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FOREWORD 

“The most desolate, wild, abandoned country in all England” is how Daniel Defoe described the moorlands of 

the Peak District in 1726.  Yet in 1951 the importance of the Peak District moorlands to the nation was 

recognised by their inclusion in the newly designated Peak District National Park. 

The moorlands of the Peak District are the product of interactions between people and nature over 

thousands of years.  The resulting expanses of heather and bilberry moorland, “featherbed” cotton grass 

bogs, dramatic gritstone edges, springs, streams and more intimate valleys with woodland form a distinctive 

cultural landscape and are internationally recognised for their biodiversity importance. They are enjoyed by 

millions of people every year and play an important role contributing to the livelihoods of local people. They 

provide vital water supplies to the surrounding populations in some of England’s major cities, their capacity 

to absorb water helps safeguard the same urban areas from flooding, and they store vast amounts of carbon 

in the underlying peat making a significant contribution to combating climate change. 

Despite their wild and robust appearance these uplands are vulnerable. Uncontrolled moorland fires are a 

critical threat and one which is likely to increase with climate change and continuing visitor pressure.  Such 

fires have the potential to destroy large areas of habitat, impact wildlife, burn peat that has accumulated 

over thousands of years, release carbon to the atmosphere, impact water quality and affect people’s 

livelihoods.  This is a risk affecting the large expanses of upland moorlands across the UK.   

This report is a real game changer in how we think about and mitigate fire risk on upland moorlands by using 

data to strategically assess risk, fire behaviours and pathways.  While such a strategic approach is commonly 

used to manage fire risk to major infrastructure and to manage flood risk, it has not been developed for 

moorland fire risk – until now.   

For the first time in the UK we have brought together information from land managers, the fire and rescue 

service, fire specialists and conservationists to help address this threat, using the moorlands of the Derwent 

massif as a pilot.  By identifying areas where fires are most likely to start, which areas are most vulnerable to 

wildfire, how fires are likely to behave and what capacity we have to fight them, it provides an opportunity to 

take a strategic approach to reducing wildfire risk across the moorlands as a whole.  It makes an important 

contribution to our understanding of wildfires in the Peak District - what interventions we can make, and 

where, to reduce the likelihood and severity of wildfires; and where and how firefighting capacity can be 

deployed to best effect to tackle moorland fires when they do occur.  It has the potential to be a very 

powerful tool to aid future fire risk planning and decision-making.  The datasets and their interpretation in 

this report make an important start to develop such a tool. The next step is to test, refine, add to and 

improve the datasets used to gain the confidence and robustness needed for wide application of the model 

outputs.  

It will never be possible to eliminate the risk of wildfires entirely, but this report provides an important 

baseline of information and analysis to allow stakeholders to work together, using a variety of measures, to 

tackle this issue of increasing concern.  My thanks to the many moorland managers, fire specialists and 

conservationists who have come together to collaborate on this important work.   

Were Defoe able to travel forward 300 years, he would doubtless be astonished at the affection with which 

these treasured moorland landscapes are regarded; and far from being abandoned, the considerable 

thought and effort that has gone into ensuring we hand them on to future generations in better condition 

than we inherited them. 

Andrew McCloy (Chair) & Sarah Fowler (Former Chief Executive)  

Peak District National Park Authority 
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EXECUTIVE SUMMARY 

The Natural Capital of the Peak District National Park (PDNP) is enjoyed by 13 million visitors annually. 

Managed by generations of custodians, its dramatic moorland scenery has been delivering ecosystem 

services for millennia. As well as harbouring a wealth of biodiversity, it forms part of the UK’s largest carbon 

store. Helping to deliver the ambitions of the Nations’ Nature Recovery and Net Zero strategies, the green 

economy will increasingly replace conventional land management practices. However, this outlook has a 

significant vulnerability. 

 

Wildfire, to quote Professor Rob Marrs, President of The Heather Trust, “is inevitable, it’s not if, but when”. 

This report describes the approach that has been developed to assess the risk of wildfire in the PDNP, and 

ways in which resulting evidence can be used to develop a landscape-scale mitigation strategy. The approach 

has been piloted on an area of continuous moorland in multiple ownerships centred on the Derwent Valley 

(extending to approximately 38,000 acres).  

 

The history and current state of the moorland landscape has been examined along with the potential 

environmental and financial consequences arising from wildfire. Crude calculations estimate that the 

Derwent area studied in this report could hold a biodiversity value of at least £2.5 billion, not to mention the 

value (environmental and financial) of the carbon stored within the peat landscape. With the effects of 

climate change, high levels of public access and evolution of management practices, it is easy to understand 

why the threat posed by wildfire is increasing. It is an expectation that the Fire and Rescue Service (FRS) will 

respond to any wildfire event, but this response is hindered by fire behaviour and lack of opportunities for 

successful suppression.  

 

Having examined influencing factors, one can understand why stakeholders are fearful. In 2019 a ‘call for 

action’ was made by the National Park’s Chief Executive, Sarah Fowler, for a strategic approach to the 

prevention and mitigation of moorland wildfires in the Peak District, including the provision of essential infrastructure to 

achieve this..  The evolution of this project to date is described in detail, but it essentially began with a focus 

on providing a simple risk assessment approach, which could easily be applied across broad areas by the 

habitat managers who have extensive local knowledge (Tier One). This is combined with a wider map-based 

assessment (Tier Two) and finally the addition of expert technical modelling (Tier Three). 

The evidence is alarming.  

 

Climate change is driving increasingly frequent periods of fire supportive weather (warm & dry) of longer 

durations. Where these conditions might have been observed once a year at the turn of the century, this is 

now occurring 2-3 times per year and is projected to increase to six by the end of the Century (Zhang, et al., 

2020).  

 

The pressure of visitors, some of whom do not appreciate the danger posed by their actions, as well as those 

with malicious intent, places the fringes of the Derwent focus area, particularly around the honey pot areas 

of Woodhead, Langsett and the Derwent reservoir complex, at significant risk. Resources are required to 

reduce the risk of ignition, especially in key locations. 

 

Fire behaviour modelling explores the interaction of different weather scenarios and fuel complexes 

arranged across the landscape, highlighting the greatest risk to fire behaviour - fuel arrangement. 

Simulations indicate the frightening potential of fire spreading across extensive areas of the landscape as 

high-intensity fast-moving fire types, moving from one polygon to the next. Indications of potential fire 
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behaviour are alarming, reaching extremes both in the rate of spread and flame lengths far beyond the 

capacity of control of the FRS and other responders. The potential environmental, financial and social losses 

are enormous. Little can be done to control the topography of the area or the increasingly fire supportive 

weather, but fuel loading can be addressed. Action must be taken at critical locations to reduce fire 

behaviour to manageable intensities, providing opportunities to limit fire spread as part of strategic 

mitigation plan to protect the values prized by stakeholders. 

 

Further research is required on the mitigation options which can be included in a plan. Ignition will never be 

eliminated entirely, but visitor management, education and monitoring can help reduce incidents. Tools 

available to habitat managers are varied and, alongside traditional vegetation management practices, 

blanket bog restoration will play its part to improve landscape resilience. 

 

The nature of the current fuel complex means that there are unrealistic expectations of the FRS and local 

responders. In order to be successful in the future the FRS must continue to develop its response, working 

closely with stakeholders. A Fire Response Plan is required to improve operational firefighting capacity in the 

event of a fire and should be focused on making improvements to training systems, fire analysis capability, 

firefighting tactics, and preparedness. 

 

Along with reviewing the initial approach before wider application, the next step is for a Landscape Wildfire 

Management Plan for the Derwent focus area to be developed. It will identify the values stakeholders wish 

to protect and inform mitigation and fire response plans. Wildfire poses a more significant threat than it has 

done in the past and the valuable environmental and social-economic assets are becoming more vulnerable 

to the effects of fire, the only question now is, how dominant and damaging future wildfire events are 

allowed to become. 

 

The approach is not without limitations. Tier One is subjective, due to assessors’ sensitivities to risk but this is 

also invaluable in highlighting the local knowledge of habitat managers. The more objective Tier Two 

assessment could be improved with additional data sets (e.g. completed restoration works and accurate peat 

depth). Tier Three illustrates the value of the technical fire analysis, in particular the use of accepted 

methodologies for computer simulations and the ways in which this can be refined to account for different 

influencing factors. This will also be useful moving forwards to assess progress in mitigation. 

 

The Project was intended to be applied to the remaining focus areas within the PDNP.  However, wider 

interest and increased expectations (potential for national application) and limited timescales caused a shift 

in the focus of the team, who identified the need to provide additional information and evidence to ensure 

that stakeholders would have confidence in the report’s conclusions. The project must now be refocussed to 

deliver to original expectations.  

 

 

PROJECT STEERING GROUP MEMBERS  
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NOTE FROM THE TEAM 

Anthony Barber-Lomax (FRICS FAAV DipEstMan) 
Resident agent 
Fitzwilliam Wentworth Estate 

Ruth Battye and I had little idea that the relatively simple approach to wildfire risk assessment (founded on 

the Upland Management Group template) we sketched out over a lockdown coffee in October 2020 would 

grow into something on which so much anticipation was to hang. The project was elevated by the foresight 

of Thomas Kier who financed the marriage of the immense fire behaviour knowledge of Steve Gibson and 

technical brilliance of Marc Castellnou & Mercedes Bachfischer. Whilst Ruth’s extensive mapping knowledge 

and diligent recording became the glue, we were able to use our geographical knowledge and contacts to 

good effect gathering data and support. 

My own motivation comes from the profound fear that exists amongst habitat managers (keepers and 

rangers) each spring when dry weather prevails. Fundamental shifts in vegetation management prescriptions 

on designated land mean that biomass accumulation represents an increasing threat. With countless 

unrecorded ignitions being extinguished by the quick action of habitat managers each year, there is a very 

real prospect of a disastrous fire affecting land in multiple ownerships. 

Local protection measures may exist. Strategic landscape-scale strategies have not, and in the same way that 

we pay insurance premiums to protect property from significant events, we must invest in measures that 

protect our landscape from catastrophic wildfire. 

We are immensely grateful for the engagement, support and encouragement the Project has generated. It 

was intended to address the whole of the Peak District moorland area and it remains our hope that this 

report will be the catalyst for more wide-spread engagement. Our apologies to those for whom assessment 

are outstanding. We have been pleased to receive the following supportive comments and observations 

from academics and FRS personnel who are experts in the field of wildfire. 

Hopefully this report will provide the impetus for greater protection for all; biodiversity, carbon and people. 
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INDEPENDENT OBSERVATIONS 

Professor Guillermo Rein, 

Professor of Fire Science 

Imperial College London, UK 

This report is a novel and advanced assessment of the wildfire risk in a key area of the Peak District National 

Park (PDNP). It is extensive, detailed and modern. I applaud the work of the authors in putting forward a 

strategic response to wildfire threats in PDNP moorlands based on evidence and scientific analysis while 

paying attention to stakeholder engagement. The authors are responding to current concerns about the 

increasing number of wildfire incidents recorded in the Peak District National Park, and the expectation that 

the fire weather will further deteriorate and facilitate even more wildfire in the near future. The 

environmental, cultural and economic damage that wildfire can inflict to moorlands is large and costly and 

must be addressed. This report will inform ongoing efforts to improve the wildfire mitigation, preparedness 

and land management of PDNP. When I read this report, the first thing that called my attention was the 

integration of simple and complex techniques for a comprehensive assessment. It is not often that the tiers 

of traditional risk assessment, mapping and modelling are combined in this way, from simple to complex. 

This combination of tiers has the power of reducing overall the disadvantages and augmenting the 

advantages.  It is conducted by a well-balanced team of authors with all the expertise required and plenty of 

national and international experience. I was pleased to see them working together with the honourable aim 

of protecting the precious Peak District National Park. 

 

Thomas E L Smith, PhD FRGS  

Associate Professor in Environmental Geography 

Department of Geography & Environment 

London School of Economics & Political Science 

This report provides a comprehensive regional wildfire risk assessment and mitigation strategy. The 

assessment is undoubtedly the most detailed undertaken for a UK landscape. Given recent warnings about 

increased wildland fire risk associated with climate change in the UK’s 2021 Independent Assessment of UK 

Climate Risk (CCRA3), the report is both timely and important.  

One of the major strengths of the report is the interdisciplinary approach to understanding the wildfire risk 

and mitigation situation. By covering environmental, social and economic considerations, the report makes a 

careful approach to the many trade-offs that are required for landscape wildfire management. 

The report provides a detailed assessment of UK wildland fire weather and the climatic scenarios that might 

lead to potential future wildfires on the Peak District landscape. An exhaustive approach to assessing archival 

meteorological data and projections of climate change from the UK Climate Impacts Programme leads to an 

authoritative assessment of future patterns of wildfire on the Peak District Landscape. By careful 

consideration of the landscape terrain, prevailing wildfire weather conditions, and expert knowledge of 

wildfire behaviour, the report establishes a complete wildfire risk assessment, with scenarios of wildfire 

spread across the National Park landscape. Wildfire risk on this landscape include ecosystem services and 

crucial peatland carbon stores, both of which are considered in-depth by the report. 

The report provides a well-informed and full mitigation strategy to wildfire risk in the Peak District National 

Park landscape. Applying expert fire and rescue service knowledge, the report discusses the various 

mitigation options available to land managers. This includes landscape management for fire risk via fuel 

reduction treatments, including grazing, cutting and prescribed burns; as well as appropriate fire-fighting 

techniques in the event of a wildfire event. Compartmentalising the landscape into regions of wildfire 

pathways and locations where opportunities for fire prevention and preparation might be deployed should 

be seen as a significant contribution to the understanding of wildfire preparedness in the Peak District 

National Park. 
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As the report stresses, a significant wildfire event in the Peak District National Park is not a matter of if, but 

when. This state-of-the-art report provides an assessment that can address this imminent risk of devastating 

wildland fire losses in the region, and implementation of the mitigation strategies that are crucial to avoiding 

a national disaster. 

 

Paul Hedley 

Chief Fire Officer/NFCC Director 

Northumberland Fire & Rescue Service 

I very much welcome the proactive and collaborative approach by Peak District National Park (PDNP) to 

deliver this strategic assessment report which provides a comprehensive review of PDNP wildfire risk and 

threat.  The report provides a systematic assessment of the PDNP wildfire risk environment, the scale of the 

challenge, but also offers practical and sensible mitigations. I was especially pleased that those fire and 

rescue services (FRS) who cover the PDNP have been involved in the development of the report through the 

Peak District Fire Operations Group, and have contributed, along with many other partners, to the 

recommendations to improve wildfire prevention, pre-planning and response.  

Wildfire is an incident type which can have significant, and potentially devastating, impact on the 

environment, wildlife, local economy, infrastructure, and local communities - it therefore requires a cross-

sector, co-ordinated response to mitigate the impact and consequences of a wildfire incident. Across the UK, 

FRS are facing a growing challenge to adapt to the increasing scale, scope and severity of wildfires and the 

recommendations within the report are as equally applicable to many FRS the length and breadth of the UK 

as they are to those who have responded to several significant incidents within PDNP in recent years. 

Many of the current aims and areas of focus of the National Fire Chiefs Council (NFCC) Wildfire Forum and 

NFCC Wildfire Tactical Advisor group are reflected within the report. Of note are the recommendations 

relating to effective fuel management and fuel continuity breaks in areas of high wildfire risk, the 

development of localised multi-agency tactical fire plans and enhanced collaboration with wildfire 

stakeholders, and the development of a more mature and sophisticated fire behaviour analysis and 

prediction capability. 

The report has the potential to act a catalyst for a fundamental change in the approach of how to mitigate 

wildfire risk and threat across the Peak District National Park. 
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1. Introduction 

Wildfire is inevitable. To quote Professor Rob 

Marrs, President of Heather Trust  

“It’s not if, but when” 

Factors influencing the incidence and severity 

of wildfire are varied, but it is undeniable 

that, fuelled by climate change (drier hotter 

conditions), the threat of wildfire is 

increasing.  

Established in 1951, Peak District National 

Park (PDNP) was the first National Park in the 

UK. The area transcends the county 

boundaries of rural Derbyshire, Cheshire, Staffordshire, West and South Yorkshire and borders the urban 

conurbation of Greater Manchester and city of Sheffield. With an estimated 20 million people living within 

one hour’s journey, it is one of the most visited national parks in the UK with over 13 million visits made each 

year (Peak District National Park, 2021). 

Its upland landscapes, habitats and ecosystems are diverse and increasingly valued. Much of the surface area 

has been classified as peatland, an organic soil type that is a significant carbon store and as such, is highly 

valued. 

Historic and recent major wildfires have caused 

significant environmental and economic damage 

across the PDNP, costing millions of pounds to 

suppress and with considerable funds now 

expected to be spent on restoration and 

recovery. 

Although government agencies, academics, 

landowners and managers, the Fire and Rescue 

Service (FRS), Charities, and other stakeholders 

generally accept that wildfire poses a significant 

risk to their interests, there is little evidence 

available regarding the potential scale of threat or 

a clear strategy to reduce the risk posed by future 

wildfire events within the PDNP.  

The lack of essential wildfire information seriously 

impacts decision making at all levels, from game 

keeper to policy maker, without this evidence, it 

is difficult to assess the success, implications, or 

consequences of any action or inaction. 

Therefore, the primary objectives of this project 

are to provide stakeholders with unbiased 

evidence regarding the risk and potential scale of 

fire likely to occur within the moorland landscape 
Figure 1.  Peak District National Park Boundary (PDNP, 2010) 
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of the PDNP, presenting this in a format that can be easily understood and used by all stakeholders to 

identify the regional and local threats posed by wildfire now and in the future.   

The information provided in this report collates existing knowledge and will provide additional essential 

evidence necessary to carry out a landscape-wide assessment of risk, allowing for the development of a 

strategic mitigation plan. At a time when climate change is at the forefront of the political & public agenda, 

and wildfire is becoming a global issue, this is a perfect opportunity for such a plan to be developed. 

It is worth noting that the purpose of this project is not to debate the efficacy of any particular management 

style/objectives. The issue of wildfire concerns all land managers and identifying ways to mitigate this risk for 

each other as well as on an individual level will be key to avoiding a potentially catastrophic large-scale fire 

that could be detrimental to all. 
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2. The Peak District Moorland Landscape  

2.1 Moorland Habitats 

In order to understand the impact of wildfire 

on the PDNP upland landscape, it is first 

important to understand what needs to be 

protected. For the purposes of this report 

moorland is defined as the designated 

moorland boundary (Magic 2022)  

Figure 3 (below) Shows the PDNP boundary, 

the national character areas it comprises and 

the extent of moorland within it. 

Approximately 131,000 acres falls within the 

moorland line within the PDNP. This 

moorland habitat is a combination of 

internationally important upland heath, 

blanket bog and woodland cloughs which 

support a wide variety of animal, bird and 

plant life.  

As well as being valued for their 

environmental significance, the upland 

landscapes are also of social, economic and 

cultural importance to the people who live and work within them and the large numbers of people who visit.  

Extensive areas are managed for conservation, sheep grazing, water catchments and grouse moors, 

supporting local economies. They are a habitat for a variety of moorland birds including short-eared owl, 

golden plover, curlew, snipe, lapwing and merlin as well as birds of prey. The PDNP is also home to the only 

English population of mountain hares, a species of principal importance for conservation in England (MFF & 

Natural England, 2021). 

The UK Biodiversity Action Plan (BAP) identifies, amongst others, the following priority habitats within the 

moorlands of the PDNP. Data is taken from the PDNP website and Joint Nature Conservation Committee 

(JNCC) BAP descriptions. It is worth noting that there are other BAP habitats not listed below which will also 

have some relevance to wildfire, as well as areas of non-priority habitat (e.g. bracken, grass moorland). 

 

2.1.1  Upland heathland (Peak District National Park, 2022) 

Description: Heathland vegetation occurs widely on mineral soils and thin peats throughout the uplands and 

moorlands of the UK. It is characterised by the presence of dwarf shrubs 

at a cover of at least 25%. Upland heath in 'favourable condition' is 

typically dominated by a range of dwarf shrubs such as heather bilberry, 

crowberry, bell heather and high-quality heaths are generally structurally 

diverse, containing stands of vegetation with heather at different stages 

of growth. An important assemblage of birds is associated with upland 

heath, including red grouse, black grouse and hen harriers. (JNCC, 2022) 

Figure 2.  Peak District National Park  
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Condition: Moderate, but slowly improving. Due to air pollution, over grazing and extensive burning. 

Climate Change risks: High risk, particularly due to increased fire risk. Risk of decline in grouse moor 

management if red grouse decline with climate change. Other risks include increased bracken spread and 

loss of upland species. 

Priorities: High priority - Maintain and enhance condition of protected sites by maintaining/securing 
appropriate grazing, burning and cutting regimes, and managing bracken and scrub invasion where 
necessary. Monitor key species susceptible to climate change. Maintain and enhance fire prevention and 
firefighting measures. Medium Priority - Secure appropriate management of unprotected sites, 
restore/create new areas from grass moor and plantation woodlands, adapt management to species that 
may benefit from climate change  

 

2.1.2 Blanket bog  (Peak District National Park, 2022) 

Description: The term blanket 'bog' strictly applies only to that portion of a blanket 'mire' which is exclusively 

rain-fed. Blanket bog is a globally restricted peatland habitat confined to cool, wet, typically oceanic climates. 

Peat depth is also very variable, with an average of 0.5 - 3 m being fairly typical, but depths in excess of 5 m 

are not unusual. Blanket bog peat accumulates in response to the very slow rate at which plant material 

decomposes under conditions of waterlogging (JNCC, 2022) 

Condition: Poor. 98% within SSSIs in unfavourable condition (96% recovering). Result of atmospheric 

pollution, overgrazing and inappropriate burning. Bog building sphagnum mosses are scarce. 

Climate Change Risks:  High. Growing trends of decreased rainfall and higher summer temperatures leading 

to drying out of bog, increased erosion and lack of peat development, increased fire risk and decline of 

northern species. 

Priorities: Re-vegetation of bare peat, diversification of species composition and structure, restoration of 

hydrology, restoring active peat development 

 

2.1.3 Upland flushes, fens and swamps (Peak District National Park, 2022) 

Description: Upland flushes, fens and swamps are peat or mineral-based terrestrial wetlands in upland 

situations, which receive water and nutrients from surface and/or groundwater sources as well as from 

rainfall. The soil, which may be peaty or mineral, is waterlogged with the water table close to or above the 

surface for most of the year. This habitat supports a rich flora, dominated by sedges, rushes and grasses and 

often unusual species including sphagnum mosses, bog asphodel and cranberry (JNCC, 2022). These areas 

are a vital source of insects for moorland breeding birds (Peak District National Park, 2022).  

Condition: Generally good on moorland 

Climate Change Risks: High risk of drying out associated 

with reduced summer rainfall and higher temperatures. 
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2.2 Historical Context 

This Peak District moorland landscape is the product of centuries of changing agricultural, commercial, 

environmental, and social practices & policies. Appreciating the historical context of the landscape is 

essential to understanding the current level of risk stakeholders face and the barriers to reducing these risks. 

 

2.2.1 Industry 

Influenced by local characteristics such as soil, aspect and elevation, the lower slopes of the uplands of the 

Peak District will have once been vegetated with native scrub. The hills were cleared, either for pastoral 

farming or, later, for fuelling the furnaces of industry. In turn, deposits from smoke created by these 

factories have contributed to high levels of heavy metal in the soil (e.g. lead or arsenic) and the sulphurous 

smoke captured by rain acidifying the soils. Sphagnum moss populations were devastated, contributing to 

the degradation of blanket bog habitats. 

 

2.2.2 Agriculture 

 The World War II focus on feeding the nation drove 

agricultural improvement/intensification causing the 

moorland edge to retreat under the expansion of livestock 

grazing. National policy encouraged moorland drainage and 

promoted the proliferation of shrub vegetation (i.e. heather) 

for grazing. Shepherding practices included the use of 

occasional large fires (100’s acres) to rejuvenate ground 

vegetation to sweeten the bite for hungry mouths. 

The livestock headage payments of the 1990’s agricultural subsidy system encouraged overgrazing. More 

recently, extensification has driven a reduction in sheep numbers and the near absence of active 

shepherding. Consequently, the gamekeeper became the lead vegetation manager and rather than broad 

area burns, the keeper provides optimum habitat for ground-nesting birds with numerous small burns of 

surface vegetation. Hence, we became familiar with a much tighter mosaic than traditionally was seen. 

 

2.2.3 Public popularity 

In 1951, the Peak District’s proximity to the growing populous (Manchester, Sheffield & Derby) was marked 

with National Park status and in 2000 the 

public’s relationship was galvanised with the 

‘right to roam’ (Countryside and Rights of 

Way 2000) in open spaces, providing 520 sq. 

km of open access (Peak District National 

Park, 2021). The popularity of the Peak 

District for public leisure, health and 

wellbeing is understandably ever-increasing 

with 20 million people living within 1 hour’s 

journey of the park and over 13 million 

visitors annually (Peak District National Park, 

2021).  
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2.2.4 Water 

In the dark peak, the main valleys of Longdendale 

and Upper Derwent valley were heavily modified 

from the late 19th Century to create man-made 

reservoirs. (Natural England, 2015). In fact, 

around 450 million litres of drinking water are 

derived from the reservoirs in the Peak District 

each day (Moors for the Future, 2021). Land 

management within the moorland catchment 

areas has a huge role to play in the quality of 

water reaching reservoirs. United Utilities and 

Yorkshire Water are both major stakeholders in 

the PDNP.  

 

2.2.5 Sporting  

Alongside agricultural land use, from the Victorian era, sporting interest in grouse shooting strengthened and 

the shepherd began to function hand in hand with the moorland gamekeeper, focusing vegetation 

management to also benefit ground-nesting birds.  

 

2.2.6 National policy & designation 

In 1993, the open characteristic of the uplands and abundance of heathland vegetation supporting a range 

of nationally declining birds received recognition in the form of Site of Special Scientific Interest (SSSI) 

designation and subsequently European grade Special Protection Area (SPA) & Special Area of Conservation 

(SAC) status.   

Following SSSI, SPA & SAC designation, management practices (grazing limitations and vegetation 

management) were influenced by Environmentally Sensitive Area and Countryside Stewardship schemes 

administered by English Nature (subsequently Natural England). Early prescriptions included a requirement 

to burn a proportion of heather to maintain its vitality and extend its range. Conversely, later agreements, 

which included references to “rotational” burning, placed limits on how often heather could be burnt.  

 

2.3 21st Century Management 

Almost all parcels of PDNP moorland, particularly those within this project, are designated as Special Areas of 

Conservation (SAC) as well as Sites of Scientific Special Interest (SSSI). It is the aim of Natural England (NE) to 

achieve a ‘favourable condition’ status for all SSSI. The Dark Peak SSSI is currently documented to achieve 

just 4.33% favourable status with the vast majority (92.24%) unfavourable - recovering status (Natural 

England, 2021).  

The moorland of the PDNP also falls predominantly within the Dark and South-West Peak National Character 

Assessments. A small amount of designated moorland falls within the White Peak NCA but this is negligible 

and does not form part of the scope of this project.             

 

 



 

 
2: THE PDNP LANDSCAPE  7 

 

 

2.3.1 Stakeholder objectives 

Now accounting for over 50% of the moorland area in the Peak District, the presence of conservation agency 

ownership/management has increased over the last Century. With landholdings at Longshaw, Derwent and 

Marsden Estates, the National Trust is the single largest stakeholder managing approximately 30% of the 

entire moorland area of the Peak District. Water companies (United Utilities and Yorkshire Water) own a 

further 25% (approx..).  Additionally, land is owned by the National Park Authority, various public bodies and 

private landowners. 

 

2.3.2 Climate change 

Climate change is a serious risk to the upland landscape, but moorland also provides an opportunity to 

mitigate the effects of global warming. Sensitive management can improve the resilience of the landscape to 

environmental change. As well as affecting the composition of vegetation (decline/promotion of different 

species, drying out of blanket bog etc), climate is a key driver in creating ideal fire conditions and in driving 

fire behaviour. Climate change and the role of weather conditions in the development of wildfire is explored 

in greater detail below (See 5.2). 

 

2.3.3 Improving resilience 

Resilience can be described as “the ability of an ecological system to 

cope with and adapt to environmental stress and change, whilst 

retaining the same basic structure and ways of functioning” (Natural 

England, 2019). Moorland habitats provide a range of ecosystem 

services. Improving the resilience of the moorland landscape to climate 

change and other potential threats is an ambition of all land managers, 

regardless of their objectives. The current unfavourable condition of a 

large proportion of blanket bog habitats in the PDNP is being addressed 

with widespread programmes of upland restoration including re-

wetting (raising the water table), re-vegetation of bare peat and 

sphagnum planting.  

Millions of pounds have been invested in these schemes across the 

Peak District. In iconic locations such as Kinder and Bleaklow, £15 

million provided by the Lottery and EU Life fund has been invested in 

33 miles of geotextiles to stabilise eroded peat, 4,000 mini dams to 

retain water, 150,000 moorland plants and the broadcast of 807 

million sphagnum fragments. 22 tons of grass and heather seed have 

been sown and 2,000 tons of lime and fertiliser spread (Moors for the 

Future, 2022) Bare peat previously damaged by industrial pollution 

and hot wildfire is now full of plant life.  

Extensive restoration works have also been carried out across private 

moorlands under environmental stewardship schemes.  

These works help to reduce the loss of precious blanket bog and 

habitats due to climate change and other threats. They help to 

improve water quality and provide flood mitigation. They also play an important role in increasing the 
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resilience of the peatlands to wildfire under the mantra “wetter is better”. Waterlogged blanket bog 

environments, where ground conditions/slope allow are obviously less susceptible to damage from fire and 

the wetter environments will also slow the growth of surface vegetation and affect the fuel complex so that 

fires are less severe. 

 

2.3.4 Prescribed burning 

Managed, controlled, or prescribed burning (as opposed to uncontrolled burning or wildfire) is a vegetation 

management tool. To contain managed fire, the moorland keeper invariably cuts a swath around the outside 

of the area to be ‘cool’ burnt, creating a control line to prevent fire spread from the area. Cool burning 

ignites the fine vegetation, leaving the stick and surface moss layer intact. The Heather and Grass Burning 

Code (Defra, 2007) sets out the law and good practise relating to prescribed burning and aims to ensure that 

burns are carried out appropriately, avoiding damage to habitats and essentially, so that they do not lead to 

wildfires. In England burning is permitted between 1st October and 15th April in the uplands. Burning is only 

carried out during suitable weather and ground conditions, meaning that the number of “burning days” will 

be limited in any season.  

Concerns about the effect of prescribed burning on peat led to landowner commitments to cease burning 

vegetation overlying peat greater than 40cm in depth, except for restoration purposes. Subsequently, 

Natural England no longer supports burning on deep peat and in many locations have withdrawn consent to 

burn over ‘deep peat’ across the Peak District SSSI. DEFRA ultimately legislated to restrict burning over deep 

peat, except in licenced circumstance (The Heather and Grass etc. Burning (England) Regulations, 2021)). 

The Government’s England Peat Action Plan (2021) states “We will continue to protect our peat from fire by 

both phasing out managed burning and reducing the risk of wildfire”.   

Though usually subject to limitations on frequency, burning vegetation over shallow peat (<40cm) is still 

permitted. 

Putting this into context, the moorland area of the Peak District National Park extends to more than 131,000 

acres (approx. 114,000 of which is included in the 8 focus areas of this study) of which approximately 60% is 

overlain with peat deeper than 40cm, referred to as blanket bog, which cannot be managed with 

prescriptive cool burning without a licence (see Figure 2). At present, with self-imposed limitations adopted 

by conservation bodies, it is estimated that just over 6% of the study area is subject to managed burning. 

 

2.3.5 Cutting 

Another approach to vegetation management is cutting using machinery, ranging from a tractor mounted 

mower/flail or even remote-control automated machines. 

Land managers employing a no burn policy 

may use cutting with the aim of reducing 

dominant species of vegetation, or it may 

be used where prescribed burning is not 

permitted. Arisings are either left in situ or 

gathered and removed. 

There are limitations to access with 

machinery and its use, for example where 

ground slopes steeply, is rocky or boggy.  
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Cutting has been used in conjunction with prescribed burning for some time (cutting around burn areas). It’s 

not clear at present how much cutting is being carried out across deep peat, in particular since the voluntary 

agreement and subsequent 2021 statutory instrument prohibiting rotational burning. Consent to cut is 

required on SSSI ground and it is unclear how many landowners have obtained consent. Currently, the 

indicators are that there is limited deep peat vegetation under a prescribed cutting regime. 

 

2.3.6 Re-wilding 

Previously grazed gullies are increasingly being fenced and planted with native trees. As well as actively 

planting new woodland, allowing native vegetation to self-set (re-wilding) forms part of the newest outlook 

for broad area Nature Recovery Networks. It is suggested that mires, scrub and woodland vegetation can 

provide an element of protection from wildfire. More evidence is required on its efficacy.  
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3. Consequences 

 

 

 

 

 

 

 

 

 

 

3.1 What Is At Stake? 
The consequences of wildfire events can vary from being insignificant to having a major impact on landscape 

or other related values, this depends on a number of  factors. Within this project, any impact has been 

categorised as being environmental, financial or reputational  (Figure 3) 
 

Wildfire behaviour is covered in greater detail below, but as well as burning combustible surface vegetation, 

hot wildfires bring into play the sub-surface fuel load, peat. As discussed in section 2, precious blanket bog 

habitats, i.e. deep peat, have developed over thousands of years and play a huge role in providing a wide 

range of ecosystem services and are increasingly under threat, not just from wildfire. Their role as habitats 

for a wide range of species, not to mention subsurface carbon storage and water regulation, means that the 

environmental consequences of igniting peat are considerably greater than a surface fire alone. Should a fire 

penetrate the peat layer it is also much more difficult to extinguish. Consideration must also be given to the 

fact that if fire penetrates into the peat layer it is subsequently much more difficult and time consuming to 

extinguish. Recent wildfires within PDNP have resulted in significant FRS resources being committed for 

extended periods of time, testing local emergency response and even national resilience arrangements, 

leaving regional towns and cities with reduced FRS emergency capacity and response capabilities. 
 

There is another critical consequential cost at stake, human life. As well as to resident 

farmers/keepers/rangers, the threat to the safety of the fire service is a very real issue. 
 

A common refrain is that wildfire events in the UK cannot be compared to those extreme events seen in 
other parts of the world. This is true, wildfire events in the UK may not be as extensive as those seen in for 

Figure 3.  Potential impacts/consequences of wildfire in the PDNP 
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example Catalonia or California, but the impacts on a precious habitat cannot be dismissed, as well as the 
significant risk posed to fire fighters and other responders.  

 

3.2 Consequential Losses - Case Study: Stalybridge 2018 
There have been a number of high-profile large-scale wildfire events in recent years.  In 2018 the 

Saddleworth or Stalybridge Moor wildfire is a good example of the environmental and financial 

consequences of wildfire. 
 

The fire, which resulted in seven centimetres of peat being lost (the burn depth was not uniform across the 

whole burn area), is estimated by the environment agency to have released 26,281t CO2 (worth £1.68 

million) (Moors for the Future, 2022). Add to this the cost of ongoing ‘legacy’ emissions from a degraded site 

where the ground has been sterilised so that exposed peat can be lost by wind-blow, surface water flow and 

frost heave, resulting in further potential losses. Whilst these are measurable costs to a degree there are as 

yet unknown environmental costs related to the impact on habitats, wildlife and biodiversity.  
 

Attendance costs for the Fire Service and Landowner have been obtained. Latterly, the Army were drafted in 

but this cost is not available. Collectively, the quantifiable costs/losses associated with the Stalybridge fire 

appear to be in the realm of £3,650/acre (£9,019/ha); little over £8.5M for this fire (approx. 2,400acres) 

(Table 1).  

 
Table 1:  Stalybridge Wildfire 2018 Estimated Costs 

Loss/costs £ Data source 

Carbon Sequestration Capacity 3,600,000 Environment Agency Estimate (Moors for the Future, 2022) 

CO2 1,680,000 Environment Agency Estimate (Moors for the Future, 2022) 

Leisure visits 205,000 Environment Agency Estimate (Moors for the Future, 2022) 

FRS 1,200,000 (Manchester FRS, 2021) 

Restoration 1,500,000 
Peat Action Plan estimates 2.8M for Winterhill & Stalybridge fire 

(UK Government, 2021) 

Landowner costs 576,000 (United Utilities, 2021) 

TOTAL: 8,761,000  

 

Shortly after the event, when accounting for the impacts on the health service from smoke inhalation and 

household evacuations etc. a Leeds academic quoted consequential costs of £21M (£8,750/acre) (Graham, 

et al., 2020). 
 

Broadly applying a cost per acres of £3,650 shows that the costs at stake within the Derwent focus area 

(approx. 38,000 acres) might be in the order of £138.7M and the value at stake across the whole of the Peak 

District Moorland realm (approx. 131,000acres) might be £478M. This ignores any value attributable to 

capital works or infrastructure as well as impacts on revenue streams such as Countryside Stewardship, Basic 

Payments (and their successor ELMS), carbon sequestration or biodiversity offset income. Accordingly, it 

does not take much to see that, with the inclusion of presently unaccounted for ecosystem services, the 

potential economic, social and environmental impacts of wildfire could be enormous. 
 

These calculations, whilst crude, are intended to be an indication of potential consequences of wildfire. 
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3.3 Valuing Natural Capital 
Measuring and valuing ecosystem services (Figure 4)  helps to give us an indication of what is at threat. A 

recent natural capital assessment carried out by Natural Capital Solutions on behalf of the Fitzwilliam 

Wentworth Estate at Bradfield Moor in the northeast of the PDNP produced baseline assessments for a 

variety of ecosystem services. Whilst the methodology can be crude (application of general calculations to 

broad habitats) this information is a useful starting point for future benchmarking and can also be used to 

give an indication of what could be at stake across the PDNP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Upland Ecosystem Services 

 

The Biodiversity Metric 2.0 is a relatively simple metric developed by Natural England that can be used to 

calculate biodiversity units for a habitat. It is based on the area of habitat, its distinctiveness and condition, 

so that habitats that have a high distinctiveness, are in good condition and cover a greater area will achieve a 

higher biodiversity score than smaller areas, with lower distinctiveness and condition (Natural Capital 

Solutions, 2021). 

 

The assessment of Bradfield moor yielded a biodiversity score of 24,682 units across the 1,436ha 

landholding, which averages out to 17 units/ha or just under 7 units/acre. This is compared to the 2.77 units 

per hectare (1 unit/acre) which could be found on lowland mixed use/agricultural habitats. 
 

If a conservative figure of 6 units per acre is applied to the whole of the Derwent study area used in this 

project (approx. 38,000 acres), this equates to 228,000 biodiversity units (BU). Obviously without context 

this figure means very little, but when comparing this to the lowland average (predominantly arable farming) 

of one unit per acre, the value of biodiversity in the upland landscape is considerable.  
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Looking at financial values, there is currently no fixed price for a BU, however, the Government considered 

£11,000/BU an indicative value when recently undertaking an impact assessment of net gain (FPCR Design 

and Environmental Consultants, 2021) (although BU’s have traded for figures up to £40,000!). This means 

that the Derwent Study area landscape could hold a biodiversity value of at least £2.5 billion. 

 

3.4 Carbon 

Globally, it is estimated that peatland emits the equivalent of 1-2 billion tonnes of CO2 (2-4% of annual global 

emissions), much of this from the tropical peatlands of Southeast Asia ( UK Centre for Ecology & Hydrology, 

2021). UK peatlands are estimated to emit around 16-20 million tonnes of CO2 each year (GWCT, 2021) and 

whilst over 90% of this is from lowland peat (farming activities) (GWCT, 2021), the uplands present a greater 

opportunity to be restored to their natural state. Whilst the gains may be greater on lowland peat, the 

practicalities mean that greater opportunity exists within the upland environment. Peatlands are naturally 

waterlogged systems. This slows down decomposition and enables plant remains, containing carbon 

removed from the atmosphere by photosynthesis, to be laid down as peat. As a result, peatlands in their 

natural state accumulate at a rate of approximately 1mm a year (IUCN, 2020). 

Peatlands occupy 3% of the global land surface and 12% of the UK land area (approximately 3 million 

hectares) ( UK Centre for Ecology & Hydrology, 2021), storing 42% of the nation’s carbon stock. 22% of this 

peatland area remains in near-natural condition (undrained bogs & fens), 15% is cropped (lowland fen) and 

16% covered by woodland. 41% is under semi-natural vegetation but has been affected by human activity 

such as draining, grazing, cutting for fuel etc ( UK Centre for Ecology & Hydrology, 2021).  

Reducing GHGs from peatlands is regarded as key to the UK’s ambition of reaching net-zero emissions by 

2050 and is national government policy. The Office for National Statistics estimates fully restoring the UK’s 

degraded peatlands could cost between £8bn-£22bn over the next 100 years but would save £109bn in 

terms of reduced carbon emissions. The England Peat Strategy, part of Defra’s 25 Year Environment Plan, 

includes £10m funding for restoration schemes in Northumberland, Greater Manchester, North York Moors, 

East Anglia, and Dartmoor. Scottish Natural Heritage’s Peatland Action initiative has restored 19,000 

hectares since 2012 and in 2019, the Scottish Government announced a total of £14m of funding to repair 

and restore peatlands ( UK Centre for Ecology & Hydrology, 

2021).  

Many NGOs, private sector organisations and individuals across 

the UK are carrying out peatland restoration and many millions 

have been spent in recent decades blocking gullies and 

revegetating bare peat so that upland peat sequesters carbon ( 

UK Centre for Ecology & Hydrology, 2021). Funding obtained 

from the sale of climate benefit can now sit alongside traditional 

sources of public funding, providing cost-effective peatland 

restoration and ensuring management and maintenance over the 

long term. The Peatland Code is designed to attract private 

funding motivated by corporate social responsibility. Associated 

ecosystem service benefits (improvement in biodiversity, cleaner 

water, water flow management) are also recognised as public 

goods. The Government’s emerging subsidy system, the 

Environmental Land Management Scheme, is expected to 

provide public funding for public goods. 
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It is clear that the economy of the UK uplands is going to become increasingly driven by the protection and 

accumulation of carbon, biodiversity, and associated ecosystem services. Wildfire represents a very great risk 

to this outlook. In the event of a wildfire, landowners could be expected to repay private finance and public 

subsidies if the natural capital they have been paid for is lost. Restoration works will have to be re-funded 

and if carbon taxes become common, fines may even be levied. Where wildfire crosses ownership 

boundaries, it is conceivable that there will be accusations of negligence and claims for recovery of these 

costs where a neighbour is regarded as not implementing appropriate measures to protect against wildfire 

events. How long before the annual valuation of Natural Capital becomes an item recognised in financial 

accounts and a factor in the valuation of land traded on the open market? Alongside legal protection, the 

insurance of carbon stocks, biodiversity, and other natural capital is likely to become common. 
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•High fine fuel loading

•Fuel contunuity and 
connectivity across large 
areas

•Sub-surface fuels

FUEL COMPLEX

•Heat

•Drought

•Wind

•Duration

•Climate Change Effect

PROLONGED 
SUPPORTIVE 

WEATHER

•High fire intensity

•High flame length

•Faster rate of spread

FIRE BEHAVIOUR

4. What Is Wildfire? 

Wildfire is defined as “Any uncontrolled vegetation fire which requires a decision or action regarding 

suppression” (Scottish Govenment, 2013). 

 

4.1 Fire Behaviour 

The following section is included to provide a basic understanding of the wildfire environment, outlining how 

the different primary factors interact and influence resulting fire behaviour.  

 

 

 

 

 

 

 

 

 

 

 

4.1.1 Fuel complex 

The type of fuel, its size and the way the vegetation is arranged across the PDNP affects the way it burns. 

Understanding how vegetation interacts with fire is important; such knowledge can be used, not only to 

understand potential fire behaviour, but also to predict what it is likely to be in the future when under the 

influence of different fire scenarios. This understanding is not limited to fire behaviour but can also provide 

an accurate evaluation of potential rate of spread (ROS) and forecast the expected flame length (FL) as the 

fire moves through the vegetation, both these fire outputs are critical with regards to firefighting capacity. 

The behaviour of a wildfire in a given fuel source is dependent upon a number of characteristics including:  

• Size and Shape 

• Quantity 

• Arrangement  

• Moisture content  

The size and shape of the available fuel is important particularly in regard to their ease of ignition. Smaller 

fuels, referred to as ‘fine fuels’, are more receptive to fire, while larger or more coarse fuel types generally 

rely on their interaction with fire in finer fuels before they will ignite. Much of the moorland and grassland of 

the PDNP contains high quantities of continuous fine fuels, which can burn readily and with high intensity 

and Rate of Spread (ROS). 

Figure 5: Factors influencing fire behaviour  
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The relationship between any given fuel’s surface area and its volume, and the fuel’s size and shape, strongly 

influences the ease of ignition. The surface area of finer fuels, such as grass or heather, is much greater than 

the equivalent volume of coarser fuels such as branches and logs. Fuels with a higher surface area to volume 

can, in supportive weather conditions, dry quickly and require less exposure to solar radiation or direct heat 

for them to be raised to their ignition point.  

Fine fuels are considered to be those with a diameter of up to 6mm, and include grass, small stems and the 

leaves of low-lying shrubs. Fine fuels can be found in huge quantities in larger plants, such as heather, which 

is common across large parts of the PDNP landform. 

The way in which fuel is arranged plays an important part in the way fire develops. The principal factors to 

consider is the horizontal continuity of vegetation across the landscape and how the vertical and horizontal 

fuel arrangement is able to interact. Across many parts of the PDNP the arrangement of the fuel is 

continuous for considerable distances, this arrangement of unbroken fuel can allow a fire to spread over 

large areas of the landscape and in the past has resulted in large scale and intense wildfires in the PDNP.  

Fuel moisture content has a substantial effect on fire behaviour altering rate of spread, intensity and the 

likelihood of extreme fire behaviour. Both dead and living fuels contain moisture, which affects the way they 

will react during a wildfire. Much of the surface vegetation in the PDNP will dry quickly during short periods 

of wildfire supportive weather and will become extremely vulnerable to fire after relatively short- periods of 

drought. Sub-surface fuels, i.e. carbon rich peat, may take longer to dry out but once dry are equally 

vulnerable and more difficult to extinguish. Damage to the peat layer is also much more difficult to reverse. 

 

4.1.2 Weather  

Climate directly affects fire activity through its influence of ‘fire weather’, which are the preceding and 

current conditions that allow vegetation to be ignited and carry a fire. The flammability of vegetation is 

principally controlled by its moisture content as water absorbs heat, dilutes the flammable volatiles in 

vegetation and excludes oxygen from the combustion zone. 

Weather is a key wildfire factor and has a significant impact on the fuel complex and the broader wildfire 

environment. Weather influences fuel combustibility, fire intensities, rates of spread, and can dramatically 

increase fire potential. It is vital that there is an understanding of how the prevailing weather conditions can 

change wildfire behaviour so high-risk periods of fire supportive weather are monitored in advance.  

It is a misconception to believe that wildfire is reliant on extreme weather conditions, that the threat of 

wildfire is limited to the summer months, or indeed that it requires a prolonged period of dry weather to 

create suitable conditions for wildfires to occur. A relatively short period of supportive weather can increase 

the risk of wildfire significantly and vegetation fires can occur at any time of the year. Not only does the 

weather have an effect on the combustibility of fuel, but it also has an influence on the combustion process 

itself.  

Weather influences on fire behaviour include:  

➢ Raising and lowering the temperature of fuels and the air.  

➢ Increasing and decreasing the moisture content of the air.  

➢ Changing the moisture content of fuels, particularly dead ones.  

➢ Supporting or limiting the development of strong convection plumes.  

➢ Curing (drying of live fuels).  

➢ Changing the direction, strength and type of prevailing and local winds.  

➢ Changing the level of stability in the atmosphere.  
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➢ Drought conditions will exacerbate fire potential and increase fuel loading particularly within 

surface and ground fuels including organic soils. 

➢ Dramatically increasing the quantities of fuel that is available to burn. 

 

Periods of dry supportive weather conditions have an obvious impact on the wildfire environment drying fuel 

and increasing the amounts of vegetation available to burn. This impacts on the severity of a fire and the 

likelihood of it spreading over larger areas of the landscape and even burning into ground fuels such as peat. 

Drought can be particularly damaging to areas within the PDNP moorland and its predominant fuel types, 

such as heather, this can be stressed or even killed by prolonged dry conditions. The PDNP can often be one 

of the driest places in England as indicated in the illustration below, such dryness often results in the peat 

layer becoming increasingly vulnerable to ignition. 

 

Figure 6. Showing the areas of Europe recently affected by fire supportive weather conditions in April 2021 the Peak District being 

one of the most impacted across the continent. (European Forrest Fire Information System, 2021)  

Not only does climate (as reflected in dominant weather patterns) directly affect the frequency, size and 

severity of fires, it also affects fire regimes through its influence on vegetation vigour, structure, and 

composition. 
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Figure 7:  Extreme conditions in the UK between April 22nd to 24th 2021 (European Forrest Fire Information System, 2021) 

 

4.1.3 Regional landform 

Topography can be described as the configuration of the Earth’s surface, including its relief and position of 

natural and man-made features, arranged across the landscape. In the wildfire environment topography 

plays an integral part in determining how a fire will develop and spread across a landscape. These influences 

will have a direct and indirect impact on fire behaviour, and if the topographical influences are understood, 

this knowledge can be used to determine the likely fire severity at different points across the landscape.  

Topography should be considered to be a fixed or known factor that will influence variables such as fuel 

types, fuel quantities, relative humidity, wind speed and direction and the potential size and shape of the fire 

footprint. In addition, topography plays an important part in fire intensity, direction and rate of travel.  

The terrain will influence wildfire behaviour in a number of important ways and consideration should be 

given to the following:  

➢ Aspect (orientation and angle of slope in relation to the position of the sun).  

➢ Steepness of slopes.  

➢ Shape of the topographical features.  

➢ The effect of topography on the types and amounts of vegetation arranged across the landscape. 

➢ Water drainage features influencing fire spread and intensity. 

➢ The effect of topography on wind direction and its strength.  

➢ Barriers to fire travel such as tracks, roads, streams, rivers, wetlands and  

other fire obstacles. 

The topography of the PDNP is complex, the fuels arranged on its slopes and atop of its uplands, are 

subjected to winds that are strongly influenced by the physical shape of its landform. This will result in a 

complex pattern of fire spread that may carry fire across large areas of the landscape and create difficulties 

for firefighters and other responders.  
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4.2 Overview Of Wildfire Development 

A fire burning in uniform fuels will normally start at a single point of ignition and the resulting flames firstly 

consume the surrounding fine fuels. As the fire develops, convection currents draw the flames towards the 

centre and away from the surrounding fuel. Fire development at this stage is mainly caused by flame contact 

with any unburnt fine fuels in the low forming vegetation found at or near the surface. 

In the absence of any alignment with wind or slope the convection plume will continue to dominate early fire 

development, the fire will burn more or less equally in all directions and most of the heat will be drawn into 

the convection plume and lost to the atmosphere. This situation will continue until there is a variation in the 

fuel or its combustibility, or where the fire finds alignment with wind or slope. 

When the outer edge of a fire is supported by wind or slope and the strength of this alignment is stronger 

than the convection force created by the fire, equilibrium is lost. The part of the fire that finds most 

alignment with wind or slope will overcome the influence of the plume, and the flames at this part of the fire 

will angle towards the fuel, at the same time the flames at the rear part of the fire are bent away from the 

fuel. As a result, the fuels at the front of the fire are subjected to more preheating and flame contact and the 

fire is able to penetrate these with more ease, increasing fire intensity and rate of spread. The fire at the rear 

has less interaction with the fuel and activity is reduced. The shape of the fire footprint is likely to change 

and depending on the strength of alignment may become elongated as the front part of the fire develops 

what is termed to be a head and the fire begins to ‘run’ through the fuels with momentum. 

The head of the fire has the most sustained alignment and as a result is the fastest moving and most intense 

part of the fire. Depending on the fuel and its arrangement, the head fire is the part of the fire that has the 

greatest flame length, flame depth and rate of spread. It is essential to understand that fire intensity can 

change around the fire perimeter, and any part of a fire that aligns with wind or slope can potentially 

develop head fire behaviour.  

The sides of the fire are termed to be the flanks and these burn outwards into the unburnt vegetation. This 

results in the flanks having less alignment than the head, normally reducing their intensity and rate of 

spread. Flank fire intensity nearest the head is normally more intense, particularly where the flanks meet the 

head which is known as the ‘shoulder’. The flanks of a fire can make up most of the fire perimeter, and 

therefore there may be variations in fire activity due to changes in fuels or topography along its length.  

This can lead to a different fire behaviour being demonstrated by each flank and one becoming more 

dominant than the other. This can be explained by the fact that usually one side of the fire will have better 

alignment with wind or slope or be burning in more supportive fuel types. 

The wildfire environment is one that is subject to almost constant change and although some of these 

variations will be subtle, others will result in a dramatic and rapid change to fire intensity and rate of spread. 

To ensure that firefighters remain safe and effective it is imperative that they and their managers have an 

understanding of the circumstances that will bring about these behavioural changes. The appreciation of 

when, and where, fire behaviour is likely to alter will assist responders to apply suppression tactics safely and 

at times and at locations where they are most likely to succeed in bringing the fire under their control.    
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5. Wildfire Occurrence 

5.1 Causes Of Wildfire Ignition 

A study on the causes and prevention of wildfire on heathlands and peatlands in England carried out by 

Natural England (Glaves, et al., 2020) concluded 

“Risk and occurrence of wildfire in the UK is associated with hot, dry weather conditions, especially drought 

(or, particularly in spring, low temperatures and frozen conditions), with particular vegetation characteristics 

(especially plant functional type, height/structure, (high) fuel load and (low) moisture content) and human-

related accidental ignitions associated with public access, recent or current wildfire and managed burning 

activity and arson” 

In addition, the Upland Management Group (Uplands Management Group, 2019) identifies the main factors 

influencing the risk of a fire starting as: 

➢ People (visitor use and numbers) 

➢ Access points (public rights of way, car parks and open access land) 

➢ Presence of “honey pot” areas (e.g. picnic sites, campsites) 

➢ Land management/land use type (presence of ‘fine fuels’ more receptive to ignition). 

➢ Adjacent land management/land use 

➢ History of wildfires in the area (identification of ignition points) 

In addition to these factors, weather conditions, including the effects of climate change play a very 

significant role. 

 

5.2 Weather and Climate Change 

Recent local fire history strongly suggests that climate change may already be having an impact on the fuel 

complex within PDNP, altering fire regimes and creating fires that are becoming more intense, faster and in 

consequence, more severe. Another influence of climate change is that it will lengthen fire seasons, with an 

associated trend towards increasing extent, frequency and severity of fires. These changes should be 

considered as alarming, the wildfire environment is driven by climate and we must appreciate that the 

changes predicted in the past are already upon us, fires in the PDNP have the potential to be more powerful, 

more frequent, more intense and increasingly routine. Wildfire poses a more significant threat than it has 

done in the past and the valuable environmental and socio-economic assets are becoming more vulnerable 

to the effects of fire, the only question now is, how dominant and damaging future wildfire events are 

allowed to become.  
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Figure 8:  Recent overview of climate change data released (MET Office, 2021) 

Historically wildfire incidents occur most often in spring and summer when the available vegetation is most 

vulnerable coinciding with fire supportive weather conditions. In spring, before the growth season begins, 

fuel is dry or dead. During periods of dry, warm weather these fuels become more flammable. In summer, 

extended periods of drought and warm weather (lower ground moisture and humidity) dry out growing 

vegetation. Incidences of heather beetle attack also play a role in increasing vulnerability, prematurely 

desiccating vegetation increasing the flammable fuel load. In recent decades, and in particular since 2003, 

Europe has experienced an exceptional number of heat wave events in summer and an attendant increase in 

more extreme wildfire events (Zhang, et al., 2020) 

The roles of Climate change on the risk to moorland wildfire can essentially be summarised in the diagram 

below taken from the study by McMorrow and Lindley (2006). 

 

Figure 9: Climate change and moorland wildfire risk (McMorrow & Lindley, 2006) 

Extensive data is available on the effect of climate change on weather patterns (increasing 

temperatures/decreasing precipitation) and its potential impact on the wildfire environment. The data and 
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diagrams below are intended to illustrate the main effects of climate change on increasing the incidence of 

fire supportive weather. “Past and future trends in fire weather for the UK” (Perry, et al., 2022) also provides 

useful information on wildfire supportive weather patterns. 

 Much of the UK’s weather is dominated by maritime air masses, approaching from the west/southwest, 

these conditions develop over the Atlantic and as a result, generally bring air that although at times warm, 

contains relatively high levels of moisture. 

Figure 10: High pressure weather systems affecting UK (Ribeiro de Sousa, 2017) 

 

 

 

 

 

 

 

 

 

 

 

 

However, high-pressure systems that 

develop over Europe, block the maritime 

air and replace it with very dry warm air 

that has built or passed over continental 

Europe (Figure 10).  

Historically these air masses moving from 

the continent generally bring more 

severe and fire-supportive weather, 

resulting in the more significant wildfire 

events across the UK. 

 

 

 

 

 

 

 

Figure 11: Weather blocking (Ribeiro de Sousa, 2017) 
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Figure 11 identifies the two main weather scenarios that can block the maritime conditions approaching 

from the S/SW and shows the percentages of days each phenomenon occurs during each season.  

Spring is sensitive to Atlantic blocking and the summer, to European blocking. 

Both blockings (the ATL and EUR), can remain for long periods increasing the dry days over these areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Precipitation in the UK (Ribeiro de Sousa, 2017)  

      

These diagrams (Figure 12) illustrate the effect on the UK’s weather and an alarming and abrupt decline in 

precipitation during these blocking scenarios, indicating a tendency towards zero.  

Temperatures show similar patterns, with a spring increase in the average maximum temperature and a 

higher minimum temperature in summer, compared to normal conditions.  

The dominance of a dry air mass, results in less cloud cover, therefore increasing the effect of solar radiation 

on fine fuel moisture, turning this type of fuel into one more available to burn.   

Figure 13 shows the distribution of blocking duration for every season and the annual average.   

A study carried out by the Authors (Gibson & Castellnou) in 2012 concluded that the risk of wildfire increases 

following a period of 12 days without precipitation, the impact of weather conditions is accumulative. 
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Figure 13: Blocking durations (Ribeiro de Sousa, 2017) 

 

 

Figure 14 (f) (Zhang, et al., 2020)  shows the increasing frequency and projected frequency of heat wave, i.e. 

fire supportive weather conditions, increasing from once a year at the turn of the century, to two or three 

times a year currently and a projected rise of up to 6 times per year by the end of the century. 

 

 

 

 

 

It is the government’s aim to limit climate warming to 1.5°C, evidence shows that a figure of 4°C may be 

more realistic (DEFRA, 2022), which means that prolonged extreme weather conditions are only going to 

increase. 

 

 

 

 

 

 

Figure 14: Frequency of fire supportive weather conditions (Zhang, et al., 2020). 
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Figure 15: Global warming and future high-impact weather in the UK (MET Office, 2021) 

 

5.3 Historic Ignitions 

In 2019 Moors for the Future updated the ignition risk map for the Peak District (Dixon & Chandler, 2019), 

building on the work by McMorrow and Lindley (2006). This is informed by the wildfire incident database 

also created by Moors For the Future.  This database contains data on over 2,000 wildfire reports dating 

back to 1976. The ignition risk map and a copy of the wildfire incidents dataset were provided (Moors for the 

Future, 2020) for use in this project. 

 

Figure 16 shows the shift in the spatial distribution of incidents between 1976 and 2003 compared to 2009-

2018. This shows a clear patten of ignitions on the moorland fringes, particularly in those locations closest to 

urban areas and the ways in which the spatial distribution of incidents has changed over time. 

 



 

 
5: WILDFIRE OCCURRENCE  26 

 

 
Figure 16: Wildfire locations during the years 1976-2003 (A) and 2009-2018(B) (Dixon & Chandler, 2019). Data from MFFP’s wildfire 

database (Titterton & Crouch 2018).  

 

 
Figure 17: Sustained risk of ignition 1976-2003 (A) and 2009-2018 (B) (Dixon & Chandler, 2019) 
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Moors for the Future also carried out a study in 2021 (Titterton, 2021)  analysing wildfire data between 2007 

and 2020, showing there has been a slight upward trend showing an increase in wildfire year on year (Figure 

18) and that the majority of fires occurred in the month of April, followed by March and May (Figure 19). 

 

 
Figure 18: Wildfire incidents 2007-2020 (Data from (Titterton, 2021)) 

 

 
Figure 19: Monthly distribution of wildfire in the PDNP (Titterton, 2021). 

 

This data does not take into consideration the anecdotal evidence which goes unreported each year by 

rangers and game keepers, who actively monitor the landscape for wildfire during periods of good weather. 

In 2020, as well as helping to extinguish a wildfire at Bamford Moor, these monitors extinguished dozens of 

BBQ’s and campfires throughout the Peak District. Whilst the covid pandemic could be blamed for an 

increase in visitors this is not considered to have been an exceptional year. It is becoming the new norm and 

with the proximity of the Peak District to urban areas this risk will not diminish. 
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6. Firefighting Systems 

6.1 Fire and Rescue Service (FRS) Response  

It is the expectation; indeed it is the legal responsibility of Fire & Rescue Service (FRS) to extinguish fires in 

the UK. Current policy places the burden on the fire service to suppress wildfire rather than on landowners 

to prevent incidents occurring/ developing into extreme events (Parliamentary Office of Science & 

Technology, 2019).  

FRSs face a number of significant challenges when attending wildfire incidents, some of these are caused by 

strategic national issues such as the absence of any National FRS Wildfire Training Standards, or the lack of 

nationally available aerial firefighting support.  

Other issues are operational, such as the length of time it may take to arrive at the scene of operations. 

Delays are often caused by the remoteness of the fire or the lack of access/knowledge of available access. 

The success of intervention systems during any wildfire normally depends on a timely, well-resourced and 

hard-hitting initial response in the correct location. An effective response will result in less severe 

consequences. When a rapid intervention is not possible and fires are allowed to build in momentum and 

size, FRS systems can be ineffective because;  

➢ The growth rate of the fire perimeter becomes greater than the suppression capacity of the 

firefighting systems (ROS is faster than suppression capacity)  

➢ Resources cannot be deployed to the positions on the landscape from where they can successfully 

contain the fire. 

➢ The fire behaviour is such that the firefighting systems available are ineffective 

➢ A reliance on water attack as the primary method of suppression 

Despite high investment by local FRSs in improving their suppression systems, the landscape and the fuels 

arranged upon it can provide little opportunity for these to be applied successfully. When the weather is fire 

supportive, a large continuous fuel complex has the potential to burn with such intensity and be so fast-

moving that the result will be large or even catastrophic fire events. 

 

6.2 Development of a Firefighting Strategy. 

When fuel loading/distribution is high risk and remains unchanged, many wildfires will inevitably remain 

outside the capacity of existing firefighting systems. The only short-term solution is to reduce fire intensities 

and slow down, or stop fire spread within pre-prepared areas creating opportunities for intervention to 

succeed. Often, this will only require the removal of some fuels from an area, reducing and fragmenting fuel 

loading. Fires will still be able to proceed, but only with an intensity and ROS that is within the capacity of 

control of the responders. This project will identify the locations across the case study area, where fuel 

reduction action, if taken, will have the most significant impact on reducing fire potential and assist in the 

development of a strategic wildfire plan. 

Carrying out a critique of the wildland firefighting systems adopted by the various local Fire and Rescue 

Services (FRS) is not part of this project, but it is important to recognise that the local FRS have a crucial role 

to play in minimising the impact of wildfire and reducing its risk in the future. Their involvement in the 

delivery of any strategic wildfire mitigation plan is essential. So, it would be remiss if comment was not made 

by the authors (who have extensive experience fighting wildfires) regarding their general approach and 

further consideration given to the difficulties they face.  
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Wildfire is a complex fire type that requires specific knowledge and understanding, and although the UK FRS 

has the statutory responsibility to fight all fire types, including wildfire, the complexity of the wildfire 

environment and the resulting fire types has challenged FRSs capacity to establish a cohesive response.  

Recent national wildfire guidance and the establishment of a national team of Wildfire Tactical Advisors has 

greatly improved how some FRS deal with wildfire, but the FRS in the UK is not a wildland fire fighting corps, 

it is multi-tasked and must maintain broad and appropriate competencies and skill sets across many different 

emergency types. Therefore in order for it to be successful in the future, it must continue to develop its 

response to this ever-growing threat by working more closely with other stakeholders and assist with their 

spatial planning, including land management plans which incorporate fire risk planning, hazard awareness 

and mitigating wildfire risk. 

Much good wildfire practise exists amongst the different FRS’s involved in wildfire firefighting within the 

PDNP, for example the local PDNP Fire Operations Group has encouraged and continues to improve 

collaboration between stakeholders. Recent large fire events have stimulated a robust response, progress 

having been made on a number of fronts, including improvements to FRS planning, preparedness, response 

and firefighting systems. The risk data established during this study will assist the local FRS’s to better 

understand the potential fire behaviour that they will be expected to contain, now and in the future, so they 

have an opportunity to implement appropriate action and build on the progress that has already been made.  

The effectiveness of the FRS response to wildfire is not something that should be scrutinised independently 

by the FRS, it is imperative that all stakeholders and actors have an awareness of their limitations and how 

their response to wildfire can be supported and improved. 

Before considering FRS firefighting systems there is an important point to consider, the expectations placed 

on FRS response is unrealistic. Society expects that the FRS will simply attend any wildfire and put it out. 

Irrespective of how capable a FRS is, the fundamental and deciding factor of how successful a FRS can be, is 

the fire behaviour that can be supported by the existing vegetation and its arrangement across the regional 

landform.  

During certain weather scenarios, fuel availability will dictate whether a fire can be brought under control, or 

indeed, whether it will overwhelm firefighting efforts. Therefore, FRS’s require support from government 

agencies, the land sector and other stakeholders to create landscapes that are fire resilient, enabling 

effective action to be taken to minimise potential fire spread. This can only be achieved if opportunities 

acting as strategic anchor points exist across landscapes that allow firefighting operations to succeed. 

Alarmingly, the fire simulation and advanced modelling tools we have utilised during our research, reliably 

identifies that the continuous fuel arranged across huge areas of the park’s regional landform will support 

fire intensities that will overwhelm the containment systems of the FRS’s, and simulation outputs show that 

currently FRSs will only succeed at locations where the fuel and terrain characteristics permit, resulting in 

much of the PDNP being vulnerable to dominant fire types, that will dictate their own outcome and over 

which responders will have limited success. 

 

6.3 Fire Behaviour Capacity of Control 

To simplify the understanding of what is controllable and what is likely to be beyond control the project 

refers to internationally accepted fire line intensity measurements that can be utilised to assess the 

likelihood of success. These are based on a fire’s intensity, its flame length measured in feet/metres and its 

ROS measured in meters or feet per hour, both of these are useful and practical measurements they can be 

visually measured on any fire ground. 
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Table 2 below gives an overview of these measurements and the likelihood of success based on the fire 

intensities produced by the fire burning within available fuels. 

Table 2: Wildfire events based on fire behaviour and capacity of control (Amraoui, et al., 2018) 

This table provides an internationally recognised classification of what is deemed to be the capacity of 

control, but it is worth the reminder that this estimation is based upon an intervention being made by well 

trained and well-resourced responders that are provided with adequate aerial support. Currently, many FRSs 

in the UK lack appropriate analysis capability, specific wildfire training, tactical options, specialist equipment, 

and are often provided with no aerial support. Therefore, the capacity of control measurements provided in 

the table should be considered optimistic, and improbable at many fires in the PDNP. Nevertheless, in this 

study the capacity of control indicated in the chart is the baseline used and it is assumed that local FRSs 

already meet the required control capacity or, will do so in the near future.  

For the purposes of this study FRS capacity has been summarised in Table 21 below. 

 

6.4 Local FRS Capacity of Control 

Table 2 shows that at lower intensities the potential to contain a fire is relatively high, but as FL and ROS 

increase the likelihood of success quickly diminishes to a point where it will be extremely unlikely or 

impossible for a fire to be contained. Our assessment is that local FRSs will have some success when fighting 

category 1 and 2 fires but will have great difficulty in controlling anything higher.  

 

6.5 Local FRS Tactical Approach 

Local FRSs follow two main methods when attacking a wildfire these are: 

Direct Attack - where personnel and resources work at, or very close to, the burning edge of the fire. 

Firefighting crews aggressively attack the fire either by applying water or water additives to extinguish the 

fire, or use 'hand tools' or other firefighting equipment. 
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If a FRS's tactical firefighting methodology is limited only to direct attack, it becomes increasingly difficult to 

gain control of a fire as the intensity and ROS increases. This can lead to a situation where more and more 

resources are being committed with little effect. When employing direct attack techniques fire behaviour 

may increase the levels of risk to a point where they become dangerous. 

Indirect Attack - this method involves applying suppression tactics that take place away from the burning 

edge of the fire. Either by constructing control lines or wet lines, to contain fire spread, or the proactive use 

of fire as a suppression tool. The use of alternative 'indirect attack methods', can prove to be more effective 

than direct attack techniques and can often be applied with a greater emphasis on personal safety. 

 

6.5.1  Water attack 

FRSs in the UK have an historic dependence on water attack as their ‘go to’ tactical option, water attack is a 

useful tactic and if water is applied quickly and copiously during an initial attack, ignitions may be contained 

and fires quickly extinguished. But, at most moorland fires it is extremely difficult to get sufficient water to 

where and when it is required, and inevitably it is equally difficult to maintain sufficient water supplies to 

maintain a strong attack. At high-intensity fires, water attack becomes much less effective. Often, with little 

means of access fires can only be fought at locations that permit, and not at points of choosing, resulting in 

some parts of a fire burning for long periods without any intervention.  

 

6.5.2 The use of backpack sprayers and blowers 

Other means of attack is often limited to direct attack, using backpack sprayers, or beating the fire out, more 

recently the use of blowers has become popular. Although these prove to be effective against very low-

intensity fires in lighter fuels, they have only limited effect on anything other than category 1 fires and there 

is a high risk of fires re-igniting along the fire edge, although this problem can be alleviated by adding a 

wetting agent to any water used. 

 

6.5.3 Control line construction 

Hand tools such as spades and mattocks can be used to construct minor control lines away from the fire 

edge. Heavy duty strimmers are often used but these generally leave surface fuels on the ground through 

which a fire can burn. Where ground conditions allow, more robust control lines can be constructed using 

contracted machinery such as diggers or on rare occasions bulldozers. These can take a considerable time to 

construct and can cause significant damage to habitats, so their use is rare. Controlled burns can be easily 

used to create fire breaks in which all fuel has been removed establishing effective control lines. 

 

6.5.4 The use of water additives 

There are a number of class A foam products that are available for use when fighting wildfires. When added 

to water these can increase its effectiveness dramatically and when water supplies are limited, the use of 

these will significantly increase its suppression productivity. Some specialised class A foam type products 

such as wetting agents are designed to more easily penetrate into ground fuels such as peat enabling deep-

seated fires, termed ‘Zombie fires’, to be more easily extinguished during the mop-up phase, minimising the 

length of time taken to extinguish ground fires and securing the fire perimeter. FRSs who are considering 
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using water additives, should ensure that they undertake appropriate research to determine the suitability of 

their selected product for use within their local fuels. 

 

6.5.5 Tactical burns 

Although the use of fire can be perceived to be a higher risk strategy, in reality if its application is carried out 

by well trained personnel and the operation is managed correctly, it can be used with confidence to contain 

the spread of fires demonstrating even extreme wildfire behaviour, reducing the size and scale of events. It 

was for example used successfully to contain fire spread at the Winter Hill fire in 2018. This technique is 

globally carried out by all advanced wildfire firefighting agencies and there are a small number of FRSs in the 

UK who employ this tactic with great success. 

6.5.6 Aerial support 

On the continent, FRSs are commonly supported by various types of aerial assets including fixed-wing and 

helicopter type aircraft. The main purpose of these is to enable rapid intervention to be made allowing an 

aggressive initial attack before wildfires are able to build momentum, this normally means that the fire is 

contained until ground units are able to attend and complete the operation. Due to the lack of available 

aerial support available in the UK and the lack of experience in their use, aerial support is generally provided 

only once any initial attack has failed and they are required, or requested to take part in a prolonged attack 

in the latter stages of the event, or the mop-up phase. The lack of access to available aerial support, is a 

major factor in the failure of firefighting systems during the initial attack phase at many wildfires. 

Consideration should be given as to how aerial support can be provided to FRSs during periods of high fire 

risk, their rapid intervention at wildfires would enable FRSs to contain most fires in the PDNP, minimising 

their impact. 

6.6  Limitations of Wildfire Firefighting Systems 

 

 

Figure 20: Limitations to firefighting capacity 
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6.7 Fire Operations Group  

In 1996, after smoke from a spate of Peak District fires closed roads and disrupted air traffic at Manchester 

airport, the Peak District Fire Operations Group (FOG) was formed. This partnership of six local fire services, 

National Park Rangers, National Trust wardens, major landowners and gamekeepers from the Peak District 

Moorland Group, was formed to raise public awareness, monitor conditions in dry weather to give early 

warning of fire risk and fight fires when they do occur.  

 

6.8 Role of Land Managers 

Whilst they may have no officially recognised status, farmers, gamekeepers and rangers are often the first 

responders. They are resident, alert, equipped and experienced. Commonly, they are first on the scene and 

extinguish wildfires before the services of the official FRS are even called upon. For example, during 2020, 

the gamekeepers on one small estate on the east side of the Peak District extinguished 12 fires which, having 

been dealt with independently, are not recorded by either the FRS or National Park/Moors for the Future 

database. Additionally, these stakeholders provide valuable support to the FRS when they are present and 

often remain on site after the FRS have departed. They are a vital resource protecting the landscape.  
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7. The Need For A Strategic Response 

Figure 21:  Factors affecting wildfire development 

7.1 PDNP Call For Action 

Sections 2-5 above set out to explain exactly what is at stake and demonstrates the factors affecting the 

growing risk of wildfire to the PDNP moorland landscape (Figure 21).   

The threat of wildfire has been the subject of increasing discussion amongst stakeholders over recent years 

and in May 2019 at a PDNPA/Moorland Association meeting at Chatsworth, The National Park’s former Chief 

Executive, Sarah Fowler, asked Director of Planning and Conservation, John Scott (retired 31st March 2021), 

to prepare a strategic approach to the prevention and mitigation of moorland wildfires in the Peak District, 

including the provision of essential infrastructure to achieve this.  This initiative was to consider both the 

areas of moorland in the Dark Peak and the smaller moors around Buxton from a broader perspective, rather 

than individual stakeholder level.  

A small committee was formed with representation from PDNPA (including Moor for the Future) NE, FOG 

and private moorland managers. As well as Chief Planner at the PDNPA, John Scott was lead director for 

Moors for the Future Partnership. For him, infrastructure requirements, (that naturally cause tension for a 

planning authority in a designated landscape) were of particular relevance. The Saddleworth/Stalybridge fire 

in 2018 was said to have eventually been brought under control because fire brigades could drive to the top 

of Dovestones Reservoir. Tracks for deploying fire equipment can also effectively serve as local fire breaks. 

However, National Park planning policy precludes development in the open landscape, except in exceptional 

circumstances. So, the question arises, does a track regarded as important for wildfire control constitute 
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exceptional circumstances? An evidence base will be a useful guide to answer this and many other 

questions. 

As part of the Fire Operations Group 

arrangements, Moorland owners/managers 

have prepared Fire Maps, consisting of records 

of existing tracks and details of access 

restrictions which inform emergency services 

in the event of wildfire occurrence. These 

maps include details of public rights of way, 

local fire-fighting equipment, helicopter 

landing and water collection facilities. All 

useful information in the event of fire but, this 

does not focus on the likelihood of fire 

occurring nor measures which might be taken 

to mitigate the event or contain fire on a 

strategic level. 

As fuel, accumulating biomass concerns the FRS. At the England & Wales Wildfire conference in 2019, it was 

agreed that: “Fuel management in advance of ignition is an essential part of reducing the risk of damage to 

life, property and the environment from wildfire” (England & Wales Wildfire Forum, 2019).  

Accessibility and fire breaks have also been identified by the FRS as a key consideration. Access routes and 

natural breaks can be mapped, their effects examined, and consideration ultimately given to the need for 

improvements.  

With changes to the fuel complex (accumulations of biomass) and increasing ignition risk, the prospect of a 

wildfire which could extend right across the Peak District landscape (e.g. from Glossop to Stocksbridge) is a 

growing concern. An event of this scale would have huge ecological and financial consequences. Extensive 

work is being carried out to improve the resilience of the landscape, through blanket bog restoration and 

restricting burning on deep peat areas, but whilst the landscape is in transition and newer techniques are 

being evaluated, there is a very real fear amongst stakeholders that years of work and many millions of 

pounds of investment could be undone by a catastrophic wildfire event. 

 

7.2 Project Evolution 

Anthony Barber-Lomax and his colleague Ruth Battye, managers of the Fitzwilliam Wentworth Estate which 

includes a tract of moorland in the Peak District (Bradfield Moor), began assisting the National Park Authority 

with the wildfire outlook in the autumn of 2020. 

In the initial stages of the project the focus was on identifying the key factors involved in assessing the 

vulnerability of the moorland landscape to wildfire to be able to demonstrate the current level of risk and 

develop a conversation on how this might be mitigated.  

The main points identified for consideration were: 

➢ Stakeholder engagement 

Whilst most land managers recognise the risk of wildfire, understanding the factors affecting the risk across 

their own landholding requires time and resources. Finding a practical approach to engage land managers is 

essential to be able to justify the necessity of mitigating the risk. 
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➢ What is at risk? 

Where/what needs to be protected? 

➢ Factors affecting wildfire 

A very basic diagram identifying the ‘factors’ affecting wildfire was created. This divided the factors into the 

three groups shown in Figure 22; ignition (what is the risk and where is it greatest?), combustion 

(what/where is the fuel?) and control (what measures already exist to control fire? Are these enough?). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Factors affecting ignition of wildfire 

Following these initial discussions, the PDNP moorlands were divided into 8 different focus areas, various 

datasets were explored and collated and an initial structure for a landscape risk assessment matrix was 

established. The next phase was to invite feedback from other land managers and weekly zoom sessions 

were held to introduce the concept to a multitude of stakeholders. Whilst interest in the project grew, a 

private moorland owner had concurrently engaged the services of wildfire specialists Steve Gibson (Ex 

Northumberland FRS) and Marc Castellnou (renowned Spanish wildfire expert) who have developed an 

approach to simulate fire behaviour based on vegetation and landscape data. The two projects had obvious 

synergies and linking the work has proved invaluable. 

Bringing the experts together with the habitat managers allowed a framework for a three-tiered approach to 

landscape scale assessment to be developed and piloted across the Derwent study area, and it is this 

assessment that forms the bulk of this report. The approach and the evidence collected is set out in detail in 

the following sections.  
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Whilst working under the PDNP wildfire steering group, the initial stage of the project was funded by private 

moorland owners. Following on from the initial fire behaviour modelling, further scenarios and data 

requirements were identified and an application made to the Farming in Protected Landscape Fund in the 

PDNP. This application was successful, and funding secured to produce this report and further fire analysis by 

the experts. 

It is not the intention of this report to define what mitigation measures are required in specific locations. Its 

purpose is to identify the areas where the highest risk exists and to stimulate the conversation about how 

this risk can be managed moving forwards, by stakeholders with differing objectives but an equal fear of 

wildfire and desire to protect the landscape. 

 

 

Figure 23: PDNP Moorlands, allocated into Focus Areas. 
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7.3 Focus Areas - The Derwent Case Study 

Various freely available GIS datasets were collated and using GIS a map showing the extent of the PDNP and 

designated moorland was created. This allowed the landscape to be broken down into coherent study areas. 

Figure 23 identifies eight parcels of land (totalling approx. 114,000 acres) which are regarded as being 

broadly contiguous in themselves, but separate from other parcels in that, apart from Kinder which could 

conceivably be connected in wildfire terms to Derwent, each parcel represents a distinct wildfire risk zone. 

Ownership and occupation varies. As well as the water Companies (United Utilities, Yorkshire Water & 

Severn Trent), the National Trust are the dominant owner/occupier within the northern parcels. Peripheral 

to public ownership, there are a number of privately owned/operated grouse moors.  

The initial pilot assessment focuses on the Derwent Massif, a continuous region of approximately 38,000 

acres moorland stretching from the fringe of Glossop on the west side of the Dark Peak to Stocksbridge on 

the east side (Figure 24).  

Within this study area, National Trust ownership extends to 15,230 acres and is occupied by a number of 

agricultural and sporting tenants. The remaining 23,630 acres comprises privately owned/occupied moors.  

The Derwent focus area is also predominantly (67%) deep peat (approx. 26,310 acres), i.e. greater than 40cm 

depth. 

 

` 

Figure 24: The Derwent Focus Area 
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7.4 A Three-Tiered Approach 

As the project developed, it became clear that a combination of levels of data analysis would be required to 

assess wildfire risk. A three-tiered approach was developed (described below) combining individual 

moorland assessments, wider landscape risk mapping and finally landscape-scale wildfire behaviour 

evaluation. All three tiers can be combined to analyse different aspects of wildfire risk. 

7.4.1 Tier One - Individual assessments – 1km matrix  

Based on the Upland Management Group template, a matrix based on assessments of 1km OS grid squares 

across individual ownerships/occupations was developed to produce heat maps for the different hazards 

influencing the likelihood of wildfire occurrence. See section 8. 

 

7.4.2 Tier Two - Landscape assessment – wider mapping exercise 

This item involved the collation of various datasets and a desktop mapping exercise to objectively identify 

vulnerability zones for ignition, combustion and control across the landscape. See section 9. 

 
7.4.3 Tier Three - Specialised fire behaviour modelling 

The first part of fire behaviour modelling is the identification of fire supportive weather conditions (when 

previous extreme wildfire events have occurred) as well as an evaluation of the fuel complex across the 

study area. Using simulation software fire behaviour can be modelled across the landscape and provides 

data for various analyses of fire risk. See section 10. 

 

  



 

 
8: TIER ONE – INDIVIDUAL MOORLAND ASSESSMENTS - MATRIX  40 

 

8. Tier One - Individual Moorland Assessments - Matrix 

8.1 Upland Management Group Template 

In replacement of traditional management plans supporting Countryside Stewardship Scheme 

documentation, Natural England now look to prepare Long Term Management Plans (LTMPs) with durations 

between 10 and 25 years. Within these plans there is a reassuring focus on wildfire management, a 

necessary response to the growing risk. The Uplands Management Group (UMG) has an advisory role to 

DEFRA through the Uplands Stakeholder Forum and has produced a useful template for preparation of 

individual moorland wildfire risk assessment and mitigations strategies. A moor is subdivided into coherent 

study parcels (usually governed by physical attributes) and a matrix is used to judge the severity of factors 

influencing the likelihood, characteristics and consequences of a wildfire event. Advocated by DEFRA and NE, 

this recognised approach was the obvious place to start for the Peak District National Park project. 

 

Figure 25: The UMG Risk Assessment Process (Uplands Management Group, 2019) 

 

The UMG template provides resources to allow land managers to identify and assess the hazards across their 

landholdings. It can be adapted to the hazards specific to that location and breaks the landscape into 

management parcels. 

There are limitations to this approach which do not easily translate to a wider landscape approach, which 

requires a consistent set of parameters to be assessed by multiple land managers. 

 

8.2 A Matrix Approach 
The matrix approach in this project is essentially a simplified version of the UMG template, which can be 

adapted to any landscape. For the PDNP the main hazards have been selected and broken into three 

categories (ignition, combustion and control) of factors which can either directly or indirectly influence the 

risk of wildfire – explored further below. 
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8.2.1 Ignition 

The UMG template identifies potential factors influencing the risk of a fire starting including; people, access 

points and the history of wildfires in the area (including the identification of ignition points) (Uplands 

Management Group, 2019). 

The availability of parking, designated rights of way and honeypot locations generally determines the level of 

public access to a location, with areas closest to good access routes, with proximity to parking and 

adjacent/en route to honeypot locations at greater risk of accidental and deliberate fire ignition. This is 

reinforced by the recent work completed by Moors for the Future to produce a map showing the risk of 

sustained ignition in the PDNP which concluded that moorland fringe areas, particularly those close to 

population centres, are associated with the greatest risk (Dixon & Chandler, 2019) (Figure 17) 

Land managers and occupiers have first-hand knowledge of the most popular routes across their 

landholdings and the locations of parking areas. Indeed, this data has already been identified by the Peak 

District FOG group. 

 

8.2.1 Combustion 

Factors affecting the behaviour of a fire, i.e. its intensity and spread will help to determine locations which 

are particularly vulnerable to combustion and that need to be protected. The elements considered in this 

project include the fuel complex (its volatility, growth rate, peat depth and management practices), the 

topography (presence of natural breaks/changes in vegetation, slope, aspect etc) and the effects of weather 

(wind direction) on a specific location. 

 

8.2.2 Control 

When considering measures to control a fire the availability of water, equipment and personnel along with 

accessibility to a site are important factors to consider. The capacity of the FRS is considered to be consistent 

across the PDNP but as discussed above (Section 5), the availability of water and accessibility will have a 

direct bearing on the ability of firefighters to respond to a wildfire. 

The presence of personnel, particularly those trained in firefighting techniques, e.g. rangers and 

gamekeepers, will mean that fires in their locality are more likely to benefit from early response and be 

extinguished quickly or kept to a small scale. The same can be said of the presence of fire-fighting 

equipment, such as fogging units etc. 

Accessibility into the moorland landscape has a huge bearing on the effectiveness of any intervention 

measures. An effective fire response relies on resources being deployed to the appropriate location in a 

timely manner.  Good access means that resources can be deployed quickly to areas where they need to be 

in order to best fight the fire as opposed to where they can be deployed.  

 

8.3 Matrix Scoring 

Having identified the different matrix factors, parameters were developed to allow each element to be 

scored from 1-5, with 1 being the lowest risk and 5 the highest. In the early stages of the project a number of 

stakeholder meetings were held (remotely) to go through the proposed matrix factors and to invite 

comment on these parameters. 
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Bearing in mind the wide area of the study, rather than identifying individual land parcels within ownerships 

governed by physical attributes, as in the UMG template (e.g. vegetation type, topographical boundaries 

etc), it was deemed logical to ask stakeholders to apply scores to 1km OS grid squares.  This meant that time 

was not spent trying to break up the landscape into relevant parcels and the assessment could be completed 

consistently across individual landholdings and married together across the entire focus area. It is simple to 

divide the landscape in this way and does not require additional map data to create the polygons. 

Land managers were provided with a map showing labelled grid squares for the area they own/occupy 

(based on a combination of DEFRA Environmental Stewardship area digital data (DEFRA, 2020 (b)) and 

owner/occupier paper maps) and a corresponding spreadsheet pre-populated with the grid square 

identifiers and matrix parameters. Stakeholders were asked to provide a score for each grid square or part 

thereof (Figure 26). One to one training workshops were held via video call where requested. 

The scores from individual assessments were then collated and ‘heat’ maps produced for the whole focus 

area using GIS software illustrating the different matrix factors, as well as totals for the three groups 

(ignition, combustion and control) and finally an overall total. 

This tier of the project was intended as a starting point for stakeholders, motivating them to scrutinise their 

landholding in detail and provided a framework to co-ordinate their knowledge. The process itself was seen 

as being as important as the output. 

 

 

Figure 26: Example scoring grid and matrix completed by individual land managers. 
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8.4 Matrix Elements & Heat Maps 
 

8.4.1 Ignition – Public access 

Table 3: Scoring Criteria – Public access 

1 Not at all   

2 Below average 
i.e. no direct PROW, CROW only, perhaps close to 
highway 

3 Average e.g. PROW regularly used. 

4 Above average e.g. popular bridleway e.g. Dukes Road 

5 Honeypot location 
e.g. Focal points (people linger) e.g. slippery stones 
popular particularly good weather conditions 

 

This matrix factor is scored from 1 to 5 where 1 indicates no public access at all and 5 where there known to 

be above average public access, i.e. a honeypot location surrounding focal points where people spend an 

extended period of time, e.g. to stop and BBQ. The greater the number of people in a location, the greater 

the risk of accidental fire ignition. Land managers are able to identify the areas which are subject to the 

greatest pressures.  
 

Figure 27 Shows the public rights of way (PROW) network and 4 x 4 access routes that visitors are able to use 

to access the focus area (which is essentially all subject to Open Access) overlaid on the public access heat 

map. As might be expected, this shows the highest risk is considered to be in the more accessible areas, 

close to honeypot locations i.e. the Ladybower, Langsett and Woodhead reservoirs.   

 

 
Figure 27: Tier One Assessment – Public access heat map 

 

 

 



 

 
8: TIER ONE – INDIVIDUAL MOORLAND ASSESSMENTS - MATRIX  44 

 

8.4.2 Ignition – Parking 

Table 4: Scoring Criteria – Parking 

1 None No parking available within 3km 

2 Below average Within 3km of carpark/roadside parking 

3 Average Ample roadside parking, layby pull in close to PROW 

4 
Above average Roadside/layby adjacent to popular routes/focal 

point 

5 Honeypot location Popular carpark close to focal points 

 

As well as the presence of PROW and access routes, the availability and proximity of parking will have a 

direct impact on the concentration of visitors to an area and therefore the risk of ignition. Scoring is broken 

down as above (Table 4), with a score of one indicating there is very little parking within close proximity and 

5 indicating a high risk where a location is close to a popular car park.  

 

 
Figure 28: Tier One Assessment – Parking heat map 

 

Figure 28 Shows the correlation between the assessed level of risk associated with parking and the location 

of car parks on the periphery of the focus area. This is particularly evident around the Woodhead, Langsett 

and Derwent areas.  
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8.4.3 Ignition – Ignition history 

Table 5: Scoring Criteria – Ignition history 

1 Low No history of fire ignition 

2 Low/Medium  

3 Medium History of ignition 

4 Medium/High  

5 High History of repeated ignition 

 

Stakeholders were asked to consider the ignition history at each grid square based on their own experience/ 

knowledge of the area. Where individuals felt their own knowledge lacking the MFFP Risk of Sustained Fire 

Ignition report data (Dixon & Chandler, 2019) was also available for reference. This matrix factor was scored 

1 to 5 (Table 5) where 1 indicated no known history of fire ignition and 5 a history of repeated ignition. 

 

 
Figure 29: Tier One Assessment – Ignition history heat map 

 

Figure 29 shows the risk scores alongside the MFFP high and medium risk of sustained ignition mapping 

(Dixon & Chandler, 2019) and ignition history (2007-2019).  The two largely correspond, although there are 

areas identified by the MFFP report as high and medium risk which have not been considered to have a high-

risk ignition history by the stakeholder. Conversely, areas to the north of Bleaklow have been identified as 

high risk by the stakeholder where the MFFP report records a lower risk. This demonstrates the subjectivity 

of the approach but also the local knowledge/experience of fires which are not always reported. 
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8.4.4  Ignition – Total 

 

Table 6: Scoring Criteria – Ignition total 

1 Low Total score of 1-3 

2 Low/Medium Total score of 4-6 

3 Medium Total score of 7-9 

4 Medium/High Total score of 10-12 

5 High Total score of 13-15 

 

A combined risk score was created for the all the ignition matrix factors. Again, the scores are broken down 

as shown in Table 6 and a heat map produced Figure 30. This largely demonstrates that the areas on the 

moorland fringe, particularly close urban fringes/ good access routes, are considered to have the highest risk 

of ignition. 

 

 
Figure 30: Tier One Assessment – Ignition total heat map 
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8.5 Combustion 
8.5.1 Combustion – Current management 

Table 7: Scoring Criteria – Current management 

1 Intensive Rotationally burn shallow peat, grazed 

2  Mixture of burns, cuts and grazing 

3 Average Cut deep vegetation overlying deep peat 

4  Extensive management with limited cuts and grazing 

5 Extensive Livestock excluded/limited, no cuts or burns 

 

For this matrix factor, a score of 1 indicates low risk (intensive vegetation management over 

shallow peat) and a score of 5 indicates higher combustion risk associated with extensive 

vegetation management. Current management techniques will directly influence the surface fuel 

load. Where vegetation is subject to rotational burning/cutting on shallow peat, the fire intensity 

will be lessened as less fuel is available. Conversely, areas where livestock have been excluded and 

there is limited or no vegetation management will have a higher surface fuel load and the potential 

for greater fire intensities. This element is looking mainly at the surface management of vegetation 

and does not take into consideration the sub-surface fuel load, i.e. peat. 

 

 
Figure 31: Tier One Assessment – Current management heat map 
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8.5.2 Combustion – Existing breaks 

 

 

 

 

 

 

 

 

 

The presence of natural breaks will provide for changes in fire behaviour across the landscape. These can 

include both natural and managed breaks, i.e. tracks, terrain, vegetation.  The efficacy of fire breaks is also 

likely to be influenced by wind direction. This matrix factor is scored from 1-5 where 1 is a low combustion 

risk, i.e. a significant wildfire break is present. A score of five indicates no fire breaks, i.e. high combustion 

risk. 

 

  
Figure 32: Tier One Assessment – Existing breaks heat map 

 

The heat map (Figure 32) shows that there are considered to be very few effective breaks existing across the 

study area. 

 

 

 

 

 

 

Table 8: Scoring Criteria – Fire breaks 

1 Full break Significant wildfire break 

2 Full/partial break  

3 Partial Break A break which may suppress a local scale fire 

4 Partial/ No break  

5 None No fire break 
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8.5.3 Combustion – Peat depth 

Table 9: Scoring Criteria – Peat depth 

1 None No peat present. 

2  A mix of shallow peat and none 

3 Shallow Majority shallow peat 

4  A mix of shallow and deep peat 

5 Deep Majority deep peat 

 

As well as being a source of fuel in itself, areas of deep peat are subject to restrictions on surface vegetation 

management (i.e. ban on prescribed burning). Intensive (hot) surface vegetation fire also increases the risk 

of sub-surface peat ignition/fire. This does not take moisture content of the soil into consideration. 

Restoration works, i.e. re-wetting to raise the water table on blanket bog, can have an effect on a location’s 

susceptibility to fire. 

 

 
Figure 33: Tier One Assessment – Peat depth heat map 

 

Figure 33 Largely coincides with the designated shallow and deep peat boundaries. 
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8.5.4 Combustion – Volatility 

 

Table 10: Scoring Criteria – Volatility 

1 Very low Wet areas, sphagnum dominant,  

2 Low Open canopy/juvenile heather, intensively managed 

3 Medium Established heathland,  

4 
High close canopy heather, establishing scrub, dry 

bracken? 

5 
Very high Molinia, established scrub, extensively managed, 

heather beetle damage 

 

 

This matrix factor is perhaps one of the most subjective. The aim is to differentiate between areas of highly 

flammable, fine fuels with a low moisture content (score 5, high risk) and areas with a lower fuel load 

(sphagnum dominant) and a higher moisture content (score 1, low risk). 

 

 
Figure 34: Tier One Assessment – Volatility heat map 

 

Figure 34 does not show a clear picture across the study area and the boundaries of individual ownerships 

are very prominent, reinforcing the very subjective/ broad nature of this factor. 
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8.5.5 Combustion – Growth rate 

 

Table 11: Scoring Criteria – Growth rate 

1 Very low Supressed growth due to ground conditions/aspect 

2 Low Below average growth 

3 Medium   

4 High Accelerated growth  

5 Very high 
Vigorous growth accelerated by management 
methods i.e. cutting and burning 

 

Stakeholders were asked to evaluate the general growth rate of vegetation based on their own ground 

knowledge/experience. Growth rate was scored on a 1-5 scale (Table 11) where 1 indicates a very low 

growth rate (growth us supressed due to ground conditions/aspect etc) providing a low fuel load and where 

5 indicates a very high growth rate (vigorous growth, accelerated by management methods) and therefore a 

higher fuel load. 

 

 
Figure 35: Tier One Assessment – Growth rate heat map 

 

Figure 35 does not show a clear or consistent pattern across the focus area and again clearly 

demonstrates the subjective nature of this element. 
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8.5.6 Combustion – Wind 

Table 12: Scoring Criteria – Wind direction 

1 No effect No effect 

2 Low effect  

3 Moderate Effect Moderate accelerant effect 

4 Moderate/Major effect  

5 Major Effect Considerable accelerant effect 

 

Wind has an impact on the direction, rate of spread and intensity of a fire. As a matrix factor, the impact of 

wind direction, in terms of its capacity to act as an accelerant is assessed for a north, east, south and west 

wind individually. Depending on topography, wind direction may have a greater or lesser effect and some 

sites will be particularly vulnerable to the effects of wind direction. Again, it may also be highly subjective. 
 

With four individual scores for wind direction this hazard can have a disproportionate impact on the overall 

total score for combustion. It is for this reason that the wind scores have been omitted from the combustion 

and overall totals. The heat maps generated however are still a useful visual tool to identify the areas that 

are particularly vulnerable to the impact of wind direction and used in conjunction with the other tiers of the 

project may be a useful tool for analysis. 

 

Figure 36 a-d: Tier One Assessment – Wind effect heat map 
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8.5.7 Combustion – Total 

 

 

 

 

 

 

 

 

As with the total for ignition, the combustion scores (excluding the effect of wind direction) were totalled 

and assigned a risk score out of 5 as above (Table 13). The heat map produced (Figure 37) shows a fairly 

consistent level of risk across the whole landscape, with slightly lower perceived risk in the east and 

southwest of the focus area. 
 

This element of the individual risk assessment is particularly subjective and consideration ought to be given 

to whether it forms a useful contribution to the total or should just be considered as a separate element. The 

landscape scale fire behaviour modelling (Section 10) may provide a more robust assessment of the 

combustion risk in the Peak District. 

 

 
Figure 37: Tier One Assessment – Combustion total (excluding wind) heat map 

 

 

 

 

 

 

Table 13: Scoring Criteria – Total score (excl. wind.) 

1 Low Total score of 1-5 

2 Low-Medium Total score of 6-10 

3 Medium Total score of 11-15 

4 Medium-High Total score of 16-20 

5 High Total score of 21-25 
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8.6 Control 
8.6.1 Control – Water availability   

Table 14: Scoring Criteria – Water availability, i.e. proximity to water course/drawing point 

1 Immediately available Within less than 1km 

2  Within 1-2km 

3 Available Within 2km 

4  2-3km 

5 Not available Further than 3km 

 
As discussed above the availability of water will be important, particularly for first responders, when 

suppressing wildfire. For this element of the matrix a score of 1 indicates low risk, i.e. water is immediately 

available (within 1km) meaning that FRS may be able to directly connect hoses at this distance. A score of 5 

means that there is no readily available water supply within 3km.  

 

 
Figure 38: Tier One Assessment – Water availability heat map 

 
Figure 38 generally indicates as expected there is considered to be limited availability of water in the deeper 

reaches of the moorland landscape. The distinction between individual assessments is clear in some 

locations indicating the different sensitivities of some respondents. 
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8.6.2 Control – Equipment 

Table 15: Scoring Criteria – Equipment availability (not including FRS) 

1 Good Appropriate firefighting equipment on standby during high-risk periods. 

2   

3 Fair Limited equipment available/equipment not immediately available in emergencies. 

4   

5 Poor None available 

 
The availability of firefighting equipment in the event of a fire is clearly important for first responders to gain 

control quickly. This factor is scored 1-5 where 1 is a low risk, i.e. equipment is readily available and 5, high 

risk where no equipment is available.  
 

To be properly effective, equipment needs to readily available (fuelled, serviced, on site) during periods of 

high fire risk. Where equipment needs to be transported to the locality, then assembled and fuelled etc this 

will increase the response time and increase the risk of fires spreading out of control. 

 

 
Figure 39: Tier One Assessment – Equipment availability heat map 

 
For this matrix factor the assessment score is consistent across individual landholdings, i.e. the presence or 

lack of equipment applies to the whole landholding. The heat map shows how the presence of equipment 

correlates to moorland manged for shooting where prescribed burning has historically been practiced.  
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8.6.3 Control – Personnel 

 

 

 

 

 

 

 
 

 

As with equipment, the availability of personnel will impact the first response to fire incidents. Farmers, 

gamekeepers and rangers all play a role in monitoring the landscape during fire supportive weather 

conditions. Whilst the Natural England report into The Causes and Prevention of Wildfire on Heathlands and 

Peatlands in England (2020) found limited specific evidence on the role of ‘fire watching’ in helping to 

prevent wildfire and reduce its impacts, there is ample anecdotal evidence of land managers extinguishing 

numerous fires which might have developed into large scale events and this is perhaps a reflection of the 

limited reporting of such events. Well trained personnel are also important in the event of large-scale 

incidents, providing assistance and invaluable ground knowledge to FRS. 
 

As such, this matrix factor is scored 1-5 where 1 indicates a good presence of personnel available for fire 

monitoring and trained in responding to incidents and 5 indicates no provision of personnel. 

 

 
Figure 40: Tier One Assessment – Personnel availability heat map 

 

Figure 40 Shows that there is generally considered to be a good personnel presence across the study area. 

 

Table 16: Scoring Criteria – Personnel availability (not including FRS, i.e. local first responders/ 
land managers) 

1 
Good Readily available, 24/7 with appropriate training, organised network to call 

for assistance. 

2   

3 
Fair Limited provision for fire/monitoring/response. Lack of appropriate 

training/assistance. 

4   

5 Poor No provision for fire monitoring/response. 
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8.6.4 Control – Accessibility 

 

 

 

 

 

 

 

 

 

 

 

This is a combination of the presence of access tracks, the type of vehicles it can accommodate and the 

nature of the ground in general where a score of 1 indicates good access for all vehicles, including fire 

tenders and 5 is high risk, i.e. very poor access with no direct access tracks and poor ground conditions. 
 

The ability of the FRS and other personnel to access a location, and get equipment on site, in a timely 

manner will have a direct bearing on the ability to suppress a fire. Figure 41 Shows vehicle access for all 

vehicles (i.e., major and minor roads and metalled tracks capable of supporting a fire tender) as well as 4x4 

access tracks. The remoter areas in the deeper reaches of the study area are shown as being higher risk than 

the fringe areas close to good vehicle access. 

 

 
Figure 41: Tier One Assessment – Accessibility heat map 

 

 

 

Table 17: Scoring Criteria – Accessibility 

1 Very Good 
Immediately accessible. Grid square is connected to track/highways access 
suitable for all vehicles. Ground conditions favourable for ATV/4x4 

2 Good 
Within 1km/Adjacent to track with access/ for 4x4 vehicles. Ground 
conditions allow travel 

3 Average Within 15 minutes of track suitable for ATV/ reasonable travelling ground 

4 Poor No direct access tracks/ time to main road greater than 30 mins. 

5 Very Poor 
Isolated location with no direct access tracks. Ground conditions extremely 
poor for any vehicle (wet/steep etc) 
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8.6.5 Control – Total 

8.6.6  

Table 18: Scoring Criteria – Control total 

1 Low Total score of 1-4 

2 Low-Medium Total score of 5-8  

3 Medium Total score of 9-12 

4 Medium-High Total score of 13-16 

5 High Total score of 17-20 

 
The scores for the four matrix factors in the control group were totalled and scored (Table 18) and a heat 

map produced (Figure 42). As might be expected, the highest risk areas are shown in the deeper reaches of 

the study area, away from access points and ready water sources. 

 

 
Figure 42: Tier One Assessment – Control total heat map 
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8.7 Matrix Total 

Table 19: Scoring Criteria – Matrix total (excl. wind) 

1 Low Total score of 1-3 

2 Low-Medium Total score of 4-6 

3 Medium Total score of 7-9 

4 Medium-High Total score of 10-12 

5 High Total score of 13-15 

 

The matrix total for each grid square is calculated by adding together the three group scores (ignition, 

combustion & control, each scored out of 5) and scoring the total as shown in Table 19. The scores can then 

be used to produce a heat map (Figure 43) which shows a reasonably consistent picture across the whole of 

the study area, with slightly lower risk (score of 3) on the moorland fringes and a higher risk (score of 4) in 

the deeper reaches. 

 

 

 
Figure 43: Tier One Assessment – Overall total (excluding wind) heat map 
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8.8 Comments/Limitations  

This element of the risk assessment is not without its limitations.  

Consideration was given to the application of weighting to individual elements and indeed whether certain 

elements were necessary or not or whether other elements ought to be included. For example, early 

versions of the matrix included an assessment of ground water conditions but proved difficult to establish 

parameters. The matrix also does not take into consideration the effects of re-wetting works. 

However, whilst there may be gaps in some of the matrix factors the main aim of this tier of assessment is to 

engage land managers at ground level, to collate their own knowledge and experience and to produce a 

visual representation of their evaluated risk at a landscape scale. It is therefore subjective, as an individuals’ 

sensitivity to risk can be inconsistent to another’s. Accordingly, whilst there is obvious advantage with 

gathering personal knowledge, there can be limitations to the uniformity (ranging sensitivity) of data 

contributed by a broad range of people. Whilst there are strong correlations with wide-area data collection, 

there are also notable variances where particular land/vegetation managers have stronger opinion as to risk 

than others. This is particularly apparent with regards to combustion data and consideration needs to be 

given to further calibration and weighting of individual matrix factors.  

It is easy to remove or add matrix factors to the assessment. For example, owing to concerns raised about 

the current management matrix factor, this element was removed from the combustion total heat map and 

demonstrated that the removal of factors has very little bearing on the combined total combustion map. 

The subjectivity of this element of data also reiterates the need to gather data from a range of sources to 

ensure a robust picture is presented and underlines the value of the two other tiers of evidence. 

So, whilst heat maps showing the total scores for the three matrix groups generate interesting results these 

maps are particularly useful when looking at individual aspects of the matrix and identifying, for example, 

areas which are subject to the heaviest public access or have the least accessibility. This can be combined 

with Tier Three fire behaviour data to aid decision making for strategic management plans. 

In summary, the Matrix data is a valuable layer of information gathered for strategic assessment.  It has been 

gathered from individual owners/tenants/keepers to build up a consistent visual representation of the whole 

landscape. It reflects the knowledge of individuals with intimate understanding of the ground conditions, its 

fire history and control opportunities. If to be used elsewhere, it could also be adapted to include additional 

components that might be important on a local level.  
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9. Tier Two – Wider Mapping Assessment 

9.1 Data Collection 

In addition to the matrix data, wide-area data was gathered from a range of sources and collated. This tier of 

assessment is considered to be more objective than the Tier 1 assessment. Again, this data was considered 

under the three headings, ignition, combustion & control.  

 

9.2 Mapping 
GIS software (PearGIS, PTPro and QGIS) were used to collate the data for the whole of the Derwent Focus 

area and create a series of maps looking at ignition, combustion and control risk zones to generate an overall 

vulnerability map. As with the Tier 1 assessment, this uses mapping data (third party data sets) to assess the 

landscape vulnerability. 

 

9.3 Ignition 

9.3.1 Ignition – Access & parking 

A desktop mapping exercise was carried out using Ordnance survey raster data, google earth, DEFRA Magic 

map and FOG datasets to ground truth and identify pedestrian and vehicular access routes and car park 

locations as well as the extent of open access designation across the focus area (Figure 44). 

 

Data sources used: 

Pedestrian Access Route (Version 16.12.2020) (FOG, 2020) 

Vehicular Access Route (Version 16.12.2020) (FOG, 2020) 

Countryside and Rights of Way Act 2000 – Access layer (Natural England, 2020(a)) 
 

 

 
Figure 44: Tier Two Assessment – Public access & parking locations 
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The study carried out by Moors for the Future, on the Risk of sustained ignition mapping for the Peak District 

National Park (Dixon & Chandler, 2019), looked at the frequency of wildfires in relation to different features. 

This analysis showed that almost 50% of ignitions occurred within 200m of PROW, around 30% occurred 

within 200m of a minor road, and 90% within 200m of waylines. Consequently, a 200m buffer was placed 

around roads, 4x4 access routes and public rights of way, although this could be considered to be too 

conservative. A 2km was also placed around car park locations. This is considered to be a reasonable 

distance for visitors to travel perhaps with the intention of holding BBQs etc which represent perhaps the 

greatest ignition risk. Combined, this show the areas considered to be particularly vulnerable to ignition 

(Figure 45).  

 

 
Figure 45: Tier Two Assessment – Public access & parking locations with buffers  

 

9.3.2 Ignition – History 

In 2019 the Moors for the Future Partnership (MFFP) produced a report titled “Risk of sustained ignition 

mapping for the Peak District National Park” which was jointly funded by Peak District Fire Operations Group 

and MoorLife2020. The original ignition risk map was created by McMorrow and Lindley in 2006 but with an 

updated wildfire database the risk map was updated in 2019 and a copy of the risk map provided for use as 

part of this project. A copy of the wildfire database identifying sites of ignition from 2007 to 2019 was also 

provided which includes details on the location, date, day of the week, cause of ignition etc.   Figure 46 

shows both data sets and highlights the higher risk associated with the moorland edges and urban fringe. 

The data can also be broken down to high, medium and low risk areas (split at the 50th & 90th percentiles) 

(Figure 47). 
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Figure 46: Tier Two Assessment – Sustained ignition risk (Data from Moors for the Future (Dixon & Chandler, 2019)) 

 

 
Figure 47: Tier Two Assessment – Ignition Risk – High, medium & Low (data from Moors for the Future (Dixon & Chandler, 

2019)) 
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Figure 48: Tier Two Assessment – Ignition history buffered, showing the areas at the highest risk of ignition. 
 

Figure 48 shows a 500m buffer placed around individual historic incidents and a 200m buffer around the 

high and medium risk zones identified by Moors for the Future.  

 

9.3.3 Ignition vulnerability zone 

 
Figure 49 Tier Two Assessment – Combined ignition vulnerability zone 
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Combining the buffered areas from the access and parking and ignition history maps creates an ignition 

vulnerability zone (Figure 49). This identifies the areas which are at the highest risk of ignition. This largely 

follows the same pattern as Tier One, matrix assessments, where the highest risk is located on the fringes of 

the moorland and particularly those closest to population centres. 

 

9.4 Combustion 

9.4.1 Combustion – Land use & habitat 

Fuel load through vegetation type and abundance (management) as well as the depth of peat beneath the 

surface in the right conditions are available as fuel to a fire. Mapping both above and below ground fuel 

sources gives an indication of combustion potential. 

 

Datasets used: 

Peat Depth Data (Natural England, 2020(b))  

 

 
Figure 50: Tier Two Assessment – Combustion risk associated with land use/habitat 

 
Figure 50 shows the spatial distribution of deep and shallow peat across the study area along with the area 

subject to less intensive management practices. 

 

9.4.2 Combustion vulnerability zone 

Without detailed habitat classifications (explored in Tier three assessments) there are few freely available 

datasets available which can provide a more detailed assessment of combustion risk. In this assessment the 

presence of deep peat, where fuel treatment options are limited and, the peat itself is a fuel source when 

dry, is considered to indicate the combustion vulnerability zone. This means there is very little variation in 

terms of combustion vulnerability across the study area. Further data regarding actual peat depth could help 
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to refine this element, showing the areas with the greatest peat depths as more vulnerable (i.e. greater fuel 

load).  

 
Figure 51: Tier Two Assessment – Combustion risk zone in the Derwent focus area 

 

9.5 Control 
9.5.1 Control – Access & water availability 

 

Datasets: 

Water source (16.12.2020)   (FOG, 2020) 

Vehicular access (16.12.2020) (FOG, 2020) 

 

As well as building on data from FOG data sets, fire tender access, linear water sources and reservoirs were 

mapped (Figure 52). Adding a 1km buffer to water sources and access routes created the buffer zones 

shown on Figure 53. 
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Figure 52: Tier Two Assessment – Access and water availability in the Derwent focus area (FOG, 2020) 

 

 

 
Figure 53: Tier Two Assessment – 1km access and water availability buffer 
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9.5.2 Control risk zone 

When combined, the two buffer zones for water and access can be inverted to produce the control 

vulnerability zone shown below (Figure 54) This identifies the zones furthest away from vehicular access and 

water sources, both key elements in the suppression of fire. Again, this largely coincides with the findings of 

the Tier One Assessments.  

 

 
Figure 54: Tier Two Assessment – Control vulnerability in the Derwent focus area 
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9.6 Overall Vulnerability 
 

 
Figure 55: Tier Two Assessment – Combined vulnerability map. 

 

 

Figure 55 shows the most vulnerable areas shaded red. This is a combination of the ignition, combustion and 

control vulnerability zone areas but largely follows the same pattern as the control map.  

 

 

9.7 Comments/Limitations 
Whilst more objective than Tier One, this approach does not take into consideration land manager 

knowledge. For example, the control assessment includes water sources based on distances shown on the 

map, but this doesn’t take into consideration the fact that some of these may actually be impractical/ 

inaccessible. Ground knowledge, whilst it might be considered subjective, is an important contribution to the 

whole.  If someone does not have intimate knowledge of something it is easy for them to regard someone 

else’s fact as just opinion and therefore subjective. But when opinion is based on demonstrable fact then it is 

objective not subjective. Training in wildfire behaviour and fuel load assessment turns subjective gut feel into 

objective assessment. Likewise ground truthing access turns local opinion into fact. 

 

Consideration should be given to the inclusion of additional data sources, for example completed restoration 

works, peat depth or vegetation (composition, age etc). 
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10. Tier Three - Fire Behaviour Analysis 

10.1 Methodology Summary 

The purpose of fire simulation is to establish an understanding of how the fuel, topography and supportive 

weather conditions interact to influence fire behaviour, and its spread across landscapes. This enables fire 

spread predictions to be made from any location across the PDNP landform. 

The following section is intended to give a broad explanation of the methodology used to simulate fire 

behaviour across the PDNP. Appendix A provides a number of resources which can give much greater detail 

of the process, in particular the report by Castellnou, M., Prat-Guitart, N., Arilla, E. et al. (2019) which goes 

into depth about the approach used here with regards to fire behaviour polygons and connectivity. Appendix 

A also gives details of the simulation software utilised and other research which supports the methodology 

of this approach. 

 

In brief: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 56: Tier Three methodology  

 

1. Evaluate weather trends, in particular to 

identify historic weather patterns supporting 

extreme fire behaviour. 

 

2. Identify vegetation 

types/arrangement across the 

study area.  

3. Wildfire modelling reproduces 

potential fire behaviour, such as how 

quickly the fire spreads, in which 

direction, thermal generation etc. 

Computer simulations use weather 

and fuel data, as well as other 

datasets such as topography to 

complete the analysis. 

4. Evaluate how a fire may develop 

into a wildfire event, using an 

algorithm to create polygons of 

homogenous fire behaviour across the 

study area. 

5. Identify the strength of connection 

between these polygons. 

Looking at the strength of connection 

between polygons allows for fire 

pathways to be identified and whether 

intervention is likely to be successful in 

such a scenario.  

6. Consider what values in the 

landscape need to be protected and 

identify the strategic management 

areas where actions can be taken to 

allow intervention measures to be 

successful in order to protect those 

values. 
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10.2 Weather Analysis 

A number of global fire monitoring systems, satellite, and remote ground information systems and historic 

data bases were employed to analyse and forecast potential fire behaviour within the fuels found across the 

PDNP landform. 

A study was made using the Global Forecasting System, to identify weather trends suggesting future fire 

behaviour likely to occur. Climate data was acquired from Terra Climate (Abatzolgou, et al., 2018). The 

maximum monthly temperature, minimum monthly temperature, total annual precipitation, and mean 

annual deficit were derived from this dataset at a ~4-km (1/24th degree) spatial resolution for a time period 

of 1958-2017. Mean annual deficit is defined as the difference between PET and AET and is a measure of 

drought stress on plants.  

An evaluation was carried out to identify the historic weather patterns that support extreme fire conditions 

with data suggesting that the following two climatic conditions result in fire behaviour that is extremely 

difficult to contain resulting in the vast majority of large-scale wildfire events in the PDNP. 

 

Figure 57: Tier Three Assessment – Weather classification “A” 

The weather synopsis above, classification ‘A’ (Figure 57) shows the first weather condition identified that 

has historically created a higher risk of extreme fire weather. This is where a high-pressure warm air mass 

over Europe (dashed blue line) blocks the cooling influence of any Atlantic frontal passage over the 

continent, bringing stable, sunny and hot weather over the UK that can last for weeks. A high-pressure 

system circulates air over Russia and out over the Netherlands and UK warming and drying the air and the 

fuel, this weather scenario is often accompanied with a dry wind allowing potential fire intensities to reach 

extreme levels.  
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Figure 58: Tier Three Assessment – Weather classification “B” 

 

The second weather synopsis classified as ‘B’ (Figure 58) shows the scenario that supported the major 

wildfires that occurred in the PDNP in 2007, 2011 and 2018. A stable high-pressure system over the UK 

supports a very warm and dry environment, the wind blows from the east and as indicated by the red arrow 

travels over the continent adding to the dryness and warmth of the air as it passes over the warm land mass. 

Vertical profile develops subsidence, which pushes dry air to the ground and traps smoke in low layers 

causing increased fire intensities. The impact of these weather conditions is accumulative, peaking around 

12 days.  

The two weather scenarios used for the initial phase of modelling are shown in Table 20: 

Table 20.  

Weather Scenarios 

Wind 

Direction 

Temperature 

(°C) 

Relative 

Humidity (%) 

Wind Speed 

(km/h) 

A – Average East 21 31 9 

B – Extreme East 27 19 30 

C West 21 40 6 

D South 21 50 6 

 

Whilst the A & B (i.e. east wind) scenarios were considered to be the highest risk for wildfire, two other 

scenarios were also considered looking at south and west wind direction, to add to the overall robustness of 

the data and establish commons areas where mitigation may be required. 
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10.3 The Fuel Complex - Vegetation Classification 
10.3.1 The need for refinement 

One of the first steps in the analysis of fire behaviour is to establish an understanding of the vegetation and 

its arrangement across the whole PDNP, i.e. the fuel layer. 
 

The first approach used in the analysis utilised the UK Centre for Ecology and Hydrology Land Cover Fuel 

Map 2019 (LCM2019) (Morton, et al., 2019) which comprises 25m rasterised land parcels categorised by 

UKCEH Land Cover Classes (based on UK BAP broad habitats), that have been classified according to 

Rothermel (1972) fuel model using Anderson (1982). 
 

Figure 59 Shows the full dataset for the PDNP and land cover classifications. 

 
Figure 59: Tier Three Assessment – PDNP land cover classified as Rotherhmel’s (1972) fuel model. 

 
 

 

Figure 60: Tier Three Assessment – Fire behaviour assessment for flame length using the original land cover fuel data under 

class A (left)  & B (right) weather conditions. 
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Figure 60 & 61 show the potential for extreme fire behaviours in the fuel model, particularly under 

weather scenario B. This demonstrated the need for further improvement in the pixel resolution and 

refinement of the classification to achieve a more precise fuel model. 

 

Figure 61: Tier Three Assessment – Fire behaviour assessment for rate of spread, using the original land cover fuel data 

under class A (left) & B (right) weather conditions. 

 

10.3.2 Improved fuel mapping methodology 

The fuel mapping was greatly improved through the use of earth observation platforms, including several 

Sentinel 2 band combinations (as well as some Sentinel 3 data), to refine the original fuel data which could 

then be applied within proven fire behaviour analysis modelling. 
 

This fuel complex is based on vegetation mapping at a reduced scale of 10m x 10m. The methodology 

employed has been peer-reviewed and thoroughly researched during actual wildfire events since 2017 and 

applied internationally in projects in Chile & Portugal in 2017, Spain & Sweden in 2018 and Bolivia in 2019. 

A clear explanation of how data is translated from satellite imagery to fuel types is achieved, using a 

reclassification of the Earth Observation information provided by Sentinel 2 and 3, can be found in the 

following paper: Aragoneses, E., & Chuvieco, E. (2021). Generation and mapping of fuel types for fire risk 

assessment. Fire, 4(3), 59.,  

The approach used in this study makes the following improvements: 

➢ Fire behaviour fuel type classification was used to map the study area, importantly this provided 

information on vegetation structure rather than vegetation species.  

➢ Sentinel 3, 300 m resolution was improved using high-resolution Sentinel 2 imagery. This provided 

an accurate representation of the structure of the vegetation and how it was arranged across the 

landscape of the study area. This included areas of ancient woodland, mature woodland, immature 

woodland, shrubs including heather in pioneer; building, mature; and degenerate stages of growth, 

grass and mixed grasslands. This provided an understanding of the continuity of the vegetation 

type rather than the species and provided data on fuel loading and its continuity. This data was 

validated during a field study visit to the study area in November 2022 where drone footage was 

used to confirm data sets. We then used an Artificial Intelligence algorithm in QGIS to reclassify the 

vegetation maps improving the spatial definition data captured by sentinel 2.  

https://www.researchgate.net/publication/354406261_Generation_and_Mapping_of_Fuel_Types_for_Fire_Risk_Assessment
https://www.researchgate.net/publication/354406261_Generation_and_Mapping_of_Fuel_Types_for_Fire_Risk_Assessment
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➢ The fuel type characteristics are based on the Scott & Burgan (2005) classification and used with 

Rothermel spread models within the BehavePlus fire modelling system, this is a computer program 

used worldwide that is based on mathematical models that describe wildland fire behaviour to 

build an understanding of potential fire behaviour. 

➢ The fuel type characteristics are based on Scott& Burgan classification and used with Rothermel 

spread models as described by Patricia Andrews and the behave plus model. 

Peer-reviewed publications on the fuel classification methodology include the following: 

Scott, J.; Burgan, R. Standard Fire Behaviour Fuel Models: A Comprehensive Set for Use with Rothermel’s 

Surface Fire Spread Model; Rocky Mountain Research Station; US Department of Agriculture, Forest Service, 

Rocky Mountain Research Station: Washington, DC, USA, 2005. 

Andrews, Patricia L. (2018). The Rothermel surface fire spread model and associated developments: A 

comprehensive explanation. Gen. Tech. Rep. RMRS-GTR-371. Fort Collins, CO: U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station. 

In 2019/20 a vegetation and peat depth assessment was carried out across Bradfield Moor (Fitzwilliam 

Wentworth Estate, 2020) at 100m grid square intervals (Figure 60). As well as 1m quadrant assessments, an 

assessment of the wider landscape was made. This data was used to aid with ground truthing of the refined 

fuel map, to test the accuracy of the datasets used in the simulations.  

Figure 62 below shows how the refinement provides greater clarity of the fuel arrangement. The image on 

the left shows the original fuel classification and the one on the right shows the refined fuel map for 

Bradfield Moor. The reclassification was applied across the whole study area and allows for much more 

reliable modelling of potential fire behaviour.  

 

               

Figure 62: Vegetation refinement at Bradfield Moor, showing the original and refined fuel classifications. 

 

10.3.3 Fuel mapping summary 

➢ To obtain realistic and accurate fire behaviour outputs, it is critical to identify vegetation structure 

and continuity, not the individual species. 

➢ Sentinel imagery was used to identify the continuity and arrangement of vegetation. 

https://www.frames.gov/documents/catalog/spa/scott_burgan_2005.pdf
https://www.frames.gov/documents/catalog/spa/scott_burgan_2005.pdf
https://www.frames.gov/documents/catalog/spa/scott_burgan_2005.pdf
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➢ Fuel types were assigned based on the methodology used by Scott and Burgan, based on an 

algorithm defined by proven research. 

➢ Fuel types were confirmed by field studies and drone footage. 

➢ This data is then applied within exhaustive simulations, producing a behaviour assessment and 

network of fire polygons (explained below). 

Further information on the methodologies used can be found in Appendix A. 

 

10.4 Fire behaviour modelling of the Derwent focus area 

Wildfire modelling attempts to reproduce fire behaviour, such as how quickly the fire spreads, in which 

direction, how much heat it generates. A key input to behaviour modelling is the fuel model or type of fuel, 

through which the fire is burning, highlighting the need to refine the available vegetation data (as described 

above). Behaviour modelling can include whether the fire transitions from the surface to the vegetation 

crowns, as well as identifying flame length, rate of spread and fire line intensities.  

Having identified suitable weather scenarios and a detailed fuel classification, this data was used to produce 

extensive fire modelling and computerised fire simulations using FARSITE and windninja, (see Appendix A for 

more detail) determining likely fire spread, flame length and intensity. 

NEXUS and FLAMMAP models were used to perform the first simulations. NEXUS is a simulation tool based 

on the Rothaermel (1972) fire model which uses energy balance equations to predict the rate of spread. 

NEXUS (Scott, 1999) has been widely used as a simulation tool. It is based on the same basic principles as 

FLAMMAP and adapts its graphical interface to perform simultaneous simulation of fire scenarios. Input data 

in NEXUS interprets fuel structure and weather conditions. Fuel structure can be defined in NEXUS either by 

pre-defined fuel models (Scott & Burgan R, 2005) or via the direct entry of stand descriptors. These fuel 

models gather numerical information about fuel load, fuel size, moisture content or heat of combustion. The 

acquired understanding allowed the team to identify a number of areas on the landscape that provide 

significant support to fire development, in particular its intensity and spread amongst the fuels. These 

locations are termed to be Strategic Management Areas (SMAs). The reduction of biomass at the identified 

SMAs can have a significantly limiting effect on fire behaviour reducing potential scale and intensity.  

Thousands of simulations were used to identify the fire behaviour likely to occur within the vegetation/fuel 

under the influence of the chosen weather scenarios and other factors within the wildfire environment, such 

as the effect of slope, orientation of the landform to the sun, the effect of topographic features such as ridge 

lines, drainage features and natural and man-made fuel breaks. 

 

10.5 Analysis of fire spread 

10.5.1 FRS capacity 

Using the process outline above, behaviour maps showing fireline intensity (FLI), rate of spread (ROS) and 

flame length (FL) were created for the different weather scenarios. Of these three, rate of spread could be 

considered to be the most critical in assessing how and where a fire can be contained. Fires with a high FLI or 

flame length but a lower ROS are more likely to allow intervention to be successful. In any case, the maps 

below clearly show that under normal weather conditions the opportunities to contain fire are greater than 

those under the extreme weather scenario.  This shows that regardless of training, equipment, access etc, 

the current fuel complex does not allow for any intervention to be successful during extreme weather 

conditions and highlights the importance of managing the fuel load strategically. 
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Sections 3 and 5 discuss the fire behaviour and firefighting techniques and the interactions of the different 

factors affecting fire development and control. Identifying where fire behaviour will be beyond the capacity 

of the FRS to supress is the next logical step in the process. The behaviour maps below are shaded to reflect 

this capacity during east wind conditions. This assessment is based on a well-equipped, trained/experienced 

and timely response to fire.  

 

Table 21 simplifies the data shown in Table 2 to provide an indication of FRS capacity related to fire 

behaviour. 

 

10.5.2 Flame length 

Flame length (FL) is essentially a product of the fuel complex. In both east wind weather scenarios (A & B) 

the flame length created by the fuel arrangement across the landscape is likely to be beyond the capacity of 

the FRS to contain (Figure 63 (a) & (b)), with the potential in some places to reach in excess of 3 metres in 

average conditions and 7 metres in extreme.  

 
Figure 63(a): Tier Three Assessment - Flame length modelled under weather scenario A.  

Table 21. FRS capacity of control Flame length Rate of spread Fireline intensity 

 Feet Metres Chains/hr Metres/hr BTR/ft-s BTR/m-s 

Low 
(Within control of FRS) 

0-4 0-1.2 0-10 0-200 0-500 0-152 

Medium 
(Potentially within control of FRS) 

5-11 1.3-3.3 11-40 201-800 501-2000 153-609 

High 
(Beyond control of FRS) 

12< 3.4< 41-80 801< 2001< 610< 
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Figure 63(b): Tier Three Assessment - Flame length modelled under weather scenario B.   

 

10.5.3 Rate of spread 

Rate of spread (ROS) is a measure of the distance a fire travels over time. The main factors affecting ROS are 

wind (direction and strength), ground moisture (fuels availability to burn) and slope. Topography has a 

strong impact on the ROS, where fire is moving up a slope the fuel ahead of the fire will be heated faster 

than where a fire is moving across a flat or down hill slope. 
 

Figures 64(a) & 64(b) show the differences in ROS across the two east wind weather scenarios. It is clear that 

whilst there may be some opportunities to intervene successfully in certain locations in the event of slower 

winds and temperatures in the average conditions, under the more extreme weather scenario there are 

almost no opportunities for successful intervention across the whole landscape.  

Under normal conditions a fire in the most high-risk areas have the potential to reach speeds of 500m/hour. 

Under extreme weather conditions this potential can quadruple to over 2km/hour. 
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Figure 64(a): Tier Three Assessment – Rate of spread modelled under weather scenario A 

 

 

Figure 64(b): Tier Three Assessment – Rate of Spread modelled under weather scenario B 
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10.5.4 Fireline intensity 

Fireline intensity is defined as the product of the available heat of combustion per unit of ground and the 

rate of spread of the fire, interpreted as the heat released per unit of time for each unit length of fire edge 

(National Wildfire Co-ordinating Group, 2022). Within this analysis this is measured in British thermal units 

per second per feet, which has been converted to metres for easier interpretation. 
 

As with ROS and FL there is a significant increase in fire behaviour between the two weather scenarios 

(Figure 65(a) & 65(b)), but for both average and extreme conditions the FLI displays the least severe 

behaviour relative to the other indicators (ROS & FL). 

 

 

Figure 65(a): Tier Three Assessment – Fireline intensity modelled under weather scenario A 
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 Figure 65(b): Tier Three Assessment - Fireline intensity modelled under weather scenario B 

10.6 Fire Behaviour Polygons & Connectivity 

Identifying the potential fire behaviour is only the first stage in the process, more important is establishing 

an understanding of how ignitions can develop into wildfire events, and the potential each ignition might 

have. This can be achieved using an algorithm to create polygons of homogenous fire behaviour (See 

Appendix A). 

The boundaries of each polygon are essentially where the fire behaviour is likely to alter owing to changes 

within the wildfire environment. The algorithm combines data on watershed, aspect, slope and fuel type, 

predicting projected fire behaviour. Polygons of different sizes can be produced by refining the levels of 

change in fire behaviour within the algorithm. Larger polygons, such as the 400ha (approx.) polygons used 

initially in this study allow a broader assessment on a landscape scale. Reducing the size of the polygons to 

150ha (by refining the level of variation in fire behaviour) allows for more localised scrutiny. 

Creating behaviour polygons informs an analysis of the strength of connection between them and the level 

of fire behaviour as it moves from one polygon to the next.  

Having established an understanding of the potential fire behaviour, likely spread pattern, and the strength 

of connection between the fire polygons, the effectiveness of local firefighting systems in containing fire 

spread was examined. 

This allows a picture of potential movement of a fire across the landscape to be formed and the pathways a 
fire can use to make progress within the fuels. Appendix B Provides detail on two further case studies 
utilising this approach on a more local scale. 
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10.6.1 400ha Polygons and Connectivity 

 

Figure 66 (a): Tier Three Assessment – 400ha fire behaviour polygons  

 

 

 Figure 66 (b): Tier Three Assessment – 400ha fire behaviour polygons and connectivity (weather scenario B) 
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Initially, fire behaviour polygons of approximately 400ha were created (Figure 66(a)). Connectivity between 

the polygons (Figure 66(b)) is shown using arrows shaded according to ability of the FRS to intervene. This 

connectivity will change depending on the weather scenario under study, in this case scenario B, i.e. 

extreme, east wind conditions (generally observed at historic extreme wildfire events). This is based on FRS 

suppression capacity, with green being less severe fires within the possible control of the FRS, yellow 

medium, i.e. would be within the FRS control but with more difficulty, and red being the severe connectivity 

outside of the FRS control. 

Figure 63(b) above, not only shows the possible strength of connectivity between the fire polygons, it also 

clearly indicates the extent of alignment that a fire can use to make high intensity fire runs allowing it to burn 

across/through the vegetation of different land holdings, highlighting the need to adopt a strategic 

landscape scale approach to mitigation planning rather than a localised one.  

This analysis was also carried out at a smaller scale and for a further two weather scenarios. 

 

10.6.2 150ha behaviour polygons and connectivity 

To provide additional detail on the potential pattern of fire spread across the Derwent Massif, a further 

study was carried out in which the fire polygon size was reduced from approximately 400 ha to 150 ha. The 

results are shown below (Figure 67). Polygon boundaries indicate changes in fire behaviour, to reduce the 

polygon size the level of change is refined which allows for the more localised effects of fire behaviour to be 

assessed, assisting with more refined mitigation planning. This information will be particularly important in 

informing decisions on the location of mitigation measures and improvements to intervention measures as 

discussions move forwards. Beyond strategic mitigation planning, this data can be made available to 

individual landowners so they can prepare local mitigation plans for their own landholdings. This data 

reiterates the fire highways identified in section 10.6.3. 

 

 

Figure 67(a): Tier Three Assessment – 150ha fire behaviour polygons  



 

 
10: TIER THREE – FIRE BEHAVIOUR MODELLING  84 

 

 

Figure 67(b): Tier Three Assessment – 150ha fire behaviour polygons and connectivity (extreme, east wind weather conditions) 
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10.6.3 Alternative weather scenarios & fire highways 

Whilst weather scenarios A & B have been identified as those most commonly associated with wildfire 

events, two further weather scenarios (C & D, Table 20) were also considered below. The south and west 

winds are generally more humid and therefore less fire supportive conditions.  

As mentioned above, looking at the way the fire polygons are connected across the study area allows for an 

analysis of the potential fire highways in the landscape. 

 

 

Figure 68 (a): Tier Three Assessment – 400ha connectivity for weather scenario C (west wind) 
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Figure 68 (b): Tier Three Assessment – 400ha connectivity for weather scenario D (south wind) 

 
Under the different weather scenarios, Figures 66(b), 67(b), 68(a) & 68(b) show the strong connections 

between the fire polygons which could allow a fire to spread from one to another across the landscape of 

the Derwent Focus area under the different weather scenarios identified. The strength of these connections 

varies within the different weather scenarios but demonstrates the potential for fires to spread through the 

landscape, exceeding the suppression capacity of the FRS and becoming difficult to stop once ignited. 
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Figure 69: Tier Three Assessment – Derwent focus area potential fire highways 

 

Figure 69 shows these fire highways simplified for all wind directions. Understanding the interaction of 

potential fire highways and identifying areas where this fire behaviour can be interrupted is key to limiting 

the potential of large-scale wildfires, along with the identification and analysis of hub polygons. 

These are polygons which play a significant role in increasing fire spread potential, perhaps due to their 

position on the landscape, or its strength of connection with neighbouring polygons. Action within these 

hubs would form the basis of a wildfire management plan. These are areas where changing fire behaviour 

can have the greatest effect on reducing the potential extent of a fire. This kind of analysis can be carried out 

on a strategic landscape (400 ha) or local (150 ha) level and is explored in greater detail in Appendix B. This is 

explored in greater detail at Section 10.7 below. 

 

10.6.4 Fire behaviour “heat map” 

Another way at looking at the risk across the landscape is to produce a heat map with the fire behaviour 

polygons, incorporating all three behaviours (i.e. ROS, FL and FLI). Again, this has been produced for the 

worst-case weather scenario “B” (extreme weather, east wind). 
 

For each polygon the average ROS, FL and FLI were assessed and assigned either high, med or low risk and 

combined to produce the heat map below. The high, medium and low score is an indication of the FRS 

capacity to respond but is equally an indication of the severity of a fire’s behaviour at a location (see Table 

22).  
 

To put this into context, Figure 70 below shows the four polygons identified as having the highest ROS, FL 

and FLI (red). To compare the data, the white dot has a potential 7.6m, 2,393m/hour FLI of 2011 BUT m-s. 
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This is compared to the black point where the potential FL is estimated to be 2.4m, ROS 1,086m/hr and FLI 

186 BUT m-s. 

 

 
Figure 70: Tier Three Assessment – Fire behaviour risk heat map for the Derwent focus area 

Looking at the data in this way helps us to see that the ROS in particular across the whole landscape would 
prove problematic and the areas shaded dark red are of the greatest concern.  

The next step is to use this data to explore the ways in which fire behaviour can be interrupted in the highest 
risk areas to limit the effect of fire (i.e., potential size, intensity etc). 

 

10.7 Identifying Strategic Management Areas 

The creation of fire maps and their analysis can provide a clear picture of the potential fire behaviour within 

a given fuel complex, where it may be controllable and where it is likely to be beyond control. It can also 

indicate Strategic Management Areas (SMAs) where mitigating action can be taken to manage the fuel 

arrangement and have the greatest impact on reducing the scale of future fire events.  

SMAs are areas where the fuel complex can be addressed so that the FRS can initiate effective operational 

activity. They should be pre-established points from which fire responders can have an opportunity to 

contain a fire, where perhaps currently there are none. 

Understanding the changes in fire behaviour at a wildfire will also assist fire commanders to make the 

correct tactical decisions. Timing is crucial and taking full advantage of windows of opportunity where the 

fire is within the threshold of control of available resources is hugely important. The application of 

appropriate tactics and successful fire management techniques will ensure that changes are controlled 

within the governance of an effective incident command system and safety regime.   
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Figure 71: Tier Three Assessment – Combining fire highways (Figure 67) and fire behaviour heat map (Figure 68) for the Derwent 

focus area. 

For example, polygon 11 (Figure 71) could be identified as an SMA to break the fire highways crossing the 

landscape and to reduce the severity of the fire behaviour in this location. Appendix B case studies 

demonstrate how SMAs can be identified and utilised to protect the values identified as important in the 

landscape.  

 

10.8 Ignition Risk Zones 
As explored in section 4 (Ignition History), Moors for the Future have studied the location of wildfire ignition 

points across the Peak District and concluded that higher risk (likelihood) areas are located around the 

moorland fringe, particularly those easily accessible to population centres. The historic likelihood of a fire 

being started is useful but, it is not a measure of the susceptibility of the ground or the consequences should 

a fire take hold. The moorland fringes are often more heavily grazed (less biomass) and more accessible 

(readily extinguished).  Here, a fire is likely to be recognised early, have limited fuel and a good chance of 

control. The consequences could be modest. Alternatively, a fire started within the inner reaches of the 

District is likely to go unnoticed for some time and be inaccessible, resulting in considerable consequences.  

Historically low incidence of ignition should not cause us to overlook the risk of fires being ignited in other 

areas. With this in mind, modelling has been carried out to identify the effect of ignitions at multiple points 

across the study area to identify the areas where an ignition event would have the most impact on the whole 

landscape. This study is ongoing and will be used to inform further discussion, for example on where 

mitigation for ignition can be concentrated to best effect. 
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10.9 Comments 
The amount, arrangement & combustibility of biomass across the case study area has a direct bearing on fire 

behaviour and the resultant fire intensity, flame length and rate of spread. The heavy and continuous fuel 

loads across broad expanses of the landscape have the potential to support high intensity, extreme wildfire 

events in multiple weather scenarios.  

As evidenced by historic fire events, as well as the data produced in this report, during fire supportive 

weather conditions there is the potential in the current fuel complex for fire behaviour to overwhelm 

firefighting systems. Whilst these weather scenarios may be relatively infrequent, there is data to 

demonstrate that as a result of climate change they are occurring more often. This situation is compounded 

by the limited potential of responders being able to launch a speedy intervention, and a lack of initial aerial 

support. 

A strategic approach to vegetation management will significantly improve the ability to supress wildfire. 

This data can be used as both an evidence base to aid decision making with regards to vegetation 

management and mitigation as well as a tool for FRS in the event of a fire. Understanding how a fire may 

behave over the terrain and fuel complex will allow FRS to make decisions about where and how to 

intervene. 

The data can be used to allow stakeholders to make decisions on which values in the landscape they wish to 

protect.  

This Tier assessment does not take into consideration the elements for ignition and control evaluated in Tier 

One and Two assessments. But combining the three tiers will allow for these factors to be examined in 

relation to fire behaviour (Section 12).  
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11. Stakeholder Collaboration 
An important part of this project has been to promote 

collaboration between as many stakeholders as possible.  

As well as early online workshops with land managers and 

other interested parties (including utility companies, various 

agencies and FRS), in November 2021 the technical experts, 

Steve Gibson and Marc Castellnou were able to visit the Peak 

District for a series of site visits and to meet in person with the 

steering group. 

 

On a very rainy 18th November a large group with representatives from the Peak District National Park, 

Natural England, the Peak District Fire Operations Group, National Trust/RSPB, United Utilities, Forestry 

Commission and Derbyshire FRS met for a series of site visits in the Derwent Study area including Nether Hay 

and Slippery Stones at Howden and Emlin Dike & Wet Slack at Bradfield Moor. 

 

This was an opportunity for all parties to 

exchange views and knowledge and to 

discuss and ask questions about the 

approach being developed in this project as 

well as the wider issues surrounding wildfire 

in the Peak District. 

 

 

 

The main themes/comments which emerged during the course of the day, were as follows: 

➢ Unlike some parts of Europe, the UK has the advantage of resident land managers who are 

motivated to address the risk of wildfire. 

➢ We have to accept that we cannot protect everything from wildfire, but must establish which 

values we want to protect and what are we prepared to lose. 

➢ It is important not to compromise the long-term outlook in the short/medium term. 

➢ Vegetation management/diversification which compliments statutory designation and doesn’t 

compromise it is desirable.  

➢ Presently, measures which have the potential to damage the protected landscape could not be 

consented, even if it is for the benefit of the bigger picture! 

➢ There is very real fear of a large-scale wildfire 

event. 

➢ Re-wetting etc needs to be in the right place to be 

effective. It will improve wildfire resilience in 

normal conditions but further research is needed 

on its effectiveness in supressing fire in extreme 

conditions (i.e. drought).  

➢ There is anecdotal evidence of oxidisation of peat 

during drought conditions. 

➢ During increased drought conditions, consideration 

needs to be given to which vegetation/soil etc most 

readily attains burnable condition. 
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Controlling Fire 

➢ Local knowledge is essential to get the right equipment to the right places efficiently.  

➢ It is difficult for the FRS to establish immediately what is happening and the right way to tackle fire.  

➢ Drones may have a future role to play. 

➢ The tactics of firefighting need to be evaluated. Fire teams use of fire to fight fire can have an 

important role to play. Consider suitability of emerging alternative chemical fire suppressants. 

➢ Helicopters should be first line of defence, not the last and follow up from aerial attack needs to be 

properly co-ordinated. 

 

Mitigation Methods 

➢ Cutting may increase diversity/reduce 

dominance of heather, changing the rate of 

re-growth etc 

➢ Consider the role of cutting/mulch in 

protecting soils from moisture loss.  

➢ Is there any assessment of the damage 

caused to peat by cutting machinery? 

➢ 800 acres of controlled scrub burning is 

carried out annually in the New Forest. 

➢ It is estimated 0.4% of the PDNP moorland 

realm is controlled burned each year. 

➢ Appropriate training of fire responders is necessary. 

 

Reporting 

➢ Any fires identified should be reported to FRS as a “late call” to be included in stats. 
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12. Combining The Tiers  
It is worth noting once again that the purpose of this report is not to comment on the land management 

techniques of any stakeholder. The purpose of the report is to highlight the risk and scale of a potential 

wildfire event to encourage and enable land managers to collaborate and make decisions that will ensure 

that the landscape as a whole is more resilient to wildfire. This section identifies areas at risk and the 

methods which COULD be employed to reduce this risk. 

 

The subject of wildfire is complicated and there are limited opportunities for stakeholders to have an impact, 

but there are three key points in the wildfire process which can be influenced to reduce the risk; reducing 

ignition events, addressing the fuel complex and strengthening the ability to respond to fire. This all relies on 

a strong, collaborative approach to Landscape Wildfire Management Planning. 

 

Figure 72:  Opportunities to affect factors influencing wildfire. 

 

Looking at the evidence collated in the three Tiers of assessment, there are four points addressed below: 

 

1. How do we stop fires from being ignited in the first place? 

2. When fires are ignited, how do we minimise the effects? 

3. How do we improve the success of those fighting the fires? 

4. How do we facilitate collaboration on a landscape scale? 
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12.1 How Do We Reduce Ignition?  
12.1.1 Identify areas where the risk of ignition needs to be mitigated 

The Upland Management Group (Uplands Management Group, 2019) identifies the main factors influencing 

the risk of a fire starting as: 

➢ People (visitor use and numbers) 

➢ Access points (public rights of way, car parks and open access land) 

➢ Presence of “honeypot” areas (e.g. picnic sites, campsites) 

➢ Land management/land use type (presence of ‘fine fuels’ more receptive to ignition). 

➢ Adjacent land management/land use 

➢ History of wildfires in the area (identification of ignition points)  

Figure 73: Combining the three tiers to identify mitigation options – Tier One ignition risk score (Figure 30), Tier Two Ignition Risk 

Zone (Figure 49) and Tier Three Fire Risk Heat Map (Figure 70) & Potential Highways (Figure 71) 

 

Compiling the three tiers of data, we can see (Figure 73), as may be expected, that the areas at highest risk 

of an ignition event which could develop into an extreme wildfire event, are located closest to the 

‘honeypot’ locations, with good public access and parking, which also have a history of ignition incidents. 

This is fairly consistent around the boundary of the whole site, which coincides with major road access, but is 

in particular of concern close to the Langsett, Woodhead and Derwent series of reservoirs which are 

particularly associated with high public use.  
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12.1.2  How do we reduce ignitions at these points? 

Preventing ignition occurring at all would clearly be the most effective way of reducing wildfire events. 

Towards this goal, solutions include; providing education to the public (including designated BBQ facilities), 

ensuring all incidents are properly recorded, employing fire monitors and finally, managing the fuel complex 

at high-risk ignition points.  

 

• Reporting 

A proportion of ignition incidents will be brought under control by local land managers (rangers, 

gamekeepers) before developing into wildfire events without being reported/recorded. Anecdotal evidence 

must be formalised, and it is essential that these incidents are properly recorded to accurately assess the 

extent of the problem. Data on the location, ignition source (e.g. BBQ, campfire etc), extent and frequency of 

ignition incidents will inform education and monitoring responses.  
 

Currently, incidents can be reported (and data regarding historic incidents exported) via the Wildfire 

Reporting system managed by Moors for the Future at www.wildfirelog.co.uk. 
 

The Fire and Rescue Service also encourage any ignition incidents be reported to them as a ‘late call’ to 

ensure they have a full picture of occurrences.  

 

• Visitor Management - Education/communication 

Accidental ignitions, for example an unattended or improperly extinguished BBQ/campfire, may be the result 

of ignorance or laziness rather than malicious intent.  
 

The 2020 study by Natural England on the Causes and prevention of wildfire on heathlands and peatlands in 

England (Glaves, et al., 2020) found little or no information on the effectiveness of education, closing or 

managing access (at times of extreme high risk), however, with in excess of 13 million visitors to the PDNP 

each year, it would seem logical that both these strategies could be effective in reducing accidental ignitions. 
 

The PDNP, National Trust, Moors for the Future and Peak District Moorland Group (to name a few) already 

make good use of social media to highlight the wildfire risk to the public. Extensive signage is already 

employed at major access points and honey pot locations. A collaborative campaign to improve 

communication, highlighting the consequences of wildfire and simple ways to reduce the risk from BBQ’s 

and campfires would logically have benefits. This could include school visits, designated BBQ/campfire areas 

etc. The different ways in which visitor pressures can be managed need to be fully explored.  
 

Fines issued within areas subject to Public Space Protection Orders and prosecutions for arson etc should 

also be well publicised to increase awareness of the personal and financial consequences and act as 

deterrents to members of the public. 

 

• Monitoring 

In the Peak District gamekeepers and rangers already act as monitors during periods of high fire risk. This 

early response (and reporting) is key to minimising the impacts of both accidental and deliberate ignition 

events. Their presence also represents an opportunity to engage with the public on the ground, i.e. 

education. 
 

Expanding the pool of monitors, in conjunction with an educational campaign, and deploying personnel to 

the areas identified as the highest risk, may be a relatively cost-effective method for reducing ignition 

events.  

http://www.wildfirelog.co.uk/
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• Manage fuel complex at high-risk ignition points 

Tier One and Two assessments highlight the areas at highest risk of ignition (based on the level of public 

access and historic ignitions) being those on the fringes of the moorland. These areas tend to be shallow 

peat and subject to more intensive management (grazing and controlled burning) than the deeper reaches 

of the moor.  Managing the fuel complex in these areas, to reduce fire behaviour (in particular rate of 

spread, i.e. reducing fine fuels) provides opportunity to extinguish fires efficiently and reduce the potential 

of spread.  

 

12.2 How Do We Reduce The Effects Of Fire? 
The severity of a wildfire, i.e., fire behaviour, is driven by prevailing weather conditions, fuel and the 

landscape. Of these three, stakeholders have the power to manage fuel complex. 

It is impossible to provide an analysis of every potential wildfire scenario. Therefore, this study has been 

limited to establishing an understanding of fire behaviour being driven within the existing fuel complex 

during a range of weather scenarios. It is clear that under the weather scenarios identified (in particular 

conditions similar to those experienced in 2018) the current fuel complex has the potential to support 

extreme fire events that may result in catastrophic environmental and economic damage. 

Leaving aside the significant effect of climate change in explaining large wildfire episodes, the build-up of 

fuels through the development of increased biomass and fuel continuity amongst fine fuels across many 

locations within the PDNP, can explain why fires become more intense and fast moving.  

At a wildfire taking place within moorland vegetation, the ROS not the flame length is the main challenge, it 

is a simple matter of mathematics, if the fire is spreading faster than it can be put out, the fire will continue 

to grow. Where both the fire intensity and ROS are high, then the FRS rate of suppression will reduce, 

resulting in a fire accelerating its rate of growth. Fuel types such as heather and Molinia grass, can support 

intense and fast-moving fires and these are common across much of the PDNP regional landform. Wildfire is 

at its most prolific when it spreads using a series of what are termed to be fire runs, this is when a fire builds 

momentum, normally when it is supported by wind or slope and burns with increased intensity and ROS. 

FRSs are therefore fighting fires that through no fault of theirs, are already going to be beyond their capacity 

of control.  

 
12.2.1 Landscape adaption planning 

The UK’s uplands make up about 12% of England’s landmass and is where the vast majority of large-scale 

wildfire events occur. Past government policy has been concentrated on food production, forestry, 

biodiversity and ecosystem services, with little regard to wildfire or the significant threat it poses. With a 

growing appreciation that climate change is already causing an imbalance in the natural environment, 

restoration works and other actions to improve the resilience of the landscape to change is already 

underway.  

One change that was predicted and which is already becoming apparent, is that there will be an increase in 

the frequency of extreme weather events, bringing higher temperatures and severe droughts. Both are 

resulting in a change to our current fire regimes, increasing fire severity. Therefore, consideration within 

future upland policies must be given to the influence of wildfire, and its impact on policy outcomes and how 

the uplands can be adapted to mitigate this increasing risk.  Fire resilience can be achieved by building more 

diverse habitats within the identified SMAs, breaking connectivity and fuel continuity by creating a mosaic of 

different habitats that will decrease potential fire intensity and slow fire spread. Where appropriate, this 

approach can be used to create opportunities where responders will be able to take action and contain fire 

spread. 
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12.2.2 Improve resilience 

Wetter is better is the mantra when it comes to blanket bog restoration. The Natural England 2020 wildfire 

evidence review (Glaves, et al., 2020) concluded: 

“Restoration of moorland habitats, in particular peatlands, including through rewetting, has been 
recommended to reduce risk of, and increase resilience to, wildfire in the UK, as well as for wider benefits, 
and there is moderate evidence that the severity and perhaps incidence of wildfires may be reduced when 
wetter conditions, in particular high-water tables, are maintained or restored (para. 7.8). Similar moderate 
evidence indicates that fire effects, including ground fuel consumption, ground heating and changes in post-
fire soil thermal dynamics, were stronger on a UK dry heath compared to a raised bog (para. 7.9) which is 
consistent with the likely benefits of rewetting modified bog and fen habitats. In the medium- to longer-
term, rewetting is likely to produce changes in sward composition and reduce dominance of more flammable 
species such as Calluna that may pose a wildfire hazard.” 

Extensive restoration works have already been carried out across the Derwent Study area and the PDNP as a 
whole, and further investment in Long Term Management Plans (LTMP) will be essential to improving the 
landscapes resilience not only to wildfire but to the other impacts of climate change. This goal must not be 
compromised for short term (i.e. wildfire protection) gains, but equally these long-term goals may be equally 
threatened by wildfire. A balance must be found. 

As with many fuel treatments, further research is also needed on the efficacy of rewetting for wildfire 
mitigation under the extreme weather scenarios. Raising water tables and changing surface vegetation 
(fewer fine fuels) may mean that the duration of drought conditions will need to be extreme for this fuel 
complex to be at higher risk, but under current climate projections this is a possibility.  I.e. the concern 
remains that whilst re-wetting will improve resilience to wildfire under average weather conditions, during 
prolonged extreme weather conditions (such as those seen in 2018) blanket bog will still be extremely 
vulnerable. Research suggests that re-wetted areas may recover faster from wildfires which pass quickly over 
the surface provided that the water table depth is near the surface at the time of the fire. Clearly more 
research is needed on this subject. 

Long-term effects of re-wetting and associated ecology require further study. Local anecdotal evidence 
suggests that some (dryer) areas in which sphagnum dominance is established, eventually become colonised 
with dwarf shrub species which ultimately themselves dominate, their closed canopy representing the very 
outcome that was set out to be avoided in the first place.  

Successful re-wetting is dependent on suitable topography. It cannot be applied universally within the Peak 
District. 

 

12.2.3 Fuel mitigation 

“Other treatments, such as cutting/mowing and appropriate/restoration grazing, may also offer similar 
benefits in diversifying swards and reducing over-dominance of certain species, including more flammable 
species such as Calluna and Molinia (e.g. Critchley et al. 2007, Martin et al. 2013, Glaves 2016 and Garnett et 
al. 2019) and hence potentially in reducing wildfire risk and severity, and increasing resilience to wildfire, 
more widely across heathland, peatland and grassland habitats, though there is currently more limited 
evidence on this specifically in relation to wildfire.” (Glaves, et al., 2020) 

 

• How? 

Wildfire behaviour is essentially dictated by three things; fire supportive weather (i.e. wind 
direction/strength), fuel (i.e. type, arrangement etc), and the landscape (i.e. topography, natural breaks etc).  

Precipitation and drought cycles can both support plant growth and dry out vegetation and the underlying 
peat. 
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Little can be done about the inevitable and increasingly frequent periods of very supportive fire weather that 

will occur in the future, just as there is little that can be done about the arrangement of landscape features, 

but action can be taken within the fuels. Sections 2 & 3 highlight what is at stake within the Derwent Study 

area in the event of a large-scale wildfire. Tier three (technical fire behaviour assessments) clearly shows the 

level of risk present in the existing fuel complex during weather conditions which are becoming more 

frequent. These assessments also show where the opportunities exist to break fuel continuity and 

homogeneity to reduce the extent and severity of wildfires when ignition occurs. These strategic 

management areas (SMAs) can be identified at both local and landscape level and the methodology used to 

assess current fire behaviour has the potential to show the effect management decisions could have on 

future fire events. 

When fuels accumulate, they allow fires to burn hotter, faster, and with higher flame lengths. Vegetation 
management is commonly used across a wide variety of habitats as a means of lessening wildfire hazards, 
catastrophic fire and its threat to public and firefighter safety and preventing damage to valuable assets. The 
objective is to adapt the surface fuel complex so that when a wildfire burns, it is less severe and can be more 
easily managed.  

The level of intervention required is dependent on the amount of fuel present and the reduction required to 
lower the fire behaviour to manageable levels. This report does not provide advice on how this should be 
achieved, this is a matter that should be agreed by the relevant stakeholders, but various fuel reduction 
techniques can be used that will achieve the desired objectives. The level of fuel management required can 
be described as soft, moderate or intensive, so obviously the amount of reduction required within all SMAs 
differ, so each area will require a different fuel reduction plan.  Different methods or combinations of 
treatments can be used to meet the requirements of particular sites, and as well as reducing the fire risk, can 
be used to improve habitats or meet specific ecosystem objectives. Nor is it necessary to treat the entirety of 
each SMA, as normally the objective will be to fragment the fuels within them, using a mosaic pattern that 
breaks the connectivity between high fuel loaded areas with areas that contain less fuel. 

The fuel treatments employed are dependent on the requirements of each particular site but can include the 
following methods: 

➢ Rewetting 

➢ Rewilding 

➢ Cutting 

➢ Fuel diversification - change of vegetation types 

➢ Grazing 

➢ Burning  

➢ Etc 

 

All the above land management techniques, in one form or another, are currently being used in the PDNP, so 
the knowledge and expertise to employ these treatments already exist. Therefore, if efforts are focused 
within the fuels located at points that will have the most effect on reducing the risk of fire spread, and 
thereby weakening the linkage between different fire polygons, then the fire risk within individual land 
holdings and across the whole PDNP area can be significantly reduced. 

The Derwent Study area extends to approximately 38,000 acres. Measures to reduce the potential extent of 
a single wildfire event to an acceptable maximum area of perhaps 2,500ac or even 5,000ac by interrupting 
the fire behaviour on the boundaries of these areas (cutting, burning, vegetation changes etc) may affect a 
proportionately small area of the whole. It does not necessarily require wholesale changes to management 
methods, just ensuring the right measures are employed in the right place, so that a relatively small 
proportion of surface vegetation is subject to change to protect the whole. 
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Ensuring that appropriate methods are used in the right locations will be key to creating a robust strategic 
plan to improve the resilience of the whole study area. Not all methods will be suitable or desirable and will 
come with their own advantages/disadvantages.  

Cutting is a readily available option with few constraints (e.g., equipment costs, accessibility). Its 
effectiveness is questioned by some practitioners who suggest that converting growing vegetation to form a 
layer of cut/dry fine fuel overlying peat can be an accelerant. Conversely, some suggest that a layer of litter 
protects against ground moisture loss, providing a level of protection for the underlying peat. Clearly further 
research is required.  

Similarly, the use of controlled burning can be a contentious issue (drying peat/releasing carbon), but where 
used appropriately it is regarded by many practitioners as an effective management tool which should 
remain in the land managers toolbox. As highlighted by Davies, et al. (2016) there is, in particular, the need 
for informed, unbiased evaluation of the role of burning.  

The shallow peat zone of the Derwent Focus Area exists around its periphery, the same area most vulnerable 
to ignitions. This area is also that most often subject to concentrated vegetation management associated 
with grouse shooting. This is fortunate. Not only does it mean that the fuel load is restricted in some of the 
most vulnerable areas but, there is a ready presence of people well equipped with knowledge and 
equipment for fire management, regularly extinguishing potentially problematic fires (BBQ’s etc). 

Another concern raised by the Natural England Wildfire Evidence review (Glaves, et al., 2020) is that UK-
wide, the total area of controlled burns currently exceeds the area lost to wildfire (although with the 
restriction on controlled burning on areas of deep peat this is likely to be reduced). This project estimates 
the area of shallow peat where controlled burning is currently practiced in the Peak District is estimated to 
be 7,000 acres. Assuming a burning rotation of 15 years, this means approximately 450 acres of controlled 
burning may be carried out each year, equating 0.34% of the Peak District moorland area (131,000 acres).  

In 2018, over 2,550 acres of moorland is estimated to have been burnt by wildfire. This equates to 1.95% of 
the 131,000 acres total moorland area (over 5 times that subject to controlled burning) and in 2019, over 
1,700 acres of moorland area is recorded to have been burnt by wildfire. This equates to 1.3% of moorland 
area (over 3 times that subject to controlled burning). 

Fuel Management and creation of firebreaks may also help improve access in the event of a fire. Fire breaks 
do not solely need to be cut or burnt breaks. Diversifying vegetation, for example introducing ‘green breaks’ 
can be achieved by liming, fertilising and managed grazing. 

In summary, a combination of different mitigation options needs to be available, to ensure appropriate 
techniques are employed in the right locations. 
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Figure 74: Combining the three tiers to identify mitigation options – Showing Tier One total combustion score (Figure 37), Tier Two 
combustion vulnerability zone (Figure 51) and Tier Three fire risk heat map (Figure 70) & potential highways (Figure 71) 

 

• Where? 

Tier 3, technical assessments need to be analysed with current control opportunities, to use the evidence on 

the fire behaviour, connectivity and fire highways in the landscape to identify the locations where 

diversifying vegetation and its arrangement in the landscape will reduce the potential impacts of a wildfire 

and improve the opportunities for fires to be supressed. 

➢ The heat map (Figure 70) shows the polygons with the most extreme fire behaviour. 

➢ The fire highways map (Figure 71) shows the potential for uninterrupted runs across the landscape 

➢ Figures 66(b), 67(b), 68(a) & 68(b) show the connectivity between the polygons for the three 

different weather scenarios and identifies, for example, that action at no. 10 would create 

opportunities for the FRS and reduce the risk of a fire run. 

 

Appendix B describes two examples, on a local scale, of how this data can be used to form a fire mitigation 

plan. 
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12.3 How Do We Improve Intervention? 

Figure 75: Combining the three tiers to identify mitigation options – Control map, showing Tier One control map (Figure 42), Tier Two 

control vulnerability zone (Figure 54) and Tier Three fire risk heat map (Figure 70) and potential highways (Figure 71) 

 

Reducing the risk of ignition and reducing the potential severity of fires should they occur (via mitigation 

planning), is only part of the story. Another key element is improving the opportunities for intervention to be 

successful. 

As discussed above, the current continuous supply of highly flammable fuels enable fire with an intensity and 
ROS that responders will struggle to contain. This is not a criticism of the FRS, as the main factor impacting 
on their capacity of control is the lack of existing opportunity within these continuous fuel arrangements. 
When this issue has been addressed however, the next step is to ensure that in the event of a fire 
intervention, fire response measures are sufficiently robust. 

As stated more than once, the fire behaviour mapping above is based on a well organised, well equipped 
timely response. So, when opportunities are provided in the fuel complex, the FRS and land managers have 
to be able to respond. 

Factors affecting the effectiveness of intervention measures are discussed in the Tier One and Two 
assessments. Proximity to a water source (which tends to be the primary suppression method), accessibility, 
provision of equipment and training are all key factors in a successful response. 

The FOG group plays an important role in collating data regarding access (what routes are suitable, where 

locked gates are located etc), locations of equipment and other useful information in the event of wildfires. 

Individuals on the ground, i.e. rangers, gamekeepers and farmers, as well as fulfilling the role of ‘fire 
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monitors’, play an important role in early response. AS well as being the first responders, these individuals 

know who to call for support, where extra equipment can be found and how sites can be accessed. This 

knowledge is invaluable. 

 

12.3.1 Infrastructure 

• Access 

Figures 70 & 71 show that in the event of the extreme weather conditions (seen in the devastating 2018 

fires) driven by an east wind, the rate of spread across the whole of the Derwent Study area is high risk, with 

a limited number of polygons in the west (towards Glossop and bordering the Derwent dam complex) 

achieving a medium status (potentially within the realms of the FRS capacity). Assuming that fuel treatments 

create opportunities for these high-risk polygons to be broken up, so the potential for fire runs across the 

landscape is reduced, it will be essential that FRS and responders have sufficient access to these locations to 

provide an effective response and take advantage of these interruptions. Figure 76 below shows current 

access routes. For example, the high-risk areas in the deeper reaches at Howden and Bleaklow, where 

extensive restoration works and investment have been undertaken, access is particularly poor making those 

areas particularly vulnerable. Access improvements in these areas could be considered a necessity. 

 

 

Figure 76: Combining the three tiers to identify mitigation options - demonstrating the requirement for improvements to access and 

water availability (combining Figures 38, 41 & 71) 

• Water availability 

As discussed in section 5, FRS in the UK have an historic dependence on water attack as their ‘go to’ tactical 

option. Water attack is a useful tactic and if water is applied quickly and copiously during an initial attack, 

ignitions may be contained and fires quickly extinguished, which is why an early aerial attack is advocated as 

being one of the most effective methods of curtailing fire.  But, at most moorland fires it is extremely difficult 

to get sufficient water to where and when it is required and aerial intervention is seen as the last resort 
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rather than the first defence.  Inevitably, where water is brough onto site, it is equally difficult to maintain 

sufficient water supplies to maintain a strong attack, particularly when local water supplies are depleted 

during drought conditions.  
 

Aylen et al (2007) examines various strategies for mitigating moorland wildfire risk. The reliability of water 

availability is identified as a real constraint. There few if any reliable water sources at high elevations within 

the Derwent focus area (Figure 76). So how can this problem be addressed? Stakeholder discussion is 

required to assess the trade-offs between ensuring better local water supplies/ access (e.g. the siting of 

tanks or ponds) which may be visually unattractive or not permitted under current planning/designation 

constraints.  

 

• Equipment 

As discussed in the Tier One matrix assessment, the availability of equipment is likely to have a positive and 

possibly critical impact in the initial stages of wildfire development (fogging units, leaf blowers and beaters). 
 

The other factor to consider is that, without individuals trained in its use and without the ability to get it to a 

site in a timely fashion, no amount of equipment will be effective against wildfire. Investment needs to be 

carefully considered in conjunction with access and water availability. A robust strategic network of suitable 

equipment and responders is required. 

 

12.3.1 Training 
 

• Fighting wildfire 

The wildfire training provided within the different FRS’s responding to fires within the PDNP, varies in 

delivery/content and quality, there would be benefit in standardising wildfire understanding, tactical 

capability and overall approach to training amongst the different services.  

 

• Wildfire analysis 

But the fact remains that however well trained and capable an FRS is, the fire behaviour within much of the 

existing vegetation across the PDNP will burn with such ferocity that their efforts at many fires, are likely to 

fail. As is highlighted throughout this report, response efforts can only succeed if the fire behaviour 

generated within the existing fuels/vegetation falls within the capacity of control of the responders. 
 

The expectations placed on FRSs to contain fire spread and protect landscape values are therefore 

unrealistic. This highlights the importance of FRSs having the capability to carry out effective fire analysis, so 

that fires are fought at locations where they can succeed, rather than at those where they will fail. This 

information can be used not only by the FRS but also helps other stakeholders understand what needs to be 

done on the landscape to enable the FRS to succeed.  
 

FRSs should consider sourcing additional and more advanced training that would improve their ability to 

analyse wildfire behaviour, either during operational incidents, or when assisting in the development of 

proactive operational/strategic plans. This would undoubtedly lead to better use of resources, improve 

operational planning and assist in enhancing their tactical response.  

 

• Methodology for fire resilience 

The fundamental methodology used to build fire resiliencies as follows: 

➢ Identify FRS capacity of control 

➢ Identify where this will succeed 
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➢ Identify where it will fail 

➢ Improve FRS response capacity of control and take action within the fuels to mitigate the situation 

At the time of writing, no wildfire stakeholder within the PDNP (possibly even nationally) has the expertise to 

carry out such an analysis and although this report goes some way to providing such information, the future 

success of any strategic plan depends on having individuals, from key agencies, having the capability to carry 

out such analysis. If any wildfire strategy is to succeed it is essential that a stakeholder team is built that can 

carry out this important work and provide up to date fire behaviour information to the various stakeholders. 

 

• Training for land managers 

Some habitat managers have a great deal of experience in the use of fire as a vegetation treatment method. 

The recently developed LANTRA accredited prescribed burn course is a useful addition to land managers 

credentials (advocated by Defra in the 2022 UK Climate Change Risk Assessment (DEFRA 2022), allowing 

them to demonstrate their competence and providing additional confidence in their ability to carry out such 

activities safely. 

 

• Co-ordination 

The PDNP Fire Operations Group provides an umbrella under which various wildfire stakeholders can shelter, 

encouraging dialogue and joint working fundamentally aimed at improving and encouraging a collaborative 

response to wildfire events. The group is well supported and is a useful instrument in relation to developing 

cooperation between responders involved in firefighting. Improved training should be provided to FOG 

members, especially within the FRS membership, enabling them to assist land managers and other 

stakeholders to develop fire plans and more importantly a PDNP strategic wildfire plan that identifies where 

mitigation action should be taken.  

 

12.3.2 Landscape response plan 

A response plan should be designed to improve operational firefighting capacity and should be focused on 

making significant improvements to training systems, fire analysis capability, firefighting tactics, and 

preparedness. Importantly, in order to meet their responsibilities, responders should fully understand the 

fuel mitigation plan and assist in its development.  

 

12.3.3 Centre of Excellence 

There is the opportunity for the Peak District to develop a centre of excellence with regards to training 

personnel, not only to fight wildfires, but to develop the knowledge and understanding of wildfire behaviour 

in order to assess/monitor risk, form and implement response plans. This centre could be a source of tactical 

guidance for FRS as well as landowners and would play an essential role in ensuring resources are properly 

deployed in the event of wildfire. It could also have a role in educating the public to the risks of wildfire, 

helping to reduce ignitions. 

 

12.4 How Do We Improve Collaboration? 
Land managers have a desire and a responsibility to protect not only their own landholdings but also those of 

their neighbours and the PDNP landscape as a whole, whatever their management objectives. 
 

Collaboration, utilising the evidence collected in this report, to produce a Landscape Wildfire Management 

Plan is one of the ultimate goals.  
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12.4.1 Leadership 

Leadership is required to engage stakeholders to act collaboratively, in order to implement changes which 

will protect the landscape. Some concepts identified in this report will inevitably be contentious. Not 

everyone will agree, and as has been stated repeatedly, it is not the intention of the project to advocate any 

particular management styles or objectives. The purpose is to address something which is of concern to all 

stakeholders- the potential for a devastating, large scale wildfire. 
 

Land managers clearly communicated their desire to protect the landscape at consecutive meetings with the 

National Park Authority. The National Park Authority have responded, with Sarah Fowler’s 2019 call for 

action, to which this report responds. 

Currently there are a number of barriers to achieving landscape-scale mitigation, with regards to current 

policy.  However, it is reassuring that as well as further funding for peatland restoration, the Government’s 

Peat Action and 25 Year Environment Plans outline support for land managers and the Fire and Rescue 

Service with detailed mapping, wildfire management planning and help to tackle emergencies. Wildfire 

mitigation is to be embedded into future agri-environment schemes and expert support provided in areas at 

high risk. More recently, the UK’s 3rd Climate Change Risk Assessment (DEFRA, 2022) identifies wildfire as 

one of the key threats to terrestrial species and habitats, stating “Defra hopes to reduce the threat by 

restoring peatland, supporting training and using management plans to mitigate and adapt”. 

The project has received considerable interest and support from a number of organisations, including 

Natural England (Steering Group Members), the Fire & Rescue Service, Defra, The England & Wales Wildfire 

Forum, the Heather Trust, The Moorland Association, United Utilities, the FOG and the Peak District 

Moorland Group. 

Sentiments must now translate into action. 

So, who should demonstrate leadership from here? 

Expectations are that agencies and those with statutory protection responsibilities will, together with 

landowners, formulate focussed Landscape Wildfire Management Plans which will be implemented. 

This study is a point-in-time presentation of the risks and mitigation options. It is important to appreciate 

that there will always be wildfire and the landscape and its fuel loads are constantly evolving. The 

assessment of risk and mitigation responses need occasionally to be re-appraised. Responsibility for this 

should rest with an appointed body with clear terms of reference, roles, responsibilities and reporting 

routines. This might be the Fire Operations Group, or a DEFRA/Natural England led body with appropriate 

knowledge and training (practical and theoretical).  

 

 

12.4.2 Creating a Landscape Wildfire Management Plan 

 

• Values 

To create a wildfire management plan it is first necessary to identify what values within the landscape are to 

be protected. Collaboration between agencies and land managers will be necessary to determine these 

values. Is it the areas of deepest peat, areas where high levels of investment have been made in restoration 

or areas where restoration is more likely to be successful? Are there specific historic features that we need 

to protect? Is there a minimum fire size that we are able to tolerate?  

 

 

• Visitor management 



 

 
12: COMBINING THE THREE TIERS - MITIGATION  106 

 

As discussed above, co-ordinated visitor management/education across the whole of the PDNP, that can also 

be targeted to particularly vulnerable locations, will be essential to reducing the risk of ignition. Establishing 

how stakeholders can work together to achieve this will be an important part of any Landscape Wildfire 

Management plan 

 

• Mitigation plan 

Having established what is to be protected, a landscape-scale mitigation plan can be designed to limit 

ignition and also to limit the impacting scope and scale of fire. A mitigation plan can be designed to diversify  

the arrangement of fuels at strategically important points, where treatments sympathetic to existing 

ecosystems would adapt the vegetation, along with improving access, water and equipment availability. 

Combined, these elements will create defensive spaces where responders have the opportunity to bring fire 

under control.  
 

The data needed to make these decisions is identified within the Three Tiers of the approach outlined in this 

report. 
 

For example (n.b. this in no way forms a proposal for mitigation measures), Figure 77  shows 

- High risk ignition locations 

- Fire behaviour heat map (east wind, extreme conditions) 

- Potential fire highways 

- Existing access routes and water availability 

Areas shown brown indicate how the landscape could be broken up into areas where fire could be restricted, 

utilising fire breaks (achieved in a variety of ways), improved access etc. A map of this nature could form the 

basis of a mitigation plan, and from which a fire response & visitor management plan can be developed. 

 

 

Figure 77: Developing a mitigation strategy 
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• Fire Response plan 

A response plan can be designed to improve operational firefighting capacity in the event of a fire and should 

be focused on making significant improvements to training systems, fire analysis capability, firefighting 

tactics, and preparedness. Importantly, in order to meet their responsibilities, responders should fully 

understand the fuel mitigation plan and assist in its development. 
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13. Next Steps 

 

13.1 Landscape Wildfire Management Plan 
The next step in the Project is go through the findings of this Report with the stakeholders and to develop a 

Landscape Wildfire Management Plan. This will involve discussion to: 

➢ Identify the values in the landscape that need to be protected 

➢ Identify the areas of ignition risk where resources ought to be concentrated to reduce the risk of 

ignition and formulate an approach to achieve this. Including funding. 

➢ Identify the strategic management areas in the fuel complex which will allow opportunities for 

control measures to succeed and any associated infrastructure etc required. This will include 

identifying the barriers to mitigation and how these can be overcome. 

➢ In conjunction with FRS, develop a Fire Response Plan in the event of a wildfire event. 

 

13.2 Assessment Across The Rest Of The PDNP 
Ultimately the three tiers of the risk assessment will be completed across the rest of the focus areas in the 

Peak District National Park. This may require adjustment of the Tier One & Tier Two assessments to reflect 

the hazards present within the individual focus areas and to address some of the limitations identified in this 

report. Land managers will be encouraged to complete Tier One assessments for their landholdings and Tier 

Two & Three assessments will be carried out for the whole. Consideration needs to be given to funding this 

continuing work. 
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14. Conclusions 
The original purpose of the project was to develop a practical approach to risk assessment and mitigation of 

wildfire in the Peak District National Park moorlands. This report sets out the approach that has been 

developed, its findings, limitations and sets out the next steps. 

 

General comments on the approach, key findings for the Derwent Focus area and concluding remarks are set 

out below. 

 
Figure 78: Summarising the approach 

 

14.1 Comments On The Approach 
➢ The three Tiers of analysis can be combined in a variety of ways to aid in the formation of a 

Landscape Wildfire Management plan. 

➢ Tier One assessments, whilst subjective, are particularly useful in identifying areas at high risk from 
ignition and lacking control measures. Arguably, with the level of detail provided by Tier Three, the 
group of combustion factors could be excluded from Tier One entirely. 

➢ Using 1km grids provides a simple way of gathering the data. 

➢ Some elements are more subjective than others but are based on sound analysis. 

➢ The process used in Tier One is arguably as important as the heat maps produced, involving land 
managers in the process, encouraging different perspectives and solutions. 

➢ The more objective Tier Two assessment could be expanded with additional data sets such as 
completed restoration works and peat depths. 

➢ Tier Three assessment provide the most accurate analysis of combustion risk. 

➢ Understanding how a fire will spread allows risk managers to plan a strategic response and build 
resilience through the partial fragmentation of vegetation.  

➢ Vegetation classification data for simulations can continue to be refined.  

➢ The Report provides a starting point for debate on how wildfire should be managed, and what fire 
behaviour can be tolerated? A decision can then be made on the necessary mitigation adaptions to 
lower the fire risk to an acceptable level. 
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➢ Whilst Tier Three assessments are perhaps more scientific, the benefits of including local 
knowledge within Tier One assessments makes an important contribution, and both Tiers One and 
Two provide useful details on ignition and control risks.  

➢ Tier Three illustrates the value of the technical fire analysis, in particular the use of accepted 
methodologies for computer simulations and the ways in which this can be refined to account for 
different influencing factors. This will also be useful moving forwards to assess progress in 
mitigation. 

➢ Additional heat maps for weather scenarios C (west wind) and D (south wind) would perhaps be 
useful. 

 

14.2 Key Findings 

 

➢ The highest probability with regards to ignition of wildfires are shown to be on the fringes of the 
study area, particularly close to greater populations. 

➢ The risk of malicious ignitions outside these areas should not be overlooked. 

➢ Consideration must be given to reducing the risk of ignitions via visitor management/education and 
increased monitoring during fire-supportive weather conditions. 

➢ Fuel types and their arrangement have been extensively analysed, historic weather information has 
been collated and topographic shape data has been included in detailed computer modelling, this 
has provided evidence regarding the potential fire behaviour across the Study Area.  (Flame Length, 
Rate of Spread and Fireline intensity).  

➢ The landscape has been broken into fire behaviour polygons identifying different strengths of 
connectivity, patterns of spread and potential fire pathways under different weather conditions. 

➢ The identification of Hub polygons playing a significant role within the polygon network, is critical 
within the process, as it provides information on the location and level of adaptation required 
within the fuels. 

➢ The modelling clearly shows that the heavy and continuous fuel loading across broad expanses of 
the landscape will support high-intensity fires that could cause catastrophic damage to 
environmental, economic and social values.  

➢ Finer fuels e.g. molinia grass, can support very fast-moving fires that will spread at a speed that will 
be difficult or impossible to contain. 

➢ The extreme fire behaviour that may prevail in the current fuel complex has the capacity to 
overwhelm local firefighting systems, a situation compounded by restricted access and a lack of 
aerial support. 

➢ The Project illustrates that little adaptation action has been taken to keep pace with the worsening 
reality of fire risk, and the gap is widening. 

➢ The PDNP benefits from having active habitat managers that are skilled and equipped to carry out 
mitigation actions. 

➢ Efforts must primarily be concentrated on limiting the potential scale of wildfires and reducing 
their impact. 

➢ As well as historic accumulations of sequestered carbon, the significant investment made in 
restoring peatlands needs to be protected from the impact of wildfire and be subject to robust risk 
assessment identifying suitable protection measures.  

➢ Similarly, future land management plans should be subject to wildfire risk assessment to ensure 
that they do not present an increased fire hazard. 
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➢ Consideration also needs be given to the reputational damage to stakeholders should they not 
respond with a robust mitigation strategy. 

➢ Additional heat maps for weather scenarios C (west wind) and D (south wind) would perhaps be 
useful. 

 

14.3 Closing Remarks 

• Key messages 

The evidence shows there are four main points to address: 

➢ How do we reduce the number of ignitions? 

➢ How do we reduce the potential extent, severity and scale of future wildfire events? 

➢ How do we improve response capacity and firefighting opportunities? 

➢ How do we improve collaboration on a landscape scale? 

 

• Precarious situation 

It is easy to see why stakeholders are fearful. Shifts in vegetation management prescriptions affecting 

protected landscapes mean that biomass accumulation represents an increasing threat. Climate change is 

driving increasingly frequent periods of fire supportive weather and some visitors do not appreciate the 

danger posed by their actions. Ignitions are occurring with increasing frequency, many extinguished by the 

quick action of habitat managers. There is a very real prospect of a disastrous fire affecting land in multiple 

ownerships and the nature of the current fuel complex means unrealistic expectations are placed on 

responders. Aerial support should probably be engaged earlier than has historically been the case. 

 

• Motivations 

As custodians of an immense wealth of habitat, ecology and carbon, stakeholders have a duty to protect the 

natural capital of the PDNP. Amongst other public goods, wildfire threatens climate change mitigation, public 

health, reputations, and fire operative safety. In other parts of Europe, land abandonment has elevated the 

impacts of wildfire. As the front-line service, we must respect the knowledge and protect the presence of 

habitat managers.  

 

• Leadership 

There is limited understanding of wildfire amongst some Government agencies, this may have consequences 

on successful wildfire mitigation. A statement of leadership has been made through the 2021 Peat Action 

Plan. It is now up to stakeholders to work together to formulate responses to the evidence presented by the 

Project. With its multi stakeholder representation, might the Fire Operations Group (FOG) lead from here? 

 

• Management planning 

Ignitions cannot be eliminated but, improving education and monitoring can help. The effect of topography 

and supportive fire weather cannot be significantly altered, but the fuel complex can be addressed. A 

Landscape Wildfire Management Plan for the Derwent Focus Area can be used by stakeholders to protect 



 

 
14: CONCLUSIONS  112 

 

their interests and identify the actions that can be taken to adapt the fuel complex, mitigate the wildfire risk, 

and build fire resilience. 

 

• Mitigation 

Mitigation options are varied. Education, monitoring and visitor management will be vital to reducing 

ignitions. Along with traditional vegetation management practices, the use of blanket bog restoration is part 

of the solution to improve resilience. For a Fire Response Plan to be successful, an appropriate Fuel 

Mitigation Plan must be implemented along with improvements to infrastructure (greater accessibility, water 

provision, & training). In the same way that insurance premiums are paid to protect assets, investment must 

be made in measures that protect the landscape from catastrophic wildfire. 

 

• Role of training beyond fighting fire 

In order to form a group that has the capacity to provide meaningful advice and support to the future 

development of any strategic plan, it is essential that adequate training is provided. This should include the 

development of individuals, primarily from the FRS, who better understand the dynamics of wildfire 

behaviour who could assist in the formulation of both strategic and operational planning.  

 

• Phenomenal opportunity 

The opportunity that exists is phenomenal. A UK wildfire centre of excellence could be formed to: collect & 

process data, share information, undertake risk assessment/monitoring, engage in mitigation 

planning/implementation, provide public education and operator training, to form a strategic taskforce and 

provide tactical guidance. Further research is required on the efficacy of different mitigation options. There 

is an opportunity for the PDNP to lead further studies. 

 

• Refocussing 

The Project was intended to be applied to the remaining focus areas within the PDNP.  However, wider 

interest and increased expectations (potential for national application) and limited timescales caused a shift 

in the focus of the team, who identified the need to provide additional information and evidence to ensure 

that stakeholders would have confidence in the report’s conclusions. The project must now be refocussed to 

deliver to original expectations.  

 

• Proactive response 

The Project requires a proactive response from all stakeholders (habitat protection agencies, land sector 

representatives & FRS) who must now respond with courage, open minds and determination to engage in 

collaborative strategic mitigation planning, followed by concerted implementation. As well as capital assets, 

there are people to protect; visitors, habitat managers and the FRS. 
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APPENDIX A – Tier Three Methodology 

A.1. Methodology used during the Fire Risk Analysis of Potential Fire Behaviour within PDNP Study Area. 

• The principles are based on uncertainty methodology for strategic wildfire analysis developed by the 

GRAF wildfire specialist unit, of the Catalan Fire Service  

  Castellnou, M., Prat-Guitart, N., Arilla, E. et al. Empowering strategic decision-making for wildfire 

management: avoiding the fear trap and creating a resilient landscape. fire ecol 15, 31 (2019). 

https://doi.org/10.1186/s42408-019-0048-6 

 

• The software used to simulate fire spread dynamically and statically utilises the following advanced 

fire behaviour applications: 

https://www.firelab.org/project/flammap 

https://www.firelab.org/project/farsite 

 

• Database of meteorology: 

https://cds.climate.copernicus.eu/#!/home 

 

• Data base of Fire 

https://effis.jrc.ec.europa.eu/ 

 
 

A.2. Supporting Research: 

Finney, M. A. 2005. The challenge of quantitative risk analysis for wildland fire. Forest Ecology & 
Management 211: 97-108. 

Finney, M. A. 1999. Mechanistic modelling of landscape fire patterns. In: Mladenoff, D. J. and Baker, W. L. 
eds. Spatial modelling of forest landscape change: approaches and applications. Cambridge University Press: 
186-209. 

Finney, M. A. 2000. Efforts at comparing simulated and observed fire growth patterns. Missoula, MT: 
Systems for Environmental Management; Final Report INT-95066-RJVA. (71 KB; 20 pages) 

Finney, M. A.; Andrews, P. L. 1999. FARSITE: Fire Area Simulator—a program for fire growth simulation. Fire 
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APPENDIX B – Fire Behaviour Case Studies  

B.1  Mossy Lea case study (included by kind permission of Thomas Kier) 

A study of the Mossy Lea site was undertaken to provide mapping at a more local, or tactical level, rather 

than a regional or strategic one. This allows a more detailed and specific analysis of fire behaviour and 

demonstrates how this information can be utilised to provide useful data for land managers when compiling 

a wildfire risk assessment, or a wildfire mitigation plan. 

 

Figure B1: The Mossy Lea case study area and its position within the PDNP 

 

 

Figure B2: Showing the initial fuel layer on the left, and the re-classified and improved fuel map used in the fire simulations carried 
out as part of the fire analysis. It also shows how the landscape of Mossy Lea has been broken into a network of fire polygons, these 
were used during the analysis of fire spread. 
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Fig B3 The fire polygons have been overlayed onto the mapping and given an identification number 

 

B1.1.  Fire spread under the influence of easterly conditions 

On further analysis of the fire spread pattern, we were able to identify the main fire runs that could take 

place within the fuel arrangement under the chosen weather scenarios. The main threat identified was 

caused by fire spreading from outside the site supported by easterly conditions, this had the potential to 

spread fire along the valley and across the upper parts of the site. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B4:  Analysis of the potential major fire connections between the fire polygon network across the landscape when influenced 

by ‘B’ type weather conditions. The red arrows indicate intense head fire behaviour where the major fire runs will develop. 
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Figure B5:  Showing the major fire runs, the most problematic being the one that follows the valley burning up the re-entrants onto 

the upper parts of the landform under the influence of easterly conditions 

B1.2  Hub fire polygons 

Hub polygons are those that play a significant role in increasing fire spread potential, this may be due to their 

position on the landscape, or its strength of connection with other polygons.  For example, in the diagram 

below it can clearly be seen that within the fire network, polygon 26, is a hub providing strong connections 

with polygons 10, 13, 15 and 25. This indicates that should a fire pass through polygon 26 the fire would 

spread rapidly across the upper part of the landscape as an intense and fast- moving fire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B6: Showing the fire polygon network, red arrows indicate high intensity, yellow indicate moderate intensity and green lower 

intensity. Connection between red arrows indicate the major fire runs. 
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Figure B7: shows two separate fire spread patterns from ignitions in polygons 20 and 21. Polygons 11 and 12 are hubs and within a 

mitigation plan would be Strategic Management Areas (SMAs) where action within the fuels would be recommended. 

 

B1.3  Fire spread under the influence of a westerly wind 

As part of the case study an analysis of fire behaviour under the influence of a westerly wind was also carried 

out using the same network of fire polygons.  

 

Figure B8: Showing the potential fire spread across the Mossy Lea landform under the influence of a westerly wind. 

As can be seen in the diagram above, polygons 26, 20, 12 and 11 all play a major role in fire connectivity and 

are all located on main fire pathways. These can be viewed as priority SMAs where a fuel reduction 

programme could be used to break the potential fire runs and provide an opportunity for responders to limit 

the scale of fire spread. 
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Figure B9: showing the main fire run along the valley and how it can break onto the upper parts of the landscape via the steep re-

entrants on either side. 

 

B1.4  Summary of results of the Mossy Lea study 

The fire analysis of the Mossy Lea site identified that there is a significant risk of large scale, intense, and 

fast-moving fires occurring within the fuels arranged across its landform. These fires have the potential to 

develop quickly and make significant fire runs that would most likely be beyond the capacity of current 

firefighting systems. Our findings suggest that the only way to significantly reduce the risk, is to take 

mitigation action through a fuel reduction programme. The objective would be to reduce fire intensities and 

ROS within the SMAs that are identified in the diagram below. This would bring two major benefits, it would 

weaken the strength of connection between polygons that are positioned along the main fire runs, and 

secondly bring the fire behaviour into the control of firefighting systems, providing responders with an 

opportunity to contain the fire where currently there are none. 

 

 

 

 

 

 

 

 

 

 

 

Figure B10: Indicating the SMAs that if managed would significantly reduce the potential of wildfires on the Mossy Lea site. 
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B1.5  Fire Behaviour Comparisons. 

As part of the Mossy Lea study, we ran a number of simulated fires on its landscape, the following diagrams 

show an example of the different fire characteristics that resulted from the normal and extreme scenarios 

used.  

 

Figure B11: Simulated fire pattern using normal June weather conditions, showing the fire footprint using hourly increments over a 

nine-hour period. 

 

 

Figure B12: Simulated fire spread pattern from the same ignition point that was used in fig 29, this simulation was under the 

influence of the extreme weather conditions prevailing in June 2018, it shows the fire footprint using hourly increments over a nine-

hour period. 

 



 

 
APPENDIX B – FIRE BEHAVIOUR ANALYSIS CASE STUDIES  123 

 

The comparison between the fire behaviour generated by the two different weather scenarios is stark and 

demonstrates the dominant impact that fire weather plays within the wildfire environment and its impact on 

the fuel complex. The modelling of the average conditions indicates that the fire behaviour would likely be 

within the containment capacity of local firefighting systems, but the extreme fire behaviour demonstrated 

during the second weather scenario would be too intense and fast moving for the same firefighting systems 

to succeed. 

 

B.2.  The Longdendale Case Study (included by kind permission of United Utilities) 

“United Utilities support this project and report, in particular as a large landowner, we agree with the need 

for a strategic joined up approach to manage and mitigate wildfires in the UK” 

Ross Evans, Estates & Land Manager 

The Longdendale site, sometimes referred to as Dovestone is a United Utilities land holding which is situated 

to the north of the Derwent Massif. The site is of particular interest in the PDNP study for a number of 

reasons including: 

• It is located within the PDNP area but is only a few miles from the urban fringe of the city of 

Manchester. 

• The site has high economic, social and environmental values and assets arranged across its landform, 

these include water catchment and storage facilities, leisure assets, large areas of SSSI’s, and tenants 

with contrasting interests including the RSPB, and those that have sporting and agricultural interests 

• It has high numbers of visitors who can easily access the site, particularly from the Dovestone 

reservoir location, where a number of leisure facilities are located 

• The area has a high number of ignitions and a long history of wildfire events 

The site therefore encapsulates on a smaller scale, many of the historical issues and conflicts of interest that 

are present across the broader PDNP area. Its inclusion highlights the risk posed by fires spreading across 

boundaries from fires that may originate within the Derwent Massif area. 

The following Google image highlights the complexity of its landscape, providing an impression of how 

difficult it might be for responders to gain access to fire sites and showing the lack of opportunities within 

the existing fuel arrangement to contain fire spread. 
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Figure B13: Showing the landforms of the Longdendale site and the water catchment and storage interests of United Utilities who 

own the site. 

 

As can be seen below the site has significant environmental value and much of the area is designated as SSSI. 

There are also other types of designations including a scattering of ancient woodland. Obviously, the main 

economic interest is the water catchment and storage areas that are of huge commercial value. 

 

Figure B14:  An overview of the historic and environmental designated areas and the water catchment /storage interests. 

 

B2.1  Wildfire History 

The area is frequently impacted by the effects of wildfire, fig 34 below provides information regarding the 

number and scale of recorded events over recent years. This clearly indicates the serious threat posed by 

wildfire to the high value landscape and the proximity of many of these fires to the surrounding urban fringe.  

 

 

 

 

 

 

 

 

 

 

Figure B15: The fire footprints of the recorded wildfire events 
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7.2  Fire spread analysis  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B16: A diagrammatic summary of potential fire spread from the Derwent Massif into the Longdendale site. 

Modelling indicated that the main risk of fire penetration was at point ‘a’ on the illustration below. It also 

highlighted the possibility of two major fire runs being made from this point into the interior of the 

Longdendale site.  

 

 

 

 

 

 

 

 

 

 

Figure B17:  

Showing the potential fire penetration 

onto Longdendale (shown in red) from 

the Derwent Massif area. The main risk 

comes from point ‘a’. 

 

The illustration below shows the fire runs that are likely to penetrate the Longdendale site and result in 

significant head fire behaviour that would be extremely difficult to contain. 
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Figure B18: Showing the fire run scenarios onto the Longdendale site 

 

B2.3  Analysis of fire behaviour within the Longdendale site 

Modelling was carried out to establish the fire behaviour that could be generated within the Longdendale 

fuels using the 2018 weather scenario. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B19: Modelling of the ROS generated within the Longdendale vegetation 
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Figure B20: Modelling of the potential flame length within the fuel arrangement of the Longdendale site 

 

7.4  Fire connectivity within the Longdendale fire polygon network 

 

Figure B21: Fire connectivity between the fire polygon network under the influence of an easterly wind. 

 

The results of the fire analysis identify the potential fire runs occurring within the Longdendale site and the 

importance that the hub SMA polygons will play in fire development across the site.  
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Figure B22: An overview of the strength of fire connection within the Longdendale site and which play a significant role in fire 

development increasing fire potential when supported by an easterly wind.  

The fire spread modelling below indicates the connections within the fire polygon network when under the 

influence of westerly conditions. 

 

 

Figure B23: Fire connectivity between the fire polygon network under the influence of a westerly wind. 
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Figure B24: An overview of the strength of fire connection within the Longdendale site and which play a significant role in fire 

development increasing fire potential when supported by a westerly wind.  

 

B2.5  Summary of results of the Longdendale site study  

The figure below gives an overview of the fire behaviour within the fire polygon network. This has been 

colour coded to indicate the average fire intensity and ROS within each.  

 

Figure B25: Showing an overview of the fire modelling results throughout the fire polygon network 

The strength of fire connection within the fire polygon network indicated that there were several critical 

points that identified them as SMAs.  
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An analysis was carried out to establish the level of disconnection required within the SMAs and the mapping 

below shows the various levels of management required. 

 

 

Figure B26: Explaining the importance of the SMAs across the Longdendale site 
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APPENDIX C: Glossary Of Useful Wildfire Terms  

AERIAL ATTACK 

A fire suppression operation involving the use of aircraft to release water or retardant on or near a wildfire. 

ANABATIC WIND 

Upslope winds. Anabatic winds occur when daytime solar radiation heats air at lower elevations causing it to 

flow upslope. 

ANCHOR POINT 

A location on the landscape which is strong enough to act as barrier to fire spread. The commencement of 

suppression operations from an anchor point ensures that a wildfire cannot escape from an area of 

containment which could threaten the success of the operation and/or the safety of suppression personnel. 

It may be necessary for anchor points to be strengthened before use or even created by hand or machine. 

The creation of an anchor point is sometimes a key element included within the LACES safety protocol. 

AREA OF ORIGIN 

General geographical location within a fire scene where the point of ignition is believed to be located. 

ASPECT 

The direction a slope faces in relation to the sun. Aspect is a force of alignment. 

ATTACK A FIRE 

A generic term for the various methods that can be used to suppress a fire or parts of a fire, including: 

• Direct attack – An offensive fire suppression tactic which involves an attack being made at or near 

the fire’s edge. This technique normally relies on the use of hand tools and or water. 

• Indirect attack – Any suppression methods implemented away from the fire edge. 

• Aerial attack – Fire suppression operation involving the use of aircraft to drop water or retardant on 

or near a wildfire. 

• Flank attack – Attacking the fire along the flank or both flanks simultaneously. 

• Parallel attack – Method of fire suppression in which a control line is constructed approximately 

parallel to and some distance away from the fire edge. 

AVAILABLE FUELS 

The proportion of the total fuel that would burn under specified burning and fuel conditions. 

BACK BURN 

An operational burn ignited along the inner edge of a control line to consume the fuel in the path of an 

advancing wildfire or to change the direction of force of the wildfire’s convection column. 

BACKING FIRE 

A lower intensity fire or part of a fire which burns against the wind and/or down slope. 

BLACK AREA 

An area of fuel that is black in appearance because some or all of the fuel has been burnt. A black area may 

support a second burn if some fuel remains and this could represent a safety risk to suppression personnel. 

BURN PLAN 

A pre-determined strategic scheme or programme of activities which is formulated in order to safely and 

effectively accomplish the objectives of a managed burn. A burn plan will outline the selection of tactics, 

selection of resources, resource assignments and how performance will be monitored during a managed 
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burn. It should be noted that a burn plan may need to be dynamic to take into account any changes in 

conditions or circumstances. 

BURNING CONDITIONS 

The state of the combined components of the fire environment that influence fire behaviour within available 

fuels. Burning conditions are usually specified according to the factors of aspect, weather, slope/ 

topography, and fuel type and load. 

BURNING OUT 

The intentional burning of parcels of fuel to prevent fire spread. This is normally carried out to consume fuel 

between a control line and the fire edge. 

CANOPY 

The upper layer of aerial fuels which will contain the crowns of the tallest vegetation present (living or dead). 

CLEAN BURN 

A fire that consumes all vegetation and litter above the ground exposing the mineral soil. 

COARSE FUELS 

Fuels that are more than 6mm in diameter. Due to their size and shape they burn more slowly and ignite less 

readily than finer fuels. Examples of coarse fuels include thick stems, logs, and branches. Coarse fuels can 

either be living or dead. 

CONDITION OF VEGETATION 

Stage of growth or degree of flammability of vegetation that forms part of a fuel complex. This will be 

dependent upon time of year, amount of curing and weather conditions. 

CONTAINMENT 

An area of a fire where control has been established and no breakout is anticipated. 

CONTROLLED FIRE 

A fire with a secure perimeter, where no breakouts are anticipated. 

CONTROL LINE 

An inclusive term for all constructed or natural barriers and treated fire edges used to control a fire. 

COOPERATING AGENCY 

Any organisation supplying resources to assist with the implementation of a fire suppression plan. A 

cooperating agency differs from a partner agency in the sense that it only comes to the assistance of a 

suppression agency when a wildfire occurs. 

COUNTER BURN 

A planned operational burn which is ignited to burn into a wildfire and to take advantage of in-drafts towards 

the fire front. 

CRITICAL POINT 

This is a point in time or space when/where there will be a significant influence on fire spread, rate of spread 

and/or fire intensity. 

CROWN 

The upper foliage of trees and shrubs, normally containing large amounts of fine fuels. 

CROWN FIRE/CROWNING 

When a fire burns freely in the upper foliage of trees and shrubs.  

CURING 
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A process that leads to the reduction in moisture content of dead vegetation.9 This usually causes the 

vegetation to turn brown in appearance. 

DEAD FUELS 

Fuels with no living tissue. The moisture content of dead fuels is mostly controlled by external weather 

conditions, for instance, relative humidity, precipitation, temperature, and solar radiation. 

DIRECT ATTACK 

An offensive fire suppression tactic which involves an attack being made at or near the fires edge. This 

technique normally relies on the use of hand tools and or water. 

DRIP TORCH 

A hand tool used to drop flaming fuel onto the ground to intentionally ignite a fire as part of an operational 

or prescribed burn. 

DROUGHT 

A prolonged period of abnormally low precipitation within a particular geographical area. 

ELEVATED FUELS 

Any fuel found at a height of 1.5-3.5 metres. The presence of elevated fuels will increase the risk of vertical 

fire spread into aerial fuels and the canopy. 

EXTREME FIRE BEHAVIOUR 

Fire behaviour that becomes erratic or difficult to predict due to its rate of spread and/or flame length. This 

type of fire behaviour often influences it environment. 

FINE FUELS 

Fast-drying dead fuels which are less than 6mm in diameter. Fine fuels ignite readily and are rapidly 

consumed by fire when dry. Examples of fine fuels include: grass, leaves, ferns, mosses, pine needles and 

small twigs. When dried, fine fuels are referred to as flash fuels. 

FINE FUEL MOISTURE 

The moisture content of fast-drying fuels. Measurement of moisture content will indicate the relative ease of 

ignition and flammability of a fine fuel. 

FIRE BEHAVIOUR 

The reaction of a fire to the influences of fuel, weather, and topography. 

FIREBREAK 

An area on the landscape where there is a discontinuity in fuel which will reduce the likelihood of 

combustion or reduce the likely rate of fire spread. 

FIRE FOOTPRINT 

Outer shape of the fire perimeter at a given point in time. 

FIRE FRONT 

Any part of the fire perimeter that displays continuous flaming combustion. 

FIRE GROWTH 

The evolution of a fire from ignition to self-sustaining propagation and its movement through available fuels. 

FIRE INTENSITY 

The rate at which a fire releases energy in the form of heat at a given location and at a specific point in time, 

expressed as kilowatts per metre (kW/m) or kilojoules per meter per second (kJ) 

FIRE MANAGEMENT PLAN 
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A plan detailing predetermined fire suppression strategies and tactics to be implemented following the 

occurrence of a wildfire within a particular area. 

FIRE PREDICTION SYSTEM 

A method or tool used to forecast future behaviour of a fire. 

FIRE REGIME 

The pattern of fire occurrence, fire frequency, fire seasons, fire size, fire intensity, and fire type that is 

characteristic of a particular geographical area and/or vegetation type. 

FIRE RISK 

The calculation of the probability of a wildfire occurring and its potential impact on a particular location at a 

particular time. Wildfire risk is calculated using the following equation: 

Fire risk = probability of occurrence x potential impact. 

FIRE SEASON 

The period or periods within a year when wildfires are most likely to occur. 

FIRE SPREAD 

The movement of a fire through available fuels arranged across the landscape. 

FIRE SUPPRESSION PLAN 

A pre-determined scheme or programme of activities which is formulated in order to safely and effectively 

accomplish fire suppression objectives. A fire suppression plan will outline the selection of tactics, selection 

of resources, resource assignments and how performance and safety will be monitored and maintained at a 

particular incident. Fire suppression plans need to be dynamic to take into account any changes in conditions 

or circumstances. 

FLANKS 

The parts of a fire's perimeter that are roughly parallel to the main direction of fire spread. The flanks usually 

have less fire intensity than the head fire because they have a weaker alignment with wind or slope. 

FORCES OF ALIGNMENT 

A collective term for the forces that have a significant impact on wildfire behaviour. These forces can support 

or hinder fire development and can be used to predict likely fire behaviour, including fire spread and fire 

intensity. Wind, slope and aspect are considered to be key forces of alignment. 

FUEL 

Any material that can support combustion within a wildfire environment. Fuel is usually measured in tonnes 

per hectare. 

FUEL ARRANGEMENT 

The horizontal and vertical distribution of all combustible materials within a particular fuel type. 

FUEL CONTINUITY 

The extent to which fuel arrangement will support fire spread. 

FUEL LAYERS 

The classification of fuels according to their height relative to the ground surface.  

There are five general fuel layers: 

• Aerial fuels 

• Elevated fuels  

• Near surface fuels 

• Surface fuels 
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• Ground fuels 

FUEL LOAD 

The amount of fuel present within a particular area. Fuel load is measured in weight per area measured 

(usually in kilograms per square metre). Fuel loading is expressed in relative terms as either “heavy fuel 

loading” or “light fuel loading”. 

FUEL MANAGEMENT 

The process of managing fuel or fuel arrangement. The aim of fuel management is usually to create a 

discontinuity in fuels to achieve fragmentation. 

FUEL MOISTURE CONTENT 

Water content of a fuel expressed as a percentage of fuel weight when oven dried. 

HEAD FIRE 

The leading part of an advancing wildfire at a particular point in time. The head fire will usually exhibit the 

highest level of fire activity of any part of the fire. 

HORIZONTAL FUEL ARRANGEMENT 

A description of the distribution of fuels on the horizontal plane. The horizontal arrangement of fuels will 

influence the relative ease with which fire can spread horizontally across an area of land. 

IGNITION PATTERNS 

A generic term for the three key techniques for igniting a managed burn: 

• Line ignition 

• Points of fire 

• Fingers of fire 

INDIRECT ATTACK 

Any suppression methods implemented away from the fire edge. 

INITIAL RESPONSE 

The first suppression resources mobilised to an incident following the detection of a wildfire. These 

resources will be available to participate in initial attack operations. 

KATABATIC WIND 

Down slope winds. Katabatic winds occur when air at higher elevations is cooled (often at night) and is 

subsequently pulled down slope by the force of gravity. 

LACES 

An essential safety protocol which should be implemented at wildfire incidents to address risks and hazards. 

The correct implementation of LACES helps to ensure that suppression personnel are appropriately 

supervised, informed and warned of risks and potential hazards and that they are aware of how and where 

to escape should a high-risk situation occur. 

LADDER FUEL 

Fuels that provide vertical continuity which allow fire to move through the vertical fuel arrangement. 

LANDSCAPE 

The physical appearance of the land comprising of the features of terrain, vegetation and the human impact 

caused by variations in land use. 

LIVE FUELS 

Fuels with living tissue. The moisture content of live fuels is controlled largely by internal physiological 

mechanisms. 
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MANAGED BURN 

A planned and supervised burn carried out for the purpose of removing fuel either as part of a Fire 

Suppression. Plan (an operational burn) or a land management exercise (a prescribed burn). 

OPERATIONAL BURN 

A controlled supervised burn which is carried out by a burn team as part of a fire suppression plan. An 

operational burn can be classified as either offensive or defensive, depending upon its purpose: 

• Offensive operational burn – ignited along a control line to burn into an advancing flame front. 

• Defensive operational burn – ignited along a control line to strengthen/ expand the control line but 

will be extinguished prior to the arrival of an advancing wildfire. 

PARALLEL ATTACK  

A method of fire suppression involving the construction of a control line approximately parallel to and some 

distance away from the fire edge. The intervening strip of unburned fuel may or may not be burned out as 

the control line proceeds. This decision will be influenced by an assessment of whether the unburned fuel is 

considered to pose a threat to the control line. 

PARTNER AGENCY 

Any organisations that work together to prevent, investigate and/or suppress wildfires. Partner agencies will 

work together on preparedness activities and plans and are likely to have formulated pre-agreed partnership 

agreements. 

PINCHING 

Attacking a fire by working along the flanks either simultaneously or successively from a less active or anchor 

point and endeavouring to connect the two lines at the head. 

PREPAREDNESS PLAN 

A pre-determined strategic scheme or programme of activities which is formulated in order to satisfactorily 

prepare an organisation or a geographic area to respond effectively to wildfire incidents. 

PRESCRIBED BURN 

A planned and supervised burn carried out under specified environmental conditions to remove fuel from a 

predetermined area of land and at the time, intensity and rate of spread required to meet land management 

objectives. 

RATE OF SPREAD (ROS) 

A measurement of the speed at which a fire moves across a landscape. Rate of spread is usually expressed in 

metres per hour. 

RELATIVE HUMIDITY (RH) 

The amount of water vapour present in the air expressed as a percentage of the amount of vapour needed 

for saturation to occur at the same temperature. Saturated air is referred to as 100% relative humidity. 

RESPONSE 

Response encompasses the actions taken to deal with the immediate effects of a wildfire emergency. In 

many scenarios it is likely to be relatively short and to last for a matter of hours or days – rapid 

implementation of arrangements for collaboration, co-ordination and communication are, therefore, vital. 

Response encompasses the effort to deal not only with the direct effects of the emergency itself but also the 

indirect effects. 

REWILDING 

The process of restoring an area of land to a natural uncultivated state 
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SLOPE AFFECT 

Variations in fire behaviour induced by slope. Slope can both support and hinder fire spread and 

development and the angle of the slope will have an important influence on the degree of effect. 

• Fires spreading upslope –The flames of a fire spreading upslope will be angled towards the unburned 

fuel above it which will pre-heat the fuel in front of the advancing fire. This pre-heating increases 

combustibility and rate of spread for fires travelling upslope.  

• Fires spreading down slope – The flames of fires burning down slope will be angled away from the 

fuel and will, therefore, lead to less preheating of the fuel in front of the fire. Consequently, the 

effect of slope on a fire burning down slope is a reduction in combustibility and rate of spread. 

SPOT FIRE 

A fire outside the main fire perimeter which is caused by flying embers transported by the wind or 

convection column. 

STANDARD OPERATING PROCEDURES (SOPS) 

SOPs are written instructions that detail the necessary steps that must be taken when completing a 

particular process or activity. The purpose of a SOP is to ensure that a particular process or activity is always 

carried out safely, effectively and in the same manner. 

SWIPE 

Used to cut small shrubs such as heather down to ground level. Depending on local conditions the resulting 

break in the vegetation can either act as a barrier to fire spread or reduce fire behaviour significantly. 

TACTICAL BURN 

The use of fire by personnel trained to suppress or contain fire using a number of tactical methods  

TAIL FIRE 

The rear most part of a wildfire/forest fire, it is normally out of alignment with wind and slope, and 

consequently will usually demonstrate less fire activity than the head fire because it usually has less support 

from wind or slope. Sometimes referred to as the heel part of the fire. 

TEST BURN 

A small burn which is ignited to observe and evaluate fire behaviour prior to igniting a larger operational or 

managed burn. 

TOPOGRAPHY 

The description and study of the shape and features of the land surface. 

UNIFORM FUELS 

Identical or consistent fuels distributed continuously across an area or landscape. It is usually easier to 

predict fire behaviour for fires burning in uniform fuels than it is for fire in mixed vegetation types. 

VERTICAL FUEL ARRANGEMENT 

A description of the distribution of fuels on the vertical plane, from the ground up to the canopy levels of 

vegetation. The vertical arrangement of fuels will influence the relative ease with which fire can spread 

vertically through the fuel layers. 

WEATHER STATION 

A collection of sensors and monitors which gathers, records and reports meteorological data. Weather 

stations may be permanent structures or hand-held/semi-portable/portable units. 
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WILDFIRE 

Any uncontrolled vegetation fire which requires a decision or action regarding suppression. Wildfires are 

commonly classified according to size and/or impact upon suppression resources. 

WINDOW OF OPPORTUNITY 

A period of time or location on the landscape when/where it will be particularly advantageous to adopt 

particular suppression tactics or actions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
REFERENCES  139 

 

REFERENCES 
UK Centre for Ecology & Hydrology, 2021. Peatlands Factsheet, N/A: N/A. 

Abatzoglou, J., Williams, A. & Barbero, R., 2019. Global Emergence of Anthropogenic Climate Change in Fire 

Weather Indices. Geophysical Research Letters, 8 Jan, Volume 46, pp. 326-336. 

Abatzolgou, J. et al., 2018. Global Patterns of Interannual Climate-Fire Relationships. Global Change 

Biology, 11(5164-5175), p. 24. 

Amraoui, M. et al., 2018. Defining extreme wildfire events: Difficulties, challenges, impacts. Fire, 1(1), pp. 1-

28. 

Anderson, H. E., 1982. Aids to determining fuel models for estimating fire behaviour, s.l.: US Forest Service. 

Andrews, P. L., 2018. The Rothermel Surface Fire Spread Model and Associated Developments: A 

Comprehensive Explanation, Fort Collins: USDA Rocky Mountain Research Station. 

Aylen, J., Cavan, G. & Alberston, K., 2007. Identifying the best strategy for mitigating moorland wildfire risk, 

s.l.: Moors for the Future Small Grant A79419. 

Davies, R. et al., 2016. The role of fire in UK Peatland and moorland management: the need for informed, 

unbiased debate. Royal Society Publishing: Philosophical Transactions B, 371(1696). 

Defra, 2007. The Heather and Grass Burning Code, London: Defra Publications. 

DEFRA, 2020 (b). Environmental Stewardship Scheme Agreements Data. [Online]  

Available at: https://data.gov.uk/dataset/cff0728e-5179-46e5-bc5a-ab3a7dca8518/environmental-

stewardship-scheme-agreements 

[Accessed 08 12 2020]. 

DEFRA, 2022. UK Climate Change Risk Assessment 2022, s.l.: DEFRA. 

Dixon, S. & Chandler, D., 2019. Producing a risk of sustained ignition map for the Peak District National 

Park, Edale: Moors for the Future. 

Dixon, S. G. & Chandler, D., 2019. Risk of Sustained Ignition Mapping for the PDNP , Edale: Moors for the 

Future. 

England & Wales Wildfire Forum, 2019. Wildfire Conference 2019 - Post Conference Pack, s.l.: EWWF. 

European Forrest Fire Information System, 2021. EFFIS - Country/Regional Wildfire Maps. [Online]  

Available at: https://effis.jrc.ec.europa.eu/reports-and-publications/countryregional-wildfire-maps 

[Accessed 31 Jan 2022]. 

Fitzwilliam Wentworth Estate, 2020. Bradfield Moor Vegetation Survey. s.l.:s.n. 

FOG, 2020. Fire Operations Group Map Data, s.l.: s.n. 

FPCR Design and Environmental Consultants, 2021. Biodiversity Unit Banking. [Online]  

Available at: https://www.fpcr.co.uk/services/ecology/biodiversity-unit-banking/ 

[Accessed 31 January 2022]. 

Glaves, D. J. et al., 2020. The Causes and prevention of wildfire on heathlands and peatlands in England, s.l.: 

Natural England. 

Graham, A. M. et al., 2020. Impact on air quality and health due to the Saddleworth Moor fire in northern 

England. Environmental Research Letters, 15(7). 



 

 
REFERENCES  140 

 

GWCT, 2021. Carbon Storage on grouse moors. [Online]  

Available at: https://www.gwct.org.uk/policy/briefings/carbon-storage-on-grouse-moors/ 

[Accessed 7th December 2021]. 

IUCN, 2020. IUCN Peatland Programme - Peatland Leaflet. [Online]  

Available at: https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2019-

07/Peatland_Leaflet_ONLINE_V2_1.pdf 

[Accessed 12 Dec 2021]. 

JNCC, 2022. JNCC UK BAP Priority Habitats. [Online]  

Available at: https://jncc.gov.uk/our-work/uk-bap-priority-habitats/ 

[Accessed 18 Jan 2022]. 

Manchester FRS, 2021. Email from Dave Swallow to Anthony Barber-Lomax; Peak District Wildfire - FRS 

Costs [Interview] (24 February 2021). 

McMorrow, J. & Lindley, S., 2006. Modelling the spatial risk of Moorland Wildfire, Edale: Moors for the 

Future. 

MET Office, 2021. State of UK Climate 2020. [Online]  

Available at: https://www.metoffice.gov.uk/research/climate/maps-and-data/about/state-of-climate 

[Accessed 15 Jan 2022]. 

MFF & Natural England, 2021. Peak District Moors Breeding Bird Survey 2018, Bristol: Waterman 

Infrastructure & Environment Ltd. 

Moors for the Future, 2020. Wildfire Igntion Data Set & Ignition Risk Map, s.l.: s.n. 

Moors for the Future, 2021. moorsforthefuture.org.uk. [Online]  

Available at: https://www.moorsforthefuture.org.uk/our-purpose/improving-water-quality 

[Accessed 27 Sept 2021]. 

Moors for the Future, 2022. MoorLIFE project sites: Bleaklow. [Online]  

Available at: https://www.moorsforthefuture.org.uk/our-work/our-projects/moorlife/moorlife-project-

sites/bleaklow 

[Accessed 15 03 2022]. 

Moors for the Future, 2022. Reducing the risk of wildfire. [Online]  

Available at: https://www.moorsforthefuture.org.uk/our-purpose/reducing-the-risk-of-wildfire 

[Accessed 7 jan 2022]. 

Morton, R. D., Marston, C. G., O'Neil, A. W. & Rowland, C. S., 2019. Land Cover Map 2019 (25m rasterised 

land parcels, GB). s.l.:UK Centre for Ecology & Hydrology. 

National Wildfire Co-ordinating Group, 2022. Glossary - Fireline Intensity. [Online]  

Available at: https://www.nwcg.gov/term/glossary/fireline-

intensity#:~:text=Fireline%20Intensity%20The%20product%20of%20the%20available%20heat,per%20seco

nd%20per%20foot%20%28Btu%2Fsec%2Fft%29%20of%20fire%20front. 

[Accessed 27 01 2022]. 

Natural Capital Solutions, 2021. Natural Capital Assessment of the Wentworth Estate, Sheffield: s.n. 

Natural England, 2015. National Character Area Profile 51. Dark Peak, N/A: Natural England. 

Natural England, 2019. European Site Conservation Objectives: Supplementary advice on conserving and 

restoring site features. South Pennine Moors SAC, s.l.: Natural England. 



 

 
REFERENCES  141 

 

Natural England, 2020(a). CRoW Act 2000 - Access Layer. [Online]  

Available at: https://data.gov.uk/dataset/05fa192a-06ba-4b2b-b98c-5b6bec5ff638/crow-act-2000-access-

layer 

[Accessed 8 12 2020]. 

Natural England, 2020(b). Peat Depth Data. s.l.:Naural England. 

Natural England, 2021. https://designatedsites.naturalengland.org.uk. [Online]  

Available at: 

https://designatedsites.naturalengland.org.uk/ReportConditionSummary.aspx?SiteCode=S1003028&Repor

tTitle=Dark%20Peak%20SSSI 

[Accessed 28 09 2021]. 

Parliamentary Office of Science & Technology, 2019. Climate Change & UK Wildfire. [Online]  

Available at: https://researchbriefings.files.parliament.uk/documents/POST-PN-0603/POST-PN-0603.pdf 

[Accessed 1 January 2022]. 

PDNP, 2010. PDNP Maps. [Online]  

Available at: http://www.peakdistrict.org/maps/ 

[Accessed 2 Febuary 2022]. 

Peak District National Park, 2009. Peak District Landscape Character Assessment - The Dark Peak, Bakewell: 

Peak District National Park Authority. 

Peak District National Park, 2022. Blanket Bog Habitat. [Online]  

Available at: https://www.peakdistrict.gov.uk/__data/assets/pdf_file/0023/48461/Blanket-Bog.pdf 

[Accessed 27 Sept 2022]. 

Peak District National Park, ND. Peak District National Park Facts. [Online]  

Available at: https://www.peakdistrict.gov.uk/learning-

about/news/mediacentrefacts#:~:text=Media%20Centre%20Facts%20and%20Figures%201%20The%20Pea

k,...%204%20Resident%20population%3A%2038%2C000.%20More%20items...%20 

[Accessed 27 Sept 2021]. 

Perry, M. C., Vanvyve, E., Betts, R. A. & Palin, E. J., 2022. Past and future trends in fire weather for the UK. 

Natural Hazards and Earth System Sciences, Volume 22, pp. 559-575. 

Ribeiro de Sousa, P. M., 2017. Northern Hemisphere blockings and their impacts over the European 

continent: Historical overview and associated mechanisms, s.l.: Universidade de Lisboa. 

Rothermel, R., 1972. A Mathmatical Model for Predicting Fire Spread in Wildland Fuels, Utah: USDA Forest 

Service. 

Scotland's Moorland Forum, 2017. The Muirburn Code, Inverness: NatureScot. 

Scottish Govenment, 2013. Fire and Rescue Service Wildfire Operational Guidance, Edinburgh: Scottish 

Government. 

Scott, J. & Burgan R, 2005. Standard Fire Behaviour Fuel Models: A comprehensive set for use with 

Rothermel's surface fire spread model, Washington DC, US: Rocky Mountain Research Centre, USDA. 

Scott, J. H., 1999. NEXUS: a system for assessing crown fire hazard. Fire Management Notes, 59(2), pp. 20-

24. 

The Heather and Grass etc. Burning (England) Regulations, 2021. SI2021/158. London: s.n. 

Titterton, P., 2021. Moorlife 2020: Final Wildfire Database Report, Edale: Moors for the Future. 



 

 
REFERENCES  142 

 

UK Government, 2021. England Peak Action Plan, s.l.: Defra. 

United Utilities, 2021. Email from Ross Evans to Anthony Barber-Lomax; Wildfire Costs [Interview] (27 

February 2021). 

Uplands Management Group, 2019. Moorland Wildfire Task & Finish Group - Report & Recommendations, 

s.l.: Uplands Management Group. 

Waterman Infrastructure & Environment Ltd, 2021. Peak District Moors - Breeding Bird Survey 2018, s.l.: 

Moors for the Future Partnership & Natural England. 

Wildlife Trust, ND. www.wildlifetrusts.org.uk. [Online]  

Available at: https://www.wildlifetrusts.org/habitats/wetlands/blanket-bog 

[Accessed 27 Sept 2021]. 

Zhang, R. et al., 2020. Increased European heat waves in recent decades in response to shrinking Arctic sea 

ice and Eurasian snow cover. Climate and Atmospheric Science, Volume 3, p. 7. 

 

 


