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Background 

Blanket bogs in Scotland are a globally important resource that are protected under the EC 
Habitats Directive Annex I and hence are included in the UK Biodiversity Action Plan (UK 
BAP) as a Priority Habitat. The UK BAP has a target for blanket bog restoration to halt the 
loss of biodiversity, of which Scotland’s share is around 600,000 hectares. It is also clear 
that substantial carbon abatement or even offset potential is available through the restoration 
and wise management of the Scottish blanket bog resource, to enable Scotland to meet its 
targets for carbon emissions reduction. The aims of this scoping review were to:  
 

 Construct a decision framework for the selection of priority areas for 
management/restoration, based on ecological and economic criteria using Multi-Criteria 
Analysis. 

 Create maps of Scotland’s blanket bog under various management and disturbance 
regimes, addressing the data requirements for the selection criteria. 

 Engage with the stakeholder community to supplement data gaps. 
 Review the management and restoration techniques for biodiversity and carbon benefits 

relevant for Scottish blanket bogs. 
 Identify potential pilot areas of interest and appropriate management/restoration 

techniques and monitoring schemes, along with an associated estimate of costs. 
 Provide an estimated cost for restoration/management options at a Scottish level. 
 
Main findings 

 A decision framework was built through stakeholder engagement and assessment of the 
available data for a total of nineteen potential site selection criteria. Several data gaps 
were identified that preclude the use of economic criteria in national scale analyses at 
present. 

 Mapping of the blanket bog resource was possible against seven of the nineteen site 
selection criteria. National scale datasets were identified for the extent, carbon content, 
likely condition, potential climate sensitivity and current land use and ownerships. Several 
data gaps were identified for the other criteria and caveats in the national scale datasets 
should be noted. It is difficult to ascertain fully the areas involved. Based on data held 
within the 1:250,000 scale digitised soil map of Scotland, the total figure of blanket peat is 
1.653 million ha (21.4 % of the land area of Scotland). Of this, 591,000 ha is in polygons 
that are 100% blanket peat (>0.5 m peat), of which 80% is still covered by blanket bog 
habitat. The remainder is in soil mosaics of peat and other peaty soils (<0.5 m peat), 
where area assessments are derived from an assumption of the proportion of blanket 
peat within each individual soil series. Hence these data cannot be GIS matched to the 
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overlying habitat type and thus it was not possible to estimate the remaining blanket bog 
habitat on these soil polygons. Condition monitoring on Scottish blanket bogs is 
uncoordinated with the exception of the Common Standards Monitoring (CSM) scheme 
applied to designated Sites of Special Scientific Interest (SSSI) and Special Areas of 
Conservation (SAC). Climate sensitivity was assessed on the basis of bioclimatic 
envelope models that predict the areas covered by blanket bog or Sphagnum under 
various UKCIP emission scenarios. The level and rate of current physical degradation 
was mapped as the extent of areas affected by erosion features and peat extraction. 
However, the datasets only indicate the presence of such features and do not indicate 
their severity, neither do they allow for an accurate estimate of the likely restoration cost. 
Data on drainage (gripping) are severely limited at present. Current land management 
highlighted large areas with high density historic forestry plantations on deep peat. 
Muirburn as a management tool is not easily assessed in terms of the impact on blanket 
bog. Wind farm development is rapidly becoming the most widely distributed potential 
land use change on blanket bog and data suggest that the current and planned capacity 
on blanket bog is at disproportionate levels to the land area this habitat provides. Grazing 
on blanket bog needs a much more integrated assessment. While deer and sheep 
numbers can be accessed on a parish or holdings basis, this does not provide adequate 
information on the actual grazing pressure on the ground. Although data on catchment 
connectivity and monitored water quality are available for Scotland, data sensitivity issues 
meant that no assessment of which areas would be of highest priority in terms of 
restoration potential was possible.  

 Further restoration case studies, inclusive of costs, were obtained through online 
questionnaires and a stakeholder workshop. 

 The timescale and deliverability of restoration efforts was assessed purely on a cost basis 
as data on biodiversity benefits are only available for a small number of case studies at 
present. The currently available data on erosion control, surface stabilisation through 
vegetation, grip blocking and plantation forestry removal were collated. While the costs 
show considerable ranges, these should provide good starting points when assessing the 
priority of restoring individual areas. Funding of restoration projects in Scotland remains a 
complicated issue and is likely to change in the light of CAP and LFA reforms. The main 
relevant Agri-Environment programmes are the Moorland Grazings on Uplands and 
Peatlands and the Wildlife Management on Upland and Peatland Sites schemes, which 
have had low uptake thus far.  

 The main areas, on the basis of the evidence collated and the draft decision support tool, 
that seem suitable as priority areas for restoration are the blanket bogs on/in Lewis, North 
Uist, Caithness and Sutherland, Shetland, Orkney, the Cairngorms National Park, the 
Monadhliath, Douglas & Galloway, and Islay. Due to the numerous data gaps and 
uncertainties, it was not feasible to suggest appropriate pilot areas within these and 
therefore, with agreement of the SNH lead contact, the calculation of specific cost 
estimates for pilot areas was not attempted.  

 A number of recommendations for future restoration projects have been included and for 
the information that should be gathered in order to be able to formulate management 
plans. At the national level, a number of types of information were identified that would 
aid the development of a GIS-based decision support tool. Whilst suggestions for 
potential priority areas for restoration have been provided, and simple cost estimates of 
restoration at the national scale included, it would be advisable that this information be 
viewed with a certain amount of caution. 
 

For further information on this project contact: 
Dr Andrew M. Coupar, Scottish Natural Heritage, The Links, Golspie Business Park, Golspie, KW10 6UB.  

Tel: 01738 771120 or andrew.coupar@snh.gov.uk 
For further information on the SNH Research & Technical Support Programme contact: 

Knowledge & Information Unit, Scottish Natural Heritage, Great Glen House, Inverness, IV3 8NW. 
Tel: 01463 725000 or research@snh.gov.uk 
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Definitions  
 
For the purpose of this review, the following definitions were used:  
 
Bogs - ombrotrophic mires (fed by rainwater), nutrient poor and acidic. They contain a 
distinctive surface layer known as the acrotelm within which the water table fluctuates and 
which consists of poorly decomposed remnants of plant material, mostly from Sphagnum 
species.  The lower layer, or catotelm, contains most of the peat mass and is permanently 
saturated. 
 
Raised bogs - constrained by the surrounding topography and have an elevated central part 
(dome). 
 
Blanket bogs - areas of peatland covering or blanketing a large area. They only occur under 
very oceanic conditions and are not confined by the surrounding topography. They receive 
little or no contribution from laterally moving water in the soil. 
 
Ecological restoration - the process of assisting the recovery of a system that has been 
degraded, damaged or destroyed (Society for Ecological Restoration, 2004).  
 
Ecosystem management - a process that aims to conserve major ecological services and 
restore natural resources while meeting the socioeconomic, political and cultural needs of 
current and future generations (Brussard  et al., 1998; Szaro et al., 1998).  
 
Grips - artificial surface drainage ditches in a peatland. 
 
Mire - a wetland in which peat is actively accumulating. In many types of mire, the process 
of peat accumulation has continued for thousands of years until it is several metres thick. 
This term is not universally recognized and the more generic term peatland is often used as 
a synonym. 
 
Peat - the total of a variety of partially decomposed plant remains that have accumulated in 
situ under waterlogged conditions. In Scotland it is a soil class defined as having a surface 
horizon of partially decomposed organic matter more than 50cm in depth and containing 
more than 60% organic matter. 
 
Peatlands - landscapes with a peat deposit that currently supports vegetation that may or 
may not be peat-forming, or may lack vegetation entirely. The presence of peat or vegetation 
capable of forming peat is the key characteristic of peatlands (Ramsar definition)  
 
SAC - Special Area of Conservation 
 
SSSI - Site of Special Scientific Interest, designated for geological, geomorphological or 
biological features 
Introduction 
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1. INTRODUCTION 

While covering only 3% of the world’s land surface, Northern peatlands are estimated to 
store 250-450 Pg C as peat. This equals up to a third of the world’s soil carbon (Gorham, 
1991; Vitt et al., 2000). Carbon is sequestered in peatlands because there is an imbalance of 
net input versus decomposition, through a net excess of primary production over 
decomposition by micro-organisms. This net uptake of atmospheric carbon is somewhat 
tempered by the release of methane as a major end product of anaerobic decomposition. In 
terms of global warming potential, methane is a much more potent agent (72 times that of 
CO2 over a 25 year time span, or 25 times over a 100 year time span, IPPC 2007), and thus 
both emissions from peatlands should be considered. Methane emissions from Northern 
peatlands account for around 15–30% of global wetland emissions, with an estimated rate of 
15–50 Tg CH4 yr−1 (Frolking and Roulet, 2007). However, it has been recognised that, over 
the time span of centuries, peatlands have a net cooling effect on the global climate, 
because the effect of removing long-lived atmospheric CO2 ultimately surpasses that of 
releasing short-lived CH4  (Frolking et al., 2006). 
 
While the largest peat resources are located in Russia and North America, there are 
substantial deposits in Western Europe. Most recent estimates of the extent of peatland in 
the UK range between 1.5 and 2.5 million ha, which represents between 8.8 and 14.8% of 
Europe’s peatland area. Not only do the UK peatlands constitute an important carbon store, 
the nature of the peat forming process produces some unusual features. The long term 
prevailing climatic conditions combine high annual rainfall and relatively low annual 
temperature fluctuations, resulting in low evapotranspiration rates. As a result, peat has 
formed as a blanket across large areas of the landscape. This type of peatland is thus often 
described as ‘blanket peat’, ‘blanket bog’ or ‘blanket mire’, the latter generally used to 
describe actively carbon sequestering areas (see Definitions and Plate 1).  Blanket bogs can 
form directly on mineral soil without the intervening fen development and, unlike raised bogs, 
can cloak the landscape in a layer of peat 2 to 3 m deep. UK blanket bogs represent about 
13% of the world resource of Atlantic blanket bog and are also the largest expanse of UK 
terrstrial semi-natural habitat. 

Plate 1. An area of undisturbed blanket bog at The Flows NNR, located in the Flow Country. 
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Because of their rarity and sensitivity, blanket bogs are protected under the EC Habitats 
Directive Annex I (Code 7130) and hence are included in the UK Biodiversity Action Plan 
(UK BAP) as a Priority Habitat. Blanket bogs in Scotland cover an estimated 1.1 - 1.9 million 
hectares, and are thus a globally important resource. It is estimated that 80-85% of the UK’s 
blanket bog is in Scotland. The condition of the Scottish blanket bog resource has been 
much debated - both from a view of the biological diversity it supports and the quantities of 
carbon it sequesters. This will be discussed in more detail in this report; however, it is 
striking how different the figures are that are currently quoted in the debate on peatland 
restoration or changes in management.  
 
A Scottish Parliamentary Debate in 2010 used figures that ranged from an estimated 20% of 
peatlands that are estimated to be badly degraded to figures of 50% for peatlands that have 
been damaged (Anon, 2010). With estimates of 1.1 - 1.9 million hectares for the extent of 
Scottish blanket bogs, this would equate to areas of 220,000 - 380,000 hectares of badly 
degraded peat and 550,000 - 950,000 hectares of damaged blanket bog that could 
potentially benefit from changes to land management. Such changes could include efforts to 
reduce the predominantly net emissions from such areas (see main report for Figures) 
through changes to current land management practices or alternatively active efforts to 
restore to a mire ecosystem where a return to carbon sequestering function is present or 
potentially feasible. The UK Biodiversity Action Plan (UK BAP) has a target for blanket bog 
restoration, of which Scotland’s share is around 600,000 hectares. This figure clearly falls 
within the ranges quoted for badly degraded peat and damaged blanket bogs. 
 
Although the primary aim of UK BAP is to stop loss of biodiversity, it is thought that this 
target area could deliver up to 0.3 million tonnes in C savings per annum (RSPB policy brief, 
2009). This would be equivalent to the estimated carbon savings from planned woodland 
expansion. It is clear that substantial carbon savings or even offset potential are available 
through the restoration or wise management of the Scottish blanket bog resource, to enable 
Scotland to meet its targets for carbon emissions reduction (as set by the Kyoto agreement), 
and aims to halt the loss of biodiversity (through the EU Biodiversity strategy). However, in 
order to differentiate between restoration efforts and ongoing management, their meaning 
first needs to be defined. With respect to the difference between management and 
restoration, the following existing definitions of these will be used (see Definitions for 
references): 
 
Ecological restoration is the process of assisting the recovery of a system that has been 
degraded, damaged or destroyed. Ecosystem management is defined as a process that 
aims to conserve major ecological services and restore natural resources while meeting the 
socioeconomic, political and cultural needs of current and future generations (see 
Definitions). 
 
The major difference between these is that restoration is an active measure to revert an 
ecosystem that has been adversely affected towards its original state, while management 
generally seeks to maintain and/or enhance the functions of an ecosystem. It is generally 
agreed that the restoration of peatlands seeks primarily to re-establish a return towards 
typical peatland hydrology and plant cover dominated by typical species, and with these two 
initial interventions seeks to enable the re-instatement of typical peatland ecosystem 
functions, including the net, long term, accumulation of carbon (Table 1, Rochefort, 2000).  
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Table 1. List of functions (or ecosystem services) associated with active blanket bog 
 

Category 
 

Functions 
 

Suggested Field Measure 

Production  value Peat 
 
Drinking water 

Accumulation/decomposition ratios 
 
Compliance with drinking water standards 

Carrier  value Space 
 
Connectedness with other 
systems in the landscape 

Area 
 
Immigration success of e.g. fauna, flora 

Regulation value Long-term carbon 
sequestration/storage 
(global climate) 
 
Short-term carbon 
sequestration/storage 
 
Radiation cooling 
 
Peak flow regulation  
 
Groundwater denitrification 
 
Surface water reduction of 
solids, P, N 

Carbon budget (long term) through measures of 
peat accumulation and/or acrotelm regeneration 
 
Carbon budget (short term) through GHG 
exchange measurements, microbial processes 
(e.g. decomposition, net methane production)  
 
Surface albedo, measured either directly 
(points) or via Landsat7 Band 1-4 reflectance 
Hydrological measurements 
 
N cycle assessment incl. microbial processes 
 
Water chemistry (time course) 

Information/Cultural 
value 

Social amenity, 
employment 
 
Archaeological value 
 
Peatland recreation & 
aesthetic value 
 
Symbolisation, spirituality, 
existence 
 
 
Education 
 
 
Cognition (curiosity, 
scientific knowledge) 
 
Option (bequest, heritage) 
 

Socio-Economic assessment including 
employment statistics and value to users 
 
Archaeological site designation 
 
Number of visits; interviews to ascertain 
contribution to wellbeing (social utility) 
 
Existence (non-use) valuation by stated-
preference methods/artistic use in e.g. 
paintings/poetry 
 
Number of beneficiaries (Individuals, 
communities, schools, research centres) 
 
Estimating the aggregate demand for cognitive 
use (e.g. amateur/volunteer interest) 
 
Willingness to pay, common rights use (peat 
cuttings, common grazing), estate ownership 
histories 

Habitat value Peatland plants 
 
Peatland animals 
 

Vegetation composition and population stability 
 
Bird/insect/mammal composition and breeding 
success/population stability 
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Since the 1900s, restoration has become a central practice of nature conservation in 
European countries where disturbances increasingly affect peatlands. Restoration is now a 
common practice among the peat industries in North America and elsewhere following 
horticultural harvesting of Sphagnum peat (Rochefort et al., 2003). The restoration of 
peatlands drained for forestry has been practised in Finland, where it has been tested under 
many different conditions and is now well characterised (Laine et al., 2006). Some 
restoration trials have also been conducted in Ireland on cutaway Atlantic blanket bog 
(Farrell & Doyle, 2003), on degraded blanket bogs in the Pennines, in blanket bogs in Wales, 
and finally in some areas of Scotland (Anderson et al., 2009). Examples of the costs of such 
efforts have been summarised in this report. Monitoring is a key aspect of restoration. 
Restored sites are tested against a reference system (Society for Ecological Restoration 
International Science & Policy Working Group, 2004) for the comparison of ecological 
attributes and function. Whereas biodiversity can be evaluated quite rapidly following 
restoration, the time-scale needed for the return of carbon accumulation is uncertain. In one 
of the rare long-term monitoring studies, it has been suggested that it may take 
approximately 17 years to regain carbon accumulation in large-scale restoration trials in 
North America (Lucchese, 2009). However, abatement of carbon losses from a blanket bog 
ecosystem may be much quicker to achieve. Similarly, a focus on restoring typical peatland 
biodiversity and an aim of halting loss of biodiversity may have different timescales to 
ascertain an achievement. 
 
Policy makers, land owners and land managers in Scotland need to be able to assess the 
value of a given blanket peat area and its potential for targeted restoration measures and/or 
altered management in the context of the high target for restoration under UK BAP and the 
Scottish Government’s commitment to carbon emissions reduction. In this context, it is 
useful to review the available evidence of current condition, land use and future potential of 
the blanket bog resource. In the light of the predicted changes in the climatic conditions in 
the UK, an assessment of the available research that has modelled potential future blanket 
bog distribution or the distribution of key species within these is also essential. Such 
prediction will need to be seen in the context of peatlands as highly self-regulating 
ecosystems (Dise, 2009; Belyea & Baird, 2006). There is evidence, both from current 
empirical studies and from the palaeo-ecological records that peatlands can show high 
resilience to gradual climatic change. However, literature suggests that there is a ‘tipping 
point’ when such factors exceed a threshold, after which peatland ecosystems are 
irreversibly altered and start a trajectory towards other ecosystem types. Hence, peatland 
management and prioritisation for peatland restoration for biodiversity and carbon 
benefits should focus on enhancing the resilience of existing peatlands. Management 
should aim at either reducing current losses of carbon and biodiversity (for degraded 
sites) or optimising local conditions to maximise carbon sequestration and 
biodiversity benefits (for sites in good condition, or as a long term aim for degraded 
sites). 
 
It is important to note that the high targets for peatland habitat restoration and the urgent 
need to reduce UK carbon emissions essentially require that the management of any blanket 
bog be reviewed. Hence, although a key focus of this report was to enable identification of 
potential priority areas, such areas should not be seen as the only targets for restoration 
efforts. Where possibilities to pursue carbon abatement or options to enhance site 
biodiversity through restoration or management practices exist, these should be encouraged. 
In this report, a framework was built through which priority areas can be identified. In 
addition, the information presented here should also be useful to those investigating the 
suitability of a site for restoration projects or altered management, as the spatial information 
presented should allow for a strong individual case to be made. Use of a common framework 
for selection of a site enables an objective assessment of the value of such projects to be 
made. With this in mind, research was initiated to find consensus site selection criteria and 
then critically assessed the knowledge base for each of these criteria.  
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1.1 Objectives of the review 

This Commissioned Report aims to present an updated assessment of the restoration 
techniques and management practices that are most relevant for the blanket bogs of 
Scotland in order to optimise biodiversity and carbon benefits. It draws on a number of 
collations and reviews from recent years and also highlights current gaps in knowledge for 
blanket bogs of Scotland in particular. Specifically, this review is structured around the 
current state of knowledge of the condition of blanket bogs in Scotland, their current 
management and land use, and finally restoration techniques and costs, in an effort to 
identify obvious data gaps as well as scoping out the potential for a decision support tool for 
future blanket bog restoration projects. The objectives for this project were to: 
 
1) Construct a decision framework for the selection of priority areas for 

management/restoration, based on ecological and economic criteria using 
Multi-Criteria Analysis  

 
2)   Create maps of Scotland’s blanket bog under various management and 

disturbance regimes, addressing the data requirements for the selection 
criteria under 1  

 
3)   Engage with the stakeholder community to supplement data gaps for 

Objectives 1 and 2 
 
4)   Review the management and restoration techniques for biodiversity and 

carbon benefits relevant for Scottish blanket bogs 
 
5)  Identify potential pilot areas of interest and appropriate 

management/restoration techniques and monitoring schemes, along with an 
associated estimate of costs 

 
6)   Provide an estimated cost for restoration/management options at a Scottish 

level 
 
A spatial decision support tool is a framework through which information can be summarised 
in an objective fashion, in order to help the planning of potential land management changes. 
Section 1.2 of this report addresses the basis of the structure of such a spatial tool, namely 
the information criteria that would be required to assess likely candidate sites for peatland 
restoration. The structure of spatial tools, and the data that are held within them, are 
generally designed by consensus with the eventual user group. In this case, the user group 
includes policy makers at the largest spatial scale, land agents and land managers at the 
smallest spatial scale, and statutory agencies in the intermediate scales. We consulted with 
a group of expert stakeholders as to which types of spatial information such a decision 
support tool should contain (Section 1.2).  
 
Two further steps are subsequently required to form a functional multi-criteria analysis. 
Firstly, it needs to be assessed whether there is sufficient data available at the national scale 
to provide the information each individual criterion requires for assessment of the restoration 
potential of a given site. This was summarised in Sections 2 to 7 of the report.  
 
Secondly, it is a requirement that the weighting of each individual criterion is assessed. For 
example, having a remaining source of peat of a minimum depth of 0.5 m is a requirement in 
order to be able to recreate the necessary hydrological condition for growth of peatland 
vegetation and continued peat accumulation. This sort of prerequisite may outweigh other 
potential site selection criteria, such as how accessible the site is for machinery, or whether 
restoration would have other co-benefits such as e.g. the creation of rural jobs. This 
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weighting was examined by another round of stakeholder engagement, this time in the form 
of an online survey that examined stakeholders’ views on the weight that each criterion 
should be assigned. The results of this survey are also reported in Section 8.  
 
The collated data were subsequently presented to the stakeholder community and their 
views sought on potential priority areas for restoration management on the basis of the data 
presented. The collated views of the stakeholder community are presented in Section 9. 
In Section 9, we also examine the available evidence at the national scale against the site 
selection criteria to produce draft rule sets by which priority areas could be assessed. These 
rule sets were used to rank the potential priority areas, by incorporating the weighting factors 
produced in Section 8.  
 
The potential priority areas were assessed in more detail for their local peatland 
management history and potential for future management changes in Section 10 and local 
recommendations for the focus of likely restoration efforts are given in this section. 
 
Section 11 assesses potential pilot sites for peatland restoration in four of the identified 
priority areas in greater detail. It gives recommendations for follow-up for each of these 
potential pilot sites. However, it was realised at this point that a detailed description of the 
potential restoration efforts at such sites, complete with cost estimates, was unrealistic, as 
there was insufficient detail on the current condition of the sites and the scale of the national 
data did not allow for estimation of the likely restorable area.  In consultation with the SNH 
project officer for this commissioned report, detailed management recommendations 
complete with cost estimates for pilot sites or at national scale were therefore abandoned at 
this point. Some efforts were made, however, where appropriate, to provide management 
recommendations and indicative costs for some of the potential priority areas.   
 
The report concludes with a summary of the data gaps that preclude identification of 
potential pilot areas and cost estimates (Section 12). It lists future data requirements, by 
disturbance categories, and concludes with recommendations for the data management in 
relation to future restoration projects and indicative costs at the national scale. 
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1.2 Development of a decision support tool – Designing site selection criteria 

A major concern in any effort to evaluate objectively areas of land for their suitability for 
restoration efforts or changes in management is having a list of objective site selection 
criteria. These need to fulfil certain requirements. Ideally, they need to address mutually 
exclusive issues and they need to be sufficiently defined so that the evidence in relation to 
each individual criterion can be adequately assessed.  
 
Selection criteria are often agreed by consensus. During this project, the main stakeholder 
communities that hold an interest or authority in the management of blanket bogs were 
asked for input. Stakeholders ranged from individuals who are employed in a position of a 
regulatory capacity, land managers, consultant ecologists, industry representatives, 
individuals involved in active restoration projects and academics. At a stakeholder workshop 
on the 13 January 2011 (invitation letter, agenda and list of participants available on request 
as OSM 1.1-1.3), participants were asked to draw up their ideal requirements for selection of 
a blanket bog site for restoration. This exercise was initially performed as a fast, carousel-
style, brainstorming session under five overarching themes. Participants were subsequently 
asked to condense the resulting long list of criteria to a shortlist containing no more than 4 
subcriteria for site selection.  
 
The final consensus of 19 criteria are based on input from 62 experts and were used to form 
the backbone of the scoping of information availability for the decision support tool, in the 
following sections 2 to 7. These are structured under the same top level criteria as in Table 
2.  
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Table 2. Suggested site selection criteria, reached by consensus at a stakeholder workshop 
in 2011 

 
Top level criterion 

 

 
Nested specific subcriteria within top level 

 
 
 
 
Biological potential to 
maximise biodiversity and 
carbon sequestration 
 

Current type and condition of vegetation and other species 
assemblages (e.g. birds, soil animals, microbes) 
 
Potential for functional blanket bog to regenerate under 
present and future climate  
 
Potential to be biologically connected to surrounding 
landscapes and biodiversity 
 
Conflicts with existing biodiversity that may arise from changes 
to other desired land uses (e.g. forest bird species vs. open 
bog species; development for renewables versus restoration) 

 
 
 
Physical potential to 
maximise biodiversity and 
carbon sequestration 
 

Level or rate of current physical degradation (i.e. erosion, 
extraction, hydrological condition) 
 
Ease of access or potential access issues 
 
Geophysical attributes: area/size/altitude and variation within 
site  
 
Peat type and depth 
 

 
 
Site designation, existing 
monitoring or limitations in 
site status  
 
 

Is there a site designation in place? 
 
If non-designated, is monitoring in existence or are there 
existing historical data? 
 
If non-designated, are there existing management option 
limitations or requirements for consents?  

 
 
 
Land use and management 
in relation to site potential  
 

Sustainability of current and historic land use  
 
Existing management and/or guarantees for the future 
 
Timescale and deliverability of restoration efforts 
 
Is the site managed as a hydrological unit (i.e. is there a 
management plan for the entire catchment)? 

 
 
 
 
 
 
Funding and resources in 
relation to management 
potential 
 

Conflicts in sources of income from current versus potential 
management (e.g. income from using site as a forestry 
enterprise versus restoration) 
 
Availability/eligibility/continuity of funding for restoration from 
the Scotland Rural Development Programme  (SRDP) and 
other sources 
 
Would restoration offset other costs (e.g. water treatment 
costs) or create socio-economic benefits (e.g. rural jobs)? 
 
Potential for partnerships (e.g. private companies, 
conservation groups and local population working together) 

 



9 

2. UNCERTAINTIES IN ESTIMATES OF THE EXTENT OF BLANKET BOG 

The very first step in assessing whether a decision tool can be developed to aid potential 
restoration management at a national scale involves an accurate understanding of the 
location, extent and condition of the existing peatland resource. The condition of the 
peatland resource will be addressed in 3.1 and 4.2, but first the considerable uncertainties in 
the current estimates of the extent and location of blanket bogs in Scotland must be 
considered. 
 
A number of recent reports have concerned the refinement of estimates of the extent of 
blanket bog in Scotland. The main issue is in what various surveyors have defined as 
blanket bog. It is fairly evident that classification of a given piece of land under the definition 
of blanket bog may include a number of ambiguities. This is especially the case if the 
underlying soil has not been evaluated as this would be the only way to ascertain the 
accumulation of peat, in order to classify an area as a peatland or mire. Specifically relating 
to peatlands and blanket peat, there are ongoing issues with the definition of what depth of 
peat constitutes ‘peat’ as opposed to ‘peaty soils’ – much of this is discussed in Chapman et 
al., (2009a). For the majority of studies, however, a depth of 50 cm or more has been 
adopted in Scotland to define ‘peat’ as a category. 

There are a number of national scale databases that carry classifications of blanket bog 
within them. Chapman et al. (2009a) performed the most comprehensive review of the 
extent of Scottish peatlands and the associated carbon stock, based on data held within the 
1:250,000 scale digitised soil map of Scotland (Soil Survey of Scotland, 1981). A scale of 
1:250,000 means that a polygon feature needs to have a minimum width of 250 m to be 
represented. This implies that the resolution of the soil mapping that is available at the 
national level is relatively course, and unlikely to cover the spatial variation of peat/peaty soil 
mosaics or the occurrence of very small (< 5 ha) blanket peat deposits. In other words, there 
is considerable uncertainty over the actual location and extent of blanket peat. There are 
other spatial soil maps available, but these generally do not cover the full Scottish land area 
(1:25,000 soils maps held at the James Hutton Institute) or were not readily available at the 
time of the start of this report (1:50,000 British Geological Survey Soil Parent Material 
Model). The latter also does not distinguish between lowland raised bog and blanket bog, 
rather it makes a distinction based on the hydrological inputs into the system such that it 
differentiates between rainwater-fed (ombrotrophic) and groundwater-fed peatlands. 
 
Based on the 1:250,000 Soil Survey of Scotland data, the total peatland area was estimated 
at 1,727 million ha, which represents 22.4% of the Scottish land area and of this, 1,111 
million ha (14.4% of land area) is purely blanket peat (defined as peat > 0.5 depth; Chapman 
et al., 2009a). As further discussed in Section 4.1, this figure is higher if the intermediate 
peat classes are included, the total figure of blanket peat, inclusive of intermediate peat in 
e.g. valleys, is 1,653 million ha (21.4 % of the land area of Scotland). The residual peat 
classes to give the 1,727 million ha total were basin peat classes, of which some could be 
classified as former lowland raised bog deposits (see Artz et al., 2012 for further 
information). The peat in intermediate classes is held in compound soils, which include some 
peat but also other highly organic (peaty) soil types (<0.5 m peat). The figure was derived 
from a calculation of the likely proportion of peat within individual soil series, not by detailed 
mapping of where such peat is located within the soil mosaic, and therefore maps 
representing intermediate peats are only indicative of their location.  
 
Another source of data of the extent of blanket bog is the Land Cover of Scotland Survey 
1988 (LCS88). This dataset was chosen as the basis for the maps in this report because of 
its almost continuous cover, higher resolution of scale (1:25,000) and level of detail.  LCS88 
is a classification based on vegetation cover determined from visual interpretation of 
1:24,000 aerial photography, which was mostly monochrome in nature except for the Central 
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Valley. Most of it was flown in 1988, although some data originated from flights in 1987 or 
1989.  The 1:25,000 resolution means that the minimum ‘pixel’ size is 2.5 m2. This has 
implications for the minimum size of an identifiable object and places limitations on the 
correct and accurate identification of small land parcels. Other constraints include the nature 
of semi-natural ground vegetation, where compositional differences are often gradual shifts, 
rather than abrupt change over a defined boundary. Hence, the LCS88 team adopted 
minimum thresholds in area to ensure the identification of correctly categorised features. For 
fairly homogenous ground cover such as bare ground, recreational land, dense woodland 
etc., a feature larger than 2 ha was mapped, and smaller features noted as point data. For 
more complex features, such as scattered trees, or semi-natural vegetation where 
compositional shifts are more gradual, the minimum cut-off for identification was set higher, 
as 5 or 10 ha (see further details below). Some small areas of land were not covered by the 
LCS88 image data set, or covered by snow or dense cloud at the time of image capture and 
could thus not be correctly classified to a land cover category. This only applied to 0.3% of 
the national area, but some of the missing images would be likely to include peat or other 
organic soil types. 
 
The LCS88 employed a hierarchical categorisation based on identification of principal 
features such as semi-natural ground vegetation, woodland, agricultural land, bare ground, 
farms and developed rural land and miscellaneous features (e.g. ski areas, cloud-covered 
areas, built-up land etc.) These principal features are subclassified into major features, 
followed by further breakdown to main features and subcategories. Peatland features are 
identified under the semi-natural ground vegetation category as a major feature called 
’blanket bog and other peatland vegetation’. Within this major feature, the main features 
associated are ‘blanket bog with dubh lochans’ and two ‘undifferentiated blanket bog’ 
categories, which split into subcategories containing ‘erosion/scattered trees’, or 
‘mechanised/domestic exploitation’ respectively.  The minimum feature size for these 
categories varied. Areas extracted for peat by mechanical means, for example, are 
essentially bare ground and these are more easily detected in imagery than areas of 
domestic peat cutting. The LCS88 employed a threshold of 2 ha for mechanical extraction 
but 10 ha for domestic extraction. Similarly, peat erosion was mapped at a minimum extent 
of 10 ha of peat hags. Overall, the level at which peatland vegetation features were mapped 
was generally 10 ha, except for easily identifiable features as, for example, mechanical peat 
extraction. Errors at the most basic level of principal features (i.e. semi-natural ground 
vegetation) were low, except where mosaics occurred. At the second level of the hierarchy, 
there was substantial confusion error for the various semi-natural major features, including 
the blanket bog and other peatland vegetation category. This error, where interpreter and 
validator differed in opinion, was 14.4% for the semi-natural major feature categories. Within 
the blanket bog and other peatland vegetation category, confusion error of the main features 
(inclusive of mosaics) was 17.6%. 
 
Another level of inaccuracy is the shift in vegetation from one potential land cover category 
to another at short proximity, for example, woodland edges on blanket bog. Such mosaics 
were recorded as composites of the two major land cover features within that area. Only the 
two most important were recognised, and the relative extent of these two features within the 
mosaic was only subclassified to the dominant feature, with the largest areal extent, against 
the subdominant feature. No record was kept of any specific extent or intermixture of the 
individual land cover features that made up the mosaic. Recognition of blanket bog and 
other peatland vegetation within the aerial imagery was also often complicated by similarity 
to, and intergradation to, wet heather moor and/or coarse grassland. 
 
Within the LCS88 classification system, blanket bog habitat occurs both in dominant 
categories (i.e. occupying the largest area of a mapping unit) (Figure 1) and in subdominant 
(i.e. the second most important feature of a mapping unit, Figure 2). Pure (dominant) 
peatland vegetation polygons cover 8.4 % of Scotland (Figure 1). A much larger area is 
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covered by mosaics of heather moorland and peatland (15.7 %), montane 
vegetation/peatland (1.2%) or poor rough grassland/peatland (0.8%). Figure 2 shows the 
total spatial extent of both pure blanket bog habitat as in Figure 1 and the additional 
peatland habitat in other mosaics. For example, the dominant class in many montane/high 
upland areas is Heather Moorland or Undifferentiated Montane Vegetation, often with 
subdominant blanket bogs in mosaics; similarly at lower altitude areas, blanket bogs are 
often subdominant in mosaics with Wet Heath. Figure 2 overestimates the area of ‘pure’ 
blanket bog habitat. The total area of polygons containing blanket bog/peatland vegetation in 
the LCS88 is 2,158 million ha (Annex 1, Table A1.1). CEH recently published the updated 
version of the LCM2007 (June 2011), but at this stage new information could no longer be 
incorporated into this report. Future work should examine whether this new dataset is an 
improvement on LCS88 for blanket bog classification. A further complication is that the 
LCS88 does not distinguish between blanket bogs and other peatlands,1 hence, those raised 
bogs that still support peatland vegetation (<10,000 ha, Artz et al., 2012) are also 
represented within this category.  
 
 

                                                 
1 The LCS88 summary reports the blanket bog category as follows: ‘Blanket bog and other 
peatland vegetation (180-186)‘. This feature includes a range of vegetation on blanket peat in the 
hills and uplands and raised bogs of the lowlands. Blanket bog and bog heather moor are the 
principal plant communities, with heather Calluna vulgaris, cotton-grasses Eriophorum spp., deer-
grass Trichophorum cespitosum, flying bent Molinia caerulea and bog mosses Sphagnum spp. the 
predominant species. (Land Cover of Scotland, 1988).   
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Figure 1. Distribution of blanket bog habitat in Scotland, regardless of underlying soil type. 
Data are taken from LCS88, where blanket bog is the dominant land cover within the 
polygon. Total area of primary blanket bog habitat is 1,027,195 ha. 



13 

 
Figure 2. Distribution of blanket bog habitat in Scotland, regardless of underlying soil type. 
Data are as in Figure 1, with areas of subdominant categories of blanket bog in addition to 
areas where blanket bog is the dominant category (Source: LCS88). The total area of 
Scotland supporting blanket bog habitats is 2,158,058 ha. As per Figure 1, raised bog 
remnants that still support peatland vegetation (<10,000 ha) are included in this figure due to 
their LCS88 classification under blanket bog and other peatland vegetation.  
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To show the contrast with the underlying soils map, Figure 3 shows the 1.653 m ha of map 
units containing peat within the 1:250,000 Scottish Soils Database overlain onto blanket bog 
categories within the LCS88. The map shows categories of areas that are purely blanket 
peat (100% peat in Figure 3; map units 4, 604, 605 and 606), whether deep or eroded, but 
also areas that are composites of blanket peat and other soil types (e.g. peaty podzols or 
peaty gleys). The proportion of blanket peat within such composites has been estimated for 
each soil series, and calculations of the blanket bog resource based on soils data have used 
these proportions to allow for more accurate estimates as these composite soil types are a 
common occurrence in the upland areas of Scotland (<100% peat in Figure 3).  
 
In addition, there are some areas that were termed ‘semi-confined peat’ within the Soil 
Survey of Scotland (Figure 3). These are also mosaic types and are additionally intermediate 
between true basin (inclusive of raised bogs) peat and true blanket peat and are 
characterised by being confined to valleys, on terraces or between ridges and drumlins 
(definition by Hulme, 1980 in Chapman et al., 2009a). The areas of 100% blanket peat 
polygons (in red in Figure 8) is 591,219 ha. These are the only areas where the entire 
polygon is blanket peat and hence presence can be taken to mean the entire surface area of 
a polygon is blanket peat. Adding the mosaic blanket peats (yellow in Figure 3) by 
calculating their relative proportions within each polygon, adds up to a total of 1.111 million 
hectares of blanket peat. There are an additional 0.542 million hectares that are classified as 
semi-confined peat (blue in Figure 3) in this dataset. For these latter two categories, blanket 
peat will only make up a proportion of the soil in each polygon and the precise location of the 
blanket peat within each polygon will be unknown.  
 
Finally, Figure 3 shows a small proportion of the land area where the LCS88 suggests 
blanket bog habitat, but the underlying soil type is not peat related (grey in Figure 8, 
predominantly on shallower organic or alpine soils). Examples of such potential 
disagreement are visible in the upland areas of the Cairngorms and western Scotland in 
Figure 3. The LCS88 classification does not distinguish blanket bog and raised bog habitat, 
but these were distinguished in the soils classification. Consequently, some of the grey 
areas in Figure 3 correspond to potential raised bog habitat (e.g. Grampian), but the total 
area involved would not exceed 10,000 ha, i.e. the area of raised bogs still supporting 
peatland vegetation types (Artz et al., 2012).  
 
In summary, depending on the strictness of the application of the term ‘blanket peat’ in the 
Scottish Soils database, the area concerned can vary between 1.1 million and 1.65 million 
ha. Only for areas where the polygons are 100% blanket peat (591 kha) can a direct 
association with land cover be made. Of the 591 kha that are 100% blanket peat soil, 477 
kha still has blanket bog habitat as land cover (81%).Overall, when also taking into account 
the peat soils that are only partially blanket peat, there is approximately 1.025 million ha of 
blanket bog habitat that is still covering blanket peat (12.8% of land area). It needs to be kept 
in mind, however, that this latter figure is an approximation due to the difficulties in mapping 
the blanket peat in the mosaic soils. Annex 1 presents those Scottish Soils database blanket 
bog classes that overlap with the LCS88 vegetation classes by local authority (Table A1.2).  

 
In summary, even just a compilation of the likely extent and location of the blanket bog 
resource in Scotland is problematic, due to the low resolution of the soils maps, the 
occurrence of compound or mosaic peats with other, shallower, organic soils, and finally the 
extensive conversion of large areas of blanket bog for other land uses prior to the mapping 
efforts of the LCS88. For the purpose of national scale decision making of where restoration 
efforts could be best placed, any areas other than those on 100% blanket peat (591 kha) 
would require further data collection as to the precise location of the remaining blanket peat. 
As the remit of this report only considers the scoping of a potential decision support tool, 
however, it was decided to use the maximum extent of remaining blanket bog vegetation as 
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per the LCS88 as the basic map on which all other information has been portrayed, for ease 
of illustration. However, using information from both datasets has the advantage that no 
locations would be missed when assessing sites for restoration. A comparison of the habitat 
cover and soil types is presented in Section 4.1 and shows considerable, but not complete, 
overlap. Annex 1 also presents these data by local authority (Tables A1.1-3). If a site has 
been verified as having peat soil and either remaining blanket bog vegetation cover or 
another, potentially restorable, land cover, the next step is to assess the condition of the 
remaining blanket bog resource.  
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Figure 3. Blanket peat units within the Soils of Scotland database overlaid on the Land 
Cover of Scotland 1988 blanket bog categories.Categories of mosaics (<100% and semi-
confined peat) are shown for location purposes only, as only a proportion of each polygon is 
blanket peat and the exact location unknown.    
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3. EVIDENCE FOR BIOLOGICAL POTENTIAL FOR PEATLAND MANAGEMENT AND 
RESTORATION 

3.1 Current type and condition of species assemblages 

Blanket bogs and other ombrotrophic peatlands, although most are relatively species-poor, 
contribute to increasing the biodiversity in the landscape, because they support animal and 
plant species that are highly adapted to their particular conditions, some of which are not 
found elsewhere. Hence, although alpha diversity (the diversity within a particular area or 
ecosystem; usually expressed by the species richness, Whittaker, 1972) in peatland 
ecosystems is not very high, the number of their highly specialised species contribute to 
higher beta and gamma diversity at larger scales (the amount of species change between 
ecosystems, and overall diversity within a larger geographical region, respectively; 
Whittaker, 1972). Hence, the preservation and restoration of biodiversity on UK peatlands is 
important for a range of interests. Notably, distinctive assemblages of birds breed on blanket 
mires in the UK including golden plover Pluvialis apricaria, greenshank Tringa nebularia and 
dunlin Calidris alpina. The plant communities found in peatlands are also highly specialised, 
including many Sphagnum species, often partly replaced by woolly hair moss Racomitrium 
lanuginosum in the north and west, and rarer species such as the waved fork-moss 
Dicranum bergeri. Dominant higher plants include heather Calluna vulgaris, cross leaved 
heath Erica tetralix, deer grass Trichophorum cespitosum and hare’s tail cotton grass 
Eriophorum vaginatum. Some carnivorous species occasionally occur, such as sundew 
Drosera rotundifolia and butterwort Pinguicula vulgaris. Amphibians, butterflies, moths and 
spiders from the UK Biodiversity Action Plan priority list are also found in blanket bogs along 
with the macroinvertebrates Rhithrogena mayflies, luctrid stoneflies, limnephilid caddisflies 
and elminthid beetles (Pearce-Higgins et al., 2009). The recent review commissioned by 
IUCN on biodiversity of peatlands listed key priority species occurring either solely on 
peatland or using peatland as a main habitat (Littlewood et al., 2010), available online at 
http://www.iucn-uk-peatlandprogramme.org/commission/biodiversity. In this section, we have 
summarised the availability of data on the condition of the Scottish blanket bogs. 
 
3.1.1 Site condition assessments inclusive of vegetation diversity 

It is important to note that the floristic composition of blanket bogs and associated wet 
heaths in Britain is unique in the world and demonstrates a highly Atlantic influence on plant 
distribution and vegetation development. Even the similar Irish examples differ in important 
floristic features (Joint Nature Conservation Committee, 1994). The Joint Nature 
Conservation Committee (JNCC) has produced a Common Standards Monitoring (CSM) 
condition assessment methodology used across the UK to determine whether habitats on 
designated sites are in favourable condition (Williams, 2006). For each assessment under 
the CSM, there are a number of mandatory attributes, based on the following categories: 
 
a. Feature extent (all features) 
b. Vegetation composition, which may include: 
 • frequency of taxa which are indicators of favourable condition (Indicator species) 

 • cover of taxa which are indicators of favourable condition, and others which are 
indicators of unfavourable condition 

c. Vegetation structure, which may include: 
 • vegetation height 
 • removal or destruction of plant parts by grazing, browsing, burning and trampling 
 • accumulation of plant litter in the sward, dieback of typical species etc. 
d. Physical structure, which may include: 

 • excessive ground disturbance, burning, drainage or drying, indicating damage to 
the habitat. 
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The CSM guidelines (JNCC, 2006) list the following principal NVC vegetation types for 
blanket bogs:  
 

 M1 Sphagnum auriculatum bog pool community 
  M2 Sphagnum cuspidatum / recurvum bog pool community 
  M3 Eriophorum angustifolium bog pool community 
  M17 Scirpus cespitosus – Eriophorum vaginatum blanket mire 
  M18 Erica tetralix – Sphagnum papillosum raised and blanket mire 
  M19 Calluna vulgaris – Eriophorum vaginatum blanket mire 
  M20 Eriophorum vaginatum blanket and raised mire, 
 M21 Narthecium ossifragum – Sphagnum papillosum valley mire  

In addition, where any of the following occur on peat deeper than 0.5 m they may indicate 
degraded blanket bog and are also included: H9 Calluna vulgaris - Deschampsia flexuosa 
heath, H12 Calluna vulgaris - Vaccinium myrtillus heath, M15 Scirpus cespitosus - Erica 
tetralix wet heath, M16 Erica tetralix - Sphagnum compactum wet heath, M25 Molinia 
caerulea - Potentilla erecta mire and U6 Juncus squarrosus - Festuca ovina grassland   
 
Although there are several classes of vegetation, they are all relatively species-poor but may 
include several rare or specialist species.  Indeed, increasing species diversity in blanket 
bogs is often an indication of the start of degradation (e.g. due to lowering of the water table) 
but ultimately the new vegetation assemblage is often poorer in species than the original.  
Eriophorum angustifolium has been widely recognised as a key species for revegetating 
bare areas (Evans and Warburton, 2007) while Sphagnum spp. are clearly important for a 
peat-forming habitat and have been considered as an indicator of a ‘healthy’ blanket bog 
(Lindsay, 2010).  Calluna vulgaris can reach 65% cover on some drier areas of blanket bogs, 
for instance on the steeper slopes, and Calluna brash has been used for revegetating such 
areas. 
 
The ‘Common Standards’ require the condition of features to be assessed as falling into one 
of a number of categories; namely i) Favourable-maintained, ii) Favourable-recovered, iii) 
Unfavourable-recovering, iv) Unfavourable-no-change, v) Unfavourable-declining, vi) 
Partially-destroyed, and vii) Destroyed. These categories describe the state of the feature at 
a particular point in time: In ‘Favourable condition’, the objectives for that feature are being 
met. In ‘Unfavourable condition’, the condition of the feature is currently unsatisfactory. 
‘Destroyed’ (partially or completely) means that the feature is no longer present and there is 
no prospect of being able to restore it. Where the feature is Favourable, it is classed as 
either ‘Maintained’ if it has remained favourable since the previous assessment or 
‘Recovered’ if it has changed from unfavourable since the last assessment. Where the 
feature is classed as Unfavourable, a further classification describes whether the site 
condition is ‘Recovering’ (towards the desired state), ‘Declining’ (away from the desired 
state) or ‘No-change’. CSM monitoring also includes the identification of those human 
activities or other factors considered to be beneficial or detrimental to the condition of the 
site, and thus includes the following in addition to vegetation assessments: 
 

 Extent of the feature 
 Browsing indicators 
 Burning indicators 
 Erosion indicators 
 Indicators of drainage and other physical disturbance 
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The importance of UK blanket bogs to the preservation of biodiversity is recognized in the 
large number of sites with a designated status. The UK has entered into international 
commitments to establish a network of protected sites under the Ramsar Convention. 
Special Protection Areas (SPAs) and Special Areas of Conservation (SACs) are required to 
be established under the EC Birds and Habitats Directives, respectively.  
 
In many cases, the same area of land bears more than one designation; the basic building 
block is the SSSI or ASSI (Area of Special Scientific Interest, Northern Ireland only), which 
underpins the vast majority of the international site designations.  There are 108 blanket 
bogs and a further 60 upland assemblages including blanket bog features, that have been 
designated as Sites of Special Scientific Interest (SSSIs) for their biological or geological 
features in Scotland (Figure 3). The blanket bog SSSI area is 343,591 ha, but this is the 
figure for the entire designated site, not exclusively the blanket bog feature within the site, 
and can thus contain fairly substantial areas that are designated for other habitat types. 
Either in addition to, or incorporating these SSSIs, there are 8 Ramsar sites and 51 SAC 
designated under blanket bog categories. In addition to these, there are also categories of 
intermediate bogs (i.e. showing characteristics of both raised and blanket bog, but usually a 
little more of one or the other) and these have also been included for completeness (257 ha 
and 1,543 ha, respectively). The upland assemblage SSSI areas, which are made up of 
habitat mosaics that include blanket bog patches within the assemblage, total 217,419 ha. 
The total area of all these designated sites is 731,271 ha, keeping in mind once again that 
this is the figure for the area of the designated sites, rather than the blanket bog features 
within these sites. Figure 4 shows the location of the designated sites in Scotland. 
 
Many of the SSSIs designated for their blanket bog vegetation do not seem to correspond 
very well with areas where the LCS Blanket Bog category is dominant (not shown). This 
discrepancy is less when LCS classes with blanket bog as subdominant land cover are 
considered (Figure 4) and appears to originate in differences in the classification categories. 
Many of the sites that carry a designation related to blanket bog vegetation appear within the 
LCS database as dry or wet heather moor, or unclassified montane vegetation. For example, 
some of the SSSIs are large and were designated for more features than just blanket bog. 
Therefore, the main discrepancy between these datasets appears to be that the designated 
site polygon data are not specifically related to the bog features and hence further progress 
could be made with more detailed data that specify where the bog features within the 
designated site are.   
 



20 

 
Figure 4. Location of blanket bog sites carrying a designated status in Scotland. Data from 
SNH overlaid on LCS88 blanket bog categories, where blanket bog is the dominant or 
subdominant land cover. Some areas with multiple designations show as mixed colours (e.g. 
purple for SAC/SSSI/Ramsar in Sutherland). 
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In Scotland, site condition monitoring has been carried out on all SSSIs and SACs 
designated for blanket bog features (Figure 5) as part of the national Common Standards 
Monitoring programme.  In the JNCC report on designated sites, over-grazing, burning, 
drainage and lack of remedial management were the dominant adverse activities that were 
identified as contributing to unfavourable conditions of designated blanket bogs (Williams, 
2006). The more recent SNH report of their CSM programme confirmed that the most 
widespread negative influence on blanket bog sites was overgrazing by red deer Cervus 
elaphus and/or by domestic stock. This occurred on 44 of the 47 unfavourable upland bog 
features. Inappropriate burning practices were the next most frequent negative activity, 
noted on 41 of the unfavourable features covered by CSM. The report revealed 74% of 
designated sites had blanket bog habitat that was in favourable condition (66%), or 
recovering towards favourable condition (8%), but that the statistics varied across Scotland. 
Indeed, the blanket bogs were in better condition in the west (76% favourable, 14% 
recovering) than in the north (67% favourable, 5% recovering) or in the east (<60% 
favourable or recovering) (Scottish Natural Heritage, 2010). 
 
While these designations provide ways to protect peatlands,  many, though not all, Local 
Biodiversity Action Plans (LBAP) fail to recognize the unique characteristics of blanket bogs 
or to distinguish between active and degraded peatland, as they only have a combined 
category “moorland and upland” (Williams, 2006). In addition, it should be noted that the 
SSSI selection guidelines for blanket bog (JNCC 1994) require minimum quality standards to 
be met and the CSM methodology assesses condition relative to agreed quality thresholds. 
The CSM criteria may therefore be less helpful in assessing poorer quality, undesignated 
sites (e.g. with extensive erosion) which may be more appropriate to restoration. 
Nevertheless, the CSM approach does provide some generic guidance on assessing the 
condition of the habitat (see above in this Section). That said, the CSM guidelines do not 
provide any guidance about the potential of an area to recover, which would include inter alia 
assessments of the depth of erosion, the stability of bare soil surfaces, the composition of 
the adjacent vegetation, seed production, seed banks, etc.  These assessments of 
restoration potential (and, indeed, of NVC types and vegetation condition) can only be made 
by local field observation and trials. 
 
Regardless of these caveats, it may be possible to use the CSM data as one of the building 
blocks of an objective site selection tool, as sites with a designation can be categorised into 
condition classes. This may provide weight towards site selection, if sites with designation 
were preferred on the basis of their existing background of monitoring. However, it must be 
used with caution to avoid biasing against areas without designated sites. This will be 
discussed further in the section on the development of the multi criteria analysis (MCA) tool 
(Section 9). 
 
A potential way forward to include non-designated blanket bogs in a national scale 
assessment of restoration potential would be via remote sensing. As also detailed in the 
hydrological condition section below (Section 4.2.3), high quality satellite imagery is 
available for around 90% of the blanket bog resource. The Landsat 7 ETM+ libraries would 
allow for calculation of the commonly used normalized difference vegetation index (NDVI) or 
the enhanced vegetation index (EVI), which can, on occasion, be more useful as it does not 
saturate to the same degree during peak primary production (green-ness, Schubert et al., 
2010). NDVI can be used as an indicator of relative biomass and greenness, or, if adequate 
ground truthing data are available, the NDVI can be used to calculate and predict primary 
production, dominant species, and, at the highest resolution, grazing impacts or stocking 
rates. For peatlands, the current state of research has progressed such that major plant 
functional types have been classified in various remote sensing projects (Bubier et al., 1997; 
Schaepman-Strub et al., 2009).  
 



22 

Schubert et al. (2010) also recently demonstrated that such measures were also able to aid 
model predictions of net primary production (NPP) as well as ecosystem respiration (ER) in 
Sweden and hence allow for landscape scale modelling of carbon exchange as well as 
vegetation diversity. Couwenberg et al. (2011) have now described a common methodology 
that uses rationalised emissions figures for a number of peatland vegetation types in 
combination with remote sensing-based classification of peatlands to assess net greenhouse 
gas emissions at larger spatial scales and such a model could be applied in Scotland with 
some modifications.  
 
The ability to make such predictions for Scottish peatlands is still some way ahead, due to 
the need to parameterise vegetation indices for the vegetation types found within these 
peatlands. Scottish peatlands may present a much more varied landscape than elsewhere in 
Northern Europe due to the much more varied hydrological conditions resulting from climatic 
differences within the landscape as well as the impacts of previous drainage and other 
factors. However, due to the volume of research that has already been carried out, there 
would be much scope in developing these tools for Scottish peatlands. Hydrological 
conditions that induce physiological stress in plants (drought) affect photosynthetic rates and 
hence net primary productivity. As the productivity of Sphagnum species in particular can be 
very sensitive to drought conditions, much research has focused on producing models that 
allow for adequate identification of the hydrological status of Sphagna in remotely sensed 
data and subsequent calculation of the net primary production capacity at the landscape 
scale (e.g. Harris, 2008).  
 
At least a measure of vegetation diversity at a national scale, through NDVI and/or EVI, 
would enable a much more detailed assessment of site condition on the basis of vegetation 
condition to be made. Anderson et al. (2010a) have provided an example of this approach 
for Wedholme Flow (Cumbria), using a combination of multispectral ICONOS and Lidar data 
to classify peat condition based on microtopographical and vegetation condition features.  At 
present, one such project is ongoing within the Caithness and Sutherland peatlands, as a 
collaboration between the Universities of Stirling and Sheffield, and the RSPB. 
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Figure 5. Site condition status. Location of blanket bog, upland and intermediate SSSIs 
monitored using Common Standard Monitoring methods in Scotland. (SNH Site Condition 
Monitoring data filtered for Upland Habitats on the base map showing LCS88 blanket bogs 
as dominant & subdominant categories). 
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3.1.2 Diversity of bird populations and other above-ground fauna 

Blanket bogs support a distinctive assemblage of breeding birds including those on Annex 1 
of the EC Birds Directive, such as golden plover Pluvialis apricaria, red and black-throated 
divers Gavia stellata and Gavia arctica, merlin Falco columbarius, hen harrier Circus 
cyaneus, golden eagle Aquila chrysaetos and dunlin Calidris alpina. Further important 
species include Annex 2 species such as greenshank Tringa nebularia. The distribution of 
these species, along with all other UK species, has been mapped at the tetrad (2 x 2 km 
square) level within the UK during 1968-1972 (Sharrock, 1976), during 1999-1991 (Gibbons, 
Reid and Chapman, 1993) for breeding birds, and during 1981-1984 (Lack 1986) for 
wintering birds. Currently the British Trust for Ornithology is in the final year of a four year 
programme of resurveying the UK to produce tetrad level data on the occurrence of bird 
species in both the winter and breeding seasons.  For some areas of Scotland more detailed 
atlases exist for specific areas such as south-east Scotland (Murray et al., 1998) and the 
recently published North-east Scotland breeding bird atlas. 
 
Thus, at the tetrad level, there are good data available on the current distribution of birds.  
Although some atlases show changes in bird populations over time no current map exists 
showing the condition of blanket bog areas with respect to the bird communities occurring on 
them.  If bird atlas data were overlain with maps showing the condition of the blanket bog it 
should be possible to relate differences in bird communities to differences in blanket bog 
condition.  However such an approach should have a number of caveats.  First, atlases only 
show presence/absence data or the number of birds or pairs of birds present within broad 
categories.  Thus changes in populations of bird species due to differences in blanket bog 
condition may not be assessed accurately using this approach. Second, differences between 
areas other than the condition of the blanket bog may be affecting the bird species or 
numbers present, e.g. predator numbers.  
 
When assessing the potential of an area to be restored to a suitable condition to support a 
bird assemblage typical of pristine blanket bogs a number of factors have to be considered: 
 
• Restoration of suitable feeding habitat and prey populations 
• Restoration of suitable nesting habitat 
• Predator population levels  
• Populations of the desired species in neighbouring habitats 
• Management of the land following restoration 
 
Priority sites for restoration from an ornithological perspective will be those where: 
 
• The restoration will provide suitable feeding and nest habitats for the desired species 
• The prey/food availability is suitable to maintain the population  
• Predator numbers are low  
• Populations of the desired species on neighbouring non-degraded habitats are high - 

this will influence how quickly restored sites are colonised or how quickly the 
population on restored sites increases. 

• The site will be managed to maintain the habitat in a suitable condition for the bird 
assemblage 

• The restored area expands existing areas of blanket bog, linking together areas of 
good quality habitat 

• Restoration removes edges effects.  Distance to the forest edge has been shown to 
influence the densities of some breeding peatland bird species. Near forest edges, 
for example, dunlin densities are lower, and red grouse density declines are more 
likely (Hancock et al., 2009). 

 



25 

Our current ability to predict which sites are a priority based on the above list is limited.  
Some information, such as distance of forestry to blanket bog, removal of edge effects and 
distance to nearest pristine blanket bog, can be calculated.  Other factors are harder to 
predict, particularly those that rely on the successful restoration of other parts of the 
ecosystem such as vegetation and bog pools that are essential for providing nesting and 
feeding habitats. The production of any maps showing breeding bird locations would have to 
be compiled in conjunction with the British Trust for Ornithology and agreement sought from 
them to use their data for this purpose.  If a programme to produce such maps was to be 
considered it would be most timely to do this after the completion of the bird atlas that the 
BTO are currently producing. 
 
Blanket bogs are also habitats for other above-ground fauna that are UK BAP priority 
species such as populations of mountain hares Lepus timidus, adders Vipera berus and 
various species of invertebrates. Invertebrates probably outnumber vertebrates by an order 
of magnitude or more, both in numbers of species and in biomass. Blanket bogs in particular 
support a wide variety of flies, mites, ground beetles and springtails (Tallis, 1998). Some rare 
species, such as the Large Heath butterfly Coenonympha tullia that are thought to have 
been negatively affected by drainage practices in peatlands, seem to be on the increase in 
recent years. Many of the UK Priority Species that are found in lowland peatlands also occur 
in blanket peat and three spiders with Red Data Book status Carorita limnaea, Maro lepidus 
and Sitticus floricola are known only from blanket bogs (Littlewood et al., 2010). Recent work 
on craneflies (commonly known as daddy longlegs, Diptera: Tipulidae) in restored blanket 
bogs has shown a strong correlation of their abundance with soil moisture (Carroll et al., 
2011), possibly related to the sensitivity of particularly cranefly eggs and larvae to drought 
conditions and desiccation that had already been described by earlier researchers (in Carroll 
et al., 2011). Although water table variations in the same study site used for the cranefly 
research had been shown to be reduced following drain blocking (Wilson et al., 2010), there 
was only a positive effect on cranefly abundance from the drain blocking treatment in the 
drier of the two years of the study (Carroll et al., 2011). Nevertheless, this observation 
suggests that drain blocking would have a significant positive effect on cranefly abundance, 
through improving soil moisture conditions in the vicinity of drains. Craneflies form a dietary 
component for many of the bird species of conservation interest in peatlands and thus 
increases in the invertebrate population may also aid bird conservation efforts (Park et al., 
2001; Pearce-Higgins et al., 2010). However, beyond the relatively large effort to produce 
nation-wide databases for bird populations, biodiversity trends on blanket bogs cannot yet be 
fully assessed. In addition, the long term trends in predator:prey relationships in the light of 
projected climate change are not yet understood (see also Section 3.2). 
 
3.1.3 Diversity of below-ground biota 

Even fewer data are available on the diversity and ecosystem functions of below-ground 
biota. It is known that enchytraeid worm populations take over the role of physical soil 
turnover in peatland ecosystems, due to their ability to thrive under much more acidic soil 
conditions than earthworms (Cole et al., 2002).  However, there have been no systematic 
surveys at this level of detail to allow condition mapping of enchytraeids or other soil-
dwelling fauna. For soil microbiota, this is even less the case (Artz, 2009). It may be 
noteworthy, however, that the James Hutton Institute (formerly the Macaulay Land Use 
Research Institute) has recently completed a revisit of the National Soil Inventory of 
Scotland, which includes a geostatistical sampling procedure for soil microbiota. These data 
should be available in 2013-14 and could be filtered for blanket bogs. It would, however, not 
yet be feasible to produce condition maps based on such baseline data as it is unknown 
what a ‘healthy’ microbial or enchytraeid population in blanket bog constitutes.  
 
In summary, site condition assessments at present are only limited to designated sites, 
where vegetation condition and some other physical indicators of degradation are monitored 
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using the Common Standards Monitoring framework. This dataset, however, only covers 
partial areas of the blanket bog resource. Other condition assessments, of the condition of 
breeding birds or other biota on blanket bog, are  not in existence at that level or are at an 
earlier stage of development. Modelling approaches using remotely sensed land cover data 
offer substantial promise to fill datagaps in the assessment of site condition and this should 
be assessed as a priority for the continued development of national scale decision support 
tools.  
 
Thus far, the report has covered the data availability, and uncertainties within the data, on 
the location, extent and condition of blanket bogs in Scotland.  However, with changes in 
climate as projected by current climate models, it is also prudent to consider the potential for 
blanket bogs to be recreated or maintained under future climatic conditions. This is 
considered in the next section. 
 
3.2 Potential for blanket bog to regenerate under present and future climatic 

conditions 

Palaeoclimatic research has shown what types of climate are known to be conducive to the 
establishment of typical peatland vegetation, and how peat forms under certain longer-term 
climatic conditions. Typically, blanket peat formation in the long term is dependent on a 
positive water balance, i.e. a mostly water-logged site with low rates of evapotranspiration 
due to low annual temperature sums and high frequency of rainfall. Maps can be produced 
that indicate current climate and these could be used in a decision support tool to indicate 
those areas where success is more likely from restoration activities.  
 
Climatic conditions at the time of a change in site management, however, are only part of the 
equation. More importantly, climatic conditions need to be relatively consistent, certainly 
within the first few years to decades, to allow the change in surface vegetation to translate 
into peat accumulation. Various researchers have tried to model future boundaries for 
peatland establishment. Most of this work is based on extrapolation of climate based on 
UKCIP emission scenarios, coupled to statistical correlations of the occurrence of blanket 
peat in relation to rainfall, annual temperature, annual potential evapotranspiration and 
similar parameters (Clark et al., 2010). These parameters are collectively termed the 
bioclimatic envelope. Clark and other researchers (Gallego-Sala et al., 2010) have used this 
approach to model the likely occurrence of blanket peat today and under climatic change 
(UKCIP02) scenarios (Figure 6). Such models could be used to classify areas of Scotland 
where blanket bog regeneration may be favoured, or indeed, constrained, by future climatic 
conditions. However, it must be noted that these predictions are based on data of current 
blanket peat soil distribution (1:250,000 Soil Survey of Scotland), but the models do not 
include an assessment of whether the peatlands in the starting dataset were still actively 
peat forming, and hence may not adequately represent potential peat forming areas in the 
future projections. However, it may present a good starting point to be able to pinpoint those 
areas where future bog formation may be climate constrained, and such information can be 
added to other constraints, such as e.g. continued peat harvesting or renewable energy 
developments. Conversely, areas at highest risk could benefit from targeted management to 
increase resilience to climate change. 
 
Similarly, Smart et al. (2010) approached the question of where peatlands may exist under 
future climatic conditions by building a niche model of ombrotrophic Sphagnum spp 
distribution in response to future climate and pollution scenarios (Figure 7). Their research 
used cover data for ombrotrophic Sphagna, classed as four morphological classes 
(red/green + fat/thin), from the Countryside Survey (Morton et al., 2011) and used regression 
based modelling approaches to determine the niche occupied by these groups. Although the 
models were not high in explanatory power (maximum of 51% variation in cover data 
explained in the general additive modelling approach), both tested modelling outputs 
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predicted stable or decreased cover of Sphagna between 2020-2050 (Smart et al., 2010). 
Both the peatland habitat-based model by Clark et al. (2010) and the Sphagnum niche 
model by Smart et al. (2010) suggest similar bioclimatic spaces for peatland habitat overall 
and the key peat-forming bryophytes. Both model outputs show a general picture of higher 
resilience in the western, and potentially northern, parts of Scotland. 
 
While previous periods (in geological terms) of altered rainfall and/or temperature increases 
in the palaeo’ record have been shown to be buffered by the resilience of many peatland 
ecosystems, Macquoy & Yeloff (2008) have argued that the mean to high emissions 
scenario as modelled in the UKCIP02 would produce changes in climatic conditions 
exceeding previous observations. They suggest that such much more rapid changes may be 
unlikely to be within the acceptable limits for the maintenance of, in their case, raised bogs 
and such ecosystems would likely be reduced in both extent and morphological diversity.  
 
Finally, feedback mechanisms for other aspects of blanket bog biodiversity are not yet well 
enough understood to enable us to gain a clear understanding of potential impacts of climate 
change. Regression based analysis on the predator:prey correlation in golden plover: tipulid 
prey populations suggests that there is a tight synchrony between the mean hatch date of 
the plover population with the mean date of emergence of tipulid adults. Tipulid adults 
typically emerge en masse just prior to hatching of the golden plover chicks and prey 
numbers are only high for a 2-3 week window after emergence. Modelling of future effects of 
climatic change (based on nation-wide predicted average temperature and rainfall) 
suggested a possibility that tipulid numbers could peak as early as 12 days before plover 
hatch dates by around 2070, which may present a significant disadvantage to plover 
populations. (Pearce-Higgins et al., 2005). Hence, on balance, modelling tools that predict 
future likelihood of blanket bog regeneration are probably best seen as indicative at this 
point and should not form the basis of a site prioritisation tool on the sole basis of likely 
future existence.  
 
Fragmentation of landscapes, by changes in land use or through climatic change, produces 
an additional pressure on the continued existence of habitats. Some functions of peatland 
will require a minimum areal extent, for example, certain breeding birds will require a 
minimum habitat size in order to breed successfully, and similarly, maintaining adequate site 
hydrological conditions will be dependent on the overall size of the peatland habitat and the 
surrounding habitat. The next section addresses the state of our knowledge on the biological 
connectivity of blanket bogs in Scotland. 
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High emissions scenario

2080 projection
Low emissions scenario
2080 projection

 
Figure 6. Bioclimatic envelope model outputs showing likely areas where peatlands may be 
under the least stress from future climatic conditions by the 2080s under the high and low 
emissions UKCIP02 scenarios (reproduced with permission from Joanna Clark et al., and 
the publishers of Climate Research (Gallego-Sala et al., 2010). 
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Figure 7. Generalised linear mixed model (GLMM, upper figure) and Generalised additive 
mixed model (GAMM, lower figure) predictions of Sphagnum cover (%) per 4 m2 sample unit 
averaged across peatland (1 km2) in Britain for 2050, based on the UKCIP09 scenario with 
(a) lower, (b) central and (c) upper estimates shown. (Reproduced from Smart et al., 2010 
with permission by the authors and the publishers of Climate Research. 
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3.3 Potential to be biologically connected to surrounding landscapes  

Connectivity of landscapes and habitats, which is ‘the degree to which the landscape 
facilitates or impedes movement among resource patches’ (Taylor et al., 1993), is an 
important feature to ensure maximum benefit for biodiversity. For example, Dennis and 
Eales (1997) showed that the presence of the large heath butterfly (Coenonympha tullia) is 
dependent not only on habitat quality but also on total size and proximity to other bog 
habitat. It may be feasible to assess the habitat connectivity requirements of other 
threatened or key indicator peatland species and incorporate these into a joint model of ideal 
habitat space. Maximum connectivity provides variety of nesting space, feeding ground and 
means by which species can migrate or disperse (Tischendorf and Fahrig, 2000). Habitat 
connectivity can be approached in two ways: 1) by providing a link that is not suitable for the 
desired organism to actually breed or establish but nevertheless allows it to move to other 
suitable habitats (e.g. tunnels under roads, ditches linking wetlands), or 2) by creating linking 
parts of the same type of habitat, e.g. new blanket bog to link two existing sections of blanket 
bog.  Which approach is used depends on the dispersal abilities of the organisms in 
question.  Ideally areas of blanket bog that link to other areas of blanket bog or provide 
“stepping stones” for species dispersal to other areas should be prioritised. Maintaining and 
improving connectivity is important to ensure the long-term survival of biodiversity in 
fragmented habitats and this may be especially important under a changing climate.  The 
role of habitat connectivity has been extensively studied in many habitats but little work 
appears to have been done on this issue with respect to blanket bogs.   
 
Assessing habitat connectivity is, in principle, a GIS problem. Several studies have 
attempted to estimate distances to the nearest similar habitat; an example of the algorithms 
used can be found in the recent work on human health. For example, one such ongoing 
project aims to further our understanding of the association between human health and 
access to green spaces (GreenHealth project, The James Hutton Institute; David Miller, 
pers. comm.). As part of this project, the distance from a property to the nearest green 
spaces and the connectivity of green spaces can be calculated and made available in an 
online database (Figure 8).  
  
While a similar approach to that used for green space is feasible, in principle, for blanket 
bogs, there are several features of blanket bogs which mean that a simple calculation of 
distance to nearest blanket bog may not necessarily identify which sites should be prioritised 
for restoration.  Firstly it is important to identify the habitat under investigation as accurately 
as possible. It has already been established that the existing datasets that classify areas of 
blanket bog differ slightly in their definition. It would thus be important to find a consensus 
classification to enable adequate calculation of habitat connectivity; this will be discussed 
further in the section on decision support tool development (Section 9).  Secondly, two bogs 
may be close together, as judged by the distance between them, but there may be hills or 
water bodies in between them which may inhibit movement of species between them.  In 
addition, if the plan is to link the hydrology of the two sites then this needs to be taken into 
account with a study made of the in- and out-flows of each site and the feasibility of 
connecting the hydrology of the sites.  Thus any calculation of connectivity should include 
not only a straight line distance to nearest blanket bog but also some measure of the 
difference in altitude between the two sites and altitude of the highest point of land in-
between the two sites. Biological connectivity is an important issue in the habitat 
conservation for breeding birds. For example, the current pressure on blanket bog habitat 
from wind farms could have feedback effects on the golden plover populations as this 
species avoids breeding nearby turbines and other disturbed areas of ground (e.g. Pearce-
Higgins et al., 2008). Similarly, large raptor populations may be affected if these avoid 
otherwise suitable habitats incorporating a primary wind farm development because they are 
within the flight pattern (Fielding and Haworth, 2010). Similar scenarios can be envisaged 
with removal of plantation forestry, blocking of drainage and erosion control. Site-specific 
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knowledge is often required to predict the effects of changes in land management on 
resident biota. Such data need to be summarised urgently at a national scale. Recreating 
peatland habitat connectivity could, however, also create conflicts with existing biodiversity, 
a topic addressed in the next section. 
  
 

 
Figure 8. Screenshot of an example of how habitat connectivity can be calculated and made 
accessible as part of a decision support tool. 
 
 
3.4 Conflicts with existing biodiversity that may arise from changes to other desired 

land uses 

Restoration of degraded peatlands, including eroded/eroding areas and blocking of drainage 
channels will hopefully improve the populations of the blanket bog species currently present, 
but will not result in a major change from one habitat type to another.  However, restoration 
of blanket bog under other habitats (e.g. woodland scrub) or land uses (e.g. forestry) will 
result in a major change in habitat type and consequently a change in the species present.  
Species found in forestry plantations will be very different from those of the open blanket 
bog. For some species groups (e.g. birds) there may be more species present in the forestry 
than in the restored blanket bog, although they are likely to be common ubiquitous species 
rather than the rarer species of conservation importance found on blanket bog.  Similar 
arguments may apply to the vegetation.  Blanket bogs in good condition are intrinsically a 
species-poor habitat. Gripped bogs, whether they were subsequently afforested or not, 
would generally be expected to contain more plant (and possibly animal) species than an 
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undrained bog. This is because they provide a wider range of dry and wet sites and also 
greater structural variation. 
 
Thus restoration may lead to a loss of biodiversity per se.  This could lead to a conflict 
between the conservation of biodiversity and the restoration of blanket bog habitat.  
Therefore, clear aims for restoration need to be established, e.g. the restoration of a 
breeding population of a particular species rather than vague aims about restoring or 
increasing biodiversity. 
 
If the area to be restored contains designated species or habitats that will be affected by the 
restoration, then permission from the statutory authorities will be required.  In some cases 
decisions may have to be taken on which priority habitats or species to enhance at the 
expense of other priority species or habitats.  Such a decision usually depends on the 
existing balance of the species or habitats present, either on a local or national basis. At 
present, there are no readily available mapping resources to ascertain what non-peatland 
specific species are present within a given mapping unit. In other words, species distribution 
data at present are generally structured by individual species, with mapping resources 
showing their individual distribution, rather than providing a lookup function of all species in a 
given location. Importantly, this conflict may be sectoral - for example entomologists might 
favour conserving a site of a rare insect while botanists could favour conserving the habitat 
of a rare plant. While this might not be much of a problem for blanket bogs, it should be 
noted as an endemic problem in valuing conservation. An example of such conflict has 
occurred in the Cairngorms where several estates are planning to increase the area of 
Caledonian pine wood, an Annex 1 priority habitat.  However, the blanket bog on to which 
some of pinewood will spread is also an Annex 1 priority habitat.  Given the balance of 
habitats in the area the Scottish Government has granted approval for a change in the extent 
of habitats in the Cairngorms Special Area of Conservation favouring Caledonian forest and 
bog woodland habitat expansion over other qualifying interests such as blanket bog, while 
maintaining the overall diversity of interests. It is useful, in such instances, to reflect on the 
differences between local, national and international goals in optimising biodiversity. As 
previously illustrated, optimising the management in favour of particular habitats which 
contain rare species (such as those in blanket bogs and in other Annex 1 habitats) over that 
of another biodiversity goal may stem from different requirements at local, national or 
international levels. Whilst management of blanket bogs per se as a priority habitat is 
important for international beta and gamma diversity, at a small level, other habitats that are 
locally rare may aid beta and gamma diversity locally. Hence, careful assessment of the 
sometimes conflicting conservation needs has to be performed and, even at the lowest 
spatial unit, trade-offs can be minimised by careful zoning. In the example of the Caledonian 
pine forests, there may be opportunities to optimise woodland expansion without losing the 
biodiversity benefit of adjacent blanket bog areas. 
 
The conflicts with existing biodiversity that may arise from changes to other desired land 
uses might be classified into ‘perceived’ (i.e. loss of biodiversity but the loss consists of 
ubiquitous species being replaced by blanket bog specialist species) and ‘real’ (i.e. conflict 
between two priority species or habitats). While the first type of conflict may produce 
damaging publicity if not handled correctly, the latter may require high level decision making 
powers for its resolution.  Based on the knowledge of the species and habitats present at a 
site, conflicts could be classified as above; although this would have to be done at the 
individual site level and the necessary data for a reasoned decision might not exist.  
However, such a classification should not necessarily form the basis for prioritising which 
sites to restore.  In exceptional circumstances, the best site for restoration may be one 
where a real conflict occurs.  Providing a classification of conflict types as part of a decision 
support tool could be a complicated process and may necessitate gathering site-specific 
data.  
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In summary, of all the potential biological site selection criteria, only the land cover is readily 
available at the national scale as a mapping resource. Site condition, based on vegetation 
characteristics and physical degradation indicators, is available for a limited number of 
locations but this information might be useful for the development of condition models. There 
are two modeled datasets of bog habitat and Sphagnum niche distribution under climatic 
change scenarios, both with inherent caveats. There are currently no readily available 
resources to map biological connectivity or biodiversity conflicts and such information would 
be required to address adequately whether a site is suitable for restoration efforts. In the 
next section, the mapping resources underpinning the physical site selection criteria will be 
critically assessed. 
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4. EVIDENCE OF PHYSICAL POTENTIAL FOR BLANKET BOG MANAGEMENT AND 
RESTORATION 

4.1 Current carbon storage in blanket bogs, peat type and depth 

As referred to in Section 2, carbon storage in the soils of Scotland has been reviewed 
recently for the Scottish Government as part of the ECOSSE project and the reader should 
refer to this for details of the assessment of carbon storage in Scotland’s soils (Smith et al., 
2007, 2010a and b). Chapman et al. (2009a) were able to produce the first spatially explicit 
map of Scottish peatland carbon stocks. Figure 9 shows the data on carbon storage on an 
area basis. From this figure, it is evident that there are areas of high carbon storage that 
sometimes coincide with blanket peat vegetation within the LCS88 (Figure 2).  
 
However, this map carries a similar caution as the data in Figure 3, in that they are also 
derived from compound soils for all but the 100% blanket peats. The carbon content 
calculations were based on best estimates of peat depth, carbon content and bulk density 
values and scaled up to national scale. There are further uncertainties associated with each 
of these parameters, depending on the size of the dataset they were derived from. For 
example, the peat depth data use site averages derived from transect data for a proportion 
of the peatland resource. A thorough discussion of these uncertainties can be found in 
Chapman et al., (2009a) and Smith et al., (2010a and b). In total, Chapman et al., (2009a)‘s  
estimates for C stored in areas of purely blanket peat were 1091 Mt of carbon, plus a 
potential additional 408 Mt of carbon in the semi-confined peat soils. This total of 1499 Mt 
(1.5 Gt) of carbon is a substantial figure when compared with the global figure of 455 Gt of 
carbon held in all peatlands (Gorham, 1991). 
 
Given the general uncertainties in the data, these calculations need to be viewed with some 
caution when applied to a specific site. In general, though, a database could classify these 
areas and attach weights to areas of high C storage and high vegetation/biodiversity value. 
Some large areas that look particularly interesting from this point are the eastern parts of 
Caithness and Sutherland, Lewis and Shetland Islands (Figure 9). Particularly in Caithness 
and Sutherland, there are significant areas of high carbon storage that do not currently 
support peatland vegetation but are located on 100% blanket peat. Such areas have already 
been prime candidates for peatland restoration efforts by the RSPB (e.g. at Forsinard Flows 
NNR). Other areas that are of high carbon storage value but are not currently in good 
peatland condition will be discussed further in the following Sections. Annex 1 presents the 
soil carbon storage data by local authority (Table A1.3) and Section 9 will discuss the 
potential options for incorporating such layered spatial information into a decision support 
tool. 
 
Current carbon storage within the soil is only part of the equation. It is equally important to 
have a working understanding of the current carbon sequestration rates, or indeed net 
carbon losses, from blanket bogs, in order to select areas suitable for restoration effectively. 
A small number of studies have attempted to produce complete carbon budgets for pristine 
peatlands in the UK (Worrall et al., 2003; Billett et al., 2004; Worrall and Evans, 2010) and 
the carbon balance of UK peatlands up to date has recently been reviewed thoroughly 
(Billett et al., 2010). Within Scotland, the only site with a currently complete annual carbon 
budget is Auchencorth Moss, which is located near Penicuik, south of Edinburgh. This site is 
probably not entirely typical, as it is a lowland ombrotrophic bog which has been extensively 
affected by drainage and has historically been affected by air pollution (both N and S 
deposition). Recent developments have included the start of experimentation to produce a 
full carbon budget for another site near Forsinard, Sutherland, on a blanket peat site that has 
been relatively unaffected by direct human intervention. Forsinard is located in an area with 
relatively low N and S deposition. At present, it would not be possible to upscale directly 
from these two examples to produce likely current emission maps for the blanket bogs of 
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Scotland. Modelling work is underway to progress this, but the models at present are still 
very much limited by the lack of such validation data (Smith et al., 2010b). However, the 
rates of carbon sequestration by UK peatlands with minimal management often seem to be 
similar to those observed in other boreal and northern temperate peatlands. Billett et al 
(2010) give historic rates of -0.35 to -2.09 t C per ha per year (i.e. net sequestration). Current 
figures seem to be in the order of -0.56 to -0.72 t C per ha per year (Billett et al., 2010). 
Comparative figures derived from a 6 year full carbon budget study on an Irish blanket bog 
are in the same range of -0.66 to +0.08 tC ha-1 yr-1 (Koehler et al., 2011). As this includes 
fluxes from both CO2 and CH4, it is not easy to directly translate such figures into CO2 
equivalents (although often a simplistic conversion is applied by multiplying with 3.67, to 
account for the oxygen in CO2). Using such a simplistic conversion, data from Billett et al. 
(2010) for contemporary sequestration would translate into a range of -2 to -2.6 t CO2e ha-1 
yr-1.  Worrall et al. (2011) used the Durham Carbon Model to produce an estimate of the 
emissions factor for undamaged peatlands of -4.11 t CO2 eq ha-1 yr-1, although this would 
seem to be a rather optimistic figure.  
 
Simplistic conversions that simply translate all measured fluxes as if there were exclusively 
derived from carbon dioxide fail to account for the much more serious global warming 
potential from methane and other greenhouse gases. Nitrous oxide fluxes from peatlands 
are generally negligible unless fertiliser has been applied, however methane losses can be 
significant enough to offset any net uptake of carbon dioxide. To calculate accurate 
emissions from peatlands, methane losses converted to global warming potential (x 25) at 
the very least need to be accounted for. There are now a sufficiently large number of full 
GHG exchange studies in the literature from relatively intact peatlands in the Northern 
hemisphere that include methane and other carbonaceous losses. Such reports also 
included multi-year studies. Interannual fluctuations, due to differences in annual 
temperatures and rainfall, can produce differences that mean a particular site can be a 
carbon sink in one year and a carbon source in another (example of Auchencorth Moss, 
Dinsmore et al., 2010). For example, at both the Glencar peatland in Koehler et al. (2011) 
and Auchencorth (Dinsmore et al., 2010), were carbon budgets measured over a number of 
years. These and other complete carbon budget studies were summarised by Artz et al 
(2013). The likely sequestration rates, inclusive of the CO2 equivalents of methane and other 
C losses, of ombrotrophic peatlands in the Northern hemisphere were calculated as -0.76 ± 
0.39 t CO2 eq ha-1 yr-1.  
 
If this level of variability is accepted, it would be possible to calculate the likely net total of 
carbon sequestered by blanket bogs, if an agreement on what determines a peatland with 
minimal management, or accepted as in good condition, can be reached. If such a 
categorisation were possible, remote sensing tools that use vegetation structure as a proxy 
combined with topographical information (Section 3.1.1), could aid the identification of areas 
of blanket bog in ‘good condition’ at the national scale and a likely sink strength could be 
estimated. At present, the most likely estimates of the area of relatively undamaged Scottish 
blanket bog would stem from either a conservative estimate of the area of blanket bog in 
good condition from the CSM programme (Section 3.1.1.), or an estimate based on the 
assumption that >50% of Scottish blanket bogs are damaged (Section 1). Here, the crucial 
assumption would be whether to use the figures for blanket bog habitat as per LCS88 
(maximum of 2.1 million ha) or the blanket peat (maximum of 1.65 million ha). 
 
Using a conservative guess of, say, 30% of the area of blanket peat still being relatively 
undamaged, combined with an uncertainty of the area covered as being between 1.65 – 2.1 
million hectares (above), approximately 495-630 kha may still be relatively undamaged. 
Assuming the Artz et al. (2013) current sink strength estimate can be extrapolated to the 
estimated undamaged proportion of Scottish blanket bogs, current sequestration could lie 
between -0.37 (± 0.19) to -0.47 (± 0.24) Mt CO2 eq per year. If the whole blanket bog 
resource was in actively sequestering condition, this figure could have a theoretical 
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maximum of -1.3 (± 0.6) to -1.6 (± 0.8) Mt CO2 eq per year. This maximum figure is likely 
unachievable, given that some of these are mosaic habitats and it is not known whether 
sequestration rates on shallower peatlands would achieve similar uptake. However, the 
latest report on greenhouse gas flux estimates from peatlands (Birkin et al., 2011) put the 
net emissions for all UK peatlands (inclusive of damaged peatlands) at 3.72 Mt CO2 eq yr-1, 
which was down rated from a previous estimate of 5.7 Mt CO2 eq yr-1. This figure already 
includes the net sink component from relatively intact peatlands and is thus a pretty 
depressing number given that the lion’s share of UK blanket bog is located in Scotland. By 
comparison, the figure for transport emissions in Scotland stands at  just under 14 Mt CO2 
eq yr-1 (Scottish Government, 2010). In other words, if all peatlands were in good condition, 
approximately 10% of the Scottish transport sector emissions could be potentially offset by 
natural carbon sequestration in these ecosystems. However, at present, only approximately 
3 % of these emissions are offset by peatlands that are still in good enough condition to 
actively fix carbon, and emissions from peatlands in poor condition are adding to those from 
the transport sector.  
 
Future carbon sequestration potential is another factor that is potentially important in the 
objective selection of sites suitable for restoration. Most such work has been focused on 
bioclimatic envelope modelling, i.e. the forward projection of where blanket peat has formed 
based on current and historic climatic conditions and spatial inference of where peat may be 
under future climatic stress (see earlier Section 2.2). Such studies modelling long term 
stability of blanket bog (Gallego-Sala et al., 2010) under various climatic scenarios showed 
that blanket bogs are potentially vulnerable to projected climate change. Maintaining or 
reinitiating the carbon sink capacity of peatland through conservation management and 
restoration is a global responsibility and rising on the agenda for national and regional 
agencies. While this scoping study will not investigate further the potential for carbon trade 
market in policy making for restoration of peatland, it is noteworthy to mention that climate 
change talks at Cancun and latterly Doha have recognised that carbon savings from 
peatland restoration should be included alongside forestry planting in helping meet 
emissions reduction targets (LULUCF sector), which might have consequences for policy 
development in Scotland. House et al. (2010) showed that 12% of the total UK carbon stock 
held in peatlands is equivalent to the total annual fossil fuel emissions. Hence, efforts to 
abate any further loss of carbon from peatlands constitute a major emissions reduction 
measure. A notable development is the currently proposed carbon levy on peat products for 
horticulture (Anon, 2011) and the proposed UK Peatland Carbon Code, which is a voluntary 
sector instrument that aims to co-finance peatland restoration by targeting the corporate 
social responsibility market. 
 
Thus far we have focused on the remaining peatland in good enough condition, i.e. those 
likely to still be fixing carbon and containing at least some elements of typical peatland 
biodiversity. It is important that such resources are not allowed to deteriorate further and 
hence efforts to manage such sites to foster improvement where possible will be required. 
However, as detailed above, the far larger proportion of peatlands are currently in poor 
condition and could be the best candidates for restoration, as those may be where the most 
substantial carbon abatement might be achieved and where The following section will 
provide a summary of the disturbances affecting Scottish blanket bogs, along with the 
mapping resources which are available - or lacking - to give the best possible assessment of 
the current status of blanket bogs no longer in good condition. 
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Figure 9. Distribution of organic carbon content on areas of blanket bog in Scotland. 
Sources: JHI Scottish Soils Database overlaid on LCS88 filtered for blanket bog areas in 
dominant/subdominant classes.  Note that the soil carbon calculation is based on 
proportions of blanket peat in soil mosaics.   
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4.2 Level or rate of current physical degradation 

The factors that have affected and altered much of the Scottish peatland resource are 
diverse, complex and in many cases, interactive or additive.  
 
Information about peat erosion, grazing pressure, burning, afforestation, drainage, wind farm 
development and crofting has been evaluated for the whole of Scotland. Where possible, 
maps have been created using the most up-to-date information available; otherwise, 
limitations and needs have been highlighted.  
 
4.2.1 Peat erosion 

Peat erosion can cause losses of carbon of up to 1 t per ha per year (Evans et al., 2006) and 
direct losses from the peat body have been measured as ranging from 1-4 cm per year in 
Shetland and the Pennines (Birnie, 1993). There have been various attempts to classify 
erosion in upland peatlands and estimate the extent of such features. Erosion features vary 
in size from large patches of bare peat resulting from single episodic events such as bog 
bursts and peat slides down to small gullies or hags developing from continuous local 
erosion. For this reason, mapping erosion features is not an easy task and bears various 
levels of uncertainty depending on both the scale at which the exercise is carried out and the 
data from which the maps are derived. Aerial photography has been used in several studies 
to map blanket bog erosion.  Grieve et al. (1994, 1995), for example, quantified the spatial 
extent and severity of erosion in the Scottish uplands using a stratified random sampling 
scheme based on the LCS88 dataset. They selected 144 5 x 5 km squares to include a total 
area of 360,000 ha or 20% of the upland area and measured erosion features using a high-
resolution camera and image analysis to quantify eroded areas. They defined three severity 
classes for erosion features: 
 
1. Narrow, well-defined gullies often with a dendritic drainage pattern; 
2. Broad gullies, often eroded down to underlying mineral soil and flanked by bare  
 peat banks; drainage pattern generally not as clear as class 1; 
3. Remnant peat blocks standing as isolated tables, probably the remains of a  
 formerly more extensive peat cover. 
 
Although the photographs were not ortho-rectified, overall errors were found to be around 
1.5%. In total, approximately 12% of the sampled area had erosion features, with peat 
erosion accounting for the greatest extent. Wishart and Warburton (2001) also used 1:25 
000 imagery to map and classify peat erosion in the Cheviot Hills. Comparison of aerial 
photographs from 1951 and 1983 revealed no change in the pattern and dimensions of 
erosion systems apart from the development of an obvious scar along a footpath. They 
concluded that such imagery is usually insufficient for measuring change in individual gullies, 
either as headward extension or as widening. SNH commissioned a detailed review on 
erosion of peatlands in Scotland, specifically on the methodologies involved in the evaluation 
of the degree and extent of erosion, the drivers of erosion and the common threads that can 
be used for management recommendations (Cummins et al., 2011). Using the LCS88 
dataset, Cummins et al. (2011) showed that approximately 34% of the total area of blanket 
bog showed erosion features (Figure 10). Note that the LCS88 derived figures do not 
distinguish lowland raised bog habitats; however, erosion features on sites that were located 
on basin peat were <500 ha. Using the Soils of Scotland 1:250,000 dataset, they found 
comparable figures: 31% of all peat categories.  In both cases, the actual eroded area would 
be less than the percentages estimated, given that any map unit containing eroded peat also 
contains non-eroded peat. For example, Cummins et al. (2011) demonstrated this for three 
small scale study sites (Figures 11 and 12). They used spectral image analysis of modern 
digital aerial imagery with a much higher resolution (25 cm) to assess the extent of erosion in  
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Figure 10.  Proportion of blanket bog or peatland habitat polygons with erosion features 
(Data from LCS88). 
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twenty 25 ha sample areas. They found that an automatic classification system was not 
possible due to spectral and tonal variations within the imagery thus making the system 
impractical for much larger areas. Also it was not possible to classify gullies that had become 
overgrown or to estimate depths of erosion. The limitations of remote sensing imagery are 
discussed at length in Cummins et al. (2011) and in a recent report produced for the Scottish 
Government it was suggested that while satellite Earth Observation (EO) data allow 
identification of larger areas of bare peat, airborne imagery provided the best possible scale 
for delineation of peat erosion features down to the size of individual gullies (Keyworth et al., 
2009). However, the costs associated with identifying such features via remote sensing at a 
national scale would be prohibitive (Keyworth et al., 2009) unless coupled to identification of 
other features that could aid landscape scale measurements of other disturbances 
(drainage, peat cuttings) or vegetation diversity and net reflectance within the visible to 
infrared range (aiding biodiversity measures and albedo calculations). Nevertheless, 
whereas aerial photography can provide a high level of detail (Figure 11), EO could be used 
a priori to target areas of interest; therefore a combination of approaches seems the best 
way to capture and map accurately erosion features in blanket bogs. While various sets of 
imagery may be adequate for one-off determinations of the extent of erosion, the above 
authors all reached the same basic conclusion that, as yet, there is no suitable methodology 
for the remote detection of erosion rates because of inadequacies in scale or quality of 
historical and modern imagery. A small questionnaire of experienced field staff concluded 
that field-based measurements are the best option for assessing rates of erosion because 
they are potentially more precise, require less skill and training and are less expensive than 
remote sensing methods, for which data acquisition may have to be specially commissioned 
(Cummins et al., 2011). 
 

 
Figure 11. Example of finely detailed map representing erosion features (light brown colour) 
overlaid on blanket bog (dark brown colour) in the north of Scotland that used georeferenced 
colour aerial photographs with a resolution of 0.25 m. 
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Measuring the extent of erosion addressed one aspect of potential management intervention 
in that it informs land managers of the area that could be targeted for restoration 
management. What originally caused the formation of erosion features, however, is often 
difficult to discover. The general hypothesis is that the main factors influencing erosion 
potential are biophysical such as slope and aspect, climatic factors, and disturbance of the 
ground by other factors such as excessive grazing. These may also function additively or 
interactively. Whether slope is a factor influencing erosion has been tested by a few 
experimental approaches. Wishart and Warburton (2001) found that dendritic (branching) 
types dominated the mid-slopes, whereas anastomosing (network) types were almost 
always confined to the flatter ground above 800 m elevation. In Scotland, detailed studies 
were undertaken in peatlands at three sites – the Ladder Hills, Monadhliath, and a group of 
three sites in the Caithness & Sutherland Peatlands SAC:  Grudie Peatlands, Strath an Loin 
and Beinn Sgreamhaidh (Cummins et al., 2011). They found that anastomosing erosion 
systems tended to occur on shallow slopes (mean 6°) and were mostly associated with 
exposed sites (e.g. Figure 12). Dendritic systems were on similarly gentle slopes (mean 7°) 
whereas the mean slope of gully erosion - usually ascribed to localised, high-energy 
waterflows - was 12 degrees.  Four examples of slippage were recorded on slopes ranging 
from 6 to 32 degrees (mean 17°) (Cummins et al., 2011). In the Ladder Hills and 
Monadhliath study areas, 80% of the area of bare peat occurred on slopes of 10° or less. 
Curiously, in all three study areas, the mean slope of bare peat areas in the sample squares 
was less than that of immediately adjacent vegetated ground.  However, the mean 
differences were less than 2° and, though statistically significant in the Ladder Hills and 
Monadhliath study areas, are clearly too small to be of much practical value for land 
managers. It is important though to recognise that these sites are all designated as Sites of 
Special Scientific Interest (SSSI), had been selected deliberately and were not a random 
selection of land within a study area.   
 
 

 
Figure 12. Detailed view of erosion types mapped in one sample of contiguous 25 
ha squares in the Ladder Hills (Cummins et al., 2011).   
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In general it is thought that the peat mass is very susceptible to erosion from natural agents: 
frost, drought, rain, and wind (Tallis, 1998). Climate appears to be the principal driver of 
erosion for the whole of Scotland but it is more likely that multiple drivers of erosion are 
operating in concert and some of the current areas of bare peat may be related to historical 
conditions as much as to more recent impacts. Erosion features appear to be aggravated by 
disturbances such as trampling by sheep and deer (Dayton, 2006) but this was based on 
observations of deer (or signs of deer) on bare peat and therefore has not been tested using 
firm experimental data. Such experiments are currently being run by SNH, comparing 
changes in vegetation and bare ground in paired fenced/unfenced plots in the Monadhliath 
and Blar nam Faoileag SSSIs and Argyll Estate. The latest report (Hewison et al., 2010 - 
unpublished) indicates similar increases in the extent of bare ground in both sets of plots 
over 2-5 years, implying abiotic causes such as climate.   
 
The structure and the cover of dwarf shrubs in Caithness and Sutherland peatlands may 
have been affected by current or historic browsing levels, but current levels of grazing are 
unlikely to lead to a significant loss of vegetation structure or loss of blanket bog habitat 
(Headley, 2006). Similarly, trampling did not generally appear to be leading to a significant 
loss of blanket bog vegetation. For blanket bogs in the Strathglass Complex SAC, it was 
concluded that trampling was more damaging to the bog than grazing (O’Hanrahan, 2005). 
Dung deposition is thought to be the best indicator to relate animal usage to erosion features 
at the requisite scale and, presuming herbivores do have an impact, could be used to 
indicate areas potentially at risk when surveying possible areas to be restored. Such 
assessments could be done as a one-off visit (Faecal Standing Crop) or successive visits to 
permanent plots (Faecal Accumulation Rate). At a broader scale, data for the whole of 
Scotland were used to examine the relationships between eroded peatland vegetation and 
the densities of sheep (Agricultural Parish returns, 1986-2006) and red deer (counts by Deer 
Commission Scotland, 1987-2002). No significant relationships were identified between the 
area of eroded peatland vegetation and the densities of large herbivores across Scotland as 
a whole but this may have been because the herbivore data were too coarse, in both space 
and time, relative to the extent of erosion, to highlight any relationship. If herbivores are a 
main driver of erosion, it is possible that this is due to local concentrations of animals that 
are detectable only by detailed field studies, e.g. using dung deposition counts (Cummins et 
al., 2011).    
 
Without active management, erosion features are likely to persist for decades or longer, 
contributing to substantial, large scale net emissions of carbon. Emissions from eroded 
areas may well be difficult to quantify unless the areas involved can be accurately quantified, 
as the current Natural England emissions factors differ widely between ‘hagged and gullied 
peat’ carrying a value of -0.2 t CO2 eq ha-1 yr-1 (i.e. still a slight sink) to ‘100% bare peat’ 
carrying a value of 6 t CO2 eq ha-1 yr-1 (Worrall et al., 2011). Artz et al. (2013) summarised 
these and other reports from eroded peatlands and suggested a likely emissions range of 
between 0 and 5.5 t CO2 eq ha-1 yr-1.  While some of these figures will undoubtedly require to 
be revisited once more carbon budgets from experimental areas become available, they 
highlight the need to understand the severity and extent of erosion in UK peatlands. 
Nonetheless, the estimated maximum net emissions from the eroded peatland area alone 
could be enough to negate the potential net sequestration from the Scottish blanket bog 
area that is still in good condition (Section 4.1). Assumming Cummins et al.’s (2011) figures 
of 34% of the 2.1 mi ha blanket bog habitat (731 kha), or 31% of the 1.65 million hectares 
blanket peat (512 kha) are correct, multiplying these by a maximum of 1 t C ha-1 yr-1 = 0.51 
to 0.73 Mt C yr-1, which equates to 1.8 to 2.6 Mt CO2 eq yr-1 using the simplistic conversion 
based on production of CO2 alone. In the case of erosion or bare peat, this may be an 
adequate assumption to make as methane fluxes from bare or drained sites have generally 
been reported as small to negligible. Regardless, the magnitude of such fluxes outstrips the 
sequestration that is still provided for by the remaining peatlands in good condition. Hence, 
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certainly from a carbon perspective, it would be imperative to prioritise measures to improve 
the condition of, and reduce emissions associated with, eroded blanket peat. 
 
Regardless of the carbon emissions, there is a crucial question of scale here that is highly 
relevant to bog restoration and the development of a selection tool:  should restoration focus 
on large areas of bare peat (detectable by EO) where the bog is already severely degraded - 
perhaps presenting economies of scale for restoration - or concentrate on areas with several 
small erosion features where it may be more cost-effective to prevent the erosion from 
developing further and to encourage revegetation. In addition, 70% of all UK drinking water 
comes from surface waters, and much of this comes from upland catchments (House et al., 
2010). The Scottish Environment Protection Agency (SEPA) monitors water quality trends in 
standing water bodies as well as rivers and has shown a trend for increased organic carbon 
concentrations in rivers in about half of the long term (>10 year) river sampling stations 
(Chapman et al., 2009b). It is unknown whether peat erosion in Scotland directly contributes 
to these increases. Section 5.7 discusses management options at the catchment level, in 
relation to drinking water and recreational water body quality and effects on renewable 
energy production through hydro schemes.  
 
Although eroded peatlands are probably the largest category of peatlands in poor condition, 
there are substantial areas of Scotland’s peatlands that have been traditionally used for peat 
extraction. As this can also produce large areas of bare peat, or produce similar restoration 
challenges to erosion gullies in terms of restoring site hydrology and topography, this 
category of peatlands will be examined next. 
 
4.2.2 Peat extraction 

Extraction of peat for domestic use has taken place for centuries in Scotland and mapping 
such historic use is very difficult. Generally, peat workings are close to existing or historic 
settlements and/or roads. Although there is potential for LIDAR or satellite based imagery to 
pick up such areas, no such study has been systematically undertaken to date to map the 
extent of peat extraction in Scotland. The most relevant already existing data identified were 
part of the LCS88 dataset. This dataset contains classes for both industrial peat workings 
(estimated at 3,018 ha or 0.3% of the LCS88 dominant blanket bog category) and other peat 
workings (53,768 ha, 5.2%), which have either remnants of, or were contemporarily active, 
domestic extraction areas (Figure 13; by local authority area in Table A1.5). However, as 
these figures are based on the LCS88, they will include extraction sites on raised bogs. In 
Artz et al. (2012), these were estimated as 1,564 ha of industrial cuttings and 1,573 ha of 
domestic peat cuttings. Hence the total area of blanket bog affected by peat extraction is 
likely to be more in the region of 1,500 ha of industrial cuttings and 52,000 ha of domestic 
cuttings.  It must be added that areas affected by domestic extraction are not 100% worked 
over; some may have ~100% of the polygon area affected but others may be only 
peripherally cutover. Additionally, the amount of peat removed will be very variable. It must 
also be noted that this dataset, as in previous uses in this report, is now nearly 25 years old, 
and many of the industrial workings are no longer active. Nevertheless, it is likely that the 
effect of peat extraction is still notable, in both industrially extracted sites and those that have 
been cut-over for domestic use. In fact, there is some limited evidence of resurgence in 
domestic peat cutting due to the increase in the cost of fossil fuels.  However, there have 
been few efforts to restore peat extraction sites on blanket bog.  
 
About half of the commercial peat extraction is on lowland raised bog but, regardless of 
situation, is usually damaging to any peatland interest due to the drainage ditches and the 
additional drainage caused by the mole plough extraction system. Commercial sites also 
usually leave behind large areas of bare peat with little physical relief, which makes them 
particularly susceptible to aeolian (wind) erosion. Most important, however, is the destruction 
of the biologically active acrotelm by the initial site stripping and subsequent passes of the 
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harvesting machinery. This must be responsible, at least partly, for the lower CO2 emissions 
from harvested sites compared to intact sites (Waddington and Warner, 2001). In contrast, 
domestic cutting is more widespread but the rights to cut peat and the ways in which it is 
done are highly prescribed under the common grazing regulations. Of particular importance 
is the requirement to replace the top turf after the bank is cut. This standard conservation 
measure not only reduces the surface area of bare peat that is exposed at any one time but 
also helps to restore a secondary acrotelm. This will have assisted the revegetation of many 
former domestic peat cutting areas, as evidenced by aerial photography. Also, field 
observation shows that many of these incised cuttings often retain a relatively high water 
table thus providing excellent conditions for the regrowth of Sphagnum. Therefore they 
provide some opportunities for restoration, albeit over relatively small areas.  
 
Data on emissions from cutover peatlands in the UK are virtually non-existent.  There are 
some examples of GHG emissions monitoring from a few abandoned peatlands (e.g. Artz et 
al., 2008; Wilson et al., 2009), but these had not been sufficiently monitored to calculate a 
complete annual carbon budget.  
 
The IPCC tier 1 emissions factor for extraction sites is 4.87 t CO2 eq ha-1 yr-1 (in Worrall et 
al., 2011). Byrne et al. (2004) put the figure for emissions lower, if the already extracted peat 
is not taken into account, at 1.93 t CO2 eq ha-1 yr-1 for peat cutting, or 2.5 t CO2 eq ha-1 yr-1 
for abandoned peatlands after harvesting. Artz et al. (2013) bundled abandoned cutover 
peatlands into the same emissions category as eroded peatlands, given the scarcity of data 
and the likely similarities in condition and management requirements. Given that the majority 
of peat cuttings on blanket bog are domestic or abandoned cuttings, using the IPCC tier 1 
emissions factor, the peat workings in Scotland would contribute an estimated total of 0.1 Mt 
CO2 eq yr-1 in emissions. However, such emissions figures apply mostly to mechanically 
extracted sites as domestic cuttings techniques are meant to recreate conditions for 
peatland regeneration. Assuming that the emission factor for extracted sites can be directly 
applied to all cutover blanket bogs is highly questionable, hence the real emissions from 
cutover blanket bog is likely to be considerably lower than the figures above. 
 
Potential improvements on the LCS88 dataset may be possible with the current expansion of 
high quality satellite imagery, which may be suitable for GIS-based detection of extraction 
areas. While this was not scoped in detail, it would be analogous to detection of drainage 
(see next Section), mapping of the extent and severity of erosion features (Section 4.2.1.1) 
and vegetation condition and associated ecosystem functions (Section 3.1.1). Rockall et al. 
(2008) demonstrated the feasibility of using remote sensing data to distinguish between 
actively regenerating peat banks and degraded banks in the Wedholme Flowe. With more 
realistic emission factors, estimating the contribution of cutover peat to the UK flux should be 
feasible. Both erosion and peat cutting have severe effects on the hydrological balance of 
the affected peatland. A third category of disturbance that affects the soil moisture balance is 
active drainage. 
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Figure 13. Peat extraction sites on Scottish blanket bogs. Data from LCS88, hence a 
proportion of the data shown may be located on raised bog deposits (see text). 
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4.2.3 Drainage – muir gripping 

A large number of peatlands have been artificially drained (gripped) as a response to 
increasing agricultural and forestry demand. Agricultural land drainage has been encouraged 
since the Land Drainage (Scotland) Act 1847. The peak period in which agricultural drainage 
was applied was between the 1940s-50s, with an average of 20,000 ha of agricultural land 
being drained every year (Robinson, 1990). Drainage is no longer actively encouraged; 
however, cross-compliance requires farmers to “maintain functional field drainage systems, 
including clearing ditches, unless environmental gain can be achieved by not maintaining 
field drainage systems.” In order to install new drains on semi-natural land a land manager 
must complete an Environmental Impact Assessment. In addition, drainage was generally 
installed prior to peat harvesting for horticultural and energy products (Baldock, 1984). 
Drainage of blanket bog typically involved open cut ditches around 50 cm deep and 50-70 
cm wide, except for ring drains around the perimeters of bogs which can be a metre deep or 
more. Drainage can alter flood peaks and water storage capacity (Holden et al., 2004), 
increase aerobic decomposition of the peat and modify peat water holding capacity. It can 
cause subsidence and irreversible drying of the peat surface, or increase sensitivity to 
rainfall with shorter lag times (Holden et al., 2006). The peatland topography and the ditch 
location are major determinants of the impact of drainage on the water table and those 
impacts can be delayed and persist long after gripping (Holden et al., 2006).   

While some well-documented areas (e.g. Caithness and Sutherland, Figure 14) have 
relatively accurate mapping of drainage ditches at the site scale due to their management 
history, it is difficult to produce a map of drainage ditches affecting blanket bogs in Scotland 
as a whole. Over time, many drains have become overgrown and detecting them would 
require vegetation-penetrating radar which would not be practical over large areas due to 
cost and the very large databases that would be produced.  At the moment, existing data are 
not of sufficient quality but a remote-sensing approach developed to detect disturbance in 
blanket bogs seems promising (Connolly and Holden, 2011).   

As part of this Commissioned Report, John Connolly (University College Dublin) was sub-
contracted to assess the viability of using existing coverage of high resolution satellite 
imagery for object oriented assessment of peat drains. The full report can be found in Annex 
5. Around 90% of the Scottish blanket peat resource is covered by high quality satellite
images, which could be purchased from the digital image repositories Geoeye 
(www.geoeye.com) and Digital Globe (www.digitalglobe.com) to facilitate detection of drains 
by training and validation against reference data using ArcGIS extensions such as the VLS 
Feature Analyst software. Trialling the technique on peatlands with blocked and existing 
drains in the Forsinard area (Figure 15 and Annex 5) was deemed sufficiently successful 
and even an improvement on earlier efforts. A similar approach to scope the potential to map 
peat erosion using satellite imagery and object oriented recognition found that accuracy of 
detection was high at 84%, when a small study area was used (Keyworth et al., 2009). 

It therefore appears to be feasible, if a 2 year study were to be commissioned, to produce a 
dataset of drainage on the majority of the Scottish blanket bogs. It would be extremely 
beneficial to be able to identify major areas where drainage is still intensive. Object oriented 
recognition of drains may not allow for perfect mapping of the precise location of individual 
drains, and there may be issues where drains have become overgrown or are too small in 
width to be adequately detected, but the scoping work performed for this project appears to 
indicate that it could be feasible to design a classification system for drainage on blanket 
peat.  



47 

 
Figure 14. Drainage maps (grips) for Caithness and Sutherland. Data from EU Life/SNH. 
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Figure 15. Results of the feature extraction process for site scale drainage mapping at the 
Cross Lochs site in the Forsinard area. This trial was run using free images that can be 
obtained from GoogleEarth. Figure A shows the unprocessed image of an area (ca. 50 ha) 
where drains have been blocked as part of the EU Life Initiative. In B, the red lines show 
where the researcher has manually allocated drains as training data for the Feature Analyst 
software. C shows the drains as captured by the software in yellow. Previous efforts to 
digitise these drains are shown in red in D (data supplied by SNH from Matheson et al., 
2003).  
 
 
Data on the effect of drainage on carbon emissions are still relatively sparse. While there are 
some data indicating very significant losses in the first few years after drainage (2-4 t C ha-1 
yr-1, Hargreaves et al., 2003), it is unclear what the long term losses would be. Worrall et al. 
(2011) estimated a figure of -0.2 t CO2 eq ha-1 yr-1 for gripped blanket bog, using a modified 
version of the Durham Carbon Model. Byrne et al. (2004) estimate a similar difference, with 
emission figures for drained bogs at 1.5 t CO2 eq ha-1 yr-1  versus 0.19 t CO2 eq ha-1 yr-1 for 
natural bogs (i.e. a 6.5 fold increase in net emissions). There is only one published study 
that reports a relatively complete carbon budget for a UK peatland that has been affected by 
drainage stems (Rowson et al., 2010), and their work indicates significant losses for such 
sites. Artz et al. (2013) compiled the available data on carbon emissions from drained sites 
and suggested a range of -0.05 to +5.5 t CO2 eq ha-1 yr-1. Even without detailed knowledge 
of the total area involved, it is clear that the carbon benefit of the areas of undamaged 
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blanket bog in Scotland is probably more than cancelled out by the vast areas of gripped 
peatlands. Following the realisation of the detrimental consequences of drainage, there was 
a movement towards grip blocking in the UK. In most instances the objective was to raise 
the water table level and encourage peat-forming vegetation to re-establish.  
 
In summary, there is still much uncertainty over the areas that have been affected by 
physical degradation through erosion, peat cutting and drainage. However, in most of these 
areas, there is at the very least some evidence that could be used to highlight that these 
issues exist, for a given potential restoration candidate site. There is at present not enough 
solid data on the areas involved, nor are the likely emissions calculable as the current data 
on emissions are still evolving. However, a best estimate, using even just the available data 
on eroded peatlands, suggests that emissions from physically degraded peatlands is 
sufficient to cancel out the carbon benefits that peatlands in good condition still provide. A 
final factor in assessing the physical potential of a site for peatland restoration is access. 
 
4.3 Ease of access or potential access issues 

Inclusion of access in a decision support tool would require data at the national scale on two 
major sections. Firstly, physical accessibility of a site could be mapped in a relatively 
straightforward manner using readily available Ordnance Survey maps. In rare cases, 
restoration might be achieved by removing grazing animals but in most cases human 
intervention is required, either with or without machinery. If blocking grips is to be undertaken 
by hand using local materials (e.g. turf dams) little may be required in the way of tools or 
equipment and access to a site determined purely by the fitness of the people involved. In 
the majority of cases, and especially where materials need to be transported, vehicle access 
to the general area of sites will be required if the work is to be carried out efficiently, even if 
subsequent work is to be done by hand. How close such access to the site would have to be 
would depend on the topography, the amounts of materials and tools required and the 
availability of low ground pressure ATVs. If all the materials are to be manhandled, much will 
depend on the intervening ground – on even ground 2 km would be a reasonable maximum 
whereas 1 km might be the limit on rough ground or when traversing across drain lines. 
Distances for ATVs could be considerably greater but they are more limited by the 
roughness of the terrain.  
 
Any machinery used must have low ground pressure and for larger earth moving equipment 
this will require specialised equipment with very wide caterpillar tracks. Even then, care must 
be taken when traversing the bog and the laying of temporary tracks may be necessary.  
Cross-country travel to 1 or 2 km from the nearest track might be possible, but, as with any 
vehicle, local knowledge will be required to decide what is practicable.  Hard tracks are 
marked on OS maps and a GIS could be used to buffer these for various distances to filter 
out sites where access is impracticable for the envisaged methods of restoration. This is 
something that could be attempted to start developing an objective tool to take into 
consideration the access aspects of site selection. Even in this case, local knowledge would 
be required on ground conditions. River or stream crossings that may be required could be 
equally mapped out and calculated as potential routes. The cost of temporary bridges could 
be factored into a decision support tool. 
 
Secondly, permissions for access are essential and will depend principally on the goodwill of 
the landowner and neighbours if their land has to be crossed as well. GIS maps of estate 
boundaries could be used to determine where multiple permissions might be required. For 
this type of work, maps of land ownership in Scotland are not entirely complete, but cover 
the majority of the blanket bog resource. For more on this topic, land ownership is covered in 
more depth, specifically in relation to sporting estates, in Section 6.6. 
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Access is one factor when assessing the viability of a restoration project. Another aspect is 
the variation within each site. For example, blocking drainage on steep slopes requires dams 
to be located closer together than on a shallower site. Such issues can very quickly increase 
restoration project costs and hence such factors need to be taken into account. 
  
4.4 Site geophysical variation 

The blanket bog sites in Scotland cover a large range of areas, altitudes and aspects.  Data 
layers that have calculated an index of variability for these factors are not currently directly 
available but it would be straightforward to produce such data layers.  The baseline map of 
blanket bogs used in this study could be used to calculate the size of the sites and by 
overlaying digital terrain data it is possible to calculate the altitude and aspect of a site. The 
slope of a site is extremely important, but more difficult to measure and depends a lot on the 
scale at which it is measured (e.g. over m2 or ha) and the precision of the digital terrain data. 
This can be done using conventional map data but satellite-borne LIDAR imagery is a more 
obvious solution (e.g.   http://www.infoterra.co.uk/case-study-lidar-peat-analysis). 
 
Land forms within the site caused by its gross geomorphology will affect the ease with which 
a site can be restored and its suitability for restoration. In terms of drainage, concave or 
convex sites are less readily managed than level sites. This applies to both the underlying 
bedrock and to the peat surface above it. The difference in the height of surfaces across a 
site will often not be measurable in terms of the altitude shown on maps and so field 
measurements or LIDAR-type remote sensing would be required. At 0.5 m resolution, LIDAR 
data could also be used to determine drainage/flow lines (see Section 4.2.3.). 
 
The microscale geomorphology may be divided into ‘form’ roughness (hags, mounds, pools 
and ridges that make up the peat landscape) and surface roughness. The latter is composed 
of the vegetation microtopes or the microtopographic features that develop on bare peat 
surfaces. Both of these types of microscale geomorphology will influence the ease with 
which a site can be restored and the suitability of the site for restoration. Hags, pools, 
mounds, etc. will influence the ease of access around the site for personnel and machinery 
when carrying out restoration work. These microscale geomorphological features are formed 
by running water, rain, wind, freeze-thaw action and sometimes overgrazing. Some of them 
can lead to erosion and further degradation of the site.  When this is occurring at a site it is 
important to identify the drivers causing the degradation and to reduce or remove them if 
possible before the start of restoration. There is no readily available database of microscale 
geomorphological features on peatlands but satellite LIDAR imagery would be an obvious 
solution for hagging greater than 0.5 m wide and/or deep. 
 
Other geophysical data, such as catchment boundaries, are less readily available.  For some 
well studied sites, catchment information might be available, but it would be difficult to 
produce a catchment model for the whole of Scotland’s blanket bog reserve. This topic is 
covered in more detail later (Section 6.7).   
 
Overall, to assess the physical potential and constraints of peatlands restoration, a decision 
support tool could offer a substantial amount of information. LCS88-based information on 
where erosion or peat extraction are likely to be an issue could be readily incorporated at 
present. Inclusion of drainage would require more effort, and if data provision of high 
resolution LIDAR could be achieved at national scale, these data could also be used to 
provide information on the likely within-site topographical constraints. Finally, accessibility 
calculations could be incorporated with some additional work, using already available 
Ordnance Survey and land ownership databases. 
 
Under European legislation, the condition of already designated sites should be safeguarded 
or improved. This extra political importance led to the inclusion of existing designation of a 
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site as a separate factor for consideration in a potential decision support tool. At present, 
there is already a positive bias towards the restoration of designated sites, as these are 
eligible for full capital management costs under the present Scottish Rural Development 
Programme (SRDP 2007-2012). Funding and resourcing of restoration projects will be 
discussed in further detail in Section 7; however, we first assess the data coverage and 
availability for development of a decision support tool of site designation and monitoring. 
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5. SITE DESIGNATION, EXISTING MONITORING OR LIMITATIONS IN SITE STATUS 

5.1 Is a site designation in place? 

This topic was already covered in the section on the biological evidence for potential for 
peatland restoration (Section 3.1.1). To recap briefly, the total area of sites under a single or 
multiple designations is 731,271 ha. Of these, some 343,000 ha are designated as SSSI, 
and other sites have either SAC or SAC/SSSI or multiple status. As discussed previously 
these data could readily be made accessible in a queriable database to enable informed 
decision making. 
 
5.2 If non-designated, is monitoring in existence or are there existing historical 

data? 

These types of data have not been collected at a national scale and would require extensive 
surveying. A first attempt to do this at UK level has been through the Peatland Compendium 
(Defra, 2008). However, Scottish peatlands were very much underrepresented and thus 
there is only very sparse data coverage. Some further information was retrieved through the 
questionnaire designed for this project (questionnaire available on request as OSM1.4, 
survey structure and results in Annex 1.4) and any information will be deposited with the 
Peatland Compendium. At present, regrettably, this type of information could not be mapped 
at a national level and would have to be assessed at a site scale level, probably in 
discussion with land owners and other stakeholders. Moves to address this have been called 
for on many occasions. If this took the form of even just initiation of a meta-database, future 
efforts to populate decision support tools would be much more straightforward. An example 
of such a data holding is the UK Peat Geonetwork, which currently has a focus on South 
Pennine Moor monitoring projects (http://www.ukpeatgeonetwork.org.uk/). 
 
5.3 If non-designated, are there existing management option limitations or 

requirements for consents 

Similar to 5.2., these types of data have not been collected at a national level. Some sparse 
data coverage may be obtained through the Peatland Compendium and additional data, 
collected during this project, but evidence for this site selection criterion is likely to require 
assessment at a site level. 
 
In summary, although information on where already existing designated sites are, and their 
monitoring schemes, could be readily integrated into a decision support tool, the likely 
existing monitoring programmes or limitations in management options on non-designated 
sites are not easily incorporated. If this was desired, collating such information would not be 
trivial but could follow the structure of the existing Peatland Compendium. Some information 
on limitation on management could be gained from assessing current land use where this 
has been a conversion from peatland. This is the focus of the next Section. 
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6. LAND USE AND MANAGEMENT IN RELATION TO SITE POTENTIAL 

The stakeholder group identified four selection criteria that relate to the site land use and 
management (Box 1). Due to the immense complexity of land use types and management 
applications on blanket bogs in Scotland, it was felt that it would be difficult to sum up these 
issues, their sustainability, and guarantees for the future as a single header. It would be 
more appropriate to provide the existing evidence for the first two proposed selection criteria 
by individual land use or management type. The fourth of the criteria, hydrological 
management, was then addressed at a national scale. Finally, the timescale and 
deliverability of restoration efforts were discussed according to the land use or management 
that was in place before restoration. 
 
 
 
 
 
 
 
 
Box 1. Site selection criteria in relation to site management and land use. 
 
 
6.1 Afforestation 

During the 1950s to 1980s, forestry became an important practice in northern and Eastern 
Europe and parts of North America, with some 15 million ha of northern peatlands and other 
wetlands drained for forestry (Laine et al., 2006). In the UK and in Ireland, the planting of 
exotic species and application of fertiliser were part of the afforestation process. In the 
1980s, the removal of some tax breaks resulted in a decline in planting of commercial 
forestry on peatlands, which helped to preserve the wetland habitats and species (Cannell et 
al., 1993; Hargreaves et al., 2003). 
 
It was initially estimated that up to ~190,000 ha of deep peat in the UK (~9% of total area) 
and ~315,000 ha of shallow peatlands were drained, ploughed and planted with coniferous 
forests and many of these are still in existence. Plantations on peatland have largely been 
put in place by the Forestry Commission, but commercial forestry companies such as 
Fountain Forestry also had large holdings on peatlands. The latter data are not easily 
obtained. The LCS88 dataset would include any land already converted to forestry by 1988. 
This may be a relatively accurate assessment as there was little new planting after the late 
1980s due to the realisation of the conservation value of peatlands.  
 
Superimposing data from Forestry Commission Scotland and LCS88 classes with tree cover 
on peat polygons in the 1:250,000 soils maps (to include land already converted to forestry) 
suggests fairly extensive conversion across the blanket bogs in South-west Scotland, in 
particular, much of which is not on Forestry Commission land (Figures 16 and 17). FCS 
recently calculated the extent of forestry using the National Inventory of Woodland and 
Trees, which includes updates up to 1999 in terms of more recent land use conversions. 
Their figures for the extent of forestry on Scottish peatlands applies to all peat types (i.e. 
including lowland ombrotrophic bog) and was estimated at 150,000 ha on deep peat (ca. 
17% of the >0.5 m deep peat resource) and an additional 590,000 ha on shallower peaty 
soils (Morison et al. 2010). The majority of forests are coniferous forestry, with broadleaved 
forests only making up just below 6% of the forestry on peat and peaty soils.  The locations 
of the 103,143 ha of forestry conversion on 100% blanket peat areas can be relatively 
accurately mapped (Figure 16). Forestry conversion applies to 17% of the pure blanket peat 
polygons. Due to the mapping issues with regards to the areas that are less than 100% peat, 

 Sustainability of current and historic land use 
 Existing management and/or guarantees for the future  
 Timescale and deliverability of restoration efforts 
 Is the site managed as a hydrological unit, (e.g. is there a management plan for 

the entire catchment?)  
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we cannot explicitly map the location of forestry on the shallower peatlands. A geographical 
representation has been produced in Figure 17, however, due to the classification limitations 
of the soils dataset, it is impossible to accurately represent, or calculate, areas of forestry 
cover for any non-100% blanket peat areas.  
 
Since the carbon content in most peatland is high and the potential losses through oxidation 
and decay following plantation exceed the stock that can be added by growing trees, it has 
been concluded that it would be beneficial to return peatlands to their saturated state. 
Cannell et al. (1993) stated this as “‘the potential loss of peat carbon may exceed any C 
gains in trees”. Again, hard figures for emission factors are difficult to obtain as many 
estimates exclude the carbon lost when the crop is harvested. This has led to wildly differing 
figures circulating in the literature. For example, some have been ranging from a net sink 
function at -0.1 t CO2 eq ha-1 yr-1 (Byrne et al., 2004, which is based on standing crop 
figures) to a net loss at 2.49 t CO2 eq ha-1 yr-1 (Worrall et al., 2011).  If crop harvesting is not 
taken into account, the emissions figure is comparative to, or even higher in net 
sequestration than, intact blanket bog, and it is this confusion that has led to the heated 
decision about the merits of planting forestry on peat. In a recent summary of likely 
emissions from different land use categories on peatlands, Artz et al. (2013) put the range as 
between -9 to 4.8 t CO2 eq ha-1 yr-1, dependent on stand age, volume and density. It is clear 
that the carbon merits of forestry on peat are not yet clearly understood.  
 
Regardless of the correct figure, there is enough scientific evidence now that this practice is 
not sustainable in the long term (i.e. over multiple forestry rotations) as the initial losses from 
drainage or felling combined with replanting take at least 4-8 years to offset (Hargreaves et 
al., 2003). In addition, tree growth on deep peat is often poor and hence net sequestration 
into crop biomass is compromised. The sustainability of establishing forestry on blanket bog 
or indeed any deep peat is thus questionable and there have been estimates of how many 
rotations of forestry are the equivalent of a Sphagnum carpet (e.g. Lindsay, 2010). Current 
policy guidance is a general advice against new woodland creation on peat soils deeper 
than 0.5 m, which covers around 80% of the blanket bog area in Scotland (Anderson, 2010). 
This is an update on the previous FCS advice against planting on degraded bog capable of 
restoration to active status or extensive areas (exceeding 25 ha) of active blanket bog 
averaging 1 m or more in depth (FCS, 2010), which is referenced in the Land Use Strategy 
for Scotland (Scottish Government, 2011a).  
 
Other large scale land use conversions may be an active encouragement of heather 
coverage, such that the land can be used as a grouse moor. This is often achieved through 
muirburn and forms the topic of the next Section. 
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Figure 16. Current extent of Forestry Commission Estate and other woodlands on blanket 
bog. Sources: Forestry Commission Scotland overlaid on LCS88 where blanket bog is 
dominant (dark grey) or subdominant (light grey), plus tree cover in LCS88 on peat soils in 
the 1:250,000 Soils of Scotland data (QM Peat (quarter-million soils/peat); to cover land 
already converted to forestry by 1988). 
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Figure 17. Forestry on blanket bog as classified within the LCS88 and Forest cover on peaty 
soils as defined by the 1:250,000 Soils of Scotland, plus tree cover in LCS88 on peaty soils 
(i.e. shallower than 50 cm) in the 1:250,000 Soils of Scotland data (to cover land already 
converted to forestry by 1988). 



57 

6.2 Burning 

If best practice is adhered to, there should not be any burning of blanket bog taking place at 
all, except in the rare case where dwarf shrub cover is > 75% (The Muirburn Code, Scottish 
Government, 2011b). Such exceptions, using low intensity, controlled burns, may be 
beneficial for the re-establishment of bryophyte cover, for example in blanket bogs that have 
very rank and highly dominant Calluna cover (Davies et al., 2008). The severity and intensity 
of the burning as well as the condition of the bog prior to burning can determine whether a 
burn is beneficial to shift the vegetation composition towards recovery of a blanket bog 
community or whether it aids a trajectory to a drier ecotype (Hamilton, 2000; Davies, 2005; 
Yallop et al., 2006; Davies et al., 2008). Muirburn on good quality blanket bog is inadvisable; 
however, historically burning has occurred on many blanket bogs and some of the long 
lasting effects might still persist. There are no processed data available at the moment 
showing accurate widespread representation of burning on blanket bogs, whether historical 
or current, especially since it is localised and of relatively small scale. At present, our best 
national scale dataset comes from the LCS88, which had a classification for heather moor 
burning (Figure 18).  
 
Although this dataset could potentially be used for support in decision making on site 
selection, it is likely that these data are not particularly useful, not only due to their age, but 
also because there is no indication of the severity of burn or the frequency of it.  A slightly 
better picture might have come from the landowners themselves via the questionnaire, even 
if it was just an estimate of the proportion of bog burnt each year and the length of the 
burning cycle. The collated data can be made available on request as OSM1.5. 
Unfortunately, the coverage of the survey was insufficient to add to existing datasets from 
the LCS88. It would be possible to cross-check those areas where managed burning is 
applied (45% of the entries) with the LCS88 categories, but this would not lead to much 
useful additional information. It is possible to use past and present aerial photography as a 
starting point to map burning patterns in dwarf shrub heath but this would require 
considerable processing. Dwarf shrub vegetation burnt in the past 10-15 years should be 
detectable in a single image because of its relatively slow growth rate in blanket bogs. 
However, it would be difficult to detect where the fire is so severe that graminoid vegetation 
takes over.  Sets of photos taken perhaps 20 years apart would be needed to determine if 
this was a permanent or long-term temporary change.  Muirburn of Molinia moorland would 
be detectable over much shorter periods due to its rapid recovery rate. Burning is now 
detectable on Google Earth™ imagery. This is only available for recent years since a recent 
GoogleEarthTM update has incorporated time series of images; thus it is possible to see new 
burns appearing over time. A recent PhD project (White, 2008) addressed the potential of 
remote sensing for the detection of recent muirburn, i.e. fires that had taken place within 2 
years prior to image acquisition. Very encouraging results were obtained that distinguished 
unburnt, growing, heather from cut and burnt sections, in study areas including the Pentland 
and Lammermuir Hills. The use of datasets collected 5 years apart enabled detection of the 
percentage area that had been affected by muirburn practices over longer time spans. A 
similar approach could be used in possible priority areas, where muirburn is deemed to be of 
high significance. Data on the likely carbon emissions from burning management are as yet 
unreliable. The only figure quoted to date (2.56 t CO2 eq ha-1 yr-1) in Worrall et al. (2011) 
originates from a modified version of the Durham Carbon Model, based on assumptions of 
random burning events at a 10-20 year frequency. Direct measurements at Hard Hill, in the 
North Pennines, estimated direct losses to be 25.5 g C m−2 y−1 (0.2 t C ha-1 yr-1; Ward et al., 
2007). Figures acquired by Garnett et al. (2001) suggests losses of 73 g C m−2 y−1 (0.7 t C 
ha-1 yr-1) at the same field site. Muirburn is a widespread practice that may affect the total 
capacity of blanket bog to sequester carbon, as the accumulated biomass carbon is 
effectively removed by burning. Another potential limitation on sequestration rates is use of 
the area for development of onshore wind energy. 
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Figure 18. Heather moor burning as mapped part of the LCS88, filtered for areas occurring 
on blanket bog as dominant or subdominant category. 
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6.3 Wind farm development 

The 2011 renewable energy policy of the Scottish Government (SG) sets a target of 
renewable sources to generate the equivalent of 100% of annual electricity demand by 2020. 
There was an interim target of 31% by 2011 (SG, 2007; SG, 2011c). If this target is to be 
met, a substantial increase in the number of onshore wind farms will be required. Scottish 
peatlands are likely to attract wind farm developments because they tend to have low 
agricultural productivity, resulting in low land use pressure and many of them occupy 
exposed sites where wind farms will yield high financial returns (Nayak et al., 2010). Figure 
19 shows sites where wind farm development has been applied for, or already taken place, 
on soils with high organic content. These data are readily available from SNH and thus could 
be easily included in a future GIS-based decision support tool. 
 
Current production levels from onshore wind stands at 2385 MW out of the 4419 MW that 
are currently provided by all renewable energy sources combined (excluding nuclear). The 
total projected capacity of all onshore wind projects currently in the planning stages, in 
appeal, or at the scoping stage would be around 14,000 MW out of a total of a planned 
24,420 MW. The total figure includes production from all renewable energy projects that are 
currently in existence or at various stages in the planning process (hydro, on- and offshore 
wind, wave, tidal, combined heat and power from biomass and waste products. (Data from: 
http://www.scottishrenewables.com/publications/summary-renewable-energy-projects-
scotland-21-apri/). The amount of production from those renewables that will be directly 
affecting blanket bogs out of this total figure currently stands at, at least, 9,442 MW (Annex 
Table A1.4, Figure 19). Given that this is 67% of the planned capacity, with less than 22.4 % 
of the land cover of Scotland being blanket bog (Section 2), this will put extraordinary 
pressure on Scotland’s blanket bogs. It is also likely to be an underestimate due to the 
potential that some renewables projects may be placed, or planned for, on former blanket 
peat soil that had already been converted in land use (e.g. to grassland or forestry) prior to 
the collation of the LCS88 dataset; for example, the Whitelee Wind Farm, where part of the 
application was on former forestry on peat. As the GIS approach filtered only against blanket 
bog still showing as blanket bog land cover in 1988, some other such current or future 
developments may thus have been missed. As the vast majority of the renewables schemes 
on blanket bog concern wind energy, this also brings with it additional pressure due to the 
requirement for construction of, e.g., access roads and foundations for infrastructure, but 
also with regards to drainage needs and subsequent effects of the altered environment on 
peatland biodiversity (Figure 20).  
 
The carbon benefits of wind farms on peatlands are still highly debated. The current version 
of the wind farm calculator (Nayak et al., 2010, 2011) includes updated figures for effects of 
drainage, access roads, continued peat degradation after construction and thus provides a 
better estimate than previous versions of the likely offset potential for a given project. In 
some areas, this balance may be in favour of development, where the site is already 
extensively degraded and where construction could bring benefits if restoration practices are 
applied at the same time. However, many of the parameters in the calculator still require 
validation. Recently, the authors of the windfarm calculator argued in a correspondence to 
the journal Nature that wind farms on peatlands may not reduce emissions in the long run 
(by 2040; Smith et al., 2012). In addition, it is clear that wind farm construction on peatlands 
can negatively impact peatland biodiversity in areas where such values are high. Examples 
of this are disruption of raptor breeding and feeding grounds as well as negative impacts on 
peatland plant species due to the disruption to site hydrology. Hence, the potential carbon 
offset of wind farms needs to be carefully assessed on a case by case basis. A good 
practice guide has been agreed, which includes guidelines for peatland restoration (Scottish 
Renewables, 2010). This document mentions some of the ongoing peatland restoration trials 
that have been established as part of existing wind farms.  
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Figure 19. Location of all renewable energy projects (including those lapsed, refused, 
withdrawn, pre-application, in scoping or at application stage) where some part of the site 
overlaps soils with high topsoil organic carbon content. Data for renewables location was 
obtained from SNH.  
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Figure 20. Figure 19 redrawn, but showing classes of renewables projects. Onshore wind 
farms clearly make up the majority of the proposed or present developments. Data for 
renewables location was obtained from SNH. 
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Of particular note here might be the Whitelee Wind Farm, where substantial efforts have 
been made to improve the moorland landscape around and in the immediate vicinity of the 
turbines, which had been extensively drained and/or afforested. Further information on this 
restoration work can be found in the priority area assessment for the southwest of Scotland, 
(Section 10.11). Hence, it may be worthwhile to start a consultation process by which data 
are made available on active restoration projects that are run concurrently with wind farm 
developments. A start to this has been made by the CLAD (Carbon Landscapes and 
Drainage) network, which is a NERC-funded knowledge exchange network. Another land 
use that requires to be considered in plans to restore peatland sites is the practice of crofting 
in Scotland.   
 
6.4 Crofting 

Crofting is a traditional land use to the Scottish Highlands and Islands. A croft constitutes a 
small agricultural holding, which is generally, but not always, under a tenancy right on 
statutory conditions rather than a written lease. Some croft land is privately owned, but the 
statutory conditions apply to every croft. There are currently 18,027 crofts entered on the 
Commission’s Register of Crofts of which 13,337 are tenanted and the remainder owned, 
with a total occupying population of around 33,000 people.  The area of blanket bog under 
crofting is difficult to estimate with accuracy. In Scotland, crofters established and run the 
Scottish Crofting Federation (http://www.crofting.org/), which actively engages with agencies 
and government officials at local, national and international levels to influence policy on rural, 
agricultural, social, environmental and other issues. The Crofting Commission holds GIS 
data on registered holdings. Crofters’ Common Grazings can apply for Single Farm 
Payments (SFP) and hence Common Grazings that have applied for such payments can be 
identified through the Integrated Administration and Control System (IACS) claim database 
(Figure 21). On crofts on blanket bog, the predominant land use for applications under the 
Single Farm Payment scheme would be shared or common grazing or land let out to others. 
As Figure 22 illustrates, areas where IACS claims under the SFP have been applied for 
coincide generally very well with Crofting Commission data, with some exceptions for areas 
where no claims appear to have been made, but also some that have IACS claims but do 
not appear in the Crofting Commission database. 
 
Crofting is especially prominent in the Northern and Western Isles, where conflicts with other 
potential land use may arise. The current drive to enhance Scotland’s renewable energy 
production in particular, which has seen some controversial proposals for wind farm 
locations emerge over the past few years, has prompted various responses from the Crofting 
Commission on local Planning Policies, for example, in relation to wind farm development in 
the Shetland Islands. This particular example supported the development of smaller, 
community, turbine schemes over larger farms, and specifically mentioned concerns over 
the siting of wind farms on blanket peat in relation to their habitat quality. Similarly, however, 
a considerable number of designated blanket bogs occupy a significant area of common 
grazings (Annex Table A1.7), especially in the Highland region and the Western and 
Shetland Islands.  As most of the activities related to crofting on blanket bog relate directly to 
grazing practices (the in-bye is generally on other, more productive, soil types), there is 
considerable scope to review site management through dialogue with crofters in the light of 
the target to restore blanket bogs for biodiversity and carbon sequestration. There is 
currently an issue with the data holdings for common grazings as there are considerable 
discrepancies in the datasets in terms of the name, the size and area covered by individual 
holdings, which makes it difficult to ascertain that areas are not double accounted. Hence, it 
was not possible to provide carbon statistics for common grazings at this point.  
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Figure 21. Common Grazings on blanket bog in Scotland. Source: IACS payments data 
2009 overlaid on LCS88 where blanket bog is dominant or subdominant. 
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Figure 22. Comparison of datasets supplied via IACS and directly from the Crofting 
Commission. 
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However, it is clear from visual comparisons of the soil carbon map (Figure 9) and the 
combined common grazing maps (Figure 22), that there are areas of common grazings on 
very carbon-dense blanket bogs, especially in the Shetland and Western Isles, as well as 
sections of Caithness and Sutherland and central Skye. As grazing practices on peatlands 
are not exclusive to crofts, the carbon implications of grazing are discussed as follows. 
 
6.5 Grazing 

Blanket bogs are commonly grazed by red deer Cervus elaphus L., roe deer Capreolus 
capreolus L., and domestic sheep. Cattle may occasionally be grazed on blanket bog but 
this is becoming increasingly uncommon in Scotland. Mountain hares and, on lower ground, 
rabbits, can have localised impacts. Overgrazing on blanket bogs leads to degradation of the 
site and can result in a change in vegetation composition or an increase in bare ground, 
possibly leading to erosion. It is therefore essential to keep the density of grazing animals to 
within acceptable limits if good quality habitat is to be maintained. For example, maximum 
densities of 0.5 ewes ha-1 in order to maintain good quality blanket bog have often been 
quoted (Thompson et al., 1995) and may be used as pre-emptive management guidelines. 
However, such general guidelines do not take into account (a) any local concentrations of 
animals, (b) how sensitive the vegetation is to animal impacts and (c) other ground 
characteristics that could affect the susceptibility of a site to erosion by animals. These 
issues need to be identified and assessed using local knowledge and/or site visits. Chapman 
(2007) quotes SAC recommended average annual livestock unit figures as being as low as 
0.06 units ha-1 on blanket bog. For reference, 1 sheep or ewe equals 0.15  livestock units 
(LU), farmed deer (depending on whether juvenile, hind or adult stag) equal 0.2-0.4 LU and 
1 adult cattle = 1 LU (Scottish Government Information on livestock units; 
http://www.scotland.gov.uk/Topics/farmingrural/Agriculture/grants/Schemes/LMCMS/Options
/Info/LivestockInfo).Hence, the SAC recommended  figure would translate to 0.4 ewes ha-1. 
However, Chapman (2007) advocates that this figure should include wild grazers such as 
deer and rabbits and that the figure could be adjusted by 20-40% depending on the 
sensitivity of the site as determined by soil fertility and rainfall. Similarly, advice given by the 
Department for Agriculture and Rural Development in Northern Ireland advocates an upper 
limit of 0.075 LU ha-1 on blanket bog, which equates to a maximum of 0.5 ewes ha-1. An 
additional requirement is that blanket bog should not be grazed between the start of 
November and the end of February, and that cattle should not be grazed on blanket bog at 
all, as this habitat is too sensitive to trampling, especially in the winter months.  
 
Although deer, sheep and cattle density data as well as reviews of the impact of changes in 
hill farming practices (e.g. Holland et al., 2011) are available, some including full data at a 
national scale, there are some major caveats with these datasets. These caveats led to them 
not being used in overlays with the blanket bog distribution maps. For example, for domestic 
stock, IACS data can be combined to model potential animal densities on in-bye land but 
these are tentative because the data give no indication on how the animals are distributed. 
No such information is available for unenclosed areas and local information is required to 
know when and how many sheep are turned out onto the moorland. Similarly, deer numbers 
are available from the Deer Commission Scotland (DCS) and now Scottish Natural Heritage 
(SNH) deer counts, but these are designed to estimate population sizes rather than 
distributions of deer in different habitats. Counts are usually made once a year and so are 
subject to weather conditions affecting deer distributions. Counts are usually made from 
fixed points and cover widely differing views so, for example, a count made from the top of a 
hill may refer to deer numbers on all the low ground beneath the hill but the area covered is 
not known and does not necessarily relate to the recorded location of the viewing point. All 
these factors mean that it is not possible to relate the counts consistently to the presence of 
deer on blanket bog, although counts over large areas of blanket bog with little topographical 
relief will generally be more accurate than elsewhere. Other sources of data include direct 
and indirect (e.g. dung count) observations made specifically to relate deer to habitat 
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occupancy, rather than to determine deer populations. These are mostly confined to 
designated sites. In addition, assessments of herbivore impacts (not just grazing) have been 
undertaken on several designated sites and rapid assessments of such impacts made for 
some Deer Management Groups.  All these provide useful information but the extent of the 
coverage of these has not been determined.   
 
When prescribing grazing treatments to a blanket bog, not only must local variations in 
vegetation type and topography be considered, but differences between animals in their 
behaviour. For example, sheep generally go up hill overnight while deer move down hill.  
This will lead to differences in which areas are grazed, erosion caused by animals resting 
and in where the majority of the dung is deposited. Different animals graze in different ways 
with sheep being more selective than cattle. This can have implications for the best type of 
animals to use when grazing restored sites, with studies on moorlands suggesting cattle can 
be better than sheep (Mitchell et al., 2008). There will also be differences within species in 
the plants that are grazed, with more traditional and hardier breeds of sheep and cattle being 
more likely to graze the less palatable plant species. Consideration should also be given to 
the time of year the grazing occurs. Sheep will graze Calluna more in the winter than at other 
times of year and will therefore have a greater impact on Calluna if left to graze over winter. 
 
The spatial pattern of the vegetation communities also needs to be taken into account when 
predicting the effect of grazing (Palmer and Hester 2000). In moorland situations, the 
boundaries between vegetation patches are focal points for dynamic interactions between 
plant communities. Grass patches have been shown to attract herbivores and the 
surrounding vegetation receives a higher impact than if it is associated with patches of less 
preferred vegetation.  There is a sharp decline in heather use with increasing distance from 
the edges of grass patches. The proportion of grass in the local landscape (within 1 km) has 
been shown to have a significant positive effect on heather utilization both at the grass-
heather boundary and beyond 5 m from the grass patch (Palmer et al., 2003). These studies 
were conducted on moorland, and comparable results for blanket bog are not available, but 
it is likely that spatial vegetation patterns will influence vegetation-herbivore interactions on 
blanket bogs resulting in localized vegetation patterns within the landscape and key hot 
spots for determining changes in vegetation composition. 
 
As discussed in Section 3.1.1., a total lack of grazing on blanket bogs may allow woodland 
scrub to invade in some places which would not be considered desirable under the CSM 
criteria. The lack of off-take could also cause a build-up of excess vegetation production in 
the form of litter, which could exacerbate the effects of any accidental fires. 
 
Therefore when considering grazing on blanket bog as part of a restoration programme the 
following should be taken into account: 
 
• Type of grazing animals present: species and breed 
• Densities of grazing animals 
• Behavioural characteristics of the animals 
• Local concentrations of animals 
• Interactive affects of wild large herbivores (e.g. deer) with domestic animals. 
• How sensitive the local vegetation and other ground characteristics are to over-

grazing by animals 
• The season/time of year when the grazing is occurring 
• Shepherding of the animals 
• Spatial vegetation patterns 
 
It will be seen from the earlier comments that there are few databases that are relevant to 
these topics and local surveys/knowledge would probably be required on a site-by-site basis. 
However, some relevant information was obtained for some of the priority areas and 
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information for this may be found in the relevant Sections (10.1-10.12). It is thus unclear to 
what extent the blanket bog resource in Scotland is grazed, and whether there are different 
effects of grazing on blanket bog of high quality versus degraded sites. 
 
Much of the blanket bog landscape is predominantly sheep and deer grazing. Apart from 
crofting areas already discussed, much of this land use is under sporting estate ownership. 
As it was unclear how much of Scotland’s blanket bog is in sporting estate ownership, this 
was examined next. 
 
6.6 Sporting estates 

Sporting estates are a major part of the Scottish landscape, with grouse and deer hunting as 
well as fishing providing recreational value and income in rural upland Scotland. Information 
on land ownership and associated primary land uses is quite difficult to obtain if the required 
information is not of the type that is held by IACS. The main source in this report on land 
coverage of sporting estates has been the Who Owns Scotland project (Wightman, 1996).  
Sporting estate information, in particular, was obtained through Mr Wightman by querying 
information that had been collated as part of an ESRC (Economic and Social Research 
Council, UK) project (Higgins et al., 2002). In this report, the definition of a sporting estate 
was not straightforward. Selection of what constitutes a sporting estate in their study was 
based on whether a particular estate met at least two of the following criteria (original 
wording edited slightly for the purpose of this work): 
 
 The estate (or part of) was classified for sporting rates purposes as a deer forest or 

grouse moor in 1994/95 (the last year sporting rates were in force) 
 The estate was subject to a sporting let from a sporting agent 
 The estate was listed in ‘The Deerstalking Grounds of Great Britain and Ireland’ 

(G.Kenneth Whitehead, 1960) 
 The estate was listed in ‘The population, crofts, sheep-walks and deer-forests of the 

Highlands and Islands’ (George Malcolm, 1883) 
 The estate was described as a sporting estate in any sales particulars held in the 

Wightman collection (>1500 brochures) 
 
Exceptions to this rule were landed estates that had been established prior to the formation 
of sporting estates. These were also included in the Higgins et al. study. There was a further 
category of estates, which met one or none of the criteria above, but would, on balance of 
probability, also be regarded as a sporting estate. The Higgins et al. (2002) study included a 
quarter of 141 of such potential sporting estates by selecting every fourth from an 
alphabetical list. This last category in particular included a fairly large proportion of the 
potential land area that sporting estates occupy (541,107 ha out of a total sampled 
2,526,090 ha of area occupied by estates in Scotland, i.e. 21% of the potential land area 
involved).  
 
For the purposes of this report, only those estates within the WhoOwnsScotland database 
that are based on blanket bog as classified by the LCS88 are shown (Figure 23).  
Unfortunately, it is not known which of the estates shown fall into the category of being a 
sporting estate on the balance of probability (class C in Higgins et al., 2002). Hence, the 
information shown in Figure 23 is probably not 100% accurate for some areas and should be 
used as a guide only. Land owned by the Forestry Commission was added to complete 
some of the gaps in ownership records. The resultant database layer could be interrogated 
in more detail for the purposes of site selection for restoration efforts. However, the 
ownership databases combined still show some gaps, shown as the underlying grey areas 
that classify the LCS88 blanket bog categories in Figure 23. Some particularly interesting 
areas of blanket bog where ownership information is unclear are: the Shetland and Orkney 
Islands, north Skye (Trotternish peninsula), South-west Lewis, small sections of North Uist 
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and southwest Scotland (Figure 23). However, a large proportion of these areas are crofting 
land (Figures 21 and 22). If these two databases were combined, almost complete coverage 
of the landownership or tenancy agreements on blanket bog could be achieved, with only a 
few larger gaps, notably in the Southwest of Scotland, and smaller data gaps on, for 
example, the Orkney Islands, Out of the 176 designated sites with blanket bog features, 69 
(39%) overlap at least partly with a sporting estate as defined by Higgins et al. (2002; Annex 
Table A.1.8.). Of these, 47 of the 69 designated areas within sporting estates are classified 
as being in Favourable condition. As evident by comparing Figure 23 with Figure 9 (blanket 
bog soil carbon content), many sporting estates are located on land with very high carbon 
storage. The available data for this have been summarised in the Annex (Table A1.9), which 
indicates that 782,057 ha of blanket bog with high carbon content are located on sporting 
estate land.  
 
In conclusion, current conversion of land use and its associated ownership in Scotland on 
blanket bog is predominantly towards afforestation or grazing land, the latter to various 
degrees ranging from low level grazing to excessive livestock densities. The effects of these 
land uses can unfortunately not be assessed adequately at national scale, due to data gaps 
on, for example, tree densities and ages of stands for forestry, and accurate data on 
livestock densities per ha blanket bog. This makes it difficult to assess any effects on the 
condition of the blanket bog resource under changed land use, from either a biodiversity or 
carbon perspective. Although there have been carbon emissions categories proposed for 
both afforested (Section 6.1) and grazed blanket bogs (Artz et al., 2013), it is not possible to 
assign specific sites to a ‘severity class’ of the impact of its current land use. Although some 
rough calculations would be possible by assuming severity classes using the LCS88 
overlays onto the soils maps, these would be highly speculative and only useful at national 
accounting level. In order to use such information for a decision support tool at site level, it 
would be imperative to assess impact at individual sites. It would be useful to summarise any 
such data into a database, however, so that future assessments could incorporate such 
findings.  
 
Changing land use on a blanket bog site will have impacts within the specific area, but 
obviously any management efforts on a site that alter the hydrological status of it may have 
effects downslope or laterally onto other land parcels. Environmental planning recognises 
this and there is now a drive to approach resource management in a more integrated 
fashion. Integrated catchment management has been defined as ‘a process that brings the 
various parties and interests in a catchment together through regional land and water 
management plans to achieve whole catchment improvements, in a fair and equitable way’.  
Often, such planning efforts use the Ecosystem Approach, as an internationally recognised 
strategy for the integrated management of land, water and living resources. Although an 
Ecosystem Approach-based assessment of the potential for peatland restoration at national 
scale was outwith scope of this Commissioned Report, it was recognised that any restoration 
efforts need to consider the wider, catchment level, implications. Therefore, we assessed the 
potential datasets that could be integrated into a decision support tool in order to address 
any wider catchment scale management concerns. 
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Figure 23. Land ownership data coverage of blanket bogs. Estate data from Andy Wightman 
(whoownsscotland.com) and Forestry Commission Scotland. Sporting Estates as classified 
by Higgins et al. (2002). 
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6.7 Is the site managed as a hydrological unit (i.e. is there a management plan for 
the entire catchment?)  

At a catchment level, blanket bogs provide water storage and water purification services. 
Most of the upland catchments in Scotland either partly or entirely contain blanket bog or 
remnant blanket peat, and these are feeding our national drinking water supplies, as well as 
providing the hydro energy reservoirs for renewable energy generation and provision of 
clean water courses that are the basis for healthy aquatic life in our rivers and streams. In 
England and Wales, the value of an integrated catchment management approach to 
peatland restoration has been recognised for some time, with early progress having been 
made through, for example, United Utilities’ Sustainable Catchment Management 
Programme (SCaMP). Other ongoing projects include the Exmoor restoration project, which 
involves South West Water, the work at the Peak District moors, where Yorkshire Water is 
involved. In Scotland, such initiatives are also under way. Scottish Water has established a 
Sustainable Land Management: Best Practice Incentive Scheme, which could potentially 
fund projects to reduce erosion and dissolved organic carbon in water.  Within this scheme, 
three of the six presently supported projects include potential peatland restoration efforts, at 
the Rivers Deveron, Ugie, and the Lochgoin/Craigendunton reservoir. At present, only at 
Lochgoin/Craigendunton, which also contains within its catchment boundary the Whitelee 
Wind Farm, have plans been drawn up for management efforts. Other catchment 
management plans also include peatland restoration in their forward plans; for example, 
within the River Dee Catchment. 
 
Other than these examples, which have developed from the bottom up, as for the English 
examples, datasets that define national scale hydrological connectivity in blanket bog have 
proven difficult to find. Data are available from Scottish Water and SEPA, but there may be 
significant security issues and licensing issues with some of these datasets. Both SEPA and 
Scottish Water have developed a set of nested catchment polygons at a very fine scale. For 
drinking water quality, Scottish Water linked directly with SNH staff to analyse the proportion 
of Scottish Water catchments that are located on blanket bog habitat (13.7%; Annex 7). Of 
those catchments that are located on blanket bog habitat, 43% of the total area is on bog 
habitat with dominant erosion features (Annex 7). Similarly, 8.8% of the Scottish Water 
catchments areas are located in areas with one or more designated sites. Half of these sites 
were in unfavourable stable or declining condition and only one-sixth currently in favourable 
condition (Annex 7). The potential impacts of erosion features, muirburn, or herbivore 
impacts were not assessed. SEPA similarly define catchments for the Water Framework 
Directive (WFD) water bodies. With some additional processing and intersection with the 
blanket bog cover, these could be used to assess which up- or downstream water bodies 
may be hydrologically linked to areas of peat. This is of major importance as long term 
Harmonised Monitoring Scheme data show increasing loads of total organic carbon in many 
rivers that originate from peatland catchments, in particular in the Grampian, Northern 
Tayside and southern Highland regions (Anderson et al., 2010b). 
 
Similar data exist defining the catchment boundaries of standing water bodies. These data 
are contained in a freely available database (GB Lakes, Hughes et al., 2004) and originate 
from a GIS exercise that extracted water bodies with a surface area larger than 1 ha from 
the OS Landform PANORAMA dataset. Catchment areas were then computed for each of 
these water bodies using a digital terrain model (DTM) based on slope classes. The 
catchments derived are nested, based on hydrological connectivity derived from the DTM 
and chains of catchment polygons can therefore be identified that may be hydrologically 
connected.  
 
These data were accessible through a recently completed research project that utilised 
these data to assess phosphorus loading in standing waters. The resulting model, PLUS+, is 
a GIS based system that provides the ability to investigate present day and user generated 
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scenario P concentrations in standing waters in Scotland through source apportionment 
techniques (Donnelly et al., 2011). The application uses a SEPA produced table containing 
its annually updated loch classifications. A map of the highest level of interconnected 
catchments on blanket peat was constructed by creating an intersect map between the 
LCS88 blanket bog classes (Figure 2) and the highest chaining level of interconnected 
catchment networks within PLUS+. The resulting map (Figure 24) therefore shows the 
highest level catchment boundary if at least one of the component catchments had a section 
of blanket peat within its boundary. Although the map in itself is not very user-friendly, the 
information contained within the databases from which it is derived could aid site selection 
by informing managers about the likely number and size of connected catchments. 
Presumably, the area outwith the catchments in Figure 24 (red delineation) that shows areas 
of blanket bog (grey) is related to blanket peat that does not drain into a standing water 
body, i.e. directly into a stream system. Such information would presumably be contained 
within the SEPA nested catchments databases. Further information on linked stream and 
river networks is available in the CEH drainage network, which has associated with it 
flowgrid data derived from a digital elevation model. Such tools would be very useful when 
assessing potential impact on other areas of blanket bog within the same or any nested 
catchment, or indeed on downstream effects on other landscapes as well as river and 
drinking water quality. There seems to be considerable scope to develop this further. 
 
Any restoration effort needs to be assessed on the relative costs and timescales for delivery, 
as well as any potential benefits for biodiversity, carbon and other co-benefits. At the time of 
the commissioning of this study, it was unclear if there would be sufficient data on restoration 
costs and timescales. This is addressed next in this report. 
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Figure 24. Catchment boundaries of areas containing LCS88 blanket bog units within them, 
based on the connectivity of catchments draining into standing water bodies in the 
Phosphorus Land Use and Slope (PLUS+) Model (using the GBLakes dataset; Donnelly et 
al., 2011).    
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6.8 Timescale and deliverability of restoration efforts 

The timescale and deliverability of restoration efforts depends strongly on the type of 
disturbance at the chosen site as well as a number of other factors. To aid clarity, the 
required steps in restoration practices are addressed first, followed by a discussion of the 
different techniques applied in different scenarios and their deliverability, based on costs and 
whether best practice guidelines have been developed for such interventions. 

6.8.1  Steps in ecological restoration of blanket bogs 

Even though ecological restoration and ecosystem management form a continuum and often 
employ similar sorts of intervention, ecological restoration aims at assisting or initiating 
recovery, whereas ecosystem management is intended to guarantee the continued 
functioning of the restored ecosystem thereafter. Restoration is viewed as an essential 
component of the EC Habitats Directive. There are specific references to restoration in 
Article 1 of the EC Habitats Directive with reference to nature conservation management 
whereby habitat and species management may include measures that facilitate: “restoration 
at a favourable conservation status of a natural habitat type in Annex I or of a species in 
Annex II”. 

Ecological restoration, whether it targets blanket bogs or any other degraded system, 
includes the following steps:  

1. Evaluation of the degree of disturbance in relation to nearby reference areas
2. Identification of the aims of restoration
3. Removal of disturbance
4. Restoration of soil (peat) properties if affected by the disturbances
5. Addition of missing or desired species
6. Monitoring
7. Assessment of success

Again, a typical discussion in this regard would have to ascertain whether restoration efforts 
would be primarily aimed at avoidance of loss of the relevant ecosystem service or the entire 
habitat, whether the objective is increased resilience or whether it is to maximise the 
potential of a given site. The evaluation of the degree of disturbance should be made in 
relation to baseline data or a “reference” system (Society for Ecological Restoration, 2004), 
in this case active blanket bog. The targets of management or restoration should be as 
specific and detailed as possible. The approaches and techniques to be used for the 
restoration should then be determined, being the ones that are most likely to reach the 
specified objectives. It is important to understand that different objectives might be 
conflicting: for example, maximising or optimising carbon sequestration might not lead to 
optimisation or maximisation of biodiversity. Therefore, it is necessary to develop a rationale 
that will facilitate a priori decision-making with regards to the ecosystem functions and 
services that should be prioritized in a given system, which techniques are more likely to 
succeed and what should be in the monitoring schemes. 

6.8.2  Restoration/Management of peatlands: overview of techniques 

Even though the restoration of Atlantic blanket bog is mainly limited to the UK and Ireland, 
there are techniques available and tested for the restoration of other types of peatlands that 
can be useful frameworks for Scotland. Restoration and management approaches are 
largely determined by the aims, and are presented here in four different categories: the 
management of erosion, the management of peatland affected by forestry practices, the 
management of blanket bogs drained for food production/agriculture and finally the 
restoration of active blanket bogs by introduction of vegetation. The final category can also 
complement either of the two previous management scenarios. 
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6.8.2.1  Managing erosion in blanket bogs 

The knowledge gained from the restoration works in the Pennines (Evans et al., 2005; 
Crowe et al., 2008), the review commissioned by the IUCN Peatland Programme’s 
Commission of Inquiry and the report by Cummins et al. (2011) all provide details on the 
possible ways to manage erosion. Again, the technique chosen would depend on the 
specific outcome required: in eroded areas, avoidance of further loss, i.e. stabilisation, may 
be the primary objective. There is a wide range of techniques that can be used to improve 
the conditions of eroded peatland sites and reduce erosion (Table 3). While the blocking of 
gullies might be sufficient to reduce erosion and create suitable conditions for recolonisation 
by bog species, stabilisation of the surface using geotextile or by re-vegetation with a nurse 
crop (Table 4) may be essential in areas where bare peat is exposed and where no 
spontaneous colonisation is likely to occur even after removal of inhibitors such as the 
exclusion of grazing.  

The recent review of UK peat restoration and management projects (DEFRA, 2008; The 
peatland compendium at www.peatlands.org.uk) provides a detailed overview of all the 
techniques that have been reported for peatlands across the whole of the UK, covering 145 
UK peatland restoration and management projects, 56 of which were analysed in greater 
detail. Only two Scottish sites were included in the compendium. The returns received from 
the online questionnaire can be made available on request (OSM1.4). However, there were 
only a very few returns where erosion was mentioned as a reason for the commencement of 
restoration efforts. One site, an SSSI at Hermaness, Shetland, is an important seabird 
colony. High visitor numbers were causing erosion issues along the commonly used 4 km 
track across the bog to the sea cliffs. To aid regeneration of an area with localised erosion of 
10 m on either side of the track, a plastic surface track was laid (pers. comm., Jonathan 
Swale, SNH Lerwick, Shetland). Table 3 includes the cost of such measures. In another 
case, hydroseeding of a grass-heather mix, using a slurry of seed and mulch, was used as a 
nurse crop to stabilise the eroded area at a wind farm location (pers. comm., Tom Dargie, 
Boreas Ecology). In some areas, Eriophorum vaginatum tussocks were subdivided and 
replanted in areas of eroded gullies (Table 4).  

In Ireland, some restoration projects of eroded peatlands for conservation purposes have 
used similar techniques to that used for raised bogs affected by drainage, e.g. Corlea near 
Keenagh, Co. Longford. The main feature was the insertion of a plastic membrane around its 
perimeter to prevent seepage of water and to maintain the moisture content of the bog at 
around 95%. (Bord na Móna, http://www.bnm.ie). In recent years, hydrological and botanical 
investigations at another bog, Raheenmore, revealed that it was drying out. Bord na Móna‘s 
technical experience and knowledge of working on peatlands was applied in constructing 
peat dams and inserting plastic sheeting in the south-east corner of the bog. These dams 
prevent bog subsidence that causes water loss and drying out of the bog surface.  Similar 
work has been done at the Solway Moss complex (raised bog, Natural England) and at an 
open cast mine adjacent to a raised bog in Ayrshire and such data could also be used to 
extrapolate costs for other projects. The survey also provided examples of restoration for 
historical erosion features in tandem with the groundworks for wind farm development. Such 
experiences and costs associated with restoring after drainage that were retrieved from the 
online questionnaire are summarised in Section 6.8.2.2 and Table 5. 
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Table 3. Techniques for the management of peatland to reduce erosion 

Technique Objectives Description Estimated costs Recommendations/best practice 

Gully blocking  Raise water table
in flat areas

 Limit directional
flow and reduce
flow rate in gully

 Prevent widening
and deepening of
gully

Dams are built 
across the gullies at 
intervals of ~15 m 
using various 
materials such as 
peat, wood, stones, 
bales, vegetation, 
wool or plastic piling 

Plastic piling: 
£2,500/km of gully 

Wooden: £38,000/km* 

Heather bales: £6,630 
-49,400/km* 

 Plastic piling most effective for deep gullies
 Action should target slopes of <10%
 Carefully plan blocking considering slope,

surrounding topography and wetness and
vegetation

 See Evans et al. (2005) and
www.moorsforthefuture.org.uk for detailed
reviews on gully blocking

Gully widening/ 
reprofiling 

 Disperse the
existing water flow
over wider area

 Reprofiling
overhanging peat
blocks

Using hand or 
machinery, widen 
and reprofile gully 

Costs can range from 
£2,290 - 57,000/km* 
inclusive of gully 
blocking 

 Not recommended for designated areas
because of the disturbance caused by
machinery

Grazing 
reduction/ 
exclosure  

 Prevent excessive
grazing

 Allow
recolonisation of
bare peat

 Reduce trampling

Reduction of stock to 
≤0.5 sheep/ha and/or 
removal of winter 
grazing and/or 
fencing of highly 
sensitive areas 

Typical costs: 
£600/ha, £5/m for 
fencing cost* – 
excluding equipment 

 Consider fencing “hot spots” to reduce - not
necessarily exclude - animals, to avoid shifting
the problem elsewhere

 See www.moorsforthefuture.org.uk for the
upcoming Grazing Restoration Manual

 Weigh cost of construction and maintenance
as well as impact on fauna movement or even
recreation activities against benefits

Geotextile, 
board walk or 
plastic path 
construction  

Avoidance of 
further erosion on 
paths 

.  

Construction of 
wooden or plastic 
board walks or rolling 
out of plastic path 
material  

Based on example 
from Shetland, ca. 
£150/m  for plastic 
path; up to £9,000/m 
on gully walls* 

 Site specific measures may need to be
assessed, e.g. wooden board walks may be
cheaper to construct but rot quickly or can pose
a slip hazard in areas of high rainfall

* Data supplied by Dr. Aletta Bonn, from figures collated from Yorkshire Peat Partnership, the North Pennines Area of Outstanding Natural
Beauty, Exmoor Mires project and the RSPB at Lake Vyrnwy.
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Table 4. Introduction of vegetation for the stabilisation of the peat surface 
 

Technique 
 

Objective Description Estimated costs Recommendations/best practice 

Nurse crop and 
fertilization 
 

Stabilize peat surface 
with a nurse crop to 
facilitate introduction 
of other species 

Seeding of a nurse crop, 
possibly  with fertilization 
(P-K) and/or lime (in 
highly acidic sites) 

Hydroseeding using a 
heather-grass mix: ca. 
£5,000/ha 
Fertilisation £4.50/ha, 
as part of erosion 
control* 

 Necessitate grazing exclosure 
because fertilized plots highly 
attractive for stock 

 More suitable for highly polluted or 
heavily eroded areas (atmospheric 
deposition) 

Nurse crop and 
geotextile 

 Stabilize peat 
surface on highly 
eroded areas 

Seeding with a nurse 
seed mix (e.g. 
Deschampsia flexuosa, 
Agrostis castellana, 
Festuca ovina, Lolium 
perenne) following the 
application of geotextile 
on peat surface 

Peak district: 
£1700/ha  
Other examples show  
typical range of £675-
£2,223/ha* 

 Risk of slippage/downwash on steep 
slopes 

 See Anderson et al. (2009) for report 
on restoration in the Peak district 

Introduction of 
typical bog 
species      

 Stabilize small 
areas of bare 
peat surface 
 

 Introduce a 
‘natural’ bog 
species 

 Heather brash cut from 
nearby area and 
spread with a 1:2 ratio 
over degraded area or 
add heather seeds 

 Eriophorum tussock 
replanting in erosion 
gullies 

Ranging from 
£9.50/ha, to 
£5,500/ha* 
 
 
 
Ca. £10,000/ha 
(Northern Scotland) 
£3,000/ha* 

 Used in areas where heather/other 
desired bog species is available in 
abundance, and for small patches 

Cessation of 
burning 

. Reduce growth of 
tolerant vascular 
plant and promote 
Sphagnum 

Cease any burning No data obtained Prescribed burning on active peat bog 
should not occur (Muirburn Code). 
Can occur on degraded (dry) bogs but 
is sometimes not beneficial 

 
* Data supplied by Dr. Aletta Bonn, from figures collated from Yorkshire Peat Partnership, the North Pennines Area of Outstanding Natural 
Beauty, Exmoor Mires project and the RSPB at Lake Vyrnwy. 
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Table 5. Management of peatlands affected by drainage and, if relevant, subsequent afforestation, grazing or plantation 
Technique 

 
Objective Description Estimated costs Recommendations/best practice 

Drain or grip 
blocking 

Block 
artificial 
drainage 
grips and 
facilitate 
rewetting 

Blocking of drainage 
grips using peat turfs, 
plastic piles, wooden 
dams, heather bales, 
straw bales, tree 
trunks or brash etc.  

Variable, £100-6,500/ha, but 
often in the 400-2,500/ha 
category. Scottish data are 
generally lower or at the 
lower end of this scale, 
£130-220/ha for large areas 
for hand-built drains or 
machine dams, and £100-
£1,000/ha for work at smaller 
scale. One questionnaire 
response quoted a figure of 
up to £20,000/ha for grip 
blocking of a badly eroded 
upland site currently restored 
after nearby wind farm 
construction 

 Avoid blocking during very wet period (e.g. 
snowmelt) and block prior to the beginning of the 
growing season 

 Indication that it may be better to start damming 
upslope and then work down. 

 Do not leave bare peat and do not expose 
mineral soil, minimise site disturbances 

 Tree trunks and brash are efficient in reducing 
water flow and erosion, but also provide a 
structure on which vegetation can establish itself 
(e.g. Sphagnum) 

 Creation of escape routes for water from dams 
preferable than water going back into the drain 

 See Armstrong et al. (2009) for review and details 
on grip blocking and best practice framework, 
respectively 

Felling to 
waste of 
young/low 
yielding 
conifers 

Remove 
trees that 
have grown 
poorly due 
to wet/poor 
conditions 

Manual felling by 
chainsaw, trees left 
on site, windrowing 
(rolling the trees in a 
single row, e.g. in the 
drainage ditches) of 
trees when heavier 
felling 

Felling by chainsaw ~ 450-
2,500/ha (if old stand/poor 
access), felling by hydraulic 
shears ~ £600-800/ha 

 Windrowing adds the advantage of clearing the 
bog surface of trees thus allowing the more rapid 
regeneration of the bog vegetation; however,  
removal of trees should be done to minimise 
disturbance on the surface 

 Trees can be used for grip blocking 
 The costs of removing trees can be prohibitively 

expensive, unless there is a ready market for 
timber or woodchips 

Commercial 
removal of 
conifers     

 Remove 
commercial 
crop (e.g. 
lodgepole 
pine) 

Trees cut by 
harvester and 
removed to the road 
by a forwarder 
running on felled tree 
brash 

Cost is dependent on timber 
value and can run into the 
negative, brash crushing 
cost £250-300/ha  

Alternatively, trees can be stored in sacrificial 
areas, windrowed, etc.  It is more expensive to 
remove mature stands than younger stands, so 
careful planning is required 
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Table 5 (continued). Management of peatlands affected by drainage and, if relevant, subsequent afforestation, grazing or plantation 
Technique 
 

Objective Description Estimated costs Recommendations/best practice 

Chipping    Remove commercial 
crop (e.g. lodgepole 
pine) or young low 
yielding conifers, but 
leaving a clean bog 
surface 

Felling of trees 
manually by 
chainsaw and the 
feeding of these 
trees into a tractor-
powered chipper by 
an excavator fitted 
with a tree grab 

No data obtained Leaves a cleaner bog surface, but relatively slow 
and expensive 

Mulching  Remove 
undergrowth, 
scrubs, stumps etc 

Using mechanised 
machinery 
(mulcher), shred 
understorey, re-
growth or stumps or 
even small trees 

Mulching standing trees  
£1,800-3,000/ha; felled 
trees £500-1,200/ha 

 Can be used to clear paths or extend access to 
some areas or in sparsely planted/vegetated 
areas surrounding plantations 

 Requires machinery & technical capability 

Fencing Reduce/exclude 
overgrazing in open 
bog areas or  
 
Remove fencing to 
allow grazing as a 
regrowth control 
strategy 

 
 
Fencing/removing 
fences in open bog 
areas 

 
 
Typical costs: £600/ha, 
£5/m for fencing cost* – 
excluding equipment 

 
Benefits of fencing need to be balanced against 
potential costs associated with disturbance to fauna 
(including birds), recreational activities, 
management, etc. 

Control of 
regenerating 
conifers in 
forestry/ brush 
control in 
drained sites 
 

Remove conifers 
regenerating from 
seed after felling, 
control brush growth 
in drained sites 
 

Hand-pulling of 
small seedlings or 
chainsaw felling of 
larger species 

£80-3,000/ha, 
depending of severity 
of regeneration or 
brush invasion 

Best practice is to do this as soon as possible when 
regeneration is detected, costs soar quickly and 
close of canopy will affect the growth of other, more 
desired, vegetation types 

* Data supplied by Dr. Aletta Bonn, from figures collated from Yorkshire Peat Partnership, the North Pennines Area of Outstanding Natural 
Beauty, Exmoor Mires project and the RSPB at Lake Vyrnwy. 
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6.8.2.2  Managing drained, afforested, overgrazed or agricultural peatlands 

In all instances, the management of sites that have been used or prepared for a higher crop 
yield, be it for improved grazing, afforestation or conversion to agriculture, necessitates a 
critical assessment of the extent of any applied drainage.  Many peatlands have been 
artificially drained as a response to increasing agricultural demand in the UK or to the 
perception that peat drainage would alleviate flood risk (Holden et al., 2006). A recent study 
provided a framework toward best practice in drain (or grip) blocking on upland peat, based 
on 32 UK sites (278 drains) (Armstrong et al., 2009). Table 5 shows the costs their study 
collated for grip blocking practices. The outcome of the study included a drain blocking 
decision tree, which was based on their analysis of the success and failures of the drainage 
materials and techniques used for all the sites as well as on discussions with stakeholders 
and contractors. Their study revealed that plastic piles, plywood and heather bales were the 
most effective to block drains, with the latter two being most successful in preventing dam 
failure. On the other hand, the cheapest and most popular option, the use of peat turf, had a 
slightly lower rate of success. Drain blocking efficiency was mostly influenced by peat 
wetness, slope and drain geometry. Those criteria should therefore be implemented in the 
monitoring schemes prior to restoration or management of drained blanket bogs.  
 
Additional site data were also received from the project questionnaire. Many of the 
responses were in relation to relatively large sites in Caithness and Sutherland, where grips 
had been installed in preparation for forestry but the land had not been planted. Here, grip 
blocking costs definitely showed economy of scale (Table 5). However, there were also 
returns to the questionnaire with figures of up to £20,000/ha, for sites nearby newly 
constructed wind farms, where those sites had been historically affected by erosion, 
drainage and other pressures (Table 5). This clearly shows that costs can be extremely 
variable, depending on the severity of impact on the site and site physical factors. 
 
On sites where drainage is an issue, overgrowth of shrubs can be a common problem. 
Controlling such succession is a common management application in peatlands and costs 
can probably be extrapolated from conifer regeneration control costs for sites where forestry 
has been removed (Table 5, see Discussion below). Within the UK, removal of scrub 
including native (birch, pine) and non-native (Rhododendron) species is a common practice, 
and can cover areas of more than 100 ha (DEFRA, 2008).  
 
The management and restoration of afforested peatlands necessitates two distinctive steps: 
the blocking of the main drain (grip blocking) and the removal of trees. In Finland, most work 
to restore afforested peatland aims to raise the water level first, and then partially or totally 
remove the trees, with the exception of peatlands which formally had a dense tree cover: in 
those cases, tree stands are left intact and as the stand matures, it increases the amount of 
windfall and decaying wood, which in turn augments fungal and insect diversity (Laine et al., 
2006). This approach is not suitable in the UK where felling is considered essential for 
restoring blanket and raised bogs altered by afforestation. This is because planting densities 
in the UK far exceeded the natural density of wet woodlands on peatland, so as to achieve 
the commercially required properties of the timber produced. In addition, lodgepole pine 
Pinus contorta, one of the species most commonly planted on deep peat soils in Great 
Britain along with Sitka spruce, Picea sitchensis, is able to tolerate waterlogged soils, and 
continues to grow despite the higher water table, compromising the establishment of blanket 
bog species.  About 3000 ha of afforested bogs have been restored in the UK so far and the 
scale of activity seems to be growing. 
   
Anderson (2010) completed a review of the restoration of afforested peatlands in the UK for 
the Forestry Commission and presented the results of an experiment conducted by the 
Forestry Commission using different techniques. A short version of the report, entitled 
“Restoring afforested peat bogs: results of current research”, is available at 
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www.forestry.gov.uk/publications. The report points out that the restoration techniques which 
include both tree felling and the damming of plough furrows were more successful than other 
techniques in terms of raising the water table. Common cotton grass Eriophorum 
angustifolium recovered rapidly in the felled treatments, particularly those with dammed 
furrows. As in any other restoration/management work, the costs of managing afforested 
blanket bogs are highly variable (Table 5), depending not only on the scale and access to 
the site, but also on the aims.  
 
In the case of afforested peatlands, tree felling could incur a cost, on top of those associated 
with further management on site. The choice of completely removing all tree biomass once 
felled has to be balanced between costs and needs, as there is no evidence that it speeds 
up recolonisation by bog species. Similarly, further management of restored sites might need 
to be considered in the costs: in some instances, silver birch Betula pendula can colonise old 
brash mats and grow well enough to form a closed canopy woodland. Further removal of 
such regrowth might be necessary after the initial felling (Table 5). Similarly, conifer saplings 
could establish from seeds blown from neighbouring forested areas or from the remaining 
seed bank in the surface peat (Norrie Russell, pers. comm., RSPB Scotland). Although 
allowing browsing of young saplings by deer could be a potential solution, it is likely to be 
unreliable in the long-term as deer numbers will vary from one year to the other.  In 
Scotland, the work completed in the Flow Country by the Forestry Commission and RSPB 
can be used as an example of good practice in the management of large areas of woodlands 
in and around peatlands. 
 
The Management Strategy for Caithness and Sutherland Peatlands, produced by SNH 
(http://www.snh.org.uk/pdfs/scottish/nhighland/PeatlandsStrategy.pdf), provides an overview 
of the management practices and their associated objectives, which are in line with EC 
Directives for the protection of habitats and species. Other smaller restoration/management 
projects will be covered by the questionnaire and should provide further information toward 
best practice guidance. It was not possible to identify many sources of restoration costs for 
the removal of forestry on blanket bogs, hence the data presented in Table 5 are a result of 
the online questionnaire.  
 
In Ireland, Coillte (The Irish Forestry Board) is responsible for the management of extensive 
areas of afforested Western peatlands. An EU LIFE project started in 2001 led to the 
restoration of 20 blanket bog sites that had been partially or wholly afforested, all owned and 
managed by Coillte Teoranta. The project sites covered 1,989 ha within 14 SACs, spread 
over eight counties. The main focus of this project was to reverse the degradation of blanket 
bog. 
 
The problems were:   
 
1)  Uncontrolled access on open bog areas by sheep, which has led to overgrazing; 
2)  Forest drains on the open bogs lowered the natural water levels;  
3)  Forestry-related activities, including drainage, reduced the area of active blanket 

bog habitat;  
4)  Conifer species were regenerating onto the open bog SACs from adjoining conifer 

plantations. 
 
This project addressed those threats through the following actions: 
 
• Removal of 982 ha of plantation forest 
• Blocking forestry drains on up to 1,556 ha in order to elevate water levels and 

hence restore the hydrological balance of the peatland areas 
• Reversal of the effects of overgrazing by fencing 555 ha of open bog areas 
• Removal of naturally regenerated trees on an as-required basis. 
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Restoration was more successful if the trees were felled and the drains blocked before the 
tree canopy had closed, as it increased the chances of having living understorey vegetation 
composed of blanket bog species, hence ensuring a quicker recovery of the system. Felling 
to waste and windrowing of the conifers gave the best results.  This ensures that larger 
areas are cleared, facilitating rapid recovery of bog vegetation and enabling better site 
access to carry on with other management/restoration actions like grip blocking or seedling 
removal. Some of the problems that arose after the removal of commercial tree crop were 
the invasion of soft rush Juncus effusus and the re-colonisation by conifers. Since the project 
sites were on Atlantic blanket bogs and since Ireland has a similar climate to Scotland, these 
restoration attempts are highly relevant to Scotland. In addition, the targeted sites were of 
high conservation value (SAC), and provide another interesting and complementary model 
for restoration work that can be done in the Scottish blanket bogs affected by forestry 
practices. Details can be found in the final report available at 
http://www.irishbogrestorationproject.ie/project_sites/index.html.  
 
6.8.2.3   Restoring peat-forming vegetation: manipulating vegetation 

When the aim is not to simply limit erosion or remove forestry, but also to regenerate active 
peat-forming vegetation, it might be necessary to reintroduce plant species typical of blanket 
bogs. In the UK, reseeding and planting of various species have been used in restoration 
activities. There is limited experience with spreading Sphagnum, and it is mostly limited to 
raised bogs, using the technique described by Wheeler and Shaw (1995). Most vegetation 
introduction in degraded peatland targets other species (e.g. Eriophorum spp.), either as 
seeds or plug plants. Some trials included a nurse crop as well as a stabiliser before the 
addition of the desired species. Techniques are summarised in Tables 4 & 6. The Peat 
Compendium report (DEFRA, 2008) highlighted the need for more information on the 
requirements of Sphagnum propagation and inoculation requirements on blanket bogs. 
Some technological advances, such as the BeadaMoss technology, using living Sphagnum 
moss propagules embedded in a matrix (Micropropagation Services Ltd, Loughborough, UK) 
have recently become available, but there is a lack of experimental field trials to determine 
its suitability for eroded blanket bog at present. It is presently being tested in the Peak 
District as part of the Moors for the Future partnership. Where the availability of Sphagnum 
on site or locally is not a problem, it is advocated that the use of local material should be 
favoured, not simply because it is a more economically viable solution, but because, from an 
ecological perspective, it introduces local genetic material and a mixture of species at the 
same time; two aspects that have not been investigated for the BeadaMoss technology so 
far. Only a single project seems to exist to date where Sphagnum application using 
BeadaMoss has been proposed (Table 6). Similarly, there appear to be no large scale trials 
using Sphagnum diaspores (Table 6) and hence no cost estimates could be provided. There 
is some information available on the cost of introducing plug plants or divided tussocks of 
other blanket bog species or the reintroduction using seed mixes (Table 4 and Table 6). 
 
There is a wealth of literature about the environmental requirements of Sphagnum, which 
enable it to successfully recolonise cutover/cutaway raised/disturbed bogs (Campeau and 
Rochefort, 1996; Price et al., 1998; Rochefort et al., 2002; etc.). In Canada, most of the 
ombrotrophic bogs that have been harvested for horticultural peat are owned by private 
companies, with a legal responsibility to manage them after the operation terminates. 
Restoration is the favoured option. The Peatland Research Ecology Group of Canada, in 
association with the peat industry, has developed the “moss-transfer technique” (see Table 
6) that can be applied to large scale projects. This is detailed in the Peatland Restoration 
Guide (Quinty and Rochefort, 2003) and on the website of the research group (www.gret-
perg.ulaval.ca). The aim of restoration of post-harvested peatland is primarily to re-initiate 
the carbon accumulation function of the peatland by promoting the establishment of peat 
forming species, and biodiversity targets are secondary (Rochefort et al., 2003). Large-scale 
restoration trials have been ongoing for over a decade with monitoring schemes evaluating 
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carbon, biodiversity and other benefits. This technique has also been tested in Ireland on 
cutaway bogs (Farrell and Doyle, 2003).  
 
Even though the conditions (climate, degradation, slopes) are different between eroded 
blanket bogs and cutover raised bogs, the aims are similar: to restore the hydrological 
regime, to re-vegetate a bare peat surface with Sphagnum-dominated assemblages and to 
re-establish a peat forming system. Some of the issues are similar as well: presence of 
drainage ditches, surface erosion, invasion by undesirable species, etc. For this reason, it is 
relevant to utilise this knowledge and see how it is possible to transfer it and maybe to adapt 
the techniques to the scale and particular requirements of the degraded Scottish blanket 
bogs. 
 
There is potentially sufficient information on the required management techniques and 
associated costs for the likely issues that restoration projects would need to address and so 
inclusion into a decision support tool is possible. More than likely, this would have to take the 
form of a look-up table, such that potential restoration areas would flag up the required 
needs and associated cost ranges of the required intervention. For example, if erosion 
issues were flagged, this could be linked to the interventions and likely cost ranges in Table 
3.  
 
Identifying the already existing sources of income on a given site, likely potential sources of 
funding for restoration, and tests to determine whether these two income streams are 
potentially incompatible, is the next logical step in decision-making. This is evaluated in 
Section 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 



83 

Table 6. Introduction of bog vegetation on disturbed sites 
Technique 

 
Objective Description Estimated costs Recommendations/best practice 

Moss-Transfer 
technique 

Re-create a peat 
forming/carbon 
accumulating system 
dominated by 
Sphagnum and 
typical peatland 
species 

. Restore 
hydrological 
conditions 

6 steps that can be mechanised:  
1 Site preparation 
2. Take vegetation from a donor 
site (top 5 cm) 
3. Shred and spread vegetation at 
a ratio 1:10 
4. Cover with straw mulch 
5. Block drainage ditches 
6. Apply light P fertilisation 
 

No UK data 
obtained;  
Quinty & Rochefort 
(2003) costs total 
CAN$800/ha, 
depending on 
machinery cost. 

See Peatland Restoration Guide for 
detailed costs and explanations 
(Quinty and Rochefort, 2003). 

Re-introduction of 
Sphagnum 

Re-create peat-
forming vegetation 
and Sphagnum 
carpets 

Diaspores of Sphagnum taken 
from a donor site and spread 
directly on the peat surface or in 
the water (pool species) or using 
BeadaMoss technology (8 species 
currently commercially available). 
Frequently combined with 
transplants of bog species (see 
below) 
 

No data obtained Method described by Wheeler and 
Shaw (1995)  
 
See Carroll et al. (2009) for summary 
on the work done in the Peak District 
using this technique 

Planting Increase bog species 
where bog 
succession is 
slow/non-existent 

Plug-plants of bog species are 
propagated and then planted (e.g. 
Eriophorum spp, Erica tetralix or 
Empetrum nigrum, Rubus 
chamaemorus)  

Up to £2,700/ha  
from prior data, but 
up to £5,000-
10,000/ha 
mentioned in 
questionnaire 
returns for larger 
areas (see Table 4)
 

Most bog species are not commercially 
available and therefore need to be 
grown specifically for the restoration 
purposes, which can increase the cost 
and the need for contractors 
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7. FUNDING AND RESOURCES IN RELATION TO MANAGEMENT POTENTIAL 

This overall criterion generated a small number of desirable site selection criteria at the 
stakeholder workshop (Box 2). It became evident very early on that these cannot be 
addressed in detail at this point and thus the available evidence has been summarised at the 
overarching level for the time being. It seems likely that most of the information that would be 
required to build a spatially explicit database with this type of information would necessitate 
extensive further research.  
 
 
 
 
 
 
 
 
 
 
Box 2. Proposed site selection criteria in relation to funding and resources 
 
The Single Farm Payment is the main means of supporting all farmers in Scotland under the 
CAP. About 85% of Scotland is designated as Less Favoured Area (LFA, Figure 25) and so 
most farmers are also supported by the Less Favoured Area Support Scheme (LFASS).  
Nevertheless many hill farms struggle to make sufficient income and these subsidies often 
represent the whole of a farmer’s net income.  Even with subsidies, net farm income from 
LFA sheep farms in 2005 was only just above that in 1998 (Royal Society of Edinburgh, 
2008). The numbers of hill sheep have decreased by 25% since 2000 (SPICe 2010), a 
decline that was accelerated by the switch from CAP headage to area payments in 2007. In 
the north and west of Scotland some areas have seen reductions of between 35 and 60%  in 
sheep numbers since 1999, and 86% of the decline in overall Scottish ewe numbers was in 
the Highlands and Islands Enterprise area. Scottish Government estimates for farm incomes 
in 2009 showed improvement in incomes for most in the livestock sector with the exception 
of hill sheep farms. It is not clear why these farms have still made a loss. The CAP and LFA 
designations are due to be reformed in 2013. It is against this broad background and 
uncertainty in farm incomes and funding that the funding issues related to blanket bog 
management are addressed.   
 
At the moment, blanket bogs receive basic protection via compulsory elements of the Single 
Farm Payments, which aim to prevent damaging practices, and further payments are 
available for protection under the moorland grazing option of the voluntary, non-competitive 
Land Managers Options Scheme within the Scottish Rural Development Programme 
(SRDP). But the main programme relevant to restoration that is widely available is the Rural 
Priorities Scheme, which is administered regionally, and each region has determined the 
priorities for funding in its area. The scheme is competitive, and awards are made in funding 
rounds by scoring applications against a number of pre-determined criteria.  However, many 
smaller farmers are unlikely to be accepted into the scheme because their holdings don’t 
have enough variety in habitats, etc., to gain sufficient points to be competitive. 
 
Under this scheme, there are seven options relevant to the maintenance and restoration of 
upland grazings. The most relevant one is that for Moorland Grazings on Uplands and 
Peatlands, which requires a “Moorland Management Plan that must address impacts that 
can lead to erosion on hill grazings where soft peaty soils or thin upland soils predominate. It 
will take account of trampling by livestock, tracking by All Terrain Vehicles (ATVs), muirburn 
and peat-cutting” - although peat can still be cut from existing workings provided the 
vegetated top sod is replaced.   Also included are capital costs to cover: 

 Conflicts in sources of income from current versus potential management 
(e.g. income from using site as a forestry enterprise versus restoration) 

 Availability/eligibility/continuity of funding for restoration from SRDP and 
other sources 

 Whether restoration could offset other costs (e.g. water treatment costs) or 
create socio-economic benefits (e.g. rural jobs)? 

 Potential for partnerships (e.g. private companies, conservation groups 
and local population working together) 
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• Eradication of scrub/woody vegetation (various) 
• Fencing, gates and fence removal - as appropriate 
• Peat dams 
• Ditch blocking with plastic piling dams (various) 
• Financial support of up to 100% of eligible actual costs is available in respect of 

SSSIs and Natura sites 
 
A second option - Wildlife Management on Upland and Peatland Sites - has almost identical 
aims and requirements. However, these options do not appear to be particularly popular 
having only 58 applications between them to March 2010, compared with, for example, 219 
for moorland grazing management. (Note: From 1 May 2011, a new fast-track approval 
process was introduced for agri-environment projects worth up to £50,000 on Natura Sites 
and Sites of Special Scientific Interest). 
 
This scheme can therefore provide useful income for managing what is essentially a low 
productivity habitat.  To what extent such programmes will continue after the next round of 
CAP reforms remains to be seen but current predictions are for a continued shift towards 
biodiversity objectives and the provision of public goods. Consequently there appears to be 
some security in future funding for continuing to maintain and restore blanket bog.   
Regardless, current contracts are for a minimum commitment of five years so could continue 
for some time, particularly for recent entrants.  It would be useful if the Scottish Government 
could release the locations of all work being undertaken on blanket bog under the SRDP as 
they could be a valuable resource for informing the criteria for the decision support tool and 
possibly site selection as well. If such data were made available, this could form the basis of 
underpinning information for a decision support tool on location of potential restoration sites. 
 
In terms of diversification, hill farmers can seek to diversify and make a financial return from 
the provision of public goods such as carbon storage and water management.  In their UK-
wide survey of blanket bog sites, Armstrong et al. (2009) confirmed that drain-blocking can 
often be an effective management strategy for reducing DOC loss and water discoloration in 
disturbed peat catchments but that there will be a number of sites where no significant 
change will occur. Though the SRDP has measures for maintaining and improving water 
quality, it is not yet clear how farmers might receive payment specifically for carbon storage 
by restoring blanket bog (see also 6.5). 
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Figure 25. Distribution of Less Favoured Areas (LFA). 
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Conflicts arise with changes in land use that might offer better returns to landholders. A 
common example is the development of wind farms, which can provide public goods by 
contributing to reducing carbon emissions and the consequent payments to landholders 
present a good and stable alternative form of income. Due to their often exposed nature, 
blanket bogs are commonly targeted for appropriate sites. Wind farms are not a focus of this 
report but their infrastructure of roads and foundations can have substantial effects on 
peatland hydrology. It is too early to be able to consider alternative income streams, other 
than perhaps on a per site basis, through diversification. However, there is considerable 
goodwill within the industry to share data on carbon emission trading figures and costs of 
construction as well as ongoing restoration at wind farm developments. 
 
In the past, the main alternative use for blanket bogs was afforestation but this is no longer 
continuing due to the habitat’s global importance and has been recognised in the current 
Land Use Strategy for Scotland (2011a). Since publication of the Land Use Strategy, which 
quoted the then most up to date advice to avoid “extensive areas (exceeding 25 ha) of active 
blanket bog averaging 1 m or more in depth; and any associated peatland where 
afforestation could alter the hydrology of such areas” (FCS, 2010), there has been a more 
forceful call from the Forestry Commission not to plant on any peat deeper than 50 cm 
(Morison et al., 2010).  However, the effects of historic tree planting still have an impact and 
the restoration of previously afforested areas is both challenging and expensive.  Conversely 
there could be a resistance to changing from the current use when that use is grouse 
shooting. There is a perception that blanket bog restoration can result in the loss of Calluna 
(see 3.1.1) and in areas of wet heath that are currently used, if not formally managed, for 
shooting, grouse populations could decline as a result. Recent research at Lake Vyrnwy 
suggests that this is not the case, as grip blocking there has resulted in lowered grouse chick 
mortality (Wilson et al., 2011). There appear to be no comprehensive databases that would 
allow identification of such areas, or indeed to assess the trade-offs in economic or socio-
economic costs and values, at a national level and thus such trade-off will require to be 
assessed on a case by case basis. 
 
Hill farmers require access to improved knowledge transfer and extension services to make 
the most of these opportunities, as well as improving agricultural productivity and 
sustainability. Upland farmers also need the tools and support to enable them to diversify to 
supplement their farming activity. Tourism is a much vaunted panacea for supplementing 
farm incomes but it is difficult to see how this would be substantially enhanced by restoring 
blanket bogs, apart from a possible increase in naturalists.  There may be some benefits to 
local economies when restoration programmes require additional manpower but this is likely 
to be very limited and fairly short-term. Again, there is a scarcity of data to point out the 
(socio-) economic benefits. 
 
With regard to wider resources, there are obviously opportunities for assistance with 
restoration projects from the EU and voluntary and statutory conservation groups. For 
example, partners in the ‘Moors for the Future Partnership’ in the Pennines included the EU 
Life programme, the Environment Agency, National Trust, Natural England, United Utilities, 
Yorkshire Water, Derbyshire County Council, RSPB and the ‘Peak District National Park 
Authority. Water companies are obvious candidates if there is a potential cost benefit from, 
for example, reduced costs of treating discoloured water resulting from flash flows through 
peat erosion systems.  Trade-off costs of such arrangements may be extractable from 
examples of such collaborative efforts in England and Wales; however, it would be difficult to 
predict whether such trade-offs would be similar in a Scottish setting as the level of 
degradation of peatland catchments in England and Wales is often much more severe. This 
has led to a much earlier communal approach to restoration than in Scotland. It would be 
helpful to establish if there are threshold values of benefits to water companies versus the 
cost of restoration. Local communities can also be involved - for example, the Crofting 
Commission is currently examining opportunities for alternative uses for common grazings 
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that could involve whole townships, although it is difficult to predict the extent to which such 
groups and initiatives are viable and sustainable.  Again, the nature of much higher shared 
use of the peatland resource in England and Wales has given us some examples of the 
benefits of partnerships in blanket bog restoration.  Even so, it is unknown how high the 
potential for partnerships in Scotland is without adequate knowledge of interested parties for 
each specific site. 
 
In order to measure the benefits of restoration, monitoring schemes are essential at different 
time scales including the long-term (> 10 years). At present, the absence of long-term 
monitoring data from restoration trials in peatlands in general, and blanket bogs in particular, 
is one of the major problems limiting the advancement of our knowledge. Baseline data are 
often missing from references for both pristine (how the natural system is evolving under 
current climate) and disturbed systems (what happens in a “no intervention” situation in 
terms of peatland condition). The current monitoring being done on restored sites across 
Scotland is largely under-documented and the questionnaire returns did not shed much light 
on the costs and strategies for monitoring. 
 
Peatland restoration for reducing greenhouse gas emissions is seen as a very cost-effective 
measure for long term climate change mitigation and adaptation (Parish et al., 2008); 
however, there are few data to actually provide evidence of the time-scale in which a 
restored blanket bog will actively store carbon again, or even if blanket bogs are indeed 
sequestering carbon at present. Moreover, many climate models suggest that conditions in 
some areas will become less suitable for further peat formation and this should be taken into 
account for the restoration/management activities to be planned in degraded blanket bogs. 
More data as well as comprehensive carbon budgets of sites in various conditions and in 
various locations across Scotland are critical to assess the potential of restored blanket bogs 
to mitigate greenhouse gases (GHG) now and in the future (Worrall et al., 2010). However, 
urgent habitat restoration as well as carbon emissions reduction targets need to be met 
(Section 1). Hence the short term benefits of increasing resilience against climatic change or 
carbon abatement alone should be sufficient to convince policy makers and land managers 
to identify areas of high restoration potential. 
 
Knowledge exchange still appears to be a major gap in Scotland. Many other countries 
where restoration work is undertaken have demonstration sites where other landowners, 
practitioners, academics, researchers and even the public have access. In Canada, such an 
example is the Bois-des-Bel ecological field station (www.gret-perg.ulaval.ca), a restored 
post-harvested raised bog which has provided over a decade of experiments, monitoring, 
site visits and demonstration of good practice to the horticultural peat industry and to visiting 
researchers. In Ireland, five of the restored blanket bogs (Dromalonhurt, Emlaghdauroe, 
Eskeragh, Croaghonagh and Slieve Blooms) have been selected as project demonstration 
areas (http://www.coillte.ie/) in a similar way. The Peak District also has demonstration sites 
and provides examples of good practice. These demonstration sites not only raise 
awareness of the quality and extent of the work that is being achieved in peatland 
restoration, but also provide opportunities to share good practices and techniques. In 
Scotland, the potential of any selected restoration sites to become demonstration sites 
should be investigated, as this seems to be a winning knowledge exchange strategy. 
 
In summary, although much of the existing funding streams for peatland management will 
have spatially explicit databases of spending, these have not as yet been compared in a way 
that would provide useful information for a national decision support tool. At best, such a tool 
could point out where such information is currently held, so that local initiatives could access 
such data more easily. As the funding criterion was the final of the five top level criteria for 
assessment of available data, the rest of this commissioned report will evaluate the way in 
which a decision support tool in GIS format could be developed on the basis of the 
information deemed currently ready to incorporate. In the next sections (Sections 8 and 9), 
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the review focuses on the development and delivery of such a decision support tool, first by 
identifying ranking needs for the individual selection criteria and secondly by assessing 
which data layers could be included in a draft tool. 
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8. RANKING AND WEIGHTING OF SITE SELECTION CRITERIA      

All decision-making processes that have to be based on multiple types of evidence, or 
criteria, require some form of weight to be placed on the individual criteria. For example, it 
may be an absolute requirement to consider the habitat value implications of restoration 
work at a designated site due to the legal requirements under the Habitats Directive, but it is 
less important at that given site to consider the access issues as the work is of such high 
importance that access needs have to be dealt with regardless. Such issues in decision-
making are part of everyday life, but can be very fluid through time and dependent on other 
changes not directly relevant to the question posed. For example, a consideration whether to 
move house may generate a number of criteria such as location, price, suitability for the 
potential tenant or owner in terms of lifestyle, health issues, job location and other life 
requirements, but all of these can be overridden by a change of circumstance, for example a 
change in the financial situation that person faces. Similarly, decision-making processes on 
land use changes should be flexible to account for unforeseen circumstances.  In formal 
multicriteria analyses, uncertainties in individual data sources or the relative importance of 
an individual selection criterion can be incorporated by weighting the individual factors. We 
attempted this by approaching the stakeholder community for their views on criterion 
weights. 
 
The five major criteria and 19 sub-criteria identified during the stakeholder workshop were 
used in an online survey (see Annex 3 for details). Stakeholders were asked to assign their 
relative importance to the criteria for the selection of potential restoration sites. The online 
survey was set up to rank the criteria in order of perceived importance against the objectives 
of maximising carbon and biodiversity benefits. In analytical hierarchy process (AHP) 
methods (Saaty, 1980; 1990), data from such pair-wise comparison (PWC) exercises are fed 
into the construction of weights by aggregating the relative values assigned by individual 
stakeholders to support the decision processes (Mendoza and Prabh, 2005; Balana et al., 
2010). The one-to-one pair-wise comparisons were conducted at two levels: firstly, by 
comparing the relative importance of each of the five major criteria. Secondly, the series of 
pair-wise comparisons of the sub-criteria within each of the major criteria with every other 
sub-criterion under that particular major criterion were used to assess its relative importance. 
A nine-point numerical scale was used for the PWC of the type A vs. B. 1= equal 
importance; 3= slightly more important; 5= more important; 7= much more important; 9= 
extremely more important; with 2, 4, 6, and 8 used for intermediate level assessments.  The 
full survey format can be made available on request (OSM2.1).  
 
The survey was sent to 102 individuals, ranging in background from site managers of 
blanket bogs, landowners, conservation groups and policy regulators, to academics in 
restoration ecology. Thirty five complete responses were received within a month of the 
survey being open to input. Two of these responses rated each of the comparisons as equal 
and were excluded from the data analysis as no ranking had taken place. Within the 33 
remaining responses, some respondents had attached equal importance to some of the sub-
criteria under the five higher level criteria. As such responses do not affect the rankings of 
the sub-criteria under a given higher level, they were excluded from analysis within the level 
of that sub-criterion. Data calculations were undertaken on a matrix that collated the pair-
wise comparisons within each top level criterion or at the sub-criterion level (see Box 3 
below). The data in each cell were recalculated as a proportion of the sum of each column 
and then expressed as the sum of each row divided by the number of criteria at each level to 
produce a relative ranking for each sub and higher level criterion for each respondent. These 
data were subsequently used to calculate the arithmetic and geometric mean rankings as 
well as the median ranking for each criterion at the overall level.  
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Box 3. Example of PWC responses (matrix) by a respondent for higher level criteria. Similar 
PWC matrices were created for comparing the sub-criteria under each of the 5 top level 
criteria. 
 
 
Respondents actually fill in only one side of the symmetrical matrix by entering their choices 
into the survey (i.e. above or below the diagonal in Box 3 which has values of 1). The entries 
in the survey translate into the matrix as in Box 3 as follows: 
 
• The first number is always 1 because Criterion 1 is being compared to itself.  
• The respondent considers criterion 2 to be ‘more important (value 5) than criterion 1. 

Hence, the second number (in the first row) is 0.2, because the 1/5 = 0.2.  
• Next, criterion 1 is considered as ‘more important’ in comparison to criterion 3 by the 

respondent. Hence, the third number in the first row is 5, because 5/1 = 5.  
• All the remaining entries of the matrix can be read in similar fashion. For calculation 

purposes, the PWC matrix (see Box 3) is then made symmetric by filling in the 
corresponding reciprocal values on the other side of the symmetry. 

 
After transforming the PWC data collected from all the respondents, rankings were assigned 
to the individual criteria using both the arithmetic and geometric means as well as the 
median results (These data can be made available on request as OSM2.2). These steps are 
described as follows (Balana et al., 2010): 
 
1) Sum the elements of each column. Then normalize the elements in each column by 

dividing by the column sum. 
2) Sum the normalized elements of each row. Then divide the row totals by the number 

of criteria or sub-criteria (depending at which level of hierarchy the PWC data were 
generated). For instance, in this study there are five higher level criteria. So, divide 
by 5 when dealing with the higher level criteria. 

3) Following steps 1 and 2 calculate the relative weights from the responses of each of 
the respondents (for instance 33 respondents in the case of this study). 

4) Then using the relative weight value given by all the respondents, compute the 
overall relative weight for each higher level or lower level criterion. This can be 
computed either by using the arithmetic or geometric mean method.  

 
Taking the weights of the arithmetic mean for these rankings, scores were calculated for 
each site selection criterion (Table 7) by normalising the weight of each individual, lower 
level, criterion against the weight of the top level criterion of its group, thus obtaining scores 
that totalled 100 amongst the 19 criteria. This enabled development of the basic structure of 
a decision support tool based on this multi-criteria analysis (Section 9).     

 Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5
Criterion 1 1 0.2 5 5 5
Criterion 2 5 1 7 7 5
Criterion 3 0.2 0.14 1 0.2 0.33
Criterion 4 0.2 0.14 5 1 0.2
Criterion 5 0.2 0.2 3 5 1
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Table 7. Weighted rankings of the site selection criteria, as based on the consensus by 
arithmetic mean of 33 respondents to an online stakeholder survey 
Site selection indicator      Weight 

of 
criterion

Current type and condition of vegetation and other species assemblages 6.91 
Potential for functional blanket bog to regenerate under present and future 
climate 

10.59 

Potential to be biologically connected to surrounding landscapes and biodiversity 5.55 
Conflicts with existing biodiversity from changes to other desired land uses   4.39 
  
Level or rate of current physical degradation 9.40 
Ease of access or potential access issues 2.58 
Geophysical attributes: area/ altitude and variation within site 5.02 
Peat type and depth 5.19 

  
Is there a site designation in place? 4.35 
If non-designated, is monitoring in existence or are there existing historical data? 3.10 
If non-designated, are there existing management option limitations or 
requirements for consents? 

4.58 

  
Sustainability of current and historic land use 2.23 
Existing management and/or guarantees for the future  5.17 
Timescale and deliverability of restoration efforts 4.02 
Is the site managed as a hydrological unit?  2.61 
  
Conflicts in sources of income from current versus potential management 4.01 
Availability/ /continuity of funding for restoration from SRDP and other sources 7.32 
Would restoration offset other costs (e.g. water treatment costs) or create socio-
economic benefits (e.g. rural jobs)  

6.94 

Potential for partnerships (e.g. private companies, conservation groups and local 
population working together)       

6.03 

 
 
An attempt was also made to check for bias within the stakeholder groups opinions, by 
splitting data by the self-expressed background interest group of the respondents. These 
data can be made available on request (OSM2.3). While some slight differences in the data 
distributions can be observed, based on stakeholder background, this was never extreme. 
As the sample size for the survey was quite low (n=33), such skew was not taken into 
consideration in the calculations, as this may simply represent a normal spread of opinions 
that has not been sufficiently sampled to show all possible outcomes. The weighted rankings 
produced through this survey were not used for priority area selection as they have not been 
tested through further discussion with stakeholders. They simply represent a potential tool 
that would require further testing and ground-truthing. However, the 19 site selection criteria 
were used in a nation-wide assessment of the blanket peat resource in order to assess 
potential areas for suitability. This was done using a more ‘broad brush’ approach and is 
detailed in the following Section (Section 9). Finally, we evaluated which of the datasets 
presented thus far in this Commissioned Report were at a stage where they could be readily 
implemented in a formal, GIS-based, decision support tool, in Section 8.1.  
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8.1 Summary assessment of the available data at the national scale against the site 
selection criteria 

Within this report, the available data and evidence for each of the 19 draft site selection 
criteria have been presented. To summarise briefly, the current status of data availability at 
the national level is: 
 
1. Current Type and condition of vegetation and other species 
Vegetation condition is monitored under the Site Condition Monitoring scheme for 
designated sites (Section 3.1.1). Unfortunately there are no such data available for other 
sites or areas at present, although remote sensing tools could be employed in the future. 
Similar data could be produced for trends in breeding bird population, however the data are 
not yet readily available and data compatibility is an issue (Section 3.1.2). Unfortunately, 
there are no such data for the condition of other species at the national level (3.1.2 and 3). 
Overall, therefore, the only dataset that could be used in a national scale decision support 
tool would be the SCM data, with an underlying assumption that this is representative of 
non-designated sites. However, this is most probably not the case so such information would 
have to be interpreted with caution. 
 
2. Potential for functional blanket bog to regenerate under present and future climate 
Bioclimatic envelope models have been developed by UK researchers that predict the areas 
covered by blanket bog or the biological niche occupied by Sphagnum under UKCIP 
emission scenarios (Section 3.2). These, however, carry a couple of caveats. As they were 
developed based on current cover of Sphagnum or blanket peat, they cannot predict 
whether such areas are actually still peat forming and hence future projections based on 
these data must be taken with caution. Also, feedback effects associated with climatic 
change have not been considered (e.g. increased soil decomposition rates due to higher 
temperatures, which could offset increased productivity). Hence, information from such 
predictions would have to be interpreted with caution. 
 
3. Potential to be biologically connected to surrounding landscapes and biodiversity 
Several studies have attempted to estimate distances to the nearest similar habitat, using 
GIS tools. However, such data are not yet readily available and direct line GIS calculations 
may not be feasible due to issues with hydrological and landscape variability and 
connectivity. However, at present, there are insufficient data to assess this at the national 
scale. 
 
4. Conflicts with existing biodiversity that may arise from changes to other desired land 

uses (e.g. forest bird species vs. open bog species; development for renewables 
versus restoration) 

Restoration of blanket bog under other habitats (e.g. woodland scrub) or land uses (e.g. 
forestry) will result in a major change in habitat type and consequently a change in the 
species present (section 3.4).  For some species groups (e.g. birds) there may be more 
species present in e.g. forestry blocks than in restored blanket bog, although they are likely 
to be common, ubiquitous, species rather than the rarer species of conservation importance 
found on blanket bog.  Similar arguments apply to the vegetation.  Blanket bog in good 
condition is intrinsically a species-poor habitat.  Thus restoration may lead to a loss of 
biodiversity per se.  This could lead to a conflict between the conservation of biodiversity and 
the restoration of blanket bog habitat. Such data are not available at present.
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5. Level or rate of current physical degradation (i.e. erosion, extraction, hydrological 
condition) 
The most readily available datasets on this issue are on erosion features (Section 4.2.1). 
The severity of erosion at each of these sites is, however, unknown, and would require much 
more detailed mapping. Such data are not currently available at a national scale. Past peat 
extraction can also be identified from the data held within the LCS88 (Section 4.2.2). For 
hydrological condition, there are no national data available at this point. For some sites, 
drainage maps are available at smaller scale, but there is insufficient information to upscale 
this. 
 
6. Ease of access or potential access issues 
There are no current data on a national scale. In principle, ease of access could be 
assessed by a set of GIS rules, e.g. defining any site with access roads above a certain 
slope or water courses without adequate bridges as inaccessible. Distances to nearest road 
access could be mapped with relative ease, but this has not been attempted thus far. 
Permissions for access require in-depth knowledge of land ownership, which could be 
accessed through the Integrated Administration and Control System (IACS) data. This would 
require additional work. 
  
7. Geophysical attributes: area/size/altitude and variation within site 
Although data tables of area and average altitude of a given site are relatively easily 
mapped, site variability, i.e. ‘roughness’, is not easily mapped. This would almost certainly 
require additional site-specific information, or high resolution aerial photography/LIDAR to 
enable researchers to establish landscape variation within a site, e.g. level of peat hagging, 
variations in slope, etc. This would require a lot of additional data. 
 
8. Peat type and depth 
Current carbon storage in blanket peat has been assessed quite extensively and estimates 
of these have been prepared (Section 4.1). There are some caveats in this dataset, 
however, in that peat depth has not been systematically mapped across Scotland. Hence, 
some of these data may be over- or under-representative of the true carbon storage. 
Nevertheless, this is probably the most promising dataset in terms of its usefulness as a 
national scale tool to aid prioritisation of potential restoration areas in terms of deciding on 
targeting strategies of optimising carbon abatement, increasing resilience or optimising 
carbon sequestration in valuable areas 
 
9. Is there a site designation in place? 
The total area of sites under single or multiple designations is known at national scale and 
maps are readily available (Section 5.1). However, it must be noted that the data presented 
locate the designated site, not the particular designated feature. 
 
10. If non-designated, is monitoring in existence or are there existing historical data? 
These types of data have not been collected at a national scale (Section 5.2). A first attempt 
to do this at UK level has been through the Peatland Compendium. However, Scottish 
peatlands are very much under-represented and thus there is only very sparse data 
coverage.  Even with additional site information from this project, it is unlikely that ongoing 
monitoring projects are fully represented. At present, regrettably, this type of information 
could not be mapped at a national level and would have to be assessed at a site scale level, 
probably in discussion with land owners and other stakeholders. 
 
11.  If non-designated, are there existing management option limitations or requirements 
for consents? 
As for criterion 10, evidence for this site selection criterion is likely to require assessment at 
a site level. 
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12. Sustainability of current and historic land use 
Current land use as forestry (Section 6.1), likely areas where muirburning is applied (Section 
6.2), areas that are classified as crofting land by the Crofting Commission (with and without 
active claims, Section 6.4), and areas that have been, or may be, used for wind farm 
development (Section 6.3) are data available ready for mapping at national level. One of the 
major causes of peatland degradation has been quoted as overgrazing. Although national 
scale data are available for sheep and cattle, as well as deer densities, these are not 
adequate for a decision making process about likely overgrazing issues on blanket peat 
because the data give no indication on how the animals are distributed.  Whether any of 
these land uses could be classified as sustainable or unsustainable in a given area of 
blanket bog would probably require site specific assessments.  
 
13. Existing management and/or guarantees for the future 
National scale coverage of land ownership was almost achieved (Section 6.6) and broken 
down into ‘sporting estate’, forestry estates, and other estate categories. With further 
research, it would be possible to refine these categories and conduct interviews on current 
land use of blanket peat inclusive of costs and benefits of such land uses. At present, 
however, the available information is probably best used on a case by case basis to 
approach relevant stakeholders.  
 
14. Timescale and deliverability of restoration efforts 
Restoration and management approaches are largely determined by the aims, and these 
were divided into three different categories: the management of erosion (Section 6.8.2.1), 
the management of peatland affected by agricultural and forestry practices (6.8.2.2), and the 
restoration by introduction of vegetation (Section 6.8.2.3), which can complement either of 
the two previous management scenarios. Some costs and case studies are presented that 
could aid prioritisation efforts. At present, there are no representative national databases that 
cover all of the existing restoration efforts. Some site-specific information may be 
transferable, as detailed in the sections mentioned.   
 
15. Is the site managed as a hydrological unit (i.e. is there a management plan for the 

entire catchment)? 
As discussed in Section 6.7, there are several databases available that could be used to 
indicate where catchment boundaries and specific blanket bog areas overlap. Further 
discussion with the owners of these datasets would have to take place to decide whether 
such information could be used in a decision support tool without compromising national 
security. Specifically, an invaluable tool would be a map of where restoration might positively 
impact on the site carbon balance through targeting known aquatic losses.  
 
16.  Conflicts in sources of income from current versus potential management  
17.  Availability/ /continuity of funding for restoration from SRDP and other sources 
18. Whether restoration could offset other costs (e.g. water treatment costs) or create 

socio-economic benefits (e.g. rural jobs) 
19.  Potential for partnerships 
The above four selection criteria were discussed together in Section 7. Less Favoured Areas 
have been mapped, but single farm payment data are not that easy to map due to privacy 
issues.  Similarly, details of income from forestry, tourism or partial use of the site for wind 
farm development are not easily determined. Assessing trade-offs or potential for 
partnership could be assessed using Defra data for England and Wales; however, it is 
evident that the drivers for peatland restoration are often different in Scotland (e.g. less 
severe erosion, different key stakeholder groups). Further payments are available for 
protection under the moorland grazing option of the voluntary, non-competitive Land 
Managers Options Scheme. The main programme relevant to restoration is the Rural 
Priorities Scheme, with seven options, the most relevant being Moorland Grazings on 
Uplands and Peatlands and Wildlife Management on Upland and Peatland Sites. However, 
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these options do not appear to be particularly popular having had only 58 applications 
between them to March 2010, compared with, for example, 219 for moorland grazing 
management.  To what extent such programmes will continue after the next round of CAP 
reforms remains to be seen but there appears to be some security in future funding for 
continuing to maintain and restore blanket bog. 
 
We assembled the evidence in the available data layers in poster format and asked 
stakeholders to consider these data and give opinions of where they felt that there may be 
areas of high restoration potential (Section 9). We then developed a draft rule set by which 
such potential areas could be assessed against the proposed site selection criteria and 
finally, how a ranking system for peatland restoration sites might work in principle. 
 
8.2 Research recommendations to aid future prioritisation efforts 

To aid the decision-making processes on the basis of the 19 site selection criteria identified 
in this project, the following types of additional information would be valuable in a GIS-
based, georeferenced, format: 
 
• A national assessment of blanket bog vegetation condition, inclusive of non-

designated sites, perhaps based on remote sensing 
• Access to the pending British Trust for Ornithology (BTO) dataset of overwintering 

and breeding birds 
• An updated and ground-validated bioclimatic envelope model for blanket bog 

occurrence under future climatic conditions 
• Habitat connectivity assessments based on hydrological connectivity, likely species 

dispersal and behavioural traits related to blanket bog use (e.g. feeding/flight 
patterns)  

• Better mapping of the features causing potential habitat degradation and their 
severity, e.g. erosion, drainage and muirburn, perhaps based on remote sensing 

• Topographical mapping to aid decision making based on access and site geophysical 
variation 

• Better mapping of livestock behaviour that could subsequently be modelled to 
provide better estimates of grazing pressures and habitat sensitivity  

• Mapping of blanket bog catchment connectivity and downstream connectivity to 
rivers and lochs 

• Further updates to the Peatland Compendium that will allow future analysis of the 
costs and benefits of blanket bog restoration practices 

• Initiation of a meta database of long term monitoring data on non-designated sites 
• A detailed database of current land management of blanket bog, inclusive of income, 

and an assessment of the cost effectiveness of current Agri-Environment schemes, 
to inform future policy tools. 

 
Many of the above recommendations would take several years to complete as research 
projects and would come at a considerable cost. Further assessment has therefore been 
carried out of the feasibility of designing a national scale decision support tool on the 
assumption that such data will eventually be available.  
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9. DRAFT DECISION SUPPORT TOOL FOR THE SELECTION OF PRIORITY AREAS 
AND PILOT RESTORATION SITES ON BLANKET BOG 

A second stakeholder meeting was designed to show the evidence gathered against each of 
the 19 site selection criteria. Stakeholder views were sought on whether this constituted 
enough information to include in a national scale decision support tool. Stakeholders were 
also asked for their views on potential priority areas for restoration efforts, after they had 
been shown the collated information in Sections 2-7 in poster format (These can be made 
available on request, OSM3). The second stakeholder meeting produced a number of 
potential priority areas (see below) as well as a large number of comments to take into 
consideration (summarised in Annex 3.1). These suggested priority areas were used as 
starting points and visualised on the available maps presented within this report. In addition, 
some further potential areas of interest from these maps were identified in discussion 
between JHI and SNH (in brackets in the list below). 
 

Shetland 
Orkney 
Lewis 
N Uist 

NE Caithness 
Central Caithness 

Cape Wrath 
N/NE and W Skye 

Monadhliath 
(Cairngorms National Park) 

Kintyre 
Rum 

(Islay) 
(Douglas area) 

 (Dumfries and Galloway) 
 

A simple scoring system was subsequently used to determine whether it would be worth 
investigating these areas in more detail, by overlaying the available GIS information for each 
relevant area and scoring these as low, medium, high, or unknown/not enough information, 
on each criterion. Details of the scoring systems and descriptions for each individual area 
are given in the sections below. Briefly, the GIS layers for blanket peat soil (Soils of Scotland 
data) were selected and overlaid on the LCS88 dominant and subdominant blanket bog 
vegetation. To assess potential on the basis of each site selection criterion at a national 
level, the maps described in Table 8 were selected. It is evident that much of the desired 
information is not currently available at a national level, hence the assessment of potential 
priority areas was performed purely on the basis of evidence available for current type and 
condition, the potential for blanket bog to regenerate under present and future climate, the 
available data on level or rate of current physical degradation, peat type and depth and 
current and historic land use as well as some data on land ownership. Many of these 
datasets hold caveats themselves – for example, there is only sufficient information on the 
condition of vegetation in designated areas and the information derived from the Land Cover 
of Scotland 1988 (LCS88) dataset is obviously dated as well as containing, in many cases, 
only information on the presence or absence of a feature (e.g. erosion, peat cutting, 
muirburn) Hence, while such information can be used to suggest potential priority areas for 
restoration, this information should be viewed with a certain amount of caution. In the light of 
policy targets to comply with the need to restore blanket bog habitats under UKBAP/EU 
requirements as well as the need to reduce carbon emissions under Kyoto obligations, any 
potential restoration project on blanket bog should be viewed as highly valuable. A simple 
framework for a decision support tool, as presented here, could therefore be used to set the 
context for any potential restoration project. 
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Table 8. Data coverage against the site selection indicators at national level 
Site selection indicator Selected information that is available at 

national level 
Current type and condition of vegetation and 
other species assemblages  

LCS88 (Figure 2), Presence of designated sites 
(Figure 4), Site Condition Monitoring data (Figure 

5) 
Potential for functional blanket bog to 
regenerate under present and future climate  

Bioclimatic envelope model Clark et al. (Figure 6); 
Sphagnum niche model Smart et al. (Figure 7) 

Potential to be biologically connected to 
surrounding landscapes and biodiversity 

No available nation-wide data, will need to be 
assessed in specific areas 

Conflicts with existing biodiversity from 
changes to other desired land uses  

No available nation-wide data, will need to be 
assessed in specific areas 

       
Level or rate of current physical 
degradation  

Peat erosion level (Figure 10), peat extraction 
level (Figure 13), drainage (not yet national scale) 

Ease of access or potential access issues No available nation-wide data, will need to be 
assessed in specific areas 

Geophysical attributes: area/ altitude and 
variation within site  

No available nation-wide data, will need to be 
assessed in specific areas 

Peat type and depth Scottish Soils database (Figure 3), Carbon 
content within Scottish Soils Database (Figure 9) 

       
Is there a site designation in place? Presence of designated sites (Figure 4) 

If non-designated, is monitoring in existence or 
are there existing historical data? 

No available nation-wide data, will need to be 
assessed in specific areas 

If non-designated, are there existing 
management option limitations or requirements 
for consents? 

No available nation-wide data, will need to be 
assessed in specific areas 

 

       
Sustainability of current and historic land use  Not easily addressed (what is sustainable?), but 

assessed availability of data on afforestation 
(Figure 16&17), muirburn (Figure 18), wind farm 

developments (Figure 19), grazing/crofting 
(Figure 22), 

Existing management and/or guarantees for 
the future 

No available nation-wide data, will need to be 
assessed in specific areas 

Timescale and deliverability of restoration 
efforts 

No available nation-wide data, will need to be 
assessed in specific areas 

Is the site managed as a hydrological unit? No available nation-wide data, will need to be 
assessed in specific areas 

 
Conflicts in sources of income from current 
versus potential management  

No available nation-wide data, will need to be 
assessed in specific areas 

Availability/ /continuity of funding for restoration 
from SRDP and other sources 

No available nation-wide data, will need to be 
assessed in specific areas 

Would restoration offset other costs (e.g. water 
treatment costs) or create socio-economic 
benefits (e.g. rural jobs)? 

No available nation-wide data, will need to be 
assessed in specific areas 

Potential for partnerships  No available nation-wide data, will need to be 
assessed in specific areas, land ownership data 

mostly available (Figure 23) 
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The available information was used to assess each of the suggested 14 areas for their 
restoration potential in the following way: 
 
Current type and condition of vegetation and other species assemblages 
 
• If area contains at least 75% blanket bog under the dominant/subdominant LCS88 

classification (Figure 2) AND there are many or large areas of existing designated 
sites with at least half of these in favourable condition (Figure 5) = HIGH. 

• If area contains at least 50% blanket bog under the dominant/subdominant LCS88 
classification AND there are some existing designated sites with at least some of 
these in favourable condition = MEDIUM. 

• If area contains at least 25% blanket bog under the dominant/subdominant LCS88 
classification AND there are no existing designated sites = LOW. 

 
A major caveat in the LCS88 dataset in relation to blanket bog cover is in the conversion of 
large areas of blanket bog to plantation forestry. This needs to be taken into consideration 
for those areas that were significantly affected, e.g. Caithness & Sutherland, Argyll and 
Dumfries and Galloway. Further caveats in this dataset relate to the age of the LCS88, as 
some further changes in land cover have occurred since 1988. Birds and other species 
cannot currently be included in the assessment as data were not obtainable within the time 
frame of this project. Vegetation condition only applies to designated areas, and may not 
apply to the area as a whole.  
 
Potential for functional blanket bog to regenerate under present and future climate  
 
• If area appears to be within the bioclimatic envelope for continuing likelihood for 

peatland formation under both the low and high UKCIP02 scenarios (Figure 6) AND 
is likely to provide a suitable niche for Sphagnum cover (Figure 7) = HIGH. 

• If area appears to be within the bioclimatic envelope for continuing likelihood for 
peatland formation under the low but not or not entirely under the high UKCIP02 
scenarios AND at least 50% of the area is likely to provide a suitable niche for 
Sphagnum cover = MEDIUM. 

• If area appears not to be within the bioclimatic envelopes for continuing likelihood for 
peatland formation under the low and high UKCIP02 scenarios AND is unlikely to 
provide a suitable niche for Sphagnum cover = LOW. 

 
Caveats in this dataset are as in Section 3.2, primarily issues that may arise from the data 
that were used to run the bioclimatic envelope model having been based on current 
distribution of blanket bog (rather than known active blanket bogs) and the use of the now 
superseded UKCIP02 scenarios, which have been updated in UKCIP09. Clark et al. (2010) 
discuss these caveats in detail and show where there are disagreements with more dynamic 
models that are based on modelling net primary production versus losses through 
decomposition. 
 
Potential to be biologically connected to surrounding landscapes and biodiversity 
 
Section 3.3 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
 
Conflicts with existing biodiversity from changes to other desired land uses 
 
Section 3.4 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
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Level or rate of current physical degradation 
 
• If area appears to have low or medium (<50% of area) cover of erosion features 

(Figure 10), marginal evidence of extraction (Figure 13) and there is some 
hydrological information available (Section 4.2.3) = HIGH. 

• If area appears to have medium or high (50-75% of area) cover of erosion features, 
some evidence of extraction and there is some or no hydrological information 
available = MEDIUM. 

• If area appears to have high (>75% of area) cover of erosion features, extensive 
evidence of extraction and there is no hydrological information available = LOW. 

 
Ease of access or potential access issues  
 
Section 4.3 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. To enable a simple comparison, a simple way of assessing this 
was performed by setting islands to LOW, mainland sites with little major road accessibility 
and in an area mostly above 600 metres to MEDIUM and sites in the vicinity of major 
settlements to HIGH. 
 
Geophysical attributes: area/ altitude and variation within site  
 
Section 3.4 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. To enable a simple comparison on the basis of area until data 
sources improve, the following criteria were used: 
 
 If the blanket bog/peat soil area > 1,500 ha = HIGH. 
 If the blanket bog/peat soil area > 750 but < 1,500 ha = MEDIUM. 
 If the blanket bog/peat soil area < 750 ha = LOW. 

Peat type and depth 
 
• If area appears to be predominantly deep blanket peat (Figure 3) with a high 

proportion of peatland carbon in excess of 120 kt km-2 (Figure 9) = HIGH. 
• If area appears to be mostly deep blanket peat with a high proportion of peatland 

carbon in excess of 60 and/or 120 kt km-2 = MEDIUM. 
• If area appears to be some deep blanket peat with a less than 50% of peatland 

carbon in the 60 and/or 120 kt km-2 bracket = LOW. 
 
Is there a site designation in place? 
 
In many ways, this criterion is covered within the ‘Current Type and Condition’ indicator 
above, and to avoid biasing any decision support tool towards areas with designated sites, 
this criterion was omitted from the final analysis. All fields have therefore been set to not 
applicable (N/A). 
 
If non-designated, is monitoring in existence or are there existing historical data?  
 
Section 5.2 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
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If non-designated, are there existing management option limitations or requirements for 
consents?  
 
Section 5.3 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
 
Sustainability of current and historic land use 
 
Sustainability of current and historic land use is difficult to address. While data coverage can 
be obtained for some aspects of current and historic land use, i.e. the types of land use and 
management carried out, there is no national assessment on whether these types of land 
uses are sustainable on this particular type of soil or ecosystem.  Therefore, the assessment 
is based on a rudimentary compilation of the available data. Afforestation on deep peat is 
currently deemed to be unsustainable (Section 6.1) and hence the presence of forestry on 
potential priority areas was seen as unfavourable due to the additional cost and time 
involved in removing it (Section 6.8.2.2). The sustainability of muirburn as a land 
management tool was discussed in Section 6.2 and the most recent conclusion is equivocal, 
hence it is judged to be a minor factor. The presence or planned development of an area for 
renewable energy would lower the available land area for restoration, so was judged 
unfavourable, although it is acknowledged that the presence of wind farms can also produce 
opportunities for sustained funding of restoration projects and restoration partnerships (see 
also below). That data on grazing and sporting would probably skew these assessment 
criteria is accepted, but it should be noted that this is just one out of the five criteria for which 
there is reasonably adequate information at national level. 
 
• If area appears to be predominantly deep blanket peat without afforestation (Figure 

16 and 17), without substantial current or planned wind farm development (Figure 19) 
and little or no evidence of muirburn (Figure 18) = HIGH. 

• If area appears to be predominantly deep blanket peat with little (<5%) afforestation, 
with few substantial current or planned wind farm development and little evidence of 
muirburn = MEDIUM. 

•  If area appears to be predominantly deep blanket peat with substantial (>10%) 
afforestation, with substantial current or planned wind farm development and 
widespread evidence of muirburn = LOW. 

 
Existing management and/or guarantees for the future  
 
In many ways, this criterion is covered within the ‘Current Type and Condition’ indicator 
above, and to avoid biasing any decision support tool towards areas with designated sites, 
this criterion was omitted from the final analysis. All fields have therefore been set to not 
applicable (N/A). 
 
Timescale and deliverability of restoration efforts 
 
Section 6.8 summarises the available data for different types of current land management 
and the timescales, costs and deliverability of restoration efforts for these, but there is no 
current dataset that classifies areas on this basis available for assessment at this point. 
Hence, all fields were set to ‘?’. 
 
Is the site managed as a hydrological unit? 
 
Section 6.7 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
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Conflicts in sources of income from current versus potential management  
 
Section 7 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
 
Availability/ /continuity of funding for restoration from SRDP and other sources 
 
Section 7 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
 
Would restoration offset other costs (e.g. water treatment costs) or create socio-economic 
benefits (e.g. rural jobs)? 
 
Section 7 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. 
 
Potential for partnerships  
 
Section 7 discusses potential ways to assess this in future, but there is no current dataset 
available for assessment. Hence, all fields were set to ‘?’. However, there are data on land 
ownership that cover ca. 90% of the blanket bog resource (Section 6.6) and data could 
probably be obtained from IACS that relate to claims for single farm payments, so this could 
be followed up in future research. 
 
A summary of the interpretation of how the 14 suggested priority areas fit the criteria for site 
suitability against the site selection criteria is presented in Table 9. Additional area-specific 
information, where national data were not complete, could also be considered in future 
revisions of this tool.  
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Table 9. Pre-screening exercise for candidate restoration areas, based on information available within this report for the site selection criteria. 
Site selection indicator Shetland Orkney Lewis N Uist NE 

Caithness 
Central 

Caithness 
Cape 
Wrath 

N/NE and 
W Skye 

Current type and condition of vegetation and other species assemblages  H/H M/H H/H H/H H/H H/M H/M  M/H  

Potential for functional blanket bog to regenerate under present and future 
climate  

H/H H H/H H M M H  H 

Potential to be biologically connected to surrounding landscapes and 
biodiversity 

? ? ? ? ? ? ? ? 

Conflicts with existing biodiversity from changes to other desired land uses  ? ? ? ? ? ? ? ? 

 
Level or rate of current physical degradation  L/L H/L L/M H/M H/L/H H/M/H L/M  M/M  

Ease of access or potential access issues L  L L  L M M L  L  

Geophysical attributes: area/ altitude and variation within site  H L H L H  H  L  L  

Peat type and depth H M H H H  H  M  L  

 
Is there a site designation in place? N/A N/A N/A N/A N/A N/A N/A N/A 

If non-designated, is monitoring in existence or are there existing historical 
data? 

? ? ? ? ? ? ? ? 

If non-designated, are there existing management option limitations or 
requirements for consents?  

? ? ? ? ? ? ? ? 

     
Sustainability of current and historic land use   H/L/H H/H/H M/L/H M/H/H M/L/H  M/L/M H/H/H  M/M/H  

Existing management and/or guarantees for the future  ? ? ? ? ? ? ? ? 

Timescale and deliverability of restoration efforts  ? ? ? ? ? ? ? ? 

Is the site managed as a hydrological unit? ? ? ? ? ? ? ? ? 

 

Conflicts in sources of income from current versus potential management  ? ? ? ? ? ? ? ? 

Availability/ /continuity of funding for restoration from SRDP and other 
sources 

? ? ? ? ? ? ? ? 

Would restoration offset other costs (e.g. water treatment costs) or create 
socio-economic benefits (e.g. rural jobs)? 

? ? ? ? ? ? ? ? 

Potential for partnerships  ? ? ? ? ? ? ? ? 
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Table 9 (continued). Pre-screening exercise for candidate restoration areas, based on the information available within this report for each of the 
site selection criteria. 
Site selection indicator Monadhliath Cairngorms 

NP 
Kintyre Rum Islay Douglas Dumfries & 

Galloway 

Current type and condition of vegetation and other species assemblages  H/M  M/M  L/L  L/H  H/H  H/M  L/H  

Potential for functional blanket bog to regenerate under present and future climate  M  H  M  H M  M  M  

Potential to be biologically connected to surrounding landscapes and biodiversity ? ? ? ? ? ? ? 

Conflicts with existing biodiversity from changes to other desired land uses  ? ? ? ? ? ? ? 

 
Level or rate of current physical degradation  L/M  M/H  M/H  H/H  H/L  M/L  M/M  

Ease of access or potential access issues M  H  M  L  L  H H 

Geophysical attributes: area/ altitude and variation within site  H  M  L  L  L  L H  

Peat type and depth H  M  L  L  H  M  H 

 

Is there a site designation in place? N/A N/A N/A N/A N/A N/A N/A 

If non-designated, is monitoring in existence or are there existing historical data? ? ? ? ? ? ? ? 

If non-designated, are there existing management option limitations or requirements 
for consents?  

? ? ? ? ? ? ? 

 
Sustainability of current and historic land use  M/L/M  M/H/L  L/L/H  H/H/H M/H/H L/L/M  L/L/H 

Existing management and/or guarantees for the future ? ? ? ? ? ? ? 

Timescale and deliverability of restoration efforts ? ? ? ? ? ? ? 

Is the site managed as a hydrological unit? ? ? ? ? ? ? ? 

 
Conflicts in sources of income from current versus potential management  ? ? ? ?  ? ? 

Availability/ /continuity of funding for restoration from SRDP and other sources ? ? ? ?  ? ? 

Would restoration offset other costs (e.g. water treatment costs) or create socio-
economic benefits (e.g. rural jobs)? 

? ? ? ?  ? ? 

Potential for partnerships  ? ? ? ?  ? ? 
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With more site-specific information, such areas could be evaluated using the weighted 
selection criteria, as shown in the example below (Plate 2). The decision support tool was 
evaluated by entering figures for those criteria where data were available. Using a very 
simple scoring system, by substituting H with 10, M with 6.6 and L with 3.3, and calculating 
average scores for criteria where more than one type of information was available (i.e. for 
Shetland - sustainability criterion = M/L/M equates to (6.6+3.3+6.6)/3 = 7.8), the decision 
support tool was tested by calculating the scores for each of the candidate sites. Based on 
these scores, the candidate sites were ranked (Box 4). Although such a ranking exercise is 
unlikely to be fully representative of site potential at present, the results seem relatively 
logical although there seems to be a bias towards selection of large peatland areas (ranks 1, 
2, 3 and 5 consist of large and contiguous areas of blanket bog). There does not appear to 
be a bias against islands, despite the relatively crude assessment of the site geophysical 
attributes. However, Rum featuring in rank 4 is most likely a feature of the lack of knowledge 
on socio-economic factors. As Rum has a relatively small blanket bog area that is in good 
condition, with no major pressure due to its high conservation status, it is unlikely that any 
major restoration effort would be required or of high value, when compared to other areas on 
the ranked list. Hence, the decision support tool as presented here would require further 
local knowledge. It did, however, produce fairly robust predictions even when scores were 
deliberately varied (not shown). At this point, the calculator is most sensitive to changes in 
scores in the following criteria, in order of importance on overall site scores: potential for 
functional blanket bog to regenerate under present and future climate; level and rate of 
current physical degradation and current type and condition. Therefore, the calculations 
were also performed without the climate change resilience criterion. Overall, this changed 
the order of suggested priority areas, but the four lowest scoring areas were the same in 
both calculations (Box 4). 
 
Rank Candidate area Site score* Alternative 

rank$ 
Candidate area Alternative 

score$ 
1 Lewis 35 1 North-East Caithness 28 

1 North Uist 35 2 Central Caithness 27 

1 North-East Caithness 35 3 Lewis 24 

2 Central Caithness 34 3 North Uist 24 

2 Cairngorms National Park 34 3 Monadhliath 24 

3 Shetland 33 3 Douglas & Galloway 24 

4 Rum 32 4 Shetland 23 

5 Orkney 31 4 Cairngorms National Park 23 

5 Monadhliath 31 4 Islay 23 

5 Douglas & Galloway 31 5 Rum 22 

6 Islay 30 6 Orkney 20 

7 Cape Wrath 29 7 Cape Wrath 19 

8 North/Northeast & West Skye 28 7 Douglas 19 

9 Douglas 26 8 North/Northeast & West Skye 18 

10 Kintyre 23 9 Kintyre 16 

Box 4. Ranking of candidate blanket bog areas after initial screening using the draft decision 
support tool. Note that the highest score possible at present would be 42 due to missing 
information at national scale against which some site selection criteria would have to be assessed. 
$ If the climate change criterion is omitted from analysis, the highest possible score is 31. 
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Further remote investigations were performed on the potential for restoration within each of 
these potential priority areas. The Isle of Rum was omitted on the basis of being a special 
case due to its designation, although there is now additional potential to assess 
management options on the island with the formation of the Isle of Rum Community Trust. 
The counties of Caithness and Sutherland were assessed together, except for the Cape 
Wrath area. In the following Sections (10.1 to 10.12), the information gathered was 
summarised for each individual priority area and a preliminary assessment against the 
potential for restoration towards biodiversity and carbon benefits was completed. This was 
approached for each site by: 
 
• Summarising the available information in the databases already queried at national 

scale in map format at the scale of the specified area 
• Performing web searches specifically for other biodiversity benefits of non-

designated areas, both using Google and Web of Science searches 
• Estimating the carbon content for each area by overlaying the area in question onto 

the Soils of Scotland Scottish Soils database 
• Performing web searches to gain an understanding of past and ongoing peatland 

management and land use issues within each of the areas 
• Estimating the amount of blanket bog that is likely to be affected by erosion (where 

possible) 
• Where feasible, possible cost ranges for restoration were discussed 
 
9.1 Data gaps and recommendations 

Similar to the national scale inventory, it was felt that it would not be feasible to provide firm 
costs for future restoration efforts for the individual priority areas. Data that are lacking are: 
 
• a much more detailed assessment of the precise areas and severity of erosion 

features, including an assessment of the proportion of entirely bare peat that would 
require revegetation efforts, in each of the priority areas and in Scotland as a whole 

• an assessment of drainage intensity, including of assessments of the area 
adversely affected 

• where appropriate, spot checks to ascertain whether peat cuttings are still actively 
used and whether good practice has been followed that allows regeneration post- 
harvesting 

• the offset cost required to mitigate any excessive grazing pressure 
• potential monitoring costs post restoration 
 
On the basis of this pre-selection, 12 areas were remotely evaluated in more detail (Sections 
10.1 to 10.12), using either local information or site visits, where possible, or web-based 
image and information searches. Of these, four areas, Shetland, Lewis, North Uist and 
Central Caithness, appear to match best against the selection criteria, where data were 
available (Table 9). Seven further areas, the Monadhliath, Cairngorms National Park, 
Orkney, Cape Wrath, Trotternish in the northwest of Skye, Islay and the Douglas area, as 
well as the wider area of Dumfries and Galloway also seemed potential candidate areas that 
were investigated in more detail (Table 9).  
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Plate 2. Screenshot of the draft decision support tool. This table can be filled in for a blanket bog site with marks out of 10 for each of the 19 
site selection criteria and will calculate a site score, based on the preferential weights attached to each criterion by the consensus opinion of 
key stakeholders. 
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Although the original project brief for this Commissioned Report specified the identification of 
up to five pilot sites for restoration, it became evident in the process of the project work that 
this would not be feasible. There is insufficient detail at the national level on blanket bog 
condition to assess potential restoration areas adequately at such a high level scale. While it 
is thus possible to point out potential priority areas, establishing pilot sites and ranking these 
would be too complex within the limited timescale of this project. For example, most known 
areas within the suggested priority areas have largely different issues that would require to 
be addressed. For example, many of these areas have some level of historic drainage 
issues and suffer from excessive erosion. Unfortunately, as presented throughout the report, 
such data are rarely in the same database, often as yet unknown altogether, or the 
information is as yet too fragmented, to adequately assess sites on their relative merit for 
restoration potential at the site scale. Thus, it was decided to omit the identification of pilot 
sites inclusive of the cost implications of restoration, in agreement with the Nominated 
Officer for this Commissioned Report. Similarly, although some recommendations in relation 
to evaluating restoration success may be able to be made for individual priority areas, it was 
not thought feasible to identify how value for money might be assessed. The concluding 
sections of this report, Sections 10 - 12, therefore assess the likely restoration potential 
within each of the identified priority areas, assess potential areas for pilot sites and suggest 
what likely measures of success could be identified in each location. 
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10. PRIORITY AREA ASSESSMENTS 

10.1 Shetland 

The total blanket peat resource in Shetland is 56,063 ha. The major blanket bog areas are 
located on Yell and Mainland Shetland (Figure 26A). It is likely that the LCS88 mapping for 
Shetland is not completely correct (R. Birnie, pers. comm.) and other data sources (The 
grazing modifications map by Birnie & Hulme (1990) & the SNH Peatland Survey Site 
reports, 1986) should be investigated in tandem with this dataset. Only ca. 6,200 ha of the 
Shetland blanket bog is under designation, representing only 11 % of the total resource 
(Table 10).  
 
The largest SAC/SSSI/Ramsar/SPA complex in the Shetland Islands is on Shetland 
Mainland (Figure 26A); Ronas Hill/North Roe and Tingon, together span around 5470 ha. 
The site comprises two adjacent headlands separated by the large Ronas Voe. North Roe is 
divided between two estates, one is privately owned, the other owned by Shetland Islands 
Council (SIC). Apart from three fenced apportionments, the area is entirely common grazing. 
The southern part of Tingon is common grazing owned by SIC, while the northern part is a 
privately owned farm. Not all of this area is blanket bog, however most of the site is 
composed of active blanket bog with numerous lochans and pools that support a typical 
peatland bird population. The area holds some of the highest-quality blanket bog in 
Shetland, which is floristically rich and intact. The site is of importance for merlin, Falco 
columbarius (six pairs representing at least 0.5% of the UK breeding population) and red-
throated diver, Gavia stellata (50 pairs representing at least 5.3% of the UK breeding 
population). Other typical species include arctic and great skua, dunlin and golden plover. 
The site also has special invertebrate interests, as the Arctic water flea Eurycercus glacialis 
occurs in lochans on the hill. It has only been found at one other site in Britain. The peat 
layer has remained intact at Tingon with none of the erosion seen in other typical sites on 
Shetland and there are extensive pool systems. Large-scale activities on the site include 
nature conservation, recreation, research and rough sheep grazing. Small-scale activities 
and uses include tourism, recreational fishing, fish and mussel farming, hydro-electricity 
generation, mineral exploration, transportation route, domestic water supply and non-
urbanised settlements. In the immediate surroundings, there is small-scale recreational 
fishing, there is a transport route and there are non-urbanised settlements. The Ronas Hill, 
North Roe and Tingon sites are located in areas of relatively high carbon storage (Figure 
26B), although the much more significant C stores are located in central mainland Shetland.  
 
On mainland Shetland, the areas with the highest carbon storage within the blanket peat 
resource (Figure 26B) unfortunately often overlap with areas showing dominant erosion 
features (Figure 26C). In fact, around 77% of the peat area shows some form of erosion 
feature, although further assessment of the severity of these erosion features would 
probably need to be performed on the ground. Some detailed mapping of erosion features 
was performed in the 1986 NCC Peatland Surveys, which included assessments in mainland 
Shetland and the Islands of Unst, Yell and Fetlar (NCC, 1986 a-d) and in the Soil Survey of 
Scotland, which mapped erosion at 1:50,000 scale (Soil Survey of Scotland, 1981). Much of 
the observed erosion can be attributed to sheep grazing (Figure 26F). Sheep have been 
historically at fairly high stocking rates (Hulme, 1985; Birnie and Hulme, 1990; Hulme and 
Birnie, 1997). In fact, even the current total stocking level of ~260,000 sheep (Figures below) 
across the whole of the Shetland Islands, given the upper limit of 0.5 sheep ha-1 on blanket 
bog and that a high proportion of the available land is essentially blanket bog, suggests that 
the stocking density is likely to be still too high in some areas. Domestic peat cutting has 
also taken place at the fringes of these areas (Figure 26D). 
 
On central mainland Shetland, one major potential alternative use is the proposed Viking 
wind farm, currently at the application stage (Figure 26E). This is a proposed 50:40:10 jointly 
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funded and owned initiative between SSE Viking Ltd. (a subsidiary of Scottish and Southern 
Energy PLC), Viking Energy Ltd. (a subsidiary of the community owned Shetland Charitable 
Trust (SCT) and Shetland Aerogenerators (the owners of the Burradale wind farm). Much of 
the proposed area is on fairly heavily eroded peat, with sections of entirely bare surfaces 
(Birnie, 2010). A recent change to the Viking application has changed the shape of the area 
affected, with the Collafirth quadrant having been dropped but the Nesting quadrant now 
being included. On Figure 26E, this would equate to the northern section of the shown area 
now unaffected and the area to the east of the existing application being included instead 
(Jonathan Swale, SNH Lerwick, pers. comm.). 
 
The large blanket bog resource on Yell only has a small SAC/SSSI area (East Mires and 
Lumbister (also an RSPB reserve), 620 ha). Its Natura 2000 status states this to be one of 
the best areas of blanket bog in the UK. Yell also has blanket bog on the Otterswick and 
Graveland SPA. This is designated for red-throated diver rather than bog, but the bog is 
protected as habitat for the birds. There is a further SAC on Hascosay, which is the small 
island situated between the islands of Yell and Fetlar. This is almost entirely designated for 
its blanket bog habitat, but also for its dunlin and otter populations. On Unst, the main 
designated areas are the NNR at Hermaness in the far north of Unst and the Valla Field 
SPA. Hermaness has substantial blanket bog associated with it and is situated in an area of 
high, if isolated, C storage. Pressure from visitor numbers for bird watching has led to 
investment in a new path (see also section 5.8.2.1) to stop and prevent further erosion.  
Outwith protected areas, erosion and old peat workings (Figures 27C and D) again appear to 
be a major pressure on the blanket peat in the islands. A small, five turbine, wind farm 
development on Yell (Figure 26E) has recently been granted planning permission. (Note: All 
maps shown in Figure 26 are reproduced at full size in Annex 4.1).  
 
The restoration potential for eroded peat areas seems to be the primary concern for the 
blanket bogs in Shetland. Examining land ownership in Shetland is complicated by the large 
amount of land that is under crofting tenure (Figure 26F). However, much of central 
Mainland is publicly owned (18.6%, Shetland Islands Council). In other areas, there is a fairly 
limited number of land owners over the areas of blanket bog under consideration (Wightman, 
1996). It is clear from the figures and land use and management information that is available 
that there would be considerable scope for restoration of blanket bog areas in the Shetland 
Islands. Some further detail on land use and income in areas with crofting agreements would 
need to be acquired with more detailed surveys. However, local opinion is that restoration 
potential is predominantly to be found within existing agri-environment schemes (pers. 
comm., Jonathan Swale, SNH Lerwick). 
 
Table 10. Sites in the Shetland Islands designated for blanket bog 
Designation Site name Area 

(Ha) 
Condition Last 

assessed 
SNH Feature 
Name 

SAC/SSSI East Mires and 
Lumbister 

620 Favourable 
Maintained 

31/07/2001 Blanket bog 

Ramsar/SPA 
 

Ronas Hill - 
North Roe and 
Tingon  

5470 Unfavourable 
No Change 

25/07/2001 Blanket bog 

SAC/SSSI Ronas Hill - 
North Roe 

4906 Unfavourable 
No Change 

25/07/2001 Blanket bog 

SAC/SSSI Tingon 584 Favourable 
Maintained 

24/07/2001 Blanket bog 

SAC Hascosay 165 Favourable 
Maintained 

02/09/2009 Blanket bog 
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Figure 26.  Compound maps of pressures and land ownership in the Shetland Islands. Top 
left (A) Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat 
(red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Middle 
left (C) Erosion features (LCS88), dark green – dominant, light green – subdominant. Middle 
right (D) Historic peat workings (LCS88). Bottom left (E) Wind farms. Bottom right (F) 
Crofting Commission land with active IACS claims in green, without claims in yellow, and 
with active claims but not registering as CC land in blue. (See Annex A4.1 for larger maps). 
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In addition, several of the ongoing construction projects specifically mention restoration 
plans as part of mitigation strategies to minimise losses of the peat resource. These include 
the pipeline development from Sullom Voe by Total and Petrofac where peat extracted from 
the pipeline and processing plant areas is being stored for the duration of the 30-50 year 
lifespan of the pipeline. The peat is being contained in specially constructed concrete and 
earth stores, each capable of holding 500,000 cubic metres of peat. It is the intention that 
this peat will be re-used after decommissioning of the pipeline. These experiences will be 
valuable in years to come, especially with the increasing interest in development for 
renewable energy, where peat also often has to be (re)moved to accommodate access 
roads and foundations.  
 
The restoration potential for Shetland’s blanket bog resource overall is undoubtedly high, 
with many areas requiring assessment of grazing density and potential for mitigation against, 
or restoration efforts towards, existing erosion features. In particular the high interest from 
renewable energy developers for Shetland should be invested in partnerships to increase 
the value of the blanket bogs in Shetland. A number of recommendations for best practice 
management or restoration techniques within such partnerships were included by Birnie 
(2010) in a report to Viking Energy on erosion within the boundaries of the proposed wind 
farm site. In particular, the Nesting quadrat may be a prime candidate as it is already subject 
to a Habitat Management Plan that aims to improve habitat conditions for red throated diver 
populations.  Further information on habitat management for blanket bog that is specific to 
Shetland, for example, related to advice on grazing levels in interaction with the climatic 
pressures, can be found in e.g. the Hermaness and Noss NNR management plans.  
 
Accurate grazing density figures for blanket bog are notoriously difficult to acquire. Parish 
census data were filtered for parishes in Shetland with large areas of blanket bog and 
summarised in Figure 27 below. Although it cannot be said with any degree of certainty 
where these animals are grazing, there appear to be a fairly large, albeit declining, density of 
cattle and sheep in areas of the Shetland Islands. It is worth mentioning that this decline only 
takes stock levels back to those in 1982. Birnie and Hulme (1990) assessed sheep stocking 
levels on a scattald (common grazing) basis and concluded that stocking densities in many 
areas had been above biologically sustainable levels. As already discussed, it is likely that 
this is still the case. According to local opinion, cattle numbers are not likely to be relevant to 
blanket bog management as they have not been put on to hill land for ca. 20 years (pers. 
comm., Jonathan Swale, SNH Lerwick).  
 
The Environmentally Sensitive Area Schemes saw good uptake in Shetland under both the 
Tier 1 (aimed at damage prevention) and Tier 2 (aimed at conserving, enhancing or 
extending features) schemes, and an assessment of the success of this Scheme was 
compiled by Truscott et al., 2007. The Tier 2 sites showed success in terms of improving the 
cover, height and condition of dwarf shrubs (Calluna) through the implementation of grazing 
plans. In terms of erosion control, both the Tier 1 and Tier 2 measures showed significant 
success over 10 years, with improvement in >50% of assessed sites under a Scheme, while 
sites outwith a scheme showed further deterioration. It thus appears that appropriate grazing 
control should be the first measure to take to mitigate erosion in the Shetland Islands. A 
payment scheme that allows for adequate assessment of the revenue lost from reduction in 
sheep numbers would be beneficial as a start. As the success of such measures could take 
10-20 years to show effect, it would be beneficial to also investigate the feasibility of 
additional measures to mitigate erosion in tandem with grazing control measures. As with all 
sites, the use and type of structural mitigation (i.e. grip-blocking, dams, etc.) will depend on 
detailed assessments of the type and severity of erosion, the associated topography and 
hydrology. It would be possible to give very approximate calculations for potential restoration 
costs. For example, if only 5% of the 77% of blanket bog that is affected by erosion is 
actually eroded, the possible cost of restoration (~2160 ha) could fall in the region of £3.7 
million, assuming the figures in Tables 3-5 can be transferred to Shetland. It would require 
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further research to investigate the funds required to lower grazing levels. It would be 
impossible to suggest particular areas that may be suitable for restoration purposes, based 
on this remote survey. This would need to be followed up in future field visits. 
 
 

 

 

 
Figure 27. Cattle (upper figure) and Sheep (lower figure) total number of animals (left axis, 
red line) and number of holdings (right axis, blue bars) between 1982 and 2010 in the 
Shetland Islands in parishes with large areas of blanket bog. 
 
 
Measures of success in the Shetland Islands’ blanket bog would require detailed 
assessments of erosion levels and rates of ongoing erosion, as the high density of erosion 
features points to substantial carbon losses from the islands. Reduction of the overall area of 
erosion, or at the very least a reduction in erosion rates, could be monitored to measure 
success. It is not known whether there are species of interest outwith the designated areas, 
but improving areas outside of the designated sites to conform to a favourable or at the very 
least unfavourable, improving, category, could be seen as a valid measure of success in 
those areas, from a biodiversity perspective. Appropriate grazing management would require 
assessment of stocking densities at individual land parcel scale, and would require 
documented reductions in those areas known to exceed the grazing capacity of blanket bog 
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habitat. In the Shetland Islands, fencing to exclude stock from certain areas of land appears 
to be fairly common and hence a grazing reduction programme would also necessitate a 
review of the adequacy of existing fencing, with repairs implemented as required. 
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10.2 Lewis 

Lewis and North Harris are almost entirely covered by blanket bog (Figure 28A). A very 
substantial land area of the blanket bog reserve in Lewis is already under single or multiple 
designations (Figure 28A). The largest of these, the Lewis Peatlands SPA and Ramsar site, 
is a peatland complex of 58,984 ha. It incorporates the Lewis Peatlands SAC as well four 
smaller SSSI, Achmore Bog, Little Loch Roag Valley Bog, Loch nan Eilean Valley Bog and 
Loch Scarrasdale Valley Bog (Table 11). The peatland complex is entirely owned by private 
estates, almost all of which operate under voluntary management agreements with SNH.  
 
The Lewis peatlands are probably the most extremely hyperoceanic of all blanket mires in 
Great Britain and constitute one of the largest and most intact known areas of blanket bog in 
the world. A diverse population of breeding waterfowl and waders, including nationally highly 
important (in many cases constituting >5% of the UK breeding population) populations of 
red-throated diver Gavia stellata, black-throated diver Gavia arctica, golden plover Pluvialis 
apricaria,  greenshank Tringa nebularia and dunlin Calidris alpina schinzi. The highest 
carbon storage areas are essentially represented by the delineation of the designated sites 
(Figure 28B). Unfortunately, much of the same area has peat erosion features, (Figure 28C, 
Lindsay and Freeman, 2008).  
 
Although muirburn was not identified as a feature within the LCS88 dataset for the Lewis 
peatlands, it is accepted that the grazing management on Lewis includes muirburn, and that 
there are also occasional fires that have been started accidentally by recreational users 
(Lindsay & Freeman, 2008; pers. comm. Mark MacDonald, SNH Stornoway). Old peat 
cuttings appear to be relatively frequent (Figure 28D).  
 
Small areas of the peatland resource to the south east and east of the major designated site 
have been converted to forestry (Figure 28E). Examples of these are the Erisort Trust 
(community managed) 625 hectare Aline Community Woodland plantation near Loch 
Seaforth to the south of the Lewis Peatlands designated site. In 2005, the Langavat 
catchment (Grimersta Estate) was designated as a Special Area of Conservation for Atlantic 
salmon under the EC Habitats Directive. The catchment includes the Loch nan Eilean Valley 
Bog Site of Special Scientific Interest (SSSI).  
 
Much of the area is covered by the Lewis Peatlands Special Area of Conservation and 
Special Protection Area. SNH’s Site Condition Monitoring programme classes the four SSSI 
areas within the Lewis peatlands as ‘Favourable, Maintained’ apart from Achmore Bog, 
which is classified as ‘Unfavourable Recovering’. Further information on the vegetation in the 
Lewis peatlands can be found in Averis et al. (2000). A more recent research report which 
utilised aerial data was published by Brown et al. (2007) and looked at the feasibility of using 
Landsat data for vegetation classification of the blanket bog resource of Lewis. While the 
older versions of Landsat data are probably insufficiently detailed to distinguish degraded 
and favourable areas of vegetation, there are now much more detailed aerial data available, 
albeit at a high cost (see also Section 4.2.3), that could be used to classify the wider areas 
outwith the SSSI. 
 
There were plans to develop a large area of the designated site for wind energy and there 
have also been proposals for the installation of infrastructure related to a wave energy 
project close by on Stornoway Trust land, some of which is on blanket bog close to the 
designated area (Figure 28G). The application for the large Lewis Wind Farm that was 
proposed for much of the Lewis Peatlands SPA/ Ramsar site was refused consent. There is 
only one wind farm currently in place, the 3-turbine Arnish Moor Wind Cluster, which is on 
blanket peat close to, but not on, designated land. There are further applications that have 
received consent, but have not yet been built, that are within the boundaries of the site (e.g. 
the Pentland Road Wind farm). Others that are still in the planning process and located very 
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close to the designated area are the Stornoway Wind Farm and the 
Feiriosbhal/Muaitheabhal Wind Farm (Eisgein/Eishken Estate), part of the latter having been 
consented but not yet been built. There has been a recent application for an extension to this 
scheme. Another wind farm application is at Pairc, which is located on non-designated 
blanket bog.  
 
Similar to the Shetland Islands, there seems to be scope for grazing control and erosion 
control on areas, with existing additional damage resulting from fire, ATV use or poor peat 
cutting practices. Land ownership and land management data are not very readily available 
(the Western Isles are not covered by the WhoOwnsScotland dataset), but large areas of 
Lewis are under crofting tenure (Figure 28F), and some areas are used for sports shooting. 
(Note: All maps shown in Figure 28 are reproduced at full size in Annex 4.2).  Much of the 
Lewis blanket bog resource shows great potential for restoration, however further 
assessment would need to be carried out to understand the potential trade-offs, especially 
given the large interest in using the land for renewable energy generation.  
 
Within the existing Western Isles Peatland Management Scheme, agreements have been 
made with owners and crofters to bring the blanket bog into favourable condition by adhering 
to a responsible muirburn regime, encouraging appropriate levels of grazing and 
encouraging responsible use of ATVs in sensitive areas. It is, however, interesting to note 
that sheep numbers in Lewis are only about half of those in the Shetland Islands (Figure 29, 
compared with Figure 27 in Section 8.1), although land covered by blanket bog is probably 
roughly similar in the areas investigated. Since 1982 there has been an overall reduction in 
grazing pressure of about 9% in terms of livestock units. Unlike Shetland, cattle numbers 
have more than doubled since 2000 (Figure 29), perhaps reflecting responses to agri-
environment schemes for the reintroduction of native breeds to rough grazings. This would 
be expected to benefit a wide range of biodiversity due to various impacts including the less 
selective grazing of cattle, which reduces the competitiveness of tussock species and 
bracken, allowing smaller species to establish, and the cattle dung which provides useful 
habitats for a wider range of insects that are then fed upon by birds. The density of livestock 
units may be differently distributed as the centre of the Ramsar peatlands is not inhabited 
and hence local knowledge on livestock distribution should be sought. 
  
Further provisions within the 5 year Peatland Management Scheme agreements are in 
relation to peat cutting and general land and water management. These agreements are 
underpinned by annual payments, which appear to add ca. £100,000 to the local economy (a 
minimum payment of £200 and a maximum of £4000 per agreement).  
 
Similar to the assessment of the restoration potential for Shetland, an on-the-ground 
assessment of the main mitigation requirements would have to be performed. However, it is 
likely that there is vast abatement potential in the Lewis peatlands through measures that 
allow for appropriate stocking levels, minimising the impacts of direct use of the land by peat 
cutting or access by ATV.  
 
Measures of success on the Lewis and North Harris peatlands could include a measureable 
reduction in erosion features, documented cessation of muirburn practices, and a detailed 
assessment of peat cutting practices as there appears to be scope to increase adherence to 
best practice guidelines. Similar to the Shetland Islands, grazing management should be 
monitored at individual field level. However, on the large expanse of the Lewis peatlands, 
fencing is often restricted to only the fields nearby road access and hence monitoring efforts 
on these larger expanses may require observation of stock movement across the blanket 
bog. 
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Figure 28. Compound maps of pressures and land ownership on Lewis. Top left (A) 
Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat (red > 
120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Middle left 
(C) Erosion features (LCS88), dark green – dominant, light green – subdominant. Middle 
right (D) Historic peat workings (LCS88). Bottom left (E) Forestry on Lewis. Bottom middle 
(F) Crofting Commission land with active IACS claims in green, without claims in yellow, and 
with active claims but not registering as CC land in blue. Bottom right (G) Wind farm 
developments and proposals. (See Annex A4.2 for larger maps). 
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Table 11. Designated sites on Lewis and North Harris on blanket bog 
Designation Site name Area 

(Ha) 
Condition Last 

assessed 
SNH 
Feature 
Name 

Ramsar Lewis Peatlands 58984 Unfavourable 
Recovering 

11/11/2004 Blanket bog 

SAC Lewis Peatlands 27945 Unfavourable 
Recovering 

11/11/2004 Blanket bog 

SAC North Harris 13131.7 Unfavourable 
Recovering 

14/04/2007 Blanket bog 

SSSI Achmore Bog 297 Unfavourable 
Recovering 

16/02/2004 Blanket bog 

SSSI Little Loch Roag 
Valley Bog 

21.2 Favourable 
Maintained 

19/10/2001 Blanket bog 

SSSI Loch nan Eilean 
Valley Bog 

32 Favourable 
Maintained 

24/08/2001 Blanket bog 

SSSI Loch 
Scarrasdale 
Valley Bog 

218 Favourable 
Maintained 

11/11/2004 Blanket bog 

 
 

 

 
Figure 29. Cattle (top) and Sheep (bottom) total number of animals (left axis, red line) and 
number of holdings (right axis, blue bars) between 1982 and 2010 in Lewis in parishes with 
large areas of blanket bog. 
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10.3 North Uist 

Much of North Uist is covered with blanket bog (Figure 30A). Of this resource, a central and 
a north-eastern area have site designations as Ramsar and SSSI. The Ramsar site in the 
north-east (Loch an Duin, Table 12) is a wetland complex of mudflat, sandflats and lagoons 
with their associated flora, connected by about 20% of peatland, and is designated for its 
productive breeding populations of both black-throated diver Gavia arctica and red-throated 
diver Gavia stellata – the latter being one of the highest-density populations in the UK. Other 
species include large numbers of nests of common tern Sterna hirundo hirundo. The area is 
also important for otter populations. The site is important for its geomorphology, as it is one 
of the best fjordic loch systems in the UK. The marine SAC (Loch nam Madadh) also 
includes some coastal sections of blanket bog (not shown in Table 12). 
 
The more central area (Figure 30A) has one designated SSSI/SAC, Mointeach Scadabhaigh 
(Table 12 below). About half of the existing area of the SSSI is within an area of high C 
density, and the rest also contains fairly large amounts of carbon. The blanket bog areas 
outwith the SSSI are of very high carbon density (Figure 30B) and are mostly designated 
crofting land (Figure 30F). The area seems to be mostly used for sheep and cattle grazing 
as well as low intensity angling. Within the LCS88 dataset, there are further attributes within 
North Uist for historic peat workings (Figure 30D), as well as a small area, mostly adjacent 
to, but also overlapping the blanket peat that is currently woodland (Figure 30E). A small 
proportion of the blanket bog also shows erosion features (Figure 30C), but there are no 
other pressures (e.g. wind farm developments, burning). The sites designated for peatland 
features also partially overlap with one or more of the marine SACs in this areas (Loch nam 
Madadh, North Uist Machair and Obain Loch Euphoirt. There appears to be no current 
application for wind farm development on North Uist. In fact, the nearest installed single wind 
turbine is located on Benbecula (Figure 30G). The detailed site report for the SNH Blanket 
Bog Inventory (Everingham and Reid, 1998) describes the Mointeach Scadabhaigh SSSI as 
being very Sphagnum-rich, and predominantly affected by erosion (affecting around 30% of 
the area, severe in some areas, in contrast with LCS88 figures in Figure 30C below) and 
heavy grazing. There was evidence of historic burning and peat cutting but these examples 
did not appear as recent pressures. Similarly, this report specifies the existence of only one 
drain on the SSSI. There are several notable species in this SSSI that indicate low levels of 
disturbance and/or capacity for active peat formation, such as Sphagnum fuscum, S. 
imbricatum, Rhynchospora alba, Schoenus nigrans and Carex limosa (Everingham and 
Reid, 1998). The West Highland Management Area Plan (SEPA, 2010) mentions the Loch 
Scadhavagh area as currently at poor ecological status due to point source pollution from 
aquaculture, but predicted to reach good ecological status by 2015. It would be useful to 
survey the condition of peat cuttings and current erosion/drainage features. Therefore, there 
appears to be definite scope to investigate this area further for potential restoration sites. In 
particular the relative lack of competing interests, combined with a relatively good quality of 
the blanket peat resource, seems to offer good starting conditions for management to focus 
on avoidance of disturbance, perhaps initially by reviewing if livestock numbers are 
biologically sustainable. Grazing numbers in the North Uist region have declined 
considerably over the last decades, in line with figures for the rest of Scotland (Figure 31). 
(Note: All maps shown in Figure 30 are reproduced at full size in Annex 4.3). 
 
Measures of success on North Uist could perhaps focus most closely on examining the fate 
of the historic peat cuttings and ensuring that these do not deteriorate further. Similarly, any 
habitat monitoring to ensure that grazing levels are within acceptable limits could be used as 
a good measure of avoidance of damage. 
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Figure 30. Compound maps of pressures and land ownership on North Uist Top left (A) 
Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat (red > 
120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Middle left 
(C) Erosion features (LCS88), dark green – dominant, light green – subdominant. Middle 
right (D) Historic peat workings (LCS88). Bottom left (E) Forestry on peat. Bottom middle (F) 
Crofting Commission land with active IACS claims in green, without claims in yellow, and 
with active claims but not registering as CC land in blue. Bottom right (G) Wind farm 
installations and proposals.  (See Annex A4.3 for larger maps). 
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Table 12. Designated sites in North Uist 
Designation Site name Area 

(Ha) 
Condition Last 

assessed 
Feature 
name 

Ramsar Loch an Duin 1954 Not designated for blanket bog 
SAC/SSSI Mointeach 

Scadabhaigh 
4153 Favourable 

maintained 
12/11/2004 Blanket 

bog 
 
 
 

 

 
Figure 31. Cattle (top) and Sheep (bottom) total number of animals (left axis, red line) and 
number of holdings (right axis, blue bars) between 1982 and 2010 in North Uist parishes with 
large areas of blanket bog. 
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10.4 Caithness & Sutherland  

The total area of peatland in this geographical area was estimated to once have been 
401,375 ha. Since the 1970s, about 67,000 ha of this area have either been afforested, or 
prepared for forestry (Stroud et al., 1987). Losses of up to 19% of the populations of golden 
plover, greenshank and dunlin in the Flow Country area were a result of the widespread and 
rapidly occurring afforestation of the peatlands. The Nature Conservancy Council (NCC) 
considered that this land use change represented “perhaps the most massive single loss of 
important wildlife habitat in Britain since the Second World War”. As a result, a substantial 
proportion of the extent of these peatlands was designated as Sites of Special Scientific 
Interest, then a Ramsar site and also classified under European Nature Directives as a 
Special Protection Area and Special Area of Conservation. The Caithness and Sutherland 
Peatlands Ramsar site, which encompasses the SPA, SAC and SSSI areas in Table 13 
below, is one of the largest and most intact areas of blanket bog in the world. The boundary 
of the SPA generally follows those of 39 peatland Sites of Special Scientific Interest (SSSIs) 
in Caithness and Sutherland. The more central SSSI of these are shown in Figure 32A. The 
Ramsar site supports around 7% of the UK’s breeding dunlin Calidris alpina schinzii 
population. It is also the most patterned area of blanket bog in the UK (including a wide 
variety of dystrophic lochs – dubh lochans) and supports a wide diversity of vegetation types, 
which includes nationally important higher and lower plant species. Three nationally rare 
moss species, Dicranum bergeri (= D. undulatum), Sphagnum lindbergii and S. majus, and 
four other nationally scarce moss species and sub-species are present. 
 
Bird diversity at this site includes nationally important populations of eight Annex I species 
identified by the EC as being of special priority for conservation: red-throated diver Gavia 
stellata (89 pairs, 10% of GB breeding population), black-throated diver Gavia arctica arctica 
(26 pairs, 15% of GB), hen harrier Circus cyaneus (14 pairs, 2% of GB), golden eagle Aquila 
chrysaetos (five pairs, 1% of GB), merlin Falco columbarius (four pairs, 4% of GB), golden 
plover Pluvialis apricaria apricaria (1064 pairs, 5% of GB), wood sandpiper Tringa glareola 
(one to five pairs, 10-40% of GB), and short-eared owl Asio flammeus (30 pairs, 2% of GB). 
Further important species include Eurasian teal Anas crecca (~100 pairs, 7% of GB), black 
(common) scoter Melanitta nigra nigra (~27 pairs, 30% of GB), Eurasian curlew Numenius 
arquata arquata (517 pairs, 2% of GB), common greenshank Tringa nebularia (256 pairs, 
~24% of GB), arctic skua Stercorarius parasiticus (39 territories, ~2% of GB) and 
internationally important breeding populations of North Scottish greylag goose (Anser anser 
30 pairs, 5% of total world population). Mammals include significant otter Lutra lutra 
populations. The insect fauna includes the nationally rare water beetle Oreodytes alpinus 
and the vulnerable azure hawker dragonfly Aeshna caerulea. 
 
The area contains some of the most significant carbon stores in the UK, and is comparable 
to the C stored in the Lewis peatlands (Figure 9, Figure 32B below). Unfortunately, at the 
last assessment round, a fair proportion of the SSSI was still in unfavourable condition 
(Table 13 below). Land management in Caithness and Sutherland is a mixture of 
considerable areas of forestry on peat (Figure 32C below) as well as agricultural and 
sporting use of the land (Figure 32G). Although substantial areas of forestry have been 
removed (see below), there are still areas of forestry remaining on deep peat (Figure 32C). 
Similarly, extensive areas of the carbon-rich peat in this area have been affected by peat 
cutting. In terms of research effort, the peatlands of Caithness and Sutherland have probably 
received more attention than any other area of peatland in Scotland. The review by Lindsay 
et al. (1988) summarised much of the data then available on the subjects of drainage, 
afforestation, peat extraction and burning practices. Peat cutting is mostly limited to easily 
accessed areas, with many of the historic cuttings being located in the vicinity of the straths. 
The data they accessed (the NCC surveys) suggest that only 5% of the area is affected by 
peat cutting and that only one commercial peat extraction business was still in operation. 
This ties quite closely with the LCS88 data (Figure 32 D). Muirburn data, however, show 
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very large differences. While the LCS88 dataset shows very little evidence of muirburn 
(Figure 32 E), Lindsay et al. (1988) summarised NCC data for muirburn practices and found 
more than half of the sites showing evidence of burning and additionally 10 % of sites with 
evidence of severe burning. Similarly, while the LCS88 data suggested very little in the way 
of erosion features (not shown in Figure 32, but data available in Annex 4.4), Lindsay et al. 
(1988) showed data suggesting widespread evidence of some (>40%) or abundant (14%) 
erosion. Headley (2006) assessed grazing in this area. Heavier grazing by sheep was 
observed in the margins of the designated area, but overall impacts of red deer grazing were 
low or moderate, with 10% of the areas in the high impact category. However, with 
increasing incidence of heather beetle, this situation may change. 
 
As one of the first of its kind in the UK to undertake large, landscape-scale habitat 
restoration, the LIFE Peatlands Partnership, comprising conservation bodies and 
government agencies, worked to restore peatland in Caithness and Sutherland. The LIFE 
project in the Caithness and Sutherland peatlands started in 1994 with a small scale pilot 
restoration project, and then included two phases of funding until December 2006.  A large 
area of peatland has now been restored, predominantly by a consortium consisting of the 
RSPB, Forest Enterprise and Forestry Commission Scotland (for felling) as well as Plantlife 
and SNH (grip blocking). As of 2007, the area where forestry was felled was 2,247 ha and 
an area of 14,919 ha was restored by blocking drainage channels (Wilkie, 2007). The areas 
where either or both of these types of interventions are applied are still increasing. RSPB 
now owns a reserve which occupies around 14,000 ha of the area in which most of the 
restoration activities have taken place and have produced an extensive review of the cost of 
the restoration works in Caithness and Sutherland. The felling costs were £1,011,458 to 
restore 2,242 ha of afforested blanket bog. The cost equates to £656/ha, incorporating 
differences in e.g. access/maturity. Hill drain blocking was a much less costly technique at 
£103,978 for 16,654 ha of drained blanket peat. However, economy of scale applied here 
and these data should not be re-calculated as a blanket per hectare cost as drain spacings 
varied considerably amongst the restored areas. 
 
A very comprehensive example of the various socio-economic and environmental benefits 
and tradeoffs that different management options can provide is the Land Use Review 
prepared for the 1st phase of the LIFE project that ran from 1994-1998 (Aigas Associates, 
2002). Stag deer stalking (August-October, for paying guests) and fly fishing are recreational 
activities in the area. The Land Use Review puts the figures for these at ca. 15,000 salmon 
and grilse caught and released and around 5000 deer taken for the entirety of Caithness and 
Sutherland, with a minimum financial income from these at £819,000 per annum. In contrast, 
the income from rough grazing and other agricultural activities was in the order of £3.6 
million for the area. Similarly, income in relation to forestry combined (grants and public 
sector income from timber) was in the same order as agricultural income. More and more of 
this is attributable to new community woodland schemes rather than traditional public and 
private sector planting efforts.  At the time of report writing of the Aigas (2002) report, there 
was very significant income in the order of £920,000 for conservation management. More 
than half of this fund at this time was related to EU Life funding. Wilkie (2007) showed that 
more than 96% of the EU funding (eventually >£1 million) was directly used in the local 
economy for either job creation or to sustain existing local employment. Other sources of 
grant aid will have come from the Natural Care scheme (now closed). 
 
Caithness has experienced intense interest from wind farm developers in recent years. 
There are currently 18 wind farm developments approved or considered: six  developments 
are operational (totalling 48 turbines), a further six have been approved  but not yet built 
(amongst which one is an extension to the existing Causeymire scheme) and 13 are either 
submitted but not yet determined or at  scoping opinion stage (Figure 32 F). (Note: All maps 
shown in Figure 32 are reproduced at full size in Annex 4.4). 
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The high value of the carbon stores and biological diversity would warrant continuation and 
expansion of the ongoing restoration efforts through grip blocking and felling of plantation 
forestry. The main benefits of restoration programmes in Caithness and Sutherland would 
still remain in removal of plantations on deep peat and restoration of associated areas that 
have been drained in preparation for afforestation. The site assessment (Section 11.4) 
affirms that this is the focus of peatland management in this region. Further efforts to 
increase the carbon sequestration and biodiversity value of the Caithness and Sutherland 
peatlands would need to address erosion, burning and potential grazing effects. There are 
significant areas of common land on the blanket peat resource (Figure 32 G), while large 
expanses of Caithness and Sutherland are also sporting estates (Figure 23, section 5.6) with 
their potential concomitant management impacts. The Management Strategy for the 
Peatlands of Caithness and Sutherland (2005-2015) (SNH, 2005) recognises the 
requirement to balance the sensitivity of this environment to overgrazing and trampling with 
the need for local employment and points out both the need to implement good practice and 
further research requirements within it. Although livestock densities appear to be lower than 
in Shetland and the Western Isles (Figure 33), as elsewhere, grazing prescriptions need 
their own localised studies. However, the recent developments in renewable energy 
generation threaten to impact on restoration efforts and opportunities in this area and require 
open discussion to include such proposals into the management plan for this area. 
 
Measures of success would be relatively easily implemented at both the level of carbon and 
biodiversity benefits. Due to the large coverage of designated areas, the Common Standards 
Monitoring Programme will highlight improvements to biodiversity. Given the large areal 
extent of designated areas across the peatlands that contain the highest carbon content 
(Figure 32 B) and current biodiversity value, it would seem that one acceptable measure of 
success would be to maintain favourable status in those areas that are currently already in 
such status. For SSSI areas where current condition is not favourable, regaining such status 
would be a good measure of success. This would apply to only some of the peatlands 
though, as, for example, the currently unfavourable status at A’Mhoine SSSI is largely due to 
an uncontrolled large fire, although erosion management may also be beneficial. Most areas 
currently in unfavourable condition have been assessed for future management options by 
SNH, who concluded that grazing management could be reviewed to aid the regeneration of 
the peatlands. 
 
At present, there is little in the way of formal monitoring of losses of carbon, other than 
through academic efforts. There is a flux monitoring programme in place at an undisturbed 
site (Pete Levy, CEH Edinburgh, pers. comm.) within the Forsinard Flows NNR, and there 
are similarly ongoing measurements of dissolved organic carbon losses to the river 
(Francois Mulder, ERI Thurso, pers. comm.). Ongoing PhD programmes are focusing on the 
GHG fluxes from restored areas, however there are no formal research outputs from this 
work to date. There are plans to expand the research efforts in the Flow Country, through 
the Flow Country Research Hub, from 2013 onwards. 
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Table 13. Designated blanket bog sites in the Caithness and Sutherland area 
 Design. Name Area 

(ha) 
Condition Date 

Assessed 
SAC 
Incorp: 

Caithness and 
Sutherland 
Peatlands 

143,572 Unfavourable Declining 26/07/2010

SSSI A’Mhoine 5994 Unfavourable Declining 15/06/2011
SSSI Bad na Gallaig 4725 Unfavourable Recovering 16/06/2006
SSSI Badanloch Bogs 391 Unfavourable No change 14/05/2008
SSSI Ben Griams 7538 Unfavourable Declining 13/11/2008
SSSI Ben Hutig 2695 Favourable Maintained 18/11/2005
SSSI Ben Loyal 4340 Unfavourable No change  09/07/2010
SSSI Blar nam Faoileag 2875 Unfavourable Declining 27/03/2007
SSSI Cnoc an Alaskie 3665 Favourable Maintained 17/06/2002
SSSI Coir’ an Eoin 2555 Unfavourable Recovering 31/03/2009
SSSI Coire na Beinne 

Mires 
3512 Unfavourable Declining 09/05/2006

SSSI Druim na Coibe 1140 Unfavourable Declining 20/07/2010
SSSI Druim nam Bad 3125 Favourable Maintained 28/05/2003
SSSI Dunbeath Peatlands 6431 Unfavourable Declining 22/06/2005
SSSI East Halladale 8271 Favourable Maintained 05/07/2007
SSSI Forsinard Bogs 961 Favourable Maintained 06/07/2007
SSSI Grudie Peatlands 4786 Favourable Maintained 12/06/2002
SSSI Knockfin Heights 5175 Favourable Maintained 21/07/2005
SSSI Loch Caluim Flows 6225 Unfavourable Declining 06/09/2007
SSSI Loch Meadie 

Peatlands 
6214 Unfavourable Declining 21/06/2011

SSSI Lochan Buidhe 
Mires 

4130 Unfavourable Recovering 21/06/2006

SSSI Lon a' Chuil 3728 Favourable Maintained 05/07/2006
SSSI Mallart 572 Favourable Maintained 01/08/2000
SSSI Moss of Killimster 183 Favourable Maintained 12/08/2008
SSSI Oliclett 767 Unfavourable Recovering 22/08/2006
SSSI Rumsdale Peatlands 6155 Favourable Maintained 10/07/2007
SSSI Shielton Peatlands 5593 Favourable Maintained 13/06/2007
SSSI Skelpick Peatlands 2047 Favourable Maintained 04/07/2006
SSSI Skinsdale Peatlands 7069 Unfavourable Declining 14/07/2011
SSSI Sletill Peatlands 2185 Favourable Maintained 16/08/1999
SSSI Strath an Loin 2344 Favourable Maintained 05/08/2004
SSSI Strath Duchally 1614 Favourable Maintained 06/05/2009
SSSI Strathmore 

Peatlands 
7257 Favourable Maintained 16/05/2002

SSSI Strathy Bogs 1255 Favourable Maintained 07/03/2007
SSSI Stroupster 

Peatlands 
2795 Favourable Maintained 26/07/2001

SSSI Syre Peatlands 3177 Favourable Maintained 16/06/2006
SSSI Truderscaig 1072 Favourable Declining 28/05/2009
SSSI West Borgie 2208 Favourable Maintained 12/05/2003
SSSI West Halladale 8720 Favourable Maintained 06/03/2002
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Figure 32. Compound maps of pressures and land ownership in Caithness and Sutherland 
Top left (A) Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket 
peat (red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). 
Middle left (C) Forestry on blanket peat.  Middle centre (D) Historic peat workings (LCS88). 
Middle right (E) Muirburn features (LCS88). Bottom left (F) Wind farm proposals and 
developments. Bottom right (G) Crofting Commission land with active IACS claims in green, 
without claims in yellow, and with active claims but not registering as CC land in blue.  (See 
Annex A4.4 for larger maps). 
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Figure 33. Cattle (top) and Sheep (bottom) total number of animals (left axis, red line) and 
number of holdings (right axis, blue bars) between 1982 and 2010 in Caithness and 
Sutherland parishes with large areas of blanket bog. 
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10.5 Monadhliath 

Data were much less readily available for this area than any of the other candidate priority 
areas. The Monadhliath area contains a large SAC/SSSI, designated for its blanket bog 
habitat (10,671 ha, Figure 34 A). Part of the Monadhliath SAC/SSSI lies within the 
Cairngorms National Park (CNP), hence some further information is presented as part of the 
section for the CNP (8.6). The SNH site condition monitoring report for the Monadhliath 
gives two classes of assessment, with the upland assemblage as ‘Favourable Maintained’ 
yet the blanket bog feature as ‘Unfavourable No change’ (last assessed 2004). Carbon 
content of the peat, although not as large as Shetland, Lewis, or the Caithness and 
Sutherland peatlands, is still very considerable given the continuity of the peat expanse 
(Figure 34 B). There are considerable areas of continuous blanket bog as well as semi-
confined peat (Figure 3, Section 4.1). Unfortunately, erosion appears to affect a large 
proportion of this area, with much of it documented as severe erosion (Cummins et al., 2011, 
Figure 34 C). (Larger versions of the maps in Figure 34 can be found in Annex A.5.5). 
Pockets of forestry are located throughout the wider area (Figure 34 D). The Monadhliath 
has been greatly affected by overgrazing and trampling. A recent report (Dayton, 2006) 
came to the conclusion that most of the heavy damage to the high plateau was due to the 
high deer grazing pressure, although some of the evidence was circumstantial and did not 
show cause and effect. The deer may be preventing erosion recovery and initiate spread of 
peat hagging, potentially due to the heavy pressure on the high plateau that their feeding 
habit creates. The report mentions the increase of heather beetle outbreaks as a potential 
mechanism that may force herds to congregate into more defined areas.  
 
Similarly, the results of natural erosion forces, such as peat hagging, may be conducive to 
deer behaviour (notably sheltering and wallowing) that subsequently encourages further 
degradation. However, a recent report by Cummins et al. (2011) found no statistical 
evidence for deer causing erosion in the Monadhliath or any of their other more detailed 
study areas, neither did national patterns indicate such a correlation. The only consistent 
driver identified was climate. In 2005, DCS/SNH commissioned an experiment at three sites, 
including the Monadhliath SSSI, using fenced plots to isolate the impacts of herbivores on 
blanket bog.  After  3-4  years, the overall conclusion was that there is very little evidence to 
suggest that the removal of grazing and trampling by large herbivores has led to the re-
vegetation of eroded blanket peat or prevented the further erosion of blanket bog at these 
three sites (Hewison et al., 2010). In addition, the Monadhliath has been anecdotally 
reported to have received increased visitor numbers in recent years, all of which may be 
contributing to erosion.  There appear to be no historic peat workings in the area (Annex 
4.5). Land management in the area is driven by large sporting estates (Figure 23) with some 
smaller areas of crofting land as well as patches of forestry (Figures 34 D and G). Muirburn 
is widely established as a grouse management tool (Figure 34 E). There are wind farm 
proposals for a 105 MW wind factory above Kincraig; the Allt Duinne Wind Power Station, 
comprising 35 turbines. The Corriegarth development for 20 turbines is also still to be 
determined. The approved Dunmaglass proposal for 33 turbines is located to the north west 
of this proposal. Directly to the north of the Allt Duinne scheme, there is an existing wind 
farm consisting of 40 turbines at the Farr scheme. In addition, there is the proposed 
Stronelairg Wind Farm. In the Monadhliath area, the increasing pressure from wind farm 
developments as well as the poor quality of the peatland resource would seem to be an ideal 
combination to develop partnerships to restore areas with severe erosion issues. It would 
also be advisable to review livestock numbers.  At present, a project to review the deer 
numbers as well as distribution within the Monadhliath SAC has been put to tender by SNH. 
Although this area may not be a candidate for producing high carbon and biodiversity 
benefits within a very short timeframe after any restoration efforts, it would seem a prime 
candidate for carbon loss mitigation, through erosion control and revegetation efforts. 
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Figure 34.  Compound maps of pressures and land ownership in the Monadhliath. Top left 
(A) Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat 
(red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Middle 
left (C) Erosion features (mostly dominant type). Middle centre (D) Forestry on blanket peat. 
Middle right (E) Muirburn features (LCS88). Bottom left F) Wind farm proposals and 
developments. Bottom right (G) Crofting Commission land with active IACS claims in green, 
without claims in yellow, and with active claims but not registering as CC land in blue.  (See 
Annex A4.5 for larger maps). 
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10.6 Cairngorms National Park 

Cairngorms National Park (CNP) was established on the 1st of September 2003 following 
the introduction of the National Parks (Scotland) Act 2000. The area that now delineates the 
National Park Boundary, at 452,800 ha the largest National Park in the UK, contains a large 
number of designated areas. A total of 39% of the Park area is designated as SSSI, SAC 
and/or Ramsar sites (Figure 35 A, Table 14). Many of the SACs have blanket bog areas 
within them but their designations may be primarily for habitats containing soil types other 
than blanket peat, which in some cases are very rare (e.g. serpentine soil) in Scotland. The 
blanket bogs within the CNP are primarily located in the Monadhliath, the Drumochter and 
Ladder Hills, the hills of Angus and sections of Deeside. The blanket bog resource within the 
Cairngorms National Park is not as carbon rich as other priority areas. In total, the Park 
contains 82 million tonnes of soil carbon. The blanket bog part of this is mostly contained 
within the Monadhliath, the Ladder Hills, Glen Callater and the undesignated blanket bog 
area near Blair Atholl (Figure 35 B). Unfortunately, many of these areas are also known to 
show erosion features (Figure 35 C), in some cases severe (see Section 10.5 for the whole 
of the Monadhliath and Section 4.2.1 for detailed erosion assessment, which included also 
the Ladder Hills, Cummins et al., 2011). Muirburn practices are a well established grouse 
management practice in the Cairngorms (Figure 35 D) as there is a substantial number of 
sporting estates (Figure 23).  
 
Pockets of woodlands and forestry are scattered throughout the CNP (Figure 35 E). Many of 
these areas in the figure will relate to native, Caledonian pine, forest as well as native birch 
forests and aspen stands. There are also ancient plantations including oak woodlands. 
There is, however, a significant amount of plantation within the CNP, although it has not 
been possible within this project to identify the discrete areas that such plantations occupy 
due to time constraints. An estimate of the area would be ~20,000 hectares, based on the 
figures given in the CNP State of the Park Report (Chapter 2, Natural Resources). The 
Cairngorms also hold the largest extent of ancient bog woodland in Scotland. Any peatland 
restoration efforts to reverse afforestation will therefore need to be carefully balanced with 
the aims to restore and diversify native pine and birch woodlands as well as montane 
habitats within the CNP. Similarly, the Park Management Plan also aims to protect a wide 
range of mammals, invertebrates and bird species that have very different habitat 
requirements; for example, the iconic wild cat Felis sylvestris, and otter Lutra lutra. 
Invertebrates that have warranted designation include whorl snails Vertigo genesii and 
geyeri (Ballochbuie SAC). In short, the diversity of habitats and competing conservation 
interests would necessitate extensive consultation with the Park Authority and stakeholders 
before determining which areas to restore. 
 
Some areas remain crofting land, mostly along the northern and western fringes of the park 
(Figure 35 F). Horsfield (2009) and colleagues investigated grazing impacts within the 
Cairngorms core area and found mostly low to moderate impacts on the blanket bog, but 
with heavy or moderate to heavy impacts in upper Deeside to the Geldie Burn, on Mòine 
Bhealaidh at high altitude and in the area to the north of Blair Atholl (which is an area of 
significant carbon density, Figure 35 B). Due to the protection placed on CNP itself, there are 
no proposals for wind farms within the CNP (Annex 4 .6), although permission has been 
sought for a single 27 m turbine to supply energy for private homes and farms (Figure 35G). 
There are, however, a number of large scale proposals that are in the application or scoping 
process that directly abut the National Park. There have been considerable concerns raised 
over these, including by the CNP Authority, in terms of likely impact on raptor numbers, 
especially golden eagle (see also Monadhliath section).  
 
The management plan (2007-2012) (CNPA 2007) specifically mentions the need to prevent 
degradation and erosion of the peat soils within the CNP through measures to control public 
access and livestock distribution as well as reviewing current muirburn and drainage 
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practices within the Local Plan. The Carbon Footprint for the CNP (Marshall, 2008) suggests 
that substantial carbon savings could be made from addressing the erosion issues, in 
particular within the large eroded areas in the southwest and central to northern part of the 
CNP (Figure C) as the soil emissions as a whole contributed to 8% of the Park’s net 
emissions. These areas also fall into the category of ‘high wildness value’ as assessed by 
the CNP under the new Supplementary Planning Guidance (SPG, in the Consultation 
Process, CNPA 2011a). The recommendation for these areas is that: ‘Restoration of natural 
vegetation and habitats should be a high priority’ (CNPA 2011a). New peat extraction in the 
CNP has been banned and there is guidance to avoid or minimise adverse impacts on the 
hydrology, peat stability and the generation of waste peat under the new Supplementary 
Planning Guidance (CNPA 2011 b). Taking action to control erosion and avoid drainage of 
peatlands, through restorative measures where possible is also part of the Carbon 
Emissions SPG. From both a biodiversity and carbon perspective, the main areas of interest 
for blanket bog management reviews would be the Monadhliath (see previous section), the 
Ladder Hills, Glen Callater and the area south of it, and the undesignated blanket bog area 
near Blair Atholl. There should, therefore, be a significant opportunity to discuss options for 
restorative measures in these areas with the relevant stakeholders.  Another advantage of 
the CNP is that there are several meteorological stations as well as the Environmental 
Change Network site in the Allt a' Mharcaidh catchment, which records climatic, pollutant 
and management data as well as biological, physical and chemical responses. Hence, 
restoration efforts within the CNP would be invaluable for research efforts to investigate the 
likely future responses of blanket peat development under climatic change as well as 
different management interventions.  Within the CNP, there have been two demonstration 
moors, Blairfindy Moor on Glenlivet Estate, Moray, and Balnaboth Moor in Glen Prosen, 
Angus, that were established as part of the Cairngorms Moorlands Project (2003-2006). The 
management of the demonstration moors aimed to apply best practice grouse moor and 
agricultural management to aid moorland biodiversity and landscape quality and both 
baseline and final-year ecological surveys for these sites are available. The multiple 
demands of this area in terms of carbon and biodiversity targets suggest that a first strategy 
may need to be a review of livestock densities and muirburn practices. Certainly in the areas 
visited for this review, the Ladder Hills and Balnaboth Moor in Glen Prosen, both appear to 
be major factors in the current condition of those areas of blanket bog (Section 11.1.1 and 
11.1.2.). 
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Table 14. Designated sites in the Cairngorms National Park, restricted to those with specific 
blanket bog component 
 

* Now designated for vascular plant assemblage. $ now reclassified as dry heath 

Designation Name Area 
(ha) 

SNH Feature 
Name 

Condition Date 
Assessed 

SSSI Glen Callater 1577 Blanket bog Unfavourable 
Declining 

05/07/2011

SAC/SSSI Ladder Hills 4240 Blanket bog Favourable 
Maintained 

03/09/1999

SAC/SSSI Monadhliath 10696 Blanket bog Unfavourable 
No change 

03/11/2004

SSSI Beinn a' Ghlo 7933 Upland 
assemblage 

Unfavourable 
No change 

19/08/2004

SSSI Garbh Choire 229 Upland 
assemblage 

Unfavourable 
No change 

17/08/2004

SSSI Glas 
Tulaichean* 

460 Upland 
assemblage 

Favourable 
Maintained 

31/07/2005

SSSI Glen Ey Gorge$ 41 Upland 
assemblage 

Favourable 
Maintained 

12/09/2002

SSSI Northern 
Corries, 
Cairngorms 

1966 Upland 
assemblage 

Favourable 
Maintained 

03/04/2007

SAC Ballochbuie 1882 Blanket bog Unfavourable 
No Change 

05/05/2006

SAC Caenlochan 5204 Blanket bog Unfavourable 
No change 

16/07/2006

SAC Cairngorms 57683 Blanket bog Unfavourable 
No change 

03/04/2007

SAC/SSSI Creag 
Meagaidh 

6145 Blanket bog 
 
Upland 
assemblage 

Unfavourable 
No change 
Favourable 
Maintained 

30/09/2005

20/07/2004

SAC Drumochter 
Hills 

9446 Blanket bog Unfavourable 
No change 

06/07/2006

SAC Glen Tanar 4180 Blanket bog Favourable 
Maintained 

31/10/2003
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Figure 35.  Compound maps of pressures and land ownership in the Cairngorms National 
Park. Top left (A) Designated areas on blanket bog. Top right (B) Amount of carbon in the 
blanket peat (red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt 
km-2). Middle left (C) Erosion features (mostly dominant type). Middle right (D) Muirburn 
features (LCS88). Bottom left (E) Forestry on blanket peat. Bottom middle (F) Crofting 
Commission land with active IACS claims in green, without claims in yellow, and with active 
claims but not registering as CC land in blue. Bottom right (G) Wind farm proposals (single 
turbine at pre-application within CNP).  (See Annex A4.6 for larger maps). 
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10.7 Orkney 

Orkney has probably the highest proportion of its blanket bog resource under designation 
compared to any of the other priority areas in Scotland (Figure 36 A, larger scale maps in 
Annex 5.7), despite the nature of the blanket peat in Orkney being naturally more dispersed 
than in other areas. Blanket bogs in Orkney are prime hen harrier habitat and much 
management work has been carried out to improve their condition (Palmer, 2006). With the 
exception of the Rousay bogs (Table 15), which is in unfavourable condition, and the 
Keelylang Hill and Swartabeck Burn SSSI (Unfavourable, Recovering), most of the 
designated areas are in favourable condition.  
 
The highest carbon densities can be found in the blanket peat areas of Hoy and Rousay with 
further significant C densities on Eday as well as south Mainland (Figure 36 B). The north-
central part of Orkney Mainland is a large expanse of moderately high carbon content 
blanket peat.  Unfortunately, much of the peat resource in Orkney has been subject to 
extensive peat cutting (Figure 36 D), with an estimated 53% of the peatland area affected 
(MacDonald, 1992). It is known that many of these areas are still being cut today, or have 
been so extensively affected that the surface vegetation is more representative of drier heath 
types than blanket bog (e.g. Orphir and Stenness). 
 
Some of the blanket bog areas are under crofting tenancy (Figure 36 C). Management 
reviews on the Mainland Moors have included recommendations to reduce stocking levels in 
adjacent farm land to increase the available area of rough grassland as feeding habitats for 
raptors through increasing vole numbers (Palmer, 2006). The Orkney Hen Harrier and 
Orkney Moorland Natural Care schemes also stipulated a number of management measures 
that may benefit the overall condition of the blanket bogs.  Similarly, active restoration works 
have been carried out at the Hobbister RSPB reserve, where peat was previously 
commercially extracted and the area left devoid of any vegetation for over 30 years. 
Restoration was carried out using either grass or heather-based reseeding treatments with 
or without stabilisation with geojute. After 3 years, a large proportion of the experimental 
areas were showing >80% vascular plant coverage, although bryophyte species would 
probably take longer to re-establish (Robertson, 2010).   
 
Wind farms and other renewable energy generation schemes in Orkney thus far seem to 
have been small scale, with the largest farms consisting of five turbines at the long 
established Bulgar Hill site (NE Mainland), and equally at the recent Hammars Hill site. The 
Birsay Moors single wind turbine is located within a RSPB reserve. No forestry has been 
planted on the Orkney blanket bogs and there are only very minor signs of erosion in a small 
part of the large peatland area in the northeastern part of Orkney mainland (data in Annex 
A4.7). 
  
It seems that there may be considerable scope to review blanket bog management in the 
Orkney Islands, and that restoration efforts concentrated on areas of high carbon density 
could have a relatively low cost due to the fairly low pressures on the blanket peat resource 
as a whole. However, the extent and current activity of peat cuttings (e.g. whether good 
practice guidelines are adhered to) would have to be reviewed in more detail and their likely 
effect assessed. Perhaps the whisky industry may offer partnership opportunities in this 
respect, akin to Islay (see Section 10.10). Similarly, the effectiveness of moorland 
management schemes in this area should be reviewed to assess if stocking densities are 
ecologically sustainable. 
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Table 15. Designated sites in the Orkney Isles 
Designation Name Area 

(ha) 
SNH Feature Condition Date 

Assessed 
SSSI/SAC Hoy 9500 Blanket bog Favourable 

Maintained 
12/09/2008

SSSI Keelylang Hill and 
Swartabeck Burn 

926 Upland 
assemblage 

No current data

SSSI Rousay 2310 Blanket bog Unfavourable 
No change 

08/07/2004

SSSI West Mainland 
Moorlands 

3310 Blanket bog Favourable 
Maintained 

03/12/2004

SSSI Hoy 9500 Upland 
assemblage 

Favourable 
Maintained 

14/08/2004

SSSI Orphir and 
Stenness Hills 

890 Upland 
assemblage 

Favourable 
Maintained 

18/08/2006

SSSI West Mainland 
Moorlands 

3310 Upland 
assemblage 

Favourable 
Maintained 

03/12/2004
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Figure 36.  Compound maps of pressures and land ownership in the Orkney Isles. Top left 
(A) Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat 
(red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). 

Bottom left (C) Crofting Commission land with active IACS claims in green, without claims in 
yellow, and with active claims but not registering as CC land in blue. Bottom right (D) Historic 
peat cuttings. (See Annex A4.7 for larger maps). 
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10.8 Cape Wrath 

The Cape Wrath section contains two SSSI areas and one SAC (Figure 37 A; Table 16).  
The blanket bog in both SSSIs is in unfavourable condition. The Foinaven SSSI blanket bog 
monitoring showed that typical blanket bog species were lacking and there was a large 
proportion of disturbed or bare peat. The upland section of this SSSI, although in favourable 
condition at the last assessment, was regarded as under increasing deer pressure on some 
of the habitats and should be reviewed. An area of blanket bog and upland habitat in the 
northwest of the site has been entered into SNH’s Peatland Management Scheme. The 
Foinaven management advice also included a recommendation to block drains in the SSSI. 
Parts of the Southern Parphe SSSI are part of the John Muir trust-owned Sandwood Estate. 
Management plans for this area are currently undergoing review. 
 
As a whole, this area does not contain large, contiguous, areas of blanket bog of significant 
carbon density (Figure 37 B, larger scale maps can be found in Annex 4.8) and much of the 
resource appears to show erosion features (Figure 37 C). Although the level of erosion 
severity is not known, there is anecdotal evidence of widespread erosion within the Foinaven 
area. An assessment of grazing impacts on the Foinaven SSSI was generally optimistic 
about the level of impact of trampling and grazing, mostly by deer (Dayton and O’Hanrahan, 
2011). As a result of a recent Habitat Impact Assessment on Foinaven, a series of 
discussions have been held, and arrangements made, between SNH and individual estate 
owners, to increase culls.  There are some old peat cuttings in the area, mostly to the south 
of Durness and around Oldshoremore (not shown), yet the extent of these and whether they 
are still being cut is not known. There was a scoping study for a two turbine wind farm just 
south of Durness, but no forest plantations are in place in the carbon-richer areas (Figure 37 
E) The most carbon-dense central section is predominantly crofting land (Figure 37 D), and 
without traditional sporting estates (Figure 23).  It appears that there may be some limited 
scope for blanket bog restoration in this area, predominantly in the central, mostly non-
designated, area. However, very little information could be readily obtained that would aid an 
assessment of the most urgent restoration requirements. As the area outwith designated 
sites is not very highly ranking, efforts could initially focus on avoidance of loss of carbon or 
biodiversity. 
 
Table 16. Designated sites in the Cape Wrath area 
Designation Name Area 

(ha) 
SNH Feature Condition Date 

assessed 
SSSI/ SAC Foinaven 14905 Blanket bog Unfavourable No 

change 
25/08/2010

SSSI Southern 
Parphe 

5314 Blanket bog Unfavourable No 
change 

23/09/2008

SSSI Foinaven 14905 Upland 
assemblage 

Favourable 
Maintained 

26/10/2004
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Figure 37.  Compound maps of pressures and land ownership in the Cape Wrath area. Top 
left (A) Designated areas on blanket bog. Top middle (B) Amount of carbon in the blanket 
peat (red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). 
Top right (C) Erosion features (mostly dominant type). Bottom left (D) Crofting Commission 
land with active IACS claims in green, without claims in yellow, and with active claims but not 
registering as CC land in blue. Bottom right (E) Forestry on blanket peat.  (See Annex A4.8 
for larger maps). 
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10.9 Trotternish 

The Trotternish peninsula on Skye, with land cover in the blanket bog category (Figure 38 
A), has only one designated site, the Trotternish Ridge (Storr to Quirang) SSSI. This 3696 
ha site is primarily designated for its geological features. The biological features of this site 
were classified as upland assemblage rather than blanket bog and were found in favourable, 
maintained, condition at the last assessment in 2003. Carbon density in this area is generally 
in the lower categories (Figure 38 B), due to the relatively thin soil. The exception is the far 
northern corner of the peninsula, which has a more significant peat deposit. A substantial 
section of this area shows erosion features (Figure 38 C), but the extent of this on the 
ground is unknown. There have been no commercial plantations (Figure 38 D) and historic 
peat cuttings are confined to the far north of the peninsula. It is not known if these are still in 
use. There appears to be no current pressure from wind farm development on the peninsula 
(Figure 38 E), although a wind farm (Edinbane) is already in existence in the Dunvegan part 
of Skye. There is no information on land ownership in the Wightman database (Figure 23), 
but almost the entire area is covered by crofting tenancies (Figure 38 G). 
 
Due to the relatively low carbon density of the blanket bog and the lack of information of its 
biodiversity values, it is not possible to provide ready recommendations for this area in 
relation to its suitability for blanket bog restoration. 
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Figure 38.  Compound maps of pressures and land ownership in the Trotternish area. Top 
left (A) Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat 
(red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Middle 
left (C) Erosion features (mostly dominant type). Middle centre (D) Forestry on blanket peat. 
Middle right (E) Peat cuttings (LCS88). Bottom left (F) Wind farm developments. Bottom right 
(G) Crofting Commission land with active IACS claims in green, without claims in yellow, and 
with active claims but not registering as CC land in blue. (See Annex A4.9 for larger maps). 
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10.10     Islay   

The blanket bogs of Islay are particularly varied in that several show interesting transitions 
from hyperoceanic blanket to raised mire types (Lindsay et al., 1983). Not much of the area 
is under designation, with many of the designated areas concentrating in the north and 
northwest of the island (Figure 39 A). The designations are predominantly to protect the 
large population of whooper swan Cygnus cygnus and Greenland white-fronted goose Anser 
albifrons as well as barnacle goose Branta leucopsis. The sites also support nationally-
important numbers of breeding chough Pyrrhocorax pyrrhocorax, a rare member of the crow 
family. In addition, the wider area supports important populations of corncrake Crex crex and 
hen harrier Circus cyaneus. Most of the SSSIs are in favourable condition; with the 
exception of the Rinns of Islay blanket bog and the Eilean na Muice Duibhe (Table 17). The 
majority of the designated areas, with the exception of Laggan Peninsula and Bay, are not 
on the most carbon-rich blanket peats (Figure 39 B). Hence, it appears that there would be 
considerable scope to review the central blanket bogs of Islay for their current condition. 
There are substantial blocks of forestry on Islay (Figure 39 C), some of which appear on 
GoogleEarth (not shown) to be commercial plantations, especially on the more carbon-rich 
areas in the central part of Islay. Only a single polygon was affected by erosion at the LCS88 
time of survey (Figure 39 D), although this would require some ground truthing. Peat cutting, 
for the local distillery industry as well as personal use, has been widespread on Islay (Figure 
39 E).   

The Eilean na Muice Duibhe SSSI is part of an area that had been threatened by renewed 
peat extraction for the local distillery industry. Current management here is limited to 
rhododendron control. As well as birdlife, many SSSIs also have features in common that 
are included in their designations as SAC, such as depressions with abundant white-beaked 
sedge Rhynchospora alba - one of the food plants of Greenland white-fronted geese. The 
Feur Lochain - Moine nam Faoileann site has been drained to some extent and heavy 
grazing has affected some parts of the site. Domestic peat cutting, muirburn and natural fires 
have lowered the water table in some areas (SNH Site Management statement for Feur 
Lochain – Moine nam Faoileann, SiteLink, Last reviewed 22/09/2010). Management 
agreements were in place from 1990 to 2006 in some areas restricting grazing, muirburn, 
drainage and peat cutting but most have now lapsed. In summary, there appears to be 
substantial potential on Islay in relation to a large peatland resource with relatively low 
current pressures. Further information would need to be sought to establish whether any 
major restoration efforts would be required, beyond the current level of rhododendron 
control, perhaps focusing on the forestry blocks in central Islay. 

Table 17. Designated sites on Islay 
Designation Name Area 

(ha) 
SNH 
Feature 

Condition Date 
Assessed 

SSSI/SAC/Ramsar Eilean na Muice 
Duibhe 

574 Blanket 
bog 

Unfavourable 
Declining 

20/11/2007

SSSI/SAC Feur Lochain - 
Moine nam 
Faoileann 

384 Blanket 
bog 

Favourable 
Maintained 

08/06/2006

SSSI/SAC Glac na Criche 265 Blanket 
bog 

Favourable 
Maintained 

01/11/2005

SSSI/Ramsar Gruinart Flats 3261 Blanket 
bog 

Favourable 
Maintained 

02/11/2005

SSSI Laggan Peninsula 
and Bay 

1270 Blanket 
bog 

Favourable 
Maintained 

04/09/2007

SSSI/SAC/Ramsar Rinns of Islay 8312 Blanket 
bog 

Unfavourable 
No change 

04/11/2005
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Figure 39.  Compound maps of pressures on Islay. Top left (A) Designated areas on blanket 
bog. Top centre (B) Amount of carbon in the blanket peat (red > 120 kt km-2; yellow 60-120 
kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Top right (C) Forestry on blanket peat. 
Bottom left (D) Erosion features (mostly dominant type). Bottom right (E) Peat cuttings 
(LCS88).  (See larger maps at Annex A4.10). 
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10.11     Southwest Scotland – Kilmarnock – Douglas area 

As the entire south-west of Scotland is a fairly large geographical area, which is 
characterised by many rather discrete areas of blanket peat, it was decided to split these into 
two discrete sections that contain the larger of the blanket bogs in this area. The most 
substantial carbon deposits and contiguous areas of blanket bog are within the localities of 
North, East and South Ayrshire as well as South Lanarkshire (Figure 40 A). The SSSI 
complex in the wider Kilmarnock to Douglas area (Table 18) is mostly included in a single 
protected area, the Muirkirk & North Lowther Uplands SPA.  The range of habitats provides 
a mosaic of breeding and foraging habitats for a diverse upland bird community of national 
importance. Amongst the species present are hen harrier, short-eared owl, merlin, peregrine, 
golden plover, red grouse, raven, dunlin, snipe, teal, curlew, redshank, whinchat and 
wheatear. The breeding population of hen harriers is of both national and European 
importance.  

Within this area, deep blanket peat can be found both in the area south of East Kilbride, 
where the Whitelee wind farm has been located, but more so in the area between Galston 
and Douglas (Figure 8, Figure 40 B). The quantities of peat are not extensive, however, and 
are mixed with other, shallower, peaty soils. In addition, much of the area has been 
afforested (Figure 40 C) or is severely affected by erosion (Figure 40 D). Management 
options in this area are probably a trade-off between the intense interest in the area for wind 
farm development, inclusive of their habitat restoration plans, (Figure 40 G) and the fate of 
the local Moorland Management schemes.  The main aim of the Muirkirk & North Lowther 
Uplands Moorland Management Scheme (Natural Care, 2003-2007) was to maintain and 
promote improvement of habitats to support the bird interests. Uptake of the scheme was not 
investigated during this project. In recent years, at the Whitelee Wind Farm site, 2480 
hectares have been identified for a moorland habitat management plan. This includes felling 
of plantations (over 900 ha already removed to date) and grazing restrictions across 1013 ha 
to enhance the site’s suitability for hen harrier, short-eared owl, grouse and golden eagle. 
The Dungavel and Hagshaw Hill wind farms are located on one of the deeper and more 
carbon-rich peat deposits in the area between Galston and Douglas. This area also has two 
further wind farm proposals in the application process. Much of this area has been planted or 
extensively drained and erosion is heavy in several areas, but similar efforts as at the 
Whitelee scheme would be beneficial to increase the value of the blanket bog habitat in this 
area. This was mentioned in the Dungavel Wind Farm Environmental Statement. Other 
major developments in this area include continuing open cast mining (not shown). 

Table 18. Designated sites in the Kilmarnock-Douglas area 
Designation Name Area 

(ha) 
SNH Feature Condition Date 

Assessed 
SSSI Blood Moss 

and Slot Burn 
162 Blanket bog Unfavourable No 

change 
20/10/2005 

SSSI Muirkirk
Uplands 

18660 Blanket bog Unfavourable No 
change 

20/10/2005 

SSSI North Lowther 
Uplands 

7833 Upland 
assemblage 

Unfavourable 
Declining 

18/10/2005 

SSSI Muirkirk
Uplands 

18660 Upland 
assemblage 

Favourable 
Maintained 

21/10/2005 

SAC Airds Moss 1359 Blanket bog Unfavourable 
Recovering 

12/12/2004 
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Figure 40. Compound maps of pressures in the Kilmarnock-Douglas area. Top left (A) 
Designated areas on blanket bog. Top centre (B) Amount of carbon in the blanket peat (red 
> 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Top right 
(C) Forestry on blanket peat. Middle left (D) Erosion features (mostly dominant type). Middle 
centre (E) Muirburn (LCS88). Middle right (F) Peat cuttings (LCS88). Bottom left (G) Wind 
farm developments.  (See Annex A4.11 for larger maps). 
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10.12    Southwest Scotland – Western Dumfries and Galloway 

The second most contiguous areas of blanket bog and/or deep blanket peat in Southwest 
Scotland occur throughout the western parts of Dumfries and Galloway. Parts of the 
designated sites in Western Dumfries and Galloway overlap with areas already discussed in 
the Kilmarnock area section (10.11) and fall within the Muirkirk and North Lowther Uplands 
SPA, which includes Blood Moss and Slot Burn SSSI, which partially overlaps the area 
discussed here. The current area of blanket bog in Dumfries and Galloway is less than 
50,000 ha. The largest complexes of designated areas of blanket bog lie within the Galloway 
and Southern Ayrshire Biosphere Reserve, which includes the Cairnsmore of Fleet 
NNR/SSSI and the Merrick Kells SSSI/SAC, the latter of which encompasses the Silver 
Flowe NNR/Ramsar site (Table 19). The area was originally designated as a UNESCO 
biosphere reserve in 1976 covering 3,088 ha but the new site is much larger and 
encompasses other ecosystem types. Within the biosphere reserve the blanket bog habitats 
of the Cairnsmore of Fleet were surveyed in detail and the latest habitat assessments 
include recommendations to minimise grazing impacts from red deer, sheep and feral goats 
(Hewison et al., 2006). Further important blanket bogs and upland mosaics containing 
blanket bog are the numerous blanket bog remnants in this area (Table 19). The mosaic 
habitats in particular seem to be at particular risk in this area. A number of internationally 
important Sphagnum spp have been found in the blanket bogs in Dumfries and Galloway; for 
example, Kilhern Moss is dominated by extensive areas of Sphagnum moss, which are 
consisting almost entirely of Sphagnum pulchrum, a species that is sensitive to human 
disturbance and therefore becoming increasingly rare.  

The biosphere reserve is an important breeding site for birds. A number of birds of prey, 
such as golden eagle Aquila chrysaetos, hen harrier Circus cyaneus, merlin Falco 
columbarius and short-eared owl Asio flammeus use the blanket bogs habitat. Golden 
plovers Pluvialis apricaria and dunlins Calidris alpina breed although they have become 
increasingly scarce in recent decades. Seventeen species of butterfly out of the 34 found in 
Scotland have been recorded on the biosphere reserve, including the small pearl-bordered 
fritillary and the large heath. The nationally rare azure hawker dragonfly Aeshna caerulea 
(Red list status: vulnerable) is recorded here at the only UK site outwith northern Scotland. 
The bogs also contain a number of rare or locally scarce beetles, including the nationally 
scarce golden green ground beetle Agonum ericeti and the spider Clubionia norvegica.  

Much of the remaining blanket bog in this area has been fragmented due to agricultural 
alterations or forestry conversion. The largest areas of blanket bog/blanket peat are located 
in the far west, in the mostly undesignated areas between Newton Stewart and Cairnryan 
(Figure 41A, all maps in Annex 4.12). This is also the area where the highest carbon density 
on blanket peat can be found (Figure 41 B), although surrounding peaty soils are also of 
high density. Drainage of blanket bogs and their margins has been widespread in Dumfries 
& Galloway. Heavy grazing affects some sites, although the effects of this appear to show 
more as heavily browsed vegetation or conversion to poorer habitats rather than widespread 
erosion issues as seen elsewhere (Figure 41 C). Many of the site management plans 
mention stock control as a mechanism to improve site condition (e.g. Cairnsmore of Fleet, 
Kirkcowan Flow). In reality, the main factor limiting habitat connectivity in this area is the 
widespread afforestation of both blanket peat and peaty soils (Figure 41 D) as well as the 
increasing pressure from wind farm developments (Figure  41 F). Associated drainage 
issues have been picked up in many of the management suggestions for the designated 
areas in this area, although many of these have started to infill without any intervention (e.g. 
Derskelpin Moss, Kilhern Moss, Flow of Dergoals). Old peat cuttings are widespread (Figure 
41 E) but rarely mentioned as being of large impact on site condition on designated areas. 
Similarly, muirburn takes place in many areas, but is often seen as a beneficial management 
tool to aid regeneration. However, there have been recent incidents with uncontrolled 
burning or accidental fires (e.g Silver Flowe).  
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The main restoration and management options in this area will require to take into account 
the wind farm developments as well as forestry requirements. The existing Arecleoch wind 
farm as well as the proposed extension to this development, the Kilgallioch Wind farm, are 
located on old blanket bog remnants. Much of this area, as well as the area to the east of 
this, which includes the recently approved Mark Hill wind farm, has undergone extensive 
historic forest plantation and hence development will include felling as a management 
intervention. There seems to be much scope to identify and evaluate opportunities for 
restoration of nearby blanket bog habitats that are either close to, or adjacent to SSSIs such 
as Kirkcowan Flow, Derskelpin Moss or the Flow of Dergoals.  
 
Table 19. Designated sites in the west of Dumfries and Galloway 
Designation Name Area 

(Ha) 
SNH 
Feature 

Condition Date 
assessed 

Galloway and Southern Ayrshire Biosphere Reserve, incorporating: 
SSSI Cairnsmore of Fleet 3560 Blanket bog 

& Upland 
Assemblage 

Both 
Favourable 
Maintained 

14/09/2004 
& 

12/01/2005

SSSI/SAC Merrick – Kells 8925 
(8698)

Blanket bog 
& Upland 
Assemblage 

Unfavourable 
Declining/ 
Favourable 
Maintained 

19/10/2004 
&17/11/2004

Ramsar Silver Flowe 620 Blanket bog Favourable 
Maintained 

06/09/2004

Other sites: 
SSSI Derskelpin Moss 123 Blanket bog Favourable 

Maintained 
30/10/1999

SSSI/SAC Flow of Dergoals 172 Blanket bog Favourable 
Maintained 

30/03/2001

SSSI/SAC Kilhern Moss 123 Blanket bog Favourable 
Maintained 

06/12/2006

SSSI/SAC Kirkcowan Flow 777 Blanket bog Unfavourable 
No change 

06/12/2006

SSSI/SAC Mochrum Lochs 460 Blanket bog Unfavourable 
No change 

06/12/2006

SSSI Bell's Flow 72 Intermediate 
bog (raised) 

Favourable 
Maintained 

25/11/1999

SSSI Ardwall Hill 220 Upland 
assemblage 

Favourable 
Maintained 

22/05/2006

SSSI Cairnbaber 35.9 Upland 
assemblage 

Favourable 
Maintained 

15/09/2004

SSSI Langholm - 
Newcastleton Hills 

7679 Upland 
assemblage 

Unfavourable 
Declining 

25/10/2004

SSSI/SAC Moffat Hills 2858/ 
(2891)

Upland 
assemblage 

Unfavourable 
Declining 

11/09/2005
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Figure 41. Compound maps of pressures in the Western Dumfries and Galloway area. Top 
left (A) Designated areas on blanket bog. Top right (B) Amount of carbon in the blanket peat 
(red > 120 kt km-2; yellow 60-120 kt km-2, green 30-60 kt km-2 and blue 15-30 kt km-2). Middle 
left (C) Erosion features (mostly dominant type). Middle right (D) Forestry on blanket peat 
and peaty soils. Bottom left (E) Peat cuttings (LCS88). Bottom right (F) Wind farm 
developments. (See Annex 4.12 for larger maps).  
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There appears to be large potential for habitat restoration in all of these 12, and 
undoubtably, further potential areas. Given the already numerous ongoing examples of 
restoration efforts, at every end of the possible scale, it would seem futile to come up with 
further recommendations of explicit locations for pilot sites. For example at the Forsinard 
Flows NNR and surrounding areas, the RSPB have already successfully restored 2,000 ha 
of peatland habitat from former plantation forestry. The measures of success here have 
included measurable recovery of the blanket bog habitat (percentage increase in Sphagnum 
cover), and notable increases in several breeding bird populations typical of blanket bog 
habitat. They have provided detailed restoration costs and have calculated value for money 
in terms of financial returns to the local economy. There may be other potential measures of 
value for money that might include spend in relation to the carbon store safeguarded, i.e. 
avoided emissions. This latter principle could also be applied to some of the smaller 
restoration projects mentioned throughout this report; for example, the cost of installing the 
visitor path at Hermaness NNR, Shetland, could be expressed as avoided loss by monitoring 
the rate of recovery of the eroded areas. The restoration of erosion issues at the RSPB 
Hobbister reserve was already expressed in terms of the increased species coverage, 
further evaluations could similarly recalculate this value in terms of avoided emissions from 
bare peat surfaces. Finally, the habitat restoration works at the Whitelee windfarm would no 
doubt be suitable for similar calculations. If there were a continuing requirement for pilot 
sites, there is strong potential in at least four of the previously mentioned 12 priority areas. It 
may be useful to view these in the light of data needs from restoration sites with differing 
restoration objectives. For example, there is now a fair coverage of costs and benefits from 
areas restored from former forestry or drainage for forestry from the various RSPB examples 
in the Flow Country, but data from smaller sites are not yet as clearly in the public domain. It 
may be possible, however, to extract such cost:benefit data from examples on lowland 
raised bog restoration (Artz et al., 2012). The largest gaps in our understanding of the costs 
and benefits associated with peatland restoration are in the areas of erosion and grazing 
control, and to a smaller degree, muirburn. Similarly, the co-benefits of windfarm 
development coupled with peatland habitat restoration have not been fully addressed. It is in 
this light that further site visits were carried out. 
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11. RECOMMENDATIONS FOR PILOT SITES – EXAMPLES FROM SITE VISITS ON 
SELECTED PRIORITY AREAS 

From the short-listed 12 priority areas that had been assessed remotely in Section 8, four 
areas were selected for further site visits. Discussions were held with local stakeholders to 
identify potential pilot sites for restoration. Based on both the highest scoring areas of 
blanket bog and the breadth of disturbance types that can be found in Scottish blanket bogs, 
the following areas were visited: 
 

Shetland Islands 
Cairngorms National Park and the Monadhliath  

Isle of Lewis 
(Caithness and Sutherland)* 

 
*Due to time constraints, the final of the four areas was evaluated on the basis of prior 
knowledge of the area in conjunction with telephone conversations with local RSPB staff. 
 
For some areas, detailed soils maps were available that showed extent of e.g. erosion in 
1985, and where these existed, an excerpt relevant for that area was included. 
 
11.1 Cairngorms National Park and the Monadhliath 

Site visits were carried out from 11 – 13 August 2011 in example sites in five areas of this 
geographical region. These were: 1 – Glen Prosen; 2 – the Ladder Hills area; 3 – the 
southern Monadhliath; 4 – the northern Monadhliath and 5 – an area of designated blanket 
bog near Moy (Figure 42). This was based on the findings in Section 10.5 and 10.6. As there 
is considerable overlap of the National Park boundary with the Monadhliath area, these 
sections were reported on together, even though management agreements may not always 
fall under CNP authority.  
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Figure 42. Sites visited within the Cairngorms National Park and the Monadhliath, shown as 
numbers (see text for explanation) on a map depicting carbon density within the blanket bog 
resource in this area. 
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11.1.1 Balnaboth Moor (Glen Prosen) 

Balnaboth Moor (Figure 43), was one of the demonstration projects the Cairngorms 
Moorland Project initiated. Unfortunately there are no detailed soil surveys for this area.  A 
moorland management plan was prepared for this as well as another moorland in the Glen 
Livet area by the Cairngorms Moorland Project. The latter does not appear to be in an area 
of blanket bog (neither classed as blanket bog vegetation in the LCS88 nor as deep peat in 
the Scottish Soils Database. The moorland management plan for Balnaboth Moor (2004) 
recommended that sheep grazing should be reduced to encourage re-establishment of 
heather. There is ongoing muirburn in this area, which was recommended as a continued 
management tool on some of the areas of the site, although some areas of the moor where 
blanket bog, wet heath or suppressed heath occurred (e.g. the Southern parts of Glen 
Logie), were recommended to be excluded from muirburn. There was a recommendation for 
a reduction in grazing pressure, predominantly of sheep, and this has been at least partly 
achieved by reducing grazing on the upper parts of the site through upgrading of an existing 
fence line. The effects of this are perhaps not yet clearly visible on the ground, but, during 
the site visit, heather within the fenced area was less topiaried and overall the ground shows 
less evidence of grassy areas than previously (see compound site photographs below). This 
is very evident in aerial images (not shown), e.g. Google Earth. Hence it would be feasible to 
document if this management has been successful using remote sensing. The management 
over the past 8 years seems to have shown positive results for regeneration of the heather, 
although effects on other biota are unknown. There was also a recommendation for control 
of predators, notably foxes. It is unknown what effect this has had on moorland biodiversity 
overall. Ecological surveys were carried out prior to the start of the programme and in the 
final year.  
 
Although there is undoubtably scope for further habitat management, Balnaboth Moor itself 
may not be a suitable area for selection as a pilot site for blanket bog restoration as it is not 
situated on deep peat. However, as moorland restoration and peatland restoration are on the 
same ecological continuum, and many of the restoration activities are the same, there are 
many lessons that could be learned from this area that could be applied to more suitable 
areas in the vicinity, for example the Ladder Hills and Glen Callater. Balnaboth Moor could 
serve, with a little further research, as a template for pilot sites that specifically measure 
restoration cost effectiveness through grazing and muirburn control measures. 
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Figure 43. Images of Balnaboth Moor, Glen Prosen, Angus. This upland moor (top left) has 
been managed as a demonstration moor since 2004. Sheep numbers (sheep density on 
nearby hill, top right) have been reduced on the upper parts of the moor to encourage 
heather regeneration. A fence has been replaced to control stock (middle left). On the lower 
slopes of the moor, heather is visibly heavily grazed (middle right – upper) and muirburn is 
still applied (middle right – lower). The Park authorities have invested in educational material 
at the start of a popular walk along Balnaboth Moor (bottom). 
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11.1.2 The Ladder Hills and wider area NE of Tomintoul 

There are no detailed soil surveys for the area near Tomintoul. The sites visited here for the 
purpose of this report are at the north-eastern fringe of the Park and may partially fall outwith 
its authority. There are a few residual peat cuttings here, including the small-scale industrial 
peat cuttings at Tomintoul (Figure 44). Immediately north of this is a small area of relatively 
good quality blanket bog that appears to be undesignated. Apart from a few drainage 
channels around the edges, this area appears to be relatively untouched and would be 
interesting to follow up for further investigation. The blanket bogs in the Ladder Hills suffer 
from severe erosion, overgrazing and rather frequent use of muirburn. It is not known if there 
is any ongoing management to improve the quality of the blanket bog resource. It would be 
useful to review the current burning and grazing regimes in this area, to evaluate the scope 
for restoration. As mentioned in the main section for the wider priority areas, the Ladder Hills 
would make an exceptionally good candidate for establishment of a pilot restoration site that 
specifically addresses erosion issues, in addition to muirburn and grazing control measures. 
Unfortunately we were unable to contact the relevant landowners at the time of report 
preparation to establish whether there would be interest to pursue this further. 
 
 

 
Figure 44. Industrial scale peat harvesting near Tomintoul (top left) with neighbouring 
blanket bog in relatively good quality (top right). Erosion (bottom left), muirburn and 
overgrazing (bottom right) have left the Ladder Hills blanket bog resource in poor condition. 
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11.1.3 Southern Monadhliath 

The Monadhliath constitutes a large block of blanket bog with high carbon storage. The soils’ 
maps cover this area (Figure 45), although much more detailed assessments of e.g. erosion 
have been made (see below). The only area of blanket bog in the Monadhliath surveyed in 
more detail was the southern part of the Monadhliath SSSI, accessed from the car park at 
the bottom of the Allt a’ Chaorainn north of Newtonmore. Due to poor weather, the visit here 
was relatively brief and only took in the southern section of this SSSI. In the glen, bracken 
invasion is threatening otherwise good quality blanket bog with a high proportion of bog 
myrtle (Myrica gale) (Figure 46). Grazing is not too evident as a pressure in this section. 
Muirburn is practised, with occasional evidence of fire intensity having been too high and 
resulting in burned hummocks. There is also evidence of ATV tracks, as well as drainage, 
further contributing to the already quite severe erosion issues. The most severe erosion is on 
the Monadhliath plateau, which was not surveyed for this report, but which was extensively 
documented by Cummins et al., 2011. Some major erosion control could bring enormous 
carbon benefits in this area. Perhaps such efforts could be balanced against the large 
interest in this area for wind farm development. It also appears that some bracken 
management would be beneficial and that a review of muirburn and access regimes could 
be of substantial benefit. 
 
 

 
 
Figure 45. Extract from the 1985 Provisional Soil Maps (Macaulay Institute, 1985) showing 
the area of the site survey. Areas of blanket peat are indicated in map units 4, with the 
postfix indicating further attributes such as deep peat (4D), eroded peat (4E), blanket peat 
with dubh lochans (4L) or blanket peat with some peaty gleys (4U). 
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Figure 46. Photographs of the site visit to the Monadhliath SSSI. Muirburn (top left) is 
evident throughout the site, with evidence of fire having burnt into hummocks on sections of 
blanket bog (top right). The site has a generally good potential for blanket bog regeneration, 
with many fine areas (middle left), however drainage (middle) as well as ATV track damage 
(bottom right) are contributing to erosion even on lower slopes (middle right). In the lower 
parts of this site, substantial bracken encroachment onto the blanket bog can be observed 
(bottom left). 
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The Southern Monadhliath part of the SSSI would make a highly suitable candidate for a 
pilot site on erosion and invasive species control, and measures of success could follow the 
Common Standards Monitoring template, as well as assessment of co-benefits through 
assessments of water quality indicators, as this area straddles several important 
catchments, including the River Spey. A recent study recommended review of deer numbers 
as it deemed them ‘very high’ especially in relation the conservation status of the area and 
the carrying capacity of blanket bog (Campbell & Marchbank, 2013). 
 
11.1.4 Dunmaglass area (Northern Monadhliath) 

The northern section of the Monadhliath, although a high carbon storage area, suffers from 
severe erosion (Cummins et al. 2011) and has seen a large number of wind farm 
installations and proposals in recent years. The area immediately south of the existing 
Dunmaglass wind farm has an extensive network of drainage channels (Figure 48), most of 
which were active at the time of survey. The area is a network of sporting estates, and hence 
an assessment of the sporting interests would require to be made and further information on 
the options to restore this section of blanket bog should be sought. The 1985 Provisional Soil 
Map (Macaulay Institute, 1985) covers this section (Figure 47) and indicates most of the 
area as eroded blanket peat. Much of the eroded surface was described and measured 
using remote sensing by Cummins et al. (2011). Akin to the Southern Monadhliath, an 
integrated assessment of the sporting, wind farm, conservation and grazing interests would 
need to be acquired. 

Unfortunately we were unable to discover the landownership situation for this area within the 
time limits of the project and hence cannot comment on any interest in pursuing this area as 
a pilot site. However, this area could provide an interesting counterpart to the lessons that 
have been learned from the Whitelee windfarm, as the land management issues near 
Dunmaglass are very different.  
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Figure 47. Extract from the 1985 Provisional Soil Maps (Macaulay Institute, 1985) showing 
the area of the site survey. Areas of blanket peat are indicated in map units 4, with the 
postfix indicating further attributes such as deep peat (4D), eroded peat (4E), blanket peat 
with dubh lochans (4L) or blanket peat with some peaty gleys (4U). 
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Figure 48. Drainage channels and existing wind farm infrastructure in the Northern 
Monadhliath. The area is further used as sporting moor. 
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11.1.5 Area around Carn nan Tri-tighearnan (N of Ruthven, near Moy) 

This is a relatively small area of blanket bog, but one with very high C density. The peatland, 
which is located to the north of the A9 near Moy, is not in good condition due to extensive 
erosion (Figure 49). However, the erosion is not as widespread or severe as in the 
Monadhliath and grazing pressure as well as the extent of drainage appears to be lower than 
in surrounding areas (i.e. the Monadhliath). Evidence of erosion channels actively 
revegetating is evident in many areas. The Soils maps (Macaulay Institute, 1985) do not 
cover this area. Muirburn is practised, and drainage is still active in several areas, but 
regrowth of blanket bog vegetation is looking promising and indeed much of the peat surface 
vegetation shows promise of being able to maintain the relevant plant species diversity. It 
would be interesting to discuss possible changes to the management of this peatland with 
the site managers. There is an application for a large wind farm (Tom nan Clach) for the 
neighbouring blanket bog complex just east of this site that may, in tandem with the existing 
Dunmaglass wind farm south of this blanket bog, limit the connectivity of habitat for e.g. 
raptor species. There appears to be very high scope for erosion control in this area that may 
be more beneficial within a shorter timeframe than in the Monadhliath, and could aid the 
preservation of this quite extensive carbon store.  

Unfortunately we were unable to discover the landownership situation for this area within the 
time limits of the project and hence cannot comment on any interest in pursuing this area as 
a pilot site. 
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Figure 49. Erosion within the blanket bog surrounding Carn nan Tri-Tighearnan (top left and 
right). There is also evidence of minor peat slides in this area (middle left). Muirburn (middle 
right) is a frequent feature, with some of the blanket bog vegetation showing signs of recent 
burning. There are areas showing evidence of peat cutting, but these are often overgrowing 
with pool species (bottom left) and much of the bog surface shows encouraging signs of 
healthy blanket bog vegetation structure (bottom right).  



161 

11.2 Shetland Islands 

These visits were carried out between 16 and 18 August 2011. R. Artz (JHI) met Jonathan 
Swale, SNH’s Operations Officer for the North Isles of Shetland at the SNH Lerwick office to 
identify potential areas to visit on the basis of the maps produced in this research project 
(Section 10.1). As a result of this meeting, several areas were visited briefly to establish a 
baseline of the condition of these sites (Figure 50).  
 

 
Figure 50. Locations of blanket bog site visits in the Shetland Islands. 1 – area near Skeld; 2 
– middle of mainland Shetland (southern section of the proposed Viking Wind Farm site); 3 – 
Loch of Lumbister, Yell; and 4 – Ward of Scousburgh restoration plots. 
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11.2.1 The blanket bog area near Easter Skeld 

The undesignated blanket bogs along the roadside to Easter Skeld, which are in an area of 
deep peat (Figure 51) and high carbon storage, show extensive evidence of past peat 
cutting activity as far as 200 metres from the road, and extensive erosion beyond this. Peat 
cutting has been revived here, as it has throughout much of Shetland (see elsewhere, 
photos in Figure 53), much more so than on Lewis or in the Flow Country, presumably due 
to the current high fuel prices for domestic kerosene. The old industrial cuttings do not 
appear to have been reopened (pers. comm., Jonathan Swale, SNH Lerwick). Sheep 
grazing in the area near Ester Skeld appears to be heavy, with much of the area showing a 
lot of dung and topiaried vegetation. Beyond the stock fence, grazing effects are less evident 
and the area is much wetter, but erosion is still a major feature. The blanket bog vegetation 
is in poor condition, with much of the bryophyte community consisting of dry heath species 
only. In the area above the stock fence, deer grass showed evidence of reduced browsing 
and some lichen species were seen. This area would require a lot of management effort to 
restore, although much benefit could be had by limiting losses from erosion and efforts to 
reduce the grazing pressure. Peat cutting practices are not always in line with best practice 
guidelines, in this area or other sections of the Shetland blanket bogs and a campaign to 
promote good practice may be useful. 
 
 

 
Figure 51. Extract from the 1985 Provisional Soil Maps (Macaulay Institute, 1985) showing 
the area of the site survey. Areas of blanket peat are indicated in map units 4, with the 
postfix indicating further attributes such as deep peat (4D), eroded peat (4E), blanket peat 
with dubh lochans (4L) or blanket peat with some peaty gleys (4U). 
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11.2.2 Central mainland Shetland  

Much of the blanket bog on mainland Shetland appears to be in very poor condition, with 
severe erosion a feature of essentially all blanket bogs along the main north-south road 
(Figure 52, photos in Figure 53). In addition, almost every blanket bog area on this central 
section of mainland Shetland had active peat cutting sections alongside the access roads. 
The strong winds and heavy rainfall in Shetland add to the overgrazing and peat cutting 
damage done to many of the peat bogs and typical erosion features that show evidence of 
such multiple pressures can be seen, such as the typical shape of wind-eroded banks that 
are used by sheep for shelter (Figure 53). Trampling by sheep further adds to erosion. The 
quantity of bare peat exposed in some of these areas contributes to some extensive carbon 
losses and management recommendations should centre on avoidance of carbon loss, as 
restoration to active blanket bog is likely to take decades at least.  The other area briefly 
visited, near Whitehill, showed the worst erosion features seen, in some places these were 
bare strips at least 10 metres wide along much of the slope. However, in all areas, some 
positive signs of potential regeneration were seen in areas of lower sheep numbers. This 
was evident as renewal of vegetation on bare patches, in growth of erosion channels and 
eroded pools, and replacement of grassy vegetation by a more heather dominated 
community. However, in many cases, the vegetation community does not resemble active 
blanket bog, with most areas containing dry or wet heath moss constituents, rather than 
species of Sphagnum. In many areas, the blanket bog remnants were similar in structure to 
previously cutover peatlands, with large areas devoid of any vegetation and a limited seed 
bank leading to clonal recolonisation by predominantly grasses and sedges in the first 
instance. 
 

 
Figure 52. Extract from the 1985 Provisional Soil Maps (Macaulay Institute, 1985) showing 
the area of the site survey. Areas of blanket peat are indicated in map units 4, with the 
postfix indicating further attributes such as deep peat (4D), eroded peat (4E), blanket peat 
with dubh lochans (4L) or blanket peat with some peaty gleys (4U). 
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Figure 53. Images from blanket bog sites across the central mainland of the Shetland 
Islands. Throughout much of this area, sheep grazing is extensive and contributes to erosion 
directly by overgrazing or trampling (top left), or sheep sheltering in the lee contributing to 
wind erosion (top right). Evidence of this is widespread over most of the blanket peat in this 
section (middle left and right, bottom left). Another factor is the renewed interest in peat 
cutting for domestic fuel (bottom right), which is evident along all roads in this section. 
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11.2.3 Wider Shetland Mainland and other Islands 

On Yell, the stock reduction programmes as part of the ESA (Truscott et al., 2007) and 
Scrapie schemes have produced very obvious improvements in the quality of the blanket 
bog. In particular around the Lumbister and elsewhere on Yell where sheep numbers were 
reduced, this has led to the noticeable revegetation of erosion gullies. It is uncertain how 
much of this is due to the RSPB Reserve management, as the eroded area is demarcated in 
a similar way in 1985 (Figure 54). The ground within the fenced area at Lumbister was 
noticeably spongier underfoot, wetter at the surface, and contained species of Sphagnum 
and other bryophytes throughout, resembling active blanket bog to a higher degree than on 
mainland Shetland (photos in Figure 56).  Elsewhere on the northern section of Yell, erosion 
is still a dominant feature of these blanket bogs, and restoration efforts should also focus on 
mitigation of carbon loss in this area, promoting sustainable stock numbers where possible. 
As elsewhere, peat cutting for domestic fuel was evident throughout the island. 
 
 

 
Figure 54. Extract from the 1985 Provisional Soil Maps (Macaulay Institute, 1985) showing 
the area of the site survey. Areas of blanket peat are indicated in map units 4, with the 
postfix indicating further attributes such as deep peat (4D), eroded peat (4E), blanket peat 
with dubh lochans (4L) or blanket peat with some peaty gleys (4U). 
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Although other areas were not surveyed, further information on other blanket bog areas was 
provided by Jonathan Swale at SNH Lerwick. At the SNH Reserve at Hermaness, Unst, the 
large number of annual visitors had caused some significant erosion of the path to the cliffs. 
Here, a new path made from recycled plastics was laid around 3 years ago (see Section 
8.1). This was put in place by helicopter to avoid use of a low pressure ATV as the bog area 
is very soft, in an area of deep peat (Figure 55). 
 
 

Figure 55. Extract from the 1985 Provisional Soil Maps (left, Macaulay Institute, 1985) 
showing the area of the site survey. Areas of blanket peat are indicated in map units 4, with 
the postfix indicating further attributes such as deep peat (4D), eroded peat (4E), blanket 
peat with dubh lochans (4L) or blanket peat with some peaty gleys (4U). The photo on the 
right shows the new path shortly after construction (Photo: Jonathan Swale). 
 
 
At the Clifts areas of the Ronas Hill SSSI, there has been substantial heather dieback in 
recent years and the vegetation has changed to grassland over approximately 6 years in 
large blocks at a time. The ESA monitoring scheme in 2007 showed heather beetle to have 
affected 52 ha in Shetland, of which 23 ha were on blanket bog (Cummins, 2004). Grazing of 
this new vegetation removed residual heather seedlings. In the northern sector (North Roe), 
there are erosion issues due to trampling and sheltering by sheep, as well as significant  
issues with dung deposits. However, sheep numbers have declined due to many farmers 
lowering their stock through the Scrapie scheme or via uptake of the ESA (Environmentally 
Sensitive Area) scheme (Truscott et al., 2007). Many common grazings in the Ronas Hill 
area as well as Faan Hill and the Yell and Hermaness blanket bog farmers went into the 
scheme and achieved a reduction in ewe numbers of around 50%.  
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Figure 56. Blanket bogs on Yell generally appear in slightly better condition than on 
mainland Shetland. Sheep reduction has markedly improved erosion issues in areas directly 
accessed from the road (top left) and near Lumbister (top right). At this RSPB reserve, there 
is widespread evidence of improvement in the plant species composition, both in pools 
(middle left and right) and in the overall surface vegetation (bottom left) and surface 
topography (bottom right). 
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11.2.4 Southern Mainland Shetland, Ward of Scousburgh restoration trial  

The central and southern sections of mainland Shetland contain the most altered blanket 
bogs in these islands. Much of it has been so extensively cutover, grazed and/or eroded, 
that it is hardly recognisable as blanket bog in places (Figure 57). Peat slides were evident in 
several places in this area; a notable example of this was seen on Whitestane. Some of the 
bare areas of peat showed signs of irreversible drying and such areas were more 
reminiscent of abandoned industrial peat harvest areas. Along the B9122 towards 
Scousburgh, a great number of fresh peat cuttings were seen and the Hill of Gord showed 
evidence of recently cut or maintained drainage channels. At the Ward of Scousburgh, on a 
hillside of significant if not very high carbon storage, a restoration project had been trialled in 
fenced off plots (sheep and/or rabbits) of bare peat, which received applications of heather 
brash, heather seed and clippings and/or Deschampsia seed. The restoration trial 
unfortunately failed to take hold due to the severe weather and the nature of this very 
exposed and completely bare site (pers. comm. James MacKenzie, Shetland Amenity Trust). 
There are further restoration trials planned by the RSPB in Shetland. These may require 
some stabilising measure (e.g. geojute application). 
 
Overall, as outlined and tested by the ESA monitoring programme (Truscott et al., 2007), 
stock reduction in the Shetland Islands is a major factor in the improvement of the blanket 
bog quality and further reduction in many areas could be sought. Within the original ESA, 
those entering the scheme had to enter all relevant land. Tier 1 only required management 
that was not damaging to the area, while Tier 2 required stock disposal or shepherding. 
Truscott et al. (2007) monitored the success of this scheme on various habitats, including 
the blanket bog resource and concluded that the scheme is successful for bog habitat 
improvements from a vegetation and erosion perspective. Further measures to control stock 
density should be investigated. In the southern Mainland, however, active measures to 
control erosion in the short term should be investigated. 

Within the whole of the Shetland Islands, there is much scope to establish several 
restoration pilot sites that could aid our understanding of the costs and benefits of erosion 
control. It may be beneficial to approach any wind farm developers and associated parties 
with suitable areas in mind. It is at present difficult to recommend precisely a single location, 
as erosion issues are so widespread amongst the islands. It is not known whether there are 
any local water quality issues, either at drinking water resource level or through discharge 
into the sea. This could also be evaluated further, as could other, biodiversity- related 
benefits. However, even from an avoided emissions perspective, establishment of a 
restoration pilot in the Shetland Islands would be prudent and may encourage further interest 
in e.g. grazing management reviews at local level. Very evident measures of success would 
be a reduction in the erosion-affected areas. A monitoring programme for this should be put 
in place, in which erosion rates, loss through discharge and revegetation parameters could 
be used as measures of success. These could be calculated as avoided emissions and, for 
re-established vegetation, expressed in terms of how closely the re-establishing vegetation 
resembles good quality blanket bog habitat. Due to the national interest of the Shetland 
blanket bogs for some internationally protected species, such interests will require to be 
included in monitoring programmes. 
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Figure 57. Blanket bogs in southern mainland of Shetland. These are in a highly altered 
state, with many showing evidence of land slides (top left) on top of extensive erosion 
issues. Some areas of bare peat have dried to the point of irreversible drying (middle left). At 
the Ward of Scousburgh, restoration trials on such very challenging substrates have not 
been successful so far (middle right, and bottom left and right). 
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11.3 Lewis 

These visits were carried out between 22 and 24 August 2011. Due to severe time 
constraints, sites were chosen after an initial meeting with Mark MacDonald at the SNH 
Stornoway office (Figure 58).  
 

 

Figure 58. Blanket bog site visits on the Isle of Lewis. 1 – peat cuttings along the western 
section of the Pentland Road and evidence of erosion; 2 – effects of a large accidental fire 
on Barvas Moor; 3 – the largely good quality area of blanket bog in the north east of the 
Lewis peatlands. 
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11.3.1 The Pentland Road blanket bogs 

Along the Pentland Road west from Stornoway, extensive historical and renewed, fresh, 
peat cutting appeared to be the most obvious pressure. This was evident along the entire 
road, other than in the area of the 3-4 km stretch of the central section along this road. At the 
western end, some evidence of higher grazing pressure is noted (Figure 59). Erosion is 
evident, although to a much lower severity than in Shetland throughout the higher ground 
around this area and cannot be easily attributed to any particular driver. 

On Lewis as a whole, stock reductions seem to have occurred without much of a grant-in-aid 
driver. SRDP uptake has not been high. The stock has often been moved to the in-bye 
purely for greater convenience in an ageing population.  Cattle are not generally put to the 
bogs, although some evidence of this was noted during site visits near Breascleit (Figure 
59). As far as Mark MacDonald at SNH Stornoway was aware, no intervention management 
has been carried out at any of the areas visited for this project report. Other sections (not 
visited) include the area delineated between the Pentland Road and the road south from 
Stornoway, which has pockets of community forestry and is part of an ongoing wind farm 
planning application. There may be potential benefits for altered peatland management in 
relation to this scheme  In particular options to investigate improving the quality of the areas 
around forestry plantations would be useful to explore. Peat cutting best practice does not 
appear to always be followed and hence some community engagement may be useful to 
mitigate carbon and biodiversity loss in cutover areas. Similarly, it was not possible to visit 
Eishken estate in the South-east of Lewis. Here, an ongoing planning application for the 
Feriosbhal/Muaitheabhal wind farm will include provision for some funding for peatland 
restoration work (pers. comm., Glenn Iason, JHI).  
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Figure 59. Blanket bogs along the Pentland Road between Stornoway and Carloway 
(Cárlabhaigh) show extensive evidence of former and current peat cutting (top left). In some 
areas on the western end of these bogs, some grazing is evident (top right). There are small 
community forestry schemes on the southern side of this expanse of bog (middle left). Many 
of the old peat cuttings have, however, begun to regenerate well, with relatively good 
vegetation structure (if not topographical recovery) evident in many places (middle right). 
Although most peat cuttings are done to best practice guidelines, a few peat cutting areas 
show evidence to the contrary (bottom left an example of a typical Lewis peat stack; bottom 
right, area where cutting is not fully adhering to guidelines). 
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11.3.2 Barvas Moor 

The large peat expanse to the north of the Pentland Road and east of the 
Carloway/Barabhas area is blanket bog in relatively good condition, with occasional erosion 
in evidence. Again, peat cutting is frequent and renewed activity is seen throughout this 
area. Some grazing was evident on the fringes of this section of peatland, near habitation. 
However, the largest factor affecting this area is the result of an accidental fire in Barvas 
(Barabhas) Moor that is said to have affected a 14 mile strip of blanket bog. Much of this is 
evident as burned hummocks over a rather large area (Figure 60). It would be useful to 
explore whether some management could be applied here to ensure that wind-driven 
erosion does not exacerbate the damage done by the fire. 

 

Figure 60. Fire damaged blanket bog on Barvas Moor. Some erosion prevention may be 
useful to aid regeneration in the worst affected areas (top left and right). Other areas of this 
bog contain features of natural erosion (collapse of a peat bank, bottom left) and very high 
quality blanket bog (bottom right). 
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11.3.3 The north east of the Lewis peatlands 

The main pressure in this area of very high quality blanket bog appears to be from visiting 
anglers. Due to the distances to good trout areas, access is often using low-pressure ATV. 
Unfortunately, this is starting to have an impact on the vegetation in this area, with tracks 
very clearly visible and causing changes in the vegetation over substantial areas. There is 
also a small and increasing red deer population in this area, but this is not deemed to have 
any adverse effect on the condition of the peatland yet (Figure 61). It would be useful to 
review ATV use in this area. 
 
On the basis of the site visits and assembled knowledge, it is difficult to advise locations for 
potential restoration sites within the Lewis peatlands at this stage, other than the obvious 
potential to manage to maintain the status quo as much as possible through monitoring of 
peat cutting, fire potential and grazing density management. It is likely that the most obvious 
candidate site for a restoration pilot would be located in the Eishken estate, although this 
was not confirmed within the timeline of this project. It is not known what the current 
condition of the blanket bog resource within the estate is, but there is certainly a substantial 
soil carbon store that would be at risk if adverse management is applied. This would have to 
be considered in collaboration with the owners. 
 

Figure 61. Loch Langavat area. Mostly high quality blanket bog, with some small areas 
where ATVs are beginning to show an impact on the vegetation. 
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11.4 Caithness and Sutherland 

Due to time constraints, the assessment for Caithness and Sutherland was augmented by 
asking local stakeholders for further information. RSPB Forsinard is one of the main 
stakeholders to have carried out active restoration management and the Reserve Manager, 
Norrie Russell, was contacted for further information via a telephone conversation. The 
RSPB has been proactive in trying to establish baseline conditions of the remaining 
peatlands within their holdings. LiDAR data have now been acquired for a strip across the 
reserve, and high quality aerial photography covers much of the remaining forestry blocks at 
Dyke, Forsinain and Raphan. There are plans within RSPB for a research project on the 
planned felling of the plots at Raphan on different felling techniques. At the Raphan block, 15 
ha were felled using three different techniques – shearing to waste, harvest and extract, or 
mulch to waste. The latter option has attracted attention from SEPA due to the potential 
leaching of dissolved organic carbon and concerns over water quality downstream may lead 
to selection of a different felling practice. There is a 5 ha control forestry block and a 5 ha 
nearby open bog control.  At each treatment, the 5 ha blocks have been split into five 
replicate blocks each approximately 1 ha. This work commenced during winter 2011/12. 
 
At the Dyke forestry block, further work is also scheduled to remove a total area of 120-150 
ha of plantation. This is planned to be carried out as an experiment of three felling 
treatments as in the Raphan block, but potentially creating 10 replicates of ca. 2 ha size 
each. There will be tests with rewetting practices with either a) no further work after grip 
blocking or b) secondary surface levelling of the furrows. These plans are currently being 
discussed with SEPA. The RSPB also plans to block grips in the area west of the Dyke 
plantation. This area (1000 ha) would require in the order of 2000 dams to be installed. 
Plans for further restoration of the blanket bog are not restricted to the RSPB. Forestry 
Commission Scotland is also planning further restoration work in the area. Fountains 
Forestry is interested in some forestry removal in a block that is part of a wind farm 
application near Strathy. The owners of Altnabreac Forest have plans for a local biomass 
plant, which may lead to further forestry removal in this area. They also own forestry in the 
Naver area. Such areas may, however, be destined for replanting, although there could be 
scope for restoration. 
 
In terms of potential for grip blocking, interest has not been large beyond the examples 
indicated above, although a few estates have expressed an interest in this. Alladale Estates 
in particular have undertaken grip blocking as part of a carbon trading scheme. Croick Estate 
also appears to have shown interest in grip blocking on its holdings. SRDP uptake for 
options which include grip blocking has not been enthusiastic. 
 
Plantlife is planning an SRDP application at its Munsary reserve in Caithness. This is a 
second phase of drain blocking on a relatively small site with most of obvious drains being 
blocked previously. There is one, previously intensively drained, small area which had 
largely infilled with Sphagnum where further management may be beneficial, for example by 
additional re-seeding and grazing management. It also appears that Keoldale estate has 
included grip blocking in a recent SRDP application. 
 
To a large extent, the historic areas of peat cuttings along the old coastal road do not appear 
to have been recently used, with the exception of a few areas where cutting has re-started. 
Timber available locally is probably still a reasonable alternative to peat cutting in this area at 
present.  In summary, there is still further potential for the establishment of future pilot 
restoration sites. In particular, the lessons already learnt will be applied further at the 
Raphan and Dyke Blocks, and would therefore make for excellent candidate sites for a high 
level demonstration project. The Alladale Estate interest in co-financing peatland restoration 
through voluntary carbon trading schemes would make an interesting case study on how the 
carbon benefits from restoration could be monitored and therefore this could be followed up.  
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12. RECOMMENDATIONS FOR FUTURE MANAGEMENT AND RESTORATION 
PROJECTS 

The recent announcement of the £1.7 million funding initiative for peatland restoration under 
the Scottish Government’s Green Stimulus Package has paved a way for co-ordinated 
approaches. Similarly, the next Scottish Rural Development Programme (SRDP) is being 
shaped at present. Together, these major funding streams will allow for a much larger array 
of restoration sites than was envisaged at the start of this Commissioned Report. In addition, 
the high interest in renewable energy generation on or nearby peatlands has also created 
potential to fund habitat restoration, as in the example of the Whitelee Wind Farm. Thus, 
there is probably little to gain from estimating the cost of management possibilities for just 
five pilot sites. However, both the Green Stimulus Peatland Restoration Project and the next 
SRDP developments would benefit from a shared approach in terms of ensuring that 
Scottish Government’s carbon reduction and habitat restoration targets are met. It is in this 
light that we make the following recommendations. 
 
12.1 Criteria for selection of best management practice on disturbed peatlands 

On potential restoration sites, a number of assessments will need to be made to determine 
the best possible restoration techniques. Within the process of site selection for peatland 
restoration, the following information should be identified. Firstly, for the priority areas, the 
main type of disturbance(s) needs to be determined and the main objective of 
restoration/management clarified (e.g. whether to mitigate carbon losses or further habitat 
degradation or whether the target is to restore towards an actively carbon sequestering 
blanket bog).  
 
Following this, certain types of information are likely to be needed to determine what 
management practices are likely to provide the best results in a given disturbance situation. 
The most likely information requirements for each disturbance type are summarised in Table 
20. At present, there is little in the literature that could be used to suggest thresholds for 
restoration management. In other words, it would be impossible to predict at which point 
restoration of e.g. erosion features becomes too costly in relation to perceived benefits, from 
either a carbon or biodiversity perspective. Nevertheless, this is possible in the future, if early 
restoration projects are adequately monitored. If a central database were to contain the data 
suggested in Table 20, future disturbance-specific decision support tools may be developed. 
There is, for example, already an existing decision support tool for grip blocking in the form 
of a flowchart diagram (Armstrong et al., 2009). In order to develop decision support tools 
that can recommend best management practices on the basis of the likely benefits for 
carbon and biodiversity, any pilot restoration sites should monitor certain aspects throughout 
the restoration programme, as discussed in the following section.  
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Table 20.  Data requirements for the selection of best management practice separated by 
disturbance types 
For all disturbances 
 
Area of bog to be restored, and assessment of neighbouring habitats 
 
Depth of peat remaining 
 
Current peatland habitat condition (e.g. through CSM methodology) 
 
Presence of any protected species 
 
Access 
 
Slope 
 
Management history, inclusive of existing designations 
 
Projected costs  and existing availability of resources (e.g. SRDP) 
 
Potential biodiversity conflicts arising from restoration efforts (Presence of species on priority 
lists) 
 
Likely climate sensitivity (e.g. ecohydrological assessment)  
 
Drainage into water bodies 
 
Additional requirements by disturbance type 
 
 
Eroded/Cutover 

 
Afforested  

 
Drained  

 
Burnt  

 
Grazed 

 
Type of erosion 
features/ 
gullies 
 
Proportion of the 
peatland with 
erosion features 
 
Extent (area, 
depth, width, 
length) of erosion 
 
 

 
Plantation type and 
status (e.g. mature 
stand that has 
reached canopy 
closure) 
 
Surrounding land-
uses (e.g. 
surrounded by 
open bogs versus 
surrounded by 
plantations) 
 
Drainage network 
 
Depth to water 
table  
 
Peat condition (wet 
vs. dry, 
compaction) 
 

 
Length, depth 
and spacing of 
drainage ditches 
 
Peat condition 
(wet vs. dry, 
compaction) 
 
Width of the drain 
 
Material available 
for drain blocking 

 
Time/ 
frequency 
of burning 
 
Type/status 
of 
vegetation 
recovery 
 
 

 
Sheep/ 
deer density 
on specific 
area to be 
restored 
 
Associated 
income and 
other socio-
economic 
benefits 
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12.2 Recommendations for the establishment of pilot restoration sites 

Pilot and other peatland restoration projects should target specifically a) the safeguarding of 
areas of peatlands currently in good condition and their associated carbon stocks, b) 
improving the condition of damaged peatlands, where permanence of efforts can be 
guaranteed and c) aiming to further increase habitat connectivity with existing peatlands in 
good condition across Scotland. Existing peatlands that are likely to be sensitive to future 
altered climatic conditions would especially benefit from management reviews in conjunction 
with an assessment of the hydrological characteristics of the peatland. A good example of 
this could be taken from the ecohydrological review of the Red Moss of Netherley (Hulme, 
2006). Similar conditions should be applied to any restoration projects aimed at remnant 
peatlands in less than good condition, as the ideal scenario would be to restore habitat that 
is resilient to future climatic change.  
 
In addition, any restoration project should at the very least implement a minimum number of 
measurements to ensure that the soil carbon stock is safeguarded, or, ideally, improved 
upon. The JNCC report by Evans et al. (2011) laid out minimum requirements for restoration 
sites at the lowest monitoring level in order to provide sufficient data to feed into national 
scale assessments of the carbon benefits of restoration efforts. These have been 
reproduced in Box 5 below. In addition, it would be recommended to have at least one 
demonstration site for each of the major disturbances or condition categories in Table 
20.These should be more closely monitored, ideally with automatic GHG monitoring 
equipment, as per the Level I recommendations in Evans et al. (2011), in addition to the 
basic monitoring in Box 5. Some of the requirements in Box 5 may be modifiable according 
to the area of the site in question; however, adequate coverage for each of the parameters 
should be sought.  
 
Box 5. Minimum requirements for a Level III peatland restoration monitoring site. For further 
details in terms of referral to Annex 1, please see Evans et al. (2011). 
LIII/1 
 

Initial and 5-yearly vegetation surveys at permanent quadrats as described in 
Annex 1 (proportional cover of major plant functional types and key indicator 
species, to include cover estimation for key plant functional types and indicator 
species, and recording of bare peat areas).

LIII/2 
 

Initial C stock measurement based on whole-profile coring, and 5-yearly soil C 
stock change measurements based on shallow core sampling (depth, bulk density 
and %C) to a dateable horizon or fixed point.

LIII/3 
 

Initial collection of a full peat core for basal age measurement, long-term C 
accumulation rate and contemporary C accumulation rate estimation. 

LIII/4 
 

Initial collation of aerial photograph and LIDAR data, if available for the site, and 
recording of ditches, bare peat or burnt areas, erosion features and 
microtopography. 

LIII/5 
 

Installation and monitoring of a network of dipwells, to provide an indication of 
average water table. Water table loggers may be more cost-effective than manual 
recording, depending on the frequency of existing site visits (e.g. by wardens or 
land-managers). 

LIII/6 
 

Annual fixed-point photographs to provide a record of vegetation and site 
condition. 

LIII/7 
 

Annual recording of site management, biomass offtake (if relevant), restoration 
activities, burning etc. 

Reproduced from Evans et al. (2011) 
 
 
In order to satisfy the habitat restoration target, it would be beneficial to adopt a common 
framework for the assessment of site condition. The Common Standards Monitoring 
methodology, as already applied on a rolling programme on designated areas, would be a 
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highly useful addition prior to the start of any restoration programme and at approximately 5-
8 year intervals subsequently. This would also serve to produce validation data for any future 
modelling efforts to use remote sensing data to predict habitat quality; as such efforts are 
already ongoing using existing CSM datasets. Return or increased populations or breeding 
success of protected species to any restored peatland habitat should also be recorded, 
where feasible. Finally, a full economic analysis of the restoration costs incurred and benefits 
achieved, including co-benefits in socio-economic sectors, should be a requirement of pilot 
projects. The LIFE Peatlands project in Caithness and Sutherland could be used as an 
example of the types of added benefits that restoration projects may bring, e.g. additional 
jobs, lower water treatment costs, river habitat quality improvements. At present, although 
there is sufficient evidence from case studies in the literature to suggest that peatland 
restoration brings some such benefits, it is difficult to assess how stable these benefits are 
and whether they would be achievable in every peatland restoration scenario.  
 
A restoration programme that aims to restore fully the 600,000 ha target in Scotland would 
cost in the region of £770 million in capital costs, if the average restoration cost figures 
derived from 62 lowland raised bog restoration sites analysed in Matthews (2012) are 
accepted as adequate estimates. With the current annual target for restoration at 20,000 ha, 
this would translate into annual costs of £26 million. In addition, annual management costs 
were estimated at £40 ha-1 by Matthews (2012). This would translate into additional costs of 
£0.8 million for management costs, that would incrementally increase to a total of £24 million 
by the time the 600,000 ha restoration target would have been achieved. These are only 
guidance figures as it is unknown whether these cost estimates are adequate and apply to 
larger restoration sites than lowland raised bogs. However, the figures from the Flow 
Country LIFE project suggest that these costs at the scale of landscape scale blanket bog 
restoration from afforestation and drainage are of the same order. As discussed in Section 
8.4., the overall capital costs of restoring afforested sites in the LIFE project were £656 ha-1. 
Translated to ca. 150,000 ha of forestry on deep peat (Section 5.1), this would result in an 
estimated capital (felling) cost of nearly £100 million, one eighth of the estimated total cost. 
The lower estimate of peatland currently showing signs of erosion (Section 3.2.1) is 512,000 
ha. As costs to restore erosion gullies are generally reported per km gully, rather than per 
ha, due to the widely differing characteristics and density of erosion features, it would be 
difficult to estimate the cost involved at national scale. However, as guidance, if the cost 
estimates for grip blocking (£400-2,500 ha-1 for Scotland, Table 5) were to be applied to 
eroded sites, this could result in a minimum cost to restore all eroded areas of £204 million 
and a maximum of £1 billion, i.e. exceeding the cost estimate for the total 600,000 ha habitat 
restoration target.  
 
Clearly, with the limited resources in the Green Stimulus Peatland Restoration Project, future 
SRDP Options and private initiatives, some difficult decisions will have to be made. Future 
assessments of site suitability could involve a rough first estimate of the likely emissions 
savings, by calculating the likely current emissions based on the relevant IPCC category 
(pending the revision of the Wetlands Supplement) and translating these into carbon costs, 
whether market based or derived from the social cost of carbon (Defra, 2007). The second 
factor to consider is how much soil carbon is safeguarded in the process of restoration. In 
analogy to Artz et al. (2012), who calculated the total value of the Scottish lowland raised 
bog carbon stock in this manner, restoration projects could be scored on the basis of the soil 
carbon content of the area involved (Section 4.1). In total, the 1.65 million ha of blanket peat 
store 1499 Mt of carbon. Even at the lowest market price observed so far (€2.63 = 
£2.24/tonne C), Financial Times, 16th of April 2013), this equals £3.4 billion, thus putting into 
perspective the capital costs of restoration. Equally, however, there is no price that can be 
put on safeguarding biodiversity, clean water, educational resources and local livelihoods for 
future generations and it is the likely delivery of these services as well that need to be 
considered in peatland restoration projects.     
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ANNEX 1. BLANKET BOG ATTRIBUTES SPLIT BY LOCAL AUTHORITY 

Table A1.1. Total areas of blanket bog as defined in the LCS88 by local authority. Please 
note that these values are an overestimate as not all blanket bog habitat types are on 
blanket peat soil types (see Main report section 1.2). Many of the LCS88 mapping polygons 
contain mosaic vegetation. The total area was calculated based on the dominant feature 
contributing 60% to cover, while the subdominant feature contributes 40% to cover (LCS88). 
Note that this figure may potentially contain a small proportion of raised bog habitat (<10,000 
ha) as the LCS classification does not allow these to be separated. 

Areas in hectares/ 
dominant feature 

Blanket Bog habitat 
in Dominant 
category of the 
LCS88 

Blanket Bog 
habitat in 
Subdominant 
category of the 
LCS88 

Total area of Blanket bog 
habitat 

Aberdeen City 33.6 33.6 
Aberdeenshire 30936.9 19019.5 49956.4 
Angus 17438.5 8908.0 26346.5 
Argyll and Bute 61873.2 146884.7 208757.9 
City of Edinburgh 22.1 22.1 
Clackmannanshire 744.1 1051.9 1796 
Dumfries and 
Galloway 

29813.9 7761.0 37574.9 

East Ayrshire 11031.1 1697.7 12728.8 
East Dunbartonshire 823.1 823.1 
East Renfrewshire 1763.4 1763.4 
Falkirk 829.8 21.5 851.3 
Fife 317.1 0.0 317.1 
Glasgow City 46.8 46.8 
Highland 538160.5 692400.7 1230561.2 
Inverclyde 2549.3 222.7 2772 
Midlothian 861.9 861.9 
Moray 20903.9 6611.7 27515.6 
Na H-Eileanan an Iar 133443.4 117695.3 251138.7 
North Ayrshire 12508.0 194.7 12702.7 
North Lanarkshire 2663.8 2663.8 
Orkney Islands 10898.5 148.8 11047.3 
Perth and Kinross 47663.7 87577.0 135240.7 
Renfrewshire 987.9 987.9 
Scottish Borders 13879.2 437.8 14317 
Shetland Islands 55728.9 334.5 56063.4 
South Ayrshire 5204.2 1009.8 6214 
South Lanarkshire 10245.8 611.7 10857.5 
Stirling 14158.9 37836.1 51995 
West Dunbartonshire 98.3 438.2 536.5 
West Lothian 1565.3 1565.3 
Total 1,027 195 1,130 863 2,158 058 
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Table A1.2. Total areas of blanket bog within the Scottish Soils database that are underlying 
blanket bog vegetation as defined in the LCS88, presented by local authority. Please note 
that these values are a slight underestimate as not all blanket bog soils still support blanket 
bog vegetation types (see Main report section 1.2). 
Local Authority Areas classified 

as BB soils 
within the 

LCS88 blanket 
bog  habitat 

categories (ha) 

Unitary Area 
(ha) 

Soil & LCS88 classified 
blanket bog as % of 

LAA 

Aberdeen City 0 20561 0
Aberdeenshire 21564 633882 3.4
Angus 14175 220424 6.4
Argyll and Bute 79557 716298 11.1
City of Edinburgh 0 27304 0.0
Clackmannanshire 957 16392 5.8
Dumfries and Galloway 19138 667300 2.9
Dundee City 0 6222 0.0
East Ayrshire 7784 127033 6.1
East Dunbartonshire 682 17461 3.9
East Lothian 0 70094 0.0
East Renfrewshire 1397 17379 8.0
Falkirk 68 31493 0.2
Fife 0 137392 0.0
Glasgow City 0 17643 0.0
Highland 580239 2648436 21.9
Inverclyde 2044 17356 11.8
Midlothian 316 35528 0.9
Moray 15683 225707 6.9
Na H-Eileanan an Iar 126696 326854 38.8
North Ayrshire 7823 90391 8.7
North Lanarkshire 1108 47213 2.3
Orkney Islands 7310 108621 6.7
Perth and Kinross 48875 541891 9.0
Renfrewshire 550 26967 2.0
Scottish Borders 9011 474265 1.9
Shetland Islands 45885 165659 27.7
South Ayrshire 4289 123472 3.5
South Lanarkshire 5363 177405 3.0
Stirling 23795 225481 10.6
West Dunbartonshire 200 18278 1.1
West Lothian 495 43159 1.1
Total 1,025 006 8,023 562 12.8
Note: The unitary authority area GIS layer used for this project contains inland water as well 
as ports and harbours within the boundary, hence the slightly larger than expected areas for 
individual LAA as well as Scotland.  
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Table A1.3. Area of the blanket bog resource falling into each of the major carbon content 
classes, by local authority area 
Unitary Authority % area in blanket bog in carbon 

class (kt km2) 
Total area of blanket 
bog in C classes (%)

15 – 30  30 - 60 60 - 120 > 120 
Aberdeenshire 0.0 3.1 1.7 0.4 5.2
Angus 0.0 4.9 3.2 0.0 8.0
Argyll and Bute 11.6 6.7 3.5 1.1 22.9
City of Edinburgh 0.0 0.0 0.0 0.0 0.0
Clackmannanshire 0.0 6.0 0.0 0.1 6.1
Dumfries and Galloway 0.4 0.9 2.8 0.4 4.5
East Ayrshire 0.5 2.2 2.1 3.2 8.0
East Dunbartonshire 0.2 4.0 0.0 0.0 4.1
East Renfrewshire 1.5 0.9 7.1 0.1 9.7
Falkirk 0.0 0.5 0.0 1.5 2.0
Fife 0.0 0.0 0.0 0.1 0.1
Highland 7.9 14.6 7.5 4.0 34.1
Inverclyde 0.0 2.0 1.5 10.2 13.8
Midlothian 0.0 0.0 0.9 0.8 1.7
Moray 0.3 5.5 2.3 2.0 10.1
Na H-Eileanan an Iar 10.9 25.5 7.7 20.7 64.7
North Ayrshire 3.0 2.4 4.3 2.4 12.0
North Lanarkshire 0.0 2.8 0.0 1.3 4.1
Orkney Islands 0.0 2.4 8.1 6.3 16.9
Perth and Kinross 2.0 10.3 2.4 0.8 15.5
Renfrewshire 2.2 0.0 0.0 1.5 3.6
Scottish Borders 0.2 0.6 1.0 0.3 2.1
Shetland Islands 0.1 0.3 19.6 13.3 33.3
South Ayrshire 0.2 0.8 3.4 0.1 4.4
South Lanarkshire 0.2 1.5 1.5 1.1 4.4
Stirling 3.5 11.2 0.6 0.4 15.7
West Dunbartonshire 1.1 1.7 0.0 0.0 2.9
West Lothian 0.0 1.9 0.2 0.2 2.3
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Table A1.4. Condition of designated blanket bogs in Scotland, as per the Common Standards Monitoring scheme, by local authority area 
Local Authority Area Bog type Favourable 

Maintained 
Favourable 
Recovered 

Unfavourable 
Declining 

Unfavourable 
No change 

Unfavourable 
Recovering 

Grand 
Total 

Aberdeenshire All 5  2 2 1 10 

 Blanket bog 2     2 

 Intermediate bog   1 (blanket) 1 (raised)  2 

 Upland assemblage 3  1 1 1 6 

Argyll and Bute All 7  1 3  11 

 Blanket bog 5  1 2  8 

 Upland assemblage 2   1  3 

Dumfries and Galloway All 10  4 2  16 

 Blanket bog 5  1 2  8 

 Intermediate bog (raised) 1     1 

 Upland assemblage 4  3   7 

East Ayrshire All 1   2  3 

 Blanket bog    2  2 

 Upland assemblage 1     1 

East Lothian All 1  1   2 

 Blanket bog   1   1 

 Upland assemblage 1     1 

Falkirk All (Blanket bog only)    1  1 

Highland All 59 3 11 8 6 87 (88)* 

 Blanket bog 35 1 8 7 6 57 

 Upland assemblage* 24 2 3 1  30 (31)* 

Midlothian All (Blanket bog only)    2  2 

Moray All 1   1  2 

 Blanket bog 1     1 

 Intermediate bog (Blanket)    1  1 

* In both Highland and Perth & Kinross, one additional SSSI each was not assessed as part of the CSM cycle. 
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Table A1.4 (cont). Condition of designated blanket bogs in Scotland, as per the Common Standards Monitoring scheme, by local authority area 
Local Authority Area Bog type Favourable 

Maintained 
Favourable 
Recovered 

Unfavourable 
Declining 

Unfavourable 
No change 

Unfavourable 
Recovering 

Grand 
Total 

Na H-Eileanan an Iar  All 7    1 8 

 Blanket bog 6    1 7 

 Upland assemblage 1     1 

North Ayrshire All (Upland assem. only) 4     4 

North Lanarkshire All (Blanket bog only) 2     2 

Orkney Islands All 5   1 1 7 

 Blanket bog 2   1 1 4 

 Upland assemblage 3     3 

Perth and Kinross All (Upland assem. only)* 5   1  6 (7)* 

Scottish Borders All 2   1 1 4 

 Blanket bog 1   1  2 

 Upland assemblage 1    1 2 

Shetland Islands All (Blanket bog only) 4    1 5 

South Ayrshire All (Upland assem. only) 1   1 1 3 

South Lanarkshire All 2   1  3 

 Intermediate bog (raised)    1  1 

 Upland assemblage 2     2 

Stirling All 3  1   4 

 Blanket bog   1   1 

 Upland assemblage 3     3 

West Dunbartonshire All (Blanket bog only)   1   1 

West Lothian All    2  2 

 Blanket bog    1  1 

 Intermediate bog (Blanket)    1  1 

Grand Total  119 3 21 28 12 185 

* In both Highland and Perth & Kinross, one additional SSSI each was not assessed as part of the CSM cycle. 
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Table A1.5. Areas affected by peat extraction by local authority area 
Local Authority Industrial peat 

workings (ha) 
Other peat workings 
(ha) 

Total  area 
(ha) 

Unitary authority 
area (ha) 

% area of extracted 
sites within local 
authority 

Aberdeenshire 448 1544 1992 633882 0.3

Argyll and Bute 23 6195 6218 716298 0.9

Dumfries and Galloway 149 775 924 667300 0.1

East Ayrshire 0 263 263 127033 0.2

East Dunbartonshire 15 0 15 17461 0.1

East Renfrewshire 14 0 14 17379 0.1

Falkirk 478 0 478 31493 1.5

Fife 63 0 63 137392 0.0

Glasgow City 34* 0 34 17643 0.2

Highland 274 19669 19943 2648436 0.8

Midlothian 52 0 52 35528 0.1

Moray 74 287 361 225707 0.2

Na H-Eileanan an Iar 28 12871 12899 326854 3.9

North Ayrshire 25 76 101 90391 0.1

North Lanarkshire 534 0 534 47213 1.1

Orkney Islands 73 5713 5786 108621 5.3

Perth and Kinross 6 8 13 541891 0.0

Scottish Borders 186 0 186 474265 0.0

Shetland Islands 32 6309 6341 165659 3.8

South Ayrshire 0 22 22 123472 0.0

South Lanarkshire 283 28 311 177405 0.2

Stirling 71 0 71 225481 0.0

West Lothian 156 0 156 43159 0.4

Total area 3018 53761 56779

 * located between Easterhouse & Gartcosh 
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Table A1.6. Summary of Renewables Quarterly Report, 8/6/11. Developments on, or within 50 m of, LCS88 blanket bog (dominant and sub-
dominant).  

 Pre-application Scoping Application Approved Installed 

  D T C D T C D T C D T C D T C 

Aberdeenshire Onshore Wind 1 1 0.8 1 0 20    2 27 76.5 1 1 0.8 

Angus Hydro*    1 0 6 1 0 0.45       
 Onshore Wind                

Argyll and Bute Hydro*             4 0 2.46 
 Hydro - storage             3 0 65.3 
 Marine             1 0 0.5 
 Onshore Wind    4 45 55.7 2 25 81.2 3 36 100 3 69 54.2 

Clackmannan-
shire 

Onshore Wind             1 13 26 

Dumfries and 
Galloway 

Onshore Wind    6 25 16 1 40 92 1 30 90 1 15 20 

East Ayrshire Hydro*       1 0 0       
 Onshore Wind 2 1 0 1 9 0 4 80 77.3    1 47 13.2 

East 
Renfrewshire 

Onshore Wind       1 39 117       

Falkirk Onshore Wind 2 7 0             

Fife Onshore Wind 1 6 12             

Highland Biomass 1 0 0    1 0 5.6       
 Hydro* 13 0 187 4 0 7.85 5 0 456 2 0 1.98 6 0 9.08 
 Hydro - storage 2 0 0 3 0 603 2 0 7    7 0 75 
 Onshore Wind 36 199 478 22 557 654 17 150 336 12 143 345 12 218 393 

D – Number of developments, T – number of turbines, C – capacity in MW. Note that some developments have null values for installed 
capacity in the source data and that 76 of the 399 developments of onshore wind within 50 m of LCS88 blanket bog have 0 turbines recorded. 
Hydro* = hydro (run of river) 
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Table A1.6. Summary of Renewables Quarterly Report, 8/6/11. Developments on, or within 50 m of, LCS88 blanket bog (dominant and sub-
dominant). CONTINUED. 

 Pre-application Scoping Application Approved Installed 

  D T C D T C D T C D T C D T C 

Loch Lomond and 
the Trossachs 
National Park 

Hydro*    2 0 0.65    1 0 2.5    

Midlothian Onshore Wind    1 5 12.5          

Moray Onshore Wind       1 59 177       

Na H-Eileanan an Iar Hydro*             1 0 1.1 

Onshore Wind 2 3 2.7 4 9 3.6 10 79 112 4 70 201 3 7 3.91 

Multiple Authorities Onshore Wind             2 204 465 

North Ayrshire Onshore Wind 1 16 132 2 31 0 2 34 87.5       

North Lanarkshire Onshore Wind 2 10 0 1 11 30    1 1 0    

Orkney Islands Onshore Wind       1 2 0 2 2 0.9 1 1 2 

Perth and Kinross Hydro - storage 1 0 0          4 0 8.82 

 Onshore Wind 3 59 0 2 7 0    1 14 28    

Scottish Borders Onshore Wind 1 17 0          1 24 31.2 

Shetland Islands Marine       1 0 0.1       

 Onshore Wind 6 36 70 3 13 179 1 150 540 1 5 4.25 1 3 1 

South Ayrshire Onshore Wind 5 18 0 2 0 0 1 0 69       

South Lanarkshire Onshore Wind 1 4 0 1 25 50 2 15 3       

Stirling Onshore Wind 1 13 39    1 1 0    1 14 37.5 

West Dunbartonshire Onshore Wind    1 10 0          

Grand Total Grand Total 81 390 921 61 747 1638 55 674 2161 3
0 

328 850 54 616 1210 

D – Number of developments, T – number of turbines, C – capacity in MW. Note that some developments have null values for installed 
capacity in the source data and that 76 of the 399 developments of onshore wind within 50 m of LCS88 blanket bog have 0 turbines recorded. 
Hydro* = hydro (run of river) 
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Table A1.6. Summary of Renewables Quarterly Report, 8/6/11. Developments on, or within 50 m of,  LCS88 blanket bog (dominant and sub-
dominant). CONTINUED. 

 Lapsed Pre-
application 

Refused Withdrawn Total number 
of 

Developments 

Total 
number 

of 
Turbines 

Total 
Capacity 

(MW) 

  D T C  D T C D T C 

Aberdeenshire Onshore Wind 3 0 0    2 45 62 10 74 160.15 

Angus Hydro*          2 0 6.45 
 Onshore Wind 2 0 0       2 0 0 

Argyll and Bute Hydro*          4 0 2.46 
 Hydro - storage          3 0 65.28 
 Marine          1 0 0.5 
 Onshore Wind 6 31 0 11 141 255 3 52 194 32 399 740.45 

Clackmannan-shire Onshore Wind          1 13 26 

Dumfries and 
Galloway 

Onshore Wind 2 40 52    2 16 58 13 166 328 

East Ayrshire Hydro*          1 0 0 
 Onshore Wind    1 18 27 1 0 0 10 155 117.45 

East Renfrewshire Onshore Wind          1 39 117 

Falkirk Onshore Wind 1 0 0       3 7 0 

Fife Onshore Wind          1 6 12 

Highland Biomass          2 0 5.6 
 Hydro* 3 0 0.7       33 0 662.41 
 Hydro - storage 2 0 0 1 0 4    17 0 689.03 
 Onshore Wind 20 168 232 1 2 4 5 189 315 125 1626 2763.21 

D –developments, T –turbines, C – capacity in MW. Note that some developments have null values for installed capacity in the source data and 
that 76 of the 399 developments of onshore wind within 50 m of LCS88 blanket bog have 0 turbines recorded. Hydro* = hydro (run of river) 
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Table A1.6. Summary of Renewables Quarterly Report, 8/6/11. Developments on or within 50 m of LCS88 blanket bog (dominant and sub-
dominant). CONTINUED. 

 Lapsed Pre-
application 

Refused Withdrawn Total number 
of 

Developments 

Total 
number 

of 
Turbines 

Total 
Capacity 

(MW) 

  D T C  D T C D T C 

Loch Lomond & 
Trossachs NP 

Hydro*       1 0 2 4 0 5.15 

Midlothian Onshore Wind          1 5 12.5 

Moray Onshore Wind          1 59 177 

Na H-Eileanan an Iar  Hydro*          1 0 1.1 

Onshore Wind    1 234 652    24 402 974.24 

Multiple Authorities Onshore Wind          2 204 464.6 

North Ayrshire Onshore Wind 1 0 0 3 94 48 2 125 107 11 300 374.5 

North Lanarkshire Onshore Wind 2 6 0    1 12 24 7 40 54 

Orkney Islands Onshore Wind    1 3 7.5    5 8 10.4 

Perth and Kinross Hydro - storage 3 0 1.1       8 0 9.92 
 Onshore Wind 6 14 0 8 123 234 3 86 75 23 303 337.1 

Scottish Borders Onshore Wind 3 0 0       5 41 31.2 

Shetland Islands Marine          1 0 0.1 
 Onshore Wind 6 17 32    5 66 269 23 290 1095.45 

South Ayrshire Onshore Wind 1 0 0    1 18 0 10 36 69 

South Lanarkshire Onshore Wind    1 60 0    5 104 53 

Stirling Onshore Wind          3 28 76.5 

West Dunbartonshire Onshore Wind          1 10 0 

Grand Total Grand Total 61 276 324 28 675 1232 26 609 1106 396 4315 9441.75 

D – Number of developments, T – number of turbines, C – capacity in MW. Note that some developments have null values for installed capacity in 
the source data and that 76 of the 399 developments of onshore wind within 50 m of LCS88 blanket bog have 0 turbines recorded. Hydro* = hydro 
(run of river). 
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Table A1.7. Condition of designated blanket bogs that are part of registered Common Grazings, by Local Authority  
Local Authority SSSI Name Reporting 

Category 
SNH Feature 

Name 
Condition Assessment CC or 

IACS 
Common 
Grazing 

Area 
Overlap 

(ha) 

Area of 
SSSI (ha) 

Percent SSSI 
in Common 

Grazing 

Aberdeenshire Ladder Hills Bogs (Upland) Blanket bog Favourable Maintained IACS 677.9 4357.9 15.6% 

Ladder Hills Mosaic Upland 
assemblage 

Favourable Maintained IACS 677.9 4357.9 15.6% 

Argyll and Bute Rinns of Islay Bogs (Upland) Blanket bog Unfavourable No change SNH 52.9 8784.9 0.6% 

Highland A' Mhoine Bogs (Upland) Blanket bog Favourable Maintained Both 427.3 6000.6 7.1% 

Ach an Todhair Mosaic Upland 
assemblage 

Unfavourable Declining SNH 122.6 174.9 70.1% 

An Teallach Mosaic Upland 
assemblage 

Favourable Maintained SNH 485.2 5141.6 9.4% 

Ben Hutig Bogs (Upland) Blanket bog Favourable Maintained SNH 2281.6 2695.1 84.7% 

Cnoc an Alaskie Bogs (Upland) Blanket bog Favourable Maintained Both 1543.9 3664.7 42.1% 

Coille Dalavil Bogs (Upland) Blanket bog Favourable Maintained SNH 5.2 244.9 2.1% 

Coire na Beinne 
Mires 

Bogs (Upland) Blanket bog Unfavourable Declining SNH 1264.4 3512.0 36.0% 

Cuillins Bogs (Upland) Blanket bog Favourable Recovered SNH 1233.5 10399.4 11.9% 

Dunbeath Peatlands Bogs (Upland) Blanket bog Unfavourable Declining SNH 109.3 6431.8 1.7% 

East Halladale Bogs (Upland) Blanket bog Favourable Maintained SNH 3636.7 8237.4 44.1% 

Foinaven Bogs (Upland) Blanket bog Unfavourable No change SNH 2049.6 14946.2 13.7% 

Foinaven Mosaic Upland 
assemblage 

Favourable Maintained SNH 2049.6 14946.2 13.7% 

Invernaver Mosaic Upland 
assemblage 

Favourable Maintained SNH 274.8 626.0 43.9% 

Inverpolly Bogs (Upland) Blanket bog Unfavourable No change SNH 4.9 11877.5 0.0% 

Inverpolly Mosaic Upland 
assemblage 

Favourable Recovered SNH 4.9 11877.5 0.0% 

Kentra Bay and 
Moss 

Bogs (Upland) Blanket bog Unfavourable Declining SNH 374.1 992.8 37.7% 
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Table A1.7. Condition of designated blanket bogs that are part of registered common grazings, by local authority area (CONTINUED) 
Local 

Authority 
SSSI Name Reporting 

Category 
SNH Feature 

Name 
Condition Assessment CC or 

IACS 
Common 
Grazing 

Area 
Overlap 

(ha) 

Area of 
SSSI (ha) 

Percent SSSI 
in Common 

Grazing 

Highland Knockan Cliff Mosaic Upland 
assemblage 

Favourable Maintained IACS 291.7 362.4 80.5% 

Lochan Buidhe Mires Bogs (Upland) Blanket bog Unfavourable Recovering SNH 2130.5 4122.8 51.7% 

Lon a' Chuil Bogs (Upland) Blanket bog Favourable Maintained Both 1404.7 3728.8 37.7% 

Monadhliath Bogs (Upland) Blanket bog Unfavourable No change SNH 676.7 10671.1 6.3% 

Monadhliath Mosaic Upland 
assemblage 

Favourable Maintained SNH 676.7 10671.1 6.3% 

Moss of Killimster Bogs (Upland) Blanket bog Favourable Maintained SNH 158.2 182.9 86.5% 

Raasay Mosaic Upland 
assemblage 

Favourable Maintained SNH 697.0 742.0 93.9% 

Shielton Peatlands Bogs (Upland) Blanket bog Favourable Maintained IACS 184.2 5496.9 3.4% 

Skelpick Peatlands Bogs (Upland) Blanket bog Favourable Maintained SNH 1699.1 2037.2 83.4% 

Sligachan Bogs (Upland) Blanket bog Favourable Maintained SNH 223.9 534.2 41.9% 

Southern Parphe Bogs (Upland) Blanket bog Unfavourable No change SNH 5069.1 5285.8 95.9% 

Strath Mosaic Upland 
assemblage 

Favourable Maintained SNH 1716.6 1846.1 93.0% 

Strathy Bogs Bogs (Upland) Blanket bog Favourable Maintained Both 1.7 1255.1 0.1% 

Stroupster Peatlands Bogs (Upland) Blanket bog Favourable Maintained SNH 433.8 2795.4 15.5% 

Syre Peatlands Bogs (Upland) Blanket bog Favourable Maintained Both 1162.2 3176.8 36.6% 

Trotternish Ridge (Storr 
to Quirang) 

Mosaic Upland 
assemblage 

Favourable Maintained SNH 3259.6 3721.6 87.6% 

West Borgie Bogs (Upland) Blanket bog Favourable Maintained IACS 1884.7 2207.8 85.4% 
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Table A1.7. Condition of designated blanket bogs that are part of registered common grazings, by local authority area (CONTINUED) 
Local Authority SSSI Name Reporting 

Category 
SNH Feature 

Name 
Condition Assessment CC or 

IACS 
Common 
Grazing 

Area 
Overlap 

(ha) 

Area of 
SSSI 
(ha) 

Percent SSSI 
in Common 

Grazing 

Highland West Halladale Bogs (Upland) Blanket bog Favourable Maintained SNH 3743.8 8561.9 43.7% 

West Strathnaver Bogs (Upland) Blanket bog Unfavourable Recovering IACS 1812.8 2709.9 66.9% 

Mointeach nan 
Lochain Dubha 

Bogs (Upland) Blanket bog Favourable Maintained SNH 410.0 410.1 100.0% 

Inverasdale 
Peatlands 

Bogs (Upland) Blanket bog Unfavourable No change SNH 938.0 1264.6 74.2% 

Kinloch and Kyleakin 
Hills (Monadh Chaol 

Acainn is Cheann 
Loch) 

Bogs (Upland) Blanket bog Unfavourable Recovering Both 56.3 5267.0 1.1% 

Na H-Eileanan 
an Iar  

Achmore Bog Bogs (Upland) Blanket bog Unfavourable Recovering SNH 286.4 296.7 96.5% 

Allt Bholagair Bogs (Upland) Blanket bog Favourable Maintained SNH 7.8 21.7 36.2% 

Loch Druidibeg Bogs (Upland) Blanket bog Favourable Maintained SNH 537.5 1665.1 32.3% 

Loch nan Eilean 
Valley Bog 

Bogs (Upland) Blanket bog Favourable Maintained Both 33.2 33.3 99.9% 

Mointeach 
Scadabhaigh 

Bogs (Upland) Blanket bog Favourable Maintained SNH 1581.1 4148.4 38.1% 

Loch Scarrasdale 
Valley Bog 

Bogs (Upland) Blanket bog Favourable Maintained Both 194.3 218.3 89.0% 

Luskentyre Banks 
and Saltings 

Mosaic Upland 
assemblage 

Favourable Maintained SNH 607.1 1081.0 56.2% 
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Table A1.7. Condition of designated blanket bogs that are part of registered common grazings, by local authority area (CONTINUED) 
Local Authority SSSI Name Reporting 

Category 
SNH Feature 

Name 
Condition Assessment CC or 

IACS 
Common 
Grazing 

Area 
Overlap 

(ha) 

Area of 
SSSI 
(ha) 

Percent SSSI 
in Common 

Grazing 

Orkney Islands Hoy Bogs (Upland) Blanket bog Favourable Maintained SNH 922.7 9499.7 9.7% 

Hoy Mosaic Upland 
assemblage 

Favourable Maintained SNH 922.7 9499.7 9.7% 

Keelylang Hill and 
Swartabeck Burn 

Bogs (Upland) Blanket bog Unfavourable Recovering SNH 2.8 924.0 0.3% 

Rousay Bogs (Upland) Blanket bog Unfavourable No change IACS 4.6 2310.0 0.2% 

Perth and 
Kinross 

Ben Lawers Mosaic Upland 
assemblage 

Favourable Maintained IACS 1967.1 5964.3 33.0% 

Shetland 
Islands 

Foula Bogs (Upland) Blanket bog Favourable Maintained IACS 806.3 1099.4 73.3% 

Ronas Hill - North 
Roe 

Bogs (Upland) Blanket bog Unfavourable Recovering SNH 4610.3 4900.9 94.1% 

Tingon Bogs (Upland) Blanket bog Favourable Maintained SNH 93.8 569.3 16.5% 
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Table A1.8. Designated areas containing blanket bog that fall within a sporting estate, by local authority 
Local authority Site Designation Condition at last CSM Category Area of designated 

site (ha) 
Aberdeenshire Glen Callater SSSI Favourable Maintained Bogs (Upland) 1513 

Ladder Hills SSSI Favourable Maintained Bogs (Upland) 4358 

Garbh Choire SSSI Unfavourable No change Mosaic 229 

Glen Ey Gorge SSSI Favourable Maintained Mosaic 41 

Hill of Towanreef SSSI Unfavourable Declining Mosaic 1886 

Argyll and Bute Coladoir Bog SSSI Favourable Maintained Bogs (Upland) 156 

Beinn an Lochain SSSI Unfavourable No change Mosaic 1369 

Highland A' Mhoine SSSI Favourable Maintained Bogs (Upland) 4717 

Bad na Gallaig SSSI Unfavourable Recovering Bogs (Upland) 391 

Badanloch Bogs SSSI Unfavourable No change Bogs (Upland) 7537 

Ben Griams SSSI Unfavourable Declining Bogs (Upland) 2695 

Ben Hutig SSSI Favourable Maintained Bogs (Upland) 8732 

Ben Klibreck SSSI Unfavourable Declining Bogs (Upland) 5416 

Ben Wyvis SSSI Unfavourable No change Bogs (Upland) 4151 

Carn nan Tri-tighearnan SSSI Favourable Maintained Bogs (Upland) 3665 

Cnoc an Alaskie SSSI Favourable Maintained Bogs (Upland) 2555 

Coir' an Eoin SSSI Unfavourable Recovering Bogs (Upland) 3512 

Coire na Beinne Mires SSSI Unfavourable Declining Bogs (Upland) 1140 

Druim na Coibe SSSI Unfavourable Declining Bogs (Upland) 3125 

Druim nam Bad SSSI Favourable Maintained Bogs (Upland) 6432 

Dunbeath Peatlands SSSI Unfavourable Declining Bogs (Upland) 8237 

East Halladale SSSI Favourable Maintained Bogs (Upland) 14946 

Foinaven SSSI Unfavourable No change Bogs (Upland) 4785 

Grudie Peatlands SSSI Favourable Maintained Bogs (Upland) 11877 

Inverpolly SSSI Unfavourable No change Bogs (Upland) 5178 
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Table A1.8. Designated areas containing blanket bog that fall within a sporting estate, by local authority (CONTINUED) 
Local authority Site Designation Condition at last CSM Category Area of designated 

site (ha) 
Highland Knockfin Heights SSSI Favourable Maintained Bogs (Upland) 6211 

Loch Meadie Peatlands SSSI Favourable Maintained Bogs (Upland) 3729 

Lon a' Chuil SSSI Favourable Maintained Bogs (Upland) 562 

Mallart SSSI Favourable Maintained Bogs (Upland) 10671 

Monadhliath SSSI Unfavourable No change Bogs (Upland) 10103 

Rannoch Moor SSSI Favourable Maintained Bogs (Upland) 6156 

Rumsdale Peatlands SSSI Favourable Maintained Bogs (Upland) 7048 

Skinsdale Peatlands SSSI Favourable Maintained Bogs (Upland) 2344 

Strath an Loin SSSI Favourable Maintained Bogs (Upland) 1616 

Strath Duchally SSSI Favourable Maintained Bogs (Upland) 7257 

Strathmore Peatlands SSSI Favourable Maintained Bogs (Upland) 3177 

Syre Peatlands SSSI Favourable Maintained Bogs (Upland) 1072 

Truderscaig SSSI Favourable Maintained Bogs (Upland) 2208 

West Borgie SSSI Favourable Maintained Bogs (Upland) 8562 

West Halladale SSSI Favourable Maintained Bogs (Upland) 2710 

West Strathnaver SSSI Unfavourable Recovering Bogs (Upland) 1265 

Inverasdale Peatlands SSSI Unfavourable No change Bogs (Upland) 17318 

Affric - Cannich Hills SSSI Favourable Maintained Mosaic 5142 

An Teallach SSSI Favourable Maintained Mosaic 9312 

Ardlair - Letterewe SSSI Favourable Maintained Mosaic 4181 

Beinn Bhan SSSI Favourable Maintained Mosaic 13849 

Beinn Dearg SSSI Unfavourable Declining Mosaic 4818 

Beinn Eighe SSSI Favourable Maintained Mosaic 6658 

Ben Alder and Aonach Beag SSSI Favourable Maintained Mosaic 3034 

Ben Hope SSSI Favourable Maintained Mosaic 8836 

Ben More Assynt SSSI Favourable Recovered Mosaic 9540 

Ben Nevis SSSI Favourable Maintained Mosaic 1052 
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Table A1.8. Designated areas containing blanket bog that fall within a sporting estate, by local authority (CONTINUED) 
Local authority Site Designation Condition at last CSM Category Area of designated 

site (ha) 
Highland Creag Dhubh SSSI Not Assessed Mosaic 7033 

Creag Meagaidh SSSI Favourable Maintained Mosaic 10907 

Fannich Hills SSSI Favourable Maintained Mosaic 3183 

Glen Coe SSSI Favourable Maintained Mosaic 626 

Invernaver SSSI Favourable Maintained Mosaic 362 

Knockan Cliff SSSI Favourable Maintained Mosaic 5452 

Monar Forest SSSI Favourable Maintained Mosaic 1966 

Northern Corries, Cairngorms SSSI Favourable Maintained Mosaic 12077 

Caithness and Sutherland 
Peatlands 

Ramsar   8085 

Na H-Eileanan an Iar  Loch nan Eilean Valley Bog SSSI Favourable Maintained Bogs (Upland) 33 

Lewis Peatlands Ramsar   6001 

North Ayrshire Arran Northern Mountains SSSI Favourable Maintained Mosaic 5964 

Perth and Kinross Beinn a' Ghlo SSSI Unfavourable No change Mosaic 1722 

Ben Lawers SSSI Favourable Maintained Mosaic 456 

Coire Bhachdaidh SSSI Favourable Maintained Mosaic 1667 

Glas Tulaichean SSSI Favourable Maintained Mosaic 143571 

Tulach Hill SSSI Favourable Maintained Mosaic 58984 
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Table A1.9. Carbon holdings in sporting estates 
Local Authority LCS88 BB is 

Dominant 
LCS88 BB is 
Sub-dominant 

Area on Deep 
Peat class 15-30 
kt km-2 

Area on Deep 
Peat class 30-60 
kt km-2 

Area on Deep 
Peat class 60-120 
kt km-2 

Area on Deep 
Peat class 120-
400 kt km-2 

Total area on 
deep peat (ha) 

Aberdeenshire Yes No 3.3 9057.1 6146.0 127.7 15334.2 

 No Yes 0.0 5293.6 1822.7 0.0 7116.2 

Angus Yes No 0.0 5113.2 2096.2 0.0 7209.4 

 No Yes 0.0 1690.3 1494.0 0.0 3184.3 

Argyll and Bute Yes Yes 0.0 27.4 6.7 89.9 124.1 

 Yes No 5622.2 7781.4 1947.6 1565.3 16916.5 

 No Yes 12783.4 8184.0 1659.9 104.3 22731.6 

Highland Yes Yes 0.0 133.9 27.1 51.1 212.1 

 Yes No 44208.5 66784.7 79704.8 50777.4 241475.3 

 No Yes 99082.8 174030.1 64689.6 4253.8 342056.4 

Moray Yes No 162.2 4096.3 3926.7 745.4 8930.7 

 No Yes 51.7 1138.1 192.4 160.7 1542.9 

Na H-Eileanan 
an Iar 

Yes Yes 2.6 365.1 180.0 249.3 797.0 

 Yes No 2470.3 15057.6 6967.9 2106.5 26602.3 

 No Yes 12747.5 17010.7 7961.0 92.9 37812.2 

North Ayrshire Yes No 268.3 335.4 610.6 0.0 1214.3 

 No Yes 25.0 0.0 0.0 0.0 25.0 

Perth and 
Kinross 

Yes No 3028.4 11910.3 5721.7 2295.8 22956.2 

 No Yes 4230.5 16446.2 3683.2 639.7 24999.6 

Stirling Yes No 0.6 323.4 0.0 0.0 324.0 

 No Yes 27.8 444.3 20.2 0.0 492.2 

782056.6 
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ANNEX 2. STAKEHOLDER PREFERENCE SURVEY 

This section gives the details of the second, online, stakeholder survey that was carried out 
to obtain weighted rankings of site selection criteria for nation-wide assessments of the 
blanket bog resource suitable for restoration. These site selection criteria had been obtained 
by consensus at a prior stakeholder workshop (see main report, Section 1.1, for 
methodology and results). 
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A 2.1. Survey results 

Criteria and sub-criteria  

Relative2 
weight 

(%) 
Rank 

(PWC) 

CRITERION 
1 

Biological potential to maximize biodiversity and 
carbon sequestration 25.29 1

C11 
-  Current type and condition of vegetation and other 
species assemblages (e.g. birds, soil animals, microbes) 24.83 2 

C12 
-  Potential for functional blanket bog to regenerate under 
present and future climate  37.84 1 

C13 
-  Potential to be biologically connected to surrounding 
landscapes and biodiversity 19.25 3 

C14 
-  Conflicts with existing biodiversity that may arise from 
changes to other desired land uses  18.09 4 

CRITERION 
2 

 Physical potential to maximize biodiversity and carbon 
sequestration 21.61 3

C21 
-  Level or rate of current physical degradation (i.e. erosion, 
extraction, hydrological condition) 39.85 1 

C22 -  Ease of access or potential access issues 14.30 4 

C23 
-  Geophysical attributes: area/size/altitude and variation 
within site  21.86 3 

C24 -  Peat type and depth 24.01 2 
CRITERION 

3 
 Site designation, existing monitoring or limitations in 
site status  12.36 5

C31 -  Is there a site designation in place 39.13 1 

C32 
-  If non-designated, is monitoring in existence or are there 
existing historical data 25.85 3 

C33 
-  If non-designated, are there existing management option 
limitations or requirements for consents  35.04 2 

CRITERION 
4 

Land use and management in relation to site potential  
15.98 4

C41 -  Sustainability of current and historic land use  17.19 4 
C42 -  Existing management and/or guarantees for the future 34.01 1 
C43 -  Timescale and deliverability of restoration efforts 28.13 2 

C44 
-  Is the site managed as a hydrological unit, (i.e. is there a 
management plan for the entire catchment) 20.69 3 

CRITERION 
5 

Funding and resources in relation to management 
potential 24.78 2

C51 

-  Conflicts in sources of income from current versus 
potential management (e.g. income from using site as a 
forestry enterprise versus restoration) 18.54 4 

C52 

-  Availability/eligibility/continuity of funding for restoration 
from the Scotland Rural Development Programme  (SRDP) 
and other sources 28.65 1 

C53 
-  Would restoration offset other costs (e.g. water treatment 

costs) or create socio-economic benefits (e.g. rural jobs) 28.00 2 

C54 
-  Potential for partnerships (e.g. private companies, 
conservation groups and local population working together) 24.83 3 

 
 

                                                 
2 The weights reported here are based on arithmetic means. We also computed geometric means (but 
not reported because the rankings are more or less the same).  
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The relative importance of each of the five higher level site selection criteria and the sub-
criteria under each of them was estimated by aggregating the pair-wise comparison matrix 
data (see Table above). Criterion 1 (Biological potential to maximize biodiversity and carbon 
sequestration) was ranked as the most important criterion for site selection in Scottish 
blanket bogs to benefit biodiversity and carbon balance. The relative rankings of the 
remaining four higher criteria can also be seen from the above Table. The table also reports 
the relative importance attached to the sub-criteria under each of the higher level criteria. For 
instance, under Criterion 1 (biological criterion), C12 (i.e., Potential for functional blanket bog 
to regenerate under present and future climate) is the most important factor when evaluating 
biological criterion for restoring blanket bogs. Ranking of all other sub-criteria can be 
interpreted similarly.  
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ANNEX 3. STAKEHOLDER RESPONSES TO PRESENTED EVIDENCE ON THE 5 TOP 
LEVEL SITE SELECTION CRITERIA 

The evidence collected within this project against each individual site selection criterion was 
presented to stakeholders at an SSE organised ‘Peat Summit’ on the 19 April 2011. The 
participants included representatives from renewable energy developers, ecological 
consultants, academic researchers, regulatory bodies, conservation bodies, private 
enterprises and the 20:20 Vision group.  
 
A3.1. Stakeholder responses to presented evidence by site selection criteria 

Codes: LM-Land management; AC-academic; EC- ecological consultancy; RB-regulatory 
body; Private business (PB) 
 

1) Biological evidence 
‐ Of highest priority are areas where blanket bog can regenerate under future climatic 

conditions. Why waste resources on areas that will cease to be viable? (LM) 
‐ The maps shown do not suggest that all the evidence is available but I expect that for 

certain sites enough data can be collected to determine biological potential (LM) 
‐ Consideration of the long term record needs to be built into the analyses of biological 

data and used to inform future projections, particularly in relation to long term change 
and management (AC) 

‐ No, too many competing priorities (EC) 
‐ Not convinced that we have enough knowledge to use criterion 2. More research is 

needed to understand climatic change impacts on blanket bogs in Scotland (RB). 
‐ Development of a Scottish Wetland Inventory is underway and will be available July 

2011. This will help decisions based on criteria 1 and 3 (RB). 
‐ We need better data on the condition of peatlands and shallow peat on organo-mineral 

soils, including those that are out with designated sites. There is a question of whether 
vegetation cover (i.e. Sphagnum, not much cotton grass) gives enough information on 
carbon sequestration or losses (RB) 

‐ Connectivity for species may require holistic decisions in specific cases (RB) 
‐ Where a particular species or habitat is identified as highly valued and in need of 

restoration, action may need to be taken even if it is contrary to wider policies (carbon, 
funding, renewable energy) within reason. This requires a bit of flexibility (RB) 

‐ I feel that it is probably broadly true that rewetting peatland will improve biodiversity 
per se. There is probably a significant downside. I sense that, where new tree planting 
is under consideration (for woodland regeneration instead of peatland restoration), an 
EIA will generally focus on loss of certain habitats (e.g. for moorland species) rather 
than gain of habitat for forest species (PB). 

‐ No, but progress needs to be made and data access needs to be streamlined (RB). 
‐ No need to analyse conflicts in non-native forestry (not a natural habitat). Duty is to 

restore original functional habitat. Need to view whether fully functioning peatlands can 
still function in 2080 (RB) 

‐ There is a false conflict between forestry and peatlands from a biodiversity argument. 
Forestry introduces alien species – native diversity wins. Given uncertainties in what 
will happen between now and 2080, target areas that have the best chance of 
survival/success (PB) 

‐ Bioclimatic envelope should also consider impact of sea level rise on coastal peatlands 
(RB).  

‐ Yes, but suggest start with carbon saving potential as primary driver. May need to 
trade-off biodiversity on some sites if carbon imperative is very strong (LM). 
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2) Physical potential 
‐ Avoid chasing lost causes, need to raise awareness of importance of peat 

management to general public. Seek to improve condition and storage of C on large 
sites (LM) 

‐ Where information is available about peat depth and condition, this would seem to give 
enough info to proceed to site selection (RB) 

‐ Factor in long-term change for marginal areas. Should factor landscape connectivity 
and change in the long term [perhaps commented on before seeing the connectivity 
evidence?]. Insufficient evidence in terms of the way the available data has been 
analysed (EC) 

‐ Yes, but need map of gripped blanket bog by quick air photo survey (PB) 
‐ Don’t forget ‘access’ can be on foot, quad bike, other ATV or even helicopter or boat. 

Does not need to involve road construction (PB) 
‐ Yes I would suggest that there is a prize to be won in adding to project remit. a) select 

deep peat, large bogs (Lewis, Shetland, Caithness & Sutherland) b) Recommend 
future measures to deliver management change in an inclusive manner to include the 
small scattered bogs on organo-mineral soils (RB). 

‐ Figure 5: consider current condition is potential future condition (at risk sites may be 
good now but could deteriorate). Are we targeting soil (peat) or habitats (peatlands)? 
(PB)  

‐ Figure 3 – geophysical: it is important to restore within hydrologically coherent areas. 
Figure 4. Type and depth: important to target deep peats for protection. Figure 1. 
Degradation – most target less degraded peatlands to achieve multiple benefits 
sooner. Some easy/quick wins too. Occasionally erosion must be stopped but not but 
not through Sphagnum restoration (RB) 

‐ Access: Is this really a problem or an opportunity e.g. potential for local employment to 
manage sites (RB) 
 

3) Site Designation 
‐ Collation of existing data is probably more important/cost effective than seeking to 

capture more data. Short term focus on designated sites/selected sites in wider 
countryside. Longer term- gather info from wider countryside, perhaps starting with 
areas closest to SSSIs (LM) 

‐ Designated sites – create buffers – two stage approach to conservation and 
restoration. Buffer areas can be overlaid with a catchment based approach linking to 
sustainable catchment management analysis already being undertaken by SEPA etc 
(see evidence for land use & management comments) (EC) 

‐ No it would miss all the afforested carbons stores (EC) 
‐ Tricky. We know so little about areas out with designated sites. At least in designated 

sites we can be confident of, and assess, biodiversity benefits and carbon benefits 
should be no less than in undesignated areas (RB) 

‐ Scottish Wetland Inventory will provide data on all wetlands, including peatlands, in 
Scotland and should help withy status and monitoring strategy in the long term (RB) 

‐ Existing designations, mostly for biodiversity, are still useful for carbon in general. 
Monitoring of the condition of peatlands, not just those in designated sites, should be 
carried out. This can take account of the water table depth in peatlands. SEPA may 
have relevant (routine) data as part of their hydrology work and CEH may have data in 
selected sites e.g. from work in the Flow Country. Appropriate management options 
should be eligible for funding under the SRDP. Cross-compliance should prohibit soil 
erosion and over grazing. (RB) 

‐ Have a look at GLASTIR in Wales. Mapped to show: - Forested land, ‘green’ land 
(suitable for forestry, no further consultation necessary), ‘amber’ land (may be suitable 
for forestry with consultation), ‘red’ land (not suitable for forestry). This approach may 
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have relevance in Scotland, especially if overlaid with the Macaulay maps in the Land 
Use Strategy (PB) 

‐ Need to restore designated sites to achieve multiple benefits. Data – it may be 
possible to use past/historical biological data as a proxy for peat condition of priority 
peat area (RB). 

‐ Given that less than 10% of blanket bog is designated, how are we going to target the 
90% undesignated? Should we start by surveying a buffer of around 1 km around each 
designated site, to capture the wider mosaic and extend from there? (PB) 

‐ Not yet as land use data are missing (RB) 
 

4) Land use and management potential 
‐ One word answer: No. I believe that the land is so varied that any ‘top down’ approach 

will be flawed. I would much rather prefer a ‘bottom up’ approach. Start with detailed 
case studies of peatland sites from different bio-geographical zones and use the 
information gathered to develop the priority areas (LM). 

‐ Historic land use is often the reason why certain features e.g. blanket bogs have 
developed. These practices should be encouraged, I recommend that support is given 
for the maintenance of blanket bogs as well as the restoration of bogs (RB) 

‐ Need to have better understanding of water table and water held within catchments – 
link to land use. Understand long term land use change – particularly in terms of what 
to restore to. Undertake analyses at catchment scale – understood by land managers, 
communities (public and private). Catchment scale analysis with buffers around 
designated areas – a starting point for identifying sites fro restoration with a clear link 
to the policy and management tools that can be used to implement action on the 
ground (EC) 

‐ Only useful for the ‘additional sequestration’ part of the programme. For avoided 
losses, need capital payments to block drains (PB) 

‐ Yes. Panel 2 states that there are 2 Scottish sites in the DEFRA 2008 overview plus 
11 other restoration projects in Scotland. Need to choose, say, 4 of these, maybe 
those distributed around Scotland and with sufficiently varied characteristics to be 
developed further as ongoing research/demonstration sites (PB) 

‐ No, difficult to aggregate at national scale. Suggest applying after site selection using 
‘real’ engagement withy relevant managers (LM) 

‐ For the Highlands and Islands, yes. However, as economics change I feel there is a 
general change in motion at this time and some care needs to be taken in assessing 
the multiple land use actors (RB) 

‐ Hydrology is key to restoration, key issues for effective restoration in changing climate. 
Needs catchment understanding from SEPA. Need to get better at cooperative 
agreements with land managers/owners, i.e. through SRDP. LFA support should be 
adapted to support peat management outcomes – make CAP pay for these 
environmental benefits (RB) 

‐ Figure 13, windfarms, relates to Figure 6 (ease of access). By definition, windfarms will 
be only pursued where good access exists, also windfarms may cover a wide area but 
actual infrastructure covers only 1-2% of total plan area (as area for windfarms is often 
defined by land ownership boundaries not physical limits of the infrastructure (PB) 

‐ Current (and future) land use is not necessarily sustainable. Over grazing whether on 
common grazing or private land should be minimised, insist that a GAEC condition to 
practice it? Forestry on peatland (deep peat) may be doing more damage than it is 
worth. In many cases it may not be worth it to re-plant but to manage the land towards 
peatland or moorland restoration. Wind farm applications should be evaluated on the 
basis of the carbon calculator. Both for large (> 50MW) and smaller schemes. Local 
authorities should take account of the calculators. Management of catchments is 
advised in e.g. area committees organised by SEPA as per the River Basin 
Management Plans (RBMPs). Account should be taken of dissolved organic carbon 
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(DOC) and particulate (POC). Action should prevent or minimise such losses. The 
WICS has agreed that Scottish water may contribute to such land management which 
should enable SW to make savings in water treatment (either the capital cost or 
running costs where equipment needs to be installed) (RB) 
 

5) Funding and Resources 
‐ Discussion around poster:  
‐ Much of Scotland’s blanket bog is not under any payment scheme – perhaps worth 

contacting Mark Aitken on SAC work done on funding distribution 
‐ Biodiversity funding is missing – speak to Clifton Bain, Uilleam Smith, Neil Ritchie, 

Geeta Puri (contacts in SG IACS/Agri-Payment group for stats) 
‐ Pillar 2 payments on BB should be mentioned as a % of all Pillar 2 payments 
‐ Specific comments: 
‐ How do you approach large areas of land that do not qualify for SRDP or do not 

choose to claim (LM)? 
‐ The case has to be made for adequate funding and resources to assist with site 

selection, and to provide incentives for land managers to engage in this process (LM) 
‐ (Funding and resources are) not such a priority. Need to raise profile of importance of 

sites/peatlands (and) assist in applications for funding for peatland restoration 
(farmers, land owners etc.) (EC) 

‐ No, not at present. Present CAP reform not useful. Carbon trading market will create 
its own pattern based on ease/certainty/permanence/risks (e.g. methane problem) of 
methods to safeguard a plot (EC) 

‐ In a competitive scheme such as Rural priorities there should be points in a scoring 
system for areas that are designated (e.g. for biodiversity) or otherwise identified. It 
may be that certain areas should be identified as having substantial carbon storage 
potential (e.g. by being at risk of C losses). Peatland restoration projects should 
continue to be eligible for SRDP (Rural Priorities type) funding. Where there is good 
evidence to show that such restoration will contribute to climate change mitigation, 
such projects should be eligible for funding with ‘points’, a high priority. Moorland 
management options should continue to be available in the SRDP with a requirement 
for the moorland management plan which should, amongst other things, rule out over-
grazing. Specific items such as ditch-blocking should continue to be eligible. (RB) 

‐ Point re: farm payment data not available due to ‘privacy issues’. Not sure if it is 
privacy. I think it is about SRDP having to organise its data management (PB) (NOTE 
– this may have been a point of misunderstanding). Much of the deep peatland is not 
covered by SFP anyway, may be receiving LFASS but not SFP. Once there is 
sufficiently robust methodology we can bring in funding  to invest in peatland 
restoration (PB) 

‐ Unpopularity of relevant management options should not be indicative of importance. 
Understanding of options in needed. SRPB has found that restoration can multiply 
local employment by x3. This is the least important factor in choosing sites. Funding 
and resources should be adapted to fund and support the priority areas (LM) 

‐ Yes. However, the SRDP in generally considered to have been poorly 
delivered/structured. Therefore care needs to be taken so as to structure the options 
on the chosen scheme (RB) 

‐ Consider looking at windfarm habitat management plans, these cover multiple land 
owners and are for the operational life of the windfarm (25 years) though may not be 
peat/peatland focused. Funding option – windfarm developers paying into a ‘peatland 
restoration fund’ (akin to community benefit) instead of paying for HMPs on their sites? 
£1000 per MW installed? Could generate significant funding stream going forward?! 
(PB) 

‐ No, use bottom up case study engagement with land managers in priority area. 
Difficult to aggregate at national scale (LM) 
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Feedback on the poster and discussion session 
‐ Difficult (for me) to grasp what this was about. Large (too large) amount of information 

to assimilate in a very short time. I am not sure that the feedback will be as focused as 
you would have liked (LM) 

‐ Posters and organisation of questions/focus for discussion of groups very good and 
potentially productive. More time could have been allocated for this activity as it 
collectively gathered a significant ‘opinion’ from key individuals. (EC) 

‐ I feel that the papers have not clearly differentiated between two parallel (and 
necessary) courses of action. 1) safe guard peatlands as risk from depletion – so focus 
on drained peatland – quick fix block drains, but account for/beware methane. 2) 
Manage peat to improve sequestration and biodiversity. The first is ten times more 
important in terms of likely releases of C in the next 20 years than the second (PB) 

‐ I share your frustration at the lack of data which can be accessed or manipulated. 
However, the options have been clearly laid out and enough is available to make 
sensible choices. It will be good to know you will make extra recommendations. (RB) 

‐ Useful session and development of previous discussions (RB/LM) 
 
Suggested priority areas 
 
Lewis x 2 (including Barvas Moor) 
North West  
Monadh Liath x 2 
Shetland (Yell) 
Bayhead North Uist 
Caithness/Flow Country x 2 
Islay (partnership potential) 
Rum 
Orkney 
SW Scotland afforested peatlands 
Water supply areas 
SW Scotland sea level rise wetlands (some afforested) 
National Parks 
Biosphere Reserves 
 
Further comments on this section: 

‐ Variety would be the key. Different types of sites, different tenures, different areas. 
Need to build up experience from different areas and present this to people within 
reach of each site. Very few will travel to Forsinard! 

‐ Focus on core areas of current designated sites. Create buffer zones within a 
catchment scale analysis approach  

‐ As priority, designated sites that physically/biologically robust (and accessible) and 
that offer the best value for money (public or private). Therefore, requires a 
ranking/scoring/index system that helps selection – I guess that is the purpose of this 
piece of work. As part of that, the ‘opportunity costs’ (or tradeoffs) must also be 
explicitly included in the approach 

‐ I have no knowledge of particular areas but would recommend that the prioritisation 
not only considers carbon sequestration and biodiversity but the cost effectiveness of 
increasing other ecosystem services (as per LUS), e.g. flood risk mitigation, DOC 
reduction etc. Also, potential restoration should not be limited to peatlands – include 
other carbon-rich soils, too. 

‐ Flow Country – deep peat, relatively quick restoration potential, fewer land owners, 
accessibility relatively good, local knowledge, multiple benefits possible, scale 
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important. Lewis – same as above but interesting to test out multiple landowner 
methods. Islay – bring in partnership with distilleries? It seems to me that we are in a 
pilot phase of understanding what works. Therefore we need a range of situations to 
understand what works well. 

‐ At the ‘physical potential’ board, there was a definite feeling that areas identified as 
national priorities for restoration, based on objective scoring, should not preclude local, 
single farm, projects that may be very small in scale from receiving funding. 
Additionally, should carbon benefits through restoration be practiced in the same 
locality as ‘damage’ or can it be offset elsewhere? Implications for local jobs and 
politics. 

‐ Peat (>0/5 m deep) should be prioritised over organo-mineral soil…(sections of this 
comment have been omitted as these were back-of-the envelope calculations)… Total 
net C content /potential storage in deep peat must be 10x higher so an obvious target. 
Also, peat can be targeted by extend of area and there is less conflict with agriculture 
and sporting interests. So, target existing areas of restoration in peat and extend 
boundaries of restoration areas – quick win. 

‐ Assume focus on blanket bog ‘restoration’ of organic soils. Priority concern would be 
present site condition and particularly potential for restoration. Sites that displayed 
marginal change and were easy to restore would be the priority. Secondary concern 
would be to identify the functional land management units – prioritise sites where one 
management unit or team applies, e.g. crofting/grazing committee or estate/farm 

‐ Where there is obvious erosion, there is likely to be substantial loss of C and therefore 
a case of action to stop erosion. It may take time to re-establish any vegetation, 
especially Sphagnum, but it should be a priority to reduce the loss of C. Sites in good 
condition should be conserved. A high priority is to prevent the deterioration that may 
have started some time ago. Any development proposal on peatland or organo-mineral 
soils should be assessed taking account of the potential loss of carbon. When such 
developments are approved, action should be taken to minimise losses and it may be 
a condition of permission that restorative action nearly or elsewhere is taken. 
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ANNEX 4. DETAILED MAPS OF PRIORITY AREAS 

A.4.1. Shetland 
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A.4.2. Lewis 
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A.4.3. North Uist 
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A.4.4. Caithness & Sutherland 
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A.4.5. Monadhliath 
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A.4.6. Cairngorms National Park 
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A.4.7. Orkney 
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A.4.8 Cape Wrath 
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A.4.9. Trotternish 
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A.4.10. Islay 
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A.4.11. Kilmarnock-Douglas 
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A.4.12. Western Dumfries and Galloway 
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SUMMARY 

Blanket bog in Scotland is extensive covering up to 21,222 km2. The carbon (C) stock of 
these peatlands has been estimated to range between 600 Mt C and 1620 Mt C. However, 
much of that has been disturbed and when peatlands are disturbed they may emit C. 
Peatland drains are a type of disturbance that affect large swathes of Scotland’s blanket 
bogs. Traditional methods of mapping such as field surveys are costly given the remoteness 
of many drained blanket bogs. In this report the feasibility of using Google Earth imagery in 
an object oriented approach to extract data on the extent and density of drains on blanket 
bogs is examined. A second approach was also examined using the object oriented 
approach and high resolution satellite imagery. The Google Earth imagery while free to 
acquire has several logistical and potentially legal issues associated with its use. While the 
high resolution imagery initially looks more expensive it may yield a more comprehensive 
and accurate map of drains in Scotland’s blanket bogs. 
 
1. INTRODUCTION 

Soil organic matter and soil organic carbon (SOC) play a major role in the carbon cycle of 
the soil. The global soil carbon pool contains 1,500 gigatonnes (Gt) (Batjes, 1996; 
Schlesinger and Andrews, 2000; Smith et al., 2004). However, there is much uncertainty as 
to how big the SOC stock actually is (Dawson and Smith, 2007, Schwartz and Namri, 2002). 
Estimates vary from 1000 to 3000 Pg (Bell and Worrall, 2009, Schwartz and Namri, 2002). 
The 1500 Pg estimate only accounts for SOC in the top 1 m of soil, yet is double the amount 
of C found in the atmosphere and three times that found in vegetation (Davidson and 
Janssens, 2006, Schlesinger and Andrews, 2000).  
 
There are also a lot of uncertainties surrounding the estimation of peatland carbon stock. In 
the literature this varies from 120 to 547 Gt of C (Franzen, 2006, Yu et al., 2010). However, it 
is generally accepted that the peatland carbon (C) stock is between 25% and 33% of the 
terrestrial soil C stock. This peat soil stock is located on between 4% and 6% of the 
terrestrial land area (Gorham, 1991, Mitra et al., 2005). Therefore on a metre for metre basis 
peatlands store more carbon than any other terrestrial ecosystem (Dise, 2009). 
 
Peatlands throughout the world are vulnerable ecosystems (Barber, 1993, Bridgham et al., 
1999, Page et al., 2010). In many cases they have been regarded as wet wastelands 
(Feehan and O' Donovan, 1996) and efforts have focused on creating an economically 
viable ecosystem. Thus peatlands have been, drained, burnt, dug up for fuel and 
horticulture, afforested, overgrazed and converted for agriculture (Wilson et al., 2011). In 
peatlands the SOC stock is controlled by the balance between the inputs and outputs of C in 
the above and below ground environment. The main input to the system is plant detritus and 
outputs are dominated by the efflux of CO2 from the root respiration and microbial 
decomposition of organic matter in the soil (Crow and Wieder, 2005). Hydrologic leaching of 
particulate and dissolved C can also be important (Davidson and Janssens, 2006). These 
processes are regulated both by temperature and hydrology (Xiang and Freeman, 2009).  
 
In peatlands hydrology controls the balance between aerobic and anaerobic conditions. 
Water logging inhibits chemical and biochemical reactions in the soil and microbial 
decomposition is limited (Davidson and Janssens, 2006). High water tables enable 
peatlands to maintain anaerobic conditions and the resulting low oxygen levels inhibit phenol 
oxidase in particular, resulting in the accumulation of phenolic compounds that inhibit the 
activity of the hydrolase enzymes, which, in turn change the rates of decomposition and 
rates of production of CO2 and CH4 leading to SOC accumulation and storage (Brown et al., 
2007, Davidson and Janssens, 2006, Freeman et al., 2001, Evans et al., 1999). This C stock 
is relatively stable only as long as water-logged anaerobic conditions are maintained 
(Charman, 2002, Davidson and Janssens, 2006). 
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When drains or grips are dug on peatlands, the water-logged anaerobic conditions are 
altered. The drains increase the drainage density and lead to lower water tables on the 
peatlands (Holden et al., 2007). Wilson et al., (2010) found that at a study site in Wales 
drains cut into upland blanket bog led to the creation of a localised dry zone within 2 m of the 
drain, surface water is less common and within 5 m of a drain water tables are lower. This 
causes subsidence of the peat surface resulting in peat compression and the water table 
draw down exposes anaerobic zones to oxygen leading to oxidation of the formerly 
anaerobic peat soil which leads to increases the export of dissolved organic carbon (DOC) 
and increased oxidisation of the peat (Strack et al., 2008).  Wilson et al., (2010), found that 
at their site, blocking the drains led to a reduction or disappearance of the dry zone and 
water table depth became shallower. Armstrong et al., (2010) conducted an extensive 
survey of the impact of blocking peatland drains in the UK. They found that while drain-
blocking can be an effective method for reducing DOC loss, there were sites in their study 
where this was not the case.  
 
In Scotland, blanket bogs cover extensive areas. They are an important habitat under the EC 
Habitats Directive (92/43/EEC) (Wilson et al., 2010). Chapman et al., (2009) reviewed 
several studies examining the extent of peatlands (mainly blanket bogs) and found that 
estimates of the spatial area ranged from  765 Kha to 2625 Kha. In Chapman et al.’s study 
(2009) peatland extent was estimated to be 1727 Kha. The differing estimates of spatial 
extent have implications for the calculation of peat SOC store. The lower the spatial extent 
estimate the lower the carbon store. In the review, the estimates of peat SOC store ranged 
from 600 Mt C to 16412 Mt C although calculations based on new data set the stock at 1620 
Mt C (Chapman et al., 2009). A large proportion of peatlands have been drained (Armstrong 
et al., 2009). Drains were dug in the region for several reasons: to allow the planting of 
coniferous forests, to improve the land for agriculture and to extract peat for horticultural and 
energy purposes (Holden et al., 2004). These drains are regarded as being a threat to the 
conservation value of the peatlands but they are also a threat to the carbon stored in these 
peatlands as they draw down the water table and allow DOC to flow out of the system as 
many drain networks are well connected to stream channels (Dise, 2009, Holden et al., 
2007).  
 
1.1 Mapping drains 

Peatland mapping is a difficult task given their remoteness (Connolly and Holden, 2009, 
Connolly et al., 2007) and mapping peatland drainage is a harder task. Holden et al., (2007) 
surveyed peatland drains in several upland blanket peat catchments in northern Britain. The 
extent of drainage can clearly be seen on aerial photographs (Lindsay et al., 1988) and 
potentially digitised, though this would be an extensive task for all blanket bogs in Scotland.  
Given the dearth of information available for mapping peatland drains, the process of 
mapping peatland gullies may be analogous, although gullies differ in their morphological 
characteristics and may have a much greater impact on CO2 and DOC emissions (Evans 
and Lindsay, 2010). Mapping gullies, like drains, is problematic and it is difficult to do it 
accurately especially over large areas. Field surveys have been used in the past and are still 
useful; however over large areas, such as Scottish blanket bogs, they would be very 
expensive and time consuming. Evans and Lindsay, (2010), used LiDAR data to model gully 
depth. Wishart and Warburton (2001), used aerial photograph mapping, historical sources 
and field survey for mapping gullies in the Cheviot Hills.  Rothwell et al., (2010) used fine 
resolution (2 m) LiDAR derived digital elevation model to map gullies in the Peak District. 
The drainage network at Forsinard was mapped and digitised by the Royal Society for the 
Protection of Birds (RSPB) from 1988/89 air photographs. Matheson et al., (2003) reported 
difficulties with the RSPB dataset in that it did not contain sufficient accuracy to give 
confidence in any drain density scores and they concluded that the best approach was to 
use peatland team surveys.  
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1.2 Automatic mapping of peatland disturbance  

Keyworth et al., (2009) used an object oriented rule based classification approach to assess 
the extent and severity of erosion on an area of upland organic soils in Scotland using 
medium resolution satellite imagery. They found that classifications of the landscape using 
that approach were far more representative than other methods. Tong et al., (2010), have 
shown that object-orient methods can be used with Google Earth (GE) imagery to detect 
main roads in China. Despite the process performing well when compared to Ikonos imagery 
they state that their experimental results show that information extracted from GE images 
could be used to meet applications of less demanding precision. Recent work, in Ireland, has 
shown that object oriented methods are useful, when used with very high resolution (0.5m) 
satellite imagery, for determining disturbance on peatlands (Connolly and Holden, In Press) 
and for extracting information of Industrial peatland drains on low level blanket bogs 
(Connolly and Holden, 2011). In that work, an ArcGIS extension, VLS Feature Analyst, was 
used to extract man-made drainage patterns from high resolution Geoeye-1 imagery (0.5 m). 
The agreement between the mapped drains and the actual drains was very good.  
 
The aims of this study are to:  

1. assess using low-cost image data for mapping the extent of drainage in Scottish 
blanket bogs 

2. examine the Forsinard area using feature extraction to determine if drains can be 
mapped using this approach 

3. assess the feasibility and cost of nation-wide mapping of drainage using high 
resolution imagery 

 
2. METHODOLOGY 

2.1 Assessment of availability and suitability of low-cost image data for mapping 
extent of drainage in Scottish blanket bogs 

Scottish peatlands are extensive. In 2009, Chapman et al. calculated the total peatland area 
to be 1727 kha. They defined peatland as areas of peat soil where the depth of the peat 
exceeded 50cm. The Landcover of Scotland (LCS88) dataset was used in this report. The 
LCS88 dataset estimated the spatial extent of peatland to be 2122 kha. It should be noted at 
this stage that the LCS88 is a landcover dataset as opposed to a map of peat soils. This 
may account for the difference in the extent of peatlands both datasets. LCS88 includes 
landcover types such as Montane vegetation, coarse, smooth and improved grassland, 
however, the dominant landcover classes are peatlands and heather moor. Both these 
classes cover 93.41% of the LCS88 peatland extent and their combined area is 1982.6 kha. 
The 2122 kha figure is used in this feasibility study (Figure 1.) The extent of peatlands 
covered by high resolution imagery was examined in GE and in the archive of two high 
resolution satellite platforms; Digitalglobe’s Worldview-2 and Geoeye’s Geoeye-1. 
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Figure 1. The extent of peatlands from the Landcover of Scotland 1988 survey 

2.1.1 Google Earth imagery 

In Scotland, 84.4% of blanket bogs is covered by high resolution satellite imagery (2 – 4 m) 
and aerial photography (0.25 m) in Google Earth (GE). The other 15.6% is covered with 
medium resolution imagery possibly Landsat (30 m resolution). This is depicted in Figure 2 
where the red blocks indicate low resolution areas. Therefore there is the potential for GE 
imagery to be used for mapping man-made drains in the high resolution areas. The medium 
resolution images in GE are not suitable for the object-oriented approach to mapping drains 
as they are indistinguishable from the surrounding peatland. Therefore high resolution data 
would need to be acquired for these areas (although the GE database is constantly being 
upgraded). 

Figure 2. Extent of high resolution GE coverage in Scotland (84.4% of the land areas). Low 
resolution areas are located under the red zones (15.6% of the land area). 



303 

2.1.2 High resolution imagery 

Much of Scotland’s blanket bog resource is covered by high resolution imagery. This 
imagery is available from Geoeye (http://www.geoeye.com/), DigitalGlobe 
(http://www.digitalglobe.com/) and Google Earth (see section 2.1.1). Geoeye produces two 
high resolution dataset; Ikonos and Geoeye-1. Ikonos has a spatial resolution of 0.82 m x 
3.2 m, Geoeye-1 images have an even higher resolution of 0.41 m in panchromatic and 1.65 
m in the  multispectral bands (Geoeye, 2011). DigitalGlobe also produces two high 
resolution datasets; Quickbird and Worldview. Quickbird has a spatial resolution of 0.65 m in 
the panchromatic band (P) and 2.62 m in the multispectral band (MS). Worldview-2 has both 
panchromatic and multispectral bands at a resolution of 0.46 m and 1.84 m, respectively 
(DigitalGlobe, 2011). Google Earth imagery can be extracted from the software by saving it 
as a JPEG image. However, this process involves the compression of the image and thus a 
loss of data and degradation of the image.  
 
Geoeye-1 imagery has good coverage of the islands including; the Outer Hebrides, Orkney 
and the Shetlands; the highlands have lower coverage; a larger area to the east of Fort 
William covers parts of Perthshire and Argyll with a scattering of images around the edges of 
Scotland (Figure 3).  

 
Figure 3. The extent of Geoeye-1 MS and P coverage in Scotland: Red border = area of 
interest in Geoeye selection software, grey border = available images. 
 
DigitalGlobe’s suite of high resolution imagery products covers a much more extensive area 
and much peatland resource, as can be seen in the areas highlighted in Figure 4 in red.  
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Figure 4. The extent of DigitalGlobe MS and P coverage in Scotland. The black boxes 
indicate the spatial extent of images and the red boxes give an overall perspective. 
 
2.1.3 Image quality 

The image quality of the high resolution Geoeye-1, Ikonos, Quickbird and Worldview is 
excellent and would be useful for mapping drains. The image quality of multispectral 4.0 m 
resolution data from Geoeye-1 can be enhanced up to 0.5 m resolution with pan-sharpening. 
This pan-sharpened imagery was used at an industrial peatland site in the West of Ireland to 
extract information on the extent and density of man-made drains using object-oriented 
software (Connolly and Holden, 2011). The man-made drain network can be clearly seen 
and the information extracted using this method (Figure 5).  
 

 
Figure 5. Man-made drainage information extract from a very high resolution Geoeye-1 
image 
 
Tong et al., (2010), used object oriented software and GE imagery to detect main roads in 
China and found the results to be good when compared with high resolution Ikonos imagery. 
However, roads are both wider and spectrally clearer than peatland drains. In order to 
examine the potential of using GE imagery in this study it was necessary to extract images 
from the GE software. The resolution of an image in GE maybe very high but when it is 
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extracted it is saved as a JPEG and the resulting image is degraded. This is because the 
JPEG process uses lossy compression, which means image data is lost during the 
compression process. All spectral data is also lost. This affects the quality of the final image 
and reduces the ability of the object oriented software to accurately extract information on 
the spatially narrow peatland drains.  
 
The GE imagery was extracted at two spatial scales; 500 m2 and at 1000 m2.  In ArcGIS a 
square was drawn at each of these scales and exported to GE as cookie cutters on the GE 
imagery. These two spatial scales were chosen because images in GE covering areas that 
are large than 1000m2 lose too much visual information when extracted. Images that cover 
areas smaller than 500 m2 retain much more visual information but many more images need 
to be extracted and georeferenced. Therefore GE imagery was acquired for 500 m2 and a 
1000 m2 areas. When this imagery is compared to high resolution satellite data the 
difference is clear. Figure 6a and b are 4 m and 0.5 m high resolution tiff files, c and d are 
the GE JPEGs. Visually the best image is b., and visually, d. is also good. However, 
evidence of lossy compression can be seen in d when compared to the original image in GE. 
Images a. and b. are also multispectral images and contain a lot more information than c. 
and d, This is useful for object oriented procedures. 
 

    
a.      b. 

    
c. d. 

 
Figure 6. High resolution and Google Earth images of Industrial blanket bogs:  a - 4 m 
Geoeye-1, b - 0.5 m Geoeye-1 (pan-sharpened), c - GE at 1km2 and d - GE at 500 m2 

 
2.2 Mapping drains 

The object oriented approach was tested at two study areas; 1. Bangor-Erris in the west of 
Ireland (WoI) and 2. at Forsinard in north eastern Scotland. The WoI site is a low level 
Atlantic blanket bog. Much of the bog is below 50 m in elevation. There is extensive drainage 
in the area and many of the blanket bogs have been utilised for peat as a fuel source for the 
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generation of electricity. However, this is the only area of blanket bog in Ireland that is used 
for this purpose. The site is extensively drained, however, vegetation is still present (Figure 
7.) and therefore there is good contrast between the drains and the surrounding bog. The 
precipitation in this area is greater than 1600 mm per annum. At Forsinard, two sites were 
examined; 1. the Cross Lochs area (blocked drains site) and 2. the Big House area (drained 
site). Both sites are located on an area of upland blanket bog. The elevation is ~200 m. 
Precipitation in this area is between 750 mm and 1500 mm.  
The WoI site was chosen because of the availability of very high resolution (0.5 m) Geoeye-
1 imagery. This imagery was orthorectified and pan-sharpened. This meant that 
comparisons in the feature extraction method could be drawn between the very high 
resolution imagery and the GE imagery. GE imagery was the only available free imagery for 
the Forsinard sites, although high resolution imagery is available from DigitalGlobe for this 
region. At both the WoI and Forsinard sites the Feature Analyst (FA) software was trained 
using several polylines (Figures 7, 8 and 9). At the WoI site the polylines were only selected 
for the black drains in the image, the white drains at the top of the image were not selected. 
The same training data was used to examine how well the software worked with each of the 
four image types and resolutions (Figure 6). The two sites at Forsinard differ in that at site 1 
the drains are blocked. The FA Feature Selector parameters in the software were set to 
Narrow Linear Feature (<10 m). Input bands were adjusted for each image (a - d). The 
learning option “aggregate areas” was set to 20 pixels. These parameters were the same for 
each image.  
 
3. RESULTS AND DISCUSSION  

The results for WoI were visually examined after one iteration further processing as the data 
was clear. At Forsinard the results were processed to produce mapped drainage lines 
(Figure 8 and 9).  
 
3.1 West of Ireland site 

At the west of Ireland site the results were variable (Figure 7). The output for a., the 4 m 
resolution image, was accurate but only one drain was partly classified. Image b., the 0.5 m 
resolution image, performed very well. Most of the drains in the image are captured. Image 
d., the 500 m2 area from GE, was well classified but there is some misclassification in the top 
of the image and some gaps in the drainage network and c. mostly captured the extent of 
the drains but is very coarse, however this image is derived from the 1 km2 area from GE 
which could be regarded as coarse resolution data.  
 
Overall, the very high resolution Geoeye-1 image performed best with the object oriented 
approach. However the 500 m2 data from GE performed quite well although it was not as 
precise as the Geoeye-1 imagery.  
 

     
Training image       a. 
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b.       c. 

 
                                                                  d.       
Figure 7. Drain features extracted from the high resolution and Google Earth imagery on a 
background of high resolution imagery 
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3.2 Forsinard site 

The results for Forsinard, where GE JPEG data was the only low cost image data available, 
were promising. Two sites were examined here; the Cross Lochs site and the Big House 
site. Several polylines were digitised to train the data. Figure 8c., compares a digitised 
drainage network from the 1988/89 air photograph collection (red) with the GE captured data 
(yellow). The GE feature extraction data, on visual examination, captures about 70% of the 
blocked drains in this area. At the Big House site, the method also captures about 60% of 
the drains in the image (Figure 9). Some along the eastern edge are excluded. Three reason 
may account for this; 1. they may not be as deep as the drains in the middle of the image, 2. 
vegetation has grown over them and therefore they are not as distinctive or 3. the data has 
been lost through the image compression process.  
 

    
a. non-processed image            b. Training data 
 

c. Result 
Figure 8. Results of the feature extraction process at the Cross Lochs site. 
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a. non-processed image  b. Training data 

   
c. 1st iteration  d. 1st correction 

 
e. converted to line data 
Figure 9. Results of the feature extraction process at the Big House site. 
 
The extracted data was compared with a digitised ground truth map of peatland drains. This 
map originated from a Royal Society for the Protection of Birds (RSPB) study. At the Cross 
Lochs site the method performed quite well (Figure 10a) however at the Big House site the 
ground truth map seems to be very inaccurate and bears no relationship to the images either 
in the GIS or in GE (Figure 10b) and therefore despite the visual accuracy that can be seen 
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in the images no conclusions about the accuracy of the method could be drawn from the 
provided digitised data. Matheson et al., (2003) also found that the ground truth dataset was 
too inaccurate to map drainage densities.  
 

  
a. Cross Lochs site    b. Big House site 
 
                   
 
Figure 10. A comparison between the accuracy of the RSPB drainage map  
for the Cross Lochs and Big House site. 
 
3.3 Object oriented approach issues 

The approach works well in area in peatland areas were the drains can be clearly seen on 
the satellite imagery and in Google Earth. In order to examine the issue of drains that are 
old, overgrown and may have collapsed a very high resolution satellite image of a gripped 
peatland area in the Wicklow mountains, Ireland was examined. The area of interest is 
located in 53° 7'26.46"N, 6°18'52.05"W on a south-east facing spur. The elevation of the site 
is ~575m. The grips are present in an area of peat. Peat cutting is evident to the east of the 
site and the drains may have been dug to open the area to further peat cutting or for forestry. 
The method was tested in this area and the results are shown in Figure 11. In Figure 11.2 
the software was trained to “see” the drains. In 11.3 & 4 most of the drains in the image are 
captured. However, there may be issues with drains that have collapsed to a width that is 
less than the resolution of the image. These may be difficult to capture using this system. 
 

Mapped drains - RSPB study 
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Figure 11. Old drains on an area of upland blanket bog in the Wicklow mountains, Ireland 
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3.4 Feasibility and cost of producing nation-wide mapping of drainage using high-
resolution imagery 

The feasibility and cost of nation-wide mapping of blanket bogs using an object oriented 
approach was examined using two datasets. The first used imagery extracted from Google 
Earth (GE). This has seems to offer value in the images can be freely saved from GE, 
however, image quality and resulting drain data quality and pre-processing time must be 
also taken into account. The second approach is to purchase satellite imagery and use it 
instead of the GE imagery, the images are initially more expensive but little or no pre-
processing is required.  
 
The blanket bog spatial extent that was used in both images was based on the extent of 
blanket bogs in LCS88 database and was estimated as 2122 kha. The more recent estimate 
of 1727 kha by Chapman et al., (2009) was not used as GIS map data was not available for 
this report.  
 
3.4.1 Approach 1. Using Google Earth (GE) imagery 

In GE, high resolution imagery covers 1790.7 kha or 84.4% of the total LCS88 peatland area. 
As outlined above the best compromise in terms of spatial coverage for images captured 
from GE is 500 m2. This is high enough to allow the images to be analysed but not too high 
for the image to degrade. If a lower area was used, i.e. 250 m2, the number of images 
needed would increase dramatically, to ~350,000 images. As it is, a high number, 71,628 
images, must be acquired from GE images to cover the 1790.7 kha area. All of these images 
would need to be pre-processed: this process includes image capture, georeferencing and 
mosaicking the imagery into 716 x 100 km2 scenes. Table 1. describes the time needed for 
this process.The data capturing process is relatively easy, however georeferencing is a more 
manual process involving several commands for each image and therefore takes a lot 
longer. The mosaicking process can be performed using the Mosaicpro tool in Erdas 
imagine and is relatively quick.  
 
Table 1. Pre-processing time 

Process Images per hour Hours Days 
Capture  450 160 20 
Georeferencing  25 2840 355 
Mosaicking 300 237 30 

Total   405 
 
The processing of the imagery using the object oriented approach could take up to four days 
per 100 km2 scene. Given that the extent of blanket bog which can be observed at high 
resolution on GE is 1790.7 kha (17,907 km2 ) then the number of 100 km2 scenes needed is 
179.07. The processing time for this aspect of the project would be 716 days.  
 
In GE, the remaining 15.6% (331.2 kha) covers areas of medium resolution imagery. High 
resolution data from either Digitalglobe or Geoeye would need to be acquired for these areas 
(Table 2.).  
 
Table 2. The cost of acquiring high resolution imagery for low resolution areas in GE for the 
Scottish peatland extent 

Peatland Extent kha km2 $17 per km2 $35* per km2 
   Worldview Geoeye 
   $ $ 

GE high resolution DG 268.7 2687* 45671 0 
GE low resolution Geo 48.9 489* 0 17102 

Total     62,772 
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Conversion rate $ to £  0.605 £ £ 
GE high resolution DG 268.7 2687 27631 0 
GE low resolution Geo 48.9 489 0 10347 

Total    37,977 
*These areas are decreasing as GE updates its imagery database.  
 
Finally, ground truthing and accuracy assessments would have to take place. This could be 
done with the aid of GE (Buchanan et al., 2008, Connolly and Holden, In Press) but would 
have to include a field sampling regime. This could take up to 200 days to visit randomly (or 
stratified random) sampled points nationwide.   
 
Therefore the total number of days required for this project is 1321 days (405 days for 
preprocessing, 716 days for processing and 200 days for ground truthing). This equates to a 
team of five working on the project for just over one year. If four people were employed to 
tackle this project at a rate of £25,000 per annum +4% annual increment (UK inflation rate 
http://www.statistics.gov.uk/cci/nugget.asp?id=19) and the fifth as a project leader was 
employed for two years on a rate of £35,000 per annum with a similar increment total salary 
budget is £185,961 (If there are various pension and overhead costs these need to be added 
on here). 
 
Items such as computers and specialist software also need to be factored into the budget. 
Assuming licences for remote sensing and GIS software are already held at the James 
Hutton Institute, the computers would cost in the region of £17,500 (i.e. High specification 
computer with Feature analyst software and external hard drive ~£3500).  
High resolution imagery is required to cover the 331.3 kha area that is covered by low 
resolution imagery in GE. This data is split between DigitalGlobe’s Worldview-2 and 
Geoeye’s Geoeye-1. It will cost £37,977. 
High spec GPS + data logger £400 per person (£2000). 
Mileage for ground truthing factored at 80 miles per day for five people for 200 days is 
£32,000 (at £0.40 to the mile)  
Conferences: £2,500  
 

Total estimate of project: £278,538* 
* there is potential that the imagery data could be discounted by up to 30% if an academic 
licence is held. This would reduce the total estimate to £266,545.  
 
Warning: The above method of acquiring images is not the most efficient and the accurate 
georeferencing of Google Earth imagery is difficult to achieve. Accuracy of images is 
essential when examining fine scale feature such as drains. Also Google’s fair use policy 
would more than likely forbid this kind of usage.  
 
3.4.2 Approach 2. Using High Resolution imagery 

The second approach involves using specifically purchased high resolution satellite imagery. 
This imagery is multispectral and is much better quality than GE JPEG images but it is also 
more expensive (Table 3.). The imagery is very high quality and the spatial resolution is 
excellent. The acquisition of this imagery will also cut-out the pre-processing work outlined 
above meaning that the object oriented approach can be utilised immediately on receipt of 
the imagery.  
 
Neither satellite archive covers all the blanket bog area. Worldview-2 (standard ortho ready 
bundle / pan-sharpened 4 bands) data has the best coverage of 1622 kha (~16,222 km2). 
Geoeye-1 covers some other missed areas measuring 280 kha (~2,800 km2). South eastern 
Scotland is not covered at all; however there is very little blanket bog in this region. The total 
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cost for available high resolution imagery covering 90% of the extent of blanket bogs is 
£226,462 (Table 3). 
 
Table 3. The cost of acquiring high resolution satellite imagery for the Scottish peatland 
extent 

Peatland Extent 
kha 

km2 $17 per km2 
$25 per 

km2 $35* per km2 
   Worldview* Ikonos Geoeye* 

LCS88 2122 21220 360,740 530,500 742,700 
Worldview-2 Extent 1622.2 16222 275,776 0 0 

Geoeye-1  Extent 281.5 2815 0 0 98,541 
Total Cost     374,317 

      
Conversion rate $ to £  0.605 £ £ £ 

LCS88 2122 21220 218,247 320,952 449,333 
Worldview-2 Extent 1622.2 16222 166,844 0 0 

Geoeye-1  Extent 281.5 2815 0 0 59,617 
Total Cost     226,462 

* Orthorectified 
 
This project could be completed in just under a year an a half with two surveyors and a 
project leader costing £140,901. 
 
Items such as computers and specialist software also need to be factored into the budget. 
Assuming licences for remote sensing and GIS software are already held at the James 
Hutton Institute, the computers would cost in the region of £10,500 (i.e. High specification 
computer with Feature analyst software ~£3500).  
High spec GPS + data logger £400 per person (£1200). 
Mileage for ground truthing factored at 80 miles per days for three people for 200 days is 
£19,200 (at £0.40 to the mile)  
Conferences: £2,500 
 

Total estimate of project: £400,763* 
*there is potential that the imagery data could be discounted by up to 30% if an academic 
licence is held possibly more. This would reduce the total estimate to £332,824. There could 
be an opportunity to create an ESA category one proposal which gives access to up to 50 
free high resolution images which could be worth up to £60,000. 
 
3.4.3 Satellite resolution issues 

The cost for approach 2 is more expensive than for the 1st approach, however there are 
several issues about the 1st approach that need to be considered including the degradation 
of images when exported from GE, the optimum size of a GE image to be used with the 
object oriented software, the number of GE images needed and the associated pre-
processing costs. The final consideration is that Google Earth has a fair use policy. The 
extraction of ~70,000 images probably would be in conflict with this policy 
(http://www.google.com/permissions/geoguidelines.html).  
 
4. CONCLUSION 

The GE approach is cheaper overall, however, it has its drawbacks these include issues with 
using JPEG imagery. On a small scale it works well capturing around 60% to 70% of the 
drains in the GE imagery. However, the GE imagery was difficult to accurately geo-rectify. 
This would have serious implications for management into the future as any drainage maps 
created could be inaccurate on the ground. Another issue was the sheer number of images 
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that would need to be collected to cover the extent of blanket bog. This combined with the 
geo-rectification issue could lead to a lot of error. The final issue is that the capturing of such 
large numbers of data would probably contravene Google Earth’s fair use policy. 
 
I would recommend using specifically purchased high resolution imagery. In the west of 
Ireland the approach worked very well with the Geoeye-1 imagery. Although the initial price 
is more expensive there could be options for reducing this by 30%, if an academic license is 
held, and possibly more given the larger areas to be covered. Eurimage 
(http://www.eurimage.com) may also offer sale prices where academic discounts are 
extended by a further 20%. Another suggestion is to bring a partner on board who would be 
interested in using the imagery. There is potential that this archive of imagery could be used 
on other projects however there may be licensing issues involved that would need to be 
resolved prior to purchase. In terms of the accuracy of the satellite data, it is georectified and 
orthorectified. This means that there is no uncertainty surrounding the accuracy of the 
images and the object oriented stage of the project can begin as soon as the imagery 
arrives. 
 
Overall, the object oriented approach works reasonably well with GE imagery on a small 
scale however, the complications of pre-processing larger numbers of images (70,000) and 
the issues both logistical and legal surrounding their use leads me to believe that high 
resolution imagery, while more expensive, may yield a more comprehensive and accurate 
map of drains in Scotland’s blanket bogs. 
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ANNEX 6. ADDENDA TO FINAL REPORT AS PER 3RD PROJECT EXTENSION 

SNH Managing and Restoring Blanket Bog to benefit biodiversity and carbon – a 
scoping study 

Addenda to Final Report as per 3rd project extension – 2nd of March 2012 

Artz, R.R.E.; Aitkenhead, M.; Donnelly, D.; Andersen, R.; Mitchell, R.; Chapman, S.J.; Smith, 
J.; Smith, P.; Cummins, R.; Balana, B.; and Cuthbert, A.. 

1. Satellite imagery and assessment of suitability for drainage mapping

As mentioned in the subcontractors report, aerial and satellite high-resolution imagery may 
be suitable for the assessment of site condition, by mapping of erosion and drainage 
features as well as general vegetation mapping. Coverage for much of the Scottish Blanket 
bog resource is good, and thus it was scoped whether drainage mapping could be 
performed in a similar manner to the technique used by John Connolly and colleagues at 
University College Dublin on their assessment of cutover peatlands.  
A routine was written that selects pixels of similar gray scale that form a continuous line of a 
minimum width and distance as expected of moorland grips. The resolution of the 
panchromatic imagery is 0.5 m, hence detection of grip should be feasible for older, slightly 
eroded, grips. The technique was tried on an area of Yell (Shetland) where drainage was not 
too widespread a practice, but erosion of the peatlands is substantial. Due to the existence 
of substantial erosion features, which can of course also develop into drainage features, 
detection rate of ditches was less than perfect (Figure 1) as it was difficult to write a routine 
that would pick up the relatively straight grips versus erosion features that can show any 
pattern. Further testing would be required. Due to the time taken to obtain the order from 
GeoEye for the Isle of Lewis (still pending to date), it was not possible to perform this on 
data from the Lewis Peatlands within the timeline of this contract. However, this work will 
continue as part of the Climate Change Centre of Expertise (CxC, Scottish Government, 
2011-2016).   
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Figure 1. Testing of automated drainage channel detection on a 500 x 500 m area on the 
Island of Yell, Shetland. The starting point was a 0.5 m resolution panchromatic image 
obtained from GeoEye (top). Various drainage channels are visible in this area when viewed 
on a full screen (enhanced in the bottom left image for clarity), of which some (in green) are 
picked up by the object-oriented script that designed to detect drainage grips (bottom right). 
Other visibly detectable grips (red in bottom left) are not picked up by the script (bottom 
right). 

Further tests were done to establish whether data quality may be sufficient to show fence 
lines and subsequent effects on vegetation quality. Figures 2 and 3 show examples on the 
Island of Yell, Shetland in areas visited as part of the contract (Section 9.1.2.3). Figure 2 
shows the effect of the fence line between two areas with different sheep densities. Although 
it is unknown what the history of stocking in this area is, the erosion features are markedly 
less pronounced in the area below the fenceline (arrow). While the colour satellite imagery is 
not at a resolution adequate to pick up individual vegetation types (at ca. 1 m resolution), it is 
visible that the area below the fence line contains less of the darker, eroded, areas than the 
areas above the fenceline. Figure 3 shows similar effects of stock reduction at the RSPB 
reserve at Lumbister.  Unfortunately, cloud cover in this section of the Island is relatively 
high. This is a common phenomenon when requesting imagery for Scottish blanket bog, for 
example, the images for the Forsinard area only contain three suitable images with low cloud 
cover, taken almost 10 years apart, and are hence not very useful for image analysis of this 
type. 
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Figure 2. Panchromatic (left) and full colour (right) image of an area on the Island of Yell, 
Shetland, where stock reduction effects are visible below the fenceline (arrow), both in terms 
of reduction of erosion features (left) and in ‘greenness’ of the surface vegetation (right). A 
short survey of this area confirmed higher Sphagnum cover below the fenceline. 

Figure 3. Panchromatic (left) and full colour (right) image of an area near the RSPB reserve 
at Loch of Lumbister on the Island of Yell, Shetland, where stock reduction effects are visible 
within the fenced area surrounding the loch, both in terms of reduction of erosion features 
(left) and in ‘greenness’ of the surface vegetation (right). A short survey of this area 
confirmed higher Sphagnum cover within the fenceline. Note particularly the disappeance of 
the large (T-shaped) erosion feature at the far right of the image, which is infilled with fresh 
Sphagnum and other peatland vegetation inside the fenced area. 

2. Stakeholder workshop to assess outputs and identify strategic priorities

The conceptual framework for the decision support tool was presented in its current form to 
a group of 19 key stakeholders at a meeting convened by the Moorland Forum on the 21st of 
February 2012. Representatives from SEPA, Scottish Government, the IUCN Peatland 
Committee, Scottish Land and Estates, Highlands and Islands Enterprise and other 
organisations were presented an overview of the tool and current further development within 
the Centre of Expertise on Climate Change (CxC). Representatives agreed on the potential 
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usefulness of the tool for future policy development, for carbon offset projects, and as a tool 
for landowners to access information on the suitability of their peatland areas for restoration. 
A noted action from this meeting was to distribute the Commissioned Report, once 
completed. A further stakeholder event, encompassing a wider audience should be held 
upon completion of the Commissioned Report. The conceptual decision support tool (now 
named WISE Peatland Choices) will be presented at the meeting of the International Peat 
Society in Stockholm as well as the joint meeting of the IUCN Peatland Committee and the 
British Ecological Society in June 2012. This will ensure wider dissemination in the short 
term. Within theCxC, an application will be made for funds to ensure further on-the-ground 
validation of the GIS-based tool. 
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1. Extent of intact and eroded blanket bog in Scottish Water catchments 
 
There are 324 Scottish Water catchments across Scotland (Fig A7.1).  
 
These extend to over 1.5m ha (19.7% of Scotland’s land area) and some 13.7% (~213,000 
ha) comprise blanket bog (Table A7.1).   Of this, 43.0% (91,950 ha) is eroded. 
 
The catchment with the largest extent of blanket bog is Catchment 219, although it is 
Catchment 86, on Yell, Shetland, that supports the greatest proportion of blanket bog at 
85%, all of which is eroded. 
 
Seventy seven (77) catchments (24.8%) support no blanket bog. 
 
Of those with blanket bog, 99 (40.1%) appear to be free of erosion.  
 
No analysis has been undertaken of other potential impacts on water quality such as 
drainage, muirburn or herbivore impacts. 
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Figure A7.1. Water catchment locations (centroids)  
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Table A7.1. Extent of intact and eroded blanket bog in Scottish Water catchments 
 

CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
1 983.66 0.00 0.00 0.00 0.00
2 687.28 8.42 1.23 8.42 1.23
3 764.17 110.03 14.40 65.18 8.53
4 874.83 0.00 0.00 0.00 0.00
5 621.50 0.00 0.00 0.00 0.00
6 2,580.92 356.25 13.80 345.16 13.37
7 803.20 4.19 0.52 0.00 0.00
8 2,884.50 244.26 8.47 52.61 1.82
9 4,067.93 853.75 20.99 821.42 20.19
10 515.80 0.00 0.00 0.00 0.00
11 1,978.70 134.15 6.78 44.64 2.26
12 532.71 0.05 0.01 0.00 0.00
13 1,701.12 163.04 9.58 0.00 0.00
14 150.85 0.00 0.00 0.00 0.00
15 596.74 266.31 44.63 0.00 0.00
16 432.21 48.75 11.28 0.00 0.00
17 853.93 55.29 6.48 0.00 0.00
18 2,049.22 481.45 23.49 0.00 0.00
19 173.12 21.02 12.14 10.90 6.29
20 856.86 55.79 6.51 55.79 6.51
21 809.40 85.17 10.52 60.74 7.50
22 2,554.03 236.83 9.27 210.83 8.25
23 2,175.57 159.41 7.33 159.41 7.33
24 3,932.68 251.37 6.39 105.19 2.67
25 778.60 271.94 34.93 114.73 14.73
26 1,869.93 604.89 32.35 374.09 20.01
27 502.94 71.75 14.27 35.61 7.08
28 2,849.83 139.72 4.90 63.46 2.23
29 514.84 36.21 7.03 0.00 0.00
30 554.76 88.20 15.90 0.00 0.00
31 268.92 0.00 0.00 0.00 0.00
32 563.04 3.89 0.69 0.00 0.00
33 159.20 0.00 0.00 0.00 0.00
34 61.14 0.00 0.00 0.00 0.00
35 359.62 18.67 5.19 0.00 0.00
36 402.75 8.50 2.11 0.00 0.00
37 1,883.15 379.81 20.17 134.27 7.13
38 567.35 0.00 0.00 0.00 0.00
39 350.11 52.18 14.90 52.18 14.90
40 531.98 2.68 0.50 2.68 0.50
41 32,589.60 3,168.09 9.72 2,047.02 6.28
42 5,088.01 542.68 10.67 342.84 6.74
43 1,115.05 181.21 16.25 181.21 16.25
44 1,677.83 316.52 18.86 292.87 17.46
45 1,901.31 182.38 9.59 152.03 8.00
46 618.96 0.00 0.00 0.00 0.00
47 2,649.92 0.00 0.00 0.00 0.00
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CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
48 25,764.82 2,079.26 8.07 691.01 2.68
49 62,297.27 4,109.94 6.60 1,669.79 2.68
50 2,108.00 272.79 12.94 245.61 11.65
51 4,571.46 0.00 0.00 0.00 0.00
52 75.63 0.00 0.00 0.00 0.00
53 613.91 48.20 7.85 48.20 7.85
54 561.73 0.00 0.00 0.00 0.00
55 212.42 0.00 0.00 0.00 0.00
56 2,283.72 1.13 0.05 0.00 0.00
57 27.84 0.00 0.00 0.00 0.00
58 195.65 0.00 0.00 0.00 0.00
59 198.78 0.00 0.00 0.00 0.00
60 3,822.83 0.00 0.00 0.00 0.00
61 569.71 29.53 5.18 0.00 0.00
62 364.95 6.44 1.76 6.44 1.76
63 520.00 49.00 9.42 49.00 9.42
64 1,516.67 335.08 22.09 223.07 14.71
65 209.65 0.00 0.00 0.00 0.00
66 535.26 5.39 1.01 0.14 0.03
67 432.81 65.59 15.15 0.00 0.00
68 127.71 0.00 0.00 0.00 0.00
69 162.12 0.00 0.00 0.00 0.00
70 380.05 216.15 56.87 216.15 56.87
71 428.50 73.04 17.05 72.76 16.98
72 79.52 0.00 0.00 0.00 0.00
73 6.73 2.49 36.98 0.00 0.00
74 12.48 0.00 0.00 0.00 0.00
75 154.43 0.00 0.00 0.00 0.00
76 3,880.78 591.98 15.25 9.89 0.25
77 2,125.54 371.24 17.47 6.73 0.32
78 138.17 0.00 0.00 0.00 0.00
79 453.34 0.00 0.00 0.00 0.00
80 523.60 0.00 0.00 0.00 0.00
81 252.93 13.24 5.24 3.07 1.22
82 122.69 0.00 0.00 0.00 0.00
83 154.68 0.00 0.00 0.00 0.00
84 165.58 0.00 0.00 0.00 0.00
85 71.67 31.71 44.25 31.70 44.23
86 809.91 684.75 84.55 684.75 84.55
87 68.98 25.57 37.06 0.00 0.00
88 6.91 2.21 31.98 0.00 0.00
89 16.06 5.92 36.88 0.00 0.00
90 150.75 29.78 19.76 0.00 0.00
91 864.53 380.64 44.03 101.02 11.69
92 508.42 248.64 48.90 77.55 15.25
93 26.10 9.64 36.92 0.00 0.00
94 214.36 84.50 39.42 34.71 16.19
95 399.62 126.18 31.57 87.96 22.01
96 716.66 603.23 84.17 592.64 82.70
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CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
97 730.72 569.70 77.96 20.45 2.80
98 448.78 276.65 61.65 155.78 34.71
99 259.93 0.00 0.00 0.00 0.00
100 534.51 113.62 21.26 61.14 11.44
101 32.48 10.45 32.18 0.00 0.00
102 10.18 4.07 40.00 0.00 0.00
103 19,381.37 7,717.10 39.82 2,134.87 11.02
104 4.79 0.40 8.37 0.00 0.00
105 57.36 17.10 29.81 0.00 0.00
106 15.45 4.32 27.95 0.00 0.00
107 36.85 12.22 33.16 0.00 0.00
108 399.45 300.03 75.11 269.34 67.43
109 928.52 169.18 18.22 0.00 0.00
110 322.30 9.74 3.02 0.00 0.00
111 56.77 20.43 35.98 0.00 0.00
112 502.91 79.52 15.81 0.00 0.00
113 139.22 41.34 29.69 0.00 0.00
114 7,016.36 5,466.36 77.91 58.75 0.84
115 2,716.34 451.99 16.64 0.00 0.00
116 482.56 263.95 54.70 80.99 16.78
117 325.76 0.32 0.10 0.00 0.00
118 125.19 37.10 29.64 0.00 0.00
119 92.59 38.11 41.16 0.00 0.00
120 116.95 63.82 54.57 14.01 11.98
121 936.56 584.40 62.40 0.00 0.00
122 216.01 46.53 21.54 0.00 0.00
123 107.60 33.07 30.74 18.80 17.47
124 660.01 265.53 40.23 131.79 19.97
125 348.86 197.24 56.54 126.30 36.20
126 90.08 44.92 49.87 4.69 5.20
127 130.23 46.98 36.07 0.00 0.00
128 260.22 176.34 67.77 0.00 0.00
129 144.58 24.95 17.26 0.00 0.00
130 473.31 178.34 37.68 0.00 0.00
131 20.76 4.52 21.76 0.00 0.00
132 15.54 4.22 27.17 0.00 0.00
133 214.49 0.07 0.03 0.00 0.00
134 90.22 0.26 0.29 0.00 0.00
135 92.03 20.83 22.63 0.00 0.00
136 167.11 92.79 55.53 5.34 3.20
137 419.78 160.63 38.26 25.89 6.17
138 617.96 227.22 36.77 15.46 2.50
139 111.16 38.88 34.98 0.00 0.00
140 326.78 126.65 38.76 116.15 35.54
141 306.12 191.98 62.71 127.05 41.50
142 107.59 40.78 37.91 40.78 37.91
143 147.21 0.00 0.00 0.00 0.00
144 80.89 29.86 36.91 26.82 33.15
145 476.86 50.66 10.62 0.00 0.00
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CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
146 179.20 53.68 29.96 0.00 0.00
147 180.47 64.39 35.68 0.00 0.00
148 603.65 168.56 27.92 86.95 14.40
149 131.29 43.43 33.08 11.02 8.40
150 153.05 46.01 30.06 22.69 14.82
151 1,024.36 345.92 33.77 6.39 0.62
152 3,474.66 1,054.38 30.34 668.67 19.24
153 203.90 21.28 10.44 0.00 0.00
154 1,292.59 262.38 20.30 261.67 20.24
155 503.31 51.86 10.30 51.86 10.30
156 248.45 172.98 69.63 165.10 66.45
157 1,685.49 595.59 35.34 581.24 34.49
158 407.20 29.07 7.14 3.02 0.74
159 2,521.97 659.10 26.13 624.13 24.75
160 7,739.69 1,263.97 16.33 826.29 10.68
161 384.99 46.24 12.01 1.60 0.42
162 425.05 78.21 18.40 0.00 0.00
163 6,486.43 1,645.03 25.36 1,464.63 22.58
164 10,377.90 2,747.29 26.47 2,167.54 20.89
165 1,101.85 407.55 36.99 115.99 10.53
166 2,169.09 118.74 5.47 0.00 0.00
167 748.70 47.69 6.37 0.00 0.00
168 107.60 24.52 22.79 0.00 0.00
169 277.90 33.36 12.01 0.00 0.00
170 14,021.41 2,065.33 14.73 606.21 4.32
171 1,506.23 592.56 39.34 39.04 2.59
172 21,510.97 4,574.32 21.27 2,675.58 12.44
173 21.45 0.00 0.00 0.00 0.00
174 74.81 0.00 0.00 0.00 0.00
175 1.77 0.00 0.00 0.00 0.00
176 1,879.12 0.00 0.00 0.00 0.00
177 110.30 0.00 0.00 0.00 0.00
178 34.20 0.00 0.00 0.00 0.00
179 96,075.68 5,372.79 5.59 3,015.60 3.14
180 208,845.99 23,141.89 11.08 12,261.49 5.87
181 25,309.94 69.54 0.27 12.64 0.05
182 33,704.35 426.44 1.27 12.75 0.04
183 1,124.33 0.00 0.00 0.00 0.00
184 12.44 4.31 34.67 0.00 0.00
185 27.09 15.72 58.03 0.00 0.00
186 853.43 103.09 12.08 43.23 5.07
187 3,103.92 645.37 20.79 542.16 17.47
188 191.66 1.06 0.55 0.00 0.00
189 948.87 172.35 18.16 172.35 18.16
190 355.50 52.59 14.79 52.59 14.79
191 685.34 2.15 0.31 2.15 0.31
192 178.67 1.32 0.74 1.32 0.74
193 869.61 249.37 28.68 229.76 26.42
194 73.79 7.29 9.88 0.00 0.00
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CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
195 704.80 29.28 4.15 29.28 4.15
196 296.93 50.30 16.94 24.64 8.30
197 787.52 218.18 27.70 6.94 0.88
198 136.28 19.94 14.63 0.00 0.00
199 3,673.44 460.84 12.55 0.00 0.00
200 2,443.59 432.40 17.70 328.55 13.45
201 1,554.02 162.13 10.43 137.63 8.86
202 61.84 4.70 7.59 0.00 0.00
203 115.03 21.82 18.97 0.00 0.00
204 81.42 1.40 1.72 0.00 0.00
205 59.26 0.00 0.00 0.00 0.00
206 730.18 64.39 8.82 0.00 0.00
207 293.07 0.00 0.00 0.00 0.00
208 1,729.73 336.48 19.45 311.99 18.04
209 1,816.01 171.45 9.44 139.53 7.68
210 9,506.40 1,602.37 16.86 593.42 6.24
211 1,948.40 237.27 12.18 33.57 1.72
212 546.36 0.00 0.00 0.00 0.00
213 3,398.98 154.31 4.54 0.00 0.00
214 3,899.43 565.44 14.50 370.46 9.50
215 396.36 70.76 17.85 70.76 17.85
216 3,671.66 570.48 15.54 211.30 5.75
217 1,270.16 101.19 7.97 57.09 4.49
218 1,425.40 44.73 3.14 0.00 0.00
219 510,782.18 81,537.03 15.96 27,080.50 5.30
220 3,452.24 246.92 7.15 121.72 3.53
221 7,341.01 326.11 4.44 121.72 1.66
222 5,974.52 2,904.96 48.62 2,703.62 45.25
223 139,093.63 17,208.96 12.37 8,672.26 6.23
224 3,960.79 2,359.64 59.58 1,402.58 35.41
225 154.37 38.36 24.85 0.00 0.00
226 63.45 0.00 0.00 0.00 0.00
227 128.59 29.09 22.62 0.00 0.00
228 866.55 443.57 51.19 0.19 0.02
229 151.18 0.00 0.00 0.00 0.00
230 60.01 0.00 0.00 0.00 0.00
231 28.29 0.00 0.00 0.00 0.00
232 87.38 0.00 0.00 0.00 0.00
233 81.13 0.00 0.00 0.00 0.00
234 21.45 0.00 0.00 0.00 0.00
235 78.07 0.00 0.00 0.00 0.00
236 204.88 17.92 8.75 0.00 0.00
237 847.78 227.45 26.83 25.12 2.96
238 171.76 6.21 3.62 1.39 0.81
239 429.26 20.75 4.83 0.87 0.20
240 212.75 0.00 0.00 0.00 0.00
241 223.45 9.15 4.09 0.00 0.00
242 33.99 0.00 0.00 0.00 0.00
243 494.89 73.06 14.76 0.00 0.00



331 

CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
244 9,755.03 701.08 7.19 278.27 2.85
245 1,043.92 52.43 5.02 43.30 4.15
246 687.24 130.36 18.97 4.38 0.64
247 77.35 9.34 12.07 0.00 0.00
248 157.47 85.34 54.19 0.00 0.00
249 51.47 24.60 47.80 0.00 0.00
250 321.13 261.23 81.35 109.80 34.19
251 298.02 82.49 27.68 0.00 0.00
252 80.75 6.73 8.34 0.00 0.00
253 772.43 478.32 61.92 337.59 43.70
254 404.04 84.81 20.99 0.00 0.00
255 1,027.64 764.31 74.38 620.98 60.43
256 752.98 440.36 58.48 37.15 4.93
257 345.40 0.00 0.00 0.00 0.00
258 653.18 100.13 15.33 70.84 10.85
259 136.33 0.48 0.35 0.00 0.00
260 1,463.37 728.68 49.79 321.25 21.95
261 352.72 112.62 31.93 96.64 27.40
262 608.43 0.00 0.00 0.00 0.00
263 309.84 0.00 0.00 0.00 0.00
264 138.96 0.00 0.00 0.00 0.00
265 76,310.29 7,518.52 9.85 4,301.67 5.64
266 70.10 0.00 0.00 0.00 0.00
267 16.10 0.00 0.00 0.00 0.00
268 133.17 0.00 0.00 0.00 0.00
269 602.45 103.76 17.22 103.76 17.22
270 156.28 25.03 16.02 25.03 16.02
271 47.38 0.00 0.00 0.00 0.00
272 37.20 0.00 0.00 0.00 0.00
273 201.46 0.76 0.38 0.00 0.00
274 441.78 0.00 0.00 0.00 0.00
275 411.40 0.00 0.00 0.00 0.00
276 150.60 0.00 0.00 0.00 0.00
277 103.32 0.00 0.00 0.00 0.00
278 367.61 0.00 0.00 0.00 0.00
279 155.69 0.00 0.00 0.00 0.00
280 353.03 169.01 47.87 0.00 0.00
281 229.36 115.12 50.19 0.00 0.00
282 94.91 44.33 46.70 0.00 0.00
283 257.92 132.94 51.54 10.89 4.22
284 69.08 0.00 0.00 0.00 0.00
285 189.21 97.51 51.54 0.00 0.00
286 108.25 47.90 44.25 0.00 0.00
287 477.10 191.70 40.18 0.00 0.00
288 824.83 13.24 1.61 4.44 0.54
289 1,549.69 166.02 10.71 132.56 8.55
290 828.00 563.18 68.02 299.60 36.18
291 295.62 0.72 0.24 0.00 0.00
292 361.14 2.86 0.79 0.00 0.00



332 

CATCHMENT
_ID 

Catchment 
area (ha) 

LCS88 Blanket 
Bog area (ha) 

LCS88 Blanket 
Bog area 
percent 

LCS88 Blanket 
Bog erosion 

area (ha) 

LCS88 
Blanket Bog 
erosion area 

percent 
293 211.89 26.90 12.70 18.65 8.80
294 126.05 17.56 13.93 0.00 0.00
295 111.44 15.21 13.64 0.00 0.00
296 4,728.13 1,290.12 27.29 875.07 18.51
297 331.71 10.63 3.21 10.63 3.21
298 220.00 0.00 0.00 0.00 0.00
299 789.18 107.43 13.61 107.43 13.61
300 2,473.76 202.32 8.18 195.73 7.91
301 1,874.14 6.30 0.34 6.30 0.34
302 127.96 0.00 0.00 0.00 0.00
303 120.77 0.00 0.00 0.00 0.00
304 1,834.74 251.07 13.68 12.11 0.66
305 643.75 0.00 0.00 0.00 0.00
306 356.65 11.52 3.23 0.00 0.00
307 89.15 0.00 0.00 0.00 0.00
308 994.74 199.44 20.05 1.74 0.18
309 1,505.64 66.28 4.40 0.00 0.00
310 1,293.22 457.17 35.35 205.88 15.92
311 135.96 34.72 25.53 2.39 1.76
312 1,477.85 37.24 2.52 1.25 0.08
313 363.62 16.42 4.52 0.00 0.00
314 300.58 2.98 0.99 0.00 0.00
315 225.41 23.25 10.32 0.00 0.00
316 331.46 61.48 18.55 0.00 0.00
317 1,326.85 66.16 4.99 0.00 0.00
318 385.58 12.63 3.28 12.63 3.28
319 1,845.19 0.00 0.00 0.00 0.00
320 19.43 0.00 0.00 0.00 0.00
321 44.22 0.00 0.00 0.00 0.00
322 212.30 25.20 11.87 25.20 11.87
323 122.89 40.10 32.63 40.10 32.63
324 646.93 110.90 17.14 86.08 13.31

Total 1,551,636.38 212,959.90 91,590.02 
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ANNEX 8. DESIGNATED BLANKET BOG SITES AND THEIR CONDITION WITHIN 
SCOTTISH WATER CATCHMENTS 

 
Fifty four (54) catchments include some or all of a site designated for its blanket bog interest.  
Several of these sites have multiple designations (e.g. SSSI, SAC, Ramsar), resulting in 93 
separate designations (Table A8.1). 
 
135, 532 ha of catchments are subject to one or more designations, 8.8% of the total 
catchment area. 
 
Only 10 catchments support blanket bog in favourable condition, although in a further 16 the 
condition is unfavourable but improving.  The blanket bog on the designated sites in the 
remaining 28 catchments is either unfavourable but stable or unfavourable and declining.  
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Table 8.1.  Designated blanket bog sites and their condition within Scottish Water 
catchments  
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2 687.28 SSSI 
Unfavourable No 
change 11.14 1.62 

3 764.17 SSSI 
Unfavourable No 
change 158.61 20.76 

6 2,580.92 SSSI 
Unfavourable No 
change 237.50 9.20 

6 2,580.92 SSSI 
Unfavourable 
Recovering 4.47 0.17 

6 2,580.92 SAC 
Unfavourable 
Recovering 4.47 0.17 

8 2,884.50 SSSI 
Unfavourable No 
change 0.53 0.02 

9 4,067.93 SAC 
Unfavourable 
Declining 20.17 0.50 

12 532.71 SSSI 
Unfavourable No 
change 16.68 3.13 

22 2,554.03 SAC 
Unfavourable 
Declining 16.24 0.64 

23 2,175.57 SAC 
Unfavourable 
Declining 2.97 0.14 

48 25,764.82 SSSI 
Unfavourable 
Declining 202.82 0.79 

48 25,764.82 SSSI 
Unfavourable 
Declining 189.81 0.74 

58 195.65 SSSI 
Unfavourable 
Recovering 189.90 97.06 

58 195.65 SAC 
Unfavourable 
Recovering 189.90 97.06 

60 3,822.83 SSSI 
Unfavourable 
Declining 61.33 1.60 

61 569.71 SSSI 
Unfavourable No 
change 133.70 23.47 

64 1,516.67 SSSI 
Unfavourable 
Recovering 1,397.21 92.12 

64 1,516.67 SAC 
Unfavourable 
Recovering 1,397.21 92.12 

71 428.50 SSSI 
Unfavourable 
Recovering 428.50 100.00 

71 428.50 SAC 
Unfavourable 
Recovering 428.50 100.00 

71 428.50 RAMSAR 
Unfavourable No 
change 428.50 100.00 

73 6.73 SSSI Favourable Maintained 6.73 100.00 
75 154.43 SSSI Favourable Maintained 154.43 100.00 
75 154.43 SAC Favourable Maintained 154.43 100.00 

76 3,880.78 SSSI 
Unfavourable 
Recovering 1,204.34 31.03 

77 2,125.54 SSSI 
Unfavourable 
Recovering 526.85 24.79 



335 

C
A

T
C

H
M

E
N

T
 

ID
 

C
A

T
C

H
M

E
N

T
 

A
R

E
A

 (
H

A
) 

D
E

S
IG

N
A

T
IO

N
 

T
Y

P
E

 

C
O

N
D

IT
IO

N
 

D
E

S
IG

N
A

T
E

D
 

S
IT

E
 

O
V

E
R

L
A

P
 (

h
a)

 

P
E

R
C

E
N

T
 O

F
 

C
A

T
C

H
M

E
N

T
 

O
C

C
U

P
IE

D
 B

Y
 

D
E

S
IG

N
A

T
E

D
 

S
IT

E
 

78 138.17 SSSI 
Unfavourable No 
change 44.25 32.03 

87 68.98 SAC 
Unfavourable 
Recovering 68.98 100.00 

88 6.91 SAC 
Unfavourable 
Recovering 6.91 100.00 

89 16.06 SAC 
Unfavourable 
Recovering 16.06 100.00 

96 716.66 RAMSAR 
Unfavourable 
Recovering 716.66 100.00 

97 730.72 SAC 
Unfavourable 
Recovering 563.70 77.14 

97 730.72 RAMSAR 
Unfavourable 
Recovering 563.70 77.14 

98 448.78 RAMSAR 
Unfavourable 
Recovering 448.78 100.00 

103 19,381.37 SAC 
Unfavourable No 
change 1,319.50 6.81 

109 928.52 SSSI 
Unfavourable No 
change 928.52 100.00 

109 928.52 SAC 
Unfavourable No 
change 928.52 100.00 

111 56.77 SSSI 
Unfavourable 
Declining 56.77 100.00 

111 56.77 SAC 
Unfavourable 
Declining 56.77 100.00 

111 56.77 RAMSAR 
Unfavourable 
Declining 56.77 100.00 

114 7,016.36 SSSI 
Unfavourable 
Declining 4,832.35 68.87 

114 7,016.36 SAC 
Unfavourable 
Declining 6,185.04 88.15 

114 7,016.36 RAMSAR 
Unfavourable 
Declining 6,185.04 88.15 

114 7,016.36 SSSI Favourable Maintained 1,318.85 18.80 
114 7,016.36 SSSI Favourable Maintained 33.85 0.48 
116 482.56 SSSI Favourable Maintained 476.34 98.71 
116 482.56 SAC Favourable Maintained 476.34 98.71 

121 936.56 SSSI 
Unfavourable 
Recovering 240.91 25.72 

121 936.56 SAC 
Unfavourable 
Recovering 240.91 25.72 

148 603.65 SAC Favourable Maintained 199.96 33.13 
153 203.90 SAC Favourable Maintained 203.90 100.00 

159 2,521.97 SAC 
Unfavourable No 
change 1,504.64 59.66 

160 7,739.69 SAC 
Unfavourable No 
change 567.57 7.33 

163 6,486.43 SSSI 
Unfavourable No 
change 1,661.69 25.62 

163 6,486.43 SAC Unfavourable No 1,661.69 25.62 
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change 

164 10,377.90 SSSI 
Unfavourable No 
change 3,541.12 34.12 

164 10,377.90 SAC 
Unfavourable No 
change 3,541.12 34.12 

170 14,021.41 SAC 
Unfavourable No 
change 2,728.26 19.46 

171 1,506.23 SSSI Favourable Maintained 96.67 6.42 

172 21,510.97 SAC 
Unfavourable 
Declining 585.46 2.72 

179 96,075.68 SSSI 
Unfavourable 
Declining 131.61 0.14 

179 96,075.68 SAC 
Unfavourable 
Declining 1,879.75 1.96 

180 208,845.99 SSSI 
Unfavourable 
Declining 1,439.76 0.69 

180 208,845.99 SAC 
Unfavourable No 
change 417.61 0.20 

180 208,845.99 SAC 
Unfavourable No 
change 19,213.71 9.20 

180 208,845.99 SAC Favourable Maintained 4,180.08 2.00 

180 208,845.99 SAC 
Unfavourable No 
change 1,881.71 0.90 

184 12.44 SSSI 
Unfavourable 
Recovering 12.44 100.00 

185 27.09 SSSI 
Unfavourable 
Recovering 27.09 100.00 

216 3,671.66 SAC 
Unfavourable No 
change 2,005.95 54.63 

217 1,270.16 SAC 
Unfavourable No 
change 1,270.16 100.00 

219 510,782.18 SSSI 
Unfavourable 
Declining 12.90 0.00 

219 510,782.18 SSSI Favourable Maintained 8,724.53 1.71 

219 510,782.18 SAC 
Unfavourable No 
change 8,083.93 1.58 

219 510,782.18 SAC 
Unfavourable No 
change 1,955.32 0.38 

219 510,782.18 SAC 
Unfavourable 
Declining 5,027.59 0.98 

219 510,782.18 SAC 
Unfavourable No 
change 2,762.30 0.54 

219 510,782.18 SAC 
Unfavourable No 
change 6,104.38 1.20 

219 510,782.18 SAC Favourable Maintained 8,724.23 1.71 

219 510,782.18 RAMSAR 
Unfavourable 
Recovering 1,519.43 0.30 

223 139,093.63 SSSI 
Unfavourable 
Declining 1,440.05 1.04 

223 139,093.63 SAC 
Unfavourable No 
change 417.86 0.30 
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223 139,093.63 SAC 
Unfavourable No 
change 19,221.51 13.82 

223 139,093.63 SAC 
Unfavourable No 
change 1,881.71 1.35 

223 139,093.63 SAC Favourable Maintained 4,171.59 3.00 

225 154.37 SSSI 
Unfavourable No 
change 139.68 90.48 

265 76,310.29 SSSI 
Unfavourable 
Declining 228.92 0.30 

265 76,310.29 SSSI 
Unfavourable 
Declining 215.59 0.28 

274 441.78 SSSI 
Unfavourable 
Declining 17.65 3.99 

275 411.40 SSSI 
Unfavourable 
Declining 1.56 0.38 

289 1,549.69 SSSI 
Unfavourable No 
change 7.73 0.50 

289 1,549.69 SSSI 
Unfavourable No 
change 40.48 2.61 

290 828.00 SSSI 
Unfavourable No 
change 62.43 7.54 
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