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SCIENTIFIC ADVISORY COMMITTEE

DISCUSSION PAPER

Wildfire and muirburn impacts and creating resilient landscapes

Purpose
1. This paper sets out our approach to developing the evidence base on the impacts of wildfire and muirburn on peatlands and other habitats in the context of developing landscapes that are more resilient to a range of climate risks.
2. This originated from a request from Scottish Government to bring together those involved in the developing (contested and differing) science and evidence on muirburn, cutting and interventions, particularly on peatland.
Action
3. The SAC are asked to discuss the proposed approach to developing the evidence base on muirburn and wildfire in the context of climate risks and addressing contested evidence. Specifically, the SAC are asked to comment on:
· The potential impact on and relevance of wildfire to NatureScot’s work
· The scope and focus of the approach to developing the evidence base set out in the draft Terms of Reference (Annex 1) and below
· The process to engage relevant researchers and views
· The risks identified and approach to managing these
· The desired outcomes and outputs.
Preparation
4. The paper was written by Jessica Findlay and Clive Mitchell. It is sponsored by Stuart MacQuarrie.


Background
Context
5. Wildfires, broadly speaking, are out of control fires which can spread rapidly and devastate habitats and species. Wildfires are predicted to increase in number and severity in Scotland as the climate changes, mainly through favourable conditions and human ignition. Wildfire risk is a growing concern amongst land managers across Scotland with the largest recorded wildfire having taken place in June last year at Dava and Carrbridge.
6. Wildfires, their causes, impacts and solutions are characterised by strong and polarised views. This is amplified by unclear evidence and conflicts between short-term and long-term solutions. Acute risks and chronic underlying causes are at play: the key tension is between the view that we need to reduce fuel load and the view that habitats need to be managed to hold moisture (burn to reduce fuel vs restoration of habitats). The resulting exposure to other climate risks, especially pests, pathogens and disease, is also important.
NatureScot’s role
7. As an advisor to Scottish Government, NatureScot plays a key role in influencing and developing land management policies relating to agriculture, biodiversity, forestry, wildlife management, public access and the natural environment. Wildfire and other climate risks can impact on and be impacted by these policies.
8. NatureScot has direct operational responsibility for land we own and manage. As such we have a direct responsibility to understand and reduce wildfire and other climate risks and develop protocols to deal with any incidents on our NNRs. This includes developing an evidence-based understanding of what constitutes a fire resilient landscape.
9. NatureScot will be the licensing authority for the forthcoming muirburn licence. Four of the licensable purposes relate to reducing or preventing the risks of wildfire. The licensing application process and guidance will need to be underpinned by the evidence base on the impacts of and relationship between muirburn and wildfires and other climate risks in the short term and long term.
What we know
10. Wildfires are predicted to increase because of changes to our climate, including heat waves, droughts and changes in seasonal rain and wind patterns (strength and direction). In Scotland, fire is not a typical ecological forcing factor and results mainly from weather conditions and sources of human ignition.
11. 2024/25 was a record year with 24,000ha of Scotland burnt by wildfires and muirburn. This was six times more than the previous year. The data for 2025/26 has not yet been collated but will include the Dava-Carrbridge fire, which was the biggest recorded fire and burnt approximately 10,000 ha.
12. Almost all wildfires in Scotland are caused by people, whether intentionally or through careless behaviour such as discarding cigarette butts, or inappropriate use of disposable BBQs. Weather conditions then enable spread.
13. Peatland carbon sinks play a vital role in climate regulation and are key to Scotland’s Net Zero ambitions and targets. However, peatlands must be in good condition to store carbon. When in poor condition they can emit carbon and be at risk from wildfires, and contribute to the fuel load for them. Restoring degraded peatlands prior to fire enables them to act as buffers (Wilkinson, et al, 2023). This finding, along with others, ‘implies that management interventions that maintain wet conditions in peatlands have the potential to help reduce the risks of severe wildfires’ (Anderson et al, 2024).
14. Climate change is projected to result in more droughts, particularly in the east of Scotland, with severe droughts shifting from 1:20 year events today to 1:3 or 2:3 year events by the 2040s (Kirkpatrick Baird et al, 2021).
15. But climate change is not only about average change. Extreme events and unusual patterns of weather will be increasingly problematic, and are a feature of a more chaotic climate, within and across years. It is difficult to predict where or when such events will occur, how big they will be or how long they will last more than a few days ahead. Using any one approach to manage the exposure to such events is high risk: a diversity of approaches in different places is likely to be more resilient overall.
16. Climate risk assessments often understate the exposure to risk through not taking full account of non-linear effects including feedbacks and tipping points (globally) and extreme events and unusual patterns of weather (locally) (University of Exeter and Institute and Faculty of Actuaries Parasol Lost- Recovery plan needed: Global risk management for human prosperity, 2025). They also tend to evaluate risks in isolation rather than the way in which they occur, with multiple and cascading risks intersecting with non-climate risks.
17. Diverse landscapes with mixtures of vegetation types can help reduce some of the risks associated with wildfires and other climate risks. This is with the caveat that all habitats are vulnerable in periods of extreme drought. Land management activities that can increase habitat diversity include:
· Peatland restoration can help retain water and moisture in the landscape and can play a role in helping to reduce and mitigate the risks of wildfires.
· Increasing mature native woodland cover can increase resilience by increasing humidity and moisture levels. However, it should be noted that the transition to mature woodland can represent an increased risk.
· Reducing drainage of wetlands to promote retention of water and elevate the water table during the summer months. Although note that in extreme drought (which is predicted to increase, especially in the east) even wetlands may dry out (albeit less frequently than degraded systems).
· Appropriate grazing and browsing levels to maintain open habitats such as fens, flushes and species-rich grassland.
18. Pests and pathogens can make habitats and species more vulnerable to the risks of wildfires and can lead to cascading risks and compounding impacts.
19. There is consistent evidence that Calluna cover increases over time following burning (Holland et al 2022), increasing the risk of spread of pests, pathogens and diseases that affect ericaceous shrubs.
What we don’t know
20. There are several key gaps in our knowledge, including the relationship between wildfire and controlled burns (muirburn) and the impact of wildfires on peatlands and how other climate risks will increase and/or compound the risks of wildfires. We also do not fully understand what constitutes a fire/climate risk resilient landscape.
21. As highlighted by Holland et al (2022), there is a lack of primary studies which have directly studied whether variation in fuel loads resulting from muirburn influence the occurrence of wildfire in moorland in the UK. Hence, we must rely on studies undertaken in very different climatic and ecological zones.
22. Holland et al (2022) also highlighted that there are few long-term studies from which the impacts of burning on carbon budgets can be determined, with limited geographical coverage. Those studies that do exist do not cover the range of habitats and habitat condition and often must make assumptions where data is lacking.
23. There is limited evidence on the impact of wildfires on species and biodiversity, e.g. reptiles. There is no evidence on the impact of wildfires and muirburn on different peat depths.
24. There is a lack of evidence for the patterns of muirburn to manage wildfire risk and how these may differ from the patterns to increase productivity and yield for grouse or livestock.
25. There is a lack of evidence for the vulnerability of Calluna and other fire-tolerant vegetation to pests, pathogens and disease, and their spread and vulnerability to other climate risks under a changing climate both on average and to more stochastic events. These ‘unknown unknowns’ are the more severe events for both social and ecological systems under a changing climate.
SAC muirburn sub-group review
26. A small sub-group of the SAC produced a report early in 2023 setting out their advice for NatureScot staff on how to apply the precautionary approach in developing a muirburn licence. The advice was requested on the back of a commissioned report published in 2022 (Holland et al), which concluded that the evidence base on the impacts of muirburn were unclear.
27. At the end of last year, the Minister for Agriculture and Connectivity requested the SAC sub-group provide an update on their advice in the context of the increasing risk of wildfires, specifically on the impacts on peatlands. The updated advice, provided in January this year, reaffirmed the original report produced in 2023, that staff should take an adaptive precautionary approach to developing a muirburn licence. This advice was referenced in the Stage 3 debate of the Natural Environment Bill.
28. The second phase of the work on the evidence base, requested by Scottish Government, is to convene a small group of researchers to help develop the evidence, highlight the gaps and agree on the areas of disagreement. There remain strong, contested views and addressing wildfire risks is a challenging space to develop effective and trusted policy. One of the key tensions is between the need to focus on developing operational approaches to deal with emergency scenarios triggered by wildfires and the need to take a long-term look and consider the chronic, underlying causes. This is a deep-rooted tension which is unlikely to be resolved by developing the evidence base but which can be lessened through the lens of vulnerability to climate risks.
29. We have drafted a Terms of Reference (see Annex 1) which will be reviewed and amended as this group takes shape. Potential members will be approached and an initial meeting set up by the end of June to take this work forwards.
Resilience work on ecosystems
30. The new Corporate Plan includes ‘Resilient Places’ as one of its five priority outcomes and there are nineteen references to the terms ‘resilient’ and ‘resilience’. Wildfire is one of the potential risks which needs to be considered when developing resilient landscapes, along with other risks and pressures, especially pests, pathogens and disease. Resilience is also key to the longevity of Delivering Healthy Ecosystems.
31. NatureScot Adapts (NatureScot’s climate adaptation framework), climate change policies and legislation place responsibilities on NatureScot to ensure we develop policies and advice which encourage land management choices and actions that help adapt to climate induced risks. All of this needs to be underpinned by evidence.
32. The Scottish Biodiversity Strategy landscape scale nature restoration exemplars (to be confirmed) are focused on alleviating several climate induced pressures by taking a catchment scale approach to restoration. The key pressure is flood risks, but wildfire is also a risk which can be addressed at this scale and through this approach.
Risks
33. There are risks associated with undertaking the review (acting), its scope and design, the process and of not acting.
34. Acting – the evidence is contested, but the barriers to change are not really about the evidence, but around trust and identity. This is familiar territory, and, depending on how we design the process, we may be able to move matters forward, or simply re-open old wounds. This risk can be controlled through scope and design.
35. Scope – the wider the focus, the more nebulous and less chance of success. The narrower the focus, the greater the risk of exclusion (of people, of issues) and the less chance of success. We need to tread a fine line between these. The primary focus is muirburn/wildfire in the context of a changing climate (this is a different framing to previous ones – and so opens the opportunity for some fresh discussion/perspectives). As such, a secondary focus is muirburn/wildfire in the context of other climate risks, especially pests, pathogens and disease, and soils vulnerable to heavy rainfall or strong winds under dry conditions. Beyond that are more social issues to do with identity and ways of life – we need to be alive to these, especially in how they might relate to any recommendations – but they are not the primary focus (this may be risky but depends on design).
36. Design – three key aspects of this are what is the subject (see scope), who is involved, and how they are involved. The key issue here is how well the outputs are trusted and used. The more co-design and co-production (of the scope and the process) from the outset, the better. This means all of the main actors that have a stake in the review and how we envisage the products being used (to influence policy and practice). The Terms of Reference could thereby be a first step – allowing some refinement with others.
37. Process – we recommend undertaking this work in three stages:
1) draw together a sub-group to produce think pieces – the sub-group membership will be confirmed but will include members of the SAC muirburn sub-group and colleagues from JNCC/Natural England
2) design and hold a workshop for relevant researchers to contribute knowledge, evidence and views using the think pieces as a basis for discussion
3) provide the sub-group with a report synthesising the key points for sign off.
We will develop a set of questions to guide the development of the think pieces in Stage 1. The final report will be drafted by a ‘secretariat’ (Jessica Findlay assisted by Clive Mitchell and Debbie Bassett) based on the views, evidence and knowledge raised and discussed at the workshop.
38. Not acting – despite the complexity and risks of acting, the risks of not acting are far greater, ultimately leaving tracts of the Scottish uplands under a limited diversity of management activity and vulnerable to climate risks (especially pests, pathogens and disease, and mass wastage of resulting bare ground during heavy rainfall etc).
Next steps
39. We will:
· Identify and confirm members of the sub-group in Q1 2026/27 to develop think pieces on the evidence base
· Identify and invite participants to a structured workshop (timeline to be confirmed but likely to be in Q2 2026/27)
· Ensure linkage to Scottish Government’s Strategic Research Programme and that key staff and officials involved in wildfire research and strategic action and development are involved and/or kept informed.
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Annex 1: Working Draft – Terms of Reference Muirburn/Wildfire Review
AIM
To convene a research group to develop a trusted evidence base to inform development of an approach to deal with the impacts of and relationships between muirburn and wildfires on peatlands and other upland habitats in the context of climate risks. 

BACKGROUND

Peatlands are valued for their critical role in storing carbon but when in poor or degraded condition peatlands can emit carbon. Significant public investment through Peatland ACTION has gone into restoring peatlands across Scotland. The Scottish Government’s Draft Climate Change Plan (2026-2040) sets out a target of achieving 400,000 ha of restored peatland by 2040. Muirburn practices have developed over decades and contribute to a strong sense of identity for many estates and rural communities.  Both within the scientific communities and landowner/conservation communities there are conflicting views about the consequences of muirburn. Wildfire risks are predicted to increase as a result of a changing climate.

SCOPE

We will convene a small, targeted group of relevant researchers to advise us on how to develop a trusted view on the evidence base on the impacts of muirburn and relationship to wildfires peatlands and other upland habitats in the context of climate risks.  We will welcome a range of viewpoints and will look to develop the evidence base and identify gaps. This work will span the natural and social sciences and a range of interests. The group will not be responsible for carrying out a full literature review. Rather, it will seek a way forward amongst relevant researchers on what we know, what we don’t know and how to develop the science in a way which brings everyone along. How to manage different types of uncertainty will be important. The scope will include identifying sources of agreement and disagreement, and as far as possible, the potential consequences of differing courses of action, especially the distribution of costs, benefits and risk. 

MAIN TASKS

The initial focus of the group will be the evaluation of the evidence on:
· the role of fuel load reduction,  habitat mosaics,  moisture and hydrology in managing fire risk
· the role of muirburn, over time, in decreasing or increasing the susceptibility of  peatlands and upland vegetation and habitats to wildfire risks
· the impact of muirburn and wildfires on peatland ecosystems (carbon storage, biodiversity, resilience, peatland condition) 
· how to manage immediate risks (e.g. using controlled burning to reduce the fuel load to reduce the risks of wildfire) without causing chronic risks (e.g. creating combustible habitats)
· the vulnerabilities of calluna and other open moorland vegetation to pests, pathogens and disease

MEMBERSHIP (TBC)

Further work is needed to confirm those who are willing to participate. Marian Scott (SAC muirburn sub-group, Glasgow University) has agreed to act as Chair. 

DURATION OF GROUP/FREQUENCY OF MEETINGS (TBC)

We propose to hold a structured, collaborative, facilitated workshop focused on understanding areas of disagreement, clarifying what we need to know and why and what we know and what we don’t know. We will establish ‘principles of engagement’ to guide the group.  The workshop will be preceded by preparatory work to develop think pieces and specific questions to inform the discussions.  We will aim to hold the workshop in the summer but will confirm the exact timescale as we develop the preparatory work.  
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