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The climate of Scotland, as with the rest of the UK, is changing. Over the last 100 years it has become
warmer, precipitation patterns have changed, with drier summers and wetter autumns and winters.
There is also evidence of an increase in the frequency of exceptionally heavy rainfall events. The effects
of this changing pattern have already been evidenced throughout the UK by the direct impact on fire
and rescue service operational responses to large scale wildfire incidents and widespread flooding, both
of which could be attributed to the climate we experience. The fire and rescue service, and the public
sector in general, plays a crucial role in the delivery of both the mitigation of and adaptation to climate
change.

Wildfires can have a devastating impact on internationally important moorland and blanket bog habitat,
as well as forests and grasslands. Where peat is ignited, biodiversity can take centuries to recover and
significant quantities of greenhouse gases can be produced thereby compounding the problem of
climate change.

The fire and rescue service, along with other responding agencies, landowners and managers must work
together in order to effectively respond to the change in frequency and intensity of extreme weather
events and the consequent impact to society.

Although within the UK the majority of people directly affected by extreme weather events are usually
those impacted by flooding, the focus of this manual is wildfire. Fortunately in the UK, unlike areas of
the United States and Australia, casualties as a result of wildfire incidents are rare. The greatest impact of
wildfire in the UK is on the rural rather than urban community, due to damage to arable crops, livestock
or the loss of woodland value.

This operational guidance document for wildfire incidents is the first to be published by the Scottish
Government. It has been written to give fire and rescue service personnel an additional understanding
and awareness of the phenomenon of wildfire. Examining the hazards, risks and controls relating to Fire
and Rescue Service personnel, the personnel of other agencies and members of the public at Incidents
of wildfire. Providing a point of reference for those who may be called upon to plan for wildfire events
and for those incident commanders and personnel responding to such incidents. Thereby ensuring the
development of a consistent approach to pre-planning, response and suppression practices enabling
and supporting cross border mutual aid.

As with other guidance documents, this manual offers a starting point for Fire and Rescue Services to
conduct their own assessments, produce their own operating procedures and written safe systems of
work taking account of their own local circumstances.

The Scottish Government is grateful to all those who helped to produce this guidance.



Preface



The objective of the Fire and Rescue Service Wildlife Operational Guidance is to provide a consistency of
approach that forms the basis for common planning, response and suppression practices; supporting
interoperability between FRSs, land management agencies and other rural sector stakeholders.!

These common principles, practices and procedures are intended to support the development of safe
systems of work on the incident ground and to enhance local, regional and national resilience.

Operational guidance issued by Fire and Rescue Services Division — Scottish Government promotes and
develops good practice within the Fire and Rescue Service and is offered as a current industry standard.
It is envisaged that this will help establish high standards of efficiency and safety in the interests of
employers, employees, partners and the general public.

This guidance has been compiled using the best sources of information available at the date of issue and
is intended for use by competent persons, and does not remove the necessity for appropriate technical
and managerial judgement in practical situations with due regard to local circumstances, nor does it
confer any immunity or exemption from relevant legal requirements, including by-laws.

Itis a matter for each individual FRS whether to adopt and follow this Operational Guidance and to
assess the extent to which additional wildfire awareness and training may be required. The onus of
responsibility for application of guidance lies with the user. Fire and Rescue Services Division — Scottish
Government accepts no legal liability or responsibility whatsoever, however arising, for the
consequences of the use or misuse of the guidance.

1 Forthe purposes of this operational guidance, all references to land management agencies and rural sector stakeholders (or similar) should
be taken to refer to any individual or agency, with responsibility for the stewardship, management and conservation of the land whether in
private, public or trust ownership.






The Food and Agriculture Organization of the United Nations (FAO) describe a wildfire as:

“Any unplanned and uncontrolled wildland fire that, regardless of ignition source, may require
suppression response or other action according to agency policy.”

One of the key elements of the FAQ definition is the reference to ‘wildland’. The term refers to
any part of the landscape in which human development or impact is essentially non-existent
except for the presence of basic infrastructure such as roads, railways and power lines.

As the UK has a predominantly managed landscape, the reference to ‘wildland’ within the FOA
definition may prove to be misleading, therefore a more accurate description of wildfire within

the UKiis:

“Any uncontrolled vegetation fire which requires a decision, or action, regarding suppression.”

Although all non-prescribed vegetation fires technically fall into the above definition, there is a
requirement for FRS personnel, and other partner agencies, to use their professional judgment
to differentiate between a small vegetation fire and a wildfire event.

For recording purposes, and to assist in drawing distinction between minor vegetation fires and
those that can be logically referred to as wildfire incidents, a wildfire event can also be
considered as meeting one or more of the following criteria:

® Involves a geographical area of >1 hectare.

® Has a sustained flame length of >1.5 metres.

= Requires a committed resource of 2 4 FRS appliances.

= Requires resources to be committed for 2 6 hours.

= Presents a serious threat to life, environment, property and infrastructure.

The criteria also allows a differential to be made between ‘small’ and ‘large’ wildfire events due to
its inherent scalability.

The criteria listed above are considered appropriate for FRS use as they assist to enable services
to assess the significance of wildfires across a wide range of service impactors, including:
geographical area, risk to personnel, service resilience, resource implications, associated financial
costs, impact on ‘business as usual’ and risk to their local communities, environment and
infrastructure.

Some methods of assessment will be more relevant than others. For example, in FRSs with a high
‘on call' firefighter establishment and limited, dispersed resources covering a large rural area, the
number of appliances mobilised to the wildfire may not provide a true indication of the scale and
impact of the fire.

The suite of options, whether used singularly, or in combination, allows for a much more detailed
analysis through the national recording systems of the threat, scale and impact of wildfires to be
made than has previously been the case.



Whilst wildfires on the scale of the ‘mega fires' experienced in other parts of the world are
unprecedented in the UK, very large wildfires are not uncommon, and their frequency and
intensity are likely to increase given the predictions for climate change in the UK.

As the UK does not generally have the same degree of wildland/urban interface (WUI) as
countries such as the USA, Australia or the southern Mediterranean states, the impact of
wildfires is normally confined to rural areas, and does not ordinarily impact urban centres and
their communities.

Nevertheless, evacuations of communities in areas of the UK have taken place; property and
equipment has been destroyed and injuries have occurred. It is important not to be complacent
about the wildfire threat and, in fact, UK wildfire events should be seen as a serious threat to the
safety of attending personnel, communities and the resilience of fire and rescue services, and
not as merely a growing, yet infrequent, inconvenience.

What should also be borne in mind is that the sheer number of vegetation fires during supportive
weather periods, which do not fall within the criteria listed within 3.4 but still require a response,
can have an equally detrimental and significant impact on FRSs simply because of their volume
and frequencuy.

In order to demonstrate and contextualise the wildfire threat in the UK, it is helpful to review the
two most recent periods when there was a marked upsurge in wildfire events — 2003 and 2011.

The UK Fire Statistics for 2003* published by ODPM show that there were 621,000 fires —
152,700 of which were grassland and heathland, accounting for almost a quarter of all FRS
attendances at fires.

The daily average for January 2003 was 40 grassland and heathland fires per day representing
4.2% of the total daily fire average. If this is compared with March and April, the average daily
number of grassland and heathland fires rises to 762 and 1,010 respectively, or 36% and then
39% of the daily averages.

The figures are notable for a number of reasons:

= Analysis shows that the daily averages of most other incident types remain fairly static
i.e. vehicles, buildings, chimney fires.

® The significant increase occurs within a short period of time (4 weeks) indicating that
conditions that support a rapid increase in wildfire events can manifest quickly.

= The approximately twenty fold increase does not take into account the fact that the
additional wildfires would not have been evenly spread leading to a disproportionately
adverse impact on local fire cover and resilience on certain days.

1 Office of the Deputy Prime Minister (ODPM) Fire Statistics, United Kingdom, 2003 ISBN 9781851127757



The early 2011 wildfire season also saw many FRSs dealing with very significant increases in
wildfire events, Statistics for England show that for a 19-day period from 18th April there were
more than 7,100 wildfires of which 251 were significant in terms of their size, deployed resources
and duration.

The most significant of the English wildfires in terms of resource commitment, impact and profile
occurred at Swinley Forest, Berkshire, and affected an area covering 300 hectares, of which 55%
was damaged by fire and forestry clearing operations. The fire was the largest ever dealt with by
Royal Berkshire FRS and involved support from another 11 FRSs, Forestry Commission, Local
Authority and Police, and the use of a significant number of Fire Service national resilience assets.

The impact of such a high volume of wildfire events in such a short concentrated period presents
obvious challenges to FRSs in responding to the wildfires whilst maintaining their ability to meet
other emergency operational demands and manage operational budgets.

Similar demands were also experienced by FRSs in Northern Ireland, Wales and Scotland. As an
example, Highland and Islands FRS deployed over 1,800 firefighters to deal with 70 significant
wildfire incidents between 29th April and 5th May, which destroyed approx. 9,200 hectares

of moorland and forestry, and resulting in direct costs of over £125,000 to H&IFRS and wider
restoration costs estimated at between £7.2m and £26.4m.

Similarly, Northern Ireland FRS was also faced with an almost unprecedented level of wildfire
incidents during the 2011 spring season. 3,177 wildfire incidents were attended from 1st January
until 12th June, and at one stage during the first bank holiday weekend in May, the fire service
was receiving a call every 45 seconds, the busiest period in its history. The total costs of the
wildfires attended by NIFRS during the first six months of 2011 were estimated to exceed £8m.
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Relevant
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Guidance



Fire and Rescue Authorities (FRAs) need to be aware of the following legislation and guidance.
Itis relevant to the planning, response and command and control of wildfire incidents whether
in the preparedness and pre-planning, operational response or training and exercising
environment.

It should be noted that this section does not contain detailed legal advice about the legislation.
The chapter has been produced to provide an overview and summary of the relevant legislation
which may be applicable in Scotland, England, Wales and Northern Ireland as applied to FRAs,
and land managers.

Itis recommended that each individual FRA satisfies themselves that they are in compliance
with all necessary legislation applicable to the area of the United Kingdom within which they
reside.

When considering this framework it is essential to recognise that any definitive interpretation
of the legal roles and responsibilities imposed by legislation can only be given by a court of law.

The adoption of the principles set out in this guidance will assist Fire and Rescue Authorities in
achieving suitable and sufficient risk assessments and appropriate corresponding risk control
measures such as those referred to in this and other similar documents.

Fire (Scotland) Act 2005 (Fire and Rescue Services Act 2004): this is the main Act which
affects FRAs. Amongst other things, it obliges FRAs (in Chapter 2 Section 9 of the F(S)A 2005
and Part 2 Section 7 of FRSA 2004) to (a) extinguishing fires inits area; and, (b) protect life and
property in the event of fires in its area by securing the provision of the personnel, services and
equipment that are necessary to meet efficiently all normal requirements and also to secure the
provision of training for such personnel.

Civil Contingencies Act 2004: Section 2(1) states, among other things, that FRAs shall maintain

plans for the purpose of ensuring that if an emergency occurs or is likely to occur the FRA is able to
performits functions so far as necessary or desirable for the purpose of preventing the emergency,

reducing controlling or mitigating its effects or taking other action in connection with it.

The Civil Contingencies Act 2004 (Contingency Planning) (Scotland) Regulations 2005:
FRAs as Category 1 responders under the regulations, must co-operate with each other in
connection with the performance of their duties under Section 2(1) of the Civil Contingencies
Act 2004. In addition, the Regulations state that FRAs must co-operate as part of the appropriate
Strategic Co-ordinating Group (regulation 3) and may perform duties under Section 2(1) jointly
with one another and make arrangements with one another for the performance of those duties
(regulations 4-8).

The Civil Contingencies Act 2004 (Contingency Planning) Regulations 2005 set out clear
responsibilities for category 1 and category 2 responders and their need to participate in
local resilience forums.



Department for Communities and Local Government — IRMP Steering Group Integrated Risk
Management Planning: Policy Guidance: Wildfire (August 2006). This document is intended
to guide FRAs in the preparation of an IRMP strategy for combating wildfires. The purpose is to
assist the Fire and Rescue Service (FRS) in understanding the scope of wildfire considerations in
the IRMP process to undertake risk analysis, develop response and prevention strategies,
develop delivery mechanisms and to monitor and review and evaluate such activity.

Fire and Rescue Service Operational Guidance — GRA 3.4 — Fighting Fires in Open Rural Areas
(June 2011) examines the hazards, risks and controls that relate to Fire and Rescue Service
personnel, the personnel of other agencies and members of the public when fighting fires in
open rural locations including grass, moor land crop and forest fires.

Emergency Workers (Scotland) Act 2005 (Emergency Workers (Obstruction) Act 2006).
The Act makes it an offence to obstruct or hinder an emergency worker or someone assisting an
emergency worker who is responding to emergency circumstances. A person found guilty of an
offence under the Emergency Workers (Scotland) Act, is liable on summary conviction to a period
of imprisonment not exceeding 12 months and/or a fine not exceeding £10,000. There is no
custodial penalty under the Emergency Workers (Obstruction) Act.

Department for Communities and Local Government — Departmental Adaption Plan (May
2011). Emphasises that the primary focus of central Government’s relationship with the fire and
rescue service is now securing national resilience and ensuring public safety against identified
national risks.

The Action Plan recognises that local fire and rescue services are already considering the long
term risks of climate change and the emergency response to floods and wildfires.

Corporate Manslaughter and Corporate Homicide Act 2007: FRAs will be criminally liable for
the death of a person if the way in which they manage or organise their activities (for example in
relation to the command and control of breathing apparatus):

= amounts to a gross breach of the duty of care owed to the person, and,

= the gross breach causes a person’s death (Section 1).

Any alleged breaches of this act will be investigated by the police. Prosecution decisions will be
made by the Crown Prosecution Service (England and Wales), the Crown Office and Procurator
Fiscal Service (Scotland) and the Director of Public Prosecutions (Northern Ireland).

Health and Safety at Work etc Act 1974: this Act applies to all employers in relation to health
and safety. Itis a wide ranging piece of legislation but in very general terms, imposes the general
duty on FRAs to ensure, so far as is reasonably practical, the health, safety and welfare at work of
all of their employees (Section 2(1)) and to persons not in their employment who may be
affected by the FRAs undertaking (Section 3(1)).

Management of Health and Safety at Work Regulations 1999: obliges FRAs, amongst other
things, to make suitable and sufficient assessment of the risks to the health and safety of
firefighters and others not in their employment who may be affected by the FRAs undertaking,
to which they are exposed whilst on duty (regulation 3(1) (a)&(b)); to implement any preventive
and protective measures on the basis of the principles specified in the Regulations (regulation 4);



to make arrangements for the effective planning, organisation, control, monitoring and review of
the preventive and protective measures (regulation 5) and to provide such health surveillance
as is appropriate having regard to the risks to health and safety which are identified by the risk
assessment (regulation 6).

Provision and Use of Work Equipment Regulations 1998: obliges FRAs to ensure that work
equipment is constructed or adapted as to be suitable for the purpose for which it is used or
provided (regulation 4(1)). FRAs must have regard to the working conditions and to the risks

to the health and safety of firefighters which exist in the premises or undertaking in which the
equipment (including breathing apparatus) is to be used and any additional risk posed by the
use of that equipment (regulation 4(2)). The Regulations also contain provisions about
maintenance, inspection, specific risks, information and instructions and training regarding work
equipment.

Personal Protective Equipment at Work Regulations 1992: obliges FRAs to ensure that suitable
PPE (including breathing apparatus) is provided to firefighters (regulation 4(1)). The Regulations
contain provisions as to the suitability of PPE, compatibility of PPE, assessment of PPE,
maintenance and replacement of PPE, storage for PPE, information, instruction and training
regarding the PPE and the use of PPE.

Any PPE purchased by an FRA must comply with the Personal Protective Equipment Regulations
2002 and be ‘CE’ marked by the manufacturer to show that it satisfies certain essential safety
requirements and, in some cases, has been tested and certified by an approved body.

Hill Farming Act 1946 (as amended); The Muirburn Code, The Heather and Grass etc Burning
(England) Regulations 2007: the Heather and Grass etc Burning (Wales) Regulations 2008
apply to the burning of heather, grass, bracken, gorse and vaccinium (a range of shrub species
including bilberry/blueberry).

The relevant provisions provide that:

= Burning may only take place in the burning season (unless under licence, for defined
purposes, from Scottish Natural Heritage or Natural England). In Scotland, the burning season
is 1 October to 15 April at all altitudes. Burning is permitted during the extended burning season,
16 April to 30 April, where authorised by the landowner. In England, the burning season for
upland areas is 1 October to 15 April inclusive. On all other land it is 1 November to 31 March
inclusive. “Upland areas” means land in the “Severely Disadvantaged Areas”. In Wales, the
burning seasons are 1 October to 31 March for upland areas; 1 November to 15 March on all
other land.

= Burning must be conducted safely. Burns must be controlled for their entire duration. All
reasonable precautions must be taken to prevent injury to people or damage to adjacent
land and property. Burning must not start between sunset and sunrise.



= |n Scotland, natification of the intention to burn must be given in writing to the land owners
and occupier of the land within 1 kilometre of the proposed burn site no later than seven
days before burning.

Further details on the location and timing of burns must be provided on request. These regulations
and associated best practice codes (the Muirburn Code in Scotland and the Heather and Grass
Burning Codes in England and Wales) outline where burning can be undertaken and where it
should not. There should be a strong presumption against burning sensitive areas. Doing so may
permanently damage the environmental interest of the land and may be unlawful. In special
circumstances, the advantages of burning on sensitive areas may outweigh the disadvantages.
Those who feel a sensitive area on their land falls into this category may wish to contact Scottish
Natural Heritage, Natural England or the Countryside Commission for Wales for advice.

Wildlife & Countryside Act 1981 (as amended) The scope of the Act provides protection for
wildlife (birds, and some animals and plants), the countryside, National Parks, and the designation
and protection of Sites of Special Scientific Interest (55SIs) in England and Wales, and public rights
of way.

Scottish Natural Heritage currently defines SSSl as “those areas of land and water... that Scottish
Natural Heritage (SNH) considers to best represent our natural heritage — its diversity of plants,
animals and habitats, rocks and landforms, or a combinations of such natural features.”

In addition to sensitive habitats in the wider countryside, SSSIs therefore represent clearly
definable areas which may be susceptible to damage from fire directly or indirectly. Itis an
offence to intentionally or recklessly damage special natural feature on SSSis.

Caution is needed when burning during the spring as it is an offence to intentionally or recklessly
disturb or destroy the nests, eggs or young of breeding birds.

The Nature Conservation (Scotland) Act 2004: imposes a wide-ranging duty on Scotland’s
public sector to conserve biodiversity and protect the nation’s precious natural heritage.

The Act reformed the law relating to Sites of Special Scientific Interest entirely replacing the
provisions of the Wildfire and Countryside Act relating to SSSIs in Scotland. In doing so, it
strengthened protection for SSSIs with maximum fines for intentional and reckless damage to
any natural feature specified on a SSSI notification raised from £5,000 to £40,000.

Itis an offence to carry out burning on a SSSI without consent from Scottish Natural Heritage, if
burning has been listed as 'an operation requiring consent’ on the site in accordance with the
Act. Unauthorised development, the removal of plants or animals and damage caused by
motorised vehicles may also constitute an offence.

The Roads (Scotland) Act 1984 Section 100(c) — Lighting a fire, or allowing a fire to spread to
within 30 metres of a road so as to damage the road or endanger traffic on it without lawful
authority or reasonable excuse, commits an offence.

Highways Act (1980) Section 161A — It is unlawful to burn in a way likely to cause injury,
interruption or danger to road users.

Environmental Protection Act (1990) Section 79 — It is unlawful to cause emission of smoke
which is prejudicial to health or causes a nuisance.



The Environmental Damage (Prevention and Remediation) Regulations 2009 — The regulations
ensure that the polluter pays for the most serious types of environmental damage, supplementing
any existing legislation such as The Water Resources Act 1991.

Environmental damage is identified for three areas:

(a) protected species or natural habitats, or a site of special scientific interest (SSSI), (b) surface
water or groundwater and (c) land.

For water and biodiversity, the definition thresholds are high. Incidents attended by Fire and
Rescue Services where the regulations apply are therefore likely to be rare. Thresholds for land
damage are lower and it can be expected that more incidents attended by FRSs where land
damage occurs will be covered by the regulations.

There are exclusions to the regulations:
= acts of terrorism
= exceptional natural phenomena

= activities which have the sole purpose of protecting against natural disasters and activities
which have the main purpose of serving national defence or international security.

Environmental Impact Assessment (Forestry) (England and Wales) Regulations 1999 and
the Environmental Impact Assessment (Forestry) (Scotland) Regulations 1999.

These regulations affect four ‘forestry’ projects. These are:

Afforestation: Planting new woods and forests. This includes direct seeding or natural
regeneration, planting Christmas trees or short rotation coppice.

Deforestation: Felling woodland to use the land for a different purpose.

Forest roads: The formation, alteration or maintenance of private ways on land used (or to be
used) for forestry purposes. This includes roads within a forest or leading to one.

Forestry quarries: Quarrying to obtain materials required for forest road works on land that is
used or will be used for forestry purposes or on land held or occupied with that land.

The regulations give each of these projects an area threshold. Lower thresholds are given for
projects that lie within sensitive areas, e.g. National Park, AONB.

During the consultation process to determine the potential environmental impact arising from
any of the four projects, Fire and Rescue Services may be contacted to comment upon the
potential for there to be a change to the wildfire risk within the relevant area under consultation.

The Conservation (Natural Habitats etc.) Regulations 1994 transpose the requirements of the
EC Habitats Directive (and certain aspects of the Birds Directive). It is an offence to intentionally
or recklessly damage European Sites (i.e. Special Areas of Conservation (SACs) and Special
Protection Areas (SPAs)) which form the pan-EU network of sites known as Natura 2000. Most,
but not all Natura 2000 sites in Scotland are also SSSs.

Ancient Monuments and Archaeological Areas Act 1979 makes it an offence to cause damage
to a scheduled monument.



Operational guidance on the management of risk in the operational environment has been
issued in the past. In particular, refer to:

® |ncident Command — 3rd Edition (2008) — Fire and Rescue Manual — Volume 2: Fire
Service Operations.

= Environmental Protection, Fire and Rescue Manual — Volume 2: Fire Service Operations
(2009)

= Fire and Rescue Operational Assessment Toolkit 2009.

= Fire Service Health and Safety Guide (volume 1, ‘A Guide for Senior Officers’, volume 2
‘A Guide for Fire Service Managers’, volume 3 ‘A Guide to Operational Risk Assessment’
and ‘Dynamic Management of Risk at Operational Incidents’).

In addition, the following publications provide further background and understanding of factors
which may inform wildfire planning and response.

® Scottish Government — The Muirburn Code and supplementary guidance (Prescribed
Burning on Moorland)

= The Common Agricultural Policy Schemes/The Common Agricultural Policy Schemes
(Cross-Compliance) (Scotland) Regulations 2011

= Forestry Commission — Operational Guidance Booklet No 17 ‘Planning for the
Unexpected’ (Section 6)

= Arboriculture and Forestry Advisory Group - Fire fighting 803 Health and Safety Executive

= Effects of Climate Change on Fire and Rescue Services in the UK (1/2006), Dec 2006 CLG,
06 FRSD 04166

= Farmer, B (2003). Fires on Forestry Commission Estate, Information Note. Forestry
Commission

= Fire Management: Voluntary Guidelines: Principles and Strategic Actions (2006)
Fire Management Working Paper FM17E, Food and Agriculture Organisation (FAO):
http://www.fao.org/docrep/009/j9255e/j9255e00.htm

= Vegetation Fire Risk Management: Toolkit for Practitioners and Advisors. http://www.
forestry.gov.uk/pdf/Vegetation_Fire_Risk_Management_250112.pdf/$FILE/Vegetation_
Fire_Risk_Management_250112.pdf

= Risk Management Control Measure: Toolkit for Practitioners and Advisors. http://www.
forestry.gov.uk/pdf/Vegetation_Fire_Control_Measures_130212.pdf/$FILE/Vegetation_Fire_
Control_Measures_130212.pdf-

= Council Directive 92/43/EEC on the Conservation of Natural Habitats and of Wild Fauna
and Flora

= Biodiversity Action Plan Broad Habitat Classificationw

= The National Vegetation Classification (NVC)


http://www.forestry.gov.uk/pdf/Vegetation_Fire_Risk_Management_250112.pdf/$FILE/Vegetation_Fire_Risk_Management_250112.pdf
http://www.forestry.gov.uk/pdf/Vegetation_Fire_Control_Measures_130212.pdf/$FILE/Vegetation_Fire_Control_Measures_130212.pdf
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Guidance




Fire and Rescue Authorities, and strategic managers within the Fire and Rescue Service, are
responsible for ensuring their organisation and staff operates safely when dealing with incidents
involving wildfires. Their legal duties and responsibilities are contained in Section 4 of this guidance.

This document provides the Fire and Rescue Service with guidance on developing and
maintaining a consistent approach to managing, processing and using strategic and tactical
operational risk information. This guidance is also relevant to national resilience and
interoperability with other Fire and Rescue Services or emergency responders.

Fire and Rescue Services should continually assess the risk, in terms of the foreseeable likelihood
and severity, of wildfire incidents occurring within their areas. This assessment should form part
of their integrated risk management plan. The findings will help them ensure they have
appropriate organisation, policy and procedures in place for dealing with wildfire incidents.

Current Fire and Rescue Service practices have been surveyed and used to develop this
guidance. Fire and Rescue Authorities may wish to adopt some or all of the principles outlined
within this guidance. However, the Scottish Government accepts no legal liability or responsibility
whatsoever, howsoever arising, for the consequences of the use or misuse of this guidance.

Operational Guidance does not in itself represent a legal duty on Fire and Rescue Authorities.
However, it is seen as the sector benchmark standard for Fire and Rescue Services, and
departure from it will require arisk assessed alternative, with supporting control measures,
particularly in the event of an accident or injury.

How do strategic managers know if they are providing, at least, the minimum level of acceptable
service or possibly meeting their ‘duty of care’? The following principles may assist Strategic
Managers when determining the level of acceptable service and whether they are meeting their
duty of care:

= operations must be legal and within the requirements of regulations
= actions and decisions should be consistent with voluntary consensus
= standards, and nationally recommended practices and procedures

= actions and decisions to control a problem should have a technical foundation and be
based on an appropriate risk assessment

® actions and decisions must be ethical.



When responding to incidents involving wildfires the Fire and Rescue Service has strategic
multi-agency responsibilities. These are additional, and in the main complimentary, to the
specific fire and rescue functions that the Fire and Rescue Service performs at the scene.
The strategic objective is to co-ordinate effective multi-agency activity in order to:

= preserve and protect lives

= mitigate and minimise the impact of an incident
= protection of the environment

= inform the public and maintain public confidence
= prevent, deter and detect crime

= assist an early return to normality (or as near to it as can be reasonably achieved).

Otherimportant common strategic objectives flowing from these responsibilities are to:
= participate in judicial, public, technical or other inquiries
= evaluate the response and identify lessons to be learnt

= participate in the restoration and recovery phases of a major incident.

This guidance will be subject to a review every 3 years.

The following circumstances may also require this guidance to be reviewed at an earlier stage:
= Enactment of new or updated legislation.
= As the result of an investigation.

= Following reports of repeated or serious procedural queries/concerns resulting from
exercises, training, incident reviews/feedback.

= The issuing of an improvement notice by the HSE or other relevant enforcing body.
= On advice of Her Majesty's Fire Service Inspectorate for Scotland.

= At any other time when any particular aspect of the current Guidance is considered invalid.

The Operational Guidance Programme Board may decide that a full or partial review is required
within this period.
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When attending a wildfire incident, Fire and Rescue Service personnel will be operating in a
dynamic and sometimes hazardous environment.

This guidance presents a framework for a safe system of work for the management, and
command and control, of wildfire incidents. It therefore, provides for a consistency of approach
across FRSs and forms the basis for common operational practices, which will assist in supporting
interoperability between FRSs, other Emergency Services, land management agencies and other
partners. The drive toward common principles, practices and procedures supports the
development of safer wildfire systems of work on the incident ground and enhances local,
regional and national resilience.

This guidance should be read in conjunction with Fire and Rescue Service Operational Guidance
— GRA 3.4 - Fighting Fires in Open Rural Areas (June 2011)%

Clearly, due to the complexity of wildfire incidents, there are a wide range of significant hazards
and risks which need to be considered within both national and local GRAs. These may include,
but not be limited to, environmental conditions, extreme fire indicators, terrain, fuel types, fuel
loading, personal safety, manual handling and heavy physical work. It is incumbent upon
individual FRSs to ensure that they are confident that their suites of safe systems of work,
which are derived from their GRAs are relevant to their associated local wildfire risks.

The following risk assessment process steps? have been considered in the development of this
guidance and should be further considered both by FRSs in the development of their own strategic
risk assessment processes and in the operational environment by the Incident Commander.

The five basic principles of all risk assessments are the same:
1. Identify the hazards.
2. Decide who might be harmed and how.

3. Evaluate the risks and decide on precautions — note that this might involve selection of
the most appropriate breathing apparatus command and control procedures in relation
to the task/s to be achieved within a given set of circumstances.

>

Record the findings and implement them.

b

Review the assessment and update if necessary.

1 Published by Communities and Local Government ISBN 978011754039.

2 See ‘Fire and Rescue Service Operational Guidance: Generic Risk Assessments — Introduction’, CLG, August 2009.3 HSE ‘As Low As
Reasonably Practicable’ principle.



The risk assessment process should include the actions below:

Determine the specific activities to be achieved.
Identify the hazards present should these activities be undertaken.

Identify both the likelihood of an injury occurring and its severity arising from exposure to
each hazard (i.e. the risk).

Identify the extent of the resources required to complete all or selected elements/tasks of
the overall operational plan.

Implement control measures to reduce the risk to a level that can be considered as low as
is reasonably practicable, including the most appropriate for the task/s to be completed.

This approach provides for a framework for reducing risk to a tolerable level in relation to the
task/s to be completed, which correlates to existing risk information, provides for a sound basis
for the development of additional control measures (ALARP? principle), and is effective in
helping FRSs to optimise safety at operational incidents.

3 HSE ‘As Low As Reasonably Practicable’ principle.






This chapter seeks to establish a number of key principles which are contained within the
guidance, and, which if adopted will enhance the FRSs wildfire pre-planning, response and
resilience of their service.

FRSs should make an assessment of whether the key principles are applicable to their own
circumstances and should ensure local wildfire risk assessments and standard operating
procedures (SOP) have been formulated following consideration of guidance contents.

1. Thereisaneedto provide arisk assessed, suitable and sufficient safe system of work to
protect firefighters, and external partner agency personnel, deployed to wildfire incidents.

2. ltisessential that Fire and Rescue Service and external agency personnel responding to a
wildfire event have an understanding and awareness of wildfire behaviour and development.

3. Thereisaneedto provide guidance on standardised safe systems of work in order that
personnel attending wildfire incidents may work safely across Fire and Rescue Authority
boundaries, with personnel from land management agencies and organisations, and, where
appropriate, other emergency services and the military.

4. The LACES protocol should be adopted by FRSs attending any wildfire event. (LACES
— Lookouts; Awareness; Communications; Escape Routes; Safety Zones). (See Section 8
PartB7)

5. Fire and Rescue Services should ensure that effective liaison with land management
agencies and appropriate partners is undertaken to assist in the development of local
fire plans, mutual aid support arrangements and resilient safe systems of work.

6. Suchan approach will support environmental protection awareness and enhance
operational interoperability and local, regional and national resilience.

7. FRSsshould utilise the principles of the Wildfire Prediction System (WPS) to ensure, as far
as reasonably possible, that the correct personnel and resources are deployed to the correct
locations, at the right time, to maximise the available opportunities to manage and suppress
a wildfire incident. (See Section 8 Part B6)

8. FRSsshould consider utilising indirect, as well as direct, wildfire suppression tactics as a
potentially more effective and appropriate, and at times safer, means of dealing with a
wildfire incident.

9. The appropriate level of wildfire Command and Control supervision and Safe Systems of
Work, as outlined within this Guidance, must be followed at all wildfire incidents being
responded to.



10.

11.

12.

13.

14.

15.

16.

Incident Command System (ICS) principles and practices must be adhered to at all times?,
although these should be applied in the context of a dynamic, geo-spatial incident.

Suitable and sufficient briefing and debriefing of wildfire teams is critical to the effectiveness
and safety of fire service operations, the establishment of a safe system of work and
firefighter, and external agency, safety. Full and effective briefing and debriefing of wildfire
teams should therefore, be undertaken on every occasion that a wildfire incident is
responded to. (See Section 8 Part B7)

Good communications between the Incident/Sector Commander, wildfire team leader(s),
the safety officer(s), Tactical Lookout, and, Command Support are also essential to the
effectiveness and safety of wildfire teams and external agency personnel. Accordingly,
suitable, sufficient and resilient means of communications should be established and
maintained at all times.

Wildfire is an incident type which requires the adoption of a situational awareness process
and the application of continual analytical risk assessment to ensure the safety of personnel
and a satisfactory conclusion to the incident. (See Section 8 Part B7)

All personnel assuming a role connected with operating within a wildfire suppression
response team must be competent to undertake that role.

A robust and resilient decision-making log and analytical risk assessment (ARA) must be
maintained throughout the duration of the incident.

FRSs should begin to adopt the terminology contained within this guidance and the
accompanying Glossary. This will improve communication and safety at a wildfire event;
avoid confusion and ambiguity and enhance interoperability and resilience.

1 Ref. Fire and Rescue Manual Vol.2: Fire Service Operations: Incident Command.
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Wildfire events, due to their potential complexity, scale and risk, can be managed much
more effectively if FRSs have undertaken wildfire specific preparatory actions prior to an
incident occurring.

Having robust and resilient preparedness arrangements will assist in ensuring that all potential
issues have been considered in advance of an incident and effective control measures have been
identified and implemented. Key to this proactive approach is the development of integrated
planning and response arrangements with partner agencies.

FRS responsibilities to produce Integrated Risk Management Plans (IRMP) and develop, or
contribute to, Community Risk Registers (CRR) should ensure that an assessment of wildfire
risks within individual FRSs are fully considered.

The main aim of an IRMP is to make the fire and rescue service more responsive to locally
identified needs and thus better able to deliver their operational response and community fire
safety. By moving the service from reactive response to proactive risk reduction across both the
operational and community arenas, and by widening the quality and type of services provided,
IRMPs hope to deliver:

= Areduced number of fires and other emergency incidents.
= Areduction in loss of life due to fires and other emergency incidents.

= Areductionin the number and severity of injuries occurring in fires and other emergency
incidents.

= Safeguard the environment and heritage.
® Provide communities with value for moneuy.

To specifically address the issue of wildfire within local IRMP planning, guidance was produced
by the Department for Communities and Local Government in August 2008 and made available
to FRSs throughout the UK.

The guidance is intended to assist FRSs in the preparation of an IRMP strategy for combating
wildfires. The purpose is to raise awareness of wildfire as an issue within the FRS to enable
services to understand the scope of wildfire considerations in the IRMP process so they are able
to undertake risk analysis, develop response and prevention strategies, develop delivery
mechanisms and to monitor, review and evaluate such activity.

Under The Civil Contingencies Act 2004 Fire and Rescue Services are designated as Category 1
responders. This places a legal duty on FRSs to co-operate with partners from their Local
Resilience Forum (LRF) to develop and maintain a Community Risk Register (CRR).



The CRR provides an agreed position on the risks affecting a local area and on the planning and
resourcing priorities required to prepare for those risks. The purpose of the CRR is to enable each
FRS Category 1 responder to:

= Be fully informed of the risks of emergency in its area;
= Benefit from the range of views on risk of all of its partners on the LRF;

= |dentify collectively the main local emergency plans and capabilities which appear to be
needed across all the Category 1 responders;

= Decide which of the plans and capabilities should properly fall to it;

= Appreciate which of its partners in the LRF acknowledges responsibility for developing
plans and capabilities against the various risks.

The CRR should be shared with LRFs with whom a boundary is shared. Category 1 responders
should also consider whether there are any specific risks which should be communicated to any
LRFsin any other local areas.

While the Act imposes a duty on each Category 1 responder to assess risk, it is recognised that
requiring each Category 1 responder to perform this duty in isolation would lead to a wasteful
duplication of resources. It is more efficient for individual Category 1 responders to fulfil their risk
assessment duties by participating in a collaborative exercise that result in a single, collective risk
assessment.

This ensures that each local risk is only assessed once and allows the workload to be shared
between Category 1 responders. It also helps to streamline the relationship between Category 1
Responders and the government departments and agencies that are able to support the risk
assessments.

Although the level of risk varies, every area of the UK has a wildfire threat. It is clear therefore that

through both the IRMP and CRR processes FRSs should be fully considering the potential impact
of the wildfire threat upon their services.

1 IRMP Steering Group Integrated Risk Management. Planning: Policy Guidance — Wildfire.



As a consequence of undertaking IRMP and CRR assessments, FRSs should ensure that any
wildfire risks identified within their areas are subject to a specific and dedicated operational
assessment. Not only should this seek to address risk, but also operational and response
considerations associated with responding to an incident at that location.

Itis recommended that FRSs undertake work to produce fire plans which enhance preparedness
in advance of a wildfire incident and improve the effectiveness and efficiency of any subsequent
operational response.

As a general, but not exhaustive, guide Fire Plans should cover:
= Estate/Land Owner Contact(s)

= Neighbouring Estate Contact(s)

= FRS Rendezvous Points

= Access and Turning Points

= Colour coded roads and tracks indicating those that can be used by different types of vehicle
= Available Equipment

= Specialist Assistance

= Communications

= Water Supplies

= |dentified Hazards

= Priority Areas (i.e. SSSI/SPA/SAC and water courses)

= 0S mapping of area

= Digital photography of area

= |nfrastructure
An example of a Fire Plan template is included as Appendix 1.

Wildfire can have a direct and indirect effect on the environment and the economy. As a result
there is a broad spectrum of public and private stakeholders that have an interest in the subject.
FRSs face many challenges in their efforts to protect communities from the effects of wildfire, but
this interest can be used to establish networks that can be utilised to form a more collaborative
approach to preparedness, prevention and response.

What is apparent is that to be robust and resilient, Fire Plans must be developed in consultation,
and with the collaboration, of the owners and managers of the land under assessment. Whilst
land owners have no legal responsibility to co-operate in the production of a Fire Plan, there are
obviously significant advantages for them to do so. As well as the benefits of a co-ordinated and
orchestrated response, they can be used to identify vulnerable and sensitive areas of landscape
and detail the pre-planning required to mitigate any potential environmental damage.
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8A.17 Aside from developing a closer working relationship with local FRS personnel to support and
enhance the effectiveness of any response, the plans should ensure that the scale of the fire,
the resources required to manage it and the economic and environmental loss arising from it are
reduced. In addition, disruption will be reduced and there may well be financial incentives
available from insurance companies for those owners and estates which enter into the
collaborative production of fire plans.

Partnership Working and Fire Groups

8A.1.8 The concept of partnership working is well established with the UK Fire Service and wildfire is an
incident type which particularly benefits from a collaborative approach.

8A.19 FRSsincreasingly recognise that without a renewed focus and strategy for dealing with wildfire
events, then the likely result will be a significantly increased operational commitment, increasingly
stretched resources and greater costs of providing resilient fire cover. Already, FRSs are looking
to shift focus from incident response to more effective and robust pre-planning and prevention,
and increase the assistance available from partnerships to deliver these changes.

8A.20 It would be impossible for FRSs to attempt to address future wildfire risk in isolation, and there
are a number of partnerships which have been developed to bring wildfire stakeholders and
practitioners together to improve planning, prevention and response, and at the same time
enhancing cross sector liaison and facilitating the sharing of knowledge and best practice.

<

Photo 8A.1

An example of specialist
off road equipment being
used at a fire
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8A.21 Although FRSs may have limited responsibility or involvement in what happens to an area of
landscape post incident, a fire group also offers an opportunity for effective restoration plans to
be developed to address longer-term environmental impacts.

<

Photo 8A.2

Specialist manufacturers
can provide purpose built
vehicles for land managers
and FRSs

8A.22 Local fire groups are an invaluable point of contact, networking and capacity building. They are a
particularly useful mechanism for the development of closer links between the FRS and partners
(and potential partners), that can provide tactical and logistical operational assistance in the
event of a wildfire incident. FRSs should seek to establish a framework that results in a collective
response to wildfire emergencies. This support will maximise the effective and efficient use of
resources, prevent duplication, and to some degree minimise and share cost.

Photo 8A.3

An Argo-cat All-Terrain
Vehicle (ATV) available
to Northumberland fire

group partners
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8A.23 Preparedness, through the development of working relationships with partners can alleviate
many of the problems routinely confronted at large wildfire incidents. The success of a Fire Group
will depend greatly on good working relationships, trust and a shared belief and demonstration
of the mutual benefit of collaborative working. It should be structured in such a way that it
empowers partners to play a fulland meaningful role in the group.

<

Photo 8A.4

All terrain vehicles are able
to traverse over difficult
parts of the landscape

Group Membership

8A.24 The membership of any local wildfire group will depend upon the local circumstances, some will
be formed where there are numerous potential partners, and in other areas the opportunities to
involve other agencies may be limited.

8A.25 Itisrecommended that to ascertain the maximum benefits from the establishment and
membership of the group a combination of national, regional and local stakeholders should
ideally be sought.

As a general guide, governmental and national public bodies may include;

Scottish Natural Heritage

Natural England

Scottish Environment Protection Agency

Environment Agency

National Parks

National Trust/National Trust for Scotland

Forestry Commission or Forestry Commission Scotland
Crown Estates

Ministry of Defence
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Non-government organisations
include:

= National Game Keepers

Association
= National Farmers Union and <
NFU Scotland ‘ Photo 8A.5
= The Heather Trust N T ' ‘ ad: Fire Service,
o g i Vg vl e g forest workers
® The Moorland Association = v M andland
(Scotland Moorland Forum) _ managers take
o : J partinan
L Wlldllfe TI’USt EE equipment

= Woodland Trust ' ﬁmili?risation
even

= The Countryside and Business
Association

= Scottish Land and Estates

8A.26 Representatives from these organisations, along with FRSs and local land management
community representation can form a core membership that will provide long-term local
wildfire group resilience.

Photo 8A.6
Demonstrating that there
are opportunities for
innovative partner support
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Features of a Successful Fire Group
= The group should be a consortium made up of equal partners.

= The secretariat of the group should ideally have an understanding of wildfire and links
with the rural sector.

= The group should have a clear mandate.
= There should be a willingness to work together for the benefit of the group.

= There should be effective methods of communication between members, meetings
should be held when necessary but kept to a manageable number.

= The development of local fire plans should be a priority, copies should be held by the local
land manager and the FRS.

= Standard operational procedures should include active partner involvement, the role of
partner agencies within the plan should be fully understood by FRS and other partners.

Interoperability

8A.27 A collective response depends on alleviating any differences in understanding between partners
and in standardising procedures and equipment as far as reasonably possible. Specifically, this
should lead to local agreement of the management or operational role(s) that rural sector
partners can undertake to support the FRS incident command team.

8M.28 To operate co-operatively it is essential that effective exchange of information and multi agency
training systems are established. This can then allow for resilient operational integration
between FRSs and land management partners within the group.

<

Photo 8A.7

A soft track vehicle
equipped with a fire
fogging system
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8A.29 The aims of mutual training should be to:
= Improve the effectiveness of operational response and incident command.

= Provide arapid and cost effective response which minimises the potential draw on the
resources of each group member — particularly the FRS.

= Confirm and test the roles of non-FRS partners within the incident command system.
= Establish and embed operational interoperability.

= Enable resources to act co-operatively.

= Utilise all available wildfire resources, expertise and skill to manage the incident.

= Shared understanding of safety protocols, partner’s roles and responsibilities and
response procedures.

Photo 8A.8

An example of the type of
off road vehicles that can be
provided by commercial
companies that actively
support fire groups

National Wildfire Bodies

8A.20 To address national strategic wildfire issues, the Scottish Wildfire Forum (SWF) was formed in
2004, followed by the English Wildfire Forum (now the England and Wales Wildfire Forum
EWWF) in 2007.

8A.21 Both forums are unfunded special interest groups which exist to create a strategic forum
between fire and rescue services, national land management agencies, environment and
conservation groups and other relevant stakeholder agencies in Scotland, England and Wales.
The SWF and EWWF are committed to promoting and developing a wider understanding of
wildfire, its impact and associated risks.

8A.22 The SWF and EWWEF exist to develop and communicate wildfire prevention, protection and
mitigation strategies to Government, stakeholders and their wider communities.
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In recognition of the raised awareness of the risks posed by wildfire incidents, the Chief Fire
Officers Association (CFOA) has established an Operational Wildfire Group with membership
open to all UK FRSs. The purpose of the CFOA Wildfire group is to:

= Raise the awareness of risks and dangers of Wildfire incidents within the UK FRS community.
= Seek to develop national standards for Wildfire training and suppression techniques.

= Seek to identify and establish accreditation for Wildfire training.

= |dentify and share best practice in relation to Wildfire Incidents.

= Seek to support Fire and Rescue Services by developing a resilient and robust mutual aid
framework to meet operational, tactical and command and control requirements.

= Develop an effective marketing, lobbying and communications strategy to support the
activities of the Working Group.

= Offer advice and support to Fire and Rescue Services regarding Wildfire pre-planning,
prevention and response.

= Encourage and support Fire and Rescue Services to work in partnership with local and
regional land management agencies to develop more effective planning and response
networks, i.e. Fire Operations Groups.

= Seek to support improved data quality, collection and statistical analysis of wildfire events
from the CLG Incident Recording System and external partners.

= Ensure that there is effective liaison and exchange of information between the CFOA
Wildfire Group and the England and Wales Wildfire Forum (EWWF), Scottish Wildfire
Forum (SWF) and other relevant fora, organisations and agencies.

= The Group will commission and co-ordinate work packages to develop policies and procedures.

Whilst the development of specific and dedicated local wildfire response is becoming more
established, there remain opportunities to progress national resilience in regard to wildfire
response.

As the events of April/May 2011 demonstrated, FRSs face enormous challenges in dealing with
large scale and high numbers of wildfire events. The development of nationally co-ordinated and
resilient wildfire support response will enable appropriate mutual aid and firefighting/command
support to be provided to FRSs which have been significantly affected.

In the same way as enhanced capability, resilience and response provision has been developed
for the terrorist threat, water rescue and flood response, high volume pumping and urban search
and rescue; wildfire can also benefit from the introduction of subject matter advisors (SMAs),
interoperable training and equipment, standardised systems of work and central resource
management and deployment.
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8B Technical Considerations

The Effects
of Fuel
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Introduction to Fuel

8B1.01 Within the wildfire environment the main source of fuel is vegetation. The type of fuel, its size
and the way the vegetation is arranged across the landscape will inevitably affect the way it
burns. Understanding how vegetation interacts with fire is important as such knowledge can
be used to understand present fire behaviour, as well as predicting what it is likely to be in the
future. This understanding is not limited to fire intensity but can also provide an accurate
evaluation of future rate of spread and expected flame length.

8B1.02 The behaviour of a fire in a given fuel source is dependent upon its:

Size and Shape

Quantity

= Arrangement

Moisture content
= Type
8B1.03 Effective management of wildfire requires that there is an appropriate understanding of how

each of these factors affect the way vegetation will burn and the influence they have on fire
behaviour.

8B1.04 The size and shape of the available fuel isimportant, 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 fires in finer fuels before they will ignite.

8B1.05 Therelationship 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, dry quicker and require less exposure to heat
for them to be raised to their ignition point.

1

Photo B1.1
Heather which provides a
plentiful supply of fine fuel
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Once an ignition occurs, the shape,
structure and the composition of the
vegetation —such as the proportion and
mix of fine and coarse fuels — will then
influence fire development.

Fine and Coarse Fuels AN TSN photoB1.2

8B1.06 Fine fuels are considered to be e -~ M Conifertrees
those with a diameter of up to . ~ | consisting of
6mm, and include grass, small + .|l fine(needles)
stems and the leaves of low lying : ?SS:I?;S; it
shrubs such as heather. Fine M branches)
fuels can also be found in huge =~ “"M in contact with

quantities in larger plants, i.e. . A oM surface fuels
needles on conifer trees. - '

8B1.07 Fuels that are over 6mm in diameter are described as ‘coarse fuel’ and include twigs, branches,
and tree trunks.

Fine fuels will strongly affect:

= Fire intensity, particularly at the head of the fire.
= Rate of forward and lateral motion of the fire.

= Flame length.

= Likelihood of extreme fire behaviour events.

= Horizontal and vertical fire development.

= Aerial fire activity.

= |ncreased ignitions caused by spot fires.

8B1.08 Fine fuelsinfluence the forward and vertical motion of a fire. Because of their size, they are
burnt off quickly resulting in high fire activity and longer flame length at the fire edge —
particularly at the head of the fire. The mix ratio of fine and coarse fuels is also important.
The amount of fine fuels present will always have a significant impact on fire development
and behaviour. It is important to understand that some plants, such as trees and shrubs,
consist of both fine and coarse fuel types.

44



Wildfire Operational Guidance

Section 8B Technical Considerations

8B1.09 Afterthe finer fuels have burnt,
the coarse fuels continue to
burninwhat is termed ‘the
flaming zone' which is located
behind the fire edge. The fire
intensity within the flaming
zone is dependent upon the
quantity and size of the coarse
fuels and their arrangement.
8B1.10 Consideration should always be
given to the fact that finer fuels
dry out much more readily than
coarser ones, and that the
intensity of a fire in coarser fuel

coarse fuels

FigB1.1
This example
indicates how

fine fuels, burn
off quickly
and, where the
coarse fuel

is too large,
thereiis little
interaction

types may be restricted by their
higher moisture content.

Characteristics

Up to 6mm in diameter

More than 6mm in diameter

Consists of leaves, grass and small twigs
either living on the plant or present in the
surface litter

Consists of twigs, branches and logs either
living or found present in the surface litter

Dries quickly

Dries slower than fine fuel depending on
diameter

Rapid loss of moisture when preheated

Slower loss of moisture when preheated

Ignites easily

Depends initially on activity in fine fuels as
a source of ignition

Burns readily normally at or near to the
fire edge

Burns more slowly sometimes for a
considerable length of time

Gives momentum to rate of spread

Active in the flaming zone within the fire
perimeter

More fine fuels present will increase
rate of spread

Does not have a significant effect on fire
spread

Can result in extreme fire behaviour such as
torching, crowning and spotting

45



Wildfire Operational Guidance Section 8B Technical Considerations

8B1.11 The proportion of fine and coarse fuels within a fuel arrangement can alter the physical
interaction between the two and the subsequent fire behaviour. If there is an abundance of
fine fuels, but limited coarse fuels, then the fire will burn with intensity at the fire edge, leaving
little, or no fire activity once the fine fuels have been burned.

8B1.12 Wheneverthere is an appropriate mix of fuels of different sizes then the fine fuels will ignite
more coarse fuel and a flaming zone will be left burning within the fire perimeter. The mixture
of fine and coarse fuels, and the way these fuels are arranged, will influence the speed,
intensity and duration of a fire.

8B1.13 The wayin which fuelis arranged plays an important part in the way fire develops and fire
intensity. The principal factors to consider are the continuity of vegetation across the
landscape and how the vertical and horizontal fuel arrangement is able to interact.

Fuel Continvity and Uniformity
8B1.14 Fuel continuity is the extent to which the surface of the ground is covered by vegetation, and
includes the degree to which the fuel is connected within its horizontal and vertical arrangement.

8B1.15 Fire within the UK wildfire environment mainly travels by radiated heat and flame contact.
Therefore, closely arranged fuel will readily support fire development while more disparately
spread fuel will limit a fire's movement across the landscape. This is relevant to both the vertical
and horizontal motion of the fire.

8B1.16 Anotherimportant considerationis uniformity. If fuel is arranged in a uniform way across the
landscape, there will be little change to fire behaviour as the fire moves through the vegetation.
It is therefore easier to predict fire behaviour in uniform fuels than in a fire that is burning in
mixed vegetation types, or fuels that have different arrangements.

Fuel Density

8B1.17 Whenfuelis tightly compacted there is less exposed fuel surface area and a lack of oxygen, due
to restricted air/wind movement through the fuel, available to support combustion. This will
impair fire development resulting in a fire of low intensity or smouldering fire. This type of fire
behaviour is often found in peat fires or in the duff layer of forest litter such as in needle debris.

Vertical Arrangement

8B1.18 Vertical arrangement describes the way in which fuels are arranged from the ground up to the
canopy levels of the vegetation. This arrangement will dictate how easily fire can develop
vertically and is normally dependent upon sufficient fine fuels being available to allow an
interaction between the different fuel levels. Vertical fire development may be supported by
the arrangement of a single plant such as a conifer tree that can sometimes provide an unbroken
fuel source from ground to canopy levels, or it may rely on fine fuels of different vegetation
types acting as a ladder enabling fire to climb upwards from one fuel source to another.
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ELEVATED FUELS Between 1.5 to 3.5 meters

k] 'l\‘..‘u?

“‘%ﬁimm&c@@

A
Fig B1.2 A diagram of the vertical fuel arrangement

8B1.19 Fuels that provide a means for the fire to move vertically are known as ‘ladder fuels'. The
existence of ladder fuels should indicate to personnel that, there is the danger of a significant
increase in fire intensity and propagation if the fire is able to penetrate into these fuels.

8B1.20 Fine fuels can exist at various levels within a fuel complex and fire behaviour can increase in
intensity as it moves upwards into the aerial fuels. For example in a conifer wood, much of the
fine fuel lying on or near the surface may be shaded and, as a result, remain cooler and damper
than the fuels above. If the fire penetrates into these warmer and dryer aerial fuels there may
be a substantial increase in the amount of fuel available to burn.

8B1.21 Such fire behaviour in the upper canopy or ‘crown’, may result in a separate and independent
fire which can move with great speed and intensity through the finer fuels that have been
subjected to preheating from both the sun above and the surface fire below.

8B1.22 Theterminology associated with different levels of vertical arrangement can be used to describe
fires that burn within them. For example, a fire that is burning in surface fuels should be
described as a ‘surface fire'. If a fire is active in fuels at different levels of the fuel arrangement
it should be described making reference to all of the levels it has involvement with.
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Photo B1.3

If the fuel
arrangement
provides a
continuous
ladder of fine
fuels the

fire will be able
to move from
ground level into
the aerial fuels

<

Photo B1.4

Where ladder fuels are
in existence there is the
possibility of extreme
fire behaviour including
torching and crowning

Horizontal Arrangement

8B1.23 Horizontal arrangement is the extent, and continuity, of fuel across the ground. Fire behaviour
depends on whether fuel types vary significantly or whether they are uniform. For example.
scrub may contain a mixture of vegetation that will support different fire intensities and
behaviour, whilst vegetation that grows with more uniformity, such as grass or heather,
will burn with more consistency.
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<

Photo B1.5

Heather moorland and
coniferous woodland

Vertical Fire Development

Ground Fuels

8B1.24 These are fuels that are present below the surface. They can be the roots of vegetation, buried
branches or twigs, or in some situations may be the soil itself. For example, peat can be a
primary ground fuel source.

8B1.25 Ground fuel fires may burn for prolonged periods and can prove to be very difficult to
extinguish without access to large volumes of water or a means to excavate and expose the
burning material.

Surface Fuels

8B1.26 Surface fuels, which include both living and dead fuels, are those that are found on or close to
ground level extending to a height of 0.5 metre. As they are close to the ground they are often
in the shade of taller vegetation and can be in contact with the ground which may be wet. They
consist of grasses and low shrubs, litter such as twigs and branches, logs, stumps and seedlings.

8B1.27 If surface fuels are dry then they can make a significant contribution to fire intensity and fire
spread. Most wildfires start in, and are carried by, surface fuels.

Near Surface Fuels

8B1.28 These are fuels that are present above a height of 0.5 metre and up to a height of 1.5 metres.
As they are above the surface the vegetation is normally aerated, and therefore dryer, but can
consist of less dead fuel than can be found nearer the surface. The presence of Near Surface
Fuels often allows the fire to penetrate into the elevated fuels above.
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Fuels that exist between a height of 1.5 metres and 3.5 metres including, the upper parts of
shrubs, and/or, fuel contained within the lower parts of taller vegetation (such as the lower
branches of trees) are described as elevated fuel. These are usually well aerated allowing them
to dry quickly, ifinvolved in fire there can be anincrease in fire intensity and rate of spread. The
flammability of elevated fuel depends on its dryness, and the amount of fine and dead fuels
that are present.

Aerial fuels are those that are found above the height of 3.5 metres and extend to the upper
most parts of tall vegetation —known as the ‘canopy’. Often the most extreme fire behaviour
takes place once a fire penetrates into the aerial fuels. How intense an aerial fire becomes is
normally dependent on the amount and continuity of fine fuel available to burn.

Where there is a lack of aerial fuel continuity or the trees are widely spaced, this can be
described as an ‘open canopy’ arrangement and will usually result in single or small groups
of trees being burnt in a process referred to as ‘torching’.

Where aerial fuels are continuous (closed canopy) the continuity may allow for extreme fire
behaviour and and prolonged ‘crowning’activity.

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.

The amount of fuel moisture is dependent on a number of factors including:
= Type of vegetation.

= Weather conditions.

= Condition of the fuel (dead or alive).

= Size of fuel.

= Moisture content of the soil.

= Relative humidity.

= Time of year

Fine and coarse fuels do not dry at the same rate. Fine fuels require only a short-term drying
environment; those exposed to strong sunlight may dry in minutes rather than hours. More
coarse fuels rely on a longer period of supportive drying conditions, some will dry relatively
quickly but others will take days or even weeks to dry out completely. The wetness or dryness
of the ground will also impact on the process. Dry soil will draw moisture from fuel while wet soil
will prevent moisture from evaporating from it.



The amount of moisture in a fuel will affect:
= Ease of ignition
= Rate of spread

= Fire activity

Flame length

® Amount of extreme fire behaviour

Warmer fuels burn more readily and fine fuels are more easily heated than coarse fuels
allowing for a rapid loss in moisture content. The amount of solar heating a fuel is subjected to
has a major effect on how quickly it dries out and there can be a significant difference in
flammability between those that are in direct sunlight (in aspect) and those that are not.

The term *fuel type’ used within this guidance does not relate to the species of vegetation, nor
should it be confused with the National Vegetation Classification System? or the Biodiversity
Action Plan Broad Habitat Classification used in the UK. Instead it looks to generically group
predominant varieties or mixes of vegetation that can be found on the landscape, and which
result in similar wildfire behaviour.

To enable FRs personnel to have a generic appreciation of the differing fuel types within this
guidance, they have been arranged using the following classifications.

1. Grassland.

2. Crops.

3. Broadleaf and Mixed Woodland.
4. Coniferous Woodland.

5. Heath, Bogs and Moorland.

6. Scrub.

The weather and the seasons determine the state of vegetation and its susceptibility to fire,
but when in a condition that allows combustion to take place, each of the fuel types will
demonstrate different fire characteristics. It is also important to understand that interaction
between different classifications of fuel also play an important part in changes to fire
development and in its behaviour.

1 The National Vegetation Classification (NVC) is one of the key common standards developed for the country nature conservation agencies.
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Grassland (Class 1)

<
Photo B1.6
An area of grassland

8B1.39

8B1.40

8B1.41

8B1.42

Grass is a fine fuel which burns readily when cured and is strongly influenced by alignment with
wind and slope. When grass burns fire spread can be rapid which presents a significant hazard.
Animportant consideration when fighting fires in areas of grassland is the speed at which it
can carry the fire into vegetation with higher fuel loading such as gorse, heather or trees,
leading to arapid change in fire behaviour.

Grass fires that are wind driven may spread rapidly within the upper parts of the vegetation; itis
possible that the fire may not remove all of the fuel to ground level. This may result in sufficient
vegetation being left to allow a second burn in the same area should there be a change in wind
direction.

Coastal areas of grassland are strongly influenced by sea breezes and the undulation in
topography. Personnel need to be aware that this can lead to frequent changes to fire behaviour.

If grassis very green, typically over 50% green, then it is unlikely to support fire spread, as the
heat of the fire is used in drying the grass before it is able to ignite. However, when the grass is
progressively cured it will support combustion and the rates of spread can increase dramatically.

Characteristics

Light to moderate fuel loading (less than 6 tonnes per hectare — t/ha)

Mostly fine surface fuels

Maximum wind penetration

Low to moderate intensities

Rapid rate of spread

Short residual burning time

Limited short-distance spotting
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Crops (Class 2)

<
Photo B1.7
Uniformity of crops

8B1.432 Arable grassland, such as wheat or barley, can have a much higher fuel loading than that of
natural grassland. Crops are densely arranged providing high fuel loads that can result in fires
that are very intense. Generally, fires burning in crops are slower moving than those in more
natural grassland but wind-driven crop fires can spread quickly.

8B1.44 Although slope still plays a part in fire intensity, its effect is reduced due to the fact that crops
are generally planted on more level ground. Crop fuels are characterised by their uniformity in
their horizontal and vertical arrangement, this type of fuel consistency means that there is
little change to fire behaviour brought about by variations in the fuel formation.

Characteristics

Moderate fuel loading (more than 6 t/ha)

Mostly fine surface fuels

Maximum wind penetration

Uniform fuel

Moderate to high intensities

Moderate rate of spread

Short residual burning time

Limited short-distance spotting
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Broadleaf and Mixed Woodland (Class 3)

Photo B1.8
Broadleaf and mixed
woodland

8B1.45

8B1.46

8B1.47

8B1.48

Broadleaf and mixed woodland is generally composed of deciduous trees such as oak, beech,
sycamore and ash, although there may be pockets of conifer trees used as a nurse crop within the
broadleaf woodland. Broadleaf woodland tends to be found in areas which have good soilsand a
plentiful water supply. Most, but not all, broadleaf trees are deciduous, losing their leaves in the
autumn (expect holly). They are normally characterised by wide, flat leaves with veins extending
through them. The leaves can be used to identify the individual species of broadleaf tree.

Broadleaf and mixed woodlands will generally demonstrate significantly different fire
behaviour to coniferous woodland due to the lower quantities, and greater separation, of fine
fuels found on the trees and importantly their leaves containing less flammable chemicals.
Under normal spring and summer seasonal conditions, the leaves, which constitute the fine
fuels of a broadleaf tree, will have high moisture content and will not readily burn making it
more difficult for the tree’s coarser fuels to become involved in a fire.

The surface litter, and ground vegetation, plays an important part in fire development and rate
of spread in broadleaf woodlands, although this is likely to be very slow. If there are sufficient
fine fuels such as leaf litter, fine twigs and grass at ground level then there is a possibility of
significant fire spread through other available surface fuels.

Evenin periods of drought or extreme weather, where other vegetation can act as ladder fuels,
the resistance of broadleaf trees to support continued fire development is greater than that of
coniferous woodlands. The resultant fire would be expected to be of lower intensity than a fire
found in a coniferous woodland or plantation.

The management aims of broadleaf woodlands ranges from commercial timber production,
field sport cover, conservation, landscaping etc. Trees that are not managed for timber
production will tend to have a more wider spacing between trees than those found in
plantations. Forestry operations such as pruning and thinning can further reduce fuel loadings.
Both young and mature broadleaved trees are unlikely to see significant aerial fire activity and
sustained crowning with the associated extreme fire behaviour being very unlikely.

Broadleaf and Mixed Woodlands are the most resilient classes to extreme fire behaviour and are
regularly used as fire belts to fragment higher risk classes, such as coniferous woodlands, scrub
and grasslands etc. Where broadleaved woodlands are naturally occurring in locations such as
along streams and valleys, they can further improve the resilience of natural fire breaks.
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Moderate to high fuel loading

Trees have a generally rounded shape

Wide and flat leaves rather than slim thin needles

Slow growing

Fine and coarse surface fuels

Mixed fuel variation

Moderate wind penetration at surface level and high wind penetration in aerial fuels

Moderate to high fire intensities

Variations in rate of spread

Moderate to long burning time

Limited spotting, torching and crowning

Coniferous Woodland (Class 4)

<

Photo B1.9

An example of planted
coniferous woodland which
contains huge quantities of
fine fuels

8B1.49 Coniferous woodland can consist of variety of native species including native Scots Pine, Juniper
and Yew and other non-native species such as Douglas Fir, Corsican Pine and Sitka Spruce.

8B1.50 Naturally occurring conifer woodland is usually, but not exclusively, found on acid sandy soil. If
the tree canopy is open they will often have a healthy ground layer of other species such as
heather, blaeberry (bilberry) bracken and other small shrubs.

8B1.51 The fuel complex within coniferous woodland differs significantly from that found in broadleaf
and mixed woodland; a major difference being the amount of fine fuel that is available to burn
in the form of live and dead pine needles and the flammable chemical composition of
tannings, oils, alcohols and turpentines (similar to gorse) of the needles.
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8B1.52

8B81.53

8B1.54

8B1.55

8B1.56

The fuel characteristics found within conifer woodlands vary with the vegetation’s age.
Increased fire intensity is likely in younger trees which are at the thicket stage. These young
trees have branches growing near to the ground which can be ignited by fires burning in
surface fuels. The fire can then move vertically through the fine fuel arrangement and into the
aerial fuels above. If weather conditions are supportive, extreme fire behaviour is likely and this
can include torching, crowning and spotting.

As the trees grow and mature they generally loose there lower branches and gaps can appear
between the surface and aerial vegetation. This can reduce the amount of ladder fuels and
prevent fire penetrating into the canopy.

Itisimportant to recognise that fire behaviour in coniferous woodland will alter as the fire
moves through trees of different age, species and management or where there are different
surface fuels.

The majority of commercial timber production in the UK is usually of a single, or a limited
number, of coniferous tree species. Trees are normally planted over large areas close together
in a regimented formation, and in many plantations, the spacing between trees can be less
than 2 metres. The very structure of the trees, and the way they are planted in close proximity
to each other, can allow the fire to spread from tree to tree and the likelihood of extreme fire
behaviour is significantly increased.

In older trees the connection with surface fuels will be diminished and forestry operations,
such as pruning, brashing and thinning, can reduce fuel loadings and fuel ladders. It is
important to note that these operations can also create a substantial amount of surface fuels
called brash. These can support horizontal and vertical fire spread even in older woodlands
with the possibility of an intense surface, or near surface fire, spreading into the canopy fuels.
The strategic removal of brash is advised in high risk areas.

<

Photo B1.10

Torching and crowning is
more likely in younger trees
as vertical fire development
is more probable
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8B1.57 Inareaswhere mature
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8B1.58 Acrossthe UKitis common for coniferous woodlands to be thinned out every 5 years and then
finally clear felled when economically viable. Clear felling to harvest timber can leave large
amounts of surface fuels in situ, called lop and top. Remaining timber and lop and top can
resultin very intense fires and it can be difficult for fire fighting water to penetrate the burning
mass effectively.

8B1.59 Thinning operations will result in more light being able to penetrate down to the surface which
encourages a temporary build up of ground vegetation. As a result there may be the potential
for trees and shrubs of various ages grow in the same area; this mixed arrangement can
increase the amount of ladder fuels, until the tree canopies close once again.

Characteristics

High fuel loading

Trees have a generally ‘pointed’ shape

Needles rather than leaves

Fast growing

Fine and coarse surface fuels

Large quantity of aerial fine fuels

Little wind penetration at surface level and high wind penetration within aerial fuels

High to extreme fire intensity

Likelihood of torching and crowning

Likelihood of some spotting as a result of aerial fire activity

Moderate to long term burning time

Age dictates variation in fire behaviour
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Heaths, Bogs and Moors (Class 5)

<

Photo B1.12
Alarge area of
heather moorland

8B1.60

8B1.61

8B1.62

8B1.63

8B1.64

Heath, bog and moor, can be very similar in appearance. All can have similar vegetation and
can be found in upland or lowland areas. The main difference is that heath is normally located
on well drained sandy soils whilst bog and moorland are found in wetter areas where sphagnum
mosses help retain water content and play an important role in the formation of peat.

Heaths bogs and moors support many different plant species, the most abundant being grass,
bracken, gorse and small shrubs such as heather.

Unlike other vegetation types, heather and gorse are naturally flammable due to volatile
compounds found within them. They may, therefore, burn with more intensity and at times of
the year when other vegetation types will not.

Peat is commonly found in moor and heathland areas and is formed over many thousands of
years from decomposed surface vegetation and sometimes can be of considerable depth. Itis
often covered by fuel that is susceptible to fire such as heather or grass. When ignited, these
can transfer sufficient temperature into the soil to cause the peat layer to ignite. Once burning,
peat can potentially support substantial underground fires that can continue to burn for many
weeks, sometimes resurfacing considerable distances from the original point of ignition.
Drained peatland areas are more susceptible to the risk of fire, particularly in the springtime,
even if there has been significant rainfall through the winter months.

Environmentally, peat is a valuable resource acting as a carbon sink, ifinvolved in a fire large
amounts of pollutants and carbon dioxide can be released into the atmosphere.
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Moderate to high fuel loading

Fine and coarse surface fuels

Moderate to high wind penetration

Moderate to high fire intensity

Some spotting

Some crowning possible in dense shrubs

Short term burning time except in ground fuels

Potential for intense sub surface fires in ground fuels

Scrub (Class 6)

<
Photo B1.13
Lack of uniformity in scrub

8B1.65 Scrublandis a classification of fuel type that is common across most of the UK including urban
areas. It usually consists of mixed vegetation types including grasses, gorse, shrubs and small
trees and has a wide variation of species. A generic descriptive is an area of mixed vegetation
found on the fringes of other classifications of fuel types or contained in pockets within them.
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<

Photo B1.14

An area of scrub containing
bracken and gorse

8B1.66 Such areas are of high risk as fire behaviour can be erratic with rapid changes to fire spread and
flame length. In some areas of scrubland a particular plant species is dominant, for example
large areas of gorse or bracken are common. Within these more uniform areas there is more
consistency in the fire behaviour and a better opportunity to predict fire development.

8B1.67 Gorseisacommon species of scrub across the UK and as it is naturally flammable can produce
a particularly intense fire even at times of the year when other fuels may not burn —a swathe
of green gorse scrubland may not necessarily act as a fire break. It is important to note that the
seasonal nature of the flammability of these fuels is not fully understood and fire behaviour
may therefore be erratic in what appears to be benign weather conditions.

Characteristics

Moderate to high fuel loading

Fine and coarse fuels

Moderate to maximum wind penetration

Moderate fire intensity

Rapid changes to fire behaviour

Short term burning duration
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Live and Dead Fuels

8B1.68 Inthe wildfire environment fuel can be further divided into two other main categories and
these are live and dead fuels. The main difference between the two categories is the way in
which they react to changes in the atmosphere altering their potential for involvement in the
combustion process.

Dead Fuels
8B1.69 Dead fuels are normally found on the surface of the ground but can also remain on or as a part
of living vegetation.

<

Photo B1.15

Photo of dead
surface fuels; note
there is alack of
growth both on the
lower branches of
the trees and on the
ground, this is due
to little light being
able to penetrate
through the canopy
of the woodland

Photo B1.16
Gorse with dead fuels
remaining on the plant
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Dead fuels interact with the atmosphere searching for a balance between the moisture
contained within the fuel and that which is held within the air. Therefore, when relative
humidity is high they will generally absorb moisture, when the moisture content of the air
is low they will release moisture back into the atmosphere.

The exchange of moisture, and in particular the drying out process, is also influenced by the
size and shape of the fuel. Smaller fuels, particularly fine dead fuels will usually dry out much
faster than coarser ones.

There are a number of factors which influence this exchange which include:
® The size and shape of the fuel

® The difference between the moisture contained in the fuel and that of the atmosphere

Whether the fuel is in direct sunlight or is shaded from the sun

How densely the fuel is arranged

= The moisture content of the soil the fuel is arranged upon

The exchange of moisture from the fuel to the atmosphere is a process that is relative to the
difference in moisture content between the two. The effect of recent rainfall on heavier fuels
will diminish over several days while finer fuels can dry out in hours. It isimportant to consider
how previous weather conditions may have altered the moisture content of the fuel; this will
help to understand how the fuel will behave when anignition source is applied. If heavier fuels
are wetter, finer fuels will have less capacity to ignite them, even if ignition occurs their
behaviour will be reduced.

Ease of ignition

Rate of combustion

Rate of spread

= Fire intensity

Dead fuels when saturated can hold free water; this can surround the fuel or soak into its fibre
which can slow the drying out process. This free water has to be dried first before the fuel's
actual fibre construction can lose its moisture content.

The atmosphere and weather conditions have a lesser effect on the moisture content retained
within live fuels. Living plants although not immune to metrological conditions will regulate
their own moisture content and do not readily absorb water. The water content within many
plants is much higher than that contained within the air. The main influence of dryer conditions
will be on the outer surface of the plant and particularly on the finer fuels contained in plant
foliage. Nevertheless, during drought conditions the actual moisture content within live
vegetation will diminish and ultimately can result in the destruction of the plant and in these
situations fire behaviour can be altered significantly.



Fine fuels — those less than 6mm in diameter — dry out very quickly and are easily ignited.

Itis the fine fuels that are mostly responsible for the level of fire intensity and rate of spread
of a wildfire.

In areas where there are large amounts of fine fuel fire behaviour will be intense or extreme.

Fine fuels that exist in the vertical fuel arrangement can quickly spread fire upwards into the
aerial fuels.

Fine fuels burn at the fire's edge igniting the coarser fuels, these burn with less intensity
but for longer.

Fires burning in fine fuels positioned on slopes which are ‘in aspect’ can move with
alarming speed.

Fuels positioned in the upper levels of the vertical fuel arrangement can be much drier
and warmer than the fuels at lower levels.

Dead fuels dry out more quickly and burn with more intensity than live fuels.

Take note of the fuel type/arrangement you are working in and anticipate the fire behaviour
that is likely to occur.

Remember that fuel will generally become drier and warmer throughout the day leading
to anincrease in fire intensity.

Consider the effects of weather and of topography on fuel, and anticipate how these will
effect fire development and behaviour.

The existence of available ladder fuels indicates that there is the potential for extreme
fire behaviour.

Observe and take note of the fire behaviour that occurs in the different fuel types and
arrangements, relate this to the environment you are working in.
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The Effects
of Weather

64



Weather is a key wildfire factor and has a significantimpact on the fuel complex and the
broader wildfire environment. Weather influences fire intensities, rates of spread and levels of
risk and it is vital that fire service personnel understand how the prevailing weather conditions
can change wildfire behaviour throughout the day, even if the fuel type remains the same.

The key factors that bring about changes within the local daily weather cycle are:
= Changes in temperature which heats fuel and influences the moisture content of the air.
= The effect of precipitation and other forms of moisture such as dew.

® Local air movements such as katabatic and anabatic winds.

Whenever weather conditions are supportive, it is likely that Fire and Rescue Services will be
called upon to respond to large numbers of wildfire events. 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, orindeed 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, it also has an influence
on the combustion process itself. Weather influences fire behaviour by:

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

= |ncreasing 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) fuel.

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

= Changing the level of stability in the atmosphere.

During a wildfire event, changes to weather conditions, in both the short and longer term,
create conditions that will result in either the fire situation improving or becoming worse.
Understanding and interpreting these weather changes, and what they mean to personnel on
the fire ground is of paramount importance to the effective management of a wildfire incident,
and in particular, can have a substantial influence on the safety of personnel.

The aim of this section is to give an understanding of the influences that weather can exert on
the wildfire environment. Whilst it is not the intention to give in depth detail on the
complexities of the broader global climate, firefighters should have a basic understanding of
how the global climate functions and its influence on local conditions.
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8B2.07 The sunisthe engine that powers the Earth’s climate and weather systems. It transmits its
energy in the form of solar radiation and it is this radiation which drives the global climate.
When solar radiation reaches the Earth's atmosphere, it passes through the air having only a
negligible effect on air temperature. It is only when it reaches the surface of the Earth and the
solar radiation is converted to terrestrial radiation, that the surface is heated and the air
temperature begins to rise. The air coming into contact with these heated surfaces is then
warmed and it is this process which raises the air temperature throughout the dau.

Fig.B2.1

The effects of solar
radiation on the
atmosphere

Differential Heating

8B2.08 Foranumber of reasons, the effect of solar radiation on the surface of the Earth is not equal.
This causes a variation in the solar radiation’s ability to raise surface and air temperatures. This
differential in heating causes an atmospheric imbalance which results in the formation of
compensating weather patterns.

8B2.09 Thesun's energyis concentrated at the Earth's equator, but at the poles the energy is spread
over a greater surface area resulting in a reduction in per unit strength.

8B2.10 Higher temperatures over the equator and lower temperatures over the poles create a
temperature imbalance across the surface of the Earth. The atmosphere responds by circulating
the cold and warm air to compensate for the imbalance. This causes the formation of areas of
low pressure known as ‘depressions’ or what are more commonly referred to as ‘lows’.
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Fig.B2.3

The concentration of the
sun's energy at the equator

8B2.11 There are two main areas of rising air. These are in the Tropics and along the Polar Front, and it
is here where the greatest average rainfall occurs. There are also two main compensating areas
of descending air. These are in the Polar Regions and Sub-Tropical regions, these give rise to
the sub-tropical and polar high pressure areas. At these locations there is little rainfall and
subsequently the major deserts of the world are found in what is known as the sub-tropical

high pressure belt.
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Fig.B2.4

Atmospheric circulation.
Descending air marks
high-pressure areas;
ascending air marks
low-pressure areas.

Land and Sea Surfaces

8B2.12 Due to differential heating between land and sea, there is an interaction between the two
surfaces that has an impact on the global climate. Land cools more than the sea in the winter
and colder denser air over land surfaces leads to the formation of areas of high pressure.
Conversely, in the summer the land warms more than the sea, and warmer, less dense air rises,
leading to the formation of lower pressure systems.

Surface Heating
8B2.13 Direct heating from the sun has a majorimpact on the surface of the Earth. The amount of
solar radiation absorbed by the Earth depends on a number of factors:

The time of the year

8B2.14 Longerdaysinthe summer resultin more exposure to solar radiation. This generally leads to
higher temperatures and drier surface conditions. Shorter days result in less exposure to solar
heating and longer nights means that the surface temperatures become lower.

The time of day

8B2.15 The sunisweakestin the early morning and late in the afternoon. The sunis generally
strongest whenitis at its highest trajectory. A lower angle results in less radiation being
received by the surface and a corresponding reduction in the surface temperature.

Cloud cover

8B2.16 Cloud cover and air quality will absorb or reflect solar radiation before it reaches the surface.
On a humid day the moisture in the air will reduce the amount of solar radiation striking the
surface. Pollution will also reduce the amount of sunlight reaching the surface.
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Fig. B2.5

""‘, Showing how some
radiation is unable to reach
the surface of the Earth as

it is absorbed or reflected
by cloud and pollutants

sunlight provides the energy which heats the Earth

The shape of the surface

8B82.17

The shape of the Earth’s surface is not flat and the shape of the topography arranged across it
alters the amount of exposure time and strength of the solar radiation striking the surface.

The angle of the surface

8B2.18

The angle of the surface in relation to the sun’s position throughout the day causes variations
in surface temperature. This is particularly relevant to slopes, the direction and angle of slope
can cause the fuel on them to be much warmer and dryer than those found on other parts of
the landscape. In the UK, southerly-facing slopes receive a greater amount of surface heating.

The Effect of Surface Heating

8B2.19

8B2.21

It is the heated surface materials (rocks, vegetation, surface coverings) that warm the air that
comes into contact with them. This heated air then becomes buoyant and is replaced by
cooler heavier air; this process accelerates as the temperature of the surface increases during
the day. This convection process distributes the heat upwards through the atmosphere
sometimes to heights of many hundreds of metres. The strength of the solar radiation peaks
at about noon when the sunis at its highest. As a result the surface continues to increase in
temperature drying out the air until later in the afternoon.

As the air loses its moisture the fuel seeks to remain in balance with the air that surrounds it
and also sheds water. This drying process increases the fuels combustibility. This process

continues until the effect of the solar radiation begins to diminish and the air begins to cool.

Fuel will be at its warmest and driest about 2 hours after the sun has reached its zenith,
with fire behaviour peaking during the spring and summer between 1400-1600 hours.
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Relative Humidity (RH) is a measure of the amount of moisture in the atmosphere; this is
represented as a percentage. For example when it is raining or foggy, relative humidity could
be as high as 100%.

A correlation exists between temperature and relative humidity, it is highest around dawn
when temperature is low, and is lowest later in the afternoon when temperatures are likely to
be higher. When RH is high, fuel is unable to dry, when humidity levels fall, moisture content
within the fuel also reduces. The effect of RH on fire behaviour is significant and is a good
indicator of likely fire severity.

When RH falls to critical levels (below 40%) then extreme fire behaviour becomes probable. Fine
dead fuels (such as dead grass and litter) respond very quickly to changes in relative humidity.

Later in the day, as temperatures fall, humidity levels will rise producing cooler damper air
nearer the surface resulting in lower fire intensity which can aid firefighting operations.
Information on humidity should be collected throughout a wildfire event as it is a useful
indicator of future fire behaviour.

The dew point temperature is the temperature to which air must be cooled before moisture
condenses from the atmosphere. It is common to find dew forming on vegetation during the
night while other surfaces remain dry. Dew is more easily formed on fine fuels because they
have a large surface to volume area. This results in rapid cooling, and the formation of dew on
the surface reducing the fuel's capacity to burn. Knowing when dew point may be reached can
assist firefighting activities during certain times of the day, particularly early in the morning.

Fuels that are in shade are not subject to direct sunlight resulting in them remaining cooler and
damper than fuels that are exposed to the full effects of solar radiation. Shaded fuels are more
reliant on the general air temperature and the effects of wind to dry them out. Therefore, the
position of vegetation within a vertical fuel arrangement is important. Those fuels existing in
the canopy generally get most sunlight and are therefore warmer and drier than those existing
at lower levels. In denser vegetation which the sun fails to penetrate, fuels that exist at the
lower levels, particularly those at ground level, may remain cooler and damper. This is particularly
soin fuelthatis in contact with the saturated ground which restricts the capacity of the fuel to
shed moisture. For this reason there may be an increase in fire intensity when a fire moves
from an area in shade to an area where the fuelis in sunlight.
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8B2.31

Fuel arranged across the landscape is affected by variations to its exposure to solar radiation.
This can be dependent on the following factors:

= The length of exposure.
= The time of day.
= Fuelis in or out of shade.

= Fuelisin or out of aspect.

All of these factors will cause variations in the temperature and moisture content present
within the fuel bed. Fuels that are subjected to significant amounts of solar radiation will
become hotter than those that are not. These are descriptively referred to as ‘hot fuels’ as
their temperature can be increased significantly; hot fuels are therefore more supportive
to the combustion processes.

Cold fuels are those that are not positioned favourably and receive less direct sunlight and
therefore have a lower temperature, as a result the fuels are normally cooler than those
growing in hotter exposed areas.

There may be a substantial difference in fire behaviour in fuels of different temperature,
particularly in fires burning within a fuel containing large amounts of fine fuel. Understanding
which fuels are hot and which ones are cold is usually best achieved through observations on
the fire ground.

Clouds are formed from particles of water and can be at variable heights above the surface. If
there is a cloud covering, less sunlight will reach the surface and temperatures are likely to be
lower, as a result the moisture contained within the air and fuels may be higher.

8B2.33

8B2.34

Rainfall has an obvious impact on the wildfire environment and will raise the moisture content
of the air, fuel and the soil. If there has been a lack of rainfall prior to the fire the fuel is likely to
be much dryer and more responsive to preheating by solar radiation.

There are three main phases that should be considered:

Short term drying environment
A short term drying environment is one that lasts long enough to only dry out finer fuels, mainly
those that are exposed to solar radiation or those effected by the circulation of warm air.
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Prolonged periods without rainfall can result in an extended drying environment that lasts for
anumber of days/weeks, during which most fine fuels within the fuel arrangement will readily
support fire development. As increasing amounts of coarse fuels dry, there will be an escalation
in the amount of fuel available to burn; this increase in fuel loading has the potential to
drastically affect fire behaviour and intensities.

Along term drying environment, or drought, results in the ground becoming arid and baked.
Fuel that exists at ground level, that would have otherwise remained saturated, dries and even
fuels that exist below the surface become available to burn. Vegetation becomes dehydrated,
parched or can even die off completely, leading to an abundance of available fuels and
optimum wildfire conditions.

Wind plays a key role within the wildfire environment. Its strength and direction will affect fire
spread and intensity. Wind can also assist in drying out fuels, a warm wind with little moisture
content can accelerate the drying out process and make the fuel more receptive to the
combustion process. Not all winds will have this affect and the general direction of the large
scale winds is an important factor. Air blowing from continental Europe is usually the driest.

The diagram below gives a general guide of the potential characteristics of winds that are
blowing from different directions.
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As well as the general wind direction, local conditions can influence the way air circulates
across the landscape. This can result in variations to wind speed and its direction which can
result in substantial changes to fire behaviour.

Local changes to wind are driven by the day-night cycle. This results in the surface of the Earth
heating during the day and then cooling during the night. This process results in the natural
movement of air within the local topography, this can have a significant impact on fire
behaviour. This can either be in its intensity or direction or rate of spread.

Local wind types should not be confused with topographical winds which are described later in
Section B3. Itisimportant that firefighters understand the influence that local winds can have
on a fire as they can often result in wind direction or strength changing suddenly.

The four main types of local winds that are likely to impact on wildfire in the UK are:

= Anabatic or upslope winds

Katabatic or downslope winds

Land breezes

Sea breezes

Slopes that are subjected to exposure to solar radiation become heated. Prolonged periods of
preheating results in a layer of air near to the land surface becoming very warm and dry. This
increases the buoyancy of the air, with the result that the lighter air circulates upslope,
producing a general movement of air at surface levels. Anabatic winds may form on what
otherwise is a calm day resulting in increases in a fires rate of spread and intensity.

== Anabatic wind

Met Office
» From the Greek anabatos, meaning “moving upward”

* Day-time up-slope wind *

Heating

E——
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. up to 200 m Fig. B2.7

Anabatic winds are formed
on slopes that have been
heated by the sun
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Katabatic Wind (downslope wind)

8B2.42 Katabatic winds are formed after the sun sets and the surface is no longer heated causing the
surface and the materials on it to cool down. The air in contact with the surface also cools and
becomes denser; this heavier air then flows down slope.

8B2.43 Airthatis cooler and damper can impair fire development and as katabatic winds flow
downwards, they will generally reduce fire intensity. Where the fire has previously been
supported by an upslope wind, and then is subjected to the influence of a katabatic wind, this
may force the fire to burn back into previously burnt fuel which can also lower the intensity and
rate of spread.

=<7= Katabatic wind

Met Office
= From the G iord katabatikos meaning "going downhill”

* N nal gravity-driven down-slope wind

Radiative cooﬁng‘
.

<

Fig. B2.8

Katabatic winds can form
on slopes that cool at night

o

T
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<
Fig. B2.9
Downslope and

upslope winds

Downslope just after sunset Downslope and down-valley midnight

The COMET Program
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A Land Breeze (night time wind)

8B2.44

Aland breeze is a wind that blows from the land towards the sea at night. It is caused by the
imbalance of temperature between the air above land surfaces and the air above the sea.
When the land is no longer being heated by the sun the surface loses temperature very quickly
and the air becomes colder and denser. The relatively warm air above the searises and the air
covering the land moves to replace it.

A Sea Breeze (day time wind)

8B2.45

8B2.46

8B2.47

A sea breeze is a wind that moves from the sea onto the land and is caused by the imbalance
between the temperature of the air covering the land and the sea. When the surface of the
land is being heated by the sun it heats up relatively quickly. Water on the other hand has

a high specific heat capacity; therefore it requires a larger amount of energy to raise its
temperature. Much of the heat absorbed by the sea goes into the process of evaporation
rather than raising the water temperature.

Once the air above the surface of the land becomes heated it starts to expand and becomes
lighter, as it rises the denser, cooler air from the sea is drawn over the land to replace it.

Sea breezes are common during the summer and can be quite strong. They can start quite
early in the day depending on how quickly the surface of the land is heated by the radiation
from the sun.

(Similar effects can take place around large inland lochs and lakes)

The effect of a sea breeze on a wildfire can be significant, and potentially dangerous. They can
have the following influences on fire behaviour:

= Disturbs the movement of air on what otherwise would have been a calm day
= Depending on direction it can strengthen an existing wind

= Depending on direction it can reduce the strength of an existing wind

= Caninfluence the direction of the general wind

= Generally increase the intensity of a fire

== Sea breezes
Met Office A simple view

—

Land heats up
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<

Fig.B2.10

Showing the formation of
sea breezes which can be
common in the UK
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Atmospheric Stability

8B2.48 Atmospheric stability is the resistance of the atmosphere to the vertical or upward movement
of air that has been heated nearer to the surface. This resistance is in the form of a boundary
layer that can fluctuate in height depending on the time of day and the temperature of the air
at different heights within the atmosphere. The degree of stability or instability of the
atmosphere will impact on fire spread, fire intensities and the movement of smoke.

Boundary layer evolution

Daytime
connective
boundary layer

I
14

<
Fig. B2.11

The boundary layer is
/Ebtle influenced by changes in

Nocturnal stable

boundary layer Thermals

Stable
| |

Sunrise

|' ' ' ' ' v temperature throughout

Sunset
Surface wind increases theday

Inversions

8B2.49 Thetemperature of the atmosphere usually falls with arise in altitude, but when a layer
of airin the atmosphere is warmer than the air below, what is known as an inversion is formed.
This creates a more stable fire environment by restricting the upward motion of the lower
atmosphere and the fire plume.

A Stable Atmosphere

8B2.50 Temperature inversions are commonly formed during the night and early morning when the
cooling surface lowers air temperatures. This cold air is denser than the warmer air above and
because it is less buoyant remains close to the surface.

8B2.51 During a wildfire, a stable atmosphere tends to prevent the formation of a strong convection

column. This restricts fire intensity and fire behaviour is usually predictable. Smoke is more
likely to remain closer to the ground.
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Stable atmospheric conditions may display the following visual indicators:

= Low stratus type clouds

= Smoke columns drift apart and do not rise to a great height

= The vertical movement of air is limited

= Hazy lower atmosphere

= Possible fog layers particularly in low lying parts of the landscape

= The winds are usually light and predictable

STABLE ATMOSPHERE Clouds in layers
No vertical motion

Stratus type clouds

Smoke column drifts
apart after limited rise

Poor visibility in
lower levels due to
accumulation of

RELATIVELY
SRR smoke and haze <
Fig. B2.12
Fog layers Observations to indicate
Steady winds a stable atmosphere

An Unstable Atmosphere

8B2.52 Asthe surface temperatures near ground level increase during the day, the cooler air warms
and the heat differential between it and the inversion above weakens. When the heated air
near to the surface becomes warmer than the air above, its buoyancy increases and it starts
torise, cooler air is drawn in to replace it. This vertical movement of air mass or ‘updraft’,
provides a fire with the means to develop a strong convection column which can result in an
in-draft of air. This results in a potential increase in fire intensity that makes a fire less
predictable and sometimes leads to its behaviour becoming erratic. Gusty winds make smoke
movement more unpredictable. If atmospheric stability changes it may be necessary to alter
suppression tactics.
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Unstable atmospheric conditions may display the following visual indicators:

= Cumulus type clouds which show noticeable vertical growth

Smoke columns develop vertically and canrise to a great height

Winds are gusty and unpredictable

Thunder storms can develop

There is a clear lower atmosphere

UNSTABLE ATMOSPHERE

Clouds grow vertically
and smoke rises to
great height

Cumulus type clouds

Upwards and
downward currents
gusty wind
Good visibility <
Fig.B2.13
Dust whirls Observations to indicate

an unstable atmosphere

Collecting Weather Information

8B2.54

Firefighters should now be aware that weather is a major factor within the wildfire environment,
and one that can bring about significant change to fire behaviour. Usually, weather brings slow
and predictable change to fire behaviour, but sometimes the changes are more sudden and
canresultin extremely dangerous situations.

Globally, sudden and unexpected weather change is a major cause of firefighter fatalities,
and it is of absolute importance that the current and predicted weather is closely monitored
throughout the duration of a wildfire incident. Regular weather updates should be obtained
and onsite intelligence regarding local weather variations should be gathered. This will play
animportant partin the risk assessment and decision making processes which underpin the
tactical fire plan.

78



Wildfire Operational Guidance Section 8B Technical Considerations

8B2.55 Detailed weather information should be included within operational briefings and all personnel
should be made aware of any risks posed by the current or future weather conditions. Updated
weather information should be communicated to all operational personnel on the fire ground
to assist in the maintenance of situational awareness.

8B2.56 Equipment is available that can provide accurate onsite information. Small hand held weather
units are particularly useful as these can be used to gather a wide range of weather intelligence
including, air moisture content, altitude, barometric pressure, wind speed and wind direction.

Meteorological measurements must be made away from the influence of the fire and in clear
terrain unaffected by nearby trees, other obstructions or factors which may result in false or
inaccurate readings.

Met Office Support

8B2.57 Weatherinformation provided
by the Meteorological Office
should form an essential and
critical part of any wildfire
incident command system. The
Met Office can provide accurate
information that will assistin

defining the affect that weather <

i duri incident Photo B2.1
will ave during gn inci en. . Awildfire
This can be provided by utilising specialist using
anumber of metrological a hand-held

services: weather unit

General Information

8B2.58 Information on the prevailing local weather conditions, can be provided by accessing the
general weather forecast for a local area. The information given is for public use and can be
obtained from the Met Office web site www.metoffice.gov.uk/

8B2.59 The pressure systems shown on a weather map are an indication of atmospheric stability.
The presence of a high pressure system indicates that a stable atmosphere can be expected,
alow pressure system indicates that the conditions will be unstable.

Specific Advice and Information

8B2.60 Recentlythe Met Office has improved its web-service so that it now provides a single source
of decision making information to the emergency response community. This source is known
as Hazard Manager, the web-based resource for the emergency response community. This
facility provides a single location where the Met Office holds all its environmental intelligence;
it can be used to assist decision makers and allows visualisation and manipulation of different
data types.
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Met Office Regional advisors should be used appropriately and are available to:

= Assist emergency responders to assess the risk in their particular area from predicted
or ongoing severe weather events.

= Provide guidance on the use of Met Office services available to emergency responders.

= Assist with weather related risk assessments as used within community risk registers.

If required, advisors can give support during an incident and their role may include:

= Ensuring that the management team is aware of all the meteorological factors which
could impact the incident.

= Ensuring that all meteorological information is consistent and that all responders
within the Command and Control structure use the correct information.

= |nterpreting any information for the responders if necessary.
= Sourcing other scientific advice available from the Met Office.
= Acting as a point of contact between the Met Office and the emergency responders.

= |frequired and appropriate, arranging for routine forecasts and other information
to be supplied to aid in the recovery phase of the incident.

The Met Office Fire Severity Index (FSI) produces an assessment of the current day and gives a
forecast of the coming five days’ fire severity. The forecast uses information such as time of
year, wind speed, temperature and rainfall. The index values are from 1 to 5 which represent an
increasing degree of likely fire severity:

1 VeryLow
2 Low
3 Moderate
4 High

5 Exceptional

The FSI maps display an index on a 10km x 10km colour coded grid square system. The Met
Office FSI was primarily developed following the introduction of the Countryside and Rights of
Way Act, 2000 (CROW Act). It assists in the management of land, and provides a guide for
consideration as to when public access should be restricted during periods when there is an
exceptional fire risk.

The FSlis a useful tool for fire and rescue services and land management agencies as it
predicts the potential current and future fire risk. Services should access this information
regularly and instigate appropriate action relevant to the risk levels indicated by the index.

Currently the Fire Severity Index is not available in Scotland or Northern Ireland. At the time of
writing, arrangements to introduce a comparable system for Scotland are under review.
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8B2.67

8B2.68

It is widely acknowledged that climate change is occurring and at a rate that many consider

to be accelerating. Scientists, including those from Met Office, have carried out a great deal

of research into what might be causing the changes to the climate. There is evidence to
suggest that increasing amounts of greenhouse gases within the atmosphere are contributing
to climate change and global warming. This warming may cause relatively large and long term
change, not just to the UK climate, but to the wider natural environment.

Wildfire is influenced by the fuel that is available, the pre and prevailing weather conditions
and the topographu. If the global climate is changing then it is sensible to accept that this will
affect our national weather patterns. Should local conditions change then this will also bring
variations to the fuel types and the condition of vegetation.

If there are changes to the UK climate which result in warmer wetter winters and hotter drier
springs and summers, then FRSs should be prepared for an increase in the scale and number
of wildfires, as conditions become more supportive of a natural increase in fuel loading.

8B2.70

8B2.71

The effects of climate change on the UK is uncertain but evidence and trends suggest that at
least in the short term, temperatures are increasing. This coupled with a suggested decrease in
the amount of rainfall during the spring and summer months, could have a substantial impact
on the UK wildfire environment.

It would be beneficial if fire and rescue services gather information on the weather and its
consequential impact on the number and frequency of wildfire incidents. This information will
be invaluable in developing response projections. This data can also be fed into other scientific
research projects including the development of a more response orientated FSI system.

8B2.72

8B2.73

During the spring of 2011, FRSs across the UK responded to a large number of wildfire events.
The diagrams below give an overview of the prevailing conditions during this period and can
provide some explanation for the increase in the number of occurrences.

The diagrams show that March was very dry and warm while April had very high mean

temperatures. The poor physical condition of the vegetation following the rather harsh
winter and unseasonably warm spring provided substantial amounts of wildfire fuels.
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Fig.B2.14

The mean temperatures during the
early spring of 2011 were much
higher than the average
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Fig. B2.15

Low rainfall during March
2011 contributed to arise
in fires across the country
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Fig. B2.16

Low rainfall and high
temperatures gave
supportive conditions to
vegetation fires during the
spring of 2011
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Fig.B2.17

Continued low amounts of
rainfall led to increased
activity during April and
May 2011

This final diagram shows how clear the skies were during April 2011 . This would have a significant impact
on the amount of solar heating fuels received and would affect its combustability and increase the
intensity of any fire.
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Fig. B2.18

Clear skies during April 2011 had a
significant impact on the moisture
content of fine fuels

8B2.74 FRSrisk managers should assess whether sufficient consideration is being given to weather
and climate, and its effect on their services. Consideration should also be given as to whether
the vast amount of weather data that is already available is being used to its full potential.

8B2.75 Weather and climate assessments can be used by FRSs to judge the potential impact that
weather patterns and climate change will have on their organisations.

8B2.76 UKFRSsshould begin to assess through their integrated risk management plans and

community risk registers, how a changing climate may place different challenges and
demands on their services.
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Weather conditions that support a drying environment will progressively increase fuel
availability and fire intensity. It is therefore important to understand how supportive the
weather conditions have been in the days leading up to the event.

The cumulative effects of the daily weather cycle (on the drying process and on fire behaviour)
will peak during mid to late afternoon.

During extended or prolonged drying environments, it should be anticipated that increases in
fire intensity will occur much earlier in the day.

Wind strength and direction has the predominant effect on fire spread and intensity.

A fire that is burning in fuel which has been preheated by solar radiation will burn with more
intensity.

An unstable atmosphere will make fire behaviour more dangerous and erratic.
The approach of a cold front can create unstable atmospheric conditions.

The levels of moisture in the air should be monitored; relative humidity readings can be used to
explain current, and indicate future, fire behaviour.

The collective effect of high wind (above 30km/h), high temperature (above 30°C) and low
relative humidity (<30%), known as the 30-30-30 rule, can result in extreme fire behaviour
and intensity.

Obtain frequent weather forecasts and specific updates on predicted air humidity, temperature
and wind speed.

At prolonged incidents advantage should be taken of periods when weather is less supportive
to fire development, such as early morning, in the evening or during the hours of darkness.
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The Effects
of Topography
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Introduction

8B32.01 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. In wildfire terms, it is the space in which a fire can move comprising
the physical shape and positioning of the features within that space. These influences will
have a direct and indirect impact on fire behaviour, and if the topographical influences are
understood, fire officers can use this knowledge to determine the likely fire severity at different
points across the landscape.

<

Photo B3.1

The shape of the terrain will
influence fire behaviour

Topographical Influences

8B3.02 Topography should be considered to be a fixed or known factor that will influence variables
such as fuel types, 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.

8B3.02 The shape of the landscape has a direct effect on the ability of the surface to interact with the
sun, allowing some areas to become warmer and dryer while others remain cooler and damper.
These variations can affect localised areas or cover larger parts of the landscape; in some
situations this can cause rapid changes to fire behaviour.

8B3.04 Water drainage has also altered the shape of the landscape forming re-entrants such as valleys

and gullies. These influence wind speed and direction, also providing habitats that alter the
types and quantities of fuel within them.
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The Profile of the Landscape

8B3.05 The shape of the landscape will influence wildfire behaviour in a number of important ways
and consideration should be given to the following:

= 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
= Water drainage features

= 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

<

Photo B3.2

Showing changes that can
occur across the landscape

The Effect of Aspect

8B3.06 Aspectcanbe described as the direction the surface of the ground is facing in relation to its
orientation with the sun. Generally, southerly-facing slopes become warmer and drier
throughout the day, whilst northerly-facing slopes remain cooler and damper.

8B3.07 Although the angle of a slope is fixed the amount of solar radiation received will vary
depending on the time of day and the position of the sun.

8B3.08 The amount of solar radiation the surface absorbs has a direct influence on the temperature and

humidity of the air and therefore the combustibility of available fuels. As a general rule, fires
that occur in fuels that have been subjected to more solar preheating will be more intense.
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8B3.09 Thediagram B3.1 above shows
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The Sun’s Position

8B3.10 South-eastern-facing slopes will be warmer in the morning, drying out the fuels earlier in the day.
South-western-facing slopes warm later when the sun moves into alignment. Fuels on these
slopes are likely to continue to increase in temperature during the day until late into the afternoon.

<

Photo B3.3

Showing the south-westerly-
facing slope being warmed
during the afternoon

The Effect of Slope

8B3.11 Slopes can assist or hinder fire development in a number of ways, they can be in or out of
aspect which will affect air and fuel temperature and the steepness of a slope also influences
fire spread and intensity.

8B3.12 When a fire moves across level ground or downslope most of the heat generated by the fire
(in the absence of wind) will be lost to the atmosphere.

8B3.12 When a fire moves onto an upslope, the slope will assist the fire's development and increase its
efficiency, accelerating the combustion process. The fuel is brought closer to the flame by the
angle of the slope and this is then subjected to more preheating. The steeper the angle of the
slope the more preheating the fuel is subjected to.
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8B3.14 Depending on the actual gradient of the slope, the convection plume will penetrate into more
of the vegetation ahead of the fire front, drying out the air and also raising the temperature of
the fuels, particularly the finer ones. This preheating of the vegetation is not limited to the
surface fuels, but can also include aerial fuels, particularly those in the canopy; this can greatly
increase the ease of ignition of these fuels. The longer and steeper the slope, the more
influence this process will have leading to an increase in intensity. Fires on steep slopes will
normally develop a narrower and more intense head fire.

-fires burn faster uphill
than on level ground

CONVECTION/ _

_,,—""-'l.

<

LU RADIATION Fig.B3.2
INDRAFT PRE-HEATING FUEL A Fire that is burning

- upslope is able to transfer
—/ its energy to the un-burnt
fuel and is classed as being

39 in alignment with the slope

Fire Position on a Slope

8B3.15 The position at which a fire starts on a slope isimportant; generally fires that start nearer the
base of a slope become more intense. This is due in part to the fire remaining in alignment
with the slope for a longer period; this allows the fire more time to heat up the fuel and air in
the fire's path. A fire moving upslope will generally increase in speed and intensity, as it
progresses up the gradient, the steeper the slope the faster the acceleration.
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<

Fig. B3.3

Fire that is burning upslope
will burn faster and with
more intensity

Fires Burning Downslope
8B3.16 When afire burns downslope the process is almost reversed with a widening of the gap between

the available fuel and the fire, the movement of the fire will slow and its intensity will reduce.

<
Fig.B3.4

Fire that is burning
downslope is not able to
transfer energy to unburnt
fuel as effectively as an
upslope burn and will burn
with less intensity

8B3.17 Asignificant hazard for firefighters working on a slope in un-burnt fuel is burning material
may roll down hill and ignite fuels behind them, with the result that they can become trapped

between the two fires.
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Slope Reversal (upsiope to down slope)

8B3.18 Slopereversalisaterm used to describe a situation where a fire changes its alignment with
slope. This can happen when a fire that has been moving upslope reaches the top of a hill and
then starts to move downslope. Once burning against the slope the fire changes its behaviour,
and unless supported by a strong wind will normally significantly reduce its intensity. Most of
the heat generated by the fire is lost to the atmosphere and the change in fire alignment
causes a significant reduction to the fire's rate of spread.

<

Photo B3.4

A pre-slope reversal
low-intensity fire

Slope Reversal (downslope to upslope)

8B3.19 This second scenario is much more dangerous and occurs when a fire that is backing
downslope reaches a point where it can start to turn and burn upslope. This change can
resultin a dramatic and sudden increase to the intensity and speed of the fire, this type
of reversal should be considered to be particularly hazardous.

Photo B3.5

Showing a significant
increase in fire intensity
due to the fire now burning
upslope
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8B3.20 Another,and possibly more dangerous situation, is where a fire is backing downslope and
moving against the wind. The appearance of the fire can be very deceptive — sometimes
demonstrating very limited intensity. Should any part of the fire move into a position where it
finds alignment with the slope and wind, then it may make a run back upslope through any
unburnt fuel. This can resultin arapid and high intensity head fire that can develop in the
opposite direction of the backing fire which may compromise the safety of firefighters that are
positioned upslope.

8B3.21 Dangerous locations where these changes may occur should be proactively identified and
used as trigger points (indicators) to highlight the necessity to review safety issues and
operational tactics.

The Shape of Slopes
8B3.22 The shape and angle of a slope will affect the ease in which the fire is able to transfer heat to
existing vegetation.

Slopes are termed to be;
= Straight

= Concave

= Convex

Straight Slopes

Toy A) Straight Slope

8B3.23 Astraightslope hasanear 7R
constant angle that resultsin a 7 ///

4 \
more predictable rate of spread. / S o
Anyincrease in speed or ¥
intensity will be due to the effect To Tob B)Concave Slope
of preheating of fuels or
changes to vegetation or its
arrangement.

7

Bottom

\Bonom— <
Fig.B3.5
C) Convex Slope The Shape of
slopes can
affect fire
spread and
Bottom intensitg

Personnel at the top or at the

base of the slope should have an Top
unobstructed view of the slope’s

surface and the fire unless this is

limited by other factors such as
vegetation.
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Concave Slopes

8B3.24 Concave slopes are ones that have an increased angle of slope nearer the summit; this
canresultinasignificant increase in fire intensity as the fire moves upslope. A fire moving
downslope will gradually increase in intensity as the angle of the slope decreases nearer the
bottom where more heat can be transferred to the unburnt fuels. A concave shaped slope
should not affect line of sight when standing at the bottom or top of the slope.

Convex Slopes

8B3.25 Convexslopes have a steeper angle at the base compared with the summit; therefore the fire is
likely to be more intense at the base of the slope. As the fire moves upslope the angle of slope
lessens and the amount of heat transferred to the unburnt fuel is reduced.

8B3.26 Ifafireis moving downslope the angle between the fire and the fuel is increased resulting in a
decrease in potential fire development. Due to the shape of this type of slope, personnel may
have their view of the fire obstructed. In particular personnel at the base or at the top of the
slope may not be able to observe the fire at all.

<

Photo B3.6

The feature shown in the
photograph has all three
types of slope in evidence
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Topographical Features

8B32.27 The shape of the landscape can influence fire behaviour in a number of significant wauys.
One of the most important topographical influences is on wind which can be channelled
and funnelled through and along features of terrain; this may alter its direction and strength.

Photo B3.7
Showing a hill

8B32.28 The slopes forming the sides of a hill will either support or hinder fire development depending
on whether a fire is burning up or down slope.

On the ground definition:
“Ahillis an area of high ground. From a hilltop, the ground slopes down in all directions. A hill is

shown on a map by contour lines forming concentric circles. The inside of the smallest closed
circleis the hilltop.”

Photo B3.8
A saddle is shown
in the foreground
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8B3.29 Saddles are identified as a curvature in the landscape formed between two areas of higher ground.
The wind passing within saddles tends to concentrate and can fluctuate or alter direction.

On the ground definition:
“When in a saddle and facing forward there will be an uphill slope in front of you, an uphill

slope behind and downhill slopes to your left and right. On a map the contour lines might
look something like an hourglass.”
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Spurs
8B32.20 Spurs are often steeper than the slopes that surround them and this may alter a fires speed,
direction and intensity.

On the ground definition:
“When heading up a valley spurs will often look like steeper ground sticking out of the
surrounding slope, at the end of which will be a steep slope dropping into the valley. From

above, spurs will not seem as steep as the surrounding slope and have increasingly larger
slopes running downhill to the left and right of it, with a steep slope at its end.”
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<

Fig. B3.7

The contours

on the map
show a number
of spurs on the
landscape
formed between
re-entrants

<
Photo B3.9
Showing several ridge lines

8B3.31 Ridges are features formed between two opposing slopes. They are sometimes the most
suitable locations to construct a fire break because when the fire reaches the ridge line it loses
alignment with the supporting slope and its intensity and rate of spread will reduce.

On the ground description:

“When standing on the centre-line of a ridge, you will normally have low ground in three
directions and high ground in one direction with varying degrees of slope. If you cross aridge
atright angles, you will climb steeply to the crest and then descend steeply to the base. When
you move along the path of the ridge, depending on the geographic location, there may be
either an almost unnoticeable slope or a very obvious incline.”
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Photo B3.10

A number of re-entrants
formed by drainage
features

8B3.32 Re-entrants are normally drainage features with slopes on either side. They can have a
significant effect on fire behaviour as they can act as a chimney channelling the wind and
concentrating its strength. They are often critical points on the landscape allowing fire to alter
its direction and speed of travel.

On the ground description:
“When facing up a valley there will be smaller valleys running uphill to your left and right.
These will become smaller and may look like folds in the landscape the higher up the valley

you go.”

Photo B3.11
Showing a steep-sided gully
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8B3.33 AGullyisare-entrant feature that has been formed by running water which can cut sharply
into the ground, often the sides can be very steep. This type of feature can cause what is
termed to be the chimney effect acting as a funnel for winds to follow and in certain situations
concentrate its strength. This can increase fire intensity and rate of spread along these
features substantially.

8B32.24 Innarrow gullies, as a fire moves down one side the heat generated can preheat the fuel on the
opposite side resulting in a much more intense fire if slope reversal occurs.

On the ground description:
“Having already gone up a slope there will be a steeper, narrowing in front of you, and steeper

uphill slopes on either side. There may be water running down the gully and some scrambling
or climbing might be needed to get up it.”

<
Photo B3.12
Steep-sided gully

99



Wildfire Operational Guidance Section 8B Technical Considerations

<
Photo B3.13
A narrow valley

8B32.25 The main effect of valleys is in the way they can alter the direction and strength of the general
wind, normally the wider the valley the less concentration of wind strength although this might
increase as the wind moves upwards where the valley is narrower.

On the ground description:
“Valleys drop from higher ground and generally become broader as they lose height. When

standing in one they can have steep, even slopes, narrower near the end of a valley, though
they can also be wide, with a gentle curve on either side getting slowly steeper.”
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8B3.36 Contour lines forming a valley are either U-shaped or V-shaped. To determine the direction
water is flowing, look at the contour lines. The apex of the contour line (U or V) always
points upstream or toward high ground, and contour height numbers are always orientated
up the slope.

The Effect of Topography on Vegetation

Photo B3.14

Changes in the direction a
slope faces can influence
fuel arrangement and
continuity

8B32.37 The orientation of a slope affects the amount of sunlight it will receive. In the short term this
can affect the temperature and moisture content present within available fuels. In the longer
term it caninfluence even the type and condition of fuels growing on different slopes. Southerly
facing slopes are normally warmer and dryer while northerly facing slopes are cooler and damper.

8B3.28 These variations create microclimates that can influence the species that will colonise different
parts of the landscape. The soil found in re-entrants is normally damper and this encourages

more vegetation growth which may lead to heavier fuel loading.

Wetter areas of the landscape can often be identified by the vegetation types that grow on it.
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The Effect of Topography on Wind

<

Fig.B3.9

This shows the way in
which the shape of the
terrain can influence wind
direction and strength

8B3.39 Theillustration above demonstrates how the wind can be influenced by the lay of the land.
The terrain can channel wind along valley's and re-entrants sometimes causing it to significantly
change its direction. Narrow valleys and gully's can funnel and accelerate the wind increasing
its influence on fire behaviour.

<

Photo B3.15

Terrain will affect the
direction and strength
of wind
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Barriers to Fire Travel

8B3.40 Alandscape may contain areas that will restrict fire travel. A barrier is any area where there
is a break in the horizontal fuel arrangement that prevents fire spread. Natural or man-made
features can cause this break in continuity. Barriers to fire spread should, wherever possible,
be taken advantage of within any suppression plan.

8B32.41 Common barriers to fire spread
include:

= Rock outcrops or cliffs and
bare patches of land.

= Lakes, rivers, streams and
wet areas of land.

= Changes to the fuel type, its

condition or moisture Photo B3.16
. . i An outcrop of

content. An example of this Ta. : et

might simply be an area of > ) broken fuel

wet, green grass. : wo e M continuity and
' T g could prevent

= Roads, tracks or other fire spread

man-made barriers that
prevent fire spread.

= Tactical control lines either dug into the soil or burnt into the vegetation.
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The shape of the topography has a direct impact on the drying environment; fuel that is in
direct sunlight will be warmer and dryer than fuels that are not.

Warmed air will move upslope during the day and cool air will fall downslope during the night.

Slope has a major impact on fire behaviour and an upslope will cause a fire to increase its
intensity and speed.

The steepness of a slope has an incremental effect on fire behaviour and its speed.
Fire intensity and rate of spread normally reduces when fires are burning downslope.

When constructing fire breaks look to take advantage of reverse side of ridges whenever
possible.

Gullies and Re-entrants can be dangerous — having personnel working in them should be
avoided due to the danger of the ‘chimney effect’.

Barriers such as rivers, rock outcrops and roads can often prevent fire spread and, whenever
possible, should be incorporated into the tactical fire plan.

Parts of a fire burning downslope may find an alignment that allows it to make a run back up
the slope presenting a danger to personnel working above the fire in unburnt fuels.

The shape of the terrain will have a significant impact on fire behaviour; plan to take advantage
of areas where intensities will be low and avoid areas where fire intensities will be high.

Topography will influence wind speed and direction, be aware of local conditions and remain
alert to possible change.

Southerly-facing slopes will generally be warmer and dryer than those that face towards
the north.

Eastern-facing slopes warm early in the day; western-facing slopes are warmer in the afternoon.
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8B4.01

8B4.02

Some of the wildfire issues that UK FRSs are required to address are complex; others such as
acquiring an appropriate standard of map reading and navigational expertise are simpler. One
thing is certain however, without the basic skills to operate effectively within a spatial
environment, operational capabilities at a wildfire incident will be limited.

Maps are not only a navigation tool, they can also be used to improve the incident command
system, address safety issues and assist in formulating a more complete understanding of the
operational environment. Unless FRS personnel are trained in the basic skills necessary for
them to operate at incidents that take place within the wider rural environment, there will be
aninherent weakness in FRS response capability. In addition, Section B7 shows how maps can
also be used to assist the Incident Commander to effectively sectorise a wildfire incident.

8B4.03

Wildfires usually occur in more rural or even remote rural areas. As a result the use of maps
during these incidents is both necessary and unavoidable. All FRSs should provide personnel
with training that is appropriate to the identified risk, thus ensuring that these invaluable aids
are used to their full potential.

Maps can be used as:
= A navigation tool
= Asafety tool

= A planning tool

Maps as a Navigation Tool

8B4.04

8B4.05

8B4.06

An Ordnance Survey (0S) map is a useful navigation tool that can be used to identify features
on the landscape, such as roads, tracks, buildings and structures, different vegetation types
and the lay of the land. All of these can be used as points of reference to identify what is
actually seen on the landscape and the features’ position onit.

Importantly, maps can be used to measure or estimate distance and travel times. When used
in conjunction with a compass they provide an accurate method of navigation.

An understanding of how to use maps as a navigation tool, provides personnel with the
expertise to safely move across the landscape, and allows officers to identify any hazards that
may pose a risk to the personnel they have responsibility for. At a wildfire, or indeed at other
types of spatial incidents, it is essential that individuals have skills that allow them to quickly
travel to the scene of operations. FRSs should have sufficient numbers of personnel that have
appropriate navigational skills.
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Amap is an accurate representation of an area of ground, providing risk critical information that
can be used to improve safety at a wildfire incident. Maps show the shape of the terrain and
give important information on locations where fire behaviour may alter. This mightinclude
such things as the steepness of slopes, changes in vegetation types, or locations where fire
alignment may change. Maps therefore play a crucial part in identifying the risks that may be
encountered during a wildfire event.

The information contained on a map can assist in maintaining a high level of understanding of
the operational environment and help establish a raised level of situational awareness. The
ability to read maps plays an important role within the risk assessment and the decision
making processes. This guidance also encourages the use of the LACES safety protocol (see
Section B7) at wildfire incidents; having an understanding of maps is an integral part of this
safety system. Maps provide essential information for lookouts, assist in the communication
process and can be used to help plan escape routes and safety zones.

At a wildfire incident maps must be utilised as a planning tool as they are an indispensable aid
to effective incident command. The effective use of maps within the planning processes will
assistin the formulation of an effective suppression plan. Personnel on the incident ground can
also use their understanding of maps to relay important intelligence to incident commanders.

Maps can be used to assist in deciding what tactics should be used at a wildfire incident.
Information provided on a map includes intelligence on the following:

® Changes to fuel

= Critical points

= Steepness of slopes

= Aspect

= Windows of opportunity

= Fuel breaks

= Areas of habitation

= Natural or man-made control lines

® QOther obstacles to fire travel

These can be used to identify changes to fire behaviour as it moves over the landscape,
and by applying the Wildfire Prediction System (see Section B6) to a map, it is also possible
to construct a fire footprint that will identify likely fire travel.



FRSs managers must consider the risks posed to operational personnel by local geographuy,
and ensure that suitable training is provided. It would, however, be impractical to suggest that
every firefighter should be trained to an accredited standard of navigation.

Nevertheless, if FRS personnel are expected to operate at incidents that take place in rural
or remote areas, they should be provided with appropriate expertise relevant to their role.
They should also be supervised by well-trained officers who have the expertise to effectively
manage resources during a spatial incident.

Firefighters who may have to operate at spatial incidents should understand:

= Map scales, contour lines, symbols, and grid squares

= How to give a four- and six-figure grid reference

= How to orientate a map to the landscape

= How to recognise features of terrain

= Cardinal directions

= How to estimate distance

= How to follow paths and tracks on the landscape that are identified on a map
= How to understand the use of the Global Positioning System

® Mobile data

Ifitis necessary to leave recognised paths and tracks it is essential that personnel possess, or
are supervised by individuals that have more advanced navigational skills. These should have
the expertise to:

= Take a compass bearing from a map

= Use a compass to follow bearings accurately over short distances of open ground
= Accurately estimate distances and travel time

= Accurately measure distance using double pacing

= Plan and follow a safe route over short distances

= Understand how to use features of terrain as reference points

= Select an appropriate speed of travel

= Lead groups of people that operate on the ground



Officers with specialist knowledge of navigation can provide additional support at incidents
that pose higher levels of risk.

These should have the expertise to:

= Use landform features as a method of navigation

= Use contour information to understand the positioning of landscape features

= Use a compass to navigate across long distances of open ground

= Use compass bearings to navigate across intricate terrain

= Use a compass to move around obstacles that force a deviation from a planned route
= Navigate in darkness

= Use back bearings to confirm position

= Use contour information to confirm personal position and as a method of navigation

Ordnance Survey (0S) is a non-ministerial government department and an Executive Agency
responsible to the Secretary of State for Communities and Local Government. OS has a number
of agreements with the public sector including the One Scotland Mapping Agreement, and the
Public Sector Mapping Agreement for England and Wales. There are various types of maps
including, digital and paper based, which can be utilised by FRSs under the public sector
agreements. This guidance provides information on the use of OS paper maps which provide
accurate geographical information.

Atopographical map is a simplified bird's-eye view of a piece of ground, drawn to scale and
showing physical and man-made features present on the ground. Information is presented in a
unigue format, through the use of symbols depicting various features, which are explained in
the map legend, colours and shading, and contour lines which join points of equal height
defining the shape of the terrain. OS maps also give direction, as all maps are orientated
towards the north and have a positioning referencing system which is part of a geographical
grid system.

Itisimportant that all FRS personnel are able to understand a topographical map and use the
information available on it. At a wildfire incident, they must also have the ability to pinpoint
their location using a map, and understand the positioning of features of terrain both on a
map and on the landscape. A useful way of communicating an accurate position is by using
grid referencing.



Wildfire Operational Guidance

Section 8B Technical Considerations

8B4.20 The British National Grid is a geographical grid referencing system that is used to divide the
country into about 50 100km x 100km squares. These are either referenced numerically or
alphanumerically. Each of these 100km grid squares is uniquely numbered from the bottom
left corner of the UK and also has a unique 2 alpha character code. The alpha characters are
not always marked on Ordnance Survey Landranger or Explorer maps so can be difficult to
reference. The numeric system is always referenced on all OS maps and is therefore more
reliable. Electronic systems, such as those used in Mobile Data Terminals (MDTs), use this
system and itis referred to as a 12-figure grid reference.

8B4.21

Itis normal to reference printed maps with the alphanumeric system if known and the most
common form of this is the six figure grid reference. Various ways of expressing alphanumeric

references are described below.

Positioning within large areas is
focused by dividing each of the
100km grid squares into 10km-
wide grids. These are identified
by adding a two-number grid
reference to the alpha code, for
example TL-63. This identifies a
10km x 10km square grid
(100km?) found 60km east and
30km north of the south-west
corner of the TL grid square.

(All grid squares of whatever size
are identified by using the
vertical and horizontal lines that
intersect at the south-west

corner of the square in question).

As greater accuracy is required,
each square is further sub-
divided by 10 from 10km to 1km
to 0.1kmand so on.
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Fig.B4.1

The OS National
Grid
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Fig. B4.2
Grid square
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0S Map Grid Squares
8B4.22 0Smaps are covered in a series of faint blue lines that make up a square kilometre (1km?) grid.
The lines have a number accompanying them that can be used to pinpoint positions on the map.

Photo B4.1
Showing grid squares
and grid numbers

The grid numbers can be located along the edges of an OS map on the margin and also at
10km intervals on the map itself.

Photo B4.2
Grid numbers running
across the map
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Grid Referencing

8B4.23 The horizontal lines going across the face of the map, left to right or west to east are called
Northings, i.e. line 45. All the lines going from the bottom to the top of the map, or from the
south to the north are called Eastings, i.e. line 19. When giving a grid reference the Eastings

8B4.24

number must always be given first followed by the Northings number.

During operations at a wildfire
four- and six-figure grid
references will be commonly
used to identify positions on a
map or on the landscape.
Operationally, itis important
thatall FRS personnel are able
to understand how to use grid
referencing.

Four-figure Map References

8B4.25

Using the numbers that identify
each Eastings and Northings
line, a four-figure reference
number can be used to identify
each individual km? contained
within the blue grid lines shown
onan OS map. The reference is
always given from the bottom
left corner of the grid square.

For example, the number 2in
the diagram below is 19 across
and 45 up and therefore the
four-figure grid reference is
1945.

The numbered squares on the
diagram would have the

Morthings (up the stairs) o=

47

45

45

43

42

% 17 1B 18m B N
Eastings (along the corridor) 05

Morthings (up the stairs) 155

47

45

43

42

16 7 18 19 20 2
Eastings (along the corridor) =7

following four-figure grid references:

1=1845
2=1945
3=1844
4=1944
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Six-figure Grid Reference

8B4.26 Asix-figure grid reference simply
allows more accuracy by o i [ | ||
sub-dividing each square into W A |
tenths; this is physically not
shown onamap but can easily
be estimated. Using the
example below, the grey box is
positioned within the square
1844. More accurately itis
7-tenths across and 8-tenths up e T s 3 o7 a
within grid square 1844, Eastings (along the corridor) B35
Therefore it has a six-figure grid
reference of 187448. Itis
important to note that a six-figure
grid reference is not unique as it will be represented within each of the 100km grids. If there is a
need to make it unique then it must be prefixed with the alpha characters previously described.
Therefore the grid reference would become TL 185443.

== A

MNorthings (up the stairs) =5

aa

The red shape is located at six-figure grid reference 185443 or TL 185443,

Ordnance Survey Explorer and Landranger Maps

8B4.27 Both the Explorer and the Landranger paper maps provide extensive geographical information
and present this in a similar, but not identical, format. It is important to understand that 0S maps
do not cover a 100km x 100km national grid square but are considerably smaller. They may cover
areas that are within more than one national grid square and these are identified on the map.

The 0S Explorer Map
8B4.28 Great Britainis covered by 403 E grudwng;}:e
separate explorer maps which ity
use a 1:25000 scale, this lb:;"‘::
equatesto4cmtoakmor & Banchory
roughly 2%in to a mile. They
show considerable detail which

is useful in connection with li"'l
navigation but can make the X
interpretation of relief, 13y
. . i |
particularly contour detalil 3
difficult to read. Explorer maps =
do not cover as much area as ' % <
those covered by the M ./ Photo B4.3

Landranger maps.
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The 0S Landranger Map

8B4.29 There are 204 Landranger maps
each covering an area of 40km
by 40km, they use a
1:50000 scale which equates to
2cmto a km, or roughly 1%in to
amile. These are less detailed
than the 0S 1:25000 maps and
do not show walls or fences
which are useful indicators
when navigating. Due to their
increased scale they can be
easier to read, particularly in
relation to relief.
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Information on a Map

8B4.30 Thereis ahuge amount of useful information on a map, but alot of it is in a form that needs to
be interpreted. Therefore, all 0S maps have some explanatory information which is available in
the form of a legend. This provides details on how features are represented and on the
different symbols used.

See Appendix 2 showing Legend of 1:50000
See Appendix 3 showing Legend of 1:25000

Topographical Information

8B4.31 Maps give an accurate interpretation of the relief found on a landscape. This information is
presented in a unique format that proves to be exceedingly useful during wildfire incidents.

There are various mapping systems available for use, but topographical maps prove to be the
most useful.
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8B4.32 Nevertheless, the gathering of relevant intelligence is essential if fire service managers are to
formulate effective plans, therefore all relevant means should be used. Visual aids such as
aerial photography is now easily obtained and, wherever possible, should be utilised at
incidents alongside topographical maps.

Photo B4.5
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8B4.232 Thellustrations above show the contrast between topographical maps and aerial
photography, each show a representation of same area, but provide different information.
Topographical maps are in a format that displays data that is strongly related to relief,
accurately showing the shape of the landscape and the position of features on it. Distances
can be easily measured using the relevant 1:25000 or 1:50000 scales. Aerial photography
presents a visual representation that can give more detailed information on fuel and in
particular its horizontal arrangement. It also identifies features that may not be included on a
topographical map such as clearings, informal tracks or paths, or changes in land use across
the landscape. When referring to either topographical maps of aerial photography, it is crucial
to appreciate that older material may contain inaccurate information. An example of this is the
changes that occur to woodland, where trees may have been planted or harvested.
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Understanding Contours

8B4.34 Contourlines are used on topographical maps to define the shape and height of the surface of
the ground. The lines are shown as faint orange or brown lines that join together points of equal
height. These lines are separated by what are termed to be vertical intervals, or measured
height differences between each line. On a 1:50000 scale map this is always 10-metre intervals.

8B4.35 Ona1:25000 scale map the contours are normally 10 metres, but the interval can be 5, 10
or 20 metres depending upon the prevailing terrain.

Photo B4.7
Showing contours
on an Explorer map

8B4.36 In mountainous areas this interval may be greater; this is to prevent the insertion of too many
contour lines into a small space.

A
Sl

Photo B4.8
Showing the contour
interval
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Upslope and Downslope

8B4.37 How contour lines display
upslope and downslope is
important, asitis this
information that allows an
interpretation of the shape of
the ground. Contour lines show
anumber indicating heightin
metres, which is always

displayed as an ascending value. Ph°t9 B4'.9
Ifth b ) ] | The direction

: e numbers |ncre.ase invalue i A of aslopeis
this denotes an uphill slope and S SO indicated by the

as the value decreases they A “ W contourinterval
indicate a downhill slope. (A A = '@ numbers
Usefully, the top of the number - S M'
is always printed so that it points
upslope, while the bottom of the number points downslope. To make maps easier to read, each
fifth contour line is drawn thicker, and is known as an Index Contour Lines.

8B4.38 Where contour lines are placed close together they represent a steep slope, where they are
further apart the ground is more level. This gives a very accurate representation of the shape
of the landscape.

<

Photo B4.10

Contour line showing
detailed terrain information
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Interpreting Relief

8B4.39 Having anunderstanding of the
shape of the ground is extremely
useful during wildfire incidents. w0
This information is important
when formulating a plan or
carrying out an operational task
on the fire ground.
Differentiating between upslope
and downslope is particularly

: Fig. B4.6
useful and by making reference Thge contours
to the shape of contour linesitis ; ; indicate the
possible to understand profile of the

topographical features. This can landscape
help determine the influence
the terrain may have on fire
development. The patterns formed by contour lines give a visual representation of the shape
of the landscape. By making reference to these contour patterns, hills, valleys, re-entrants,
ridges, spurs, and other ground features can be recognised.

8B4.40 The relationship between higher and lower contours and the distance between them can give
you valuable clues about the shape of the surface on the ground.

= Decreasing ring contours denote a summit or basin, but inside a circle is normally
higher ground

= Flat areas have very few contour lines

= Contours placed very close together indicate a very steep slope
=V or U contour shapes pointing uphill indicate a re-entrant

= Vor U contour shapes pointing downhill indicate a spur

= Contours descending on either side of a line show aridge

= Contours grouped together on either side of lower ground normally indicate a valley
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Contour lines show patterns that indicate the horizontal and vertical shape of the surface of
the ground, at a wildfire this can help identify parts of the landscape where:

= the rate of fire travel may increase or decrease

= there will be a change to fire intensity

= afireisin or out of alignment with slope

= parts of the landscape are in or out of aspect

= wind direction may change

= wind strength may increase

= parts of the landscape that will have a critical effect on fire behaviour

= points on the landscape will trigger changes to fire behaviour which may result ina
re-assessment of suppression tactics

= routes may be identified to get to and from the scene of operations
= safety zones can be located

= escape routes can be found

Distances on a map can be calculated using a number of different methods; these provide a
varying degree of accuracy.

Grid squares on a map offer a quick method to estimate distance. Each one of the grid squares
represents a distance of 1km along its edge, or 1.4km when measured diagonally from corner
to corner. By counting the number of grid squares between two points, and adding 100 metres
for every tenth of a grid square, a rough calculation of distance can quickly be made.

The scale used on a map is a ratio between map unit and ground unit, any measurement taken
from a map can therefore be converted into actual distance. A ruler can be used to accurately
measure the distance between two points, this measurement can then be converted by using
amaps linear scale. Ona 1:50000 OS map this equates to 1cm to 50000cm, or 1cm to 500 metres.
Ona1:25000 OS mapitis 1cm to 25000cm or 1cm to 250 metres. All OS maps have a linear scale
which is located along the bottom margin.

Inreality, itis unlikely that personnel will be able to proceed across terrain using a direct route.
It should be acknowledged that there are methods for measuring indirect routes which may
give amore accurate assessment of the distances to be travelled. For example, indirect
distances can be measured using measuring wheels, digital mapping software or even
alength of string.
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Map Ratios
25000cm on the ground
Ratio = 1:25000 lcm 250 metres on the ground
0.25km on the ground
50000cm on the ground
Ratio = 1:50000 1cm 500 metres on the ground

0.50km on the ground

Measuring Distance on the Ground
8B4.46 Being able to calculate distance on the ground is very important, and there are two main ways
ground distance can be measured; these are known as pacing or timing.

Single Pacing Method

8B4.47 Pacingis a practical method of estimating distance on the ground, it is based around having an
understanding of how many paces an individual takes to walk a distance of 100 metres. To find
out a pacing average an individual should walk 400 metres over a route that has been set on
level ground, a count should be made of the total number of steps taken to complete the
course. This total should be divided by 4, the resulting number is the average number of paces
required to cover 100 metres. This average pacing can be used by an individual to measure
distance covered on the ground. For example, if it is known that a person’s average pacing is
126, every 126 paces taken will equate to 100 metres. Distance can then be estimated by
counting multiples of 100-metre measurements.

Double Pacing Method

8B4.48 Double pacing is the preferred method for estimating distance on the ground and has been
adopted by a number of UK FRSs as it reduces the amount of counting required. The process
used to establish an average double pacing is similar to that used for establishing single pacing
averages, the only difference being that only every other pace is counted. This is achieved by
starting on the right foot and counting the number of times the left foot is placed on the
ground. The double pacing average can then be used to measure ground distances in the
same way as the single pacing method.

Measvuring Distance by Estimating Travel Time

8B4.49 Distance can also be measured by calculating the time it takes to travel between two points.
By estimating an average speed a person can be expected to travel across the existing terrain,
and by making adjustments for ascents and descents, a travel time can be estimated. Average
speed is affected by surface conditions, type of terrain, time of day, gradients, equipment
being carried and the type of PPE worn.

See Plate B4.1 Chart with Travel Times

See Plate B4.2 Chart with approximate speeds for given terrain
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Navigation

8B4.50 Anunderstanding of maps, and the ability to relate the information on the map to what can
actually be seen on the ground, can provide some capacity to navigate across the landscape.
Unless personnel have advanced or specialist map reading skills, navigation should be
restricted to recognised paths and tracks that are shown on a map.

Cardinal Directions
8B4.51 The cardinal directions are all
based on north being the base

of 0 or 360 degrees. There are N

eight cardinal directions which NNW

are shown in dark blue, each one NW

of thesg can be found by . WNW

measuring degrees clockwise

from north. w

wsw
Fig. B4.7
SW The dark blue
SSw arrows show
S the cardinal
directions

North South
at 0 or 360 degrees at 180 degrees
Northeast Southwest
at 45 degrees at 225 degrees
East West
at 90 degrees at 270 degrees
Southeast Northwest F<ig Bas
at 135 degrees at 315 degrees Cardinal directions
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Understanding the Use of a Compass

8B4.52 This guidance highlights the need for map reading and navigation skills, it is not intended to
provide detailed information on either. The following section contains a basic description
of a lightweight or Silva compass and its use.

8B4.532 Acompassisaninstrument that can be used to help find your way across the landscape.
Before using a compass you need to have an understanding of its basic features.

The Main Features of a Compass

<

Fig. B4.9
The main
features

of a compass

H W N

Ul

7.
8.

. Base plate
. Compass housing — also known as the compass wheel, it has a mark every 2 degrees.
. Magnetic needle - the red end will point to magnetic north.

. Orienting lines — fixed within the compass housing and designed to be aligned to the

Eastings on a map.

. Orienting arrow —fixed and aligned to north within the compass housing.

. Index line — extension of the direction of travel arrow where the compass user reads off a

bearing.
Direction of travel arrow — the arrow at the end of the base plate.

Map scales — used to measure distances on 1:50000 and 1:25000 scale maps.

8B4.54 The main working part of the compass is the magnetic needle which rotates on a central pivot.
The red end of the needle always points to the Earth's magnetic north. By rotating the compass
housing to line up the red north end of the needle with the red arrow on the compass baseplate,
a bearing can be taken from the index line. To get an accurate reading you then have to adjust
the bearing to take account of the difference between grid north and magnetic north. The
degree of magnetic variation can be found on all 0S maps.
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8B4.55 When taking a magnetic bearing the compass needle can be influenced by nearby metallic
objects which may affect the accuracy of the reading.

The Main Uses of a Compass
8B4.56 A compasscanbe usedinanumber of ways including:

= Taking a bearing from a map and following this to reach a specific position
= Orientating a map so that it matches what is seen on the ground
= Using a bearing to identify features found on the ground

= |dentifying your own position on the landscape

8B4.57 The first two uses are covered in detail within this guidance, whereas the last two uses are
more practically-based skills which should ideally be taught in an outdoor environment and are
therefore not addressed within this chapter.

Setting Direction of Travel from a Map
8B4.58 There are three simple stages to transferring the direction you want to travel shown on a map,
to the direction you need to travel on the ground using a compass.

Stage One
8B4.59 The compass should be laid flat on the map with one of the long edges joining the two points
of travel ensuring that the compass is facing in the correct direction.

Photo B4.11

Stage 1 —The direction of
travel arrow should always
point towards the intended
destination
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Stage Two

8B4.60 Keeping the base of the compass in position on the map, the compass housing is rotated until
the compass orienting arrow points north/upwards and the orienting lines on the compass
housing are parallel with the grid (Eastings) lines on the map.

Photo B4.12
Stage 2

Stage Three

8B4.61 The compass can then be taken from the map and any magnetic variation should be added
by turning the wheel in an anti-clockwise direction. The compass is now set in a horizontal
position; the compass should be turned until the red end of the magnetic needle is positioned
inside the orienting arrow and the direction of travel arrow points towards the destination.

Photo B4.13
Stage 3

Aligning a Map

8B4.62 If you know your position on the landscape and can locate this on a map, you can use known
features as reference points. Roads, rivers, power lines, stone walls, fences and other features
can be used to align a map. By rotating the map so that it matches what is seen on the ground
will clarify the relationship between the two.
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Orientating a Map
8B4.62 The grid lines running from the bottom to the top of a map (Eastings) are drawn to the north. By
using these and a compass the map can be accurately orientated to align with magnetic north.

There are two stages to this process:

Stage One

8B4.64 Setthe north mark on the compass housing so that it aligns with the direction of travel arrow.
Then place the compass on the map so that the direction of travel line is running along Eastings,
or towards the top of the map. The edges of the compass base plate will run parallel with the
grid lines on either side of the compass.

<
Photo B4.14

Stage Two
8B4.65 Holding the map and compass firmly in place, rotate the map until the north end of the
compass needle points north along the grid line, sitting within the orienting arrow.

Photo B4.15
Stage 2

8B4.66 The map and the compass are now orientated against magnetic north and the map will align
with what is seen on the ground.
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8B4.67

Mobile Data Terminals (MDTs) use a 12-figure grid reference and it is important to understand
the relationship between an alphanumeric and a 12-figure grid reference.

Photo B4.16

An example of an alphanumeric grid reference identifying the summit of Ben Macdui, in the
Cairngorm Mountains (found on Landranger Map 36), would be NN989989. This is a unique,
100m accurate grid reference which is made up of three elements:

= NN indicates the 100km x 100km grid square;
= 989 are the eastings;

= 989 are the northings.
This would be represented by the 12 figure grid reference 298900.798900
As demonstrated earlier the initial numbers of the Easting and Northing are shown in the corners

of all 0S maps so it is relatively simple to create a 12-figure grid reference of all locations within
the UK. This can then be used within MDTs to find a location on a map and vice versa.

The Global Positioning System (GPS)

8B4.68

By default, most GPS devices will use the projection WGS84. This is a spherical projection and
is expressed in latitude and longitude. Itis difficult to translate these in the field to paper-based
0S maps, so it is recommended that all GPS devices are set to use the British national grid
projection which will then display either as alphanumeric values or in the 12-figure grid format
previously described.

GPS uses the known position of satellites that orbit the earth, and by using triangulation, or
contact with three of these satellites, a receiver can accurately calculate its position on the
Earth's surface.

GPS receivers have a number of capabilities including:
= Give an exact location, time and elevation
= |t can plot movement on the surface or in the air

= |dentify speed of travel
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8B4.70

= Give time, distance and direction to other positions on the landscape
= Record information on time, distance and direction journeys made

= Store topographical mapping

The use of the Global Positioning System (GPS) has become common. With the development
of small and highly-efficient GPS receivers, GPS is becoming relied upon more and more.

In connection with wildfire, it can provide invaluable information that can aid recognition of ones
position on the landscape and assist in navigating across it. GPS can also plot your location and
transmit this information to others, this intelligence can be used to improve safety, and assist
in controlling operational resources that may be dispersed across wide areas. FRSs should
exploit this technology to its full potential and incorporate its use into FRS systems whenever
possible. GPS is a useful aid; it cannot provide the field skills and knowledge necessary to
operate efficiently within a spatial operational environment.

Plate B4.1

Time given in hours, minutes and seconds at given speed
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Plate B4.2

Approximate speeds for given terrain

Hard, level surface

Variable, rough surface

Soft ground, strong headwind, wearing structural firefighting PPE

Severe head wind

Time to add for given ascent/descent

1 min per 10m ascent

10 min per 100m ascent

1 min per 20m descent

Time to add for other conditions

Night — % daytime speed

Heavy load — 1kph less

>20 kg — Y2 normal speed

Speed and distance conversions

1 mile =1.6km, 1km=0.6 mile

1 mph =0.4m/s
=1.5ft/s
SO L LE AR = 305m, 1,000m = 3,281 ft

Pacing is based around an average of 62 double paces; adjustments will have to be made to
compensate for terrain and ground conditions. With experience, pacing can be extremely accurate.
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An understanding of maps provides useful information relating to the operational environment
and the hazards found on the landscape (especially the parts that cannot be seen).

Grid references should be given to identify positions on the landscape. When communicating
these, they should be repeated by the recipient to confirm understanding.

Maps can be used to identify different fuel types found on a landscape. These can change over
time, therefore the latest versions of 0S maps should be used.

Topographical maps can provide invaluable information that can assist when formulating a
safe suppression plan.

Teams committed on to the fire ground should have, or be supervised by, personnel who have
an appropriate understanding of navigation.

Maps can be used to identify travel times, distances and the safe routes to be taken by
operational personnel.

Contour lines can be used to identify areas such as steep slopes, gullies and re-entrants,
where fire behaviour may be more dangerous.

Contour lines show the shape of the landscape and this information is essential when
using the Wildfire Prediction System (WPS).

Understanding how to utilise the information on a map is a key skill that improves safety,
resource management and assists in the decision making process.
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Fire Development
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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 changes. The appreciation of when, and where, fire behaviour is likely to alter will assist
firefighters 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.

Changes will resultin a fire becoming more or less responsive to its environment and increasing
or decreasing levels of risk. If managers have an understanding of when and where these
changes are likely to occur, they can apply this knowledge to the decision making process and
adopt appropriate control measures within a suppression plan.

Understanding the changes in fire behaviour at a wildfire will also assist fire commanders to
take 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.

A wildfire will burn over a period of time, on a landscape that provides the space over which the
fire can move. The behaviour demonstrated by any wildfire is dependent on a number of
important variables. Its movement across the landscape brings instability within the fire
environment caused by changes to the available fuel, its combustibility and arrangement, the
shape of the topography and the effects of weather. The changes that time and space bring to
the fire environment, if properly understood, mean that the fire can be fought in a safe and
effective manner.

One of the main influences of time is the change it brings to the condition of the fuel and its
combustibility during the event. The accumulated affect of solar radiation throughout the day
can have asignificantimpact on temperature, relative humidity, wind speed and the moisture
content of the fuel. Another change that time may bring is to the general weather pattern
bringing stable or unstable weather conditions. Time can have a positive or negative effect on
fire development throughout the day and this will bring both advantage and disadvantage to
firefighting operations.
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Maximum
Fire Intensity

Relative Humidity

<
Temperature Fig_ 35_1
Diagram showing the
0000 0600 1200 1300 2400 changes brought about by
Time of Day

variations in temperature

and relative humidity
throughout the day. As
temperature rises relative
humidity falls resulting in
increased fire intensities

8B5.06 Likewise, the space in which the fire is burning brings changes to the shape of the landscape

altering the fire's alignment with wind and slope and bringing a variation in fuel types, its
loading and arrangement. The availability of fuel, its type and its horizontal and vertical
arrangement obviously impacts on how readily fire will develop, however there are other
variables that are important to consider. For instance, as a fire changes its location and moves
across the landscape, topographical and climatic conditions will work for and against the fire
altering its intensity and speed.

8B5.07 Afire 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.

Equilibrium
8B5.08 Intheabsence 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.
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<

Fig. B5.2

lllustration of the effect

of the convection plume

in the early stages of fire
development. A fire in a state
of equilibrium burning with
equal intensity in all directions

Photo B5.1
A fire in relative equilibrium

The Loss of Equilibrium

8B5.09 Whenthe 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, this 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, the flames at the rear part of the
fire are bent away from the fuel.

8B5.10 Asaresult,the fuels at the front of the fire are subjected to more preheating 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.
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8B5.11 Windnormallydrivesafirein
the direction it is blowing and
has a strong influence on the
fire's outer shape; it supports the
head fire but restricts fire
development on the flanks and
tail. As wind speed increases this
effect dominates fire spread
providing more support to the

head and less to the tail and 3 4, Fig. B,5 3
flanks. The head fire will be the | 'x_* i [
part of the fire that has _ ' Sl pattern once
maximum alignment; the lames =~ . Wl cquilibrium
can be significantly angled s o hieti R VLl s |ost

towards, and sometimes be
brought into contact with, the
fuel, thus increasing the rate of spread and intensity. The flames and heat generated at the tail
part of the fire are pushed away from the fuel and intensity is reduced, sometimes to a point
where the combustion process ceases.

Fig. B5.4
The effect of wind on
the shape of the fire
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Fire Growth

8B5.12 Afire spreading with the support ELLIPTICAL FIRE GROWTH
of wind will burninto the
available fuel with different
intensities around its perimeter.
The following diagram shows an
elliptical fire pattern.

<
| [itEiel Fig. B5.5
Elliptical fire
development
. FLANK FIRE DEVELOPMENT where the fire
WITH MODERATE INTENSITY
burns with
different
D BACK FIRE DEVELOPMENT intensities
'WITH LOWER INTENSITY around its
perimeter,
depending on
its alignment
with wind

WIND DIRECTION

<

Photo B5.2

A fire being supported
by wind

The Parts of a Wildfire

The Head Part of a Fire

8B5.12 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.
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Photo B5.3

Showing a well-developed
head fire. Note the flame
angle/length etc

The Flanks of a Fire

8B5.14 Thesides 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’.

8B5.15 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. This can lead to a different fire
behaviour being demonstrated by each flank. This can be explained by the fact that usually
one side of the fire will have better alignment or be burning in more supportive fuel types. Itis
important that attending personnel understand which is the left flank, and which is the right
flank of a fire. This is best explained by imagining that you have taken position behind the fire,
with the head moving away from your position. The left part of the fire is to your left and the
right part to yourright.

|
wc}
| A .

Fig. B5.6
Showing the left and
right flanks of a fire

RIGHT FLANK
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<
Photo B5.4
A flank part of a fire

The Tail Part of a Fire
8B5.16 The back part of the fire is called - . -
the tail and this part of the fire is B
where there is the least amount rh;“‘ : 5*’°‘F:£e.H
of fire sp.read. Uspallg the flames Head 1 Flan:.(;):‘
at the tail are being bent \ e
towards the already burnt fuel L TR pociet
and the fire moves into the i -{I ; 'F.anﬂ;'
vegetation against the iv':':“d 4 3
alignments that are working in i
the favour of the head fire. The e b - origin Fig. B5.7
tail fire is potentially the slowest .~ . . X "-E;‘I;Heel' Anillustration
moving partof the firewith the (0 =8 = '.'-;}}- EY showing the
shortest flame length. Whenthe  wildfire Terminoloy - parts of afire
Wind direction

tail is backing against a strong Parts of a Fire
wind or steep slope it can self

extinguish. Tail fires usually demonstrate low amounts of fire activity but it is important that
they are recognised as a significant risk, if they burn into areas that are more supportive a
significant and rapid change in fire behaviour can occur.

Wind as an Alignment Force

8B5.17 Windisamajoralignment force and supports fire development, it does this in a number of
ways including:

Providing the Fire with Added Oxygen

8B5.18 Thisassists inthe combustion process and adds to the fires intensity, allowing the fire to become
hotter resulting in more radiated heat being transferred to the unburnt fuel in its path and an
increase in rate of spread.
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Tilting the Flame and Pushing it Closer to the Fuel

8B5.19 Without the support of wind the heat generated by the flames and fire plume is mostly lost to
the atmosphere. When a fire is burning in alignment with wind the flame is pushed forward
towards the fuel, the flame angle then allows more radiated heat be transferred to unburnt fuel
accelerating fire development. In extreme cases the wind can be bent over to a point where
the flame is in direct contact with the fuel.

Driving the Smoke Plume into the Unburnt Fuel
8B5.20 With the support of wind the convection plume maintains more contact with the ground
preheating and drying out the fuel in the fire's path.

Drives the Fire and Gives it Direction

8B5.21 The accumulative effect of wind is that, some areas of unburnt fuel surrounding the fire are
preheated and become dryer, the fire is then able to burn into these with more speed creating
more intensity.

Fig. B5.8

lllustration of the effect
of wind fire spread and
intensities

Slope as an Alignment Force

8B5.22 Slope is also a major alignment force that supports fire development; it does this in a number
of ways including:

Bringing the Fuel Closer to the Flame

8B5.23 The slope alters the angle at which the fuel is presented to the flame, the steeper the slope the
closer the fuel moves towards the flame. This allows more radiated heat to be transferred to
the unburnt fuel; increasing rate of spread and fire intensity.

Increasing the Impact of the Convection Plume on Unburnt Fuels

8B5.24 Inthe absence of slope substantial amounts of heat generated by the convection plume is lost
to the atmosphere, when a fire moves upslope the convection plume is able to pass nearer to
the surface and preheats and dries out the fuel in the fires path potentially increasing the rate
of spread and fire intensity.
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Fig. B5.9
Showing the effect of
slope on fire behaviour

Aspect as an Alignment Force

8B5.25 One of the main reasons wind and slope are predominant factors within the wildfire
environment is that it enhances the ability of the fire to interact with vegetation, preheating
takes place altering the chemistry of the fuel and surrounding atmosphere.

8B5.26 Asimilar process takes place in fuels that are in aspect or where they are located on the
landscape that is oriented towards the sun. In these areas the drying environment can be
accelerated increasing the combustibility of the vegetation.

8B5.27 Solarradiation has a cumulative affect so areas of the landscape that receive sunlight on a daily
cycle, over longer periods, are likely to be much dryer than areas that do not and fires in these
areas will burn with more intensity.

Fig. B5.10

Showing the effect of the
shape of topography on
surface preheating

In Aspect Out of Aspect
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Changes to Alignment

8B5.28 The parts of a fire that find alignment with wind, slope or aspect are those that will increase
their intensity and rate of spread. Where these alignments are strong, then it is probable that a
head fire will develop. In areas of the fire where there is little or no alignment fire behaviour is
likely to be significantly less.

8B5.29 Consideration should be given to the fact that although the head fire normally displays the most
fire activity, it is not necessarily the most dangerous part of the fire. The higher risk locations
are generally those where there is a change in alignment or strength of alignment that allows a
fire to rapidly and sometimes unexpectedly increase its intensity and rate of spread.

8B5.20 These changes can occur
anywhere around the fire
perimeter, an example being
where the wind changes
direction and aligns itself with a
part of the fire that had
previously had little or no
alignment. Itis important that
fire officers do not concentrate
their assessment of risk only at
locations that currently have the
highest fire intensities; they llustration of
must understand that the fire's wind change on
future potential development aflank fire
may occur elsewhere, even at
parts of the fire where it appears
to be quite inactive.

<
Fig. B5.11

Flame Height
8B5.31 The height of the flame is measured vertically from ground level to the top of the flame.

<
Fig. B5.12
Showing flame height
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Flame Angle

8B5.22 The angle of the flame is measured from the horizontal, and gives the incline of the flame
indicating the strength of the fire's alignment with wind and slope and the amount of
preheating that the flame can bring to bare on unburnt fuels.

Fig. B5.13
Showing flame angle

Flame Length
8B5.23 The flame length is the measurement taken from the base to the tips of the flame, irrespective
of the flame angle.

Fig. B5.14
Showing flame length

Flame Depth

8B5.34 The flame depth is a measurement of the total area of continuous burning fuels taken from
the front part of the fire to the rear most part of the flaming zone. It should not be extended
toindividual and separate fires burning outside the flaming zone.
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Fire Front

8B5.35 The fire frontis the area of the fire that is at the foremost part of the flaming zone and is where
the available fine fuels are consumed. This usually results in the fire demonstrating its most
intense behaviour and the longest flame length.

Flaming Zone
8B5.36 The flaming zone is the total area of burning fuels measured from the front of the fire to the
rear most part of the fire.

Rate of Spread

8B5.37 Therate of spread refers to the movement of the fire across the landscape and is normally
measured in metres per hour. The rate of spread is not limited to the forward motion of the
head fire but can be used to describe the outward movement of the flanks or tail. Rate of
spread is not a constant and the alacrity of movement will vary over time and within the space
the fire is burning. Wind, slope and aspect will influence rate of spread as will the type and
arrangement of the fuels the fire has access to. The amount of fine fuels within the fuel loading
isimportant as fire will move much faster through finer fuels compared to coarser ones.

8B5.38 Fire spread can also be measured vertically as the fire travels upwards between the ground,
surface and aerial fuels within its arrangement.

Depth of Burn
8B5.39 The depth to which a fire penetrates into the fuel bed, this is normally into surface and
ground fuels.

FLAMING ZONE WHERE FLAMING EDGE OF FIRE WHERE

SMOLDERING ZONE COARSE FUELS CONTINUE TO BURN MOST FINE FUELS ARE CONSUMED

ITHE PASSAGE OF A FLAME FRONT THROUGH AVAILABLE SURFACE FUELS I Flg' B5.15

Showing a representation
of a head fire spreading
through fuels on level
terrain

FLAME LENGTH FLAME ANGLE DEPTH OF BURN FLAME HEIGHT
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Types of Fire

8B5.40 The fire type is normally described making reference to the fuel layer it is burning in, for
example a fire burning in the surface fuels would be referred to as a ‘surface fire', it is the same
for fires burning in ground, elevated or aerial fires.

8B5.41 Firesthat demonstrate more extreme fire behaviour have names that are more descriptive of
their behaviour such as ‘Torching’, ‘Spotting’ or ‘Crowning’ these are covered in Section 11.13
‘Extreme Fire Behaviour'.

Types Of Fire

o P

Surface MNear Elevated

Surface Fig. B5.16
Showing the different
types of fire

Ground

Extreme Fire Behaviour

8B5.42 Extreme fire behaviour can result from a single, or a number of situations within the fire
environment that are likely to cause fire activity to reach dangerous proportions.

These include:

= High fuel loading, particularly in fine fuels
= The existence of strong ladder fuels

= Fire aligned with a strong wind

= Fire aligned with a steep slope

= High temperatures

= Low humidity

= Drought conditions

= High percentage of dead fuels within the fuel complex
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8B5.43

8B5.44

Extreme fire behaviour can be demonstrated sporadically or sustained over long periods of
time. It is imperative that these events are predicted at a local and tactical level and managed
within the suppression plan. The causes of probable extreme fire behaviour are listed above
but the indicators that these events are actually taking place are:

= Asurgein fire severity

= Pulsating flames

= Very dark smoke

= Separate fires occurring outside the fire edge (spotting)
= Increased flame height or length

= |gnition of aerial fuels in the canopy

= Anincrease in surrounding air movement

A good practical indication as to whether fire behaviour will become extreme is the 30-30-30
rule. The three figures are the measurement of wind speed in km/h, temperature in centigrade
and relative humidity as a percentage of air moisture content. If the wind speed is > 30km/h
and the temperature is > 30°C and the RH is < 30%, then any wildfire (depending upon the fuel)
will always demonstrate extreme fire behaviour and intensity.

High individual measurements in any of these areas can also stimulate conditions that will
resultin dangerous fire behaviour.

The Junction Zone Effect

8B5.45

The term junction zone is used to describe the increase in fire activity caused by two fires, or
flaming parts of a fire, coming together. This is caused by the in-drafts generated by each fire
drawing them towards each other, this increases the speed at which the fuel is consumed and
the subsequent intensity and rate of spread. Sometimes this also results in a stronger fire
plume that can generate increased spotting.

Photo B5.5
Two fires coming together
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Spotting

8B5.46 Spottingisaterm that is commonly used to describe a particular type of fire behaviour which
canresultin avery dangerous form of fire propagation. Burning embers of fuel are carried
upwards by the convection plume or wind and then distributed amongst areas of unburnt fuel
ahead of the main fire. The area immediately under the smoke plume is particularly vulnerable
to localised spotting, although it must be recognised that burning material can be carried
considerable distances and result in significant secondary fires which can become the primary
means of the wildfire spreading across the landscape.

8B5.47 Spotting activity can also breach control lines or threaten escape routes of personnel working
on the fire ground.

Photo B5.6

Showing hot sparks and
embers that could lead
to spot fires

<

Photo B5.7

Showing short-range
spotting behaviour and the
dangers that this may
present to firefighters on
the ground
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Photo B5.8
Showing a fire in
the background that
has been caused by
long-range spotting

Torching

8B5.48 Torchingis likely to occur in areas where there is vertical fuel arrangements (ladder fuels)
present within the fuel complex; this can support fire spread that will move from the surface
into the upper aerial fuels.

8B5.49 Torchingisaneventthatis
dependent on there being
continuity within the fine fuel
structure. This allows a fire to
develop a strong upward
motion. Torching is normally a
localised event restricted to
single trees or small clumps of
trees.

<

Photo B5.9
Showing ladder
fuels within the
vertical fuel
arrangement
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8B5.50 Inareaswhere the upper canopy has sufficient horizontal fuel continuity this fire penetration
into the upper canopy may be the precursor of crowning behaviour.

Crowning

8B5.51 Theterm crowningis used to
describe a number of fire types
that burnin the upper canopy of
vegetation. For crowning to
occur there is areliance on there
being sufficient and continuous
fine fuel, these can be rapidly
consumed resulting in a fast-
moving and very intense fire.
Crowning can occur in shrubs or
trees, and intensities are usually
dependent on the amount and
condition of the fuel and the
alignment that this is in. (Support
from wind, slope and aspect)

<
Photo B5.10

Showing a fire
moving through
the vertical fuel
arrangement
and
demonstrating
torching
behaviour

Active Crown Fire
8B5.52 Thisis afire type that establishes itself within the whole fuel complex but is reliant on a strong
surface fire to transfer heat and flames into the aerial fuels.

<

Photo B5.11
Showing active
crown behaviour
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<

Photo B5.12
Showing extensive
active crowning

Independent Crown Fire

8B5.52 Anindependent crown fire is one that burns within the aerial fuels and upper canopy and does
not depend on a surface fire to support its development, as it can sometimes burn without
involving surface fuels.

Passive Crown Fire
8B5.54 Apassive crown fire burns from the surface into the aerial and canopy fuels but is unable to
maintain forward motion at the upper fuel levels.

<

Photo B5.13
Passive
crowning
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Convection- or Plume-driven Fire

8B5.55 A convection-driven fire is one that is spread mainly by the convection plume. Heat is carried in
the form of hot air and this dries out vegetation, which is then susceptible to ignition by hot
brands or burning embers that are carried within the fire plume.

<
Photo B5.14
A convection-driven fire

The Six Factors which Influence the Fire Environment

8B5.56 Asaconclusion to this chapter, emphasis is made to the six principal influences which, when
supportive to the fire, will indicate an increase in intensity and rate of spread. Although these
factors have been referenced previously, an awareness of their importance is essential to
understanding the potential development and behaviour of a wildfire.

= The strength and type of wind
= Atmospheric stability

= Fuel and how it is arranged

= The temperature of the fuel

= Fuel moisture

= Topography

8B5.57 These factors, and other common situations which can influence and bring about changes to
wildfire behaviour, are explained within 8B10 Safety at a Wildfire Incident.
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Fire behaviour is the result of the interaction between the available fuel and its arrangement,
the weather and the shape of the topographuy.

Wind strongly influences fire behaviour and plays a significant role in a fire's development and
expansion across the landscape.

A prolonged drying period will dramatically increase surface and ground fuel loading leading
to increased fire intensities.

An ample and continuous supply of fine fuel will allow a fire to spread quickly.
A surface fire can dry and heat the fuels located in the upper levels of the fuel arrangement.

Crowning is not limited to trees, this type of behaviour can occur in shrub species such as
heather and gorse.

Spotting behaviour can lead to rapid fire spread and an increase in fire intensity.

A fire that moves into a location where it is supported by wind and slope can burn with great
speed and intensity.

Observe the fire and how it burns, this will provide some understanding of how it will behave
in the future.

Base suppression tactics on expected fire behaviour; take advantage of areas where intensities
will be lower.

Fire behaviour is likely to be much less early in the morning and later in the evening and will
generally reduce significantly during the hours of darkness.

Understand which fuels are in aspect and are likely to be hotter and dryer.

Most fire accidents occur due to an unexpected change in fire intensity, normally accompanied
with an increase in its rate of spread. These events are normally a result of a fire changing its
alignment with wind and slope or to changes to the fuel or its arrangement, identify where
these changes are likely to occur and take proactive action.
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8B6.01

8B6.02

8B6.03

Without the ability to predict future fire spread and behavioural change, it is difficult to manage
wildfire incidents safely or indeed select appropriate systems of work within an effective
tactical plan.

The purpose of this section is to provide firefighters with a methodology that allows them
to proactively anticipate and quantify probable changes that will occur to fire behaviour
during anincident.

If this methodology is adopted it will assist in providing assurance that the primary
responsibilities of incident commanders can be fulfilled, and that the health and safety
of operational personnel active on the fire ground can be maintained.

8B6.04

The likely fire behaviour that will result from changes within the wildfire environment has been
described within the previous sections, providing some awareness and knowledge of fire
development. This information allows a limited interpretation of the fire behaviour that s likely
to occur, and provides a useful baseline knowledge that can be applied to explain what may
happen in the future. To further build on this understanding, this section will describe a system
that can be used by all personnel to predict where and when changes are likely to occur as the
fire moves across the landscape.

In simple terms the purpose of WPS is to provide a prediction tool that gives an understanding
of where fire behaviour is likely to get better or worse, it can then be used to identify the
‘Windows of Opportunity’ or in other words, time slots that exist where fire behaviour is such
that it will allow the use of successful suppression tactics. The fuel arranged across a landscape
is positioned in different fire alignments; its location in relation to fire spread will determine
how readily it will burn and WPS can be used to identify what fire alignment fuel is in and where
this will change. Recognising that change will occur during the incident, then having the ability
to identify when and where the changes will happen is the key to effective wildfire
management. This is a methodology that has hitherto been lacking within the UK FRS.

Background

The prediction system used in this guidance is based on the Campbell Prediction System (CPS)
which was developed by the veteran wildland firefighter Doug Campbell from the USA. The
CPS has been modified to provide UK firefighters with a flexible and practical tool that can be
applied to our own national wildfire environment.

The UK Wildfire Prediction System

8B6.07

The Wildfire Prediction System (WPS) described within this guidance is designed not only
to provide fire service personnel with a tool to explain present fire behaviour, but more
importantly, predict likely changes to fire behaviour in the future.
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The primary purpose of any wildfire prediction system is to reduce levels of risk. The
application of WPS by fire service personnel represents an effective risk management tool.
Not only will WPS provide an interpretation of fire severity it can be used to formulate an
understanding of how a fire will spread across the landscape and explain the wildfire's
interaction with the terrain and the available fuel covering. The need for such a tool is obvious,
as it allows the adoption of a proactive approach and assists in the risk assessment and
decision making processes. WPS can be used to assist in the effective management of any
wildfire incident.

WPS is designed to be a practical tool that can be applied to meet different operational
situations; it can be used on the fire line to address safety issues, or it can be employed
as arisk assessment tool and progressive planning aid allowing Incident Commanders
to make informed decisions to develop appropriate tactics to resolve the incident.

In short, WPS can be adapted to suit the needs of the user depending on their role within
the incident command structure or operational activity.

For personnel working near to the fire:
= Explains current fire behaviour.
= |dentifies likely changes to local fire intensity and fire spread.

= Allows an understanding of when it is necessary to adopt different tactics to address
changing levels of risk.

= Delivers arisk assessment tool that can be applied by individuals to their local
operational environment.

= Contributes to the maintenance of personal situational awareness.

® Provides an assurance and support mechanism for less experienced personnel.

For personnel supervising or commanding operations:
= [tallows a proactive rather than reactive approach to risk management.

= Provides operational commanders with a planning aid that improves the decision
making process

= Assists operational commanders to make professional judgements in order to use the
available resources in such a way as to maintain safe systems of work during work
activities

= Indicates which tactics are most appropriate, and when and where these are likely to
succeed. (Windows of opportunity)

= Assists in the communication process.

= Allows efficient use of available resource.
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8B6.13

8B6.14

The safety of personnel operating near to the fire front is dependent on those individuals having
the ability to identify change, and understand when these changes are likely to occur. This will
allow fire service personnel to proactively take action and adopt suitable control measures.

Proactive identification of hazards ensures that commanders are able to adopt a balanced
and informed approach between risk management and the achievement of the operational
objectives set within the incident plan. Tactically, WPS is of great benefit to operational
commanders as it provides them with information that will help to identify, where and
when, the various parts of the fire will fall within the threshold of control of the available
resources. This allows for an effective plan to be formulated that takes advantage of
changes to fire behaviour.

8B6.15

8B6.16

8B6.17

Historically, a major problem encountered at wildfire incidents has been the misconception
that the parts of the fire demonstrating the most fire activity are the locations at which
resources must be deployed, and where control of the fire must be immediately established.

This potentially results in a concentration of effort and resource at these specific locations.
FRS personnel should understand that sometimes, the parts of the fire that show little activity
are those that have the most potential for significant future fire development.

Plans should be based not on what a fire is doing at a particular point in time, but on what it is
likely to happen in the future. The initial and continuing priority must be to analyse the fire
perimeter and establish what potential each part of the fire has for development and where
changes to intensity will occur.

8B6.18

8B6.19

8B6.20

By analysing a fire's outward motion and identifying where fire behaviour will alter, officers will
be able to formulate a plan that is based around fighting the fire in areas where control can be
more easily established, before it moves into areas where fire behaviour will be beyond the
control of available resources or where firefighting operations will be more dangerous.

WPS identifies windows of opportunity where timed offensive strategies can be applied when
afire's alignment with wind, slope and aspect is weakest and the situation is advantageous for
firefighting. WPS also identifies locations where suppression methods would be likely to fail or,
more importantly be dangerous. This approach ensures that tactics are applied at the
appropriate time ensuring that they are safe and effective.

All personnel that are operationally deployed at wildfire incidents should have an
understanding of the Wildfire Prediction System.
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The Wildfire Prediction System

8B6.21 Ifweinclude all of the many variables that can influence fire behaviour within the wildfire
environment, prediction models can become hugely complicated and almost impossible to
apply as a practical tool. Furthermore the level of understanding required to manage such
a system would demand a huge amount of knowledge and experience. In the UK, where
firefighters are required to operate within a wide portfolio of emergency response scenarios,
asimpler system is required. To understand how WPS works it is important to realise that
although fire behaviour appears to change unexpectedly, the fire is simply reacting to its
environment. In essence, the shape of the landscape, the weather, and the available fuel
complex are the factors that will influence and bring changes to the fire.

<

Fig. B6.1

The wildfire environment is
dominated by fuel, weather
and topography

8B6.22 The fundamental purpose of the UK Wildfire Prediction System is to provide a simple tool that
will assist in proactively identifying likely fire intensities; this simplicity allows it to be applied
practically and inreal time. It can be used by personnel that have limited knowledge and
experience and is therefore ideally suited for FRSs that have a sporadic wildfire risk and whose
personnel may lack familiarity with the complexities involved in dealing with wildfire incidents.

Fire Alignments
8B6.232 WPS uses the principle that fire behaviour within a given fuel is influenced predominately by its
alignment with three major forces, these are:

= Wind
= Slope
= Aspect
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8B6.24

8B6.27

These are described within WPS
as ‘the forces of alignment’
because wheneverafireis
supported by wind, slope or
aspectits ability to interact with
the available fuel is improved
and it burns with more intensity.
Whenever the fire loses support
from one or more of these
influencing factors, the fire
activity and intensity will
decrease.

WPS is a process that analyses
the landscape, identifying the
fire's potential alignment as it

<

ASPECT SLOPE Fig. B6.2
Three principal
fire alignments’
forces

moves through the fuel arrangement. The variable strengths of alignment can be used to
forecast fire intensity and indicate direction of travel around the fire perimeter.

For example, if a fire is burning in a common fuel type, the parts that demonstrate the highest
fire intensity are those that are being supported by one, or more, of the alignment forces. The
parts that burn with less intensity are those that have less support or where they are burning

against them.

Fire alignment can therefore be used to explain why a fire develops a head, tail and flanks —
all usually showing different fire activity because of the differing strengths of alignment.
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The Wildfire Triangle

8B6.28 The wildfire triangle visually demonstrates the concepts involved in wildfire prediction.
Although it is important to understand that fuel is not an alignment force, it remains the
central, and crucial, element of the triangle. As illustrated below, it is surrounded by the three
alignment forces. The intensity of any fire will be dictated by the fuel complex in which a fire
has the opportunity to burn, and the support given to it by the topographical and
meteorological alignment forces used in the prediction system.

<

Fig. B6.3

This is the wildfire triangle
which shows the alignment
forces arranged around the
fourth part of the triangle
which is fuel. The alignment
forces will affect the way a
fire burns within a fuel
source; the stronger the
alignment the more intense
the fire is likely to be in
whatever fuel is available to
burn

SLOPE ASPECT
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8B6.29 There are three ways or stages that WPS can be applied:

Stage one is by observation normally reliant upon intelligence collected by personnel on the
fire ground. By using WPS during operational activity, responding personnel can keep
themselves and others aware of probable changes to fire behaviour.

Stage two is utilised more by those involved in planning who wish to take a broader view of

the incident and map the predicted changes that are going to take place across the landscape.
This information can then be used to chart the extent of fire travel over a defined period of time
and identify locations critical to fire development and suppression across the landscape.

Stage three is the final stage and should be applied by wildfire specialists. It involves making a
judgement on what fire behaviour will be experienced in the various alignments. Specialists
assess the alignment strengths and consider the fuel source before the risk is measured and
expressed as a flame length.

Using WPS to identify positions across the landscape where fire behaviour is likely to change.

8B6.30 Ifthe three alignment forces can be used to explain current fire intensity they can also be
applied to help predict future fire behaviour. This can be achieved by identifying the changes
that will occur as the fire alters its position on landscape. In other words, predicting where the
fire moves in and out of alignment with wind, slope or aspect. This can be achieved by
examining the landscape and recognising where these effects will take place and whether
they have a positive or negative effect on fire development.
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Prediction Terminology

8B6.31 Thelanguage usedto
communicate or record this
information is important and
plays an integral part in the
process. By classing each
alignment force as a factor’ that
will change fire behaviour then a
measurement of alignment
support can be made.

Parts of a fire that are supported
by any one force are described
as a Factor One Fire

Parts of a fire that are supported
by any two forces are described
as a Factor Two Fire

Parts of a fire that are supported
by all three forces are described
as a Factor Three Fire

8B6.22 Afirethatlacks support from
any of the alignment forces
should be termed to be a Factor
Zero Fire. This terminology can
be further abbreviated to FO, F1,
F2,and F3.

Additional terminology to be
used when describing fires
alignmentis:

An FO part of a fire is one that
is ‘Out of alignment’

AnFlorF2partofafireisone
thatis in ‘Partial alignment’

An F3 part of afire is one that
isin ‘Full alignment’

SLOPE

F1

<

Fig. B6.4

AnF1 fireis one
thatis
supported by
any alignment
force —in this
case Slope

SLOPE

F2

<

Fig. B6.5

An F2 fireis one
thatis
supported by
any two
alignment
forces —in this
case Slope and
Wind

SLOPE

ASPECT

F3

o\

<
Fig. B6.6

An F3 fireis one
that has the
support of all
three alignment
forces; Wind,
Slope and
Aspect
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Prediction Values
8B6.33 Toreach aprediction value all factors acting in the fires support should be added together.
No deduction is made for factors that are acting against the fire.

8B6.24 Asanexample, if a part of a fire has the support of wind and aspect +1 would be added for the
wind and +1 for the aspect. Even if the fire was burning down slope there would be no
reduction to the value (i.e.-1). Therefore it would remain an F2 fire rather than F1. Using this
principle, a fire cannot have a value lower than FO.

8B6.35 The use of this terminology allows the communication of risk critical information in a simple
and easily understood format and when used, will improve the flow of information during
operational incidents.

The Practical Application of WPS

8B6.326 WPS can be used to identify all locations where there is an alteration in fire alignment and
therefore a probable change to fire intensity. By using this method firefighters and fire officers
canidentify potential fire severity around a fire's whole perimeter. Using WPS to explain what
alignment each part of a fire is in will help build up a picture of the fire's likely outward spread
across the landscape.

8B6.37 Visual observation is the simplest and quickest method to use. By observing the fire and the
topography, and then assessing its potential movement across the landscape, the locations
where the fire will change its alignment can be determined.

8B6.38 Theillustration below shows the head part of a fire that is burning upslope, with the support
of the wind and in an area that is in aspect. The strength of alignment would in this case be
described as a Factor Three Fire (F3).

WIND >

<
Fig. B6.7

Fire burning in
full alignment

8B6.29 When the head fire reaches the top and starts to burn down the slope it loses alignment with
slope and aspect, it still has the support of wind, so its alignment strength has changed from
factor 3 (F3) and becomes a Factor One fire (F1).
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<
Fig. B6.8
The fire has lost the support

of slope and aspect
resulting in a reductionin
alignment and fire
behaviour

8B6.40 Inthisnextillustration the fire has progressed down the slope and up the next one in full F3
alignment again and finally moving back down the final slope as an F1 fire.

<

Fig. B6.9

The fire found full
alignment on the reverse

slope but then has reverted
back to being supported
only by wind

8B6.41 Asisdemonstrated in the illustration, when the head fireis in an F3 alignment it is likely to be
much more intense than an F1 fire leading to an increase in flame length and rate of spread.

8B6.42 This simple exercise demonstrates how the changes to fire alignment, and therefore potential
fire strength, can be identified. This information can then be used to identify locations where
the fire may have more, or indeed, less intensity and consequently enable Incident
Commanders to maximise fire suppression opportunities and maintain personnel safety.
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Case Study
8B6.42 This section will examine how the prediction system can be used operationally to help
understand fire behaviour.

The photograph below is taken of a wildfire burning under the following circumstances:
= The fire is burning from the top and moving towards the bottom of the slope.

= The wind direction, as is shown by the direction of the smoke column, is directly
opposite to the forward motion of the fire.

= The fuel which is scrubland, is exposed to sunlight and is in aspect.

<

Photo B6.1

A fire that is burning
against the wind and slope

8B6.44 Todetermine the fire’s strength of alignment we must decide which of the forces are
supporting the fire and which are not.

Slope — The fire is burning on a slope but is actually moving downwards against the alignment.
In this situation the fire is not supported by the slope.

Wind - As can be seen by the direction of the smoke column, the fire is backing against the
wind and therefore the fire is not being supported by the wind.

Aspect—The slope isin aspect and the fuel arranged on it has been preheated by the sun.
The fire is aligned with aspect.

Taking these factors into account the fire only has aspect in its favour so it is a Factor One Fire (F1).
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8B6.45 To bring the fire under control a team of wildfire specialists have decided to use fire as the
suppression method. They have lit a fire along a control line which will burn out the fuel on
the lower part of the slope.

The counter fire is burning under the following circumstances:
= The fire is burning from the bottom and moving towards the top of the slope.
= The wind direction is the same and supports the fire’'s forward motion.

= The fuel type is the same type and is in aspect.

Wind

P

<
Photo B6.2
" The operational offensive
Ignition T8 5 ' burn is in full alignment

8B6.46 Although the counter fire is burning on the same slope its position on it has altered the fire’s
potential strength. To determine the counter fire’s alignment we must decide which of the
forces are supporting the fire and which are not.

Slope — The counter fire is burning upslope and is therefore in alignment with it.

Wind - The counter fire is burning with the support of the wind and is therefore in alignment
withit.

Aspect — The counter fire is burning in fuel that is in aspect.

8B6.47 Taking these factors into account the fire benefits from the support of all three alignment
forces and is therefore termed to be a Factor Three Fire (F3).

8B6.48 Although both fires are burning on the same slope and in the same fuel, the photograph below

illustrates the dramatic effect a change in alignment can have on fire behaviour. WPS can
proactively identify where these changes in alignment will occur.
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<

Photo B6.3

The operational burn has

much more intensity than
the wildfire and is used to
remove all fuel in the fire's
path

Fire Alignment is F.?r.,.‘.r,*

+1 for Wlngrsm‘e E‘ ! -..‘.'
and aspetg, - w.-. (s

Fire Signature

8B6.49

A fire signature is the term used to describe how a fire behaves when it is burning in different
fire alignments, within a uniform fuel. By observing the behaviour demonstrated in each
alignment, an understanding can be reached regarding the potential flame lengths that can be
expected in the future.

Example:
= A head fire is burning upslope in an F3 alignment.
= The tail of the fire is burning down the same slope in an F1 alignment.

= The head fire reaches the top of the slope and starts to burn down the reverse side
in an F1 alignment — the flame length should now be similar to the tail fire.

An understanding of the potential differences in flame length, as the fire moves across the
landscape, can be used to maximise the effectiveness and safety of resources deployed onto
the fire ground.

Second-stage Prediction

Mapping Potential Fire Development

8B6.51

WPS can be used in conjunction with mapping systems to identify changes to alignment on a
broader scale. The methods described within this section will assist officers to develop safe,
efficient and effective plans.

Alignment mapping is a process where changes to alignments are identified and then recorded
on a map. This process can be used to build up information on how the shape of the landscape
is likely to influence future fire behaviour, pin pointing locations where alignments will change.

To carry out an assessment exercise of this type, it is essential to understand how the landscape

is represented on a map. Of particular importance are the contour lines which show the shape
of the terrain.
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Fire Footprint Mapping

8B6.54 Having first recorded the fire alignments on a map, judgements can then be made on likely fire
spread. The shape of the landscape and strength of alignments will dictate a fire's outward
motion. This can be estimated and drawn within a time frame that is relevant to the event.

8B6.55 To construct a fire footprint the alignments around the fire must be identified and recorded.
This may involve examining the map in detail and recording all of the alignment changes over
an extensive area. This process builds up a picture of how the fire will potentially move across
the landscape.

8B6.56 The initial fire footprint should not take into account any expected fire suppression activity but
concentrate on the natural spread of the fire over the landscape. Consideration should also be
given to the fuel types that are present. Where this is not uniform, rate of spread may vary
depending onits type and arrangement.

Placing Alignments on a Map
8B6.57 The following example is used to show how to apply WPS to a map, identify likely fire spread
and explain how this information assists in the development of a plan.

Case Studies
Scenario one:

= The time of day is 09.00 hrs.

= The wind speed is 5 mph and its direction is northerly, this will change to an easterly
with a speed of 11 mph at 13.00 hrs.

= The fuel type is moorland consisting of a mix of heather and grass.
= The point of ignition is shown as a red dot on the map.

8B6.58 Thisinformation allows the use of contours on a topographical map to predict the fire's
potential movement and strength over a period of time, in this case over the next 6 hours.

h.
47 i
E‘ ’
Caike
Fig. B6.10
. A Showing the
“ ; o] point
Ty b i ] of ignition
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8B6.59 Ashas already been explained, fire will spread outwards from the point of ignition, but its
movement through the available fuel will be most rapid where it has alignment with wind,
slope or aspect. To discover how the fire will develop we must identify the alignment the

8B6.61

fireis in during its initial stages.

The northerly-facing slopes in
this illustration are out of aspect
at 09.00 hrs and are likely to
remain so. Therefore the fire is
burning in fuel that has not
benefited from any solar
preheating. The tail of the fire is
backing against the wind and
slope and is therefore
completely out of alignment.
The head is being supported by
wind and slope. Although
alignment remains consistent,
the re-entrants in the fire's path
will concentrate wind speed and
exaggerate fire spread. This will
allow the fire to develop a strong
head with broadening flanks.

Based on the alignment the fire
has, the illustration above is an
estimation of fire spread from
09.00 hrs until 13.00 hrs after
which the wind will change its
direction.

In all illustrations
showing fire
alignments use
the following key;
FO Light Yellow
F1 Yellow

F2 Orange

F3 Red (This
gives an
indication of risk

<

Fig. B6.11
Showing the
alignments that
will be in as it
Moves across
the landscape

<

Fig. B6.12

The potential
fire development
over 4 hours
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8B6.62 The changeinwind direction at
13.00 hrs will shift alignment and
alters the fire’s potential

development around its whole <

. . . Fig. B6.13
perimeter. With the change in -
alignment, some parts of the fire o 7 r fire spread after
will become stronger while Jmal A 13.00 hrs, note
others have weakened. Theright 7 e how the wind
flank becomes the head, this will : ] 2 A il hasinfluenced
move towards the south- o ' significant
easterly-facing slopes that have ;:;:ie;:f
been aligned with the sun during i S | alUes and
the morning and which are =, g ' fo\ direction of fire

identified as F3 areas on the - ' travel
map.

8B6.63 The wind change will provide the
fire with potential to develop
into a fire of some magnitude.
Once it moves into the F3 areas
it will find full alignment and this
will dramatically increase the
fire's intensity and rate of
spread. (Note the strong fire
runs that are indicated along the

steep re-entrants) N . <
o Fig. B6.14
o o o Showing the
Using the. Fire-mapping e i P ’ potential fire
Information Gl i P spread overa
8B6.64 Having proactively identified the o~ film 6-hour period

fire's full potential development
over the coming 6 hours,

we are able to use this information to formulate a plan. This should be based on preventing
the fire from achieving its potential by taking full advantage of any windows of opportunity.

8B6.65 The wind change at 13.00 hrs is a critical event that will change fire behaviour, spread and
intensity. The fire will be driven towards the F3 areas and the fire will become a more prolonged
and dangerous incident. Knowing what the consequences of this change will be helps us to
understand what the operational objectives are.

8B6.66 The window of opportunity to gain control over the fire is from 09.00-13.00 hrs. The right
flank of the fire is now recognised as the part that is critical to the fires future development.
If control over the right flank is achieved before 13.00 hrs, the wind change is actually
advantageous to firefighting operation as the rest of the fire will lose some alignment
and as aresult reduce in intensity.
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The plan might therefore be:

= Extinguish the tail ol
immediately whileithasno
alignment. A

= Attack both flanks but with '-—--_,f x k-
an emphasis on malntaln.lng ?h"f: & 2 el Fig. B6.15
complete control of the right ‘; Ei ] 72 The fires future
flank. If the right flank is ek M f potential
extinguished before 13.00 . N intensities and

hrs then the fire will not be I E S size can be
able to develop a head when : 1 7 g limited by

. applying
the wind change occurs. TR

= Wait until the wind changes N = | tactics
direction and then - )
extinguish what had been
the left flank (now the tail), taking advantage of its reduced intensity.

= Extinguish what had been the head fire (now the left flank), taking advantage of its
reduced intensity.

8B6.67 The use of alignment mapping has allowed us to understand the fires potential over a 6-hour
period. This has provided us with the information necessary to formulate a plan that anticipates

and takes advantage of the changes that will occur.

8B6.68 This knowledge allows us to outmanoeuvre the fire, deploying appropriate resources and
gaining control of parts of the fire that are critical to its future development.

Using WPS to Locate Critical Parts of the Landscape

8B6.69 The following example is used to show how to apply WPS to a map to help identify critical
points on the landscape where fire behaviour may increase substantially. The identification of
these will assist in establishing priorities within the suppression plan.

Scenario two:
= Thetime of day is 13.00 hrs.
= The wind speed is 7 mph from the south west.

= The fuel type is moorland consisting of a mix of heather and grass.

= The point of ignition and the fire footprint for the first hour is shown on the map.

168



Wildfire Operational Guidance Section 8B Technical Considerations

8B6.70 Thisinformation allows the use
of contours to predict the fire's
potential movement and
strength over a period of time; in
this case over the next 4 hours.

8B6.71 Theillustration above showsthe = L R

fire perimeter after one hour. It A = Iy Fig. B6.16
also details the potential fire ATt 3 LI Sl Alignments
alignments across the gl peh ' 7 show where
landscape. These alignments, :]ger:?ﬁrc];?ﬁ be
along with the contour U SOt changes to fire
information onthe map, canbe ! L e == alignments and

used to identify the likely <KIOLANE i s Sl fire behaviour
pattern of fire spread during e
hours two, three and four.

8B6.72 The alignment mapping shows that the fire is burning downslope at the tail, both of the flanks
and the head. The major critical points are identified where the fire reaches a point where there
is a slope reversal, this is identified by the factor-three alignments in the north-east corner of
the map. This will result in a significant increase in rate of travel, flame length and intensity.

Fig. B6.17

The critical area is along
the base of the slope where
fire alignment changes
from F1to F3

8B6.72 Theidentification of these critical points shows the importance of extinguishing the fire before
it reaches these locations or, taking measures to protect them such as the construction or
strengthening of a control line.
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Third-stage Prediction

8B6.74 Trained wildfire specialist officers can apply their more advanced knowledge and understanding

to provide a more comprehensive assessment of risk. This third phase is based on analysing
the fuel complex across the landscape and the alignments that they are in. Taking these
variables into consideration it is possible to estimate the expected flame length; this can be
used as a key indicator of potential risk within the wildfire environment.

Using Flame Length to Measure Risk
8B6.75 Flame lengthis avisual method of measuring risk at a wildfire. Its use allows the adoption of

safe systems of work, or tactics that are appropriate to specific flame lengths.

5.0

3.8

2.5

METRES

13

FLAME LENGTH

<

Fig. B6.18
LOW MODERATE HIGH EXTREME Risk associated with each

RISK flame length

LOW RISK
Flames that are less than 0.5 metre in length are deemed to be of low risk.

MODERATE RISK
Flames that are between 0.5 and 1.5 metres in length are deemed to be of moderate risk.

HIGH RISK
Flames that are between 1.5 and 3.5 metres in length are deemed to be of high risk.

EXTREME RISK
Flames that are more than 3.5 metres in length are deemed to be of extreme risk.

Scenario Three:
= The time of day is 10.00 hrs
= The wind speed is 6 mph from the south-west

= The fuel is mixed consisting of thicket stage conifer forest, heather and scrub

= The point of ignition is shown as is the fire footprint for the first hour

170



Wildfire Operational Guidance Section 8B Technical Considerations

8B6.76 Thisinformation, and the use of the contours on the map, allow personnel to predict the fire’s
potential alignments over a period of time, in this case over the next 3 hours.

<
Fig. B6.19
Fire alignments are placed

on amap

8B6.77 Ascanbeseenintheillustration above the alignment information is useful but it gives no detail
on the expected fire intensity or levels of risk.

<

Fig. B6.20

Arisk factor based on
expected flame lengths is
added to the alignment
values

8B6.78 Inthe second illustration arisk factor based on expected flame length has been added. This
takes into account the alignment and fuel type at each location.

8B6.79 This form of hazard mapping adds value to the process as it not only identifies risk, it also
indicates which tactics might be successful or more importantly those that could be hazardous.
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Fire-risk Mapping

This final map shows how the alignment information can be used to assist in the formulation
of a safe suppression plan. The areas marked in red are those at which the fire behaviour is
expected to be very intense and of high risk; in this case likely to demonstrate behaviour
beyond the threshold of control of the available resources. The areas marked in green are
where suppression tactics are forecast to be safe and where they are likely to succeed.

Fig. B6.21

This map shows areas of
different alignment and risk
which indicates which
tactics may be appropriate.
Direct attack would only be
appropriate in the areas
shaded in green

8B6.81

Historically, wildfire has been an incident type that has been very challenging and difficult to
manage. It is dynamic, non-static and alters behaviour within time and space. If WPS is used as
a forecasting tool it can greatly assist in understanding the times and places where intensity
will change. Itis a system that is flexible and simple to apply and instead of reacting to what a
fire is doing WPS allows a proactive and assessed response. Planning can be based around
timed initiatives and the use of appropriate tactics. If trained and experienced personnel
develop an accurate prediction of future wildfire development and this subsequently is shown
to be correct; then when married to appropriate response tactics, then there is a high likelihood
that the tactical plan will succeed.

Variations of slope, wind and aspect are important sources of fire behaviour information and

are observable. The fourth part of the equation is the existing fuel complex. Understanding
how a fire will react within this complex is crucial when making accurate fire predictions.
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By applying WPS to a topographical map, alignment strengths can be used to identify likely
fire spread, fire intensity and fire behaviour over periods of time.

When used in conjunction with the LACES protocol, WPS can proactively assist in maintaining
the safety of personnel at a wildfire incident.

WPS can show areas where the fire has little alignment and where suppression tactics are likely
to succeed.

WPS allows FRS personnel to identify areas where a wildfire may become difficult to control or
exhibit extreme fire behaviour.

WPS can be adapted to suit the needs of the user depending upon their role within the incident
command structure or tactical operational response.

WPS highlights the importance of the three wildfire alignment forces of Wind, Slope and Aspect.

WPS can be used as a three-stage iteritive process depending upon the users skill and
experience.

All personnel operating at a wildfire incident should have an understanding of the WPS system.
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Wildfire incidents can often be complex and dynamic; taking place within a spatial environment
that can result in rapid, and frequent, alterations to fire behaviour. Effectively applying an
Incident Command System (ICS)?, resilient enough to cope with the demands and rigours
imposed by a wildfire incident is often challenging.

The UK ICS is the doctrine used by Fire and Rescue Services (FRS) to manage all operational
incidents. ICS is fundamentally based around establishing effective control of the incident and
all personnel committed to it. A critical factor will be the Incident Commander’s understanding
of the operational context and environment within which incident command is to be exercised.

The effectiveness of the ICS used within the UK is heavily dependent upon effective
communications, the ability to gather incident related intelligence and to use this information
to formulate a plan that will bring the situation to a safe conclusion. This plan is reliant on the
use of supporting systems that are capable of monitoring the effectiveness of the operational
tactics and strategy, and instigating suitable responses to any changes to the wildfire
operational environment.

The ICS achieves its objectives by establishing effective command in three functional areas
which are:

= QOrganisation on the Incident Ground

® Incident Risk Assessment

® Command Competence

Effective Incident Command depends on whether personnel have the capacity and the
inherent skills necessary to manage, and demonstrate all three. Any failure of wildfire Incident

Command is not due to weaknesses in the system itself, but rather by the failure to provide
officers with the necessary competencies to gain effective control.

The UK ICS relies on the provision of trained, experienced and confident officers. These must
be able to apply systems that support the ICS by addressing issues that are specific to wildfire.

There is a necessary reliance within the UK ICS, on the decision making process. To have
confidence and assurance in the ability of their personnel to make relevant command decisions
in a wildfire environment, FRSs must ensure an appropriate level of wildfire understanding and
expertise. Personnel that have only limited understanding of the operational environment may
not have the ability to make the precise judgments necessary to fulfil their operational
responsibilities.

Effective decision making is dependent on officers having had appropriate training, obtained
relevant experience and by having the means to gather sufficient and accurate incident-related
intelligence. Informed and competent officers are then able to formulate a plan, set objectives
and assess and control risk.

1 Fire and Rescue Manual Volume 2 — Fire Service Operations — Incident Command.



The decision making process is addressed in greater detail within Section 8 Part C — Generic
Standard Operating Procedure.

Without an appropriate understanding of wildfire behaviour or the complexities of the broader
wildfire environment which can result in extreme changes to fire intensity, there is the
potential for individuals to fail to evaluate wildfire risk effectively. A lack of wildfire command
and control or operational competence results in a reactive, rather than a proactive approach
to safety, and can potentially result in the adoption of unsafe systems of work.

Only by providing appropriate wildfire training, can FRSs expect their operational activity to
succeed. Every UK FRS, to a greater or lesser extent, has a wildfire risk and it is essential that
each service adopts a training response based upon local circumstances.

Itisinteresting to note, that the UK ICS is based on a system that was developed by the US
Forest Service to specifically manage wildfire incidents. This is an example of the many good
practices that have been developed by land management agencies.

FRSs should consider the significant benefits of incorporating partners from land management
agencies within the incident command structure when developing their operational response.

Whilst it should be routine practice to make use of the expertise and knowledge of land
managers who are present at the scene of a wildfire incident, the proactive and planned
inclusion of rural sector environmental specialists such as SEPA (or the EA in England and
Wales) within the incident command structure may not be commonplace.

All these partners can bring a wide range of specialist skills and expertise to the effective
management of a wildfire incident, and they may possess knowledge and expertise that
cannot be replicated by FRS personnel. Wherever possible, consideration should also be given
to the inclusion of rural sector and land management personnel within specialist teams to
provide additional support to FRS personnel.

As FRSs have a statutory responsibility to prevent damage to the environment resulting from
their activities, the utilisation of representatives from SEPA and SNH (EA or NE in England and
Wales) to advise the Incident Commander should be considered at an early stage of operations.

These expert partners can play an important role in assisting in the development of
environmental considerations within the analytical risk assessment which the command team
should use to deal with the potential impact of:

= Contamination of water courses or catchment areas from water run off or airborne
particles.

= Potential impact of wildfire/firefighting operations upon highly vulnerable sites, i.e.
SSSI/SPA/SAC.



= The use of chemical gels, retardants, foams and wetting agents.

= Potential impact of soil erosion (i.e. increased flood risk) arising from the wildfire or
firefighting operations.

® Potential impact of the wildfire smoke plume and products of combustion on human
health.

" The potential release of ground pollutants and heavy metals into the atmosphere due to
wildfire activity.

= The impact of fire suppression techniques on the recovery and regeneration of habitat
networks.

The use of partners within the FRS response to a wildfire incident can be enhanced following
detailed and robust awareness training between both sectors. It is of particular benefit to
ensure that rural and land management partners have a thorough understanding of fire service
ICS and they understand the roles they may be expected to perform and the range and limits
of their responsibilities.

FRSs should consider including partner agencies within their local wildfire training
arrangements and partners should be encouraged to develop appropriate skills and
awareness building within their own agencies.

“The ICS and supporting processes constitute a template against which incident command
policies and procedures can be written in FRSs, and the training and assessment of individuals
and teams to operate those safely and effectively can be conducted.”

This is text taken from Chapter 1, Fire Service Manual, Volume 2, Incident Command (3rd
edition). This statement makes clear the responsibility on all FRSs to formulate their own plans
in order to meet the requirements of personnel expected to work within the ICS.

Itis particularly relevant to the deployment of personnel to wildfire events where the generally
accepted ‘team’ or ‘crew’ refers to an appliance staffing level. At wildfire incidents, a team of
this limited size may not be ideal and can actually prove to be counterproductive due to the
complexities of managing large numbers of disparate personnel within a spatial environment.

Wildfire incidents can sometime require the attendance of significant resources, drawn from a
number of FRSs and partner agencies. Often, hundreds of personnel can become involved and
the command structure can be placed under extreme stress. Establishing a command structure
that can ensure the safety of personnel operating within a very dynamic situation, and who
may be dispersed in small groups across a very wide area, can be exceedingly challenging.

At anincident that has large numbers of personnel in attendance, it may be appropriate,

and more efficient and effective to place some of these personnelin larger groupings, typically
of 10-12 persons. There can be significant benefits to this approach, not only to the ICS but
also to the individuals making up the teams.
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= Fewer crews —raising the number of people in each team can significantly reduce the
total number of disparate crews committed onto the fire ground.

= A crew supervisor is more able to concentrate on the Lookout role within the LACES
protocol. They are then able to monitor fire behaviour and issues related to team safety.

= Due to the lower numbers of crews the communication process is simplified and
commanders are better able establish and maintain contact with all crews throughout
theincident.

= Tactical lookouts will be responsible for fewer teams and will have to communicate with
fewer crew lookouts.

= Lessradio traffic and a less complex communication system facilitating a more efficient
transfer of information within the ICS.

= Fewer briefings required allowing for a better information exchange.
= Crews have the capacity to be more resilient.

= Crews are more effective, a larger team can employ a more effective system of work
utilising a number of tactics at once that benefits all team members.

= Crews can remain active for longer and address many of their own welfare issues.

L L LT YOy

it TR TTY
B B %"*

SECTOR 2

e % Fig. B7.1
| ﬁ ﬁ Showing a wildfire at which
ﬁ ﬁ : the personnel have been
P deployed in standard

ﬁ appliance sized groupings

8B7.23 Theillustration above shows an example of personnel within an ICS utilising crew sized groupings.
If we examine the resilience of a small crew, it is more difficult for a team of 4/5 personnel to
establish an effective or safe system of work. A small team is unlikely to have the capacity to
meet the minimum requirements of LACES. If each team requires a supervisory officer then up
to 25% of the total work force may be required to perform this management role. It will be
difficult to maintain control over so many teams, or even establish effective communications.
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8B7.24 Thisillustration shows a similar number of personnel that have been deployed in crews of 10.
This can significantly ease communication problems and improve control over operational
issues. Larger teams, made up of between 8-12 personnel are operationally more resilient
and able to operate more efficiently by rotating tasks. This allows individuals to be rested,
and more importantly for team supervisors, to concentrate their efforts on maintaining safe

systems of work.
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Fig. B7.3
Alarger sized crew can be
more resilient and adopt a
CREW more flexible system of
MANAGEMENT work
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This guidance emphasises the hazardous nature of wildfire, and the various risks that firefighters
can be exposed to whilst taking part in operational activities. Globally, wildfire tragedies occur
with regrettable frequency. At many of these tragic events there are multiple casualties, and at
some, whole groups of firefighters have perished. These misfortunes are not restricted to
countries such as the USA and Australia but frequently occur on the continent of Europe, and
in recent years many European firefighters have tragically been killed at wildfire incidents.

The wildfire behaviour within the UK wildfire environment can be equally dangerous. All wildfire
incidents are potentially hazardous, many are life threatening, and it is imperative that FRSs
appreciate that without proper training, appropriate understanding and effective systems of
work, FRS personnel and those that work with them remain at significant risk.

The acronym LACES stands for:
L - LOOKOUTS

A - AWARENESS

C- COMMUNICATION

E - ESCAPE ROUTES
S—SAFETY ZONE

The LACES protocol is developed from a US wildfire safety system that was created to address
the major risks to firefighter safety. The LACES protocol simplified more complex safety advice
used in the USA and elsewhere such as the 10 Standard ‘Fire Orders’ and the 18 ‘Watch Out’
situations.

LACES is an uncomplicated and easily applied safety system that is ideally suited for UK FRS use.
Itisinternationally recognised as good practise, and has been adopted in many countries to
improve the safety of operational personnel at wildfire incidents. The UK version of LACES is
similar to the US system but has been adapted to ensure its compatibility with UK FRS systems.

The principal advantage of LACES is that it can be applied to all wildfire situations and acts as a
controlling process, which, if followed, ensures critical risks are considered and monitored and
that others are significantly diminished.

Itis used to establish effective control of safety issues during a wildfire incident. It does this by
ensuring that the activities of personnel, operating within a dynamic environment are closely
supervised, and that changes to fire behaviour are identified and appropriately monitored.

The five elements of LACES are the primary safety factors that require supervision and
management at any wildfire incident. If these issues are properly addressed, personnel should
be kept safe. The various elements contained within the LACES protocol, ensure that:

= Personnel are supervised and remain informed of the status and development of the
wildfire.



= The situation is monitored and the risks that personnel are exposed to are continually
assessed.

= |t proactively identifies a response to any unexpected events, ensuring that an escape
route exists to take personnel from a place of danger to one of complete safety.

Alllarge wildfires began as small fires; therefore LACES should always be adopted as a safety
system at all vegetation fires. The risk to firefighter safety should not be measured by the
apparent size of an incident and it is extremely hazardous to assume that smaller incidents are
less dangerous than larger ones. Globally this perception has resulted in many firefighter
casualties in the past. LACES should be instigated at the earliest opportunity.

A Lookout is a person that has the responsibility to monitor fire behaviour and how this may
impact on the activities of operational personnel under their supervision. Lookouts at a wildfire
incident can be appointed at crew, sector or incident level, depending on their training,
expertise and experience.

A Crew Lookout must always be appointed and is normally the team leader who is supervising
the activities of an operational crew. This will usually be the crew or watch manager who
already has the responsibility of managing the safety of the personnel under their command.
In a wildfire situation they should take on the additional role of lookout. If resources allow,
another officer can be appointed to act as the Crew Lookout. Crew Lookouts must be trained to
understand and recognise dangerous wildfire situations and be able to instigate appropriate
response actions.

A Crew Lookout has the following responsibilities:

= Ensure that all personnel are fully briefed on the situation.

= Ensure that everyone knows what escape routes and safety zones are to be used.

= Take up a position from where they can observe the activities of all team members.

= Observe and monitor fire behaviour and identify locations where it is likely to change.

= Establish and remain in communication with team members, updating them with any
relevant information.

= Establish and remain in communication with tactical lookouts (If these have been
appointed).

= Establish and remain in communication with relevant officers within the ICS including
Tactical Lookouts.

= Withdraw personnel from areas that pose an unacceptable level of risk.



Crew lookouts usually operate in close proximity to the fire front and it is difficult for them to
gain a full appreciation of what is happening beyond their immediate vicinity. In areas of higher
risk, Tactical Lookouts perform a pivotal role within the LACES protocol and is a term used to
describe a person who has been appointed by the Incident or Sector Commander to undertake
the delegated responsibilities listed below:

= Take up a position from where the area and the team(s) they have responsibility for can
be observed.

= Ensure that all personnel operating within the area they have responsibility for are
operating within the LACES protocol.

= Evaluate the escape routes and safety zones that have been selected.

= Observe and monitor fire behaviour and proactively identifying areas where this might
change.

= Establish and remain in communication with Crew Lookouts, updating them with any
relevant information.

= Establish and remain in communication with other Tactical Lookouts (If these have
been appointed).

= Establish and remain in communication with relevant officers within the ICS.
®= Monitor current weather conditions and obtain forecasts.
= Exchange information with relevant personnel.

= Cause personnel to be withdrawn from areas that pose unacceptable levels of risk.

Tactical Lookouts must be trained to have an understanding of risks within the wildfire
environment and an awareness of the potential changes to wildfire behaviour. At larger
incidents or, where deemed appropriate, more than one Tactical Lookout may be appointed.

Awareness is covered in more detail in the section covering ‘Situational Awareness'. Within the
LACES protocol, awareness concentrates on maintaining alertness to the changes that may
impair safety and ensuring that personnel remain fully informed. The deployment of Tactical
Lookouts, and the existence of Crew Lookouts, ensures that the dynamics of the situation can
be constantly monitored.

Nevertheless, individuals within the team should ensure that they also remain vigilant and
continually evaluate both their working, and the wider fire situation. By observing fire
behaviour team members can also raise awareness of any potential hazard to colleagues
which can then subsequently be relayed to the incident command team.

When working near the fire front it is important that team members remain conscious of the
broader situation taking place around them and do not become too focused on their
immediate surroundings. It is important that personnel are given detailed briefings and receive
regular updates from their lookouts and supervising officers.



At a wildfire incident, where changes to fire behaviour can occur suddenly it is necessary to
establish an effective communication system. As close supervision, and effective communication
with personnel is often difficult at a wildfire incident, full advantage should be made of hand
held and portable radio systems on the fire ground.

As part of the preplanning processes, FRSs should be aware of areas where radio
communications may be ineffective and should make suitable alternative arrangements
to ensure that contact can be maintained with personnel and teams working on the fire
ground. An inefficient communication system will seriously impair the effectiveness of
any command structure.

Itis also important to ensure that any rural and land management partners are included
within the established communication system.

Communication within the LACES protocol is not limited to direct radio contact but also includes
verbal communication. For instance, it is imperative that meaningful briefings are given to
personnel prior to deployment onto the fire ground and that subsequent, and on-going;
briefings should be provided at the fire front to maintain situational awareness.

The LACES protocol encourages communication and the exchange of information between fire
ground operational Commanders, Tactical and Crew Lookouts, and personnel that make up
any operational teams.

Itis essential that personnel are aware of what action to take should an emergency situation
arise. As a priority, the Crew Lookout must establish a safety zone and escape routes that will
allow all team members to withdraw to a location that offers a place of complete safety.
Whenever possible, it is good practice to have a primary and secondary escape route; in the
event of the primary route being compromised the secondary one can then be used.

All personnel must understand the route to be taken as well as what signal will be given to
trigger a move to the safety zone. During the identification and briefing of escape routes,
positive affirmation should be sought from all personnel that they fully understand the
information they have been given.

Escape routes should be kept as simple as possible moving through areas that pose little risk.
Consideration should be given to topography, fuel types and weather factors such as wind
direction when planning a route.

A Safety Zone is a predetermined area where personnel can find refuge and safety from the
effects of fire. It should be large enough to be used by all members of the crew(s) and should
allow personnel to remain a minimum of four times the flame length away from the fire. Its size
and location will depend on a number of factors but will generally be dictated by the size of the
crews, the fuel types, terrain, expected fire behaviour and prevailing weather conditions.



Information on the area to be used as a Safety Zone should be communicated to Sector or
Operational Commanders, and Tactical Lookouts if they have been deployed. The location of
allidentified Safety Zones should be relayed and recorded at the incident command post.

Safety Zones should be situated as close as possible, to the scene of operations. This will keep
escape routes shorter and easier to follow. Establishing an escape route to a Safety Zone can
be relatively easy to achieve and might be as simple as withdrawing back along the fire
perimeter and into an area already burnt to mineral earth.

As the fire progresses across the landscape it may be necessary to change the location of the
safety zone. If this is done, all personnel and supervising officers should be immediately
informed and the changes recorded at the incident command post. By establishing a plan of
escape everyone knows what action to take should an emergency situation occur. This will
help team members make a composed and speedy response to any unforeseen event.

The actions or behaviour of individuals at an incident is often dictated by their interpretation of
their environment and of the situation that they find themselves in. An individual's perception
of any given situation, including a wildfire event, plays a significant part in their decision
making processes and on their ability to perform within an operational role.

The attainment and maintenance of SA relies on a number of facets, some are human and
others are environmental. In a dynamic situation such as a wildfire, what is clear is that SA is
reliant on two major factors:

= The practical knowledge and ability of individuals; this is normally acquired through a
combination of training and experience.

= The amount of information made available during an incident.
Situational awareness has been defined as:

“..the perception of the elements in the environment within a volume of time and space, the
comprehension of their meaning, and the projection of their status in the near future.”

Endsley M. R. (1988)

This interpretation of SA makes it clear that perception is dependent on an individual's ability
to correctly comprehend what factors are influencing their surroundings, and what affect these
will have on their current and future situation.

SA can also be described as having a true understanding of an operational environment. This
should include an appreciation of any variations that are likely to occur within the time and
space that the event is taking place. Having a true perception of the dynamics involved within
an operational environment, allows an accurate interpretation of events. Individuals are then
able to apply their training, skills and experience to the situation ensuring that safety and
tactics are effective.
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8B7.55 If personnel are inadequately trained and informed it is unlikely that they will be able to
perceive their true world situation. In an environment as dynamic as a wildfire this can lead to
inappropriate levels of risk.

The Three Hierarchical Phases of Situational Awareness
8B7.56 Toexpand upon the definition provided above SA is described as being achieved through three
hierarchical phases, perception, comprehension and projection.

PERCEPTION SITUATION PROJECTION

ENVIRONMENT DECISION ACTION

<

Fig.B7.4

Diagram showing the three
hierarchical phases of
situational awareness

Level 1 SA— Perception of the elements in the environment

The first step of achieving SA involves perceiving the status, attributes, and dynamics of
relevant elements in the environment. In a wildfire situation this might include the fuel and its
arrangement, the shape of the topography and the weather.

Level 2 SA— Comprehension of the current situation

This goes beyond having an understanding of the elements that are present. It includes an
understanding of how these will affect the environment and being aware of the significance of
available information and events.

Level 3 SA— Projection of future status

This is having the ability to project the future actions of the elements of the environment, at
least in the near term. This is the highest level of SA. This is achieved through knowledge of the
status and dynamics of the elements and a comprehension of the situation.

Understanding the Environment

8B7.57 Inahighrisk low time environment such as wildfire, there is a need to understand what
elements are influencing the situation and comprehend what will happen as a result. The
ability to extract relevant environmental information during a crisis situation will largely
depend on the provision of appropriate training and is the reason why all personnel that are
deployed at wildfire incidents should have an understanding of the factors that influence fire
behaviour.

185



SAis also dependent on an individual having the knowledge necessary to assess the factors
and variables that may influence their situation. Effective situational awareness is dependent
on the availability and collation of relevant information. Relevant intelligence that is gathered
in relation to the wildfire event must be disseminated to personnel as part of the ICS
communication process.

In a dynamic situation at the fire front, it is also critical that real time and contemporary
information is given to personnel during briefings, both before and during the incident. All
relevant personnel should be provided with information regarding any potential change either
to the environment or the operational situation.

The dynamic and analytical risk assessment processes provide important information that is
essential in attaining and maintaining SA. Specific wildfire intelligence to support the risk
assessment process can be gathered through the use of the Wildfire Prediction System (WPS),
this will provide information that explains which elements are relevant to the current situation
and what changes are likely to occur in the future.

The LACES Protocol can also play an important part in supporting the acquisition and
maintenance of SA. Whilst its primary purpose is one of maintaining overall safety, awareness
is an element within its structure and therefore supports the concept and importance of SA.

The adoption of LACES at a wildfire incident requires that safety officers, in the form of crew
and tactical lookouts, are appointed. These provide a network of officers on the fire ground that
have a responsibility to collect and exchange information.

A prerequisite of LACES is that information is cascaded to relevant personnel. This process
can guarantee that individuals are made aware of any changes to their situation or working/
operational environment.

There are two main factors that influence the degree to which individuals can acquire and
maintain SA.

1. Human Factors

These are concerned with whether an individual possesses the personal attributes to enable
them to extract information from the environment, and formulate an accurate assessment of
the situation. This factor is related to individual ability, and the training and experience they
have acquired.

2. Environmental Factors

These are concerned with the environment itself. If the situation is very dynamic, complex and
high risk it may be difficult to extract the information necessary to form an accurate perception
of the situation.

Incident Commanders must be aware of the challenges to maintaining effective 