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1. Introduction

The total area of Finland is 338,145 km2, out of which the land area is 304,529 knf .
Forests cover 68 7o of the total area, i.e. 26 million hectares. Companies own 8 Vo about
54 7o of the forest are privately owned, 33 7o is owned by the state, and 5 Vo is owned by
others. The forest industry forms more than 30 Vo of Finnish exports, and therefore it
can be considered an important sector of the Finnish economy. Finland is a scarcely
populated countr), with a total number of inhabitants of 5.1 million people, i.e. l7
inhabitants per km' of land. With regard to forest fires, these facts mean that there has
to be some kind of system to prevent, detect and extinguish forest fires.

There are at least two factors that have to be taken into account in estimating how large
the problem of forest fires actually is. First is the number of forest fires. However, the
number of forest fires gives us only limited knowledge. Secondly, therefore, we need to
know how large is the total area that is burned in forest fires year by year. When we
combine these two factors we find what is the average size of a fire. These two factors
indicate to us how large the problem is and how our system, consisting of measures for
prevention, detection and extinguishing, should work.

In figure 1, the number of forest fires in Finland is presented as a function of time. In
Finland, the number of forest fires can vary considerably depending on the weather
conditions in the Summer months (i.e. in May, June, July and August); at other times of
the year, it is not likely that there are forest fires at all. The value that is presented in the
graph is the number of forest fires on average per year in the particular time period.
This gives us better information about the tendency of the forest fires.
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Figure L. Average number of forest fires per year.
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As presented in figure 1, the number of forest fires has been quite stable from the
1,950's to the 1990's. In the 1990's, the number of forest fires has been increasing. As
was pointed out earlier, we also need to look at the total burned area in the forest fires.
We should combine it with the number of the forest fires in order to be able to analyse
the size ofthe problem and effectiveness ofthe system to control the forest fires.

Figure 2. Average total burned area per year (in hectares).
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Figure 2 shows clearly that the total burned area (in hectares) has been declining on
average from the 1950's to the 1990's. In the 1990's, there has been a slight increase in
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the total burned area. When we combine the number of the forest fires and the total
burned area we obtain the average size of a single forest fire, as shown in figure 3.

Figure 3. Average size of a single forest fire (in hectares).
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Although the number of forest fires has been increasing in the 1990's, the total burned
area is still relatively small. This means that the average size of a single forest fire has
been decreasing all the time as shown in figure 3. The total burned area has been kept
well less than 1000 hectares a year. The average burned area per forest fire has been
only 0.6 hectares in the 1990's. Thus, we can state that in Finland the management of
forest fires has been quite successful. The Finnish system of prevention, detection and
extinguishing is working relatively well. The small burned area per fire indicates that
the forest fires can be detected quite quickly, and that the fire brigades can respond
effectively.

2. Existing Decision Environment

2.1 Forest Fire Fighting

The forest fire fighting philosophy can be divided into three parts: prevention, detection
and extinguishing. Each of these parts supports each other, and together they form a
system for controlling forest fires. In Finland, the basics of the system that is in use
today were first introduced in the early 1970's.

Prevention is based on the forest fire warning system. The fire risk warning is issued
when the fire index (fire probability, chapter 2.4) has reached a given threshold value.
A duty meteorologist at the Finnish Meteorological Institute ('FMI') makes the decision
on fire warnings. This means that during a forest fire warning, certain regulations come
into force such as prohibition to set an open fire in the forest or near the forest. Forest
fire wamings are issued to the public on television and radio several times a day in
weather forecasts.
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Instructions and other kind of education and information belong to the preventive work
that more than 300 municipal fire brigades (figure 4) perform. People are instructed to
behave in a certain way so that they remember to take all the necessary precautions in
order not to start a forest fire.

Figure 4. Provinces in Finland

Regardless of this effort, about 7O Vo of the forest fires are caused by human action.
This 70 includes negligence and also accidents such as unguarded open fires.

The lightning detection service also contributes to fire risk assessment and prevention
(c.f. Section 2.5). FMI provides information on the lightning situation in the whole of
Finland on the Internet. This information is updated every fifteen minutes. This
updating frequency is high enough as far as forest fire detection is concerned. The alarm
centres and provincial governments can get this information when needed, i.e. they can
pick this information up from the Internet.

Detection of forest fires is based on the observation by local people (9O7o), by the
airborne surveys (IÜVo), and by two local video cameras. When the value of forest fire
index reaches level 4.0, which means that the forest is moderately dry, the airborne
surveys start. The aeroplanes fly twice a day along certain routes, Fig 5. The whole
country is covered by these routes.



Figure 5. Airborne fire surveillance routes in Finland.

The routes have been defined to take into account the location of people so that
especially those unpopulated areas are covered. It has to be kept in mind that airborne
surveys also have a preventive aspect, i.e. people know that aeroplanes are surveying
during the forest fire warning period, and so are less likely to start an open fire than
without airborne surveying.

Airborne surveys can also be done after thunderstorms because lightning is the most
corrmon natural reason for forest fires. In Finland the provincial governments are
responsible for controlling airbome surveys according to rules made by Finnish
Ministry of the Interior. Provincial governments can decide (based on the lightning
information offered by FMI on the Internet) that the airborne surveys are done after
thunderstorms. For airborne survey pu{poses it is enough to get information where the
lightning occurs.

In addition to the lightning detection, the Finnish Ministry of the Interior has financed
an experiment on satellite monitoring based on NOAA satellites.

Individuals make most observations about forest fires. After detection, it is very
important that a forest fire can be accurately located. In the present system, the location
is done manually. This means that aeroplanes inform the location of a fire through radio
to the local alarm control centres using co-ordinates or map names, and alarm control
centres alert the operative units accordingly. The size of a fire is evaluated visually. A
single person usually informs the local alarm control cenffe and evaluates where and
how large the fire is. The faster the alarm is issued, the smaller is likely to be the
damage.

5
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Prescribed burnings -- for fores§ or agricultural purposes -- are allowed only when
there is no forest fire warning in the area. All prescribed burnings must be declared (in
writing) beforehand to the municipal fire brigade. The fire brigade then forwards a
copy of the declaration to the regional dispatching centre. Copies of all valid
declarations on prescribed burnings are available to the officer in charge in the
dispatching centre. The officer can decide whether an incoming fire observation is only
due to a prescribed burning or whether a unit of a-local fire brigade should verify it.
Information on prescribed burnings is usually not archived.

The municipal fire brigade does extinguishing. A local municipal fire officer is
responsible for leading the operation inside the local municipal area. Finland is divided
into 39 alarm control regions (Figure 6). Each alarm control regions several municipal
fire brigades.

If a situation is extensive then it is possible to alert other municipal fire brigades for
help. kt each alarm area there is also a regional fire chief. He has the responsibility to
take the lead if he thinks it is necessary. The fire officer in charge is responsible for
every strategic decision.

The role of the Ministry of the Interior is to ensure that all the necessary structures are
functional, and that in every area there are enough resources to also handle larger
situations. In an operational sense, the governmental level or the provincial level doesnt
have much to do as far as daily accidents are concerned. Only in a national catastrophe,
where there could be hundreds of thousands of people in danger, do these organisations
start to function at an operational level. If there is a national catastrophe, then the
Minis§ of the Interior takes the lead.

Figure 6. Alarm control regions in Finland.
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The overall hierarchy of the fire and rescue services in Finland is shown in figure 7.

Figure 7. The organisation of fire and rescue services in Finland.

MINISTRY OF TIIE INTERIOR

Finland is not too complicated in terms of geography for the extinguishing purposes.
There are no large mountains in Finland, and the forest road network is quite extensive.
Helicopters with Bambi-buckets can be used to restrict the fire, and also this year the
Mnistry of the Interior has started experimenting with three small aeroplanes. These
aeroplanes were modified from fertilising aeroplanes.

2.2 Forest Fire Damage Assessment

In Finland, the forest fire damage assessment includes the size of the forest fire, type of
the forest and the cost of the damage. The local municipal fire officials and insurance
companies (depending on insurance) have responsibility on assessment of fire damage.
The fire officer in charge evaluates all of this information. The evaluation of the cost of
the damage depends on the type of the forest and the size of the fire. The forest
specialists estimate the value of the best kind of forest to be about 15,000 Finnish Marks
per hectare, which means that the total cost of the burned forest is less than 10 million
Finnish Marks per year.

When we include all of the extinguishing costs and the costs of airborne surveys, the
total cost of managing forest fires is less than 20 million Finnish Marks per year. This
can be compared to the cost of a medium-size block of flats, which means that the
magnitude of the problem is not so large in scale. However, this figure does not include
environmental costs such as the effect of COz release on the atmosphere, the effect on
tourism on a region, or the cost of replanting the forest.
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The chief of the fire fighting unit that has extinguished the fire makes the initial forest
fire damage assessment. This assessment is needed for statistical records of the fire
fightin g organisations.

If a forest has been insured against fires the insurance company makes an assessment on
the damage. Usually the insurance compariies use forest experts of the forest
management organisations ('yksityismetsälautakunta' - private forestry board) for the
damage assessment task. The damage is assessed on the fire site including:

o the timber volumes that have become totally non-marketable,
o the volumes that have dropped from the wood category to pulp wood category, and
o the value of lost newly planted trees.

The same forest experts of the forest management organisations usually make planning
of the re-forestation and possibly other silvicultural measures.

2.3 GIS Systems

A'lLz' emergency phone call (including from mobile phones) is directed to the closest
alarm centre. The dispatcher can see the telephone number and the address on the
screen. Usually the dispatcher enters the address where the accident has happened and
the system shows the address graphically. The alarm centres and fire brigades use the
GlS-based 'Mapinfo' system. The Ministry of Interior has the responsibility to develop
Mapinfo system to be applicable for management of forest fires.

The map information is in digital form almost everywhere in Finland. This means that
the alarm centres can get exact information on every region in Finland based on
addresses, map names or co-ordinates in cases where GPS is in use. In Finland, the
information is usually based on addresses and map names because GPS is not widely in
use in the fire brigades. In figure 8 can be seen the way in which the address or the map
name is indicated to a dispatcher in the alarm centre. The area marked in green is the
total area of one municipality. A red dot and red arrow show the place where the
accident has happened on the map. The map can be zoomed in as much as desired.
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Figure 8. Municipal map on screen.

2.4Fire Risk Assessment by Fire Index

In Finland, a fire risk warning is issued under dry weather conditions from May to
September when a fire index, specifically developed for this purpose, has reached a
given threshold value. A duty meteorologist at the Finnish Meteorological Institute
(FMI), based on current weather information makes the decision on fire warnings as
well as current and forecast index values. The fire index is presently calculated on a 10
km spatial grid. Maps and tables on index values can be viewed through the Internet
(see http://metsapalo.fmi.fi: in Finnish). Public warnings are issued per province or per
county based on spatial averaging. Official warnings of the fire risk are made via radio
broadcasting. Open fires of any kind are not allowed during the presence of a fire
warning. Exceptions to this regulation require the presence of a fire extinguisher unit.

The fire risk index is also used to guide fire survey flights over the risk areas. These
flights are organised by the government officials in co-operation with private flying
clubs. Adoption of the survey flights in the early 1970's resulted in a significant
reduction of the burned area annually, as was shown in figure 1. There are pressures to
minimise the amount of flying hours due to the high cost of this surveying method.
This can be achieved by providing high spatial resolution, timely and accurate
information on the fire risk, thereby directing the surveying activity over those areas
with highest risk of forest fire.

Until very recently, the fire index calculated by FMI has been based on a statistical
relationship between a number of weather variables and the occurrence of fires.
Problems with the statistically based index, e.g. the difficulty to verify the index values
by direct measurements, has led to the development of a new, physically based index
which was recently adopted for use at FMI (Heikinheimo et al., 1998).

The new index is based on estimates of the volumetric moisture content of the
(assumed) most typical fuel in the boreal forest, i.e. the top organic soil layer (including
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fallen litter and small branches). The driest forest environments are clearings; thus the
influence of trees on soil moisture could be ignored when developing the algorithm.
Surface soil moisture is calculated with a simple, physically based model that removes
water from the surface organic matter by evaporation and adds it in proportion to
precipitation.

The main challenges in developing a fire index are to obtain good spatial resolution and
realistic scaling of the index with respect to risk factors. Spatial resolution of a fire
index depends largely on the density of observational data. With a sparse network of
stations, local climate features near lakes and coasts and on a hilly terrain are poorly
described. Even without terrain heterogeneity, daily precipitation during summer can
vary significantly within a distance of a few kilometres, i.e. a shower can occur at a
weather station while the surroundings remain dry, or vice-versa. The latest version of
the fire risk scheme at EMI can make use of all20CI precipitation stations, reporting
precipitation amounts once daily. Weather radar networks, such as 'NORDRAD',
covering most of Denmark, Sweden and Finland, can potentially provide good spatial
coverage of summer rainfall, and :re increasingly being used for quantitative
precipitation estimates. Use of radar networks can thus significantly improve the spatial
resolution of a fire index. High spatial resolution precipitation products are currently
under development at FMI.

A convenient way to transfer soil moisture into information on fire risk is to scale the
volumetric soil moisture into an index that increases with increasing risk of forest fire,
i.e. with decreasing soil moisture. FMI have introduced a scale between 1 and 6, where
I indicates very wet and 6 very dry soil (c.f. Table ). Experience has shown that an
index with this type of simple scaling is well adopted by public users. The threshold for
fire warnings can be set to (e.g.) near the mid-point of the scale. When the index
reaches a value of 4 a fire warning is issued, and when it drops below 4 a warning
already in force will be removed.

Table I - Scaling of the volumetric moisture fraction into classes of surface wetness.
Forest fire warnings for the public are issued (withdrawn) when the index has increased
above (decreased below) a value of 4.0 (shaded area).

A spatial analysis of the index on a geographical map, as shown in Figure, helps in
deciding which administrative areas will be warned of a fire risk.

Vol. Moisfure status

.O - 3.9 0.20 - 0.25 Moderately wet
2.0 -2.9 0.26 - 0.32 Wet
1.0 - 1.9 0.33 Verywet
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Figure 9. Forest Fire index mapped across Finland based on spatial interpolation from
the station data. In this situation, a forest fire warning would be issued to most of the
southern and western parts of the country.

2.5The Lightning Location System in Finland

FMI's present lightning location system was installed in August 1997. The sensor is
basically a direction finder, but it is equipped with a satellite navigation (GPS) receiver,
which enables it to find its own position and, above all, stamp every lightning
observation with a precise time with error much smaller than one microsecond. Because
a flash is a multi-stage discharge, lasting an appreciable fraction of a second, an
accurate timing has to be done separately for each return stroke. Hence, all strokes are
located separately and can, with certain criteria, be grouped into whole flashes. The
greatest advantage of the accurate timing is that the time differences of the stroke
observations can be used alone for locating the stroke, independently of the angle
observations. In practice, the system combines the two methods, triangulation and time-
of-arrival location, which increases considerably the accuracy. Hence, the new sensor is
called IMPACT ('IMProved Accuracy by Combined Technology').

Location by direction finding can, in principle, be performed with two sensors, but the
result is inaccurate if the bearings happen tq be nearly parallel. In this case, the time
difference can be used to improve the accuracy. Location with only time differences
requires 3 - 4 sensors. With three sensors, the location is not unique, but it can be fixed
with additional bearing observations. In general, combining the two methods gives
several solutions to the 'location equation', and the optimum is determined statistically.

The system has five sensors. The northernmost stations are Rovaniemi (66.559o N,
25.846' E) and Utajärvi (64.757' N,26.312" E). The three others are in southern and
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central Finland: Kuopio (63.018" N,27.784" E), Niinisalo (61.860' N,22.467o E) and
Utti (60.892o N, 26.926" E). All sensors are at the ground level. The communication is
based on already existing lines. The central unit, called LP}0OO, is a UNIX computer,
which computes the locations and saves them into daily files, ärd analyses the
performance.

The system coveni Finland with 50 Vo - 80 7o effrciency, oxcluding the northern part,
north of 67.5 degrees latitude. The best efficiency (80 7o of ground flashes detected) is
in the central part. The main (or useful) detection area may be defined as one with
efficiency greater than 50 Vo.It is roughly the area between latitudes 60" - 67" N, and
longitudes 2L" -3L" E.

In the central part, most strokes are located with error less than 2l<n, often as small as
0.5 km. In the periphery, the error grows but remains below 10 km within the main
detection area.




