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PRECONDITIONS

- The area to be burned must be big enough and the shape and the soil must be suitable
for burning (cutting plans)

- The area must be dry enough (dry weather at least one week, in practise the forest
fire alert is on)

- The wind may not be too strong
- Proper equipment (lighters, water pumps with enough hoses, buckets, shovels, some

chainsaws, mobile phones, walkie-talkies, swatters)
- Enough water (lake, pond river)
- Fire-lanes well-done around the area
- Skilled leader and crew which is corectly equipped for the job
- Notifications OK

CARRYING OUT THE PRESCRIBED BURNING

- The preparations must be finished before noon (equipment in their places e.g. hoses

around the area, fire-lane is watered, biggest piles of branches near the fireJane are

lowered)
- The starting of a fire after the noon (about 2 p.m.) - morning dew has evaporated,

wind is steady, NOT too late on a big area
- Fire is started below the wind in a shape of a horse shoe, not too quickly
- The men (2+2) with the water hoses are following the lighters (2) and the rest of the

men are guarding the area below the wind
- When the "safety zor€'is big enough the rest of circle can be set on fire
- The crew starts to put out a fire immediately after burning from the edges and there

must be at least 5 m wide totally calm zone around the area before it can be left to
the next crew which active puts out a fire all night long (burning ant hills, stumps and

blocks)
- The guarding continues till the next good rain
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Average Number and Burned Area of Fires in 5 respectively 10 Year Period
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Percentage of Difderent Gauses in Relation to the Number of Fires

§s .d'' C C e C C C C §'" C §"" C C C C C C C C §4 C r"e

Percentage of Different causes in Relation to the Burned Area

Fia" 4äl

C C C ."s C ^ee C ^e* ee C ss §." C C C C C."" .'s C {,4 C C
Fia. 4bl

100%

80 "/"

60%

40%

20%

0%



I

Distribution of Fires During the Year in the Period 1995 ' 1999
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Forests are shaped by lire

Forest fires are an integral part of the forest succession by controlling composition and
structure of forests and their growth and dynamics. Boreal forest ecosystems and tree
species are adapted to the periodic passage of fire, and some ecosystems might
disappear in the absence of fire.

Fire is a type of disturbance. Disturbance has been defined as h relatively
discrete event in time that disrupts ecosystem, corlmunity or population structure and
changes resources, substrate availability, or the physical environment'. Alternatively,
disturbance can be defined as events making growing space available. This is a useful
definition when we are looking forest structure. Disturbance ecology, a part of forest
ecology, studies the role of disturbances of various scale, magnitude, and frequency on
development forest vegetation and animal communities.

Forest fires affect all biotic forest ecosystem components; individual organisms,
plant and animal populations and communities and their processes. Fire shapes boreal
forest ecosystem structure by impacting vegetation patterns and ecosystem function by
affecting biogeo-chemical cycling. In natural ecosystems, fire regulates the following
major functions and processes: regeneration and reproduction, preparation of seedbeds
and dry-matter accumulation, reduction of competing vegetation, soil nutrition, stand
thinning and sanitation, and forest succession. - Boreal forests are shaped by fire.

f ire behaviour and regime

Fire behaviour, fire severity, and fire regime influence on the response of forest
ecosystems to fire. Understanding fire behaviour and fire regime is necessary for inter-
preting fire effects. Fire regime includes such factors as fire intensity, fire interval, fire
season, and size of the fire.

Climatic conditions determine the overall productivity of ecosystems and thus
also the amount of litter and other combustible material in forest stands and on the
ground. Climate also determines the length and severity of the fire season and return
interval of fire. Weather conditions of temperature, precipitation, air humidity and
winds have an impact on the short-term fire behaviour. Temperature controls fuel
moisture and thus, fuel ignition and also the rate of fuel burning. Low precipitation and
low air humidity increase risk of fire ignition. Winds have multitude of effects on fire
behaviour. High-speed winds dry vegetation, winds maintain combustion and influence
strongly on the spread of fire.
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Topographical features can act as fire paths or fire breaks. Gently rolling
landscapes burn easier than steep slopes. Landscape elements such as lakes and
peatlands act as natural fire breaks. South-facing slopes burn easier than north-facing
slopes.

Fire return depends on climate and soil conditions and human impact. In
northern Europe return interval has been, depending on the site, between 40-400 years.
In southern European forest ecosysfems retufri interval can be asshort as 15-35 years.
Fire return interval has been more frequent on dry and dryish soils, about 50 years than
on more fresh moraine soils, about 150 years.

Before the human impact, forest fires were relative few but large; some of them
covering 10,000-20,@0 hectares. With the increase of human impact on boreal forests
in 1400-1500s, the number of forest fires increased substantially until a change in land
use patterns happened and fire control was started in mid-l800s.

Fuel type, amount, quality, continuity and especially, moisture impact fire
regime. Because of this small-scale variation in fuel characteristics, fire intensity can
vary substantially within short distances and create mosaic fire patterns. The mosaic
pattern of forested landscapes is also promoted by the fact that no two fires have the
same effect.

Forest stand characteristics such as tree species, vertical and horizontal
arrangement of trees, age and size structure influence fire susceptibility and fire
regimes. Species differ; for example Scots pine (Pinus silvestris) is regarded fire
resistant due to thick bark and high living crown, especially in large trees whereas,
Norway splllce (Picea abies) is more susceptible. However, both young pine and spruce
trees are susceptible to fire. In general, broadleaf trees are fire resistant because of
foliage and high foliage moisture content, but also because they typically occupy mesic
or moist sites.

Fire effects on physical environment

Many effects of fire are at the ecosystem level have influence on physical
environments and landscapes. These include fire impacts on nutrient and chemical
cycling, erosion, hydrology, landscape level patterns and global carbon cycling.

Fires releases nitrogen bound in soil humus layer and nitrogen is lost in the
atmosphere. Although the fire decreases the amount of total nitrogen, nitrogen available
to plants, especially ammonium nitrogen, increases. Fires can increase pH of the humus
layer up to l-2 units by releasing carbonates, and pH can stay elevated for decades.
Repeated fires on low fertile, dry soils can have depleted nutrients, especially nitrogen
in the soils. Fires decrease amount of organic layer, up to 20-30 Vo. Due to increased
surface temperatures and increase in available nutrients, decomposition increases in
post-fire years.

Fire creates large amount of ash that contains important plant nutrients. Calcium
and magnesium are retained in the humus whereas sodium, natrium and phosphorus can
be leached with water.

Fire has impacts on the hydrology by reducing the evaporation from vegetation,
removing litter and reducing root strength and thus can temporarily increase soil
wetness and surface runoff and possible surface erosion.

Recent examinations of fire statistics in natural forests of the boreal Canada
show that fire occurrence is increasing. This has been attributed to climate change.
Climate change impacts on boreal forest fire regime include such factors as climate
change indirectly influences vegetation type, and hence fuel type, potential for fire
occurrence is increased due to increased lightning, or fire severity is increased as a
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result of fire weather patterns. Increased fires can thus effects global carbon cycling by
liberating carbon from vegetation and substrates at rates exceeding accumulation.

Fires have maintained the vegetation mosaic in the landscape. The mosaic, in
turn, constitutes the underlying basis for plant and animal biodiversity within the
ecosystem.

Fire effects on biological environment

Tree mortality due to fire is caused by heat injury of the cambium layer. The
bark layer provides protection against cambium damage. The insulating capacity of the
bark is mainly determined by bark thickness that is strongly related to species. A thick
bark is regarded as an adaptation of the species to repeated fires, e.g. ponderosa pine
(Pinus ponderosa). Bark thickness is well correlated with diameter, that in tum is
correlated with age.

In boreal forests, most fires burn ground vegetation, consisting mostly of
Myrtillus, Yaccinium, and Cladonia species. Crown fires are less frequent than ground
fires but when crown fires occur they kill trees and leave them standing for 10-20 years.
Crown fires create standing dead wood that attracts species; some of them adapted only
to burnt wood.

After fire, microbial and fungal biomass can be reduced up to 5O 7o. Also, the
number of soil invertebrates decrease temporarily after fire. High intensity fire destroys
also pathogenic fungi, such as root rot (Heterobasidion onnosum).

Wildlife and animals generally prefer habitats that provide a mosaic of seral and
climax stages of vegetation. These environments provide both edge and interior
environments of forests for feeding, hiding and nesting. Again, fires create these
environments over time over landscapes. Fires are only in very rare cases destructive to
animals and wildlife. Fires create habitats, and animal and wildlife communities are a
product of the habitat. Fires are not always beneficial to all species. For animals that
prefer pioneer plant species, such as moose, early stages of vegetation succession
provide abundant food. Other wildlife, such as birds that need shelter, fires have a
negative effected for a period after the fires.

Forest succession after fire

Succession is "the directional change with time of the species composition and
vegetation physiognomy of a single site where the climate remains relatively constant".
Fire intensity is an important factor for the species dynamics and post-fire successional
pattems. Fire results in a patchwork of vegetation types and age classes that are more
than a function of fire return interval. Patches will take different pathways to recover
from fire with respect to vegetation dynamics, immigration or emigration of species.

The plant and animal succession after fire is limited to certain species. Thus fire
acts as an environmental sieve. Plant and animal community response to fire include
such characteristics as species richness, composition and structure.

Plant adaptation strategies to fire can be either seed-based or vegetative-based.
Seed-based strategies are 1) invaders that are highly dispersive, pioneering, short-lived
(e.g. fireweed, Ebilobium angustifolium),2) evaders with long-lived propagules in the
canopy or soil (e.g. lodgepole pine, Pinus contorta), and 3) avoiders that are shade
tolerant and late successional species (e.g. western red cedars, Thuja plicata).
Vegetative-based strategies are 4) resisters that are intolerant species with mature trees
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surviving low intensity fires (e.g. Douglas fir, Pseudotsuga menziesii), and 5) endures

are resprouting species with buried bud (e.g. blueberry/blackberry, Vaccinium sp,).

Some species are adapted to conditions created only by fire. For example,
serotinous cones of such species as Pinus contorta, Pinus resinosa, Pinus halepensis ot
Pinus brutia remain closed unless heat created by fire opens them.

An intensive fire can be a major disturbance at a large scale, i.e. catastrophic and
it can be is a stand replacing fire. Non-catastrophic fires simplify stand stmeture locally
by eliminating younger tree species cohorts and leaving trees forming an open canopy.
Generally, after high intensity fires, broadleaf and pine trees are established while low
intensity fires favour establishment of Norway spruce.

Vegetation succession after fire starts with grasses and herbs. For example,
fireweed (Ebilobium angustifolium) is a species found in all boreal zones and that binds
nutrients, especially nitrogen to the site. Next species to colonise the site are so-called
pioneer trees species, typically broadleaf species. Boreal broadleaf species are well
adapted to fire. Birch can re-colonise the site vegetatively from stem sprouts and aspen
from root suckers. Conifer species will appear later, pine earlier than spruce but later
will be components of a mixed stand, and eventually conifers will dominate the stand. If
undisturbed by fire, other disturbances, or by silvicultural practices, spruce will reach
dominance in later stages of succession. After fire, coniferous forests regenerate within
one or two decade and thus boreal coniferous form often even-aged stands.

fmportance of forest mosaic

Disturbances by fire are irregular in space and time. It varies with region,
vegetation type and topographical location. To some extent fire is cyclic but the cycles
have varied over centuries. Forest fires reamange energy and mass flows in a forested
area, and a plant and animal succession starts with species adapted for those new
conditions. Fires maintain vegetation mosaic in the landscape that, in turn, constitutes
the underlying basis for plant and animal biodiversity within the ecosystem.
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Abstract
The focus on forest fires in Norway is increasing, both among researchers and managers,
and authorities have stimulated the field of fire ecology in several ways. A continuous
mapping of lightning strike frequency throughout the country provides valuable
information about the natural ignition source, and forest fire data is available from as

early as 1913. Extensive reporting and reviewing has recently been undertaken to
elucidate the nature of the variable forest fire regime of this coastal country and it's fire
history. Norway falls within the cold (boreal) climate zone, generally creating a wet and
cool forest fire regime. However, variation is great due to differences in temperature,
precipitation, humidity, elevation, steepness, the form and evenness of the terrain, and
so on. Historic human use of the landscape has significantly affected the fire regime
both directly and indirectly, i.e. through ignitions and burning related to a suite of
different activities and through manipulations of the fuel through removal of wooden
biomass, etc. Comments on the effects of forest fires and relevant fields from
Norwegian management are given.

Key words: forestJire, fire ecologt, fire fficts, nature tnanogement, Norway

I Introduction
Forest fires are possibly the single most important ecological factor in the development
of the boreal coniferous forest in Norway. To understand the function of natural forests
under our conditions, knowledge conceming the course of fires and processes
controlling natural development of vegetation is necessary, and a matter of increased
concern. Recently, the Norwegian Research Council, who arranged a workshop on
dynamics of fire (Solbraa 1997), as well as other management and administrative
authorities (Bleken et a1.1997, Mysterud et al. 1998) have emphasized this. A
comprehensive Norwegian review (an English translation soon being completed) has
recently been published (see Bleken et al. 1997). Presently, fire ecology is a broad
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regime. Terrain conditions become steeper and more varied in terms of topography as

you move from east to west. The inland portions of Southern Nonvay represent the most
extensive high elevation area in all of Scandinavia. About 30Vo of Norway's mountains
are formed of bedrock from the Earth's earliest history, rocks that are mostly covered by
moraine soil and sedimentary soil. Together with field vegetation, the soil material,
particularly the layers of humus and litter, constitutes the basic fuel. Mountains with
thin moraine coverings make up a significant part of the Norwegian area compared with
the landscapes of Sweden and Finland. In fact, soil development is often so poor in
Nonray that the profile depth is less than 10 cm. The broad outlines in climatic, biotic
and historic conditions are reflected in the Norwegian vegetation regions, that make up
the present regime of potential fuel (Mysterud & Bleken t997a). We can assume from
all these varying conditions that Norway has a fragmented and extremely varied fire
regime.

A suitable system for the pu{pose of evaluating forest fires on a local scale is to link the
fire history to classifications of forest types and plant life (Mysterud & Bleken t997a).
Forest fires have contributed to a differential shaping of these t)pes, that in turn have
completely different qualities both vis-ä-vis naturally ignited and anthropogenically
ignited forest fires. The driest types, i.e. pine forests rich in lichens, heather and moss
are most easily ignited by lightning strikes, while the more darnp and luxuriant spruce
types are more difficult to ignite. However, the characteristic spruce and more nutrient-
rich forest types have constituted the most important resource base for cultural
activities, such as swidden cultivation (Tvengsberg 1995a,b). The distinction between
what impacts can be attributed to natural and anthropogenic forest fires respectively is,
however, generally diffi cult.

4 Human use of the landscape
Historians have long pointed out the significance of thunderstorms and lightning strikes
as causes of fires in northem areas, and have from time to time also emphasized that
they must have played a "dominant role in the "virgin forest" before human beings
colonized the boreal coniferous forest". However, humans colonized the land as soon as

the ice withdrew after the last glaciation, such that there has never been any "history"
after the last Ice Age in Norway without humans in the landscape.

The question is how much these immigrants used fire in households and landscapes, and
how extensive different forms of anthropogenic burning have actually been in Norway.
The answer to such questions may be an important part of understanding the vegetation
and landscape development. Elsewhere, we have given a broad description and
emphasized the most distinctive human features of the fire regime in Norway after the
last Ice Age (Mysterud L997b).

The fact that fires can be traced as relnnants of coal and ash in the field profiles
throughout the landscape is well established. However, older traces often tell us little or
nothing about whether the fire cause should be attributed to natural or anthropogenic
ignition sources. As mentioned, lightning strikes will most easily ignite fires on the
poorest soil quality classes §orwegian class I and 2), that have the driest types of
forests. Anthropogenic burning for agricultural purposes, however, has been undertaken
on the best quality classes (Norwegian class 3,4 and 5).

In general, human colonization and the increased use of forest regions in Scandinavia
led to an increase in fires caused from clearing of grazing lands, swidden cultivation,
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scientific field that studies the course of fires, fire's effects on organisms and the
environment, and it has previously received little attention in Norway (Mysterud L997a).

2 Lightning as an ignition source
Fire can be ignited by natural sources or by humans. Lightning strikes are the sole
known source of natural ignition in Norway. Throughout millions of years, a lightning
strike is the factor that has commonly ignited ecosystems and played an important part
in their shaping. It can be claimed that lightning theory represents the "prelude" of forest
fire ecology. It was therefore we called the scientific field that studies lightning and the
relationship of the electrical processes to organisms and the environment "electric
ecology" (Mysterud & Mysterud 1997a), a field that so far has received little attention.

Lightning can have both direct and indirect effects on ecological processes. Ughtning
killed trees increase the risk of ignition and provide fuel for future forest fires. Trees that
are damaged by lightning may rapidly be invaded by micro organisms, insects and fungi,
which again will gradually attract vertebrates that exploit this production. Thus lightning
can influence the corrse of forest succession by contributing to changes in the
vegetation that can in turn affect the animals, i.e. lightning strikes in a forest can create
the possibility for an increase in bio-diversity. These phenomena have not been studied
in Norway.

There are, however, substantial variations in the lightning strike frequency in Norway.
The highest values occur east of the watershed divide, peaking in the forest region north
of Oslo and in the regions further to the north and east. There seems to be no simple
connection between the number of lightning strikes and the number of fires ignited by
lightning in a region; nor does lightning ignite fires in any evenly distributed pattern.
Instead, ignition must be viewed in context with the climate and together with the
topography and vegetation cover in various regions of the country (Mysterud &
Mysterud 1997a).

When ignition becomes a fact, whether caused by lightning or humans, the subsequent
fires can spread through-out ecosystems, causing significant long-term effects in regards
to both species inventory and material cycles.

3 Climate and natural geographic factors
Norway falls in its entirety within the cold (boreal) climate zone. Two main types are

the so-called coastal climate (oceanic or maritime) and the inland climate (continental).
The mountain range of Langtjella fonns a rather marked division between these two
climate tlpes. Important variables or factors, such as temperature, precipitation and
humidity vary throughout different parts of the country. However, the climate type for
large areas must be characteized as both cool and damp, lowering the general risk of
ignition. Among the different regions, the continental Hedmark county particularly
distinguishes itself. Here, climatic and natural geographic conditions have so many
similarities with adjacent Sweden that the fire regime must be expected to be fairly
similar to that of the Swedish areas near the border (Mysterud & Bleken 1997a).

Landscape features such as topography and elevation may also have crucial significance
for the course of fires, and both elevation, steepness, the form and evenness of the
terrain can affect fires. Hillside and convex landsca?e formations are particularly
vulnerable, while concave hollows and bogs can form fire barriers. Macro- and micro-
topographical variation generally have great significance, and Norway has a large
portion of its forests in steep, uneven and difficult terrain constituting a complicated fuel
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regime. Terrain conditions become steeper and more varied in terms of topography as

you move from east to west. The inland portions of Southern Norway represent the most
extensive high elevation area in all of Scandinavia. About 3A7o of Norway's mountains
are formed of bedrock from the Earth's earliest history, rocks that are mostly covered by
moraine soil and sedimentary soil. Together with field vegetation, the soil material,
particularly the layers of humus and litter, constitutes the basic fuel. Mountains with
thin moraine coverings make up a significant part of the Norwegian area compared with
the landscapes of Sweden and Finland. In fact, soil development is often so poor in
Nonray that the profile depth is less than 10 cm. The broad outlines in climatic, biotic
and historic conditions are reflected in the Norwegian vegetation regions, that make up
the present regime of potential fuel (Mysterud & Bleken 1997a). We can assume from
all these varying conditions that Norway has a fragmented and extremely varied fire
regime.

A suitable system for the purpose of evaluating forest fires on a local scale is to link the
fire history to classifications of forest types and plant life (Mysterud & Bleken 1997a).
Forest fires have contributed to a differential shaping of these types, that in turn have
completely different qualities both vis-ä-vis naturally ignited and anthropogenically
ignited forest fires. The driest types, i.e. pine forests rich in lichens, heather and moss
are most easily ignited by lightning strikes, while the more damp and luxuriant spruce
types are more difficult to ignite. However, the characteristic spruce and more nutrient-
rich forest types have constituted the most important resource base for cultural
activities, such as swidden cultivation (Tvengsberg 1995a,b). The distinction between
what impacts can be attributed to natural and anthropogenic forest fires respectively is,
however, generally difficult.

4 Human use of the landscape
Historians have long pointed out the significance of thunderstorms and lightning strikes
as causes of fires in northern areas, and have from time to time also emphasized that
they must have played a "dominant role in the "virgin forest" before human beings
colonized the boreal coniferous forest". However, humans colonized the land as soon as

the ice withdrew after the last glaciation, such that there has never been any "history"
after the last Ice Age in Norway without humans in the landscape.

The question is how much these immigrants used fire in households and landscapes, and
how extensive different forms of anthropogenic burning have actually been in Norway.
The answer to such questions may be an important part of understanding the vegetation
and landscape development. Elsewhere, we have given a broad description and
emphasized the most distinctive human features of the fire regime in Norway after the
last Ice Age (Mysterudl997b).

The fact that fires can be traced as remnants of coal and ash in the field profiles
throughout the landscape is well established. However, older traces often tell us little or
nothing about whether the fire cause should be attributed to natural or anthropogenic
ignition sources. As mentioned, lightning strikes will most easily ignite fires on the
poorest soil quality classes §orwegian class I and 2), that have the driest types of
forests. Anthropogenic burning for agricultural purposes, however, has been undertaken
on the best quality classes §orwegian class 3,4 and 5).

In general, human colonization and the increased use of forest regions in Scandinavia
led to an increase in fires caused from clearing of grazing lands, swidden cultivation,
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burning of bonfires and other activities (Mysterud 1997b). Large areas have been
deliberately burned off as a step in pasturage and grain production. Negligent ignition as
a result of this use of fire most likely caused wildfires in substantial outlying areas. The
extent of the area affected by such fires in ancient times is unknown, however, certain
historical sources indicate that the extent has been significant, particularly during certain
periods (Mysterud 1997b).

The cultural contribution to the fire regime partly originates from activities that are
directly connected with ignition and buming, and partly from activities that over time
have altered the fuel regime and thereby, indirectly, manipulated the course of fires. The
extent of fires has been reduced gradually as agricultural areas, cities, roads, etc. have
been established. Recently, increasingly effective methods to combat fires have been
developed.'

5 Some direct lire activities
Nonray has historically had lively traffic and diverse transportation along its coast, with
a coresponding increase in cultural influence on the coastal forests through fires of
different characters. Some of these fires are different from those that we must assume
have been typical to the inland areas.

A documented example of a coastal fire is what we have called "toctical /ires"
(Mysterud 1997b). During the so called "Hanseatic Period" in the late Middle Ages,
many coastal forests were burned as part of an economic trade competition for lumber
(Sandmo 1951). Forests were also burned for tactical purposes during periods of social
unrest in inland areas, for instance at Finnskogen, the core area of immigration of
Finnish agriculturists (see below) in Eastern Norway (Astberg 1978).

During the great occupations of land, systematic so-called "clearing /ires" dominated,
i.e. burning on a large scale following the gradually spread of people out over the
country to establish settlements and cultivated areas. The opening up and use of fire in
this connection are of such old age that it is hardly mentioned in written sources
(Mysterud 1997b). Another important kind of burning is represented by the various
agricultural techniques that are included under the collective term swidden cultivation.
The swidden cultivation exploited the climax forest's large stores of latent nutrients in
the tlee layer and humus mats, which were transformed through burning and released for
production of useful plants. The most well-known and famous historical swidden
cultivation technique in Norway came from the east during the 1500s with Finnish
immigrants (Tvengsberg 1995a,b). Their agriculture wasi a highly specialized swidden
cultivation ("huutha"), which burned spruce forest of high quality and sowed rye (Secäle
ceredle) in the ashes. Distinctive landscapes gradually developed in areas where
swidden cultivation was extensively used.

Other important kind of burning have been various forms of pasture burning, that have
been used to create and improve pasturage for domestic animals. Historically, highly
specialized pasture burning lies behind the formation of the so-called coastal heathland
that were developed along the coast of Norway, and elsewhere throughout large areas in
Europe. These "fire banrens" along the coast were ecosystems created purely by means
of culture and fire, and maintained through a balanced cycle of burning, grazing and hay
harvesting. Also inland, pasture burning to improve animal pasturage has, however,
been carried out as field burning almost everywhere in outlying field areas (Mysterud
t997b).
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Experiences from swidden cultivation have been continued in forestry as so-called
clear-cut burning. Cleared areas have been burned during periods to stimulate
regeneration of forests, particularly pine on a small scale. This technique came to
Norway from Sweden and Finland, but never became as widespread a forestry method
as it was in our neighbouring countries. Another and new form of forest burning is the
so-called patch burning, i.e. a patch-by-patch scorching of vegetation as an aid in the
regeneration phase of forest trees. "Wildlife burning" to improve the conditions for
certain types of g:rme such as grouse (Lagopus lagopus), black grouse (Lyrurus tetrix)
and hare (Lepus timidus) is also well known. The experiences from such burning have,

however, been mixed in Norway (Mysterud 1997b).

The most recent form of anthropogenic burning is conservation burning or diversity
burning, i.e., burning to maintain and protect bio-diversity. The first burning of this kind
in Norway was carried out in Hedmark during 1996.

While the extent of naturally ignited versus induced forest fires by humans is
historically more or less unknown, the anthropogenic ignition sources totally dominate
the present Norwegian fire regime.

6 Changes of fuel regime
Culture-related activities that changed and influenced the fuel in Norwegian forests
primarily entailed the removal of substantial amounts of wood (Mysterud 1997b).
Among the most comprehensive of these were old iron melting (Norw.: "jernvinna") and
charcoal burning, the latter particularly in connection with mining operations. Many
areas were worked so hard that the forest disappeared. Other uses such as salt boiling,
potash burning, tar making and extraction of significant resources for fuel and
household needs have also demanded hard exploitation and removal of an enoilnous
biomass from forested areas. Commercial forestry has ancient roots in Norway, but the
forestry industry significantly accelerated with the inception of sawmill operations. The
cultural influences that arrived in modern stand forestry after 1950 have been important
influences on today's forest scenario, and also affected the process of structural fuel
changes.

The cultural changes of the fuel regime have now progressed so far through the removal
of wood and cultural measures manipulating stands that the configuration and
composition of the fuel has been changed over large areas. The situation in many
Norwegian forests is such that, if you want to study the "natural fire regime", it would
be difficult to interpret the result because the configuration of the fuel is culture-
dependent. It has become impossible to have opinion regarding what is a forest fire's
"natural course" in the fuel regime of today's "cutting class landscape" (Mysterud
1997b).

An important cultural historical crossroad in this development came a little more than a
hundred years ago, with increasingly effective methods to fight fires. Moreover, the
number of anthropogenic sources has increased, both around the major urban centres
and otherwise throughout the landscape.

7 Terminolory
To give some major arguments concerning the forest fire situation in Norway, a few
teflns from fire ecology are needed (Mysterud & Mysterud 1997a).
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Fires that are out of control for shorter or longer periods of time are called wildfires,
while prescribed fires used in nature management or other controlled activities are
called manogement Jires. Fires ignited by lightning strikes, volcanic eruptions and
sparks from rockslides are called natural rtres to distinguish them from the
anthropogenic fires that are ignited by people and indirectly result from human activity.
The use of "Jire regime" as a collective term for the characteristics of all fires occurring
in an area or region can be approached through descriptions of a number of elements
that are more or less linked together. These elements are ignition sources, fire intensity
(temperature regime), fire hardness (amount of organic material converted), fuel (quality
and quantity), prevailing wind conditions, season of the burning, topography and spread
factors, fire frequency, fire history and properties of the burned environments in the
relevant area (Mysterud & Mysterud 1997a). The behaviour of fires in a given location
depends on quite a number of factors that must coincide.

As already mentioned, a clear distinction can rarely be made between the natural and
anthropogenic fre regimes, and in practice, we operate with a historical fire regime (i.e.
total fires regardless of cause of ignition).

"Fire histo4y" denotes a historical and chronological overview of all fires in a given
area, stand, ecosystem or landscape. Charting a location's fire history can provide
important understanding of the prevailing biotic conditions in an area. The significance
of anthropogenic sources of ignition in Norway will, for example, be important in the
evaluation of the forest fire history of the post Ice Age period. This is because Norway
was invaded by agrarian cultures that burned forest as part of their survival in the
landscape (Mysterud & Mysterud 1997a).

8 Fire history
The history of forest fires is divided into three periods (Mysterud & Bleken 1997b):
older (a long-term period with perspective back to the end of the Ice Age), newer (a
period with short-term perspective, the past 500 years) and modern (the past 200 years

where the conditions can be studied based on written sources or relatively reliable
statistics). Presently, few long-term forest history studies have been carried out in
Norway. However, those that have been performed have already reported several
important findings. These studies were conducted partly in the coniferous forest areas in
Totenäsen (Häkonsen 1996) and partly in Nordmarka near Oslo (Tryterud 1995). The
results indicate that in general, certain distinct periods have been established when there
have been many fires, separated by periods without fires.

With its cool and wet climate and enormous topographic variations, it must be expected,
that Norway has areas that have burned little or not at all during the post-glacial period.
Such fire refuges have already been identified. There are also clear indications already
that fire-surveyed coniferous forests that presently exhibit typical ecological continuity
characteristics, and that have been set aside as reserves, do not show tendencies to have
burned more rarely than other spruce forest sites.

Studies of stands during the newer fire history period have been carried out in both SOr

Varanger, Finnmark, Northern Norway (Korsmo 1988, 1997) and in Ostfold, Southern
Norway (Johanson & Schneede 1995). Both locations were charucteized by pine forest.
In S6r-Varanger, it was found that two thirds of the examined test plots had 26 to 100
years between each fire, while about one-third varied between 100 and 200 years. The
studies in Ostfold showed a high fire frequency in the 1800s and up to the middle of the
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previous century. Parts of the area may have burned as often as every 2O-3O years. These
spot tests confirm that the fire frequency is lowest in the boreal areas in the north and
highest in the southern areas. However, the studies are far too fragmented to draw any
reliable conclusion regarding the general pattern of fire frequency in Norway (Mysterud
& Bleken 1997b).

9 Modern fire history period
It was only after modern forest fire statistics were established in 1913 that we could
obtain a reliable picture of the significance of lightning strikes compared with human
activity in the Norwegian fire regime (Mysterud & Bleken 1997b). Lightning strikes as

an ignition source manifest themselves to a certain degree east of the divide, mostly in
continental Hedmark. In the last century, we have experienced a number of new types of
ignition sources linked to the increase in traffic, industrialization, development of
communications and transmission line, mechanizing of forestry, etc. While the number
of fires ignited by lightning fluctuates from year to year around the same level, the
anthropogenic ignition sources have exhibited a marked increase, and presently are the
dominating ignition source. Increased traffic means that fires are discovered more easily,
while improved communication and new methods of extinguishing fires have become
increasingly efficient. The burned area per fire has decreased (Mysterud & Bleken
t9e7b).

Material obtained from Statistics Norway's conceming forest fires was used to describe
the fire regime during the period L966-t989. There were more fires during the period
l97O-L979 than 1980-1989, indicating that the number of fires has recently declined
(Mysterud & Bleken 1997b)..

There is still much to be done to improve registration of forest fires in Norway. To
improve research on a larger scale, we have recommended that data collection regarding
forest fires should be standardized, and that work with prescribed fires and test burning
also be co-ordinated on a Fennoscandian level, providing more reliable data and better
surveys (Mysterud & Bleken L997b).

10 Effects of forest fires
Forest fires as an ecological factor and disturbance regime can cause everything from
minor impacts on individual organisms to radical changes of entire ecosystems
(Mysterud & Mysterud L997b). The effects depend on the fires'intensity and hardness,
quantity and quality of fuel and factors such as air temperature, wind speed,
topographical exposure and angle of terrain (slope). The variation from fire to fire is
great. Forest fires have effect on the life-histories of a variety of organisms, of which
only a few can be mentioned here (see Mysterud & Mysterud 1997b).

Among Norwegian plant species positively affected by fires are a few fire specialists,
so-called pyrophilous species, such as crane's bill (Geranium bohemicum) and pill-
headed sedge (Carex pilulifera), that are almost exclusively dependent on fire for
survival. A wide variety of species are, however, positively or negatively affected (Ayen
t996).

Among invertebrates, fire-adapted insects form a surprisingly heterogeneous group both
from a zoological, systematic and ecological viewpoint. Many of these species exploit
specific resources on burned ground in the form of dead and dyrng wood, ash substrates
and other resources in areas where fires have recently burned. For example, some
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species may be attracted by the smell of fire from long distances, mate near glowing
wood and produce larvae that utilize the temperatures in the soot covered wood heated
by the increased radiation (Wikars 1997). Such species are also found in the Norwegian
coleopter fauna (Bakke 1996, L997, Thunes 19i93, 1997).

Among vertebrates, fish species may have their living areas significantly altered by fire
as a result of an increase in soil erosion, increased water flow and removal of vegetation
along beaches, streams and riverbanks in the drainage basin. No such studies have been
conducüed in Norway. Neither have the effects on amphibians and reptiles been studied.
Direct mortality of mature birds is generally rare, but they may be vulnerable to fires
durin§ the nesting time with egg and chicks. In Nonvay, it is primarily certain
woodpecker species that profit from dead wood formation in the fire areas. However,
the ortolan bunting ( Emberiza hortulana) received special attention because of its rapid
and prolonged positive population reaction on a fire site near Elverum in southern
Norway (Dale 1997). Although Nonvay has mammalian "fire-followers", such as moose
(Alces alces) and roedeer (Capreolus capreolus), no Norwegian mammal is unilaterally
confined to only fire areas (Mysterud & Mysterud,1997b).

With their radical effects on soil, plants and animals, forest fires can have significant
effects on both the flow of energy and affect many biogeochemical factors in various
ecosystems. Examples are influences on nitrogen, sulphur and carbon cycles. Few
studies of such effects have been conducted in Norway, but a potential acidification of
waterways as a result of massive extinguishing of forest fires has been discussed
(Rosenqvist 1981).

There is a growing focus on the potential effects of forest fires on atmospheric
conditions and climate changes. This discussion is also of interest for the risk evaluation
and potential future changes in the Norwegian fire regime.

1l Management of forest fires
The overriding strategy in the management of forest fires in Norway in this century, as

well as in most countries, has been and still is suppressron (Mysterud et al. 1997b).
However, a criticism of one-sided suppression has been advocated by actors within
ecological research and conservation biology. The management of forest and field fires
and how one chooses to treat burned areas is, by an increasing number of people, being
regarded as critically important for managing forest stands, maintaining bio-diversity of
forest systems and recreating certain qualities in the landscape. Many countries have lost
these qualities as a result of fire fighting and post-fire removal of fire-affected biomass
in burned areas. In areas where forest fires constitute a natural disturbance regime, there
is a growing concern that it is neither possible nor desirable to maintain all nature areas
completely withoutfires andfire-affected biomass resources (Mysterud et al. 1997b).

11.1 Strategies
The three most important strategies relevant for concern in present Norwegian forest
fire management are: 1) post-fire tre.atment of already burned areas (preservation of
dead wood and other fire-affected biomass), 2) deliberate ignition of prescribed fires
(prescribed fire management) and 3) potential "take over" or "guidance" of wildfires that
are already ignited (wildfire management). This often entails conflict between
scientifically-founded management based on ecological goals and resource management
of economic values. Obviously, fire management is most important in areas that burn
often. However, in coastal countries such as Norway with a pronounced oceanic climate
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and cool Jire regime, the development of strategies for nature management have also
become relevant under these concerns. The foundation for such management efforts is to
obtain an improved mapping and understanding of the country's fire regime, an
improved historical perspective and an overview of the species that are relevant to
considerin a forest fire context (Mysterud et al. 1997b).

11.2 Aims and goals
The contemporary general basis for management of Norwegian coniferous forests is to
ensu(e a sustainable development, where all sectors and industries are directly
responsible for the environmental consequences of their own activities. This work
generally rests on two important foundations. The first is a number of international
conventions and environmental agreements that will generally address the problems of
maintaining diversity. These will also have special significance for the care of fire-
adapted species. The second is a number of Norwegian acts ond regulations that
explicitly apply to forest management. These will be determinant regarding the
development of national strategies in forest fire management. The challenge to this
management will be to ensure that activities connected with post-fire care of burned
areas, prescribed burning and potential wildfire management meet legal and scientific
objectives towards or in regards to conservation, that can simultaneously be accepted by
more "pure" user interests.

11.3 Target areas and relevant activities
Burning has historically been used for various purposes in the silviculture of forests, for
example in the form of clear-cut burning in Norway. The present interest in clear-cut
burning appears to be increasing, now based on arguments from conservation biology.
There is also the potential to use so called "patch bufldng", i.e. scorching of small
patches on the forest floor to improve the conditions for establishing forest trees. This
allows working immediate with fire within forest stands.

To do something on a small scale for the fire-associated plant and animal species,
relevant research in Norway has begun concerning the problems with curbing the earlier
practice of removal of fire-affected wood from burned areas. This primarily means to
leave larger or smaller quantities of dead trunks and other fire-affected substrates and
materials on burned sites to benefit fire-associated species for a certain period of time.
Resolutions and practice concerning such post-fire management of burned areas has
already been established and are presently operative in Norway. This system preserves
fire-affected biomass and compensate the short-term loss of forest production to the
owner.

Burning of heath land according to the Scottish system has also been attempted in
Norway with the objective of promoting production of grouse, black grouse and hare.
Several researchers advocate to increase this practice. However, the results from such
burnings appear to be highly variable (Mysterud & Mysterud 1997b). The variation may
be due to difficulties in controlling the hardness of the fire. The bedrock and the soil are
probably so poor and the humus resources so small in many Norwegian outlying field
areas that such a treatment regime should not be applied on a large scale in this coun§.

11.4 Conseruation fires
Conservation of diversity as it is expressed in Norwegian management documents
means conservation at three different levels: genotypes, species and
landscapes/ecosystems @0 A Haugen L993). The interest in burning in connection with
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nature conservation is at present rising in Nonvay. However, only a small number of so-
called redJisted species in Norway are relevant in the forest fire context. This applies
primarily to certain types of fung, lichens, and among the higher plants, particularly
seed bank species, as well as a larger complex of invertebrates, particulady beetles
linked with ash wood and other fire-affected substrates/resources. We do not know if
melanistic forms, i.e. special genotlpic colour varieties, exist in Norwegian species. If
so, such "fire morphs" must eventually be considered in specific and detailed action
plans. There are no exclusive fire specialists among the vertebrates in Norway, but
several species, such as the white-backed woodpecker (Dendrocopos leucotos) and
ortolan bunting can profit in numbers from forest fires, and are thereby relevant to
consider in connection with both post-fire management of bumed areas or with potential
active burning programs (Mysterud et al. 1997b).

The most difficult fire theory problems and evaluations are by far associated with
management at the landscape or ecosystem level. Introduction of prescribed fires on a
landscape level will require the development of new models to scale fires at this high
level, and also evaluations of methods to differentiate fires according to the variable
Norwegian landscapes. In Norway, we cannot automatically transfer experiences from
management and research in other countries, not even from Sweden.

The most difficult assessments concerning management of fires are related to reserves
and national parks, i.e. ecosystems that, according to specific criteria, are to be
conserved for posterity. The objective of such management programs may be everything
from restoration of an area's "naturalness", preserving the "status quo" ("freezing
strategy") or creating special types of conditions that are regarded as being worthy of
conservation in terms of "history of nature". In many countries, disagreement among
researchers and managers has resulted in hesitation to introduce fires as paft of
management of national parks. We have discussed these problems elsewhere (Mysterud
et al. t997b). Most forested parks in Norway may be too small to conduct fire
management alternatives at all. If burning in Norwegian national parks were to be
considered in the future, the only strategy we recommend will be what we have termed
management based on fire history. This work could begrn today through initiation of
research to clarify the fire history of our relevant park areas.

11.5 The need for caution
We emphazise the importance of developing strategies that may be relevant for
Norwegian nature management, but also the necessity of having a critical attitude while
so many uncertainties prevail regarding the character of the Norwegian fire regime.
Perhaps, due to its wet and cool fire regime, Norway has unburned refuges of utmost
significance for biological diversity, even at Fennoscandian level. There are several
reasons for being cautious. For example, the burning of remnants of forests where wood
has been removed (e.g. through clear-cut burning) and which have not previously been
affected by fire, can hardly be expected to conserve "natural" biological qualities, or
bring anything closer to a "natural" state. It is important to remember that every time we
ignite a prescribed fire or "take over" and start guiding a wildfire, we are contributing to
more anthropogenic burning (Mysterud et al.l997b).

In conclusion, we emphasize the importance of Norwegian managers maintaining their
basic strategic position that nature managernent must be based on lcnowledge, also in
regards to forest and /ield /ires.
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11.6 Present rules and regulations
As mentioned, the contemporary forest fire strategy for a considerable period has been
suppression, and it has long been recognized that the best way to reduce the loss of
forests is early detection of fires. Therefore, monitoring fires is important @leken
1997a). Earlier, this was accomplished using among others observation towers. In recent
time, air-plane monitoring has taken over, and satellite surveillance has also been
implemented in some areas. Other preventive measures are the development of
regulations, promoting education and information, and building up better forest fire co-
operation.

Present extinguishing can be divided into direct (offensive; used against smaller fires)
and indirect (defensive; used against larger fires) fighting @leken 1997a). A key tool in
direct extinguishing is the use of helicopters, aided in Norway by a specially developed
water bucket that has received international recognition.

From some countries it is reported that negative effects on fish can result from exposure
to water soluble chemicals used in the work to fight fires. The use of such chemical
additives of various kinds, i.e. to prevent evaporation, restrain fire and increase water
penetration of fuel, is not permitted in Norway, e.g. for environmental reasons.

Among others, the Directorate for Fire and Explosion Prevention @BE) contributes to
the forest fire work through regulatory development, collection, systematization and
analysis of forest fire statistics, issuing press releases, participation in national and
international forest fire co-operation work, and through its guiding role in the
helicopter-based forest fire preparedness @leken 1997b). There is a forest fire insurance
company in Norway (Skogbrand), that has recently taken the initiative to implement the
regulations concerning preservation of fire-affected resources on burned areas (see

above). The Norwegian Fire Protection Act is the most central legal tool in regards to
forest fires in the country.
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Fires are a part of forest dynamics

Fires have played an important role in the dynamics of boreal forest ecosystems. During
the prehistoric times, the forest fire frequency was on average one fire in a century. The
frequency increased during the slash-and-burn -cultivation era up to 2-3 fires per
century.

The reaction of different tree species to the fire varies. Of the coniferous species,
Norway spruce (Picea abies) is very susceptible to fire and is often killed even in a

small fire. Pine (Pinus sylvestris), on the other hand, is capable of withstanding even
strong fires. Pine as well as birches (Betula pendula, B. pubescens) and other deciduous
trees such as aspen (Populus tremula), willow (Salix caprea) and alder (Alnus incana)
are capable of quickly re-colonising open areas. Parts of a burnt area often remain
unaffected by the fire resulting in small patches of forest remaining within the otherwise
open area.

Recurrent fires resulted in a mosaicJike forest landscape with a great variation between
and within the biotopes as well as tree species structure. The high diversity of landscape
mosaic results in high species diversity as well. A number of species have become
adapted to burnt areas. Many of the species are insects, but also some vascular plants
and wood fungi are either entirely dependent on, or favour, the environments created by
forest fires. Many of the species demand bumt wood as their substrate. Hence,
maintenance of forest fires is an important part of species and habitat conservation in
the boreal forests.

National Parks and other conservation areas in Finland have been primarily established
to maintain representative and ecologically thriving sample areas of all the ecosystems
and natural habitats occurring in Finland. This includes their geographical variation and
natural successional stages and the respective natural processes.

Regular fires maintain the natural disturbances and dynamics of boreal forests and
therefore, in principle, they play an important role in the conservation area management.
In practise, however, most of the forest fires, started by lightning or careless campers',
are required to be suppressed in the conservation areas. This is mainly due to the on
average small size of the conservation areas and the potential threat of the fire to the
surrounding private lands and other possessions.
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Fire as a tool offorest restoration

Large part of the forests in the conservation areas in Finland were more or less affected
by commercial fores§ activities before they were established as conservation areas.

Therefore, the forests in conservation areas include even aged and even structured
monocultures of spruce or pine with low biodiversity values. To restore these areas to
the natural stage, prescribed burning is nowadays used. Either all the trees in the stand

are burned or part of the timber can be harvested to finance the restoration activities.
Through burning, the succession of the forest stand is re-started resulting in more
diverse forest in terms of tree species and size composition. Also, the areas become
abundant in dead and burnt wood, which is necessary for numerous endangered and rare
species of animals and plants.

Prescribed burning as a means of forest restoration is quite a new practise in Finland
and is being developed: the first prescribed burning was conducted in 1989 in Patvinsuo
National Park. Today, the practise is still on experimental level. ln 1999, less than 50 ha
of forest was burned in Finland with the objective of ecological restoration. The forest
restoration area in Hyövynniemi, Heinävesi is one of the largest (12 ha) prescribed
burning area in Finland this far. Part of the timber is harvested and the rest is being left
to burn.
The cost of prescribed burning are quite high largely due to the necessary activities
required to prevent the fire from spreading. The average cost is about 5 000 FlIWha
The costs/tra are the lower the larger area is burnt.

As the practise of restoration by using fire is on experimental level, research and
monitoring play an important role in the activities to find out whether the activities
result in the planned objectives. Howeveq there is clear evidence at least of the certain
fire-depending species colonising the burnt areas.

Slash-and-burn in cultural landscape management

Slash-and-burn -<ultivation prevailed in the Eastern Finland in large scale until 1850's,
but in small scale it was practised even in the beginning of the 2Me century. It was
especially in the province of South Savo that the slash-and-burn -practises prevailed the
longest in Finland.

The slash-and-burn --cultivation included burning of forest, cultivating food crops,
mainly rye and turnip, for 3-4 years until the soil was unfertile and after that pasturing
cattle and cutting hay. Finally, the area was left to reforest naturally to be burnt again
after some decades. These practises created diverse landscape with cultivated areas,

meadows and different successional stages of deciduous forest.

During the long history of slash-and-burn +ultivation, a wide variety of species,
especially plants and invertebrates, adapted to live in the various successional stages of
the slash-and-burn -areas. As the slash-and-burn -+ultivation gave way to the present

type of intensive agriculture, the amount of those habitats decreased, which resulted in
the many of the species becoming rare and endangered. Therefore, maintenance of the
habitats formed by past methods of agriculture is one part of species conservation.

Consequently, fire in form of slash-and-burn -cultivation is used in the cultural
landscape management in some of the conservation areas in Eastern Finland, e.g. in
Linnansaari National Park and Telkkämäki Nature Conservation Area. For example, in
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Linnansaari National Park, a cultural landscape management plan has been prepared,
which defines about 2Oha of the Park as slash-and-burn -areas. The objective is to burn
about I ha every year resulting in about 40 years rotation period. In practise, the area
burnt annually this far has been about 0,5 ha. It must be stressed that the slash-and-burn
-cultivation is a minor activity in the National Park and most of the Park's area is left
untouched, in natural stage.
In addition to aiming at habitat and species conservation, the slash-and-burn -practise is
also a form of maintaining cultural heritage: working methods, tools, structures and
other cultural features attached to past forms of agriculture. Furthermore, old strains of
cultivated plants (rye, turnip) are used.

Co-operation between conseruation and lire management authorities required

It is obvious that the use of fire, especially prescribed burning as an forest restoration
method is increasing in Finnish conservation areas. At present, there is a lack of clear
national policies on the use of fire and prescribed burning in conservation areas, which
has resulted in difficulties in implementation of some plans. It seems also, that with the
absence of national policies, there are local interpretations on the fire prevention and
management regulations.
Close co-operation is needed between fire and conservation atea management
authorities to develop commonly accepted guidelines, which consider both the
ecological and fire protection points of view of using fire in the conservation area
management.
In this context, also the possibilities of applying the "let burn" -principle in
conservation areas should be looked at. A common understanding is needed to decide,
which conservation areas or parts of them could be safely used for prescribed burning or
as "let bum" -areas in case of accidental fires.


