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!ŎǊƻƴȅƳǎ 
BAU  Business as Usual 

BEIS    ¦Y DƻǾŜǊƴƳŜƴǘΩǎ 5ŜǇŀǊǘƳŜƴǘ ŦƻǊ .ǳǎƛƴŜǎǎΣ 9ƴŜǊƎȅ ϧ LƴŘǳǎǘǊƛŀƭ {ǘǊŀǘŜƎȅ 

CAP  Common Agricultural Policy 

CCC Climate Change Committee 

CO2e   Standard unit for greenhouse gas, used to determine and quantify the greenhouse gas 
impact of different GHGs 

COP Convention of the Parties. The ΨtŀǊǘƛŜǎΩ ŀǊŜ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘǎ ǿƘƛŎƘ ƘŀǾŜ ǎƛƎƴŜŘ ǘƘŜ 
UN Framework Convention of Climate Change (UNFCCC) 

CSA  Community Supported Agriculture 

EAFRD  European Agricultural Fund for Rural Development 

FMA  Forest Management Alternatives 

FR  Forest Research 

GHG    Greenhouse Gas 

IPCC    Intergovernmental Panel on Climate Change 

LCA  Land Capability for Agriculture 

LCM2007   Land Cover Map 2007 dataset/report 

LCS88   Land Cover of Scotland 1988 dataset/report 

NESAAG North-East Scotland Agriculture Advisory Group 

NCAPP Natural Capital Pilot Programme 

NGO Non-governmental Organisation 

NTS  National Trust for Scotland 

OECD Organisation for Economic Co-operation and Development 

Peatland Action Programme of peatland restoration coordinated by NatureScot, linking funds for site 
restoration to survey and monitoring 

RLUF Regional Land Use Framework 

SAC  Special Areas of Conservation   

SEFARI Scottish Environment, Food and Agriculture Research Institutes 

SEPA Scottish Environment Protection Agency 

SOC  Soil Organic Carbon  

SPAs  Special Protection Areas   

SSSIs    Sites of Special Scientific Interest   

SWT  Scottish Wildlife Trust 

UKWAS UK Woodland Assurance Standard 

https://ukcop26.org/
https://www.aberdeenshire.gov.uk/business/support-and-advice/industry-sectors/agriculture-and-rural-development/the-north-east-scotland-agriculture-advisory-group-nesaag/
https://www.nature.scot/professional-advice/social-and-economic-benefits-nature/natural-capital/scotlands-natural-capital-pilot-programme-ncapp
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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

The land-based sector in the Perth and Kinross Council area has the potential to make significant 
contributions towards aims of net zero greenhouse gas emissions by 2045. The combined outcome 
of: i) expansion of woodland (Production Sitka Spruce) outwith those areas designated for their 
natural heritage significance and avoiding areas of deep peat soils. This would give a potential for 
carbon sequestration in first 25 years after planting of 1,250 kt CO2e y-1; ii) peatland restoration in 
existing area with natural heritage designations (76.5 kt CO2e y-1) where relevant site management 
permits, noting indicative time periods of 50 years to for a site to be on a road to recovery; and, iii) 
the existing sequestration from the LULUCF sector (-249.0 kt CO2e y-1), would offset net emissions of 
greenhouse gases (as of 2019 baseline) of 953.1 kt CO2e y-1, by a net value of -622.4 kt CO2e y-1. 
However, this is subject to several assumptions and the successful uptake of those measures detailed 
in the available models and spatial data. 

Terrestrial emissions for the Perth and Kinross Council area have dropped by 36.5%, 1,501.0 kt CO2 
in 2005 to 953.1 kt CO2, between 2005 and 2019. This compares to a reduction for all Scotland of 
34.7%. For Scotland, the Land Use, Land Use Change and Forestry (LULUCF) sector had net negative 
emissions, with a value of -249.0 kt CO2 in 2019, of which the greatest emissions were from cropland 
and most significant contribution to net sequestration is from forest land, amounting to -6,894.9 kt 
CO2  in 2019, with a value for Perth and Kinross of -136.8 kt CO2. 

New evidence derived for potential for woodland expansion for sequestering carbon in Perth and 
Kinross show scope for up to 1,558 kt CO2e y-1 sequestration from Production Sitka Spruce, averaged 
over 50 years. By comparison, expansion of Native Broadleaf would capture 1,137 kt CO2e y-1 after 
50 years. Under constraints on woodland expansion that avoid planting in areas designated for their 
natural heritage significance (e.g. Nature Reserves), deep peat soils, and high value farmland, the 
maximum scope for Production Sitka Spruce 1,250 kt CO2e y-1 for the first 25 years, rising to 1,558 kt 
CO2e y-1 with a broadleaf afforestation focus providing 285 kt CO2e y-1 over 25 years increasing to 
1,128 kt CO2e y-1 per year at year 50. 

The restoration of peatlands offers an estimated contribution of reducing 273.0 kt CO2e y-1 in 
emissions, albeit over the long term and assuming that all areas were restorable and restored. Of 
that figure, 76.5 kt CO2e y-1 is from areas within existing natural heritage designations. The types of 
areas which offer early opportunities are those which are: 

i) most degraded (i.e. offer earliest reduction in emissions, but subject to site specific 
conditions); 

ii) protected from other forms of land use change (e.g. under a relevant form of designation, 
subject to the specific conditions of their designation); 

iii) under ownership or management that is actively seeking to take actions consistent with 
peatland restoration (e.g. public agencies, NGOs and some private land managers). 

Uncertainty in the data defining peatland, its status, and a lack of robust data on monitoring of 
peatland restoration sites make estimates of timescales inappropriate at present.  

New figures of the potential storage of carbon from areas of arable and horticulture, and improved 
grassland within Perth and Kinross is 13.4 million tonnes C, and the risk of loss from these areas is 7.3 
million tonnes C. A high priority should be placed on protecting the carbon in the soil and limiting 
the risks of losses. 

Forums that facilitate effective sharing of knowledge between public, private, research and civil 
society sectors offer potential to inform influencers within institutions (e.g. farmers, public 

https://unfccc.int/topics/land-use/workstreams/land-use--land-use-change-and-forestry-lulucf
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authorities, business, research). It can provide a point of contact that is an interface between national 
bodies and initiatives of Scottish Government, and regional (e.g. Regional Land Use Partnerships) or 
local within the council area. One such forum is the North-East Scotland Agriculture Advisory Group 
(NESAAG), convened by Aberdeenshire Council. A similarly structured forum should be encouraged 
which is relevant to the systems of farming and land use systems tailored to Perth and Kinross. The 
aim should be to share knowledge that can accelerate the uptake of initiatives and practices that 
tackle challenges which include transitions to net zero GHG emissions, and associated issues of 
reversing the loss of biodiversity. 

European Union policy strongly promotes transitions to agro-ecological farming practices and 
systems as part of the contribution towards targets of climate neutrality, forming a key element in 
its Farm to Fork Strategy. Research findings from Scotland provide evidence supporting that 
approach, whilst also delivering wider environmental and social benefit. Encouraging land 
management practices that reduce emissions can make significant contributions to pathways to net 
zero. To do so requires support for drivers of transitions through policy, such as targeted actions, and 
access to knowledge and advice to help overcome barriers to transitions such as demand for produce. 
Changes in human behaviour in relation to choices of food and diet can also be expected to contribute 
to reducing GHG emissions over time, with positive impacts on the contribution from the land-based 
sector. The Council should seek to facilitate access to knowledge and advice that supports farmers 
in transitions to reduced GHG emissions and use procurement opportunities to encourage low 
carbon and plant-based foods. 

Public policy of Scottish Government and public agencies (NatureScot, SEPA) is to use natural capital 
approaches as one means of informing the pathway to net zero. NGOs with land management 
responsibilities (e.g. NTS, SWT) have, or are, using approaches to natural capital accounting to inform 
planning on their estates. It is also proposed to have a core role in the new Regional Land Use 
Partnerships. To ensure that the Council can leverage opportunities that may arise from the 
expansion of natural capital approaches in relation to pathways to net zero, will require it to 
harness and build relevant capabilities and capacity. 

Civil society and communities have roles to play in achieving net zero aims through initiatives that 
directly deliver on reducing GHG emissions. Actions include social innovations directed at restoring 
peatlands, woodland management, and the provision of local food. They also have significant roles 
in energising and mobilising public action for such activities. Mechanisms should be sought to direct 
support (advice, grants) towards social innovations the aims of which are tackling climate change, 
such as Peatland Action. 

Pathways to net zero that implement the types of options which the land-based sector can offer, 
such as woodland expansion, peatland restoration, and agro-ecological farming systems, will require 
the availability of relevant skills and knowledge. To ensure the implementation of such approaches 
over the long term requires a strategic approach to providing training, education and life-long 
learning for relevant authorities and practitioners. The Council should consider how it can facilitate 
access to, or dissemination of, equitable opportunities to access such skills. 

Unique opportunities are upcoming for communicating issues relating to the topic of net zero GHG 
emissions amongst public, civil society, policy and research audiences, with the global focus on COP26 
in Glasgow in 2021, and the 22nd World Congress of Soil Science in Glasgow in 2022. These 
opportunities should form part of the coordinated approach to raise understanding of the issues, 
and new approaches, for achieving net zero GHG emissions amongst audiences in the Council area 
and motivate actions on the ground. 

https://www.aberdeenshire.gov.uk/business/support-and-advice/industry-sectors/agriculture-and-rural-development/the-north-east-scotland-agriculture-advisory-group-nesaag/
https://ec.europa.eu/food/document/download/472acca8-7f7b-4171-98b0-ed76720d68d3_en
https://ukcop26.org/
https://22wcss.org/
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To capitalise on the policy imperatives and funding opportunities for carbon sequestration to be able 
to achieve net zero by 2045, consideration should be given to ŘŜǾŜƭƻǇƛƴƎ ΨƛƴƴƻǾŀǘƛƻƴ ƘǳōǎΩ ƛƴ tŜǊǘƘ 
and Kinross that focus on specific aspects of natural capital, such as multi-functional peatland 
restoration, woodland expansion, and nature-based solutions more broadly, providing a focus for 
the creation of new jobs and skills. The monitoring requirements of some such actions (e.g. 
biodiversity, GHG emissions) could be linked to national and international equivalents, consistent 
with Open Science and Data, and offering the potential for flagship activities. 

The Action Plan necessarily covers all aspects of the Council responsibilities. Where these are direct, 
such as consideration of the strategies for land uses in the area where permissions are required (e.g. 
renewable energy, housing, transport), the importance of the requirements in Scottish Planning 
tƻƭƛŎȅ άǘƻ ƘŜƭǇ ƳƛǘƛƎŀǘŜ ǘƘŜ ŎŀǳǎŜǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǘƘŜ ƴŜŜŘ ǘƻ ŀŘŀǇǘ ǘƻ ƛǘǎ ǎƘƻǊǘ and long term 
ƛƳǇŀŎǘǎ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ƛƴ ŀƭƭ ŘŜŎƛǎƛƻƴǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇƭŀƴƴƛƴƎ ǎȅǎǘŜƳέ become even 
greater. This may be reflected in the required rigour of the use of carbon payback calculations that 
accompany proposals (e.g. windfarms). Other direct actions can be influential in providing markets 
and sending messages to supply chains (e.g. through procurement). The importance placed by the 
Council on its approaches to the actions it is taking will need to be communicated effectively. 

A Perth and Kinross Net Zero knowledge exchange and communications strategy, designed to 
support the pathway to net zero GHG emissions could encompass items proposed above, and help 
to connect land managers, business, civil society and the public with the data and advice relevant 
to their circumstances.  

 



 

1 
 

1. LƴǘǊƻŘǳŎǘƛƻƴ 

This report is to provide evidence and suggested approaches to inform a Net Zero Climate Action Plan 
being developed by Perth and Kinross Council. The background to the work was undertaken following 
a virtual visit by Perth and Kinross Council to James Hutton Institute on 11th March 2021, and 
subsequent discussions with the teams in the Council through June to August 2021 as to their 
requirements for the Action Plan. 

The project outputs are aimed at contributing to developing a vision and plan for the pathway 
towards climate neutrality through mitigating or adapting to climate change.  

2. .ŀŎƪƎǊƻǳƴŘ 

The Scottish Government Climate Action Plan (Scottish Government, 2020a) sets out the approaches 
ǘƻ ŀŎƘƛŜǾƛƴƎ άnew ambitious targets to end our contribution to climate change by 2045.έ Lǘ ǊŜǎǘŀǘŜǎ 
the Scottish Government targets of: 

¶ reducing emissions by 75% by 2030 (compared with 1990) 

¶ net zero emissions by 2045. 

The Climate Change Action Plan also ƴƻǘŜǎ ǘƘŀǘΣ ƛƴ нллтΣ ŀƭƭ ƻŦ {ŎƻǘƭŀƴŘΩǎ ƭƻŎŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ǎƛƎƴŜŘ 
{ŎƻǘƭŀƴŘΩǎ /ƭƛƳŀǘŜ Change DeclarationΣ ŀƴŘ ƻŦ ŀ άCoordinated approach to meeting our emissions 
reduction targetsέΣ ŀŘǾƻŎŀǘƛƴƎ ŀ άcross-cutting, systems based approach that harnesses 
opportunities for inclusive jobs, growth and well-being.έ 

The understanding of the James Hutton Institute is that the Climate Action of Perth and Kinross 
Council aims to set out how the Council can enthuse residents and buisnesses, faciliate action, and 
deliver net zero climate  conditions for the Perth and Kinross area by 2045 or earlier. Complementary 
sources of information are providing a basis for that Plan, of which this project forms a part. 

The project on carbon sequestration focuses on the sectors of land-based industries and natural 
resources, and how the Plan can take these into account when considering the carbon resources of 
the area and its potential for sequestering or reducing the emissions of greenhouse gases. It also 
identifies some actions in relation to the assessment and use of natural resources which could be 
taken forward to aid achievement of the objectives of the Plan. 

 

3. hōƧŜŎǘƛǾŜǎ 

The objectives of this study are to: 

i) Summarise carbon equivalent emissions from Perth and Kinross Council area; 
ii) Provide evidence of the carbon stocks in the areas of Perth and Kinross Council; 
iii) Identify the potential for the sequestration of greenhouse gases, and how certain uses of 

land may impact upon the increase or decrease in carbon stocks;  
iv) Propose approaches for consideration in how communities can contribute to the tackling 

of climate change (e.g. through social innovation, promotion of local action), and uses of 
natural capital to inform the achievement of the aims of climate neutrality. 

 
 

https://www.gov.scot/publications/securing-green-recovery-path-net-zero-update-climate-change-plan-20182032/
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4. 9ǎǘƛƳŀǘŜǎ ƻŦ /ŀǊōƻƴ 9Ƴƛǎǎƛƻƴǎ ŦƻǊ {ŎƻǘƭŀƴŘ ŀƴŘ tŜǊǘƘ ŀƴŘ YƛƴǊƻǎǎ 
/ƻǳƴŎƛƭ !ǊŜŀ 

Data reported in the UK National Atmospheric Emissions Inventory for Scotland 
(https://naei.beis.gov.uk/laco2app/) are of a change in the emission of Tonnes of C per ha per annum 
of 16,487.1 kt CO2, from 47,532.3 kt CO2 in 2005 to 31,045.2 kt CO2 in 2019 (Figure 1; BEIS, 2021). 
This represents a drop of 34.7%. The greatest absolute reduction has been from domestic sources, 
down from 14,405.9 kt CO2 to 8,523.7 kt CO2, or 40.8%. The largest proportionate changes have been 
in the commercial sector (down 55.6%) and public sector (down 47.4%). The only sector which has 
an increase in emissions (as reported in the Inventory) is agriculture, going up from 1,048.14 kt CO2 

1,241.9 kt CO2 (increase of 18.5%).   

 

Figure 1. Change in net terrestrial CO2 emissions from Scotland (2005 to 2019) (Source: BEIS, 2021; 
updated 24 June 2021)  

The Land Use, Land Use Change and Forestry (LULUCF) sector comprises Forest land, Cropland, 
Grassland, Wetlands (including peatlands), Settlements, and Harvested wood products. Within the 
this category, the net change in CO2 emissions has been reported as reducing from net positive of 
510.0 kt CO2 in 2005 to 164.8 kt CO2  in 2019. For 10 of the 15 years in the period for which data are 
reported, the LULUCF sector had net negative emissions, most recently in 2019 (-249.0 kt CO2), thus 
contributing to the sequestration of carbon.  This sector of the GHG Inventory includes two of the 
topics of relevance to the assessments in this report, woodland expansion and wetlands. The wetland 
category includes peatland, and thus is influenced by actions on peatland restoration. The approach 
to mapping carbon emissions and removals for land use is provided by Clilverd et al. (2020) 

Within the LULUCF sector, the highest emissions are from cropland, dropping year-on-year from 
6,454.3 kt CO2 in 2005 to 4,907.2 kt CO2 in 2019 (down 24%; Figure 2; BEIS, 2021). Over the same 
period the most significant contribution to net sequestration is that of forest land, albeit reducing 
from -7,951.5 kt CO2 to -6,894.9 kt CO2  in 2019. 
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https://naei.beis.gov.uk/laco2app/
https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-national-statistics
https://unfccc.int/topics/land-use/workstreams/land-use--land-use-change-and-forestry-lulucf
https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-national-statistics
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In the reporting on the Greenhouse Gas Inventory, 1990 to 2019, in relation to wetlands, Brown et 
alΦ όнлнмύ ǎǘŀǘŜ ά¢ƘŜ ²ŜǘƭŀƴŘǎ ŎŀǘŜƎƻǊȅ ƛǎ ǎǘŀōƭŜ ǳƴǘƛƭ нлмрΣ ǿƘŜƴ ƛǘ ǎƘƻǿǎ ǎǇikes in 2015 and 2018-
мфΦ ¢ƘŜǎŜ ǊŜǎǳƭǘ ŦǊƻƳ ŜƳƛǎǎƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŦŜƭƭƛƴƎ ƻŦ ŦƻǊŜǎǘǎ ŦƻǊ ǇŜŀǘƭŀƴŘ Ƙŀōƛǘŀǘ ǊŜǎǘƻǊŀǘƛƻƴΦέ 

The Scottish Government Climate Change Plan Monitoring Report (Scottish Government, 2021a) 
notes that estimates for GHG emissions for wetlands were adjusted for 2018 onwards to include 
άƪƴƻǿƴ ŦǳǘǳǊŜ ƛƴǾŜƴǘƻǊȅ ǊŜǾƛǎƛƻƴǎ ŀǊƻǳƴŘ ǊŜǇƻǊǘƛƴƎ ŦƻǊ ǿŜǘƭŀƴŘǎ ŀƴŘ ŎƘŀƴƎŜǎ ǘƻ Ǝƭƻōŀƭ warming 
ǇƻǘŜƴǘƛŀƭǎ ƻŦ ǎƻƳŜ DIDǎέΦ ¢ƘŜȅ ƻōǎŜǊǾŜ ǘƘŀǘ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ƻǾŜǊŀƭƭ ŜǎǘƛƳŀǘŜ ƻŦ ŜƳƛǎǎƛƻƴǎ 
from agriculture in Scotland would change from 7.5 Mt CO2e to 7.7 Mt CO2e for 2018. Therefore, the 
value for 2019 may also reflect a period of transition in the data used in the calculation of emissions 
from wetlands.  

As a result of these changes in methodology, and the note of contributions from felling woodland for 
peatland restoration, it would be appropriate to consider apparent increases in emissions form 
wetlands with caution and track how the changes in emissions evolve over time.  

 

 

Figure 2. Change in net terrestrial CO2 emissions from Scotland from the LULUCF sector (2005 to 
2019) (Source: BEIS, 2021; updated 24 June 2021) 

The data reported in the UK National Atmospheric Emissions Inventory for Perth and Kinross show a 
broadly similar pattern for Perth and Kinross Council areas as for Scotland as a whole. There is an 
overall reduction in the emissions of Tonnes of C per ha per year from (t CO2 ha-1y-1) 1,501.0 kt CO2 
in 2005 to 953.1 kt CO2 in 2019 (Figure 3). The biggest absolute drop is in domestic emissions, from 
452.2 kt CO2 to 266.5 kt CO2 (41.1%), and proportionately the commercial sector by 53.7% (88.7 kt 
CO2). Emissions assigned to the public sector dropped by 47.7% (25.6 kt CO2). The changes in net 
emissions in land use and forestry over the period from 2005 to 2019 show a change from a net 
emission to net sequestration from 6 kt CO2 to -136.8 kt CO2. 
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https://www.gov.scot/binaries/content/documents/govscot/publications/progress-report/2021/05/climate-change-plan-monitoring-reports-2021-compendium/documents/climate-change-plan-monitoring-reports-2021-compendium/climate-change-plan-monitoring-reports-2021-compendium/govscot%3Adocument/climate-change-plan-monitoring-reports-2021-compendium.pdf
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Figure 3. Change in net CO2 emissions from Perth and Kinross Council area (2005 to 2019) (Source: 

BEIS, 2021; updated 24 June 2021) 

Figure 4 shows the estimates of changes in emissions from the Perth and Kinross Council area from 
2014 to 2018 from different sectors. Of those, the LULUCF sector has increased the net sequestration 
of carbon from -237.4 kt CO2 to -259.54 kt CO2. 

 

Figure 4. Emission of Tonnes of C per ha per annum between 2014 and 2018 for Perth and Kinross 

Council area (Source: UK National Atmospheric Emissions Inventory for 2018, 
https://naei.beis.gov.uk/laco2app/ ). 

 

Considering the LULUCF sector in more detail, the biggest reduction in emissions is from cropland 
(418.1 kt CO2 to 305.4 kt CO2; 26.9%) from 2005 to 2019 (Figure 5), although emissions attributed to 
agriculture as a whole increased from 67.5 kt CO2 to 86.7 kt CO2 (28.4%). By comparison with the net 
increase in sequestration for Scotland as a whole, net emissions from forest land have remained little 
changed over the period 2005 to 2019 (-354.7 kt CO2 increasing to -367.1 kt CO2).  
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Figure 5. Change in net terrestrial CO2 emissions from Perth and Kinross Council area from the 
LULUCF sector (2005 to 2019) (Source: BEIS, 2021; updated 24 June 2021) 

The Scottish Government Third Report on Proposals and Policies (Scottish Government, 2018), noted 
ǘƘŀǘ ǘƘŜ άΧ ƛƴŎǊŜŀǎŜ ƛƴ ƴŜǘ ǎŜǉǳŜǎǘǊŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ŘǊƛǾŜƴ ōȅ ŀ Ŧŀƭƭ ƛƴ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŜƳƛǎǎƛƻƴǎΩ ǎƻǳǊŎŜ 
ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ƎǊŀǎǎƭŀƴŘ ǘƻ ŎǊƻǇƭŀƴŘΣ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŎŀǊōƻƴΦέ ¢ƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ 
extent of cropland can be expected to have a commensurate increase in GHG emissions. The 4th 
report on proposals and policies is not yet prepared.  

There has also been a long term reduction in cattle numbers in Tayside (the reporting unit for the 
Agricultural Census which includes Perth and Kinross). In June 2021, there were 97,411 cattle in 
Tayside, compared to 126,538 in 2001 (reduction of 23%), which compares to a reduction of 10% for 
Scotland as a whole, from 1.89m in 2001 to 1.71m in 2020 (for reference, the peak number of cattle 
was 2.68m in 1974; Scottish Government, 2013). The implication is that there will be a commensurate 
reduction in GHG emissions from the related category (Enteric fermentation and Manure 
Management, Agriculture Sector 3A). In 2019, Perth and Kinross had the 6th highest absolute net 
sequestration of carbon from forest land of Scottish local authorities, behind Highland, Dumfries and 
Galloway, Argyll and Bute, Scottish Borders and Aberdeenshire (Annex 1). Of these 6 authorities, this 
value has increased only for Perth and Kinross and Aberdeenshire.  

As noted above some changes in methodology (Scottish Government, 2021a) and changes in land 
use (e.g. tree felling for peatland restoration; Brown et al., 2021) have led to changes in values of 
some sub-categories of LULUCF for Scotland (e.g. slight reductions in the sequestration of emissions 
by wetlands).  

Improvements are required in understanding of the impacts of changes in land management on GHG 
emissions. In situ monitoring of GHG emissions is still relatively limited in the UK. Figure 6(a) shows 
the distribution of sites in the UK as of 2018, recorded in the UK-SCAPE Flux Tower Network (Morrison 
et al., 2019). Figure 6(b) shows the type of environment which is being monitored at each site (as of 
2015; Nemitz et al., 2015). A description of a new instrument planned for Balruddery Farm Angus, is 
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provided in Annex 3, covering agriculture under cropping systems. This is the closest site of such 
instruments to Perth and Kinross.  

  

Figure 6(a). National UK-SCAPE and 
ASSIST EC flux tower network (Source: 
Morrison et al., 2019). 

Figure 6(b). UK CO2 Flux Network, as of 2014, showing the 
types of environment at each site being monitored for 
GHG emissions. 

Findings from the observations and analysis should improve the accuracy of the estimates of GHG 
emissions in the UK Inventory, and the interpretation of changes reported through time, such as the 
changes from cropland, and their contribution to the LULUCF sector noted above, and shown for 
Perth and Kinross in Figure 5.  

5. 9ǎǘƛƳŀǘŜ ƻŦ {ƻƛƭ /ŀǊōƻƴ {ǘƻŎƪǎ ƛƴ tŜǊǘƘ ŀƴŘ YƛƴǊƻǎǎ /ƻǳƴŎƛƭ !ǊŜŀ 

The total soil carbon stock of Scotland, to 1m depth, was calculated from the average values of Soil 
Organic Carbon (SOC), obtained from measured carbon concentrations stored within the Scottish Soil 
Database held at the James Hutton Institute. The average Soil Organic Carbon concentration was 
calculated for individual horizons deemed as typical of individual soil types (soil series taxonomic 
unit) and taking account of whether the soil was cultivated.  

The carbon stock for each horizon (calculated from horizon thickness, average SOC concentration, 
ŀƴŘ ǇǊŜŘƛŎǘŜŘ ōǳƭƪ ŘŜƴǎƛǘȅύ ǿŀǎ ǎǳƳƳŜŘ ǘƻ ƎƛǾŜ ŀƴ ŜǎǘƛƳŀǘŜ ŦƻǊ ŀ ƳƻŘŀƭ ǎƻƛƭ ǇǊƻŬƭŜ ǘȅǇƛŎŀƭ ƻŦ ŜŀŎƘ 
individual soil series to a depth of 1 m. The spatial distribution of these stocks was then extrapolated 
using the 1:250,000 scale National Soil Map of Scotland (Soil Survey of Scotland Staff, 1981a) in 
combination with data on land cover and use (MLURI, 1993). Uncertainty estimates around the mean 
carbon stock were calculated based on the 95% prediction intervals on the regression equations used 
to calculate bulk density combined with the standard error on the measured carbon concentrations. 
The distribution of carbon in the top 1 m of soil for Scotland is shown in Figure 7.  

http://nora.nerc.ac.uk/id/eprint/525106/1/N525106PO.pdf
https://soils.environment.gov.scot/maps/soil-maps/national-soil-map-of-scotland/
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Figure 7. Map of Carbon stocks in the top 1 m of soil.  

The same dataset was used to evaluate the potential for Scottish cultivated topsoils to store 
additional, or lose, SOC. The median (middle value of the data), minimum and maximum SOC 
concentrations of mineral topsoils were determined for individual soil types shown on the National 
Soil Map of Scotland (Soil Survey of Scotland Staff, 1981,) and which were deemed to be cultivated 
using data on land cover (MLURI, 1993). The topsoil SOC stock was then calculated for each of the 
soils using estimated horizon thickness and predicted bulk densities.  

The Potential to gain SOC was calculated by subtracting the median value for the maximum and the 
potential to lose SOC was calculated by subtracting the minimum SOC concentration from the median 
(see Figure 8). Then, the results were applied to each individual soil type to produce a map of those 
soils with the most to gain or lose. 
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Figure 8. Graphical presentation on method to calculate potential gains or losses of Soil Organic 
Carbon. 

Estimating the stocks of carbon are subject to several factors and unknowns. These include the types 
of cover and uses of land, soil types, management of land, and the methods for measuring and 
modelling stocks of carbon for Scotland.  

Data on topsoil organic carbon have been extracted for Perth and Kinross Council area, shown in 
Figure 9. Figure 9 (left) shows a map of land cover, using the Land Cover Map of Great Britain, 2008, 
and Figure 9 (right) shows the distribution of estimates of carbon stocks (Baggaley et al., 2016). They 
show the concentration of stocks in the west and north of the area, reflecting the locations of carbon 
rich soils and peatlands. 

https://www.springerprofessional.de/en/comparison-of-traditional-and-geostatistical-methods-to-estimate/7474930
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Figure 9. (left) Land cover of Perth and Kinross Council area, and (right) carbon stocks (Source: 
Baggaley et al., 2016).  

Estimates of carbon stocks for the Perth and Kinross area summarised by current (or recent) land 
cover are provided in Table 1. Reflecting the uncertainties in estimates, the values of carbon stocks 
provided in Table 1 are the mean estimates with lower and upper estimates. The values in Table 1 
show that the (broad) class of moorland has the greatest mean stock of Carbon, which reflects the 
proportion of the Council area which it occupies. 

Note that in the values of carbon stocks for land cover classified as Montane, the mean carbon stock 
is higher than that of the upper carbon stock. This reflects the way in which carbon stocks are 
calculated. The value of the upper carbon stock uses the maximum value of carbon concentration, 
which causes a reduction in soil bulk density due to an inverse relationship between bulk density and 
carbon concentration. When the carbon stock is calculated (i.e. bulk density x carbon concentration 
x thickness, summed to 1m) the stocks can be less than the mean stock as the bulk densities are 
lower. 

 

 

 

https://www.springerprofessional.de/en/comparison-of-traditional-and-geostatistical-methods-to-estimate/7474930
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Table 1. Summary of carbon stocks to 1 m depth with uncertainty.  

Land Cover Lower C Stock 
(MT) 

Mean C Stock 
(MT) 

Upper C Stock 
(MT) 

Areas  
(km2) 

Arable 10.43 12.57 14.70 574.19 

Bog 11.30 13.10 14.61 231.02 

Forestry 23.01 27.93 37.83 785.67 

Improved 
Grassland 

15.24 18.85 22.47 778.89 

Montane 27.85 34.63 34.13 823.07 

Moorland 37.67 44.78 51.04 1,113.84 

Rough Grassland 0.18 0.22 0.25 26.24 

Other 28.50 34.25 39.51 898.91 

Total 154.20 186.30 209.70 5,231.80 

The potential for storage and loss of carbon in area of arable land (and horticulture), and improved 
grassland, are shown in Figure 10 and Table 2. Note that whereas Table 1 contains the values of soil 
carbon stocks by land cover type, Table 2 contains the values of carbon stocks in only the topsoil, 
which varies from around 25 cm to 30 cm depending on the soil type. The values of loss and gain are 
based on the maximum and minimum measured values in a soil series compared to the median value 
(Lilly and Baggaley, 2013). 

In this study, the potential storage of carbon was not calculated for all land classes. The assumption 
was that it is primarily the soils under arable or permanent grassland that would be more easily 
managed in ways that would potentially see changes in topsoil soil organic carbon (SOC) stocks. Those 
areas are concentrated in the south and south east of the Council area. For the soils under semi-
natural vegetation with mainly organic surface layers, the carbon concentration is generally similar 
across the various soil types and land use combinations. It is likely that the only meaningful way to 
increase carbon stocks is to increase the thickness of the organic layer. 

To an extent, soil type is reflected in the estimates of emissions from the LULUCF category (e.g. 
agricultural soils, IPCC category 3D, emission gas NO2). The methodologies for calculating emissions 
are continually being reviewed by the teams responsible for the UK GHG Inventory, reported in 
updates, and then applied in subsequent calculations. In the latest release of the UK GHG Inventory, 
Brown et al. (2021) provide an explanation and details of the calculations used for estimating 
emissions of nitrous oxide from agricultural soils using IPCC 2006) Tier 1 and Tier 2 methods. They 
note that ǘƘŜ ƭŀǘŜǎǘ ŜǎǘƛƳŀǘŜǎ ǳǎŜ άǳǇŘŀǘŜŘ ŀǊŜŀǎ ƻŦ ŎǊƻǇƭŀƴŘ ƻƴ ƻǊƎŀƴƛŎ ǎƻƛƭǎ ǿƛǘƘ ŀƴ equivalent 
ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ŀǊŜŀ ƻƴ ƳƛƴŜǊŀƭ ǎƻƛƭǎ ŀŦŦŜŎǘƛƴƎ ǎƻƛƭ ŎŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎΦέ όBrown et al., 2021, p 
375). The values for the potential loss of carbon, in Table 2, show what is theoretically possible based 
on observed data, not of how long or by what means this could happen. Estimates of such a nature 
would require more extensive modelling. 

  

https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2105061125_ukghgi-90-19_Main_Issue_1.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2105061125_ukghgi-90-19_Main_Issue_1.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2105061125_ukghgi-90-19_Main_Issue_1.pdf
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Table 2. Potential storage of carbon and its losses under arable and horticultural land, and improved 
grassland (MT = Million Tonnes). 

LCM 2007 BH Group Potential Carbon 
Loss (MT) 

Potential Carbon 
Storage (MT) 

Areas 
(km2) 

Arable and Horticulture Arable 3.2 6.6 574 

Improved Grassland Improved 
Grassland 

4.1 6.8 779 

Total  7.3 13.4 1,353.1 

 

 
Figure 10. Map of the potential storage of carbon and its losses under arable and horticultural land, 
and improved grassland. 

Previous work (Chapman et al., 2013) has shown that concentrations of soil organic carbon in Scottish 
topsoils had declined from the late 1970s and early 1980s, through to 2009. However, a further study 
for sites in North-east Scotland showed no change since the 1950s (Lilly et al., 2019). However, 
combining both datasets, showed no change in soil organic carbon concentrations suggesting that 
there is still work to be done to get a clear picture of change in soil organic carbon concentrations in 
Scottish soils. 

The uncertainty in estimates of soil organic carbon stocks is a combination of the use of regression 
equations to predict bulk density of the soil and the range in observed soil organic carbon 
concentrations, thus the true value of soil organic carbon stock should lie somewhere with the upper 
and lower estimate. 

The estimates of potential loss/gain also carry some degree of uncertainty. For example, the 
maximum and minimum values are the observed values based on measured data held within the 
Scottish Soils database, but the actual maximum and minimum soil organic carbon concentrations 

https://onlinelibrary.wiley.com/doi/10.1111/ejss.12041
https://onlinelibrary.wiley.com/doi/abs/10.1111/sum.12562


 

12 
 

may lie outside of this range. While the minimum value is relatively easily determined, the maximum 
soil organic carbon concentration is less easily determined.  

Tackling greenhouse gas emissions through agricultural land management practices  

It is well established that the uptake of suitable agricultural practices can make a significant 
contribution to climate change mitigation by reducing greenhouse gas emissions (GHGs), and 
increasing carbon capture in ecosystems (see for example, reporting by The Royal Society and Royal 
Academy of Engineering, 2018). A selection of examples follow of different examples of land 
management practices which have underpinning evidence of how greenhouse gas emissions from 
agricultural land can be reduced or minimised. The greater the uptake of these practices the greater 
the scope for reducing risks of potential losses of carbon from soils of up to approximately 7.3 million 
tonnes.  

Example, Practices to sequester soil organic carbon in agriculture soils: A list of practices to 
sequester soil organic carbon in agriculture soils has been developed (Yeluripati et al., 2019). This 
includes an assessment of the feasibility of such practices for Scottish conditions, and provide 
estimated rates of sequestration. The practices are of reduced or no tillage, increased residue 
returns, fertilising and liming, crop rotation and organic manures, catch crops and changes in grazing 
intensity.  

Example, Practical guidance for reducing GHG emissions form soils: Practical guidance for reducing 
GHG emissions from soils is given in a Farm Advisory Service leaflet produced by SRUC. This includes 
measures to: 

a. reduce nitrous oxide and methane emissions such as the maintenance of soil pH, avoid 
spreading manures or slurry on wet soils, match fertiliser applications to crop requirements;  

b. reduce carbon loss, practices such as good nutrient management, incorporation of manures 
and crop residues, growing cover crops to reduce losses through erosion. 

The uptake of knowledge and practical guidance is aiding the transitions in land management 
practices towards carbon positive management. A case study in Scotland (Tayside and Grampian) on 
the transition to agro-ecological farming systems (UNISECO) reports that specific measures that had 
the highest levels of effectiveness, from the perspectives across stakeholders were those which 
provided targeted support for actions (e.g. Agri-environment Climate Scheme) and access to 
knowledge and advice (e.g. Scottish Farm Advisory Service;  Galioto et al., 2021). 

Example, Managing agricultural soils to increase soil carbon: Managing agricultural soils to increase 
soil carbon and/or reduce GHGs has the benefit of helping to build resilience to climate change for 
agriculture and the surrounding environment. For example, soil carbon, as part of organic matter, 
helps to buffer against the adverse effects of high rainfall or drought conditions. Farmers and other 
land managers are taking a greater interest in soil carbon management to help them work towards 
Net Zero and for the potential investment opportunities from carbon and natural capital markets. 
Realising these opportunities requires reliable information about the levels of carbon in the soils at 
depth, typically to 30 cm and beyond. The ability for farmers and others to generate this valuable 
information is being made more accessible and cost-effective through technical innovations, for 
example by Agricarbon (https://agricarbon.co.uk/), based in Invergowrie, Perth and Kinross.   

Further, a UK Farm Soil Carbon Code is under development, which contains reviews of the agricultural 
land management practices which could contribute to soil carbon sequestration, and a draft code to 
support farmers in monitoring, reporting and verifying soil carbon.  

https://royalsociety.org/~/media/policy/projects/greenhouse-gas-removal/royal-society-greenhouse-gas-removal-report-2018.pdf
https://royalsociety.org/~/media/policy/projects/greenhouse-gas-removal/royal-society-greenhouse-gas-removal-report-2018.pdf
https://www.climatexchange.org.uk/research/projects/payment-for-carbon-sequestration-in-soils-a-scoping-study/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjkyvOuhaTzAhUVQkEAHWDWDkIQFnoECA8QAQ&url=https%3A%2F%2Fwww.fas.scot%2Fdownloads%2Fpractical-guidance-for-reducing-agricultural-greenhouse-gas-emissions-and-soil-carbon-losses%2F&usg=AOvVaw0YNFknfURsy0YsVdXYlPiV
https://uniseco-project.eu/
https://uniseco-project.eu/assets/content/resources/02-deliverables/UNISECO-D5.4.pdf
https://agricarbon.co.uk/
https://sustainablesoils.org/soil-carbon-code/about-the-code


 

13 
 

Example, Direct drilling reducing GHG emissions: Research shows that land management practices 
of no tillage and direct drilling can reduce the risk of nutrient losses by run-off, and can reduce GHG 
emissions while maintain or increasing crop yield in certain conditions (Huang et al., 2018). Modelled 
estimates of trade-offs between conventional and direct drilling shows promising findings but require 
more systematic evidence to be gathered (e.g. Albanito et al., 2020). Some of these are still relatively 
early or smallscale in their uptake, but operational evidence is becoming available of their benefits. 
Such evidence is being communicated by peer-to-peer means, including in Perth and Kinross (e.g. 
direct drilling, Leitfie farm, Alyth), coordinated under the Farming for a Better Climate, run by SRUC 
on behalf of the Scottish Government. However, not all soils are suitable for direct drilling or no tillage 
(see SRUC Technical note TN553 for further advice). 

Example, Animal Health and Greenhouse Gas Emissions: Endemic production-limiting disease is a 
major constraint on efficient livestock production. Moredun Research Institute reports that reducing 
the burden of endemic disease will help improve the biological efficiency of livestock production and 
contribute to reducing the Carbon footprint of animal agriculture. Studies from of approximately 
252,000 cattle, between 2014 and 2017 showed that animals with liver fluke were typically 14 to 18 
days older at slaughter than those with no fluke, had 4% lower weight gain, and that the effect of 
fluke infection represents an approximate 2% increase in greenhouse gas Emissions Intensity They 
conclude that managing infections in cattle is important to improve animal performance and reduce 
associated greenhouse gas emissions.  

Example, Alternative cropping systems for sustainability: Arbikie distillery has developed its supply 
chain of food and feed to increase the utilisation of pulses. The outcomes are a 15% legume cover on 
the Arbikie farm, compared with a national average of 1%, and products (Nadar gin, Nadar vodka) 
which have a reduced carbon requirement throughout the life of production on the farm. The 
products are marketed having carbon footprints of -1.54kg CO2e per 700ml bottle of gin and >1.53kg 
CO2e per 700ml bottle of vodka, based on research with James Hutton Institute and Abertay 
University. By adapting the farm systems and development of products in tandem, the distillery and 
farm has reduced its GHG emissions and improved the conditions for biodiversity.  

Example, Impacts of Scottish agriculture on the climate and wider environment: To facilitate the 
uptake of land management practices which are consistent with a pathway to climate neutrality, a 
set of factsheets have been co-produced by NFUS and researchers in SEFARI. These summarise the 
headline issues associated with 6 themes relating to GHG emissions, and an indication of guidance 
on approaches to minimise losses, from which the following are extracted or based: 

a. Grasslands ς The potential of managed grasslands in Scotland to sequester carbon and what 
farmers can do to maintain grassland carbon stocks; 

b. Uplands ς Climate impacts of agriculture on Scottish uplands, including how grazing can be 
optimised to help mitigate climate change, and the impacts of muirburn on greenhouse gas 
emissions and soil carbon in the Scottish uplands; 

c. Forestry - The impacts on climate of forestry on shallow peat soils, and the net greenhouse 
gas balance of forestry on shallow peat soils in Scotland; 

d. Methane ς How Scottish beef producers can reduce methane emissions from their cattle, and 
the role that technology can have in reducing methane; 

e. Options for mitigating agricultural nitrous oxide emissions  
f. Nitrous oxide (N2O) - Options for mitigating agricultural nitrous oxide emissions, and how 

farmers can reduce NO2 emissions; 
g. Arable - The impacts of arable production in Scotland on climate change, and the challenges 

and opportunities from climate change.  

https://doi.org/10.1016/j.agee.2018.09.002
https://uniseco-project.eu/assets/content/resources/02-deliverables/UNISECO-D3.5.pdf
https://www.farmingforabetterclimate.org/soil-regenerative-agriculture-group/case-study-ben-barron/
https://www.farmingforabetterclimate.org/
https://www.sruc.ac.uk/media/s0bnnerj/tn553-minimum-tillage.pdf
https://www.arbikie.com/nadar-gin
https://www.arbikie.com/item/24/Ndar-Vodka.html
https://www.nfus.org.uk/policy/environment-and-land-use/sefari-fellowship.aspx
https://www.nfus.org.uk/userfiles/images/Policy/ELU/0620%20Grassland%20Factsheet.pdf
https://www.nfus.org.uk/userfiles/images/Policy/ELU/0620%20Uplands%20Factsheet.pdf
https://www.nfus.org.uk/userfiles/images/Coronavirus/0620%20Forestry%20Factsheet.pdf
https://www.nfus.org.uk/userfiles/images/Policy/ELU/0920%20Methane%20Factsheet.pdf
https://www.nfus.org.uk/userfiles/images/Policy/ELU/0720%20N2O%20Factsheet.pdf
https://www.nfus.org.uk/userfiles/images/Policy/ELU/0720%20N2O%20Factsheet.pdf
https://www.nfus.org.uk/userfiles/images/Policy/ELU/0720%20Arable%20Factsheet.pdf


 

14 
 

Research is providing new evidence in relation to emissions of greenhouse gases, their magnitude, 
and approaches to their minimisation through alternative land management practices. The challenge 
is in making sources of knowledge available to stakeholders with responsibilities for land 
management. Some of the preceding examples originate from the SEFARI Knowledge Exchange 
Gateway, often in collaboration with stakeholders in the relevant land sectors.  

 

6. /ŀǊōƻƴ {ǘƻŎƪǎ ŀƴŘ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ tŜŀǘƭŀƴŘ 

Soils and peat of Scotland are mapped at a number of scales in Scotland, 1:25,000, 1:50,000, 1:63,360 
and 1:250,000, and some site specific mapping at 1:10,000. The source information for these maps 
used aerial photography and ground surveys (Lilly et al., 2015), and different depths used as the 
indicator of an area being peatland. Only the 1:250,00 scale mapping exists for the entire the Council 
area, except that at 1:250,000. Other assessments of peatland and peatland condition use earth 
observation data (e.g. satellite) and digital modelling techniques.  

Based upon the classification and mapping of peat and carbon rich soils by James Hutton Institute 
(Soil Survey of Scotland Staff, 1981a), NatureScot developed a Carbon and Peatland Map in 2016. 
This map is referred to in Scottish Planning Policy (SPP) (Scottish Government, 2014), informing the 
ǎǇŀǘƛŀƭ ŦǊŀƳŜǿƻǊƪǎ ƻŦ Ψƴŀǘƛƻƴŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ƳŀǇǇŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƴǘŜǊŜǎǘǎΩ ƛƴ ǘƘŜ {ŎƻǘǘƛǎƘ 
Government. That map is not used in the following calculations and assessments, noting the 
statement by Evans et alΦ όнлмтύ ǘƘŀǘ Ψmapping peat in Scotland is hindered by a lack of high 
ǊŜǎƻƭǳǘƛƻƴ ŘŀǘŀΩ, and reflecting use of more detailed scales of data where available. 

Globally, peatlands contain approximately 25% of the carbon locked in soils. However, these figures 
are subject to considerable variation depending upon the definition of peatland, and the approach 
to its mapping. Scotland has an estimated total extent of approximately 2.4 m ha peatland, storing 
the equivalent of ca. 3 billion tonnes of carbon (Aitkenhead et al., 2021).  

Using the data of Aitkenhead et al., 2021, the area of peat in the Perth and Kinross Council area is 
calculated as 907 km2 (90,731 ha). However, it is likely that much of that will not be peatland habitat. 
Other areas of peat are likely to be under heathland and grassland. From a recent assessment for 
mapping peatland condition classes (Aitkenhead et al., 2021) the estimated area of peat is 1,000.4 
km2 (100,358 ha). The area of peat is likely to be between these two values.  

One of the most highly emitting IPCC peatland ŎŀǘŜƎƻǊƛŜǎ ƛǎ ΨŜǊƻŘŜŘ ǇŜŀǘΩ ǿƘŜǊŜ ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊ 
has been lost. The condition, or health, of the peatland is dependent upon physical, hydrological, and 
ecological factors, which influence each other in self-regulating feedback, leading to resilience to 
ǾŀǊƛŀǘƛƻƴǎ ƛƴ ŎƭƛƳŀǘŜΣ ƻǾŜǊ ǘƘƻǳǎŀƴŘǎ ƻŦ ȅŜŀǊǎΦ IƻǿŜǾŜǊΣ ƳǳŎƘ ƻŦ {ŎƻǘƭŀƴŘΩǎ ǇŜŀǘƭŀƴŘ ŀǊŜŀΣ Ƙŀǎ ōŜŜƴ 
damaged to the extent that the self-regulation no longer functions. Current estimates, in net terms, 
are that the carbon lost from degraded peatlands in Scotland (between 8.8 to 9.7 Mt CO2e y-1) 
approximately equivalent to the entire forest carbon sink in Scotland, which is in addition to the 
losses of other ecosystem functions. Such functions include water storage and filtration, flood risk 
reduction, pollution reduction, supporting biodiversity, and cultural services such as historical 
archives and sense of place (see, e.g. England Peat Action Plan, Defra, 2008; IUCN Peatland Benefits, 
2021).  An online storymap, ΨLƴŘƛŎŀǘƻǊǎ ƻŦ 9ŎƻǎȅǎǘŜƳ {ŜǊǾƛŎŜǎ ƛƴ {ŎƻǘƭŀƴŘΩ όhttps://arcg.is/0v04WH), 
provides a map-based representation of ecosystem services more generally. This includes topics of 
soil organic content, water supply, crop production, plant species richness, pollination, floral 
distinctiveness across Scotland.   

https://www.nature.scot/professional-advice/planning-and-development/planning-and-development-advice/soils/carbon-and-peatland-2016-map
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1010786/england-peat-action-plan.pdf
https://www.iucn-uk-peatlandprogramme.org/about-peatlands/peatland-benefits
https://www.iucn-uk-peatlandprogramme.org/about-peatlands/peatland-benefits
https://arcg.is/0v04WH
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The Climate Change Committee (2019) estimated emissions from degraded peatland to be up to 9.7 
Mt CO2e for 1990, and are now included in the ¦ƴƛǘŜŘ YƛƴƎŘƻƳΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘ (NIR) 
submitted for 1990 to 2019. They also note the potential to increase the extent of restored peatland 
from the current area of 0.6 million hectares, to over 1.4 million hectares by 2050. Their calculations 
suggest that such an increase could reduce emissions form this source to c.7 Mt CO2e. No information 
has been identified in which reference is made to an explicit calculation or details of the geographic 
distribution (e.g. at local authority level) of the potential for restoration to which the Climate Change 
Committee refer.  

However, spatial representation of the National Atmospheric Emissions Inventory is available online 
(https://naei.beis.gov.uk/emissionsapp/), with access to individual pollutants (e.g. methane, NO2, 

CO2), and emissions sectors (e.g. agriculture and farming). These data are provided at a spatial 
resolution of 1km x 1km. An example is shown in Figure 11. 

 

Figure 11. Example of view of data on Methane emissions, presented in National Atmospheric 
Emissions Inventory (https://naei.beis.gov.uk/emissionsapp/).  

Recent work for the Scottish Government Centre of Expertise on Climate Change (ClimateXChange) 
produced estimates of the distribution of peat under different land uses, and from which there are 
different rates of GHG emissions, as categorised by IPCC Tier 21 calculation methods. Details of the 
methodology for deriving the emissions are provided in Aitkenhead et al. (2021). Figure 10 shows the 
emission factors for Scotland, which enables the conversion of land use activity to an estimate of 
GHG emissions, and of emissions in Figure 12. 

 
1 IPCC Tier 1, Tier 2, Tier 3 etc.: levels of increasing methodological complexity and sophistication for approaches adopted by the IPCC 
for assessment of GHG emission from landscapes. 

https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2105061125_ukghgi-90-19_Main_Issue_1.pdf
https://naei.beis.gov.uk/emissionsapp/
https://naei.beis.gov.uk/emissionsapp/
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
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Figure 12. Map of emission factors for peatland under agriculture/no agriculture (Source: 
Aitkenhead et al., 2021). 

 

Figure 13 (a) shows the spatial distribution of estimates of GHG emissions from peatland in the Perth 
and Kinross Council area. Based upon the mapping of degraded peatland (Aitkenhead et al., 2021), 
extracted for the council area, these emissions are estimated to be 273k CO2e y-1.  Table 3 provides 
the estimated emissions (t CO2eha-1y-1) for each land cover type, for the Perth and Kinross Council 
area. The rate of emissions is greatest in areas of eroded or drained peat (132.87 kt CO2eha-1y-1), 
compared to almost zero on near natural bog (0.41 kt CO2eha-1y-1).  

Note that, peatlands are one of the elements in the IPCC wetlands category of the GHG inventory. 
Peat sequesters CO2, however, in a near natural state it also emits methane. The values provided in 
Figure 3 for GHG emissions for Perth and Kinross, for wetlands (BEIS, 2021), represent the overall 
balance of sequestration of GHGs. The values in Table 3 are the estimates of the emissions that would 

https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
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be saved with restoration of the peatlands, including those of near natural bog where some methane 
emission would still occur. Further details of the calculations and assumptions are provided in Evans 
et al. (2017), and illustrated below. 

Extensive grasslands are more likely to be associated with carbon rich soils than are intensive 
grasslands, which is reflected in their estimated GHG emission rates of 43.6 kt CO2eha-1y-1 and 4.36 

kt CO2eha-1y-1 respectively. This compares with net sequestration of grasslands as a whole, which 
includes grasslands converted to forestry, and cropland converted to grasslands, which the Scottish 
Government notes as one of the carbon sinks in the LULUCF sector, and in the time series reported 
in Figure 5. However, the Climate Change Committee (2019; page 212ύ ƴƻǘŜ ǘƘŀǘ άΧ ŀƎŜ ƛǎ ǘƘŜ Ƴƻǎǘ 
important factor determining the amount of carbon stored in grassland, but even then the amount 
ƻŦ ŎŀǊōƻƴ ǿƛƭƭ ŜǾŜƴǘǳŀƭƭȅ ǊŜŀŎƘ ŀƴ ŜǉǳƛƭƛōǊƛǳƳΣ ŀƴŘ Ƴŀȅ ōŜ ǊŜǾŜǊǎƛōƭŜΦέ 

Table 3. Greenhouse Gas emissions for land cover types with peat, for Perth and Kinross Council area. 
(Source: derived from Aitkenhead et al., 2021, and land cover data, noting sources of land cover will 
vary from those of data used with emissions factors; values for emissions rounded). 

Category Area (ha) Tier 2 emission factor  
(t CO2e ha-1y-1) 

Emissions  
(kt CO2ey-1) 

Woodland  2,380  Unknown Unknown 

Near natural bog  41,472  0.01  0.4  

Heather dominated undrained  1,002  2.08  2.1  

Heather dominated drained  9,272  3.4  31.5  

Grass dominated undrained  1,693  2.08  3.5  

Grass dominated drained 14,700 3.4 50.0 

Eroded drained  27,395  4.85  132.9  

Grassland extensive  2,293  19.02  43.6  

Grassland intensive  146  29.89  4.4  

Extraction domestic 5 7.91  0.04  

Total  100,358    268.4 

 

https://uk-air.defra.gov.uk/assets/documents/reports/cat07/1904111135_UK_peatland_GHG_emissions.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat07/1904111135_UK_peatland_GHG_emissions.pdf
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
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Figure 13 (a). Distribution of greenhouse gas 
emissions from peatland, within Perth and 
Kinross Council area (Source: derived from 
Aitkenhead et al., 2021; spatial resolution of 
peatland emissions dataset = 1ha). 

Figure 13 (b). Distribution of greenhouse gas 
emissions from peatland, within Perth and 
Kinross Council area with respect to designated 
areas (Sources: GHG emissions data derived 
from Aitkenhead et al., 2021; spatial resolution 
= 1ha; designated areas NatureScot and Perth 
and Kinross Council). 

Of the total GHG emissions from peatland, 76.5 kt CO2e y-1 (Table 4) is from areas that are under 
some form of designation (i.e. RAMSAR, SAC, SPA, National Nature Reserve, Local Nature reserve, 
SSSI or Proposed Perth and Kinross Biodiversity or geodiversity sites; Figure 13b). Information on the 
site management arrangements should be available from NatureScot and its SiteLink. Such 
information could be reviewed to identify sites for which restoration is ongoing, or an option being 
considered and feasible, and the identification of any additional support could be offered to land 
managers by the Council (e.g. directing to relevant advisors in NatureScot, NGOs or appropriate 
sources of information). 

Subject to the conditions of the designation and agreements for its management, such areas could 
be candidates for prioritising attention to peatland restoration, delivering additional benefits to 
those for their original designation. However, estimates of the potential for sequestration as the 
impacts of restoration begin to take effect cannot be estimated with accuracy, and subject to site 
specific conditions for restoration, and changes in climate over the long-term (e.g. a century). 
Research is being undertaken to improve estimates of the change in GHG emissions in areas such as 
those of peatland restoration sites (e.g. Forsinard, Caithness; Auchencorth, Midlothian). The results 
from those studies will take time to be produced and verified, and may not easily be replicable under 
different site conditions. Some more information on the development of flux towers is provided in 
Annex 3.  

https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
https://sitelink.nature.scot/about
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Of the areas mapped for their emissions from peatland, 3.2 kt CO2e y-1 (Table 4) are in the area of 
the Loch Lomond and Trossachs National Park (north and south facing slopes of Ben Vorlich), and 
60.0 kt CO2e y-1 in the Cairngorms National Park (e.g. Forest of Atholl across to The Cairnwell).  

Figure 14 shows the geographic distribution of the areas from which emissions are mapped for 
peatlands, overlaid by the natural heritage designations in Perth and Kinross, and in the Cairngorms 
National Park. The emission from peatland in this area are 37.8 kt CO2e y-1 (Table 4), which could be 
a focus for restoration, reflecting the wider benefits of the areas underlying their designation, and 
the additional contribution they can offer to the National Park.  

Note should be taken of the limitations to the spatial positional accuracy of the estimates of areas 
for which emissions may be highest, reflecting uncertainties in the input datasets.  

 

Figure 14. Geographic distribution of areas of peatland emissions, overlaid by the natural heritage 
designations in Perth and Kinross, and in the Cairngorms National Park. 

Information on the ownership of the areas summarised in Table 4 (e.g. public, private, NGO) may be 
available from different sources (e.g. National Forest Estate, accessed from the SEWEB, Registers 
ScotlandΣ ŀƴŘ ǘƘŜ ΨWho Owns ScotlandΩ Řŀǘŀ compiled by Mr Wightman). Compiling these data, 
verifying their accuracy, and ensuring compliance with copyright and data protection is a significant 
task. The output would be valuable, as it would inform the development of strategies for 
sequestration, including areas that could offer potential for peatland restoration or woodland 

https://map.environment.gov.scot/sewebmap/
https://www.ros.gov.uk/
https://www.ros.gov.uk/
http://www.whoownsscotland.org.uk/
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expansion. A related task is planned for the next Scottish Government Strategic Research Programme 
(2022-27). Such data may become available from that source depending upon progress and 
permissions.  

Table 4. Estimated Greenhouse Gas emissions from peatland, summarised by geographic area (kt 
CO2e y-1, and by unit area, kt CO2e ha-1 y-1). 

Geographic Area  
Greenhouse Gas 

Emissions 
(kt CO2e y-1) 

Greenhouse Gas 
Emissions 

(t CO2eha-1 y-1) 

Perth and Kinross Council area 273.7 2.8 

Designation areas  
(RAMSAR, SAC, SPA, National Nature Reserve, Local 
Nature Reserve, SSSI or Perth and Kinross 
Biodiversity or geodiversity sites) 

76.5 2.8 

National Parks: 
Cairngorms 
Loch Lomond and The Trossachs 

 
60.0 
3.2 

 
3.3 
2.2 

Designated areas within both Perth and Kinross and 
the Cairngorms National Park* 

37.8 2.8 

Restoration activities for this type of degradation focus on the recovery of ground vegetation to 
reduce further erosion and loss of vegetation or soil. In cases where erosion has led to the formation 
of channels in the peat, rewetting by channel blocking is also appropriate. Where peatland has been 
mapped as eroded, the proportion of bare ground to vegetation cover can vary significantly, with an 
associated variation in GHG emissions and risk of further erosion. In these figures, no account is taken 
of peatlands which are already being restored. Mapping the extent of the known peatland restoration 
projects is the subject of ongoing work by Peatland Action.  

The England Peat Action Plan (Defra, 2021) ƴƻǘŜǎ ǘƘŀǘ ΨǇŜŀǘƭŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ŀ 
process and not as a one-ƻŦŦ ǊŜǎǘƻǊŀǘƛƻƴ ŜǾŜƴǘΦΩ Lǘ ŘŜǎŎǊƛōŜǎ Ƙƻǿ ǘƘŜ ǊŜǎǘƻǊŀǘƛƻƴ ŀŎǘƛǾƛǘȅ ƛǎ ƻƴŜ ǎǘŜǇ 
in the overall process and that the natural systems takes time to recover and achieve restored status. 
¦ƴǘƛƭ ǎǳŎƘ ŀ ǘƛƳŜΣ ǎƛǘŜǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ŀǎ ΨōŜƛƴƎ ǳƴŘŜǊ ǊŜǎǘƻǊŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘΩΣ ǊŜǉǳƛǊƛƴƎ 
management practices which are consistent with the goal of restoration. The trajectory of recovery 
is summarised in Figure 15.  

 
Figure 15. Plotting a recovery trajectory for blanket bog (Source: Defra, 2021, adapted from RSPB; 

page 37).  
The potential for abatement of GHG emissions from any restoration project is dependent on the 
starting condition. Artz et al. (2013) ƴƻǘŜ ǘƘŀǘ ƻǾŜǊ ǘƘŜ ƭƻƴƎ ǘŜǊƳ άΧ ŀŎǘǳŀƭ / Ǝŀƛƴǎ Ŏŀƴ ōŜ ŜȄǇŜŎǘŜŘ 
ƛŦ ǊŜǎǘƻǊŀǘƛƻƴ ŀŎƘƛŜǾŜǎ ŀ ǊŜǘǳǊƴ ǘƻ ŀ ŦǳƴŎǘƛƻƴŀƭ ǇŜŀǘƭŀƴŘέΣ ŀƴŘ ǘƘŀǘ άŎŀǊōƻƴ ǎŀǾƛƴƎǎ ŦǊƻƳ ŀ ǎŜǾŜǊŜƭȅ 
ŘǊŀƛƴŜŘ ǇŜŀǘƭŀƴŘ Ƴŀȅ ǘŀƪŜ ƭƻƴƎŜǊ ǘƻ ƳŀǘŜǊƛŀƭƛǎŜ ǘƘŀƴ ŦǊƻƳ ŀ ƭŜǎǎ ŀŦŦŜŎǘŜŘ ǇŜŀǘƭŀƴŘέ 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1010786/england-peat-action-plan.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1010786/england-peat-action-plan.pdf
https://www.climatexchange.org.uk/media/1501/research_summary_potential_abatement_from_peatland_restoration.pdf
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The values of GHG emissions for different categories of degraded upland peatlands, provided in the 
Peatland Code, are being revised. However, for reference, currently it provides values which range 
from approximately 2 t CO2eha-1y-1 for lightly degraded sites through to around 24 t CO2eha-1y-1 for 
actively eroding bare peat, with emissions from intensive cultivation or grazing of lowland peats being 
around 18 to 24 t CO2eha-1y-1 (Graves and Morris, 2013; Smyth et al., 2015; Evans et al., 2016). 

Based on the evidence available, Artz et al. (2013) reported estimates of net potential abatement 
benefits from peatland restoration in Scotland, which could provide up to 9 t CO2eha-1y-1. These 
estimates recognised significant uncertainties, noting that in less damaged areas there may be 
smaller emissions savings provided by restoration. They considered that the upper end of the annual 
abatement range may be achievable in severely damaged sites through to when the outcome is near-
natural state, but over a long timescale. 

Artz et al. (2013) also note benefits of taking early intervention on less damaged bogs with an aim of 
preventing a process of degradation and so to a higher emitting state. Severely damaged sites are 
likely to take longer to progress to a state of good hydrological and ecological function (Figure 15), 
which may take up 50 years. 

Figure 16 shows an indicative change in GHG balance by depth of watertable (drained to 1m below 
surface; Evans et al., 2021). As a guide, for every 10 cm that the watertable is raised, there could be 
a reduction of 3 tonnes CO2 ha-1y-1. The rates of raising the watertable could be approximately 20 
mm per year for the first 10 years, reaching 35 mm per year for late stages of restoration. Information 
on watertable depth would be site specific. Potentially, it may take 50 years for the restoration of 
peat drained to 1m depth, and putting the site on a road to recovery. The site-based assessment of 
recovery stages is currently being augmented with earth observations which also support similar time 
frames (Lees et al., 2019). 

 
Figure 16. Indicative change in GHG balance by depth of watertable (drained to 1m below surface; 
Source: Evans et al., 2021; SEFARI, 2021). 

https://www.climatexchange.org.uk/media/1501/research_summary_potential_abatement_from_peatland_restoration.pdf
https://www.climatexchange.org.uk/media/1501/research_summary_potential_abatement_from_peatland_restoration.pdf
https://www.nature.com/articles/s41586-021-03523-1
https://www.sciencedirect.com/science/article/pii/S0301479719303421
https://www.nature.com/articles/s41586-021-03523-1
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The extent to which intact peatlands will be able to withstand future climate change is unknown, and 
much depends on the pattern of seasonal changes in temperatures and precipitation as well as 
aggregate changes.  

As of September 2021, 36 sites are recorded in Perth and Kinross as being the subject of restoration 
with support of the Peatland Action Project, with several other sites to the west and north, close to 
the Council boundary (Figure 17). Of those, 8 are in designated areas. Five are listed under the public 
sector (all Forest and Land Scotland), 9 by NGOs (National Trust for Scotland [3 sites], Rannoch Trust, 
Woodland Trust [2 sites], Butterfly Conservation, and the Portmoak Community Woodland Group), 
and 22 listed as private (including 1 led by SRUC). There is one site in each of the National Parks.  

 

Figure 17. Distribution of Peatland Action Project sites, with respect to designated areas and 
estimates of GHG emissions from peatlands (Sources: GHG emissions data derived from Aitkenhead et al., 2021; 

spatial resolution = 1ha; Peatland Action sites - Peatland Action; designated areas - NatureScot and Perth and Kinross 
Council). 

The Environment Agency summarises approaches to carbon offsetting of different environments 
with respect to attributes of abatement cost, per unit and national potential for abatement, 
implementation readiness, speed of impact, longevity, and confidence in the underpinning scientific 
evidence (Beechener et al., 2021). An extract of that summary of evidence is provided in Figure 18.  

http://www.portmoakcw.org.uk/About.htm
https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
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Figure 18. A summary of the key results of the review for the different carbon offsetting approaches 
(Source: Beechener et al., 2021, Table 7-нΦ bƻǘŜǎΥ ΨtŜǊ ǳƴƛǘΩ refers to per hectare for natural environment. FƻǊ Ψƴŀǘƛƻƴŀƭ 
ŀōŀǘŜƳŜƴǘ ǇƻǘŜƴǘƛŀƭΩΣ Ψ[ƻǿΩ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ л-1 Mt CO2ŜΣ ΨaƻŘŜǊŀǘŜΩ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ м-5 Mt CO2ŜΣ ΨIƛƎƘΩ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ 
5-10 Mt CO2Ŝ ŀƴŘ Ψ±ŜǊȅ ƘƛƎƘΩ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ƳƻǊŜ ǘƘŀƴ мл aǘ CO2e. ΨtŜǊ-ǳƴƛǘΩ ƛǎ ǇŜǊ-hectare for natural environment 
measures). 

Beechener et alΦ όнлнмύ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǊŜǎǘƻǊŀǘƛƻƴ ƛǎ ΨwŜŀŘȅΩ ŦƻǊ ŜŀŎƘ ŜƴǾƛǊƻƴƳŜƴǘΣ 
with a rate of restoration of between 2 and 20 ha per year, and cost of £10 to £100 per t CO2e. They 
conclude that the speed of impact of restoration of both upland and lowland peat is greater than 10 
yearsΣ ǿƛǘƘ ŀ ΨƭƻƴƎΩ ƭƻƴƎŜǾƛǘȅΦ 

A study of peatland restoration costs in Scotland (Glenk et al., 2020; Glenk et al., 2021) reports a 
median cost per ha of £955 (in 2020) and £1,000 (in 2021). In 2021, the upper cost was calculated as 
£1,878 per ha, but the median value is recommended due to the influence of several small sites. 
These studies have not reported findings in terms of costs per t CO2e avoided. However, noting that 
the restoration projects are predominantly on condition categories that produce < 10 t CO2e per ha 
per year, an indicative cost per ha is highly likely to be significantly higher than the £100 per t CO2e 
avoided reported by (Beechener et al., 2021). 

As of 2021, there are 691 registered peatland restoration sites in Scotland, covering a total of 25,000 
ha of land in the process of restoration since 2012/13, or an average of 36 ha. Based upon on-site 
knowledge, the upper range of restoration areas is likely to be closer to 100ha. 

The evidence published is noted as there being a high level of agreement of the evidence for upland 
peat restoration, and low for lowland peat restoration. However, in Scotland, detailed monitoring 
and measurement of restoration sites is ensuring the ongoing provision of evidence for shared 
learning of best practices in local contexts.  

The summary of evidence is consistent with the information available from peatland restoration from 
on-the-ground experience in Scotland, including the 36 sites supported by Peatland Action Project in 
Perth and Kinross. That experience also highlights the importance of long-term monitoring of 
restoration sites to assess their resilience to climatic change, and the importance of tailoring 
interventions appropriately for the hydrology and vegetation community (e.g. Artz et al., 2019). 
However, noting the diversity in size of sites, a strategy for their restoration may benefit from 
considering the principle aims (e.g. contributions to reducing GHG emissions, community or rural 
development).  

Note, there is considerable uncertainty over whether an area is a peatland, or whether it is in a certain 
condition category. Distinguishing between whether grassland is growing on peatland, organo-
mineral soils, or mineral soils is a challenge to then providing guidance to best practices for land 
management to minimize losses of carbon, and contribute to its sequestration. Future work is 
planned to improve the confidence of the mapping.  

https://environment.leeds.ac.uk/download/downloads/id/5101/analysis_of_an_evolving_database_based_on_the_peatland_action_programme_in_scotland.pdf
https://sefari.scot/research/the-cost-of-peatland-restoration-in-scotland
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The suitability for restoration and nature and level of investment requires assessments based upon 
site inspections and surveys. For example, Artz et alΦ όнлмфύ ƴƻǘŜ ǘƘŀǘ ΨǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ŜȄǘŜƴǎƛǾŜ ŀǊŜŀǎ 
of bare peat is challenging and evidence suggests that techniques must be applied to local 
ŎƛǊŎǳƳǎǘŀƴŎŜǎΩΦ Site level information is collected as part of the work supported by Peatland Action. 
These data contribute details, and enhance the knowledge of extent, volume and conditions of 
peatland across Scotland. Guidance is provided by Peatland Action on how information on peatland 
condition can be collected at a site level, for use by applicants for financial support (NatureScot, 
2017). The guide is for blanket bogs, categorising peatland condition into: 1) Near-Natural, 2) 
Modified, 3) Drained, and 4) Actively Eroding. The guidelines provide indicators for use in the 
assessments (pictorial and descriptive) such as evidence of bare peat, presence and proportions of 
cover of Sphagnum moss, and types and extent of drainage (including evidence of restoration). 
Similar guidance is provided for the measurement and recording of peat depth and peatland 
condition, and the submission of the data to Peatland Action at NatureScot (NatureScot, 2021).  

Actions to change land use such as peatland restoration, and woodland expansion, are subject to 
other uses of the land and its management. One source of such pressures is wild deer. The Deer 
Working Group (Pepper et al., 2019) note that grazing by wild deer has impacts on άpeatland habitats, 
where overgrazing and trampling occur at much lower densities of livestock and deer than for other 
habitatsέ ό5ŜŜǊ ²ƻǊƪƛƴƎ DǊƻǳǇΣ нлнлΤ ǇŀƎŜ мурύΦ Lǘ ǊŜƛǘŜǊŀǘŜǎ ǘƘŀǘ {ŎƻǘƭŀƴŘΩǎ bŀǘƛƻƴŀƭ tŜŀǘƭŀƴŘ tƭŀƴ 
άrecognises the importance of Ψachieving appropriate grazing levels by livestock and deerΩ to avoid 
trampling and overgrazingέΦ ¢ƘŜȅ ǊŜǇƻǊǘ ǘƘŀǘ Ƙŀōƛǘŀǘǎ ǎǳŎƘ ŀǎ ƴŀǘƛǾŜ ǿƻƻŘƭŀƴŘǎ ŀƴŘ ǇŜŀǘƭŀƴŘǎ 
require deer density to be less than 10 red deer per km2, and argue that improved levels of deer 
ŎƻƴǘǊƻƭ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ άimproving the eŎƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴ ƻŦ {ŎƻǘƭŀƴŘΩǎ ƴŀǘƛǾŜ ǿƻƻŘƭŀƴŘ ŀƴŘ 
ŜƴŀōƭƛƴƎ ǘƘŜƛǊ ƴŀǘǳǊŀƭ ǊŜƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ŦƻǊ ǎŀŦŜƎǳŀǊŘƛƴƎ ŀƴŘ ǊŜǎǘƻǊƛƴƎ {ŎƻǘƭŀƴŘΩǎ important extent 
of peatlandsΧέ (page 332). 

Figure 19 shows the distribution of Red, Roe, Sika and Fallow deer in Scotland as recorded by the 
British Deer Society in 2016 (updating data from Scottish Natural Heritage for 2007 and 2011 (Pepper 
et al., 2019). These four species of deer are present across much of rural Scotland, particularly Roe 
and Red Deer. The data for deer numbers are documented at a spatial resolution of 10 km x 10 km. 
Interpretation of the distribution of deer, all four species are reported as being present in significant 
areas of Perth and Kinross. NatureScot appear to have data on deer densities, recompiled at 1 km x 
1 km, from observations dated 2000 to 2010. However, these data should be treated with caution, 
noting changes in deer numbers within that time period, and since. Data quality and sourcing may be 
behind the recommendation of the Deer Working Group (Pepper et al., 2019ύ ǘƘŀǘ ά{ŎƻǘǘƛǎƘ bŀǘǳǊŀƭ 
Heritage should develop its own more detailed distribution maps for wild deer in Scotland; that 
Scottish Natural Heritage should more accurately report the basis of national population estimates 
ŦƻǊ ǿƛƭŘ ŘŜŜǊ ǿƘƛŎƘ ƛǘ ǇǳōƭƛǎƘŜǎΦέ  

Adverse impacts of deer pressures on peatland restoration are reflected in guidance on approaches. 
For example, active management of restoration sites may require the use of deer fences, and removal 
of other livestock such as sheep, to provide a more favourable environment for re-wetting and re-
vegetating, as noted in the guidance on assessing peatland condition by NatureScot (2017) (Figure 
20). 

Noted here is that account is taken of GHG emissions associated with deer, specifically NO2 (inventory 
category 3A4) and NH4 and NO2 from their manure (category 3B14), which are included in the 
estimates in the Agriculture sector (Brown et al., 2021). The inventory uses estimates of the number 
of deer from the June Agricultural Census. It is likely that such estimates are subject to uncertainty in 
both the number of deer and their geographic distribution.  

https://www.nature.scot/sites/default/files/2017-10/Guidance-Peatland-Action-Peatland-Condition-Assessment-Guide-A1916874.pdf
https://www.nature.scot/sites/default/files/2017-10/Guidance-Peatland-Action-Peatland-Condition-Assessment-Guide-A1916874.pdf
https://www.nature.scot/sites/default/files/2021-06/Peatland%20Action%20-%20GUIDANCE%20-%20Peat%20depth%20and%20peatland%20condition%20survey%20guidance.pdf
https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2017-10/Guidance-Peatland-Action-Peatland-Condition-Assessment-Guide-A1916874.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2105061125_ukghgi-90-19_Main_Issue_1.pdf
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Figure 19. Maps of distribution of Red Deer, Roe Deer, Sika Deer and Fallow Deer, as updated for 
2016 (Source: Pepper et al., 2019; citing British Deer Society).  

 

https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
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Figure 20. Illustration of peatland restoration site 25 years after deer fence erected and sheep 
removed of, allowing re-wetting and re-vegetation (Source: NatureScot, 2017). 

 

7. tƻǘŜƴǘƛŀƭ ŦƻǊ /ŀǊōƻƴ {ŜǉǳŜǎǘǊŀǘƛƻƴ ¢ƘǊƻǳƎƘ ²ƻƻŘƭŀƴŘ 9ȄǇŀƴǎƛƻƴ 

The expansion of woodland is one mechanism for land use mitigation tackling the emissions of 
greenhouse gases, through the sequestration of carbon over the long term cycles of forestry, soil 
carbon accumulation (Matthews et al., 2020) and the substitution benefits accrued from timber 
products. A synthesis of model outputs has been developed that combines above and below ground 
carbon values using various scenarios of woodland expansion which enables broad comparisons 
which indicate areas where net carbon benefits and deficits are likely to occur, how quickly they 
accrue, how long they persist and the dependencies with antecedent land use, soils, climate and 
management strategies. Within that model, peatland can be included or excluded in the results 
reported. 

The conclusion from Matthews et al. (2020) ƛǎ ǘƘŀǘ ǘŀǊƎŜǘƛƴƎ ƻŦ άƳƻǊŜ ǇǊƻŘǳŎǘƛǾŜ ƭŀƴŘ ŎƭŀǎǎŜǎά 
delivers more net sequestration per hectare, with net benefits accrued more quickly and can deliver 
greater climate mitigation than anticipated by emissions reduction plans. Extensive establishment of 
lower yielding trees on low-quality ground, with organo-mineral soils could, though, result in net 
emissions that persist for decades. The distribution of net change in carbon from afforestation under 
native conifers after 50 years from establishment is illustrated in Figure 21. 

https://www.nature.scot/sites/default/files/2017-10/Guidance-Peatland-Action-Peatland-Condition-Assessment-Guide-A1916874.pdf
https://doi.org/10.1016/j.landusepol.2020.104690
https://doi.org/10.1016/j.landusepol.2020.104690
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Figure 21. Map of net change in carbon from afforestation, Scotland-wide (Tonnes Carbon per 
hectare per year) (Source: Matthews et al., 2020). Online web mapping platform also accessible at 
https://woodlandexpansion.hutton.ac.uk/ 

The geographic distribution of the potential for sequestering carbon from woodland expansion for 
Perth and Kinross has been derived from the model for two forest management alternatives (FMAs): 

¶ Native Broadleaf, and  

¶ Production Sitka Spruce 

These were chosen from the 11 possible forest management alternatives available in the existing 
model. To develop further forest management alternatives would require new modelling to be 
undertaken. However, the two forest management alternatives provided represent the lowest 
(Native Broadleaf) and near highest (Production Sitka Spruce) ends of the spectrum in terms of 
possible carbon sequestration. The outputs were computed for three scenarios: 

¶ Scenario 1: Forest and Woodland Strategy ς Preferred areas only 

¶ Scenario 2: Forest and Woodland Strategy ς Preferred and Potential areas only 

¶ Scenario 3: All areas with the exclusion of the following: 
o Designated Areas: 

Á Local Nature Reserves 
Á National Nature Reserves 
Á RAMSAR wetlands 
Á Special Areas of Conservation 
Á Special Protection Areas 
Á Sites of Special Scientific Interest 
Á Proposed Biodiversity and Geodiversity Local Nature Conservation Sites 

o Arable areas 
o Peat soils (see Annex 2 for further information about the map data used on peat) 

https://doi.org/10.1016/j.landusepol.2020.104690
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!ŘŘƛǘƛƻƴŀƭƭȅΣ ŀ ŦƻǳǊǘƘ ǎŜǘ ƻŦ ƳŀǇǎ όά!ƭƭ ŀǊŜŀǎέύ ǿŀǎ ƎŜƴŜǊŀǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŎƻƴǘŜȄǘΣ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ Ŧǳƭƭ 
extent of each of the two selected forest management alternatives.  

Figure 16 illustrates the two forest management alternatives which represent the lowest (Figure 16 
a, b) and highest levels (Figure 16 c, d) of potential carbon sequestration, at two points in time of 25 
years Figure (16 a, c) and 50 years (Figure 16 b, d) after planting.  

Comparing the two periods (25 years and 50 years) provides evidence that both scenarios continue 
ǘƻ ŘŜƭƛǾŜǊ ŎƭƛƳŀǘŜ ƳƛǘƛƎŀǘƛƻƴ ōŜƴŜŦƛǘǎ ƻǾŜǊ ǘƘƛǎ ǘƛƳŜ ƘƻǊƛȊƻƴ ŦƻǊ ΨōŜǘǘŜǊ ǎƛǘŜǎΩΦ ¢ƘŜ ƻǾŜǊŀƭƭ ŀǊŜŀ 
available for native broadleaves is larger in extent, as the threshold yield modelled is lower. However, 
the rate of net carbon sequestration is constrained for the native broadleaf option and on poorer 
(organo-mineral) soil types can be negative (emitting carbon), primarily due to soil disturbance losses 
due to ground cultivation at establishment exceeding woodland gains, approximately over the first 
15 years, leading to overall carbon debt to 2045 (25 years projections). 

For the more productive conifer scenario the available extent of suitable land is reduced, but the rate 
of delivery is considerably improved with no suitable areas causing carbon debt at year 25. If upland 
organo-mineral soils are accepted which do not meet the minimal (modelled) threshold of Yield class 
16 (volume produced in m3 ha-1 y-1), then debts may accrue on organo-mineral soils.  

Additional benefits also accrue if the forest products substitute for more energy intensive materials 
and the land use change to woodland alters the BAU (Business as Usual) land use case, for example 
through the removal of ǎƘŜŜǇ ƻƴ ƛƳǇǊƻǾŜŘ ƻǊ ǳƴƛƳǇǊƻǾŜŘ ƎǊŀȊƛƴƎΦ ¢ƘŜǎŜ ΨƻŦŦ-ǎƛǘŜΩ ŦŀŎǘƻǊǎ ŀǊŜ ƴƻǘ 
currently included in this analysis. 

This result should be caveated that both scenarios are run with robust silviculture at establishment 
involving soil disturbance and tree planting, so woodland creation through assisted natural 
regeneration and minimal soil disturbance is not represented. 

The potential carbon sequestered under the expansion of the native broadleaf forest management 
alternative is shown in Figure 22 (a) for 25 years after planting, and Figure 22 (b) for 50 years after 
planting, as modelled for the full extent of the Perth and Kinross Council area.  Figure 22 (a) and (b) 
shows that the greatest gains are to be made from planting in the south and east of Perth and Kinross, 
on the areas of which are in the classes of the Land Capability for Agriculture of Scotland (Soil Survey 
of Scotland Staff, 1981b) for which there is greater flexibility for the types of crops grown. These 
extend across Strathmore and the Carse of Gowrie to the east, Strathearn, and Kinross in the south.  

Planting in some upland areas would lead to a net loss of carbon up to 25 years after planting (e.g. in 
the vicinity of Rannoch Moor, Forest of Atholl, Glen Errochty and Forest of Clunie). Fifty years after 
planting, there remains some geographic area with potential losses of carbon, but restricted to the 
north-west, of the Council area around Rannoch Moor and Loch Ericht, where high carbon soils 
predominate.  

By comparison, the productive conifer forest management alternative (Figure 22 c and d) leads to 
higher levels of carbon sequestration than native broadleaves up to year 2045. This is particularly 
evident on the better quality land in the east and south, but with higher sequestration levels obtained 
than evident for the native broadleaves FMA. In the productive conifer FMA, there are no areas with 
losses of carbon after 25 years, or 50 years, with almost neutral effects on the areas less suitable for 
planting. 
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Figure 22 (a).  Potential carbon 
sequestration under forest management 
alternative of native broadleaf, 25 years 

after planting (value in t C ha-1 y-1). Full FMA 
area shown. 

Figure 22 (b). Potential carbon sequestration 
under forest management alternative of 
native broadleaf, 50 years after planting 

(value in t C ha-1 y-1). Full FMA area shown. 

 

 

Figure 22 (c). Potential carbon 
sequestration under forest management 
alternative of Sitka Spruce, 25 years after 

planting (value in t C ha-1 y-1). Full FMA area 
shown. 

Figure 22 (d). Potential carbon sequestration 
under forest management alternative of 

Sitka Spruce, 50 years after planting (value in 
t C ha-1 y-1). Full FMA area shown. 

hǾŜǊŀƭƭ ǘƘŜ ƘƛƎƘŜǎǘ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǊŀǘŜǎ ŀǊŜ ƻōǎŜǊǾŜŘ ǿƘŜǊŜ ǘƘŜ ǘǊŜŜǎ ŀǊŜ ΨōǊƻǳƎƘǘ Řƻǿƴ ǘƘŜ 
ƘƛƭƭΩ ŀƴŘ ƳŀǇ ǘƻ ǘƘŜ ŀǊŜŀǎ ŘŜǎƛƎƴŀǘŜŘ ǳƴŘŜǊ ǘƘŜ [ŀƴŘ /ŀǇŀōƛƭƛǘȅ ŦƻǊ !ƎǊƛŎǳƭǘǳǊŜ (Soil Survey of 
Scotland Staff, 1981b) classification as rough grazing, improved grazing and arable land types (Figure 
8) which have consequentially high potential for carbon storage (Figure 9). The two forest 
management alternatives were analysed with respect to the Perth and Kinross Forest and Woodland 
Strategy, for the Preferred land class, and that of the Potential and Preferred classes. These are 
illustrated in Figures 23 and 24 respectively. 
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By focussing on the Preferred only land in Figure 23 (a to d) overall the negative choices for 
afforestation (where long-term carbon debts are evident) are avoided. It should be noted, however, 
that significant opportunities for positive carbon outcomes from afforestation are missed. This is 
evident when comparing scenarios in Figure 23 (a to d) with those in Figure 24 (a to d). Due to 
different soils / antecedent land use the rate of delivery is less on the potential than preferred 
location, as can be clearly evidenced in Figure 23. The comparisons do not account for forest product 
use mitigation benefits from afforestation. 

 

 

Figure 23 (a). Potential carbon sequestration 
under scenario 1 of forest management 

alternative of native broadleaf, 25 years after 
planting, including Forestry and Woodland 

Strategy Class: Preferred only (value in t C ha-1 
y-1). 

Figure 23 (b). Potential carbon sequestration 
under scenario 1 of forest management 

alternative of native broadleaf, 50 years after 
planting, including Forestry and Woodland 

Strategy Class: Preferred only (value in t C ha-1 
y-1). 

  

Figure 23 (c). Potential carbon sequestration 
under scenario 1 of forest management 

alternative of Sitka Spruce, 25 years after 
planting, including Forestry and Woodland 

Strategy Classes: Preferred only (value in t C ha-
1 y-1). 

Figure 23 (d).  Potential carbon sequestration 
under scenario 1 of forest management 

alternative of Sitka Spruce, 50 years after 
planting, including Forestry and Woodland 

Strategy Class: Preferred only (value in t C ha-1 
y-1). 




























































