements 
 
There was a general welcome for this initiative as it has clear links to broader 
Executive policies in relation to Freedom of Information and the network of Rural and 
Environmental Information. A number of the views expressed on data requirements 
reflected quite closely the functions that different agencies undertook and the 
environmental issues that required investigation, but there were also some generic 
issues common to all stakeholders. The main themes are as follows: 
 
Issue 1: Diffuse pollution. This covered a number of different aspects including the 
risk of leaching of different contaminants (e.g. nitrate, pathogens), atmospheric 
deposition of metals and acid inputs (primarily N) and soil erosion and its 
downstream effects. Raw or derived soil data that would enable some quantitative 
assessment of risk to be made should, if possible, be made available as part of the 
integrated database.   
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Action: SSKIB team will review work already done in this area, for example on soil 
leaching potential, metal binding capacity and soil erosion and assess the feasibility of 
integrating the data under the proposed framework.  
 
Issue 2: Soil quality indicators. This ranged from a need for indicators for semi-
natural soils, where the main interest is in biologically mediated processes, to those 
which would help SEERAD define and implement the GAEC requirements on 
intensively managed soils. SEERAD also require some guidance on the impact of soil 
management to allow them to design and implement land management contracts. 
 
Action: SSKIB team is currently working on a project to assess the conservation 
value of soil (SNH funded), is investigating the feasibility of assigning NVC types to 
major soil subgroups and soil series within this project and is part of a consortium 
investigating soil biological indicators. The SEERAD requirements identify some 
research needs – for example, ‘what is Good Environmental and Agricultural 
Condition’ – but these aspects are not currently part of the project specification for 
SSKIB and it would require additional staff resources and/or linkage to other 
SEERAD-funded research to address this issue.  
  
Issue 3: Resolution of data: This project focuses on the 1:250 000 scale soil map and 
supporting attribute data. Some users identified the need for site-specific data for 
environmental assessment or for 1:10000 or 1:25000 scale soil maps for resource 
management decision making. Some indication of soil variability would also be 
valuable. 
 
Action: Some of these requirements were beyond the scope of this project, although 
guidance can be given on the appropriateness of specific soil profiles in 
environmental assessment. In addition, the potential use of 1: 250 000 scale soils data 
in the growing area of Strategic Environmental Assessment was emphasised.  
 
Some work on disaggregating the 1:250 000 scale soil map units using vegetation 
and/or topography is time-tabled within the project and in the longer term, this may 
help meet the requirement for more detailed spatial information. For each km square 
in the dataset, an indication will be given of the range, proportion and hence 
variability of the different soils within it. There is also the intention of supplying 
statistical summaries of each soil series. 
 
Issue 4: Flexibility of use: There was a clear need for good metadata to support 
databases and the requirement to retain maximum flexibility in the data. Future uses 
of soils data (to support developing policies) are not always known.  Scenario testing 
can be a useful policy appraisal option and soils knowledge and information would be 
required for running scenarios e.g. the effect of temperature changes on carbon stocks, 
soil leaching and storm events. 
 
Action: The project intends to deliver data that are well-documented and accessible. 
The data are highly disaggregated and this has proved to be of the utmost importance 
in a number of previous applications.  
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Issue 5: Peat survey data: These data do not form part of the database at present and 
the data were collected using different protocols and methods and are catalogued in a 
different way from the soils data. It would not be possible to integrate these into the 
general framework discussed without preparatory work such as cataloguing and 
indexing existing hard copy data. Nevertheless, considerable interest was expressed in 
their content, their historical context (collected in the 1940s and 1950s) and their 
potential usefulness in climate change policy formulation in particular.  
 
Action: The SSKIB team will circulate more information on the type and range of 
data held, their geographical extent and potential methods of data capture. Funding 
will be sought for documenting and scanning the data, and options for digitising will 
be explored. 
 
 
Discussion  
 
Expertise It was felt that this initiative was timely as there is a diminishing pool of 
soil surveyors and scientists who have an intimate knowledge of how the soils data 
were collected and therefore how it can be interpreted.  For example, there are 
differences in how soils maps were made pre 1970 and in how soil drainage was 
characterised.  Important features such as these are not well documented.   
 
One useful additional source of soils information are the field sheets which contain a 
large number of soil investigations - but these need a considerable amount of 
interpretation.   
 
Urban soils In common with most soil databases the Institute data holdings lack 
information on urban soils.  Experience from a study in Aberdeen suggests that soils 
from the rural hinterland can provide valuable background levels for urban soils but 
the generality of this observation remains to be tested.  There was interest in whether 
urban soils could contaminate groundwater or what their role may be in diffuse 
pollution issues. This may be a function on how much ground disturbance there has 
been on the site and on the age of the building. 
 
Biological indicators of soils Throughout Europe there is a considerable amount of 
interest in integrating biological indicators within soil monitoring schemes.  However, 
there are significant difficulties in terms of spatial and temporal variability but equally 
there are significant opportunities in emerging molecular techniques.  Current 
objectives within SSKIB are to consider vegetation, root  distribution and evidence 
for bioturbation within profiles. 
 
Network of Rural and Environmental Information in Scotland Some useful 
information on this initiative will be developed by Newall and Budge, IT consultants 
to SNH, in 3 Phases.   
 
Phase 1 Data Cataloguing and Preparation (SE and SNH) 
Phase 2 Consultation with other agencies 
Phase 3 worth £333,000 - join Phases 1 and 2 together. 
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One of the outcomes would be an Extranet. 
 
Relevance to the wider community There was a feeling expressed that these soil data, 
along with those from other initiatives such as the Network of Rural and 
Environmental Information in Scotland and the National Biodiversity Network will 
provide benefits to the wider community as well as the stakeholders represented at the 
meeting. These might include the Educational Sector (including the research 
community for whom a second workshop is anticipated) and to raise awareness 
amongst the general public of environmental data. 
 
Next steps 
 
A liaison group was established to ensure good lines of communication throughout 
the rest of the project. Members are: 
 
Scottish Executive 
Cameron Easton (Scottish Executive, NERIS) 
Antje Branding (Scottish Executive, Environment Group) 
Neil Henderson (Scottish Executive, Agriculture Group) 
SEPA 
Mark Aitken 
SNH 
Patricia Bruneau 
Forestry Commission Scotland 
Helen Mackay (Steve Brown to contact)  
Steve Brown 
Aberdeenshire Council 
Gordon Mackie (Environment Manager, Aberdeenshire Council) 
Links to COSLA will be explored by the SSKIB Group 
 
Information to the Liaison Group will be supplied by e-mail and potentially through 
access to a password-protected website. An illustrative output of SSKIB is to be 
circulated when available to the members of the liaison group.  
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Appendix 1 
 
List of Delegates  
 
Name Affiliation 
Patricia Bruneau SNH 
Allan McKirdy SNH 
Mark Aitken SEPA 
Janette McDonald SEPA 
Elaine Simpson SEPA 
Antje Branding SEERAD 
Neil Henderson SEERAD 
Mike Parker SEERAD 
Steve Brown Forestry Commission 
Gordon Mackie Aberdeenshire Council 
Allan Lilly Macaulay Institute 
Ed Paterson Macaulay Institute 
Willie Towers Macaulay Institute 
Ann Malcolm Macaulay Institute 
Iain Wright* Macaulay Institute 
Steve Albon* Macaulay Institute 
Colin Campbell* Macaulay Institute 
 
* for part of workshop only. 
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Appendix 2 
 

Scottish Soils Knowledge and Information Base workshop programme 
 

22 September 2004, Macaulay Land Use Research Institute 
 
10-10.30 am Coffee and welcome 
 
10.30 – 12.15 Current data holdings  
 
10.30 - 11.00 The Scottish soils database (Allan Lilly)  
 

• Scottish Soil Database  
o National Inventory  
o Selected profiles  
o Grid and transect  
o Analytical data  
o Geochemical data  
o Soil hydrological data  
o Biological data  
o Peat survey data  

 
11.00 – 11.30 Scottish soil classification and maps (Willie Towers)  
  

• Soil classification and map keys   
• 1: 250 000 scale maps  
• 1: 63 360 and 1: 50 000 scale maps 
• Relationship between the different map scales 
• Others e.g. detailed (1:10 000) ad hoc and peat maps  

 
 
11.30 – 12.15 Secondary and derived datasets (Allan Lilly) 
 

• Non-spatial 
o Pedotransfer functions (PTFs) for soil hydrological data  
o Summary chemical data  
o HOST  
o Geochemical  

 
 

• Spatially distributed datasets 
o Nitrate Vulnerable Zones (NVZ) texture maps 
o Soil Leaching Potential (SLP) 
o Geochemical 

 
12.15 – 12.45 Discussion on data required by delegates  
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12.45 – 13.45 Lunch with an opportunity to view and discuss maps, posters and 
data informally……. 
 
13.45 – 14.15 Policy drivers affecting soil (Ed Paterson) 
 
14.15– 14.30 Future plans for Scottish Soils Knowledge and Information base 
(Allan Lilly) 
 

• Make soils data more accessible 
• Derive a common framework for the derived datasets 
• Derive modal profiles 
• Provide summary statistics 
• Document the datasets 

 
14.30 – 15.30 Open discussion, summary, next steps and formation of a liaison 
group 
 
15:30 Tea/Coffee and close 
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Appendix 3 
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