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FAO GUIDELINES
on
FIRE MANAGEMENT
In
TEMPERATE AND BOREAL FORESTS

1. Preface

Dedtructive wildfires have been increesing in occurrence across globa temperate and bored zones
during the past two decades. These fire outbresks are the result of increasing human populations and
land- use change. Conversdly, societies have become more vulnerable to the direct damages caused by
wildfires and the conseguences of secondary disagters occurring after forest destruction by fire.

On the other hand, it has become common knowledge thet, in the history of bored forests and in some
temperate forest types naurd (lightning) fires and traditiond burning practices of humans have
sgnificantly shaped gable forest ecosystems. Changing fire regimes as a consequence of forest use are
often associated with forest and Site degradation.

In addition, burning of forests and other vegetation exert impects a different levels on locd, regiond,
and globd environments. Smoke from large-scale wildfires aso reduces the safety of ar, land and
coadd marine traffic, with attendant human hedth problems. Fires in the interface between wildlands
and resdentid aress often cause the loss of human lives, property, and ather vaues-at- risk.

The primary concerns of forest managers and policy makers focus on questions concerning the locd to
globd impacts of excessve and uncontrolled burning, broad-scale trends over time, and the options for
indituting protocols that will lead to improved control. Other key questions involve determining in what
crecumgtances fires pose a sufficiently serious problem to require action; what factors govern the
incddence and impects of fires in such cases, and what might be the rdaive coss and benefits of
different options for reducing adverse impacts?

The mgority of nations in the temperate and bored zone have systems in place that permit appropriate
fire management actions. However, in some countries there is dill a deficiency in systemétic gpproaches
to fire management due to a lack of guiding palicies or shortcomings in funding. In other places,
traditiond misconceptions in fire prevention are ineffident or expendve. Unchecked rurd human
population shifts, urbanization, and cvil and frontier wars have dso been identified in deveoping
countries as sgnificant contributors to degrading practices and increased fire risk in temperate forests.
There are large forest aress in which naturd or human-st fires have beneficid effects and improve
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ecosystem gability and diversty. The exdusion or suppression of fires in these ecosysems may have
detrimental consequences, particularly because of a build-up of fuds and an increase in wildfire hazard.
As a consegquence, high-intengity ad high-severity wildfires occur that are often difficult or even
impossbleto control.

These fire management guiddines are designed to provide a base for policy makers and managers a
vaious levels to develop programs and projects in which the specific nationd, socio-economic, and
natural problems related to fire in temperate and bored naturd and planted forests will be addressed.
The scope of the guiddinesisto asss countriesin developing programs for reducing damage caused by
fire and to help forest managers and rurd residents to safdy use and take advantage of the beneficid
effects of fire in land-use sysems. The guiddines are in accordance with the FAO policy and takeinto
acocount the recommendations of the FAO Medting on Public Polices Affecting Forest Fires (FAO
1999) and the FAO/ITTO Internationa Expert Meeting on Forest Fire Management (FAO 2001a) and
Legd Frameworks for Forest Fire Management: International Agreements and Nationd Legidation
(FAO 20023).

The guiddines dso address the objectives of the United Nations Internationd Strategy for Disaster
Reduction (ISDR) that has been established by the UN Economic and Socid Council (ECOSOC) and
the Generd Assambly of the United Nations (UN 1999), particularly the ISDR Interagency Task Force
on Naturd Disagter Reduction, Working Group on Wildland Fire. The Working Group on Wildland
Fre supports the UN and other internationd dakeholders by providing an inter-sectord and

interdisciplinary globd platform for policy support.

The guiddines recognize that many forest fires originate in agriculturd and pagtord systems; and in
degraded vegetation, outside of forest areas. Therefore, fire management on former and degraded forest
lands may hep to reedtablish productive forests and to safeguard the success of reforestation
programs.

The FAO Guiddines are complementary to:

the ITTO Guidelines on Fire Management in Tropical Forests(ITTO 1997)

the FAO Handbook on Forest Fire Protection as a Technical Guide For The
Mediterranean Basn <FAO/Cemagref: Guide technique international Protection des foréts
contre I'incendie. Fiches techniques pour les pays du Bassn Méditerranée> (FAO 2002b)

the WHO/WMO/UNEP Hedth Guiddinesfor Vegeaation Fre Events (Schwedaet d. 1999)

The FAO guddines have been drafted by Johann G. Goldammer (Globd Fire Monitoring Center,
Gemany), Corndius de Ronde (SILVA Forest Services, South Africa), Brian J. Stocks (Canadian
Forest Service), and Eduard P. Davidenko (Nationd Aerid Forest Fire Center Avialesookhrana,
Russan Federation). The following scientists contributed to the Fire Management Options tables in
ANNEX 1lI: Norman L. Chrigensen (Duke Universty, U.SA.), Slanidav N. Sannikov (Inditute of
Foret, Urd Divison of Russan Academy, Russan Federation), Vdentin V. Furyaev, Anaoly |
Sukhinin, Peter Tsvetkov and Luda Zlobina (Forest Fire Laboratory, Sukachev Indtitute for Foredt,
Russian Academy of Sciences, Siherian Branch). Some of the materias used in the guiddines are based
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on the "Sub-Sahara Africa Forest Fire Management Handbook™ (J. G. Goldammer and C. de Ronde,
eds) which had been in preparaion at the same time these guiddines were prepared.

2. Fire Ecology and Fire Management Principles. Selected examples

Before congdering the role of fire ecology and fire management options, it is necessaxry to invedtigate
spedific fire requirements such as optimum fire intervals, fire frequency, fire season and type of fire,
required to maintain biodiversty, management and sodid requirements. These characteristics and needs
by region are summarised in examples beow for some of the important biomes of temperate and bored
forests, and expanded in the attached Appendices.

21 FireManagement in Temperate Africa
2.1.1 Woodlands (Table 1a)

Characterigtics

Most African woodlands are deciduous or semi-deciduous, but nearly al types contain afew evergreen
species. Thefidd layer is usudly dominated by herbaceous tussock grasses, which are usudly perennid.
Annud grasses are predominant in certain trangtiond types, especidly under the influence of heavy
grazing. In mogt types there is an incomplete understorey of smdl trees, or large bushes of variable
dendty and fire tolerance. The functiond role of fire and fire impacts in woodlands are rdaed to the
availability of fuds in the grass layer. As a consequence of dimate variahility induding, Bl Nifio/ La
Nifia, large inter-annud variability of fire extent has been obsarved in the semi-arid areas of Southern
Africa Africas woodlands. Drought and increesing grazing pressure lead to reduction of fud loads
avalable to be burned, and to a large variability in burning patterns (no fires or smdler burns). On the
other 9de a wet year with reduced fire activity is often followed by an extreme fire year due to the
higher availability of combusiible materids

Management Implications

The biggest problems, facing fire managers in woodlands, are to find ways to meet the ecologica
requirements and aso to supply sufficient grazing. Too frequent fires will reduce the overdorey and
degrade the system, while grazing pressure can disturb the ecologica baance,

2.1.2 Natural Forests(Table 1a)

Characteristics

The temperate naturd forests in Africa can be found within the Afro-montane forests, and occur in an
archipdago-like pattern. Generaly, non-degraded afro-montane forests do not reedily burn due to their
dructure, separation from the litter layer, and higher fue moistures. Crown fires in aro-montane forests
are extremdy rare. However, fire does play a sgnificant role in contralling the extent of afro-montane
forests,



Management Implications
Although dimax foress are seddom exposed to mgor wildfires trandtion zones are subject to
disturbance that can sysemdticaly reduce these decreasing ecosystems. Protection measures are thus
required where these occur.

2.1.3 Indugrial Plantations (Table 1b)

Characteristics

Most evenraged Acacia, Eucalyptus and Pinus plantations have been established in Southern Africa,
in areas where rainfal is &ceeding 750 mm per year. As most species planted originate from fire-
related naturd ecosystems and are established mostly in dynamic montane or savannah grasdands with
an equa need for regular fire occurrence to maintain biodiversty, fire is playing an important role, and
totd fire exduson normaly results in common wildfires. Fud management is normaly required in the
form of dash burning after dearfdling, but sometimes prescribed burning under the trees is required to
solve specific fud accumulation or weed problems.

Management Implications

Where fire is exduded for too long, large plantation areas can be destroyed by wildfires. Regular fud
reduction is required, and specid fire protection mesasures are needed to protect plantations in aress,
which have ahigh fire hazard. More use of prescribed fireis dso required to meet these challenges.

2.1.4 Fynbosand Sub-Alpine Moorlands (Table 1b)

Characteristics

The fynbos biome is a fire-prone shrubland in the wetter areas aong the coast, and in the mountains of
the southwestern part of South Africa Fynbos, a vernacular term for fine-leaved shrubs, is vegetation
dominated by evergreen shrubs. Two other mgor vegetation types are included in the fynbos biome.
These ae renogervdd and drandvdd. Renogervedd is dso an evergreen, fire-prone shrubland.
Srandveld is a mix of thickets made up of broad-leaved dhrubs and smdl trees, fynbos and
renosterveld. These broad-leaved dements dso occur in fire-excluding thickets and scrub foredts, in
summer ranfal regions They are not flanmable, have fleshy fruits (rare in fynbos) and exdude low
intengty burns.

Management Implications

Burning of fynbos and other moorlands, a spedific intervals and season, is required to mantain
biodiversty. These prescribed fires have to be applied & regular intervas, asfire excluson will result in
high intengty wildfires and subsequent biodiversty disturbance.

215 Grasdandsand Savannahs (Table 1c)

Characteristics
Two main types of grasdand may be distinguished:



Climatic dimax grasdands where successon does not normaly proceed beyond the grasdand
dage because the dimate is too cold to permit the deveopment of woody communities, evenin
the absence of fire.

Fire dimax grasdands where the climate will permit successon to proceed beyond the grasdand
dage into shrubland or forest, but which are maintained as grasdand by biotic factors such as
fire and grazing. These grasdands are ado referred to as “secondary” grasdands, or “fase’
grasdands.

Management Implications

FHre managers are faced with the chdlenge to saisfy ecologica requirements for savanneh and
grasdand, for specific burning rotations, fire intengties and burning seasons. They need to provide
grazing resources in rurd and agricultural areas and, in certain didricts, they face increased population
pressure.

216 Kalahari Grasdandsand Shrub lands (Table 1c)

Characteristics

The grasdands and shrub lands of the southern Kdahari cover a mgor portion of Botswana (exduding
the Okavango Delta, Chobe and Gabarone areas) and extend into parts of Namibia and South Africa
The Kdahari is a gark landscape dominated by sand dunes and plains, pans, and dry fossil riverbeds.
Thereis alack of surface water, as sand trangports water to deep aquifers. Yet, fireisaggnificant part
of thislandscgpe, and under favourable conditions it can burn large tracts of land.

Management Implications
Irregular fire occurrence can lead to Ste degradation, and fire exclusion for longer periods is sometimes
required, neading selective fire protection messures

2.1.7 FireManagement in Nature Reserves, National Parksand other Protected Areas

Characteristics

This category covers dl African ecosysems, each having its own fire related ecologicd reguirements
However, in the absence of urbartinterface problems, forestry, agricultura and rura population needs,
the emphasis can fal on ecologicd expects, with the exception of fire protection aong drategic
boundaries and roads. It is @ticularly in grasdand and savannahbased nature reserves, with regular
lightning occurrence and dense animd populaions, that specid atention is regularly required to check
policy gpplication, and for any disturbance of fire mosaics, asaresult of too frequent or too littlefire,

Management Implications

Although in many cases the naturd occurrence of fire, asaresult of e.g. lightning, should be encouraged,
sdective use of prescribed burning may Hill be required to adjust for problems introduced by man, such
as fences and other obgtacles that can produce a lack of escape routes for animals. This might lead to
some ggnificant adjusments of fire related policies.



2.2  FireManagement in Temperate South America
2.2.1 Evergreen Mixed and Thorn Forests (Table 2a)

Characteristics

Maintenance of biodiversty is dependent on fire intendty experienced and burning intervas, and these
biomes are susceptible to repested high intendity fires, which can degrade Sites, and which can lead to a
decrease in grazing provison. Trangtion zones are mogt vulnerable. Fire damage to Araucaria and
Nothofagus forests is dependent on the degree of disurbance. Smdl patches are paticulaly
vulnerable. High intengty firesin Thorn Tree forests open up crown canopy and increase grass cove.

Management Implications

Fre protection, particularly adong forest edges, can lead to improved biodiveraty maintenance and
udainable grazing, provided this goes hand in hand with sdlective weed control where required. In
Thorn forests, selective use of prescribed fire may be necessary for ecologica reasons, as well as for
biodiveraty mantenance.

2.2.2 Indugrial Plantations (T able 2b)

Characteristics

Mosgt evenraged Eucalyptus and Pinus plantations, Stuated in the higher rainfal regions of South
America, originate from fire rdated naturd ecosystems and are established in grasdands, woodlands
and old forest land, which aso needs regular fire occurrence to maintain biodiversity. Freisthus playing
an important role in these areas, and totd fire exduson normdly results in regular wildfires. Sdective
fud management is normally required in the form of dash burning after dearfdling, but sometimes
prescribed burning under the trees is dso required, to solve specific fud accumulation or weed
problems.

Management Implications

Where fire is excluded for too long, large plantation areas can be destroyed by wildfires. Regular fuel
reduction is required, and specid fire protection measures are needed to protect plantations in areas
with ahigh fire hazard. More use of prescribed fireis aso required to meet these challenges.

2.2.2 Sderophyllousand Semi-Desert Scrub (Tables2b and 2¢)

Characteristics

Although mogt of times seldom reaching awildfire dimax, particularly in the case of Semi-Desart Scrub,
some Sclerophyllous Scrub needs fire a specific intervas to maintain an ecologica baance, depending
on the dimétic region where these biomes are Stuaed. In the latter, uncontrolled fire may favour dien
vegeation in someregions, and dso disturb biodiversty.



Management Implications

SHective prescribed burning may be required in Sderophyllous Scrub in the higher rainfdl regions, while
the sdlective use of exatic weed remova may aso have to be implemented where needed, to maintain
biodiversty.

2.2.3 Pampasand other Grasdands (Table 2c)

Characteristics

The Pampas occur on the lower dtitude parts of the centrd and eastern parts of temperate South
America, and prescribed fire requirements mainly depend on grazing intendty, type of grasdand and
ciimate. Fire higory, biodiversty requirements, rainfal pettern, tree and bush regeneration requirements
a0 influence successond deve opment of the grasdand.

Management Implications

Prescribed burning gpplication should be conddered by means of quantifying grazing intengty, fire
hisory and successond needs. The correct prescribed fire gpplication will ensure that the risk of
wildfires is reduced, optimum grazing potentid is provided, and the uncontrolled promation of undesired
Speciesin redricted.

2.24 FireManagement in Nature Reserves, National Parksand other Protected Areas

Characteristics

This category covers mog temperate ecosysems in South America, each having its own fire-related
ecologica requirements. However, in the aosence of urban-interface problems, forestry, agriculturd and
rural population needs, the emphags can fal on ecologica expects, with the exception of fire protection
dong drategic lines

Management Implications

Although in many cases the naturd occurrence of fire as aresult of eg. lightning, should be encouraged,
sHective use of prescribed burning may Hill be required to adjust for problems introduced by man, such
as fences and other obstacles, that can produce a lack of escape routes for animas, where gpplicable.
This might lead to some ggnificant adjusments of fire-rdated polices However, in most Nationd
Parks, the uninterrupted alowance of naturd fire will provide the best ecologica environmerntt.

2.3 FireManagemert in Temperate Australasa
2.3.1 Evergreen and Sclerophyllous Forests (Table 3a)
Characteristics

In forest other than Eucalyptus forests, such as in the Nothofagus forests of Tasmania, fire may be a
rare occurrence, but disturbance in the form of exploitation or grazing may cregte abnormal fud leves



and other damage to these forests, which may result in forest degradetion. The protection of forest
trangtion zones isimportant to avoid this

Management Implications

Lack of forest edge protection may result n biodiversty loss and Ste degradation. Exploitation and
other disturbance of these forests will dso lead to abnormd fud cregtion and a subsequent increase in
fire hazard.

2.3.2 Indugrial Plantations (T able 3b)

Characteristics

Most even-aged Pinus plantations, Stuated in the higher rainfal regions of Audraia and New Zedand,
originete from firerdlated naturd ecosystems and are established in grasdands, woodlands and old
forest land, which dso needs regular fire occurrence to maintain biodivergty. Hre is thus playing an
important role in these areas, and totd fire exdusion normaly results in regular wildfires. Sdective fud
management is normdly required in the form of dash burning after dearfdling, but sometimes prescribed
burning under the treesis required to solve spedific fud accumulation or weed problems.

Management Implications

Where fire is excluded for too long, large plantation areas can be destroyed by wildfires, particularly
where species other than Pinus radiata are established. Sdective fud reduction is in most cases
required, and specid fire protection measures are needed to protect plantations in areas with a high fire
hazard. More use of prescribed fire is dso required to meet these challenges.

2.3.3 Scrubland in Lower Rainfall Regions (Tables 3b and 3c)

Characteristics

Normdly only irregular fire is experienced in these biomes, the interva of occurrence depending on
cimatic factors. In Hummock Grasdands, wind-driven fires are more commonly experienced. If
wildfires are too frequent, Site degradation is possible.

Management Implications
Where fires are experienced more frequently than ecologicaly required, some fire protection measures
may be required, to avoid Ste degradation.

2.3.4 Tusock Grasdand

Characterigtics

Tussock grasdands cover a subgtantid part of particular Audtrdia. These grasdands normally require
fire a various intervas, depending on the dimate, grazing potentid and grass type. Wildfires sometimes
present a high risk, which can lead to serious loss of grazing potentid. A suitable wildfire dimax should
be maintained, depending on the grazing intendity experienced.
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Management Implications

Prescribed fire should be gpplied a the correct intervals, to promote optimum grass and tree/bush
regenerdtion. Grazing potentid will to alarge extend determine the need for fire gpplication, but species
composition and dimate will aso contribute towards specific fire needs.

2.3.5 FireManagement in Nature Reserves, National Parksand other Protected Areas

Characteristics

This category covers mogt temperate ecosysemsin Audrdia Tasmaniaand New Zedand, each having
its own fire-rdlaed ecologica needs. Specific fire requirements, for specific ecosysem gods normally
apply, induding the need for fire protection.

Management Implications
Although in many cases the naturd occurrence of fire as aresult of e.g. lightning should be encouraged,
sHective use of prescribed burning may Hill be required, to adjust for problems introduced by man.

24  Fores Fire Management in Canada

With atotd land mass of 921.5 million hectares, of which dmog hdf (417.6 million ha) is covered by
temperate and bored forests, Canadais avast country, largdy dependent economicdly on forestry and
forest indudtry. Forests consdered capable of producing commercid forest products cover 234.5
million hectares across the country, primarily in the temperate and southern bored forest regions, but
only 119 million hectares are currently maneged for timber production, with the remainder of the
commercia forest being set aside for other purposes. Provincid governments own 71% of Canada's
forest land, and are responsible for dl agpects of forest management on this land base, including forest
fire management. The federd government has ownership of 23% of the forested land, primarily in the
Northwest and Y ukon Territories, while private individuas, communities, and companies own 6%.

Individua provinces and territories have, over much of the past century, developed sophisticated fire
management programs amed a protecting human life and property, while maintaining the forest
resource for public and commercid use Fre management resources ae shared between
provincid/territorial agencies as required, and between Canada and the United States on occasion.
Between 8,000 and 10,000 fires occur annualy across Canada, but the area burned each year is highly
episodic, varying by more than an order of magnitude, from 500,000 haiin low yearsto 7,500,000 hain
extreme years. On average, a totd of $500 million is gpent annualy on fire management activities in
Canada.

Due to aggressive suppression activities, only 3% of Canadian fires grow larger than 200 hectares in
Sze, but these fires account for 97% of the area burned. The digribution of large firesis highly varigble
across Canada, due to differences in fire weather severity and forest fud types, and to varying leves of
fire suppresson throughout the country. The fact that large parts of the Canadian forest ladscape are
essentidly unprotected - fire being dlowed to burn naturaly when not a threet to vaues-at-risk such as
communities, recregtion, or forest indudry interests, is a mgor contributor to large areas burned in
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Canada. An evauation of fire activity across Canadaiis best accomplished at the ecozone scae. Forest
fires are common within 11 ecozones across Canada (excluding the various Arctic ecozones, and the
prairies), but their impact is highly variable. Due to digtinct eest-west differencesin fire weether and fire
regimes, the Taigaand Bored Shidd Ecozones are often subdivided. 39 years of fire data (1959-1997)
was usd to determine both the average annud area burned and the % annud area burned (PAAB - a
function of both fire activity and ecozone sze) for each ecozone,

24.1 TaigaRegion

Taga ecozones dreich across Canada from the northern Yukon through the Northwest Territories,
northern Manitoba, and northern Quebec, and represent the trangition zone between Arctic tundra and
the Canadian bored forest. This region congds primarily of non-commercid forest, with numerous
aborigind communities and naturd resource extraction indudries (primarily mining, and fossl fud
exploration).

Taiga Cordillera Ecozone

Located in the northern Yukon and northwestern Northwest Territories, this ecozone is mountainous
with sparse forest cover, and is largely unpopulated. Vegetation is primarily comprised of arctic tundra,
apine tundra, and taiga species of shrubs, lichens and dwarf spruce and birch. Lightning fires dominate
in this ecozone, burning over an average of ~20,000 ha annudly, with a Percent Annua Area Burned
(PAAB) of 0.184%. Suppression activity isminimdl.

Taiga Plains Ecozone

Covering the southwestern region of the Northwest Territories, northeastern British Columbia, and
northern Alberta, this ecozone is characterized by dow growing conifer forest, primarily black spruce.
Population dendty is quite low, and lightning fires dominate. Fres are suppressed only when
communities are threatened, and cover an average of ~366,000 ha annudly (PAAB = 0.701%).

Taiga Shield Ecozone

This ecozone, heavily glaciated during the lagt 1ce Age, stretching across Canada from the Northwest
Territories through northern Manitoba, Ontario, and Quebeg, is largdy unpopulaed. The Taiga Shied
Ecozone can be subdivided into two sub-ecozones, separated by Hudson Bay, based primarily on
didinctly different fire regimes due to variaion in fire wesether and dimate,

Taga Shidd West Sub-Ecozone

Occupying portions on northern Manitoba, Saskaichewan, Alberta, and the southeestern
Northwest Territories, this ecozone is dominated by dwarf conifer sands and lichen woodlands,
Lightning fires predominate and population is low and centred around minerd and resource
exploration. An average of ~243,000 ha burn annudly in this ecozone, Snce alarge proportion
of fires are dlowed to burn naturdly, with a PAAB of 0.767%.




Taiga Shidd Eag Sub-Ecozone

Covering centrd Quebec and Labrador, this ecozone has many features amilar to the Taga
Shiedd West Ecozone, but a less continentd climate, and generdly less severe fire weether

conditions. Population is low and scattered, and lightning fires dominate. Mo4t fires are dlowed
to burn naturaly. The result is an average annua area burned of ~117,000 ha (0.255% PAAB).

Boreal Region

Bored ecozones stretch completely across Canada, representing a trangtion zone between taiga to the
north and montane forests (British Columbia), grasdands (Alberta, Saskatchewan, and Manitoba) and
temperate mixed wood forests (Ontario and Maritime provinces) to the south. It isin the bored region,
with its growing accessbility and natura resource-based development, where the full range of fire
uppression options are utilized. The southern bored, particularly in Eastern Canada, supports a fully
developed forest indudtry, and active fire suppresson is paramount. In northern bored regions,
however, fires are fought based on vaues-at-risk, with management decisons being made based on
protecting communities or property versus permitting fires to burn naturdly.

Boreal Cordillera Ecozone

Located in northern British Columbia and the southern Y ukon, this ecozone is quite mountainous.
Vegetaion is often discontinuous and ranges from grasdands to open and closed cover foredts.
Populaion levels are low and protection efforts are modest and selective. Lightning fires predominate,
contributing to an average annud area burned of ~ 106,000 ha (PAAB is 0.385%).

Boreal Plains Ecozone

This ecozone dretches from northesstern British Columbia across central Albertaand Saskatchewan to
southeastern Manitoba, and was not glaciated during the last Ice Age. The region is essentidly 100%
developed and fire protection is maximized. Despite thislevel of protection, fire dimate is often extreme,
and large fires are common. The standard boredl species mix of spruce, pine, poplar, aspen and birch
predominates. The average annud area burned is~231,000 hectares (PAAB is 0.399%)

Hudson Plains Ecozone

This ecozone is largdy centred in Ontario immediatdy south of Hudson Bay, but extends a smdl
digance west into northern Manitoba and east into northern Quebec. The area contains extengve
poorly drained wetlands dominated by a cold continentd dimate, which prevents the development of
veay large fires. Populaion levels are very low. The result is an ecozone with alow levd of fire ectivity
(annual average area burned of ~44,000 hectares (PAAB of 0.058%).

Boreal Shield Ecozone

This ecozone, the largest in Canada, extends from northern Saskatchewan through much of Manitoba,
Ontario and Quebec to include Newfoundland. Also glaciated 10,000 years ago, but now over 80%
forested, this ecozone is dominated by cdosed conifer stands of spruce, pine and fr, with some
deciduous species such as agpen, poplar and birch. Much of the bored shield ecozone zone is managed
for resource extraction, particularly timber production, and has become much more ble in recent
decades. This is paticularly true in the southern regions of the ecozone, while northern areas remain
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much less developed. The Bored Shidd Ecozone can dso be subdivided into two distinct sub-ecozones
with different fire regimes, which are separated by the Hudson Plains Ecozone in northern Ontario.

Bored Shidd Wes Sub-Ecozone

This sub-ecozone, covering northern Saskatchewan, centrd Manitoba and northwestern
Ontario, has a strong continentd dlimate and mgor fire activity. Although much of the region is
managed forest, and population levels are moderate, there are still some northern areas where
fireisnot actively suppressed. As aresult, the average annud area burned is ~516,000 hectares
(0.769% PAAB)

Bored Shidd East Sub-Ecozone

Occupying much of the centrd and southern regions of Ontario and Quebec, and dl of
Newfoundland, this sub-ecozone is bascdly fully managed fores in which fire suppresson
activities are extengve and quite successful. The areais heavily populated by bored standards.
In addition the fire dimate in this area of Canada is not as extreme as in the western shidd
region. The result is a much amdler average annud area burned (~155,000 hectares) and
PAAB (0.167%).

Montane Cordillera Ecozone

Mogt of southern British Columbia and a portion of southwestern British Columbia are contained within
this ecozone. It isthe most diverse of dl Canadian ecozones, ranging from apine tundra to dense conifer
forests. The climate can be quite dry in vdleys due to mountainous rain shedow effects. Vegetative
cover is extremdy diverse and commercid forest operations are extengve, dong with mining, energy

production, and tourism. Protection efforts attempt to exclude fire across the complete ecozone, and are
largdy successful, but extreme fire danger conditions frequently cregte a chalenge. The average annud

area burned is ~24,000 ha (PAAB is 0.058%).

Pacific Maritime Ecozone

This ecozone covers the mainland Pedific coast and offshore idands of British Columbia The dimateis
humid maritime with generdly high precipitation levels The arealis heavily populated with an extensve
forest indudtry. Protection leves are high, but the generdly moist dimate precludes much fire activity.
The average annud areaburned is only ~2000 hawith a PAAB of 0.013%.

Atlantic Maritime Ecozone

Covering the Maritime Provinces of New Brunswick, Nova Scatia, and Prince Edward Idand, and a
portion of southern Quebec, this ecozoneis reaively smdl but highly populated with extensve foredtry,
mining, farming and fisheries indLetries. Forests are generdly dominated by mixed stands of conifer and
deciduous trees. Full fire suppression is practiced in this region, and this factor, in combination of

generdly modest fire danger conditions, resullts in a very low average annud areaburned (~4200 ha)

with a PAAB of 0.024%.
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Mixedwood Plains

This smdl ecozone, located dmod totaly in southern Ontario, has been largdly deforested over the past
two centuries. Pockets of mixedwood stands exigt, but deciduous species dominate. This is the most
populated region of Canada, with dl fires recalving a prompt response. This, in combination with alack
of fire-prone forest, results in the lowest fire activity in forested Canadian ecozones. The average annud
area burned is ~190 hawith a PAAB of only 0.006%.

3. Fire Management in Plantation Forestry (Tables 1b, 2b and 3b)

3.1 External Fire Protection

In evenaged indudrid plantations, fire protection is required on externd plantation boundaries to
protect Acacia, Eucalyptus, Pinus ard other even-aged timber plantations, from wildfires originating
from beyond these plantations property boundaries. Many lands outsde plantations congs of some
form of naturad vegetaion (such as woodland, indigenous forest or grasdand), nature resenes or
agriculturd land used for grazing or growing of short-rotation crops. Indudria plantations can dso
border public roads or ralway lines, rurd or farming communities, urbarrinterface aress of cities, or
indudrid dtes. What these different types of land-use dong plantation borders have in common is that
they dl present varying degrees of wildfire hazard to plantation timber resources.

Externd fire protection, in the form of firebresks, can be provided dong plantation boundariesin various
ways, such as

Regular burning of grasdand or other bordering vegetation.
By adding prescribed burned plantation stands.

Poughing of firebregks.

Scraping of firebresks.

Hand-deaning (or fue removad within) fire breeks
Maintaining (or scrgping) of roads on externd boundaries.

Dynamic grasdands (such as Audrdian or African montane and savannah grasdand) are normaly
burned after grasdand curing has commenced. Before curing starts, tracer lines are prepared by means
of chemicd surface Sorays, so thet the grass within these lines can die before curing takes place, and to
ensure that they can be burned prior to grasdand curing. Thisis done to make certain that these lines are
in place before the prescribed burning season, o that they do not take U vauable burning time after
grasdand curing. The grasdand between these tracer lines is then burned on days suitable for prescribed
burning; as soon as possible after grasdand curing is completed. The burning of gatic grasdands (such
as the Pampas) is regulated by grazing intensty, yearly biomass production (normaly related to dimeatic
factors such asrainfal) and age, as there are no dear seasond fud changes.
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3.2 Internal Fire Protection

It is equaly important to reduce fire hezard within plantations, than to provide externd fire protection.
Hres can originate within plantation blocks, or externd wildfires can spot or burn across externd
firebregks. If this happens, internd fire bresks will have to ensure thet the soread of these fires within
“plantation areas a risk” is redricted to the smalest area possble, and the smdler (and better
protected) these plantation units are, the better will be the chances to bring these internd fires under
control, and to minimize damage. Clean roads within plantation blocks, regularly-burned wetlands,
indigenous forests, deep (rocky) terrain with low fud profiles, rivers with riverine forests and dast
burned compartments, are al examples of suitable internd protective barriers that can be incorporated
into internd fire bresk systems. The more continuous these lines are, the better the chances will be to
regrict wildfires within plantation boundaries.

Watershed lines - dso acting as fireoresks - can dso be utilised as “wildlife corridors’ and even
fadlitate optimised water runoff, thus forming multi-purpose fire management sysems. Alterndive
firebresk routes should be investigated, where these requirements cannot be met.

3.3 Usng Sash Burning, or Prescribed Burning insde Plantation Stands, as Fue
M anagement Measures

Because of the dearfdling regime goplied in evertaged indudrid plantations, dash is depodted in large
quantities where mature trees are felled and exploited, prior to re-establishment. In many cases this
litter-and-dash loading occurs in low quantities, which will not present tree re-establishment problems.
However, in some aress, e.g. & some high dtitude stes, the dash loading can be of such a nature that
access and replanting is severdy redricted. It is then that some degree of fud reduction will be a
required to make economica re-establishment of trees possble. Sometimes dash burning will have to
be applied regardiess whether the fud loading is redtricting access for replanting purposes or nat,

because the gand is dther bordering a mgor fire protection bufferzone, or fdls within a mgor
bufferzone/fuel breek area. It isimportant to evauate dash features such as loading, soread and vertica
digribution in deafdled sands to determine whether dash burning should be consdered as a fud

reduction mesasure, or not. Sash burning should be avoided on sandy soils or other Stes with low

nitrogen levels. However, if dash burning cannot be avoided on these Stes, the impact of these burns on
nutrierts should preferably be determined by means of the collection and andlyss of surface soil samples
(sampling to be gpplied before and after the burn). Sash burning on steep dopes should dso be
avoided to prevent erosion.

With regard to dash burning techniques to be used, broadcast burning of dash (after spreading the dash
when timber remova is completed) is recommended in most cases because (@) it has proved to be the
safest and chegpest method, and (b) stacking of dash in hegps and then burning the hegps has not only
proved to be more expensive, but is aso exposng the soil to high fire temperatures for longer periods of
time, which can be detrimentd to chemicad and physicd soil properties.

Sdective use of prescribed burning ingde stands can dso be consdered as a fud reduction measure,
particularly where a serious lack of decompodtion of litter is experienced. This technique can adso be
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used to combat certain weed problems, to eradicate insect pests and can even enhance nutritiona
avaldality. Specific species’age requirements and burning techniques are needed in this case.

34  FireApplication in Heritage Areas and Nature Reserves

Where naturd heritage aress are Stuated within plantation boundaries, specid care will be required
when prescribed fire is to be goplied. Where ancient rock paintings, prehistoric villages or other heritage
gtes are found, care should be taken to gpply fire in such a manner that no damage (such as fire scorch)
is caused. Preventative measures in the form of physicd fud remova around the Site, or fire gpplication
only when the wind blows from a specific direction (away from the Ste), may be required, or will be
dipulated in the form of written rulesin the fire protection plan.

The cregtion of naturd corridors through areas covered by plantations - many times meking use of
magor wetland/river lines and mountain crests - should be consdered where buffer zones (sensu fud
breeks) are placed and maintained. Thiswill provide free access between forest and grasdand Stesfor
mammals such as grazers, within and outsde plantation boundaries.

Other important issues to be considered are the protection of breeding areas for rare bird species within
plantation boundaries, and to avoid any fire gpplication too close to these negting Sites. Some species
may prefer seep mountainous terrain for nesting platforms, while other species may prefer wetlands or
marshes to breed. In each case it is important to identify and map these nesting Stes, and to avoid any
burning operations close to these sites during the breeding period.

Where nature walks and trails exist within plantation property boundaries, care should be taken to gpply
fire protection in such away tha the immediate area surrounding these routes is burned in a prescribed
sequence, o that no large areas are blackened smultaneoudy, but rather burned in srips or blocks in
rotetion, with footpaths forming the fire bresk tracer lines, where possible.

3.5  Wildfire Bufferzoning and other Fire Protection Techniques

In many cases fuek-bresk systems or buffer zones dong specific lines - normally facing the direction of
hazardous wildfire threet a an angle - are condructed, of a width of up to 500 m or even wider, to
replace inadequate fire bresks. A qudified fire management spedidist, who can identify optimum routes
in the landscgpe and cd culate minimum fire protection requirements, should preferably do the placing of
buffer zones. It is dso important to dart fire protection evauation by consdering regiond requirements
before changing any within-plantation firebresks, and to meke sure that these zones comply with
ecologicd and riparian zone specifications.

Many times buffer zones will follow naturd fire barriers, such as seep tarrain, exiding indigenous forests
or mgor rivers with riverine forests, but where these are not available, manmade lines such as public
roads, railway lines or powerlines can dso be used as a bufferzone base. In most cases a combination
of natura and manmade fire protection areas, with some form of fud redtriction, will be used for buffer
zones, which will bypass atificid boundaries. Where plantation stands have been identified as forming
rather weak links in firebresk or bufferzone lines, incorporation of these stands as prescribed burned
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areas should be congdered. Sometimes species and/or stand age may not yet be suitable for prescribed
burning gpplication, in which case (temporary) dterndive routes should be investigated until such time
that these stands have reached the correct age, or species have been changed.

Fire protection techniques (or fire bresk management procedures) other than regular vegetation burning
- such as dashing, hoeing or some forms of soil preparation - may sometimes presant viable dterndive
optionsfor fud reduction, if regular prescribed burning is not possble. However, it must be kept in mind
that these may dill present some fud residue, and e.g. dashing of fud dill presents the same fud loading,
dthough the depth of the fud bed has been reduced. Methods such as ploughing or scraping of roads
can adso be usad efectively to create fud-freefire protection lineswhen gpplied correctly.

4, Fire Management in Rural Areas

A large share of wildfires in the temperate and boread zone is humancaused and originates in the
context of land use. Vice varsa, many land-use sysems in these regions are vulnerable to wildfires.
Property, hedth and wefare of people living in these areas are negatively affected by direct and indirect
corsequences of fire and smoke pollution. Active involvement of the loca people has therefore been
recognized as a condition for the successful implementation of fire management programmes, especialy
a the interfaces between or in intermix Stuations of wildlands, land-use sysems and residentia aress.

4.1 Regulating Fire Application and Grazing in Rural Areas

Treditiondly, the reponse of pastord socities to variable forage avalability, e.g. in the savannahs of
Africa and the steppes of Ada, was to retain a high degree of mobility (nomedic pastordism). Regular
burning was practised by rurd people, to simulate a green flush of new growth for improving grazing
and to ad hunting. Increased population pressure and politica changes have contributed to the
breekdown of thistype of pastordism in some regions of Africa In other regions such asin Mongoliaa
new era of increasing pagtoralism has developed as a consequence of the economic collgpse of the
country after the abandonment of the centrdly planned economy.

The main objectives of burning by pasordids are

To burn off unpadadble growth left over from the previous seasons to provide nutritious
regrowth for livestock

To dimulate out-of-season growth to provide fodder when no other fodder reserves are
avalable

To protect homesteads and property againg wildfires.

Wildfires caused by pagtordids that are not purposdy st are dso a common phenomenon. They
originete mainly from campfires (cooking, warming fires).
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The regulaion of the usedf fire, in conjunction with grazing contral, isin many cases athorny issue, and
not necessaily in line with ecologica requirements. This is particularly true in the dynamic montane and
savannah grasdands in temperate Africa, where a substantid percentage of the population is il resdent
in scatered rurd communities manly being dependent on locd livestock, with sugtainable grazing
qudity and quantity. In most cases some form of compromise is required between fire gpplied for
domestic purposss (such as grazing), and an establishment of ecologicaly based fire regimes, with
careful congderation of fire frequency, interva, season and intensity needed.

4.1.2 Ingitutional and Social Issues. Integration of Local Communitiesin Fire Management

In many countries, in the pad, the top-down gpproach to implement management drategies excluded
the locd people from decison-meking. Participation will empower people and give them a sense of
ownership in management decisons. New consarvation policies in these countries should now be based
on the need to adopt more socidly respongble methods of conservation managemen.

Communities dependent on common property resources have adopted various inditutiond
arrangements to manage these resources. The varying degrees of success that have been achieved is
dependent largely on the effectiveness of the community leaders (or traditiond leadership, e.g. triba
elders), managing the communities under their control.

The underlying concept of Integrated [Forest] Fire Management (I[F]JFM), dso refered to as
Community-Based [Forest] Fire Management (CB[F|FM), is to better integrate both fire and people
into susaineble land use and vegetation management sysems. The gpproach is based on the fallowing
congderaions.

Reasons. Fre is a spdidly and tempordly digperse phenomenon; difficult to control centrdly,

paticularly in developing countries; responghility for control must be brought closer to those who
benefit both from the use of fire, and from more contral;

Objectives. Rationd, ecologicaly compatible, sustainable and safe use of fire; with few exceptions
no atempt of complete cessation in the use of fire;

Impediments. Difficulties arigng from the definition of responghility (or ‘the community’); the need
for complementary policy and legidaive change; definition and supply of technicd and other support
communities need to enable them to assume a centrd role in fire management;

Entry points Definition of mechanisms methods and poalicy insruments (incentives) to encourage
communities to assume control and “ownership” over fire management;

Human rationale: Community participation is not just an activity of participating in fire prevention,
detection and suppresson; but managing fire in terms of the neads of the community, which may

include prescribed burning.

Definition and "design” of IFFM/CBFFM approaches cdlearly depend on the complex configuration of
locd culturd, socid, economic, politicad and environmental conditions. However, in any cae tis
required to establish a didogue and negatiation process among dl stakeholders concerned from locd to
nationd. IFFM/CBFFM conoepts can be successtully redized only if dl stakeholders involved in fire
management agree on a didribution of regponshilities, decisontmaking power and resources. The
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process of negotiation and consensus building requires careful consderation of different perspectives
and ds0 the pluriformity of the legd context. Exiding rules are often of different and sometimes
contradictory origins, e.g. laws and adminidration rules governed by centrdidtic legidation, traditiona
rules that may not have a legd recognition or weekening influence of traditiond dructures as a
conssquence of migration resulting in multi-culturd loca societies or due to other impacts of
"globdistion’.

To overcome possible conflicts and deadlock Situations - a combination of bottom-up and top-down
goproaches in defining the appropriate integrated fire management drategy - seemsto be most effective
to build consensus among stakeholder groups a different levels.

In addition, there is a need to establish basdine fire data a netiond, regiond and didrict levels This
basdine data on fire will assg the nationd authorities in the preparation nationd gdrategies for fire
management, induding the defining of spedific target groups for the netiond fire avareness programs,
based on gender aggregated data.

In the past decade a number of nationd Integrated Forest Fire Management Strategies (or Action
Programmes) have been developed based on multi- stakeholder consensus obtained by nationd or loca
Round Tables on Fire Management.

Appendix 11 provides examples of community participetion in fire management and an incentive sysem
for successtl fire prevention by communities.

5. Remote Sensng of Vegetation Fires and its Contribution to a Fire Management
Information System

51 Introduction to Remote Sensing

In the context of Earth obsarvation remote senaing, an imege is generdly a picture received from a
sadlite or an arborne sensor. Digitd images from satdlite remote senaing are useful for fire monitoring
because they:

Allow low cog, rapid and regular coverage of the often extendve and inaccessble areas
affected by fire.

Permit cgpture of types of data that humans cannot sense, such as the near-infrared and thermd
part of the dectromagnetic pectrum, which may provide additionad useful information.

Here we briefly introduce the generd characteridtics of digitd images, mostly from space borne sensors,
as a potentid source of information for fire management. As different sensors provide imeages with
different characteridtics, we focus on criteria commonly used to evaduae and compare imagery from
different sources.



5.2  Remote Sensing Productsfor Fire Management
Remote sending data can assg fire management at three stages rdative to fire occurrence:

(i) Before thefire: vegeation biomass, vegeation satus and ranfal; monitoring pre-suppression / fire
prevention measures,

(i) Duringthefire: neer red-timelocation of activefires

(i) After thefire: assessment of burned aress.

521 ActiveFires

Activefires can be detected from satdllite deta because fire fronts are very hot and emit large amount of
energy that can be observed by therma sensors on board satdllites or aeroplanes. The identification of
firesin an imageis now rdatively wel magered, and remaining limitations are mostly due to the sensor in
itsdf.

Activefire product in fire management
Onceintegrated into afire information sysem, the ligt of fire locations can be usad in two main ways.

a) In near-red time, to prioritise resources for fire fighting. Fire locations can dso be used, on a daly
basis, to monitor for example that planned prescribed burning is actudly taking place.

b) As pogt-fire informetion, the active fire product can be used in severd ways. Fird it can support a
policing role. Secondly, active fire products can be used to document fire activity in a park, over a
munidpdlity or over a whole country. It may further document the extent of individud fire fronts and the
sze of firesthat contribute to the burned areamosaic.

Operational activefire products

There are a number of satdlite and arborne remote senang sysems which can contribute to fire
monitoring from space, including NOAA AVHRR, Landsat TM and MSS, SPOT, GOES, DMSP,
ERS-ATSR, and JERS.

High spatid resolution satdlites, such as Landsat and SPOT, can contribute to fire monitoring, but their
cog, their centrdized recelving daions and especidly their low tempord resolution, limit their useon an
operationd bass. Meteorological sadlites are more appropriate because of their high repetition
coverage. The Meteosat geodaionary satellite series cover Africa and Europe, ad provide images
every 30 minutes (Meteosat Second Generation satdlite is providing an image every 15 minutes, with
improved channds for fire information). The polar orbiting NOAA series acquires images over the same
areaevery 12 hours by the same satdllite, and cover the entire world.

Product Interpretation
There are saverd points that are important to take into account when interpreting and using active fire
products from AVHRR data Mog of them are linked to the intrindc characteridtics of the stellite
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platform and its sensor. Detection agorithms are usudly set to minimize the number of fase detections.
Consequently, some fires will dso be missed.

5.2.2 Burned Areas

Burned area product principles
Burned areas are detected from remotely sersed data based on three main changes in surface

properties following fire

Vegetation isremoved.

Combustion residues are deposited.

During the day, the burned surface is hotter than surrounding vegetation, with a maximum
contrast in temperature occurring around mid-day.

Burned area productsin fire management
Integrated into a Fire Management Information System, burned area products are useful a dl sages of

the fire management loop:

Basdline Data

Burned area products can provide important basdine information on fire regimes (i.e. frequency, season
and intengty). Fire frequency maps are obtained by superimposing burned area maps for successive
years. Seasonal fire maps are produced using a number of successve burned area products.

Fire management
Both the block and patch-mosaic methods of prescribed burning require accurate records of burnsin
order to help plan ignitions. Mapping burned areas as the season progresses dso alows areas that burn
naturaly to be incorporated into ignitions planning. Burned areas products can dso be of vadue to fire
suppresson teams.

Monitoring and evaluation of management activities

The products can dso hep to answer management evaudion quesions such as How wdl did
management fire lines stop fires (i.e. by overlay of burned areas and fire lines); have management efforts
reduced the areas that burn each year; or - more generdly - how well are desired fire regimes redised?

Refining Policy

All the data above are then usad to refine fire management policies. Fre frequency maps can aso help
identify areas where high intendity fires are burning frequently, as fod for fidd vigts to invedigate the
causes and fire effects.



1. Choose format of burned area product,
for example:
- Fire frequency (annual maps post-fire)
- Date-of-burn maps (multi-temporal maps
during fire season)

- Fire intensity
- Fire severitv

2. Decide on appropriate scale of mapping
- Dimensions of area to be covered

- Level of detail (spatial resolution)

- How often (temporal resolution)

v

3. Select suitable source of imagery (SPOT
HRVIR, Landsat TM, MODIS, SPOT VGT,
AVHRR, etc.)

4. Decide on appropriate method for mapping
burned areas and apply it to the imagery to
produce the desired product.

'

5. Assess map accuracy using reference
data collected at representative locations.

Figure 1. How diagram showing the main seps and consderaions in the preparation of burned area
products.
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5.2.3 Rainfall Egimation

Derivation of Rainfall Estimates

Rainfdl is normdly measured usng rain gauges. However, the network of rain gauges may be sparsein
those aress affected by fire. Satdlite observations are used in combination with, and to augment, rain
gauge data. Satdllite deta provide a patidly complete, uniformly digtributed coverage that dlows better
edimation of rainfal where rain gauges are infrequently and irregularly Sted.

Rainfall Data in Fire Information Systems

Rainfal estimations can be produced for findy gridded aress, e.g. 5 x 5 km areas, but are often used as
summaries over politica or physica regions, for example, countries or catchments. Statigtics can include
total, mean and standard deviation of rainfal in millimetres, area of rainfal coverage within aregion, etc
The ranfdl data can be combined with other data to produce further information, for example,

hydrologicd moddling or afire informeation sysem.

Rainfal maps can be wead to inform management, for example, a recent rainfal could to be taken into
account when deciding on the timing of prescribed burns. Rainfall estimation can dso be integrated with
other data, for example, as an input to fire risk assessment. The rainfdl information is incorporated in
edimation of vegetation moisture content, which can then be combined with fud data for assessing fire
rsk.

5.3 Implementing Remote Sensing in a Fire Management Context

Data produced by any remote sendng activities should be integrated into a Fre Management
Information System so that, through the combination of data from various sources, more information can
be extracted to better support management decision-meaking.

A range of gtuations could occur, and some fire nanagement teams may have access to their own
remote sensng group or government-run remote sensing resources. Many others may find some exigting
locd expertise in remote sendng, eg., alocd consultancy, sdentific inditute or university, who could
assg in the setting up of aremaote senang group, provide training or even be contracted to do the work.

The following are some condderations for those who want to st up and run a remote sendng
component for fire monitoring and management.

illed personne

The person running the component should have a combinaion of remote senang skills and fidd
experience (perhapsin fire or vegetation ecology), or & least demondirated agptitude and awillingnessto
learn new skills He or she, should have some input to the design of a remote sensing srategy; should
decide which imagery will be usad to obtain the information, and how often, and choose and implement
the methods to extract information. The person should make every effort to assure quaity control at dl
gages, incdluding assessing the accuracy of find products wherever possible,
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Access to relevant information

Staff should idedlly have access to publications on remote senaing, land mapping, fire ecology and other
relevant information. Easy access to up-to-date literature is egpecidly helpful in sdecting gppropricte
methods to ddiver particular information products and in avoiding common migtakes. Collaboraive
research with local and internationa scientific inditutions can dso help in product devel opment.

Infrastructure

For in-house remote sensing clearly office space is required, and adequate remote sensing hardware
and software mugt be acquired. Image processing and Geographic Information System (GIS) tools
dlow a fire information sysem to be built up with the objective of supporting operationd fire

managemen.

Adequate Budget to Maintain the Information System

As wdl as personnd and initid sat up codts for hardware and software, the budget should indlude
dlocations for recurrent experses, such as image data cods and additiond data acquistion.
Maintenance and upgrade costs for hardware and software, and replacement of consumables, must be
conddered too. Fiddwork is necessary to vdidate remote sensing outputs, so a budget for transport
(and maybe equipment) should be avallable. Hence, budget condraints are very important in developing
an operationd remote sensing Srategy.

6. Fire Protection Planning, Regional Integration and Fire Danger Rating
6.1 FireProtection Planning
6.11 Systematic FireProtection

Increasing frequency and intendty of fires are having a negative effect on ecosystems and are leading to
a generd degradation of the land in many aress. The search for a solution is difficult. Sysematic Fre
Protection (SFP) offers a framework for developing afire protection program designed to address this
problem. The framework of SFP conssts of severd integra steps that can be gpplied in a number of
ways. These depsare:

Fire Prevention

Fire prevention's god is b prevent a fire from occurring and condgts of two activities. The fird is to
reduce the production of firebrands from various sources and the second is to reduce the susceptibility
of vegetation to ignition by some form of treatmernt.

Fire Pre-suppression

Actions taken in anticipation of afire are referred to as pre-suppresson. This can involve traning and
equipping resources, aswell as modifying fuels or congructing fire belts.
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Detection

In order to take quick action on afire, it must be detected as dosdy as possble to its time of ignition.
Detection triggers dl suppresson actions and is critica in minimizing fire Sze and cods Methods of
detection indlude lookout towers, arcraft, infra-red scanners, patrols, and public reports.

Location
Once a fire has been detected, it must be located on a map or with other means in order to provide
accurate information to personnd responding.

Dispatch
Once the location of the fire is determined, a decison must be made about strength of attack and
specific forcesto be sent.

Communication
The location and fire information is then tranamitted to the forces being dispatched. Methods used may

range from radio to bicycle messenger.

Travel
Once forces have received the dispatch order, they mugt travel to the fire usng the fastest conveyance
and routes possible.

Attack
Sopping the firé's soread as quickly as possble, usng the personnd and equipment available, is the
god of fire attack.

Mop-up
Once the fire's spread has been halted, the next step isto secure thefire by extinguishing and coaling all

hot spots.
6.1.2 Determining Fire Protection Objectives

The firg sep in gpplying Systematic Fire Protection is to determine the fire protection objectives for dl
the areas within the organization’s jurisdiction. Not al land need to be protected a the same levd. For
example, the fire protection levd for a commercid pine plantation will be quite different from semi-
desart shrub land. Determining objectives can be accomplished by subjective means, or it can be done
inamorelogica manner, as described below.

A logicd and rationd agpproach to establishing fire protection objectives begins by delinegting aress of
amilar vegetation, topography, dimate, protection condraints, etc. This dlows fire protection to be
targeted and prioritised. Area evauation of vaues a risk (commercid, environmenta, and socid), and
potentid for fire to damage of these vaues, is then performed. Vaues a risk comprise one or more of
the fallowing:
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¢ Commercid Vdues (vaues with monetary values)
Timber — vaue of trees for production of wood products;

Forage — value of grasses and dhrubs for anima feed (this would include potentia lossesin

milk production, lossin weght, loss of animds due to feeding on poisonous plants);
Thatch and reeds— vaue of roofing and fendng;

Non-wood forest products — loss of berries, fruits, mushrooms, herbs, dyes, medicind

trees,
Water — vaue of the land's capacity to capture and store weter;
Wildifeand fish— vaue in the utilizaetion of wildlife induding non-consumptive uses.

¢ Environmentd Vaues (vauesthat can not be quantified monetarily)
Wildlife and fish hebita;
Endangered plantsand animals;
Soils (eroson of top soils due to burning);
Wind and shdlter protection;

Long-term ecologicd impects (eg. levd of ground water table, dlting of hydro-eectric

dams and reservoirs).

w» Socid and Politicd Vaues
Public sfety;
Archaeologicd, higoricd, or other Sites,

Sudtainability of resource base for loca communities (fire damage to housing, infragtructure

and crops).
Fire potentid is evauated consdering:

X Hre Regime
Higoricd role of fire and itsimpact on vegetation;
Higoricd firereturn interva;
Recent Fire occurrence (5 to 10 years);
Higtorica use of fire (including gender aggregated deta);
Fire cause(s) (gender aggregated data).

o« Fire Fud Conditions
Present vegetation composition;
Projected vegetation composition.

<> Environmental Conditions
Past and present climate and seasond trends;
Climatic change;
Topography.

Once the protection objectives have been identified, they can be weaghted, using the following Table

(Table 1) asaguide
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Table 1. Guidance of Fire Protection Objectives

Protection Objectives Example

Level Destription

Criticd Hrein any formisnot desred at dl. Fire has never played arole in the ecosysem or
- because of human developments - can no longer be tolerated without Sgnificant
economic loss. Virtudly dl fireswould be actively suppressed.

Rl Fre plays a naturd role in the function of the ecosystem but - because of resource

Protection | concerns and patentialy high economic impects from fire - condderable condraints
exid. FHre suppresson is usudly aggressve.

Limited Fre is a desrable component of the ecosystem. Certain ecologica/resource

Protection | condraints may be gpplied. These condraints - dong with hedth and safety, etc. -
are used in determining the gppropriate suppression tactic on a case by-case basis.

FireUse Fire is dedred to achieve the resource condition, sought for designated areas with no

Area condraints. Prescribed fire is used to obtan the desred resource/ecologica

condiition.

Once protection objectives for each area have been established and agreed to, the next sep isto
decide how to implement them.

6.1.3 Sdecting Implementation Alter natives.

One of the primary means of evauation is the meassurement of the dternaive s economic efficency. This

method ba ances cogts with losses due to fire. The costsincluded in this method are:

Budgeted. These indude dl the fixed annud costs of maintaining a fire organization, such as
gaffing, equipment, training, fadlities, etc.
Suppression. These include emergency costs, above the budgeted costs, used to pay for actud
fire suppression.

Net Vdue Change. Thisis cogt of resourceslogt dueto fire.
Cos + Net Vdue Change(C+NVC). This is the sum of the above cogts, which indicates the
overd| effidency of the dterndive.
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6.2 Regional Integrated Fire Protection
6.2.1 Regional Phase

Evaluating Wildfire History
In order to understand the fire hazard problems of a region better, the wildfire history can be mapped,
to determine where the most serious wildfires occur.

Regional Fire Protection Objectives
The regiond fire protection srategy should be incorporated into the regiond fire protection plan, and
should be concisdly compiled to cover important issues of fire protection a aregiond level such as

Fire hazard evauation and identification of hazardous aress
Exterrd and internd fire protection srategy induding regiond bufferzoning
Control over fire protection programnmes

Disagter management

Care should be taken that those issues such as ecologica prescribed burning condrains, optima weter
upply maintenance and urban interface problems/potentid problems are carefully congdered when the
regiond fire protection srategy is dravn up.

Regional Fire Hazard Mapping

Before fire hazard can be consdered a regiond levd, it is necessary to dassfy fire hazard according to
a sedific fire hazard grading sysem. Regiond fire hazard dassfications used, vary according to the
nature and percentage cover of naurd fuds and land-use, and may be based manly on naurd
vegetation cover features, man-mede fire hazard fegtures, or a combingtion of both. Regionspecific
classfications should be developed after careful evauation of requirements.

Regional Bufferzoning

On-gte sudies, wildfire smulation, topogragphicd terrain congderations and wind flow dynamic sudies,
together with wildfire higtory studies, should be used to consder where in the landscape mgor regiona
fire bregks (bufferzones) should be placed, whet their specifications should be, and how they should be
placed in the landscape, in relation to the most dangerous wind direction. These zones will disregard
man-made property boundaries and provide continuous protection lines which can sop most (if not all)
wildfires, or a leest provide safe lines from where counter-fires can be gpplied agangt gpproaching
wildfire fronts. The following main criteria have to be consdered when bufferzones are placed:

To incorporate natura protection features as much as possible, such as watersheds, congtantly
flowing rivers and indigenous forests.

Include mgor roads, suitable prescribed burning areas’‘compartments (naturd as well as
plantations) and cultivated lands.

Incorporate recent wildfire aress.

Place the zones (as near as possible) a a 90 degrees angle with the mogt likely direction of

maximum fire soreed.



Ensure that the buffers form continuous lines, from the safest possible garting to end points.
Provide adequate width dong favourable topography, from where a counter -firing line can be
congructed, from where an gpproaching wildfire can effectively be attacked.

Bufferzones should aso be mapped on the 1:50 000 regiond fire protection maps, and must be
described in detal in the drategic regiond fire protection plan. All landowners and fire fighting
organizations within the region should have full detall available about these regiond bufferzones and fire
fighting should (where possible) be concentrated dong these lines.

The Strategic Fire Protection Plan
Certan redlities are here to say, which should be consdered in developing an integrated fire protection

plan:

An increased population pressure, and subsequent increase in fire hazard as more and more
people infringe on the naturd and plantation environmentt.

Globd changesin weether patterns will have to be accepted as afact, and planners will haveto
condder these issues in future serioudy.

Urban interface problems must be identified, and an action plan has to be developed by locd
authorities,

Weed control programs on a regiond level must be implemented, to address factors such as
biomass accumulaion (and subsequent fire hazard).

Continuous atempts are necessary to come as dose as posshle to optimum ecologicd
requirements.

Integration with conservation programmes

Priority aress, deserving specia consarvation satus, such as unique floral communities, breeding arees
for rare animas and specid culturd Stes, must be consdered for incorporation as part of bufferzones.
The cregtion of naturd corridors throughout such areas will be fadilitated in this way, by following main
riparian zones and inter-connected internd bufferzones.

Multi-purpose strategic regional plan
A Strategic Fire Prevention Plan may form part of an Integrated Fire Management Plan, which includes
the following aspects

Fre awareness rasing (campaign) and fire prevention
Fire pre-suppresson

Fire suppression

Training and education

Law enforcement and the use of incentives
Prescribed burning for gpecid purposes

Addressing urban interface problems
Much of the responshility for implementing a good comprehensve and effective plantation/urban
interface fire protection program is going to fal on locd government and municipdities.
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This stuation of homes and other buildings located in, or adjacent to, fire-prone areas of vegetation can
have the following effects

Therisk of loss of life and property is grestly incress=d.

Fire fighters are often put in exceptiondly dangerous Studions as they are forced to protect
property.

Fre commanders could shift tactics towards structure protection and away from controlling the
man fire

Potentid conflicting prioritiesin fire management policies where public and private land mest.

There is a need for close collaboration between the fire authorities and the people prescribing
requirements for structural designs and materids to be used in building housing in urban interface arees.

There is dso a need to connect the loca population in the planning of prescribed burning a landscape
levels Previoudy people have reacted very negatively towards any fue reduction activities due to the
pollution it causes aswdl asto the incidents, when prescribed fire runs out of control.

6.2.2 Evaluation Phase

Fuel moddlling, Fud Classification and Fire Hazard Rating

To arive a a duitable fud dassfication base & a smdler scade (1:10000 to 1:30 000) it is necessary

thet thefuds of dl sgnificant burnable areas in the region are consdered for fud moddling, to arivea a
representative fud modd file. This process can be regarded as the first sep towards fire hazard

assessmant & a more detaled level, which can be used during the evauaion process. Fud modes

should then be developed and tested, which can then be ranked according to standardized performance
under the following parameters set for typica wildfire conditions:

Hame Length (m)

Rate of Spread (mymin)

Firdine Intengty (KW/m)

Heset per Unit Area (k¥sq.m.)
Maximum Spotting Digance (km)

Hre hazard ratings should then be caculated per area or compartment, to illudrate the exising as well
asfuture predicted fire hazard Satus.

Mapping Fire Hazard over Time
A suitable base map (or maps) should be sdected to act as fire hazard rating maps, which should be at
the smdlest possible scae without having to use more than one or two maps per raing year.

Two maps should be prepared (with GIS assstance if possble) to illugrate fire hazard. One to show
the exigting hazard Stuation, the other to show the future (predicted) hazard status. WWhen comparing the
two (sets) of maps - one for the present and one for the future fire hazard gatus - prominent high fire
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hazard areas and maor shiftsin hazard can easly be identified and then be consdered in the following
decigonmaking process (placement of fire protection systems such asfire bregks):

Evaluating Existing Fire Protection Measures
Basad on the fire hazard-rating phase, long-, medium- and short-term programmes are put together. In
this process some of the issues that must be addressed are;

The placement of exiding fire belts.

Riparian zone regquirements.

Nature conservetion requirements, such as specid regimes for naturd heritage Sites, wetlands,
etc.

Financiad condraints and the codt-effectiveness of the recommendations.

Adjustments required in the working plan and changes to land- use policies.

6.2.3 Application Phase

Placing Bufferzone Systems

The finer detail of this programme can only be dedt with after completing the Evauation Phese, and
once the broader-scale routes of zones are conddered at smdler scae maps. This will provide more
detail regarding areas or compartments, grazing camps, the fud mosaic pettern or wildfire history.

Where a lack of fud management options or prescribed burning restrictions occur, dterndive routes
may (temporary) have to be consdered, until such time tha the fud datus of these areas are more
favourable for fud reduction/fire gpplication. More exact (find) route placement may dso give rise to
minor deviations of bufferzone boundaries and routes

Apart from the mgor regiond bufferzones, other bufferzones - such as internd bufferzones — can now
aso be placed and described, with the emphasis on naturd protection lines (such as wetlands) and
atificd dterndives (such as public roads and areas with redtricted fud levels). The main am here will
be to reduce the area a risk within management units, and to fill ggps in the cregtion of continuous fire
protection lines.

External Fire Protection Requirements
Once the bufferzone systems have been placed in the landscape, atention should be given to aher
externd fire protection, on property boundaries and around management units.

Reducing the Area at Risk

This gpplies to the area within externd boundaries, and can indude indudtrid plantations with
compartments/blocks or farms subdivided into different camps/cultivated lands. It can dso be gpplicable
to sub-divided nature reserves, hunting farms, rurd areas, mountain catchment aress or other forms of
natural grasdand, bush or fored.

It is important thet the area a risk, within a fire management unit, is reduced as much as possible to
restrict free spread of wildfires, which ether originated within the unit, or from outside its boundaries.
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Identifying effective, continuous, fire protection lines, which can be used as part of the internd fire
protection system, can do this. Natura protection lines should be used for this purpose where possible,
extending them with additiond fire bresk sections where these lines are not continuous. In natura
vegetation, exiding wetland lines, rivers, mountain ridges and road systems should be used to advantage
where posshbleto achieve this

Prioritisng Prescribed Burning Programmes

In many cases prescribed burning programmes can only be completed if long burning seasons are
experienced, with a maximum number of suitable prescribed burning days. Unfortunatdy, during some
years, only arestricted number of suitable burning days can be used. In some aress, particularly where
dynamics fudls occur with sgnificant seesond fluctuations in dry fud datus (uch asgrasdandsin Africa
and Augrdia), the following burning priorities are normaly used:

Main (Regiond) bufferzones (dways top priority)
Externd fire bresks on dangerous boundaries

Fire protection dong public roads

Fire protection under powerlines

Internd bufferzones

Fud management around internd settlements and houses
Externd fire bresks aong less dangerous boundaries
Conservaion burning programmes

6.3 FireDanger Rating

It isimportant that fire managers can obtain some information about the leve of fire danger for agiven
region for a specific day, in order to alocate manpower, equipment and applicable operationd rules to
face the Stuaion. Daly weether paterns have a marked influence on fire danger even where human
beings are modtly responsible for fires, but days since lat rain (and quantity of precipitetion), the status
of vegetaion and fud moigtures, and the soil dryness index can dl be regarded as influencing factors,
dthough thar reative importance may vary between regions. To enable fire managers to evauate fire
danger daily, fire danger raing sysems have been developed to assis them, some - such as the
Canadian Forest Fire Danger Raing Sysem (CFFDRS) and the Nationd Forest Fre Danger Reting
Sysem (NFFDRS) - dating back from the early 1900s.

Because there exis mgor differences between regiond requirements for fire danger rating systems
because of dlimatic characteristics, geographic features and/or vegetation sructure and drying pettern, it
has been determined that region-specific FDR systems need to be used. Various continents, countries
and regions have accordingly tested different FDR systems in use esewhere, and developed system(s)
auiting there own locd conditions. However, it has been identified that certain basic dements should be
incorporated in an FDR system, which are;

Dry bulb ar temperature
Rdative humidity



Wind spesd

Days snce rain and amount

Then there may be other region specific parameters that should be included in certain countriesregions,
some of which may be the fallowing:

Vegaation/fud dassficaion sysems
Fud moidure

Topographica factors

Drought indexes

Soil drynessindexes

Grasdand curing factor

In most developed countries suitable FDR systems have been tested and in use, some of which are even
linked to information obtained from daily satellite images for improved accuracy, such asinthe USA. In
other countries basc FDR sysems are in use, but improvement is being investigeted (such as in some
South American Countries and South Africa). However, in some developing countries, such asin most
African and some centrd and south American countries, FDR systems gill need to be introduced before
daily fire danger ratings can be provided.

7. Fire Detection and Control
7.1 FireDetection
7.1.1 FireLookout Sysems

Lookouts are a wdl-proven method of fire detection and can be an important part of an overdl fire
protection system. They can be permanent or temporary, saffed or automated. Lookouts are typicaly
located on high points such as hilltops, where vishility is good. Vighility is often improved by building
lookout towers where naturd eevated points do not provide adequate height.

Planning a Lookout Network

The purpose of alookout isto provide early discovery of fires. Early discovery reducesthetime it takes
for fire atack, resulting in samdler fires and lower cogts. Planning a lookout network or evauating an
exiding network is important to ensure thet it is effective and in harmony with overdl fire protection
goas and budgets.



L ookouts can range from sending a person with aradio to a hilltop during times of high fire danger, to a
condructed tower thet is Saffed full-time, or to an infrared automated tower with communication links
to headquarters. Inany case, there are key itemsto consder when planning alookout network.

Coverage Area: Determine the overdl region that needs to be covered by lookouts. This is usudly
based on afire management plan that identifies protection priorities and aress of high risk and vadue

Visble Area Naturd festures such as mountains, ridgelines, and vegetation can block what is seen from
the lookout. Placement should maximize the total area seen among dl the lookouts in the network and
reduce the blind areas. This can be done by recording and overlaying seen areas from each lookout on
amap. Mogt Geographica Information Systems (GIS) can perform thistask.

Vishility Qudity: Condder any impediments to vighility, such as haze from urban areas, migt, and
smoke. In many aress of Africa, haze from fires during the dry season can severdy reduce vishility
during times when early detection is important. Normd range of vishility is from 30-40 km. Reduced
vighility may require additiond lookouts.

Communications: The ability to communicate smoke reports quickly is absolutely vitd. A good lookout
system depends on it. Radio and telephones provide the mogt effective means. If these are not available,
use amessenger to convey the smoke report to headquarters.

Fadlities and Technology: Determine the type of lookout to be used. Evauate gaffing, congtruction,
maintenance, and technology cogts. Minimum tool requirements for staffed lookouts include binoculars,
maps, and communications

Saffed Lookouts

Duties of alookout: Lookouts are the ground eyes of the fire protection organization. Reporting firesin
argpid and accurate manner is essentid to quick suppression. In order to quaify as lookout, one must
have good eyesight, be trustworthy, be able to read maps, and use the tools of the job (compass, radio,
etc.).

Detecting smoke: L.ooking for smoke and a potentid fire is the primary job of the lookout. A systemétic
gpproach should be usad to scan the area for smoke.

Identifying Smoke: Once a smoke has been detected, the lookout must rapidly determineif it represents
afire, and take action to report it to heedquarters.

Determining the fire's location: In order to digpaich personnd, the firé s location must be accurately

determined. This can be done in a number of ways depending on the equipment available. Firgt choiceis
to use afirefinder, if avalade A fire-finder is a Sghting device mounted in the lookout building thet
combines a map and features of a compass. The fire-finder provides a very accurate way to determine
the fire s bearing, in degrees and distance from the lookout. A map and compass are a good dterndive
to afire-finder.




Reporting of fire The location of afire should promptly be reported to headquarters ones its location
has been determined.

Automated Lookouts

Automated lookouts have been in use in various countries around the world for decades. Technology
has evolved to indude various types of detection mechaniams, induding high-resolution digitd TV
cameras and infrared sensors. These cameras can be controlled from a centrd location or they can be
St to scan the visible area under computer control. Some systems use sophigticated image processing
that can discern amoke without human involvement, trigger an darm, and provide very accuratelocation
information. In addition, this type of system has the ability to be integrated with other command and
control informetion and GIS systems, increasing its effectiveness

7.1.2 Air and Ground Patralling

To ded effectivdy with afire afire manager mud firdly know the presence of fire. There are many
methods of detecting fires rapidly, from light aircraft petrolling during high fire danger, to mountain top
infrared scanners, cameras, lookout towers to people patrolling the forest. All detection methods are
designed to determine afire exigts, as quickly as possble.

The primary advantage of the ground patrol method is its flexibility. Where terrain prevents lookout
points, foot and bicycde patrols connected to fire fighting teams can be organized during the fire season.
Petrol routes mugt be planned to cover hazard and danger aress, taking into condderation high-risk
aress auch as flammable vegetation, wild bees and beskegping areas, and human activities. Patrols must
bein constant communication with ground crews so as to dispatch support as quick aspossible.

7.2  FirePreparedness, Digpatching, and Co-oper ative Schemes

In order to be successful a fire protection organizations must maintain a date of readiness in the place
where teir forces are deployed as well as to be able respond to reported fires rgpidly and once at the
fire, organize and direct its forces in an effective manner.

7.2.1 Providoning, and Preparing Fire-fighting Resour ces

Preparedness is the act of organizing resources, in order to respond to afire. Fire organizations require
an adequate supply of fire fighting resources thet are available and ready to respond. It is very important
to ensure that the supply of resources meets the fire fighting workload of the area of responghility.
Judging the appropriate level of resource avalability requires thet you review the hisory of previous
fires, and andyse the types of resources used, and ther effectiveness. A typicd tiered goproach is
composd of the following:



Initial attack and other dedicated fire resources

These forces are the most cgpable and highly trained avallable. Their Sate of readiness is usudly the
highes and they are expected to respond quickly (usudly in minutes) when dispaiched. They are
normdly paid out of fire protection budgets

Reserve Resources

These forces are drawn from within the organization or from other organizations as required, but are not
normaly assigned to fire duty. Personne are usudly identified before the fire season to fill spedific roles
basaed on ther training and experience. Equipment used for non-fire tasks that could fill afire role should
be identified and provisons made for its cal-up, if needed. Reserve forces may be put on ahigher sate
of readiness due to high fire danger or ongoing fires.

Emergency Forces

Often countries have provisons to acquire people or equipment on the spot, or to use volunteers. These
forces may not have training and are often not equipped for fire fighting, resulting in an unsafe Stuation if
they are employed in actud fire line work. It is advisable to use these personnd in support jobs or for
maop up, where they are not exposed to hazardous Stuations.

Potential sources of emergency resources are:

Locd and nationa governmenta departments and branches.
Military and aivil defence,

Private ranches and farms.

Villages and towns

Local Leader or Traditional Leader Program

Paticularly in temperate Africa, another type of fire fighting force is highly desirable due to scarce
resources and long travel times. Locd or treditiond leeders sdect people from villages, locd
communities or towns to organize and direct fire fighting operations in ther area of jurisdiction. Each
locd leader should be able to organize and bring his people together to work on fires in ther aress
There is however a need to educate and train these leaders in fire suppresson techniques and safety
measures.

7.2.2 Pre-Attack Planning

Determining what fires to suppress is very important. Not al fires are equd in terms of potentia

damage. In fact, many fires are beneficid to the ecosystem. Because fire-fighting resources are scarce,
the decison to commit resources to afireisacritical one. Placing limited resources on alowthregt fire
might leave more va uable areas without adequate protection.

7.2.3 Dispatching

Digpatching is & the centre of fire fighting operations. Digpatch centres (also known as control, darm, or
communication centres) can be compared to the body’ s centra nervous system. They receive areport
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of afire and provide aresponse in the form of mobilized resources and other actions. Digpatch centres
may be samdl, such as afidd office gaffed by a angle person, or they may large and complex, providing
sarvices for many different public sefety functions, induding fire, police, and ambulance. They dll
perform the fallowing functions

Keep track of the location and availability of resources
Recalvereportsof fire

Determine the appropriate response

Dispaich resources to the fire

Receive orders and fill ordersfor fire fighting resources

7.2.4 Co-operative Firefighting Schemes

Many fire organizations have discovered the advantages of co-operating with eech other and with
organizations that have a compatible misson. The fact is that few organizations have the personnd or
equipment, to handle every fire gtuation. The following schemes have been found to be effective in

increasing co-operation:

Fire Co-operatives

Fire co-operatives (dso known as Fire Co-ordinaion Groups or Fire Protection Associations) are an
excdlent way to fadlitate co-operation. The co-operative is composed of representatives of
organizations involved in fire fighting operations, landowners and emergency sarvices within a
geographicd area. This area codd be locd, regiond, nationd, or even internaiond. Co-operatives
work to solve common problems and increase co-operdtion. In some countries, co-operatives are
encouraged through enabling laws and palicies. Fire co-operatives often form sub-groups to work on
specific issues like fire prevention and training.

Co-operative Agreements

Co-operdive agreements offer a mechanism for formaizing co-operation between organizations. These
agreaments may address specific dements of co-operation, such as sharing of personnel and equipment
and how rembursement will be handled, or they may form a broad framework under which other
agreements may be deve oped.

Closest Forces Concept and Resource Sharing
The “closest forces concept” is used to digpatch firefighting resources nearest the fire, regardless of
their organization and the jurisdiction where the fire is located

Reciprocal Protection

Often organizations have areas that can be better protected by ancther organization. This may be dueto
distance, access or other reasons. In this case, the protection of these areas can be siwapped so that the
totd fire suppresson workload can be optimised. This does not mean changing the adminidration of
these lands, only the fire protection. This type of scheme requires a formd agresment between the

participating organizations



7.3 Incident Command System

The Incident Command System (ICS) is recognized as an effective sysem for managing fires and other
emergencies. Since its inception, ICS has been recognized as the internationd modd for managing
emergency Stuations. It has been used in countries throughout the world.

ICS is based on the premise that no sSngle agency or department can handle every fire Stugion aone.
Everyone mugt work together to manage the emergency. To co-ordinate the effective use of dl of the
available resources, agencies need a formdized management sructure that lends consstency, fosters
effidency, and provide direction during a response. The ICS organization is built around five mgor
components (see Annex 11):

Commard

Ranning

Operations

Logidics
Finance/Adminidration

7.3.1 TheCommand Function

The command function is directed by the Incident Commander, who is the person in charge a the
incident and who must be fully qudified to manage the response. Mgor responsibilities for the Incident
Commeander incdlude:

Egtablishing command and setting up the Command Pogt.

Protecting life and property.

Contralling personnd and equipment resources.

Maintaining accountability for responder and public safety, aswell asfor task accomplishment.
Edtablishing and maintaining an effective liaison with outsde agendies and organizations.
Ensuring personnd sfety.

Asses3ng incident priorities.

Determining operationd objectives.

Deveoping and implementing the Incident Action Plan (IAP).

Deveoping an gopropriate organizationa structure,

Maintaining a managegble soan of contral.

Co-ordinating overdl emergency adtivities

Authorizing the release of information to the media

Keeping track of cods.

7.3.2 ThePlanning Section

On gmdler incidents, the Incident Commeander is respongble for planning, but when the incident is of
larger scale, the Incident Commeander etablishes the Planning Section. The Planning Section’s function
indudes the callection, evaluation, dissemination, and use of information about the development of the
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incident and gtatus of resources. This section’s respongibilities can dso indude cregtion of the Incident
Action Plan (IAP), which defines the response activities and resource Utilization for a goecified time

period.
7.3.3 The Operations Section

The Operdions Section is responsble for carrying out the activities described in the 1AP. The
Operations Section Chief co-ordinates Operations Section activities and has primary responghility for
recaiving and implementing the IAP. The Operations Section Chief reports to the Incident Commander
and determines the required resources and organizationd sructure within the Operations Section. The
Operations Section Chief’s main responsibilities are to:

Direct and co-ordinate dl operations, ensuring the safety of Operations Section personnd.
Assg the Incident Commander in developing response goas and objectives for the incident.
Request (or release) resources through the Incident Commander.

Kegp the Incident Commeander informed of Stuation and resource status within operations.

7.3.4 TheLogistics Section

The Logidtics Section is respongble for providing fadilities, sarvices, and materias, induding personnel
to operate the requested equipment for the incident. This section takes on great importancein long-term
operaions. It isimportant to note that the Logigtics Section functions are geared to support the incident
responders.

7.3.5 TheFinance/Adminisration Section

Though sonetimes overlooked, the Finance’ Adminigration Section is critica for tracking incident costs
and reimbursement accounting. Unless cogts and financid operations are carefully recorded and
judtified, rembursement of cods is difficult, if not impossble. The Finance/Adminidration Section is
espedidly important when the incident is of amagnitude that may result in adiseser dedaration. Each of
these functiond areas can be expanded into additiond organizationd units with further delegetion of
authority. They aso may be contracted as the incident de-escalaes.

7.3.6 1CSConceptsand Principles

ICS is composed of mgor components to ensure quick and effective resource commitment and to
minimize disuption to the normd operating policies and procedur es of responding organizations. ICS
concepts and principles have been tested and proven over time in busness and industry and by
response agencies a dl governmentd leves. ICS training is required to ensure that al who may become
invalved in an inddent are familiar with ICS principles. An |CS sructure should indude:

Common terminology
A modular organization
Integrated communications



Unity of command

A unified command structure
Consolidated |APs

A manageable span of control
Desgnated incident facilities
Comprehensgive resource management

8. Firelnsurance, Economicsand Training
8.1 Firelnsurance

It is paticularly in the agriculturd and forestry sectors that land owners are faced with fire damage risk,
and fire insurance can bring more stability D investments in these sectors. In the case of agriculturd
crops, short-term insurance againg fire damage can be provided. However, in the case of foredry,
longer-term insurance might have to be consdered, as damage to plantations and forests can occur at
any dage of the trees life cycde The cost of insurance will have to weigh up againg the impact such
cogts will have on capitd expenditure and the return on investment, and financid managers will have to
determine athreshold of what insurance cogts are viable, and which are unredlistic.

8.2 Fire Protection Economics

There are various aspects in Fire Management where economics will play an important role. Some of
these are

Fire fighting eguipment and manpower

Adid firefighting fadlitiesorganizations

Hre prevention codts, such as mantaining lookout sysems
Fire protection cogts, such as maintaining fire bregks

All these combined will form part of the economica environment, and will have to be incorporated in
budgets and accounts, to be weighed up againg the income derived from tourism, agricultura crops,
forest products, urban expanson and socid respongbilitiesin rurd arees.

8.3 Training Issues
8.3.1 Training Strategy

Traning in FHre Management should be co-ordinated e the highest possible leve of government, and
should dways be highly prioritised. The execution of fire management training policies, however, should
be delegated to lower levels of government indiitutions or to private enterprise, whichever isfound to be
more suitable. In aworld of fast development technology and increesed fire hazard as a result of e.g.
globa warming and dimatic changes it is dso important thet the fire-rdated training strategy must be
adjugted from timeto time to meet these new chdlenges.
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8.3.2 Training Requirements

Formd training inditutions will gill form the beds of traning provided in fire management and fire
ecology, but where specific demands have developed in a changed fire-rdated environment, specid
“bridging courses’ might have to be provided to fill knowledge gaps. Certain developing countries might
have to congder sending key fire manager and ecologists to other countries for further specidized
traning.

It is important thet regular atention is given to dl leves of fire management training, such astraining of
ground fire fighting crews, fire bosses and fire managers.

0. International Wildland Fire Cooperation

Appendix |: Fire Management Options Tables

Appendix I1: Examples of community participation in fire management
Appendix I11: Incident Command System

Appendix 1V: Glossary

Appendix V: Further Reading and Information Sour ces
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APPENDIX |

Fire Management Options Tables

Thefallowing st of tables provides information on fire management optionsin temperate and bored
forest ecosysems of Africa, Austrdasia, South America, North Americaand Siheria

Table 1a. Fire Management Optionsin Southern Temperate Forests: African continent

Fire Ecological, Economic Lowland, Montane and Coastal | Thorn Woodland, Woodland
Management | and Management Evergreen Forests mosaics and Broadleaved tree
Option aspects Savannahs
Uncontrolled | Fire Characteristics, Fire intensity depending on degree [ High intensity, fast moving
Wildfires Firelnterval, and of disturbance. Forest transition|surface fire, with spotty to
Ecological Impacts zone and smaller forest patches | complete damageto trees. Further
destroyed. Pioneer species| opening of Woodlands and
favoured, and sometimes exotic| increased dominance of grasses
weeds invading
Economic and High biodiversity losses and site | Repeated high intensity fires will
Management degradation. result in overstorey reduction
Implications and possible long-term
degradation.
Prescribed Fire Characteristics, Not applicable (only in adjoining | Low to medium intensity surface
Fire FireInterval, and fireprone vegetation). fire a 530 years fire interva,
(natural and | Ecological Impacts depending on yearly rainfal.
human- Controlled promotion of desirable
caused grass/herb and treg/bush
wildfires, generation.
prescribed Economic and Not important. Grazing provision, fuel reduction,
burning M anagement and reduction of wildfire risk.
Implications Ecologica balance and
biodiversity maintained.
Fire Fire Characteristics, Transition zone must be protected | Undesirable increase of species
Excluson Firelnterval, and from externa fires. Extension of | not suitable for grazing purposes.
(suppression | Ecological Impacts transition zone recommended. High | Replacement of grass stratum by
of al natura stability. succession.
and Economic and Exploitation and disturbance of | Only feasible if continuoudly,
human- Management forests must be avoided. Forest | intensively, grazed, or
caused Implications perimeters must be protected and | mechanicaly cleared.
wildfires encouraged to expand.




Table 1b. Fire Management Optionsin Southern Temperate Forests: African continent

Fire Ecological, Economic Industrial Plantations (e.g. even-| Fynbos and Sub-Alpine
Management | and Management aged Acacia, Eucalyptusand Pinus| Moorlands
Option aspects plantations)
Uncontrolled | Fire Characteristics, High intensity surface, crown and | Maintenance of biodiversity, but
Wildfires Firelnterval, and ground fires, with serious site| may favour alien vegetation in
Ecological |mpacts degradation and exotic weed| someareas.
invasion. Plantation stands
reverted back to origina (natural)
vegetation. Weed problems may be
increased.
Economic and M anagement objectives| In areas infested by exotics,
Management jeopardized if no efficient fire| increased weed control measures
Implications prevention and control system is|will be required to maintain
available. natural vegetation biodiversity.
Prescribed Fire Characteristics, Application depending on age and| Medium intensity surface fires,
Fire FirelInterval, and species. Low intensity surface fires| mainly applied during spring and
(natural and | Ecological Impacts applied when and where required | autumn at a 12-25 year rotation
human- for fued management and fire| depending on yearly rainfal and
caused protection, at 25 year intervals, or | type. Biodiversity maintenance.
wildfires, after clearfelling of the trees.
prescribed Maintenance  of  plantations.
burning Ecological improvement  and
improved  decomposition  and
nutrition.
Economic and Reduced wildfire risk, fuel/dash| Reduced wildfire risk. Ecological
Management management, compromises| balance  maintenance,  while
Implications ecological balance and maintains| maintaining sustainable water
sustainabl e water supply. supply without risk of site
degradation.
Fire Fire Characteristics, Fuel accumulation, stand access| High risk of uncontrolled, high-
Exclusian Firelnterval, and problems and nutrient deficiencies. | intensity fires and lack of
(suppression | Ecological |mpacts High risk of uncontrolled high-| biodiversity maintenance.
of al natura intensity wildfires.
and Economic and Timber production feasible. Extreme| Only feasible on moist, steep
human- Management risk of plantation production| aspects, e.g. when bordering a
caused Implications reduction and site degradation as a| forest transition zone. Generaly
wildfires result of above-soil fuel and| notfeasible.

nutrient accumulation.




Table 1c. Fire Management Optionsin Southern Temperate Forests: African continent

Fire Ecological, Economic Dry Bushlandsand Semi-Deserts | Savannahsand Grassdand
Management | and Management
Option aspects
Uncontrolled | Fire Characteristics, Irregular fire occurrence of varying | May occur a 23 yearly
Wildfires Firelnterval, and intensities, depending on degree of | intervals in  high dtitude
Ecological Impacts biomass addition over time. Too | montane grassland, but in drier
frequent fire exposure may result in | regions a up to 10-15 year
loss of biodiversity maintenance. intervals. Maintenance of a
wildfire climax. Uncontrolled
selection of fire adaptive
plants.
Economic and Site degradation and soil erosion | Grazing potential will depend
M anagement possible. on grassland type, climatic
Implications region and presence of other
degrading factors.
Prescribed Fire Characteristics, Only required when exceeding|Light to medium intensity
Fire Firelnterval, and wildfire climax, whichisrare. surface fires, applied very 1-15
(natural and Ecological Impacts years depending on the
human-caused climatic region and vyearly
wildfires, rainfall. Controlled promotion
prescribed of desirable grassherb layer
burning and tree/bush regeneration.
Economic and Not important. Reduction of wildfire risk and
Management improved grazing provision.
Implications
Fire Fire Characteristics, Slow, but steady increase in wildfire | Progressive successional
Excluson Firelnterval, and risk, without serious loss of | development towards
(suppression | Ecological Impacts biodiversity maintenance. bush/tree savannah. Promotion
of al natura of lessfire tolerant species.
and Economic and Feasible for interval up to 20-50| Not feasible for longer periods.
human-caused | Management years, but much longer in semi-
wildfires Implications deserts.




Table 2a. Fire Management Options in Southern Temperate Forests: South American continent

Fire Ecological, Economic Evergreen Mixed Forests| Thorn Forests (eg. Selva
M anagement and Management (Araucaria dominated. Also misionera) and Thorn Tree
Option aspects Northofagusforests) Desert Savannahs(e.g. Espinal)
Uncontrolled | Fire Characteristics, Fire intensity depending on degree| High intensity, fast moving
Wildfires FireInterval, and of disturbance. Forest transition| surface fire, with spotty to
Ecological Impacts zone and smaller forest patches| conplete damage to trees.
destroyed. Pioneer species| Further opening of Forests and
favoured. increased dominance of grasses
Economic and High biodiversity losses and site| Repeated high intensity fires
Management degradation. will  result in overstorey
Implications reduction and possible long
term degradation.
Prescribed Fire Characteristics, Not applicable (only in adjoining | Application depending on age
Fire Firelnterval, and fire-prone vegetation). and species. Low to medium
(natura and Ecological | mpacts intensity surface fire at 530
human-caused years fire intervals, depending
wildfires, on yearly rainfal. Controlled
prescribed promotion of desirable
burning grasssherb  and  tree/bush
generation.
Economic and Not important. Grazing provision, fuel
Management reduction, and reduction of
Implications wildfire risk. Ecological baance
and biodiversity maintained.
Fire Fire Characteristics, Transition zone must be protected | Undesirable increase of species
Exclusion Firelnterval, and from externa fires. Extension of|not suitable for grazing
(suppression of | Ecological | mpacts transition zone recommended. High| purposes. Replacement of grass
all natural and stability. stratum by succession.
human-caused | Economic and Exploitation and disturbance of | Only feasible if continuoudly,
wildfires Management forest must be avoided. Forest|intensively, grazed, or
I mplications perimeters must be protected and | mechanically cleared.

encouraged to expand.




Table 2b. Fire Management Optionsin Southern Temperate Forests: South American continent

Fire Ecological, Economic Industrial Plantations (eg. even-| Sclerophyllous Scrub (eg. in
Management | and Management aged Eucalyptus and Pinus|Chile) and other  Alpine
Option aspects plantations) vegetation
Uncontrolled | Fire Characteristics, High intensity surface, crown and | Maintenance of biodiversity,
Wildfires FireInterval,and ground fires, with serious site| but may favour alien vegetation
Ecological Impacts degradation and exotic weed | insomeareas.
invasion. Plantation stands reverted
back to original (natural) vegetation.
Weed problems may be increased.
Economic and Management objectives jeopardized | In areas infested by exotics,
M anagement if no efficient fire prevention and | increased weed control
Implications control systemisavailable. measures will be required to
maintain the natural vegetation
biodiversity.
Prescribed Fire Characteristics, Low intensity surface fires applied | Variable intensity surface fires,
Fire Firelnterval, and when and where required for fuel | applied at a rotation depending
(natural and Ecological Impacts management and fire protection, at [ on yearly rainfal and type.
human-caused 2-5 vyear intervals, or dfter| Biodiversity maintenance.
wildfires, clearfelling of the trees. Pinus
prescribed radiata less suitable and
burning susceptible to fire damage when
young. Maintenance of plantations.
Ecologica improvement  and
improved  decomposition  and
nutrition.
Economic and Reduced wildfire risk, fuel/dash| Ecologica-balance
M anagement management, compromises | maintenance,  without  site
Implications ecological balance and maintains | degradation risk.
sustainable water supply.
Fire Fire Characterigtics, Fuel accumulation, stand access|Risk of uncontrolled fires
Exclusion Firelnterval, and problems and nutrient deficiencies. | depending on vegetation type
(suppression of | Ecological | mpacts High risk of uncontrolled high-|and climatic region. Lack of
al natural and intensity wildfires. biodiversity maintenance is
human-caused possible in higher rainfal
wildfires regions..

Economic and
Management
Implications

Timber production feasible. Extreme
risk of plantation production
reduction and site degradation as a
result of above-soil fue and
nutrient accumulation.
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Only feasible on moist, steep
aspects, e.g. when bordering a
forest transition zone. Generally
not feasible.




Table 2c. Fire Management Optionsin Southern Temperate Forests: South American continent

Fire Ecological, Economic Patagonian Semi -Desert Scrub and | Pampas and other intensively
Management | and Management Cactus Scrub grazed grasdands
Option aspects
Uncontrolled | Fire Characteristics, Feasible under most circumstances. | May occur at variable intervals,
Wildfires Firelnterval, and As aresult of low biomass addition, | depending on degree of grazing
Ecological Impacts wildfireintervas normally very long. | applied. Maintenance of a
Biodiversity maintenance normally | wildfire climax.  Uncontrolled
not a problem. selection of fire adaptive plants.
Economic and Only &fter many years of fire| Grazing potential will depend on
M anagement exclusion and above-normd rainfal,| grassand type, climatic region
Implications some fire hazard may rarely be| and other degrading factors.
created.
Prescribed Fire Characteristics, Only required when exceeding| Light to medium intensity surface
Fire Firelnterval, and wildfireclimax, whichisrare. fires, applied every 115 years
(natural and Ecological Impacts depending on the degree of
human-caused grazing applied, climatic region
wildfires, and yearly rainfal. Controlled
prescribed promotion of desirable
burning grass’/herb layer and tree/bush
regeneration.
Economic and Not important. Reduction of wildfire risk and
M anagement improved grazing provision.
Implications
Fire Fire Characteristics, Slow, but steady increase in wildfire| Progressive successional
Exclusion Firelnterval, and risk, without serious loss of | development towards bush/tree
(suppression | Ecological Impacts biodiversity maintenance. savannah. Promotion of less fire
of al natural tolerant species.
and Economic and Seldom feasible. Not feasible for longer periods.
human-caused | M anagement
wildfires Implications




Table 3a. Fire Management Optionsin Southern Temperate Forests Audrdasa

Fire Ecological, Economic Broad-leaved  Evergreen  and| "Sclerophyllous Forest (Eucal
Management | and Management Bvergreen Mixed Forests (eg.|Tree Savannah and M
Option aspects Nothofagusforests of Tasmania) | Woodland (Mulga, Brigalow, etc
Uncontrolled | Fire Characteristics, May occur approx. every 300 years. | Fires in Eucalyptus may occur
Wildfires Firelnterval, and Fire intensity depending on degree | approx. every 100 years. Hgh
Ecological Impacts of disturbance by exploitation, fire [ intensity, fast moving surface
or grazing. Forest transition zone| fire, with serious to complete
and smaler forest patches|damage to trees. Further
destroyed. Pioneer species| opening of Forests and
favoured. Woodlands and increased
dominance of grasses
Economic and High biodiversity losses and site| Repeated high intensity fires
M anagement degradation. will  result in overstorey
Implications reduction and possible long
term site degradation.
Prescribed Fire Characteristics, Not applicable (only in adjoining| Low to medium intensity
Fire Firelnterval, and fireprone vegetation, such as|surface fire a various fire
(natural and Ecological Impacts grassland on forest edges). intervals, depending on climatic
human-caused characteristics, and grazing
wildfires, history.
prescribed Economic and Not important. Grazing provision, fuel
burning M anagement reduction, and reduction of
Implications wildfire risk. Ecological balance
and biodiversity maintained.
Fire Fire Characteristics, Transition zone must ke protected | Undesirable increase of species
Excluson Firelnterval, and from externd fires and grazing.|not suitable for grazing
(suppression | Ecological Impacts Extenson of trangition zone| purposes. Replacement of grass
of al naturd recommended. High stability. stratum by succession.
and Economic and Bqploitation and disturbance of | Sdldom feasible.
human-caused | Management forests must be avoided. Forest
wildfires Implications perimeters must be protected and

encouraged to expand.
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Table 3b. Fire Management Optionsin Southern Temperate Forests Audrdasa

Fire Ecological, Economic Industrial Plantations (e.g. even-| Mallee Scrub and Alpine
Management | and Management aged Pinusplantations) Vegetation
Option aspects
Uncontrolled | Fire Characteristics, High intensity surface, crown and | Maintenance of biodiversity.
Wildfires Firelnterval, and ground fires, with serious site
Ecological Impacts degradation and possible exotic
weed invasion. Plantation stands
reverted back to origina (natural)
vegetation.
Economic and Management objectives jeopardized | Not important, providing fire is
M anagement if no efficient fire prevention and | not experienced too frequently.
Implications control systemisavailable. Then biodiversity will be
maintained.
Prescribed Fire Characteristics, Application depending on age and | Selective application of fire of
Fire Firelnterval, and species. Low to medium intensity | variable intensity surface fires,
(natural and Ecological Impacts surface fires applied when and| applied as and when required
human-caused where required for fuel management| depending on yearly rainfall
wildfires, and fire protection, a 2-5 year| and type. Biodiversity
prescribed intervals, or after clearfelling of the | maintenance.
burning trees. Maintenance of plantations.

Ecological improvement and
improved  decomposition  and
nutrition.




Table 3c. Fire Management Options in Southern Temperate Forests Audrdasia

Fire Ecological, Economic Semi-Desert Scrub and Hummock | Tussock Grassland in various
Management | and Management Grasdands temper ate climatic zones
Option aspects
Uncontrolled | Fire Characteristics, Irregular fire occurrence of varying | May occur at various intervals
Wildfires Firelnterval, and intensities, depending on degree of | depending on  macro-climatic
Ecological Impacts biomass addition over time. Too|conditions and particularly
frequent fire exposure may result in| yearly rainfall. Can develop
loss of biodiversity maintenance, |intensively  burning  fires.
but normaly fires ae rare|Maintenance of a wildfire
occurrence. However, fire is more|climax, depending on grazing
common in Hummock grassland, |intensity.
where it needs wind to spread .
Economic and Localized site degradation and soil | Grazing potential will depend on
M anagement erosion possible, but not common. | grassland type, climatic region
Implications and other degrading factors.
Prescribed Fire Characteristics, Only required when exceeding|Light to medium intensity
Fire Firelnterval, and wildfire climax, whichisrare. surface fires can be applied at
(natural and Ecological Impacts various intervals, depending on
human-caused the climatic region and yearly
wildfires, rainfall. Controlled promotion of
prescribed desirable grass’herb layer and
burning tree/bush regeneration.
Economic and Not important. Reduction of wildfire risk and
M anagement improved grazing provision.
Implications
Fire Fire Characteristics, Slow, but steady increase in wildfire | Fuel can accumulate in excess
Exclusion Firelnterval, and risk, without serious loss of |of 14-15 tong/ha fuels loading.
(suppression | Ecological | mpacts biodiversity maintenance. Grazing main influencing factor.
of al natura | Economicand Feasible for long intervals in semi- | Not feasible, and biodiversity
and M anagement deserts. maintenance will suffer.
human-caused | Implications
wildfires
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Table 4a. Fire Management Options in Northern Temperateand Bored Forests of Siberia

Fire Ecological, Economic Dark coniferous forests (the | Pine, mixed pinebirch and
management | and Management mountain taiga and forest-steppe | larch stands (mountain taiga,
option Aspects zones, the southern and central | the forest-geppe zone, and the
taiga subzones) southern and central taige
subzones)
Uncontrolled | Fire characteristics, Fire Not allowed to burn
wildfires interval and Ecologica
impacts Wildfire suppression in dark coniferous, pine, and larchforests of
Implications southern and central taiga, mountain taiga, and forest-steppe
contributes to sustainability of boreal forest resource and ecol ogical
potential. The socio-economic situation isimproving. Need to decide
Economic and on some optimal forest fire protection level.
M anagement
Implications
Prescribed Fire characteristics, fire excluded; _ o a) surface lowsintensity fires; fire
Fire interval, ecological | b) ecological functions maintained interval of 5-30 years,
(natural and | impacts b).pollution of the atmosphere,
human-caused carbon losses
wildfires, Economic and | &) resources are maintained; a) partia timber loss; b).regrowth
prescribed Manacement b) socio-economic situation gets | killed; ) )
burning Implications more stable; ¢) fud loading and fire hazard
¢) need to increase forest protection | reduced; .
effectiveness and costs d). reduction of forest protection
costs
Fire Fire characteristics; fire | Suppression of al fires at early | All-fire suppression at the early
Excluson interval; ecological | stages: or ending stage:
Suppression | impacts d protection of ecological | & maintenance of ecologicd
of al human- functions; functions
caused  and b) fireinterval increases
natural
wildfires
Economic and | &).increase in protection costs, é%.High—vaI ue timber protection;
management saving of valuable timber; b). Fuel loading increases,
implications b).downed woody fuel loading and | regrowth becomes over-dense,

fire danger rate increase during dry
seasons

stand fire resistance decreases,
forest protection costsincrease
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Table 4b. Fire Management Options in Northern Temperate and Bored Forests of Siberia

Fire Ecological, Economic Larch and pine forest on patchy | Larch forest on continuous
management | and Management permafrost (or wo permafrost (the | permafrost (the northern taiga
option Aspects southeren and  central taiga | and open woodland subzone)
subzones)
Uncontrolled | Fire characteristics, Fire Not allowed to burn Wildfires of low to moderate
wildfires interval and Ecologica intensity are allowed to burn
impact Wildfire suppression in dark | fredy; 100-150year fireinterval:
coniferous, pine, and larch forests | a) forest cover mosaic becomes
of southern and central taiga, | morediverse, ecological forest
mountain taiga, and forest-steppe | function strengthened, forest
contributes to sustainability of | productivity increases
boreal  forest resource and
ecological potential. The socio-
economic situation is improving.
Economic and Need to decide on some optimal | Forest protection costs reduced
Management forest fire protection level.
Implications
Prescribed Fire characteristics, fire | d moderately intensive surface fires | d).prescribed burning is allowed
Fire interval, ecoloaical | at an_interval of 520 years, or | in mature and old growth;
(natural and | impacts prescribed burning every 5-15| specia burning is unreasonable
human-caused %ears; from the economic, restoration,
wildfires, ) atmosphere polluted, carbon lost | and ecological viewpoints;
prescribed b). Degradation of protection
burnina and ecological functions of
forests, pollution of the
atmosphere, carbon |osses
Economic and | &) Partia loss of timber; a) Timber losses;
Management b) Regrowth killed; b) postfire forest development
Implications c) fuel loading and fire danger | promoted; ]
reduced; c) fire hazard and protection
d) money-saving forest protection costs reduced
Fire Firecharacteristics; fire | Suppression of al wildfires at the | Suppression of all wildfires:
Exclusion interval, ecoloaical | early stage: . a) ec_olggical functions are
Suppression | impacts a) ecologica functions are | maintained;
of al human- maintained; b) fireinterval getslonger;
caused  and b) fireinterval increases c).forest cover gets less mosaic
natural and biodiversity decreases
wildfires
Economic and | &) high-valuetimber preservation; a) increase in fud loading and
manacement b) increase in fuel loading and fire | fire danger rate; -
implications hazard; b) Occurrence of conditions

¢) high fire suppression resource
COsts;

d) protection cost
inevitable

increase is

favourable for high-intensity
fires,

¢) huge expenses on aerial and
ground fire protection
resources;

d) continuous increase in

ineffective expenses on forest
fire protection




Table 5. Fire Management Optionsin Pine Forests of East-European and Siberian forest and forest-
steppe zones

Fire
M anagement
Option

Ecological, Economic
and Management
Aspects

Pine Forests of East-European and Siberian forest and forest-steppe
zones

Uncontrolled
Wildfires

Fire Characteristics,
Firelnterval, and
Ecological |mpacts

1. Surfacefire, low intensity (early or late fire season), little damage to
trees (density of vital stand >0.40), burn type - "stand burn", thickness
of retained (unburned) duff >2 cm, elimination of undergrowth, weak
natural regeneration of pine

2. Surfacefire, medium to high-intensity (high fire season), spotty
damageto trees (density of vital stand 0.05-0.40), burn type - "sparse
stand burn".

2.1. Retained duff <2 cm, successful pine regeneration.

2.2. Retained duff >2 cm, weak pine regeneration.

3. Crown fire, high intensity, (high fire season), completely damage of
stand.

3.1. Burn type "open burn with peripheral pine regeneration”.

3.1.1. Retained duff <2 cm, successful pine regeneration.

3.1.2. Retained duff >2 cm, weak pine regeneration.

3.2. Burn type "open burn without pine seed sources, natural
regeneration of deciduous (leafed) trees.

Economic and
M anagement
Implications

1. Fuel and hazard reduction, maintenance or increase of tree growth,
elimination of undergrowth, sanitary selective thinning, promotion for
natural regeneration of pine.

2. Partial loss of timber, decrease of stand productivity, creation of
uneven-aged stand, elimination of undergrowth, insect infestation,;
clean cut.

2.1 Natural renewa of pine.
2.2 Promotion for natural regeneration of pine.

3. Complete loss of timber.

3.1.1. Natural renewal of pine.

3.1.2. Promotion for natural regeneration of pine.
3.2. Stand replacement, artificia renewal of pine.

Prescribed
Fire

(natural and
human-caused
wildfires,
prescribed
burning

Fire Characteristics,
Firelnterval, and
Ecological Impacts

Surface burning, low to medium Intensity, 525 yearsinterval, in the
early or late fire season; little damage of trees, elimination of under
phytocenose layer, improvement of environment for pine regeneration

Economic and
M anagement
Implications

Reduction of fuel, fire danger and fire management costs; improvement
of pine regeneration; decision-support system required.

Fire Exclusion
(suppression of

Fire Characteristics,
Firelnterval, and

Suppression of al natural and human-caused wildfires, low and medium
intensity; prolongation of fire return interval, increase of fire hazard;

al natura and | Ecological |mpacts deterioration of environment for pine regeneration
human-caused | Economic, Silvicultural and | High costs of suppression, saving of timber values; establishment of
wildfires M anagement fire-sensitive tree species.

Consequences




Table 6. Fire Management Optionsin Bored and Northern Temperate Forests of Canada

FireManagement | Ecological, Bor eal/TaigaConifer ous Forests Temperate Forests
Option Economic
and Management
aspects
Fire  Monitoring| Fire Large highintensity crown fires| Not applicable — dl temperate
Zone Characteristics, | predominate. forests receive full suppression.

(no suppression of
fires)

Firelnterval, and
Ecological Impacts

Pine and spruce forests adapted to fire
and regenerate naturally.

Fire return interval generaly ~100
years.

Primarily lightning-caused fires.
Account for ~50% of Canadian area
burned.

Economic and Essentialy natural fire regime.
M anagement Fires actioned only when vaues
Implications threatened.
Applies to roughly 50% of Canadian
forest area, primarily in northern
regions of boreal shield, taiga shield
and taiga plains ecozones where trees
aregenerally unmerchantable.
No economicimpacts
Fire Excluson| Fire ~98% of fires controlled while smal | Fires generdly smaler in less
Zone Characteristics, | while 2% grow large, account for 98% | flammable mixed woods where
(suppression of all | Firelnterval,and | of area burned in exclusion zone,| pineand spruce are mixed with fir,
natural and Ecological Impacts| primarily aslarge, high-intensity crown| aspen, maples and oaks -
human-caused firesin pine and spruce forests. aggressive  suppression more
wildfires Firereturn interval ~200-1000 years. successful.
Human-caused fires dominate but| Firereturninterval >1000 years.
lightning fires account for most of area
burned.
Economic and Intensive protection of human and| Similar to borea exclusion zone.
M anagement industrial values (particularly forest| Located in southern regions of
Implications resource) eastern and western Canada.
Applies to southern regions of boreal | Fire activity much less than in
shield and boreal plains ecozones. boreal.
Maor component of $500 million
annual Canadian fire costs.
Prescribed Fire Fire Prescribed fire generally not applied in| Increasing prescribed fire use for
(underburning in| Characteristics, | borea zone. ecosystem  maintenance  and

forest stands, and
removal of logging
residue)

Firelnterval, and
Ecological Impacts

Unnecessary for adequate

regeneration.

forest health.
Some burning of logging residue
to promote artificial regeneration.

Economic and
M anagement
Implications

Logging slash areasoften present
high fire hazard but burning is an
economic means of site
preparation




Table 7a. Fre management options in Western mixed coniferous (pine and fir) and high-devation
lodgepole pine forestsin the lower 48 United States of America

Fire Ecological, Economic Wester n mixed coniferous(pine High elevation lodgepole pine
Management | and Management and fir) forests (Pinus contorta) forests
Option aspects
Uncontrolled | Fire Characteristics, Rdatively short-return interval (5-20 | Long return interval (200-400
Wildfires Firelnterval, and years) surface fireswere dominant | year) crown killing fires.
Ecological Impacts in pre-colonial times. Intense crown | Typically ignited by lightning,
killing firesat longintervals (>300 | with thereturninterval
years) dependent on sitemoisture | determined by successional
conditionsand changesin climate. | changesinfuelsand periodic
Ignition sources: Lightning and drought.
Native Americans.
Economic and Intensivefire suppression in many | Firesin thistype can be
M anagement areas has encouraged in-growth of | extensive in the northern
Implications shade tolerant species and Rockies, with suppression
accumulation of fuels. Today, difficultin very dry years.
wildfiresin such areas quickly Increase human development in
become of the crown-killing variety. | such areas hasresulted in
increased liahility.
Prescribed Fire Characteristics, Where fuels permit, light surface Naturally heavy fuels limit
Fire Firelnterval, and firesat 10-20 year intervals. opportunitiesfor use of
(natura and Ecological | mpacts Mechanical fuel reduction can be artificia ignition prescribed
human-caused coupled with prescribed fire to fires. Natural ignition
wildfires, restore conditions conducive to prescribed fire programs have
prescribed such fires presented difficulties (e.g.,
burning Y ellowstone), but have been
successful in areas of broken
terrain.
Economic and The cost of fuel restoration on 40 Limited
M anagement million haof such forestsis
I mplications estimated at $1.5 billion each year
for the next 30 years. Much
controversy surrounds the specific
restoration plans.
Fire Fire Characteristics, Firesin these forests cannot be Fire exclusion in theseforestsis
Exclusion Firelnterval, and suppressed indefinitely... only effective only when westher
(suppression of | Ecological Impacts delayed. The ecological impactsof | conditions are favourable.
al natural and suppression are described above.
human-caused | Economic and Over the past 75 years, the mgjority | Under dry conditions,
wildfires Management of costsfor fire suppressioninthe | suppression activities are
Implications U.S. havebeeninthisforest type. | directed at protection of lifeand

property.




Table 7b. Fre management options in Eastern deciduous forests and Southeastern longleaf and loblolly
pine savannahs and flatwoods of the United States of America

Fire Ecological, Economic Easter n deciduous forests Southeastern longleaf (Pinus
M anagement and Management palustris) and
Sl PR lablolly pine (P. taeda)
savannahsand flatwoods
Uncontrolled | Fire Characteristics, Infrequent, associated with periodic | Surfacefiresa4-6 year intervals
Wildfires Firelnterval, and drought and other disturbance such| in savannahs, longer intervals
Ecological |mpacts as hurricanes that provide woody | in shrubby flatwoods.
debris. Short return interval surface
firesmay have been set in many
areas by Native Americansin pre-
colonial times.
Economic and Very limited. Very limited, and easily
Management suppressed.
Implications
Prescribed Fire Characteristics, Occasionally set to encourage oak | Surface fires are typically set at
Fire Firelnterval, and and hickory regeneration| 1-4 year intervalsto improve
(natural and Ecological |mpacts (experimentd) or to maintain| seedbed conditions, control
human-caused savannah-like conditions at the| hardwood ingrowth and
wildfires, forest margin with the prairie. minimize wildfirerisk.
prescribed Economic and Very limited. Widespread and economically
burning M anagement very important.
I mplications
Fire Fire Characteristics, Not asignificant issue Fire exclusion in these types
Exclusion Firelnterval, and typically encouragesin-growth
(suppression of | Ecological Impacts of shrubs and shade-tolerant
all natural and hardwoods and can lead to
human-caused permanent type conversion.
wildfires

Economic and
Management
Implications

Costs and ease of suppression
vary with climatic and soil
conditions that affect fuel
moisture. Because pines are
commercialy the most
important species, fire exclusion
can have significant long-term
costs.
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APPENDIX 11

Examples of community participation in fire management are provided from Indonesia (Goldammer and
Abberger 2001) and Cote d'voire (Oura 1999).

Indonesa:

Community Based Forest Fire Management (CBFFM) implemented by the Integrated Forest
Fire management (IFFM) project

Grass-root approaches are the backbone of fire prevention concepts in Eagt Kaimantan. Many of the
loca people are upland farmers and use fire as atoal for land dearing. On the other hand, many of them
a0 have experienced damages and losses due to the fires in 1997/98. Therefore, fire management a
village levd isfirg of dl a sdf-hdp-oriented approach.

Extenson work, which includes village awareness campaigns and the didribution of information
materids, isthe firs essentid sep to plant “fire prevention seeds’ a village levd. Thisis followed by the
provison of a badc fire management training and fire fighting hand tools The next dep is to form
volunteer village fire crews and to inditutiondise the goproach in planning workshops together with
village fire crews, formd and informa community leaders and involved government agencies

Besdes those activities, nature camps for children and “roadgde campaigns’ are further activities to
support CBFFM, developed and carried out by IFFM.

For the success of the program, an incentive system has to be designed benefiting locd people who
participate in the CBFFM. This further enhances the sugtaingbility of such a program in generd. The
fallowing incentives should to be part of a CBFFM sysgem dong with traning and the provison of

equipment:

Village fire crews should have regular access to fire rdevant information (early warning aspect,
communication, coordination and co-operdtion in the fidd, etc.).

Caexr opportunities in fire management within the forestry depatment but aso job
opportunities (volunteer fire crews, villagetrainers, etc.) haveto be created;

Government support of community deveopment (eg. income generating programs like the
rehabilitation of burnt forest aress, etc.; provison of seedlings in the framework of community
forestry; technica support like water supply fadilities, further equipment, etc.).

Awards for out-ganding fire prevention performance during high fire danger events given to
successtul villages.



Six Steps towards Community Based Forest Fire Management

Step 1. Orientation processidentification of villages
- Villages Hected paticularly in or neer fire hazardous forest aress.
Forma and informa meetings carried out with key resource persons from the local government
and communities to discuss fire management gpproaches.
Socio-economic gudies caried out to identify and assess the moativation, potentid and
condraints (problems) of locd communities in the project aress with regpect to fire

management.

Step 2: Fire prevention campaigns
Extensgon mestings carried a drategic locations / villages with participants from up to 10 sub-
villageshamles
Villagers are encouraged to form volunteer village fire crews.

Step 3: Fire prevention and suppression training for volunteer villagefire crews
Hand tools provided to each participating sub-villagehamlet.
Crews provide for proper sorage and maintenance of hand tools (smdl warehouse, sandard
operating procedures, etc.).

Step 4 Ingtitutionalising fire prevention work at village level
- Participatory planning workshop  village leve (with representatives of village fire crews, formal
and informd leeders), which dso congders gender issues.
Workshop results proposed to local and provincid government.
Province government should provide for legd framework as part of the overdl fire management
sysem.
Village fire crews integrated in “village sructure’.

Step 5 Training of Trainers
Up to five trained villagers per didtrict gopointed by village crews to participate.
Village trainers to extend village fire prevention programs in cose cooperation with crews of the
provincia forestry service and concesson crews.
Job descriptions provided, dso compensation for services by locd government.

Step 6. Networking
- Regular meetings established between crew bosses of village fire crews, the forestry extenson
service and other involved government agencies, and concessions.
Communication esablished. Early warning information reeches the locd levd in time, and vice
versa
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Céted'lvoire
Incentive system for successful fire prevention

The policy of Cote dlvaire involves an incentive sysem for successful fire prevention. In 1986 a
Nationa Committee on Forest Protection and Bush Fire Control has been established. Personne of the
Fores Service fill the pogdtions of the Generd Secretariat and the Presdency of the Nationd
Committee. These bodies coordinete the participation of 14 minidriesinvolved in nationd programs.

The task of this committee is to raise the awareness of the population of the damage caused by fires, the
need for fire prevention and techniques for extinguishing fires. On the admingrative leve, 1500 Village
Committees, 57 Locd Committees and 32 Regiond Committees were created to decentrdize the task
of fire control during the lagt ten years. The contracts with the committees are paid monthly (during the
four months of the dry season). The remunerdtion is inversdly proportiond to the Sze of the area
affected by fire. The bass of payment is

F CFA 500 000 (US$1000) per month per committee for O ha burned
F CFA 400 000 (US$800) per month for less than 5 ha burned

F CFA 200 000 (US$500) per month for less than 10 ha burned

F CFA 50 000 (US$100) per month for less than 20 ha burned



APPENDIX 11

TheIncident Command System (I1CS)
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Figure 2. ICS Organization for alarge multi-day fire
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APPENDIX IV*
Terminology
The fallowing terms have been sdected from the updated FAO terminology (FAO 2003, in press)).

aerial fue

The ganding and supported live and dead fuels not in direct contact with the ground and consigting
manly of foliage, twigs, branches, sems, bark, lianas and other vines, moss and high brush. In generd
they eadly dry out and may carry surface firesinto the canopy.

agrosilvopastoral system

Land-use sysem in which woody perennids are used on the same land as agricultura crops and
animds, in some form of gatid arangement or tempord sequence In fire management
agrosivopagtord systems are planned as fuebresks (particularly shaded fuebregks) to reduce fire risk
by modifying undergtory vegetation and soil cover (cf. fuelbresk).

backfire

A fire spreading, or set to spread, into or againgt the wind: (1) As used in fire suppression A fire st
adong the inner edge of a contral line to consume the fud in the peth of a foret fire and/or change the
direction of force of the firés convection column (Note: doing this on a smal scde and with closer
control, in order to consume patches of unburned fud and aid contral-line condruction (asin mopping-
up) is diginguished as "burning out, firing out, dean burning”); (2) Asused in prescribed burning:
desgnation of fire movement in rdation to wind.

backfiring

A form of indirect atack where extensve fire is st dong the inner edge of a contral line or naturd
barrier, usudly some digance from the wildfire and taking advantage of indrafts, to consume fudsin the
path of the fire, and thereby hdt or retard the progress of the fire front.

biomass

(1) The amount of living metter in a given habitat, expressed ether as the weight of organisms per unit
area or as the volume of organisms per unit volume of habitat. (2) Organic maiter that can be converted
to fud and is therefore regarded as a potentid energy source. Note: Organisms include plant biomass
(phytomass) and animd biomass (zoomass). (3) In fire science the term biomass is often usd
synonymoudy with the term "fud" and incdludes both living and dead phytomass (necromess); the
zoomassis usudly excluded.

buffer grip / buffer zone
A fud bregk on the form of a drip of land dong or adjacent to roads, trals, watercourses and
recregtion Stes, or between (separating) fud complexes (cf. fudbresk).

Y For additional fire terms please refer to the revised FAO Wildland Fire Management Terminology.
FAO Forestry Paper 70. FAO, Rome 2003. In press.
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candle bark
Long streamers of bark decorticated from some gum:barked Eucalyptus pecies forming afirebrand

responsble for long-distance patting.

combustion

Consumption of fuels by oxidaion, evolving heat and generdly flame (neither necessarily sengble)
and/or incandescence. Combustion can be divided into four phases: pre-ignition (or prehegting), flaming,
smouldering, and glowing.

control line
Comprehensve term for dl congtructed or natura barriers and treated fire edges used to control afire.

dead fue
Fues with no living tissue in which moisture content is governed dmost entirdy by amospheric moisture
(relative humidity and precipitation), dry-bulb temperature, and solar radiation (cf. Live Fud).

dispatcher

A person employed to receive reports of discovery and status of fires, confirm ther locations, take
action promptly to provide the firefighters and equipment likely to be needed for contral infirst attack,
send them to the proper place and provide support as needed.

draped fues
Needles, leaves, and twigs that have falen from tree branches and have lodged on lower branches or
brush. Comprises apart of aerid fuds.

drip torch

A hand-hdd gpparatus for igniting prescribed fires and backfires by dripping flaming fud on the
materids to be burned. The device conggts of afud fount, burner arm, and ignition source. Fud used is
generdly amixture of 65 80% diesdl and 20-35% gasoline.

early burning

Prescribed burning early in the dry season, before the leaves and undergrowth are completdy dry or
before the leaves are shed; carried out as a precaution againgt more severe fire dameage later in the fire
Season.

escaped fire
Fire which has exceeded or is expected to exceed initid attack cgpabilities or planned prescription.

finefud

Fast-drying deed fuds, generdly characterized by a comparativey high surface areato-volume raio,
which arelessthan 0.5 cmin diameter and have atimedag of one hour or less. These fudls (grass, leaves,
neadles, etc.) ignite readily and are consumed rgpidly by fire when dry. (cf. flash fud, medium fud,

heavy fud).



fire behaviour

The manner in which fud ignites, flame devdops, and fire soreads and exhibits other related phenomena
as determined by the interaction of fues, westher, and topogrgphy. Some common terms used to

describe fire behaviour indude the following:

smouldering - A fire burning without flame and barely spreading.

creeping - A fire spreading dowly over the ground, generdly with alow flame

running - A fire rgpidly spreading and with awell-defined head.

torching - Ignition and flare up of foliage of asingle tree or asmal dump of trees, usudly from bottom
to top (syn. candling).

spotting - A fire producing firebrands carried by the surface wind, a fire whirl, and/or convection

column that fal beyond the main fire perimeter and result in oot fires. Note: Solid Mass or Ember

Trangport under Heet Trander.

crowning - A fire ascending into the crowns of trees and spreading from crown to crown. Note: Three
classes of Crown Fire under Forest Fire (1).

fire belt
A drip, cleared or planted with trees, maintained as a firebreak or fuelbresk.

firebreak

Any naturd or congtructed discontinuity in a fuebed utilized to segregete, stop, and control the spreed
of fire or to provide a control line from which to suppress a fire; characterized by complete lack of
combustibles down to minera soil (as distinguished from fuebregk).

fire climax
A plant community a a sage of successon maintained by periodic fires

fire control
All activities concerned with protection of vegetation from fire

firecycle
The number of years required to burn over an areaequd to the entire area of interedt.

firedanger
A generd term used to express an assessment of both fixed and varidble factors of the fire environment
that determine the ease of ignition, rate of Soreed, difficulty of control, and fire impact; often expressed
asanindex.

firedanger rating
A component of afire management system that integrates the effects of sdected fire danger factors into
one or more quditative or numerica indices of current protection nesds



fire-dependent species
Fant and animd species which require regular fire nfluence which triggers or fadilitates regeneraion
mechaniams, or regulates competition. Without the influence of fire these species would become extinct.

fire ecology
The study of the relationships and interactions between fire, living organiams, and tre environment.

fireexcluson
Panned (systematic) protection of an ecosystem from any wildfire, indluding any prescribed fire, by al
means of fire prevention and suppresson in order to obtain management objectives (cf. fire control).

firefrequency
The average number of fires or regularly occurring fire events per unit timein adesignated area.

firehazard

(1) A fud complex, defined by volume, type, condition, arrangement, and location, that determines the
degree both of ease of ignition and of fire suppresson difficulty; (2) a measure of that part of the fire
danger contributed by the fuds available for burning. Note: 1s worked out from their relaive amourt,
type, and condition, particularly their moisture contents.

firehigory

The recondruction and interpretation of the chronological record, causes and impacts of fire occurrence
in an ecosystem in relation to changes of past environmentd, culturd and socio-economic conditions.
Fire higory evidence is based on andyss of charcod deposts in soils, sediments, and ice,
dendrochronology (fire scar andysis), historica documents, and fire reports.

fireinformation system

An information system desgned to support fire management decisons. Advanced fire information
systems integrate different sources of information required (eg., vegetation conditions including fire
higory, topography, fire weether, fire behaviour modds, red-or near-red time fire detection and
monitoring data, fire management resources, infrastructures and pre-suppression informetion) on the
base of a Geogragphic Information Sysem (GIS) and dlows reg-time didribution or access via
telecommunication.

fireinterval or fire-return interval
The number of years between two successive fires documented in a designated area (i.e, theinterva
between two successve fire occurrences); the Sze of the areamust be clearly specified.

fire management

All activities required for the protection of burnable forest and other vegetation vaues from fire and the
use of fire to meet land management gods and objectives. It involves the Srategic integration of such
factors as a knowledge of fire regimes, probable fire effects, vaues-at-risk, levd of forest protection
required, cost of firereated activities and prescribed fire technology into multiple-use planning,
decison meking, and day-to-day activities to accomplish stated resource management objectives.
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Successtul fire management depends on effective fire prevention, detection, and pre-suppression, having
an adequate fire suppresson cgpability, and congderation of fire ecology rdaionships.

fire management plan

(1) A datement, for a specific aea, of fire policy and prescribed action; (2) The sysemdic,
technologicd, and adminidrative management process of determining the organization, fadlities,
resources, and procedures required to protect people, property, and forest areas from fire and to use
fire to accomplish forest management and other land use objectives (cf. fire prevention plan or fire
Campaign, pre-suppression planning, pre-attack plan, fire suppresson plan, end-of-season gppraisd).

fire pre-suppression

Adtivities undertaken in advance of fire occurrence to help ensure more effective fire suppresson;
indudes overdl planning, recruitment and training of fire personnd, procurement and maintenance of fire
fighting equipment and supplies, fud trestment, and credting, maintaining, and improving a sysem of
fudbresaks, roads, water sources, and control lines,

fire prevention

All meeaures in fire management, fud management, forest management, forest utilization and concerning
the land users and the generd public, induding law enforcement, that may result in the prevention of
outbresk of fires or the reduction of fire severity and spread.

fire protection
All actions taken to limit the adverse environmentd, sodid, paliticd, culturd and economicd effects of
wildland fire

fireregime

The patterns of fire occurrence, Sze, and severity - and sometimes, vegetation and fire effects aswell -

in a given area 0 ecosystem. It integrates various fire characteridics. A naturd fire regime is the totd

pettern of fires over time that is cheracterigtic of a naturd region or ecosystem. The dassification of fire
regimes indudes variations in ignition, fire intensty and behaviour, typicd fire 9ze, fire return intervas,
and ecological effects.

fire season

(1) Period(s) of the year during which wildland fires are likely to occur and affect resources sufficiently
to warrant organized fire management activities, (2) alegdly enacted time during which burning activities
areregulated by State or loca authority.

fire suppresson

All activities concarned with contralling and extinguishing a fire fallowing its detection (Syn. Fire
Control, Hre FHghting).

Methods of suppresson are;



direct attack - A method whereby thefireis attacked immediately adjacent to the burning fudl.

parallel attack - A method whereby a fireguard is congtructed as dose to the fire as heat and flame
permit, and burning out the fud between the fire and the fireguard.

indirect attack - A method whereby the contral line is Srategicdly located to take advantage of
favourable terrain and naturd bregks in advance of the fire perimeter and the intervening grip is usudly
burned out or backfired.

hot spotting - A method to check the spread and intensity of afire a those points that exhibit the most
rgpid Soread or that otherwise pose some specid threat to control of the Stuation. Thisisin contradt to
sysematicaly working dl parts of the fire a the same time, or progressively, in a ep- by-step manner.
cold trailing - A method of determining whether or nat afireis till burning, involving careful ingpection
and feding with the hand, or by use of a hand-held infrared scanner, to detect any hest source.

mMOop-up - The act of extinguishing afire after it has been brought under contral.

fire weather

Wegther conditions which influence fire ignition, behaviour, and suppresson. Weather parameters are
dry-bulb temperature, rdative humidity, wind speed and direction, precipitation, atmospheric Sability,
winds doft.

flammability

Rdative ease of igniting and burning of a given fud under controlled conditions, with or without a pilot
flane. Hammahility of a fud is characterisad quantitatively by the ignition dday of a sample of fud
exposed to anormaised radiaion source.

flash fud

Fuds eg. grass, ferns, leaves, drgped (i.e., intercepted when faling) needles, tree moss, and light dash,
that ignite readily and are consumed rgpidly by fire when dry; generdly characterized by a
compardivey high surface-to-volume ratio.

foret fire

|. Definition of forest fire

Any wildfire or prescribed fire thet is burning in aforest, varioudy defined for legd purposes. The FAO
Forest Resource Assessment 2000 aims towards globa standardization of the terminology:

forest: Land with tree crown cover of more than 10 percent and area of more than 0.5 hectares. The
trees should be able to reach aminimum height of 5 meters a maturity.

other wooded land: Land either with a crown cover of 5-10 percent of trees ableto reach aheight of
5 meters & maturity; or acrown cover of more than 10 percent of trees not able to reach a height of 5
meters a maturity; or with shrub or bush cover of more than 10 percent.

other land: Land with less crown cover, tree height, or shrub cover as defined under "Other wooded
land". Indication is desred if recurring wildfires affect "Other land" by inhibiting regeneraion to the
"Forest" and "Other wooded |land" categories.
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|. Typology

groundfire A firethat burnsin the ground fud layer (syn. Subsurface fire, below surfacefire).
surface fire A fire that burns in the surface fud layer, exduding the crowns of the trees, as dther a
heed fire, flank fire, or backfire.

crown fire: A fire that advances through the crown fud layer, usudly in conjunction with the surface
fire. Crown fires can be dassified according to the degree of dependence on the surface fire phase:
intermittent crown fire: A firein which trees discontinuoudly torch, but rate of pread is controlled by
the surface fire phase (syn. Passve Crown Fire).

active crown fire: A fire that advances with a well-defined wall of flame extending from the ground
surface to aove the crown fud layer. Probably most crown fires are of this dass. Development of an
active crown fire requires a subgtantid surface fire, and theregfter the surface and crown phases oread
asalinked unit (syn. Dependent Crown Fire).

independent crown fire: A firetha advancesin the crown fud layer only (syn. Running Crown Fire).

forest protection

That section of forestry concerned with the management of biotic and nonbiotic damage to forests,
arigng from the action of humans (particularly unauthorized use of fire, human-caused wildfires grazing
and browsing, fdling), natura wildfires, pests, pathogens, and extreme dimatic events (wind, frog,
precipitation).

fragmentation

The process of transforming large continuous vegetation or landscape patterns into smdler patches by
didurbance. Naturd agents of fragmentation are fire, landdides, windthrow, insects, eroson. Human-
induced fragmentations include land use (eg., agriculture, grazing, forestry), condruction of resdentid
aress, roads and other infrastructures. Fragmentaion involves change of fire regimes due to dteration
and discontinuity of fuds.

fue

All combudiible organic materid in forests and other vegetation types, induding agriculturd bio-mass
such as grass, branches and wood, infrastructure in urban interface areas; which create heat during the
combustion process.

fud accumulation

Process or result of build-up of those dements of a vegetation complex which are not subject to
biologica decay, reduction by fire, anima grazing and browsing, or havest by humans usad in
characterizing fud dynamics between two fires and implications on fire behaviour.

fud arrangement
The horizontal and vertica digribution of dl combudtible materids within a particular fud type.



fuelbreak

Generdly wide (20 - 300 n&ters) drips of land on which dther less flanmable naive vegetaion is
maintained and integrated into fire management planning, or vegetation has been permanently modified
90 that fires burning into them can be more readily controlled (as didinguished from firebreek). In some
countries fuelbresks are integrated eements of agro-slvopagtora sysemsin which the vegetetive cover
is intensvely treeted by crop cultivation or grazing. Some fudbresks contain narrow firebresks which
may be roads or narrower hand-congtructed lines. During fires, these firebresks can quickly be widened
ether with hand tools or by firing out. Fuebresks have the advantages of preventing erosion, offering a
sdfe place for firefighters to work, low mantenance, and a pleasng gpearance (cf. control line,
agrodlvopastora system, buffer grip/zone).

fue consumption

The amount of a specified fud type or drata that is removed through the fire process, often expressed
as a percentage of the pre-burn fud weaght (or fud load). It indudes avalable fud plus fud consumed
after the fire front passes.

fue loading
The amount of fud present expressed quantitatively in terms of weight of fud per unit area. Thismay be
avaladle fud (consumeble fud) or totd fud, usudly expressed as ovendry weight.

fud management
Act or practice of contralling flammakiility and reducing resstance to control of wildland fuels through
mechanicd, chemica, biologica, or manud means, or by fire, in support of land management objectives.

fud reduction
Manipulation, induding combustion, or remova of fuels to reduce the likelihood of ignition, the potentid
fireintengty, and/or to lessen potentid damage and resistance to control.

greenbelt

(1) A fudbresk maintained by the cultivation of drips of less flanmable plants within a zone of high fire
hazard, e.g., an irrigated, landscgped, and regularly maintained fudbresk put to some additiond use
(eg., golf course, park, playground).

hazard reduction

Treatment of living and deed forest fues to reduce the likeihood of a fire garting, and to lessen its
damage potentid and resstance to control (cf. Fud Treatment). Activity gaining specid importance in
resdentiad/wildland interface aress

Incident Command System

A gandardized on scene emergency management concept specificaly designed to dlow its user(9) to
adopt an integrated organizationa Sructure equd to the complexity and demands of Sngle or multiple
incidents, without being hindered by jurisdictiond boundaries. (dement of the Incident Command
Sysem [ICS)).
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Integrated Forest Fire Management (IFFM)

Dedgndion of fire management systems which indude one or both of the following concepts of
integration: (1) Integration of prescribed naturd or human caused wildfires and/or planned application of
fire in forestry and other land-use systems in accordance with the objectives of prescribed burning; (2)
Integration of the activities and the use of the capabilities of the rurd populaions (communities,
individud land users), government agencies, NGOs, POs to meet the overdl objectives of land
management, vegetation (foret) protection, and smoke management including “community-based fire
management” or CBFM. The term IFFM is common for fire management gpproaches in less
developed regionsinduding forest and non-forest ecosystems. Note: In case of aosence of forestsin the
areaconcerned theterm Integrated Fire Management (IFM) is used instead (cf. prescribed burning).

ladder fuel

Fuels which provide vertica continuity between strata and dlow fire to carry from surface fuesinto the
crowns of trees or shrubs (torching, crowning) and support continugtion of crown fires (cf. crown fud,
ground fud, and surface fud).

late burning
Prescribed burning activities towards the end of the dry season.

low intengty fire
Fre which burns with a rdatively low intendgty, eg. a prescribed surface fire as opposed to a high
intengty crown fire

pre-attack plan

A plan ddalling predetermined fire suppresson drategy and tactics to ke deployed following fire
occurrence in a given land management unit. A pre-attack plan contains data on fud types and
topographic conditions including fuelbresks, access routes and trave times, water supply sources, lakes
auitable for skimmer arcraft, and exising hdiports. It dso incdudes informetion on exiging and/or
proposed locations for contral lines (including the types and number of fire suppression resources thet
may be required and probable rates of fireguard congruction, and possible congraints), base and line
camps, heligpots, and the priorities for congtruction and/or improvement of pre-suppression fadilities
(syn. pre-atack planning, pre-atack, cf. fire management plan, fire suppresson plan, pre-suppresson
planning).

prescribed burning

Controlled gpplication of fire to vegetation in ether their naturd or modified Sate, under specified
environmenta conditions which dlow the fire to be confined to a predetermined area and a the same
time to produce the intensity of heat and rate of oread required to atain planned resource management
objectives (cf. Prescribed Fire). Note: This term has replaced the earlier term "Controlled Burning'”.
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prescribed fire

A management-ignited wildland fire or awildfire thet burns within prescription i.e. thefireis confined to
a predetermined area and produces the fire behavior and fire characteristics required to attain planned
fire treetment and/or resource management objectives. The act or procedure of setting a prescribed fire
is called prescribed burning (cf. Prescribed Burning). A wildfire burning within prescription may result
from a humant caused fire or anaturd fire (cf. prescribed naturd fire, integrated forest fire management,
wildfire).

prescribed natural fire

Naturaly ignited fires , such as those arted by lightning, which are further used to burn under specific
management prescriptions without initid fire suppresson and which are managed to achieve resource
benefits under close supervison (cf. prescribed fire, wildfire).

prescription

Written statement defining the objectives to be atained as well as the conditions of temperature,
humidity, wind direction and gpeed, fud moisture, and soil moisture, under which a fire will be dlowed
to burn. A prescription is generdly expressad as acceptable ranges of the prescription dements, and the
limit of the geographic areato be covered.

rate of soread
The gpeed a which a fire extends its horizontd dimensons, expressed in terms of distance per unit of
time (m/min or kivh) (syn. fire spreed, cf. rate of area growth, rate of perimeter growth).

reclamation burning
Prescribed burning for restoration of ecosystem characteristics and functioning (cf. restoration).

rehabilitation
The activities necessary to repair damage or disturbance caused by wildfire or the wildfire suppresson
activity (cf. restoration).

resdencetime

(1) Thetime required for the flaming zone of afire to pass a Sationary point. (2) The time an emission
component is in the air between emisson and removd from the ar or change into another chemica
configuration.

resdential / wildland interface
The trandtion zone between resdentid aess and wildlands or vegetated fuds (cf. Urban,
UrbarvWildland Interface, Wildland, Wildland Fire, Rura Urban Interface).

restoration

Regtoration of biophysica capacity of ecosystemsto previous (desired) conditions. Restoration includes
rehabilitation measures after fire, or prescribed burning where certain fire effects are dedred (cf.
rehabilitation, reclamation burning).
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ringfire
A fire darted by igniting the full perimeter of the intended burn area so that the ensuing fire fronts
converge toward the centre of the burn.

risk
(1) The probahility of fire initiation due to the presence and activity of a causative agent. (2) A causgtive
agent.

rural fire protection

Fre protection and firefighting problems that are outsde of areas covered by municipa Fire & Rescue
Searvices and its Fire Ordinance; these areas are usudly remote from public water supplies and reguire
dl terrain vehidesto reach.

serotiny

Storage of seeds in closed seed containers in the canopy of shrubs and trees. For instance, serotinous
cones of Lodgepole Pine do not open until subjected to temperatures of 45 to 50°C, causng the meting
of the resin bond that sedls the cone scales.

slash
Debris (fuds) resulting from naturd events (wind/ fire) or humean attivities like forest harvesting.

dash disposal
Treatment of dash to reduce fire hazard or for other purposes (cf. Fud Management).

smoke haze
An aggregetion (suspengon) in the amosphere of very fing, widdy dispersed, solid or liquid partides
generated by vegetation fires giving the air an opa escent gppearance.

smoke management
The gpplication of knowledge of fire behaviour and meteorological processes to minimize ar qudity
degradeation during prescribed fires.

ot fire

(1) Hre ignited outsde the perimeter of the main fire by a fireorand (by flying sparks or embers
trangported by ar currents, gravity, or fire whirls). (2) A very smdl fire which jumped over thefirdine,
that requires little time and resources to extinguish by ar currents, gravity, and/or fire whirls (cf. Long
Range Spatting).

sand replacement fire

Hre which kills dl or mogt living overstory trees in a foret and intiates secondary successon or
regrowth.
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underburning
Prescribed burning with alow intengty fire in activity-created or naturd fuels under atimber canopy.

urban / wildland interface

The trangtion zone (1) between dities and wildland (cf. urban, wildland, wildland fire), (2) where
dructures and other human deveopment meets undeveloped wildland or vegetaive fuds (syn.
resdentid/wildand interface, wildland/urban interface, rurd urban interface).

valuesat-risk
Natural resources, developments, or other vauesthat may be jeopardized if afire occurs

wilderness

(1) A wild, uncultivated, uninhabited region, vegetated and nonvegetated. (2) Area of remarkable
natura beauty and ecologica diversty. (3) Area established to conserve its primeva dharacter and
influence for public enjoyment, under uncultivated conditions, in perpetuity.

wildfire

(1) Any unplanned and uncontrolled wildiand fire which regardless of ignition source may require
uppresson response, or other action according to agency policy. (2) Any free burning wildland fire
unaffected by fire suppression measureswhich meets management objectives (cf. wildland, wildliand fire,
prescribed naturd fire, prescribed fire).

wildland

Vegetated and nonvegeated land in which development is essantialy non-existent, except for roads,
ralroads, powerlines, and smilar trangportation fadilities, ructures, if any, are widdy scatered. In fire
management terminology this generd term indludes al burnable vegetation resources induding managed
forests and forest plantations (cf. resdentid/wildland interface, wildfire).

wildland fire

Any fire occurring on wildliand regardiess of ignition sources, damages or benefits (cf. wildland, wildfire,
resdentia/wildland interface).
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APPENDIX V
Further Reading and I nformation Sour ces

Note: This lig of references indudes the sources dited in the guiddines as wel as a number of
monographs and synthesis volumes. These books cover the mogt important aspects of wildland fire
stience, induding fire ecology, culturd history, amospheric chemidry, public hedth and safety, and fire
management.

Ahern, F., J. G. Goldammer, and C. Judtice (eds.). 2001. Globa and regiona vegetation fire monitoring
from space: Flanning a coordinated internationd effort. SPB Academic Publishing bv, The Hague, The
Netherlands

Bond, W. J, and B. W. van Wilgen. 1996. Fire and plants. Population and Community Biology Series
14. Chapman and Hall, London, 263 p.

Booysen, P. de V., and N. M. Tainton (eds) 1984. Ecologicd dfects of fire in south African
Ecosystems. Ecologica Studies 48, Springer, Berlin, 426 p.

Brown, A. A., and K. P. Davis 1973. Forest fire. Control and use. McGraw Hill, New Y ork, 686 p.

Chandler, C, P. Cheney, P. Thomeas, L. Trabaud and D. Williams 1983: Frein foredry. Vol. | and Il.
John Wiley & Sons, New York, 450 + 298 p.

Clak, J S, H. Cachier, J. G. Goldammer, and B. J. Stocks (eds). 1997. Sediment records of
biomass burning and globa change. Springer-Verlag, Belin-Heiddberg-New Y ork, 489 p.

Crutzen, P. J, and J. G. Goldammer (eds)) 1993. Fire in the environment: The ecologica, amospheric,
and dimatic importance of vegeation fires. Dahlem Workshop Reports. Environmenta Sciences
Research Report 13. John Wiley & Sons, Chichester, 400 p.

ECE/FAO Internationd Forest Fire News (IFFN) 1998-2001. UNECE, Geneva. IFFN contributions
published after 1990 are avalable on the webste of the Globd Fire Monitoring Center (GFMC):
<http:/Amaww.uni-frelburg.deffireglobe/>.

FAO 1986. Wildland Fire Management Terminology. Food and Agriculture Organizetion of the United
Nations, FAO Forestry Paper 70, 257 p. (revised edition in prep., ca. 2002).

FAO. 1999. Meeting on Public Policies Affecting Forest Fires, Rome, 28-30 October 1998, FAO

Forestry Pegper 138. Food and Agriculture Organization (FAO) of the United Nations, Rome, Itdy,
369 p.
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FAO. 2001a. FAO/ITTO Internationa Expert Meeting on Forest Fire Management, Rome, Itay, 7-9
March 2001. Food and Agriculture Organization (FAO) of the United Nations, Rome, Itdy, 27 p. (dso
published in Int. Forest Fire News No. 24, 78-98).

FAO. 2002a Legd Frameworks for Forest Fire Management: Internationa Agreements and Nationa
Legidation.

FAO. 2002b. FAO Guide technique internationd ; Protection des foréts contre l'incendie. Fiches
techniques pour les pays du Bassin Méditerranée (Handbook on Forest Fire Protection as a Technica
Guidefor the Mediterranean Badin).

Gill, A.M., R H. Grovesand |. R. Noble (eds) 1981. Fire and the Audrdian biota. Ausir. Acad. Sai.,
Canberra,582 p.

Globd Fire Monitoring Center (GFMC): http:/Amww fire.uni-freiburg.de/

Goh, K. T., D. H. Schwea, J. G. Goldammer, and O. Smpson. (1999). Hedth Guiddines for
Vegeation Fre Events. Background Papers. Published on behalf of UNEP, WHO, and WMO.
Indtitute of Environmenta Epidemiology, Minidry of the Environment, Singgpore, 498 p.

Goldammer, J. G., and M. J. Jenkins (eds.) 1990. Fire and ecosystem dynamics. Mediterranean and
northern perspectives. SPB Academic Publishers, The Hague. 199 p.

Goldammer, J. G., and V. V. Furyaev (eds) 1996. Firein ecosystems of bored Eurasia Kluwer Acad.
Publ., The Hague. 528 p.

Goldammer, J. G., and C. de Ronde (eds.). 2001. Fire management handbook for Subsahara Africa
NN Publ.

Hekkilg T. V., R. Grongvigt, and M. Jurvdlius 1993. Handbook on forest fire control. A guide for
trainers. Forestry Training Programme (FTP) Publication 21, Helsinki, Finland, 239 p.

International Tropica Timber Organizetion (ITTO) 1997. ITTO Guiddines an Hre Management in
Tropica Forests. ITTO Policy Development SeriesNo.6. ITTO, Y okohama, 40 p.

Kasschke, E. S, and B. J. Stocks (eds.). 2000. Fire, climate change, and carbon cycling in the bored
forest. Ecologicd Studies 138, Springer-Verlag, BerlinHedeberg-New Y ork, 461 p.

Kozlowski, T. T. and C. E. Ahlgren (eds.) 1974. Fire and ecosystems. Academic Press, New York,
542 p.

Oura, B. 1999. Management and Prevention of Forest Fires in Cote d'lvoire SODEFOR's Forest Fire
Protection Programme. International Forest Fire News No. 20, 50-56.
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Pyne, S. J. 1982. Firein America. Princeton Univ. Press. 654 p.

Pyne, S. J. 1991. Burning bush. A fire higory of Audrdia Henry Holt and Company, New Y ork, 520
p.

Pyne, S. J. 1995. World fire. Henry Holt, New York, 379 p.

Pyne, S. J. 1997. Vedd Fre. An environmentd higtory, told through fire, of Europe and Europe's
encounter with the World. Universty of Washington Press, 680 p.

Pyne, S. J, P. J. Andrews, and R. D. Laven. 1996. Introduction to Wildland Fire. Second edition, John
Wiley and Sons, New Y ork-Chichester, 769 p.

Schwea, D. H., J. G. Goldammer, L. H. Morawska, and O. Smpson. (1999). Hedth Guidelines for
Vegeation Fre Events. Guiddine document. Published on behdf of UNEP, WHO, and WMO.
Indtitute of Environmenta Epidemiology, Minitry of the Environment, Singgpore, 291 p.

Trabaud, L. (ed.) 1987. Therole of fire in ecologicd sysems. SPB Academic Publishers, The Hague,
157 p.

Wein, R. W. and D. A. MacLean (eds) 1983. The role of firein northern circumpolar ecosystems.
John Wiley & Sons, New York, 322 p.

Whdan, R. J. 1995. The ecology of fire. Cambridge Studies in Ecology. Cambridge University Press,
Cambridge (UK), 346 p.

Wright, H. A. and A. W. Bailey 1982. Fire ecology. United Sates and Southern Canada. John Wiley
and Sons, New Y ork, 501 p.

Major International Wildland Fire Websites

Note: In the temperate and boredl countries alarge number of wildland fire webgites are avallable. This
ligt of webgtes on the Internet provides the website of the Globa Fire Monitoring Center (GFMC) asa
Web Portd to worldwide wildland fire information access, and the wildland fire webstes of the UN

agendies

Globd Web Portd: The Globd Fire Monitoring Center (GFMC):
hitp:/Amawww fireuni-frelburg.de

FAO Forest Fire Website
http://Amwww.fao.org/forestry/fori swebview/forestry 2/index.j p7atel d=1520& | angl d=1& 97038584
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FAO Globa Forest Fire Assessment 1990-2000:
http:/AMwww fireuni-fre burg.de/programmes'un/fao/\Wps5  eng.pdf

UN-1SDR Inter- Agency Task Force For Disagter Reduction, Working Group on Wildland Fire:
http:/Amwww.unisdr.org/unisar/WGroup4.htm

Globd Wildland Fire Network:
hitp:/Amavww fireuni-fre burg.de/Globa Networks/'global Net.html

WHO Hedth Guiddines on Vegeation Fre Events
http:/AMww.who.int/peh/air/vegetation fireshtm

Globa Observation of Forest Cover/Globa Observation of Landcover Dynamics (GOFC/GOLD),
Fire Mapping and Monitoring:
http://gofc-fireumd.edw/

Internationa Tropicd Timber Organization (ITTO) Wildland Fire Webste & GFMC.
hitp:/Amavww fireuni-freiburg.de/programmes/itto/itto sart.htm




