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ABSTRACT 
 
 
Forest fires are an ambivalent issue in Fennoscandia. Although most long-term fire-history 
studies show a decrease in burned areas, the recent large fires have set challenges for the 
future given the increasing demand to develop more effective fire management methods. 
On the other hand, the low impact of fire has raised concerns regarding how to safeguard 
fire-induced biodiversity. Related to these subjects, in my thesis I have studied fire scar 
formation, the flammability of the most common ground layer fuels and the state of 
prescribed burning in Finland. 
 
The main findings of my thesis were: 
 
 1. Low-intensity forest fires do not necessarily form fire scars in Scots pine stands. The 
scars found in the study were more common in younger stands as well as in smaller trees 
and were also formed in higher parts of tree trunks. The variability in shape, size and 
occurrence of scars suggest that the scar formation in young pine stands may be a stochastic 
phenomenon depending on fuel load, topography and weather conditions. 
 2. Prescribed burnings in Finland have declined during recent decades and their current 
ecological impact is low, despite scientific evidence and expert work having brought about 
the recommendation to increase burnings. This is primarily explained by the high costs and 
arduousness of burnings, which have led to decisions in state forest policies and forest 
certification modifications that have diminished burnings. Combined with low areas burned 
in wildfires, the current fire regime in Finland can poorly safeguard the fire-dependent 
habitats and species. 

3. The most common ground vegetation fuels in Finnish forests differ in their moisture 
variation, ignition probability and mass loss during combustion. Amongst studied species 
reindeer lichen (Cladonia spp.) was clearly the most flammable with the fastest drying rates 
and the highest ignition probability, whereas fork moss (Dicranum spp.) was the least 
flammable, while feather moss (Pleurozium schreberi) and stairstep moss (Hylocomium 
splendens) were intermediate. Wind velocity clearly increased the ignition probability of 
the studied moss species, and increased wind speeds reduced the species-specific 
differences. 

These major findings of my thesis could be of use in enhancing forest fire prevention 
and prescribed burnings as well as in interpreting past fire regimes.  

 
Keywords: bottom layer, fire history, forest fires, flammability, fuel moisture content, 
ignition probability 
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1. INTRODUCTION 
 
 
During recent decades, forest fires have raised growing global awareness as they represent 
a major threat to human property and society by destroying estates and infrastructure, 
damaging agricultural and forested areas and even causing numerous fatalities (Thomas et 
al. 2017; Robinne et al. 2018). Since there is a great variety of region-specific historical fire 
regimes, the understanding of past fire dynamics is essential when changes are analysed 
and future scenarios are compiled (Conedera et al. 2009).  

Global warming is predicted to increase the threat of wildfires as fire seasons will be 
prolonged and fires will become more frequent and more intense (Flannigan et al. 2009a; 
Moritz et al. 2012; Robinne et al. 2018; Bowman et al. 2020). Climatic shift has especially 
spurred an increase of various extreme fire events, such as the catastrophic “megafires” 
(Tedim et al. 2018). These large fires with high intensity have raised growing concern, 
since they are difficult or even impossible to suppress and often result in high-severity and 
large-scale damage (Stephens et al. 2014). The increase of fires respectively produces a 
significant increase of greenhouse gases, thus accelerating climate change, although the 
estimations of the impact of wildfires do vary (Bowman et al. 2020).  

The areas burned in wildfires have also increased in many parts of the boreal zone 
(Kirdyanov et al. 2020; Köster et al 2021) and are predicted to grow, according to future 
scenarios (Flannigan et al. 2009b). Within past decades in Fennoscandia, the wildfire 
hazard has been low compared to many other regions of the boreal zone, yet recently two 
exceptional wildfire events have occurred in Sweden: the Västmanland wildfire of 13,100 
ha in 2014 (Gustafsson et al 2019), and the summer of 2018, when a total area of 
approximately 25,000 ha was burned (Skogsbränderna sommaren 2018, 2019).  

Fuel management, defined as the “Act or practice of controlling flammability and 
reducing resistance to control of wildland fuels through mechanical, chemical, biological, 
or manual means, or by fire, in support of land management objectives.” (NWCG Glossary 
of Wildland Fire 2021), has been increasingly recognised as a pivotal wildfire mitigation 
method with growing importance. This is because along with the warming climate, forest 
fires with high fuel loads produce more energy and become increasingly difficult to 
extinguish (Agee and Skinner 2005; Fernandes 2013; Omi 2015) forcing the re-evaluation 
of forest fire prevention strategies, with a shift from suppression to prevention. 

In fuel management, the fuel moisture content (FMC) is one of the most important 
characteristics directly affecting flammability and fire behaviour (Chuvieco et al. 2004; 
Keane 2015). The prediction of FMC is the main component of most fire weather indices, 
which in turn function as the basis of the fire danger rating systems (Dimitrakopoulos et al. 
2011; Ziel et al. 2020). The FMC is also a key factor affecting performance and outcomes 
of prescribed burnings (Sandberg 1980; Hille and den Ouden 2005).   

Although forest fires are primarily considered hazardous, they are also a natural 
disturbance factor that diversify forests in various scales (Wein and McLean 1983; Ryan 
2002; McLauchlan et al 2020). Fires also shape biotopes, providing suitable habitats for 
numerous species. In Fennoscandia, the low amount of burned areas have raised concern 
about the decrease of fire-related biodiversity (Granström 2001). Prescribed burnings have 
been shown to be a useful habitat management tool (Koivula and Vanha-Majamaa 2020) 
and they are widely recommended for safeguarding fire-driven habitats and fire-dependent 
species in regions where fires have become rare. 
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2. BACKGROUND 
 
 
2.1. Forest fires in Finland during past decades 
 
The annual area burned in forest fires in Finland declined significantly in the latter half of 
the 20th century. A particularly steep decline occurred in the 1960s when the annual burned 
area dropped from ~ 5,800 ha during 1952-60 to ~ 700 ha during 1971-1980 (Aarne 1992). 
In recent decades, the annually burned area has mainly varied between 200 and 800 ha, 
occasionally exceeding 1,000 hectares (PRONTO-database: Statistical Data System of 
Finnish Rescue Services 2021). Consequently, the size of a single wildfire is currently only 
~ 0.5 ha and large fires are rare. The last wildfire exceeding 1,000 ha occurred in the year 
1970, and after that the only ones to spread across hundreds of hectares were in the years 
1997, 2020 and 2021 (200-250 ha each)(Lindberg et al. 2021).  

It is notable that although the climatic conditions, vegetation and primary tree species 
are generally similar in boreal forests of Fennoscandia the fire regimes differ in various 
regions. Compared to Norway, Sweden, and the Republic of Karelia, the annual burned 
areas in Finland are lower and the annual variation is less (Lindberg et al. 2021). Also, in 
comparison to Sweden, no similar increase of larger wildfires can be observed. 

Since climatic forest fire risk in Finland does not explain the absence of large fires 
(Venäläinen et al. 2016) and has stayed rather stable during the last century (Mäkelä et al. 
2012), the changes of fire regimes in Finland and the differences with neighbouring regions 
can be explained by other factors such as forest fire suppression actions, forest and 
landscape structure, and forest management (Päätalo 1998; Lindberg et al. 2021). 

Currently, forest fires are not a major threat to property in Finland. Insurance 
compensation for burned forests are minor compared to windthrow and snow damages and 
during the years 2000-2013, they only made up ~ 2% of all compensation of abiotic 
damage (Peltola 2014). Nevertheless, there are several reasons why research and 
development on forest fire suppression can be justified.  

First, the number of fires has stayed at the same level, or even increased during the last 
several decades (Lindberg et al. 2021). Thus, the firefighting duties burden local rescue 
services and produce significant costs to society, which have been estimated to range from 
> 1,000 euros up to even ~ 15,000 euros per suppressed forest fire (Kosenius et al. 2014). 

 Second, it has been estimated that the climatic risk for forest fires will increase in the 
future (Kilpeläinen et al. 2010; Lehtonen et al. 2014; Mäkelä et al. 2014), which means that 
forest fire suppression effort and the demand for preparedness will probably also increase.  

Third, forest fire fighting in Finland relies primarily on voluntary fire brigades, which 
struggle with problems of recruiting new persons as populations in rural areas continue to 
age and decrease. These points emphasise the need to develop new methods of forest fire 
management in the future. 
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2.2. The Finnish Forest Fire Index and early warning systems for forest fires in 
Finland 
 
Currently, the most widely used fire index system globally is the Canadian Forest Fire 
Weather Index System, which was initially designed for the Canadian boreal forest. Since 
being published in 1970 (Van Wagner 1987), it has gradually been adopted in many parts 
of the world, including different vegetation zones and fuel types (Dimitrakopoulos et al. 
2011). 

Despite the wide use of the Canadian Forest Fire Weather Index System, national fire 
indices are still commonly used in many countries.  In Finland, forest fire risk is estimated 
by the Finnish Forest Fire Index (FFI), which is based on empirical monitoring of a 6 cm 
surface layer in three clear-cut areas and one mature stand in Southern Finland 
(Heikinheimo et al. 1998). The monitored fuels were a mix containing mostly raw humus, 
moss and litter. It is notable that FFI is based on volumetric moisture content (VMC) where 
the volume of water is proportioned with the total volume of the sample, so the values are 
not directly comparable to more widely used gravimetric moisture content values, which 
themselves are calculated as a ratio of the mass of the water and the mass of the material. 
Drying and wetting curves were defined for estimating the VMC of monitored samples, and 
a model predicting the VMC of the top 6 cm of surface layer using precipitation and 
potential evaporation as explanatory variables was constructed by the Finnish 
Meteorological Institute. For operational use, the VMC is scaled to six wetness classes and 
respectively to FFI values ranging from 1-6. An FFI value of 4.0, which predicts a VMC 
under 20%, was chosen as the threshold value based on forest fire statistics (Heikinheimo et 
al. 1998; Vajda et al. 2014). 

The potential evaporation is calculated based on net radiation, wind speed, air 
temperature and relative air humidity, which are obtained for operational use every three 
hours from meteorological field stations in Finland. The weather data is complemented by 
using data obtained from numeric weather prediction models and data from weather radars 
and rain gauges (Vajda et al. 2014) and is then spatially interpolated into 10 km x 10 km 
squares and to regional and county levels using the kriging method (Venäläinen and 
Heikinheimo 2003). 

The regional FFI values are used to estimate the need to initiate aerial surveillance 
flights, which usually begin with values exceeding 4.0 (Soisalo 2021). When an FFI value 
in a certain region exceeds 4.0, a forest fire warning defined in the Finnish Rescue Act 
(2011) is announced in the media, e.g., prohibiting the use of open fire. FFI has also been 
modified to predict grass fire danger during spring. For this purpose, the model has been 
adjusted to predict the VMC of a layer with a thickness of 3 cm. As in FFI, if the VMC 
rises over a value of 4.0, a grass fire warning is announced in a similar way as in forest fire 
warnings. After green-up, grass fire risk is low and not estimated. In the recent update of 
the Finnish Rescue Act in 2019, the nature of grass fire warnings was changed to be more 
obliging, as it currently also forbids the use of open fires. 

 
 
2.3. Fire history studies in Fennoscandia 
 
Studies dealing with boreal Fennoscandian fire history have reported a high variation in fire 
cycles. At the shortest, cycles of just a few decades have been documented (e.g. Niklasson 
and Drakenberg 2001; Lehtonen et al. 1996; Lehtonen and Huttunen 1997), while at the 
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longest, several centuries have been presented (e.g. Stejlen and Zackrisson 1987; Pitkänen 
et al. 2003; Wallenius et al. 2010). The shorter cycles have been typical in pine-dominated 
forests, especially in southern and middle boreal forests (Niklasson and Drakenberg 2001; 
Lehtonen et al. 1996; Lehtonen and Huttunen 1997; Groven and Niklasson 2005), which 
can be explained by the faster drying rate of the flammable ground vegetation layer 
(Tanskanen et al. 2005, 2006). Respectively, the more shady spruce forests dry slower and 
are less flammable yet more prone to crown-fires, thus leading to longer fire cycles (Stejlen 
and Zackrisson 1987; Wallenius 2004). It has been shown that the establishment of spruce 
forests in Fennoscandia changed the fire regime to longer fire cycles (Tryterud 2003; 
Ohlson et al. 2011), whereas increasing fire activity leads to low-density, pine-dominated 
forests (Pitkänen and Huttunen 1999). This development can be due to climatic (Drobyshev 
et al. 2014; Aakala et al. 2018) or human-induced (Niklasson and Granström 2000; 
Wallenius 2011) reasons, the latter probably being dominant during recent centuries 
(Niklasson and Granström 2001; Granström and Niklasson 2008; Storaunet et al 2013; 
Rolstad et al. 2017; Ryzhkova et al 2020). However, it is noteworthy that methodological 
differences also influence these large differences in the fire cycle estimates (Conedera et al. 
2009; Kasin et al 2013). 

Even in the same studies, the fire intervals vary depending on time period (e.g., 
Wallenius et al. 2007; Rolstad et al 2017; Ryzhkova et al. 2020), and also areas close to one 
another can differ greatly in their past fire regimes (Aakala 2018). It is good to notice that 
practically all studies using the most reliable method, dendrochronology, have taken place 
at a time when human influence has been significant. They have also often been targeted to 
areas where (pine) trees with fire scars can be found, thus possibly directing the studies to 
the sub-xeric and xeric part of the site-quality gradient. The fire history studies present a 
rather fragmented picture of the past so generalisations must be made with caution. 

 
 
2.4. Prescribed burnings in Fennoscandia 
 
In prescribed burnings (controlled burnings), fire is used intentionally to achieve the 
desired beneficial impacts on vegetation and soil. Globally, prescribed burnings most often 
aim to reduce fuel load and fire risk, manage habitats and safeguard biodiversity, and foster 
areas for grazing and wildlife (Burrows and McCaw 2013; Fernandes et al. 2013; Ryan et 
al. 2013). Yet in Fennoscandia during the last century, the main reasons for prescribed 
burning were silvicultural and were aimed to improve forest regeneration. These 
silvicultural burnings of clear-cut areas were widely practiced in Finland and Sweden, 
reaching their peak during the 1950s and early 1960s, when tens of thousands of hectares 
were burned annually (Cogos et al. 2020; Parvianen 1996). Although such burnings 
decreased drastically in the late 1960s and the 1970s, they are still practiced in Sweden and 
Finland with increasing biodiversity-related targets, yet the current annual areas are < 500 
ha in Finland and > 500 ha in Sweden (Ramberg et al. 2018; Finnish Forest Statistics 2021). 
In Norway, the prescribed burnings of regeneration areas were also used from the 1930s to 
the 1950s, but to a much lesser and more local extent (Mysterud 1997), whereas in Russian 
Karelia, prescribed burnings were common in the 1920s and 1930s, but after that, gradually 
diminished and were finally forbidden in 1993 (Shorohova et al. 2019). During recent 
decades, the importance of fire for forest biodiversity has been acknowledged (Granström 
2001) and prescribed burnings have also been introduced to nature conservation areas 

https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR14
https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR70
https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR74
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(Similä and Junninen 2012) and prescribed burning has been driven increasingly by 
biodiversity, and less by silvicultural goals. 
 
 

3. AIMS OF THE THESIS 
 
 
The conjunctive theme of my thesis is the history, use and mitigation of fire in 
Fennoscandian boreal forests with a special focus on Finnish forests. The theme can be 
divided into three subjects (1) Fire history in Fennoscandia (2) The role, history and 
potential development of prescribed burnings in Finland and (3) Fire prevention in Finland.  

Related to these subjects, the main questions of my thesis are: (1) How and to what 
extent are fire-scars formed in young pine stands by low-intensity surface fires (substudy 
I)? (2) What is the current impact of fire on forest biodiversity in Finland and how could it 
be enhanced by prescribed burnings (substudy II)? (3) How do Finnish forest ground 
vegetation fuels differ in their moisture behaviour and ignition characteristics and how 
could the possible differences be used to interpret past fire regimes and in the development 
of forest fire prevention and prescribed burnings (substudies III and IV)? 

 
 

4. MATERIAL AND METHODS 
 
 
4.1. Study area 
 
The empirical studies (I, III, IV) were all done in Evo area, located in Hämeenlinna, 
Southern Finland (Figure 1), with the exception of three sample plots in study III, which 
were located in the Vesijako area ~ 20 km north of the Evo area. The study area belongs to 
the southern boreal vegetation zone (Ahti et al. 1968), the elevation of the study area varies 
between 120-190 MASL, the mean annual temperature in the region is +3.1°C, the average 
annual precipitation is 670 mm, and the growing season is 160 days (Juvakka et al. 1995). 
The bedrock is mostly orogenic granitoid covered by a thick, stony morainic layer, but 
glacier sedimented areas like deltas, sandur deltas and eskers with sand or gravel are also 
common (Okko 1972). 

The forest types of the area are mostly the semi-xeric Vaccinium-type, the mesic 
Myrtillus-type or the herb-rich Oxalis-Myrtillus-type (Cajander 1949). The studied stands 
represented normal Finnish commercial forests, even-aged, intensively managed and 
primarily treated with clear-cutting and artificial regeneration, pre-commercial and 
commercial thinnings that favour conifers. The stands were Scots pine (Pinus sylvestris L.), 
dominated in studies I and IV, and either Scots pine or Norway spruce (Picea abies (L.) 
Karst.) dominated mature stands, or fresh clear-cuts, in study III. 
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Figure 1. The sample plots in studies I, III and IV. Three plots in study I were located ~ 20 
km north of other plots and are not shown on this map. The samples used in study IV were 
collected from the southernmost sub-xeric mature stand of study III. 
 
4.2. The fire scar inventory (I) 
 
The study was based on 12 Scots pine-dominated, 30 x 30 m sample plots which were 
burned in the summer of 2002 as a part of a larger set of experimental burnings (Figures 1 
and 2, Tanskanen et al. 2007). Five stands were 30-35 years old at burning time and seven 
stands were 45 years old. The older stands had been thinned before burning. The stem 
density of plots varied between ~ 1,000 and ~ 2,200 stems per ha in younger stands and 
between ~ 600 and ~ 1,100 in older stands. The respective range of mean breast height 
diameter was ~ 13-18 cm in younger plots and ~ 18-24 cm in older plots. All stands were 
typical, homogenous, monocultural even-aged stands representing the semi-xeric 
Vaccinium-type. 
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Figure 2. Examples of sample plots in study I. Upper left: Older and thinner stand with low 
mortality.  Lower left: Younger stand with higher mortality. Right: Younger stand with lower 
mortality. (From original article I, photos Aura Piha) 
 
These 12 stands were inventoried during summer 2010 to estimate the mortality and detect 
the possible fire scars caused by the experimental fires. All trees were manually examined 
by looking at visible scars as well as tapping the bark to find hollow areas, indicating 
potential scars where bark had not yet fallen. In these cases, the scars were revealed by 
knife. The scars were visually classified by type and their width and height were 
determined. 
 
 
4.3. Gathering data from prescribed burnings in Finland (II) 
 
For the review article in study II, the background literature, research evidence, legislation, 
political steering, certification criteria and practical issues were examined to present an 
overview of the current situation of prescribed burnings in Finland. Also, data from forest 
statistics (Aarne 1992; Peltola 2014) and PRONTO-database: Statistical Data System of 
Finnish Rescue Services (2021) were used to construct a time series for prescribed burnings 
and wildfires in Finland. Since there have not been any data available dealing with burnings 
of retention tree groups, an inquiry was sent to the operators known to perform them, in 
order to form a perception of their current scope and significance. 
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4.4. Ground layer vegetation fuel studies (III, IV) 
 
In study III, 12 forest stands from the study area were chosen with four different stand 
types and three replicates from each (Figure 1). The stand types were: Sub-xeric, mature, 
Vaccinium-type, Scots pine dominated stand; Sub-xeric, Vaccinium-type clear-cut area; 
Mesic, mature, Myrtillus-type, Norway spruce dominated stand; Mesic, Myrtillus-type 
clear-cut area. From each stand, samples of the most common ground layer species were 
collected on 17 sampling days. From all stands, feather moss (Pleurozium schreberi (Brid.) 
Mitt) and fork mosses (Dicranum spp) were collected, in addition to stair-step moss 
(Hylocomium splendens Hedw.) from Myrtillus-type stands and reindeer lichen (Cladonia 
spp) from Vaccinium-type stands (Figure 3) 
 The sampling was targeted on dry and drying periods but was not carried out during 
constant wet periods (which covered a major part of the sampling period). The sampling 
was done in the afternoons of the sampling days with humus auger. The auger samples 
were divided into two layers: surface and raw humus. Five subsamples of each layer were 
pooled into one joint sample representing the average from that stand. After sampling, 
fresh-weighing and drying was carried out, and after an 18 hour oven-drying in 105˚C, the 
dry-weight moisture content was determined. The Finnish Forest Fire Index and the 
Canadian Fire Weather Index values for the sampling days of the study area were received 
from the Finnish Meteorological Institute. 
 In study IV, undisturbed samples of the same four moss or lichen species in study III 
were collected from a mature Scots pine-dominated Vaccinium-type stand. Samples were 
then placed in aluminum trays and dried, weighed and rewetted into the contents of five 
target moistures with five replicates from each combination of species, wind speed and 
target moisture. The samples with the target FMCs were weighed and then test-ignited in a 
greenhouse with three different fan-created wind speeds (0, 1, 2 m/s). After the ignition test 
and potential combustion, samples were weighed, and the mass loss was calculated (Figure 
3). 
 The data was analysed by logistic regression analysis in substudies I and III (ignition 
probabilities) and by generalised additive models in substudies III and IV (fuel 
consumption).  
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Figure 3. Center: Studied moss and lichen species in substudies III and IV (cover picture 
from original article III, photos Erkki Oksanen/LUKE), Upper left: semi-xeric mature pine-
dominated stand as in substudy III (photo Henrik Lindberg), Lower left: mesic mature 
spruce-dominated stand as in substudy III (photo Antti Sipilä), Upper right: drying and 
weighing work in substudies III and IV, Lower right: The set-up of ignition tests in substudy 
IV (photos Henrik Lindberg). 
 

 
Figure 4. Examples of different types of prescribed burning in Finland: a) silvicultural 
prescribed burning with retention trees, b) burning of a single retention-tree group, c) habitat 
management burning of sun-exposed esker slope, d) restoration burning of managed Scots 
pine stand in a conservation area. From original article II, photos: Henrik Lindberg (a), Juha-
Matti Valonen (b), Timo Vesanto (c), Raimo Ikonen (d). 
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5. RESULTS AND DISCUSSION 
 
 
5.1. Scars from low-intensity fires vary in presence, shape, size and location in young 
Scots pine tree stands (I) 
 
Based on stem number, the average mortality of Scots pines eight years after the 
experimental fire was 18% with high variation, ranging from 0% to 63%. The experiment 
had no unburned control areas, but the burned stands showed a higher mortality when 
compared to the overall mortality of < 5 % reported by Ulvcrona et al (2011) from 
unburned Pinus sylvestris-dominated young and middle-aged stands in Sweden. 

Altogether 217 fire scars were observed in 142 trees. Almost 70% of scarred trees had 
only one scar, but even trees with six separate scars from the same fire were detected. The 
proportion of scarred trees compared to existing living trees per plot was generally rather 
low, being in most cases under 20%. However, there were two plots with proportions over 
60% and 80%. 

The age class and diameter size had a significant impact on the scarring of the trees, 
since only 18 scarred trees were found in older age-class plots with larger-sized trees 
compared to 135 ones in younger stands. The proportion of fire-scarred trees out of all trees 
per plot was ~ 17% in young stands and ~ 3% in older stands. In four older plots no scarred 
trees were found. Also, fire intensity and tree size explained partly the occurrence of fire 
scars because the probability of scar formation was higher in smaller trees and in plots with 
higher flame heights. 

The detected scars varied notably in their size and shape. The average width of scars 
was ~ 7 cm and the height ~ 117 cm. There were clearly two distinctive scar groups: the 
normal scars and large scars observed above two metres, which were found in only two 
younger stands and are probably explained by the higher flame heights observed during the 
burnings of these plots (Tanskanen et al. 2007). Excluding these larger scars, the mean 
width of scars was ~ 4 cm and the height was ~ 35 cm.  However, there were also numerous 
scars in this group which were not located at the base of tree, since the mean height of the 
lower end was ~ 50 cm and 43% of scars were located lower than 20 cm. 

These results can be grouped into four main findings: (1) The experimental, low-
intensity fires left the majority of Scots pine trees unscarred and there were even four out of 
12 plots with trees with no scars at all. (2) The scars were the most common in younger 
stands and smaller trees. (3) The scars were also formed in higher parts of the trunk than the 
base level. (4) Generally, the shape, size and occurrence of scars show a wide variability 
suggesting that the scar formation in young pine stands may be a stochastic and irregular 
phenomenon depending a lot on, e.g., fuel load, topography and weather conditions, thus 
leading to heterogenic scarring, which may be difficult to predict. 

Because of their thick and insulative bark, especially older Scots pines are fairly fire-
tolerant, yet often scarred (Fernandes et al 2008). According to our results, it is possible 
that the bark thickness affects the scarring vulnerability of younger trees, since smaller trees 
with apparently thinner bark were scarred more easily. It is also possible that this can be 
explained partly by the smaller diameter of trees with a weak formation of vortex, so the 
results somewhat differ from the traditional perception where scars are presented to form 
rather regularly by a leeward side vortex (Gutsell and Johnson 1996). The great variety in 
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the occurrence of fire scars also suggests that fire scars in younger stands are formed in 
several different ways like with a direct result of surface fire or as a result of partial 
torching in denser and younger stands with stems not pruned yet, which can explain the 
formation of large upper scars. It is possible that stands with stems already partially pruned 
can survive low-intensity surface fires, yet not necessarily form fire scars. 

However, the generalisations of results must be treated with caution since the plots were 
small-sized and flat, stands were managed, even-aged stands and the burnings were 
performed mostly at low windspeeds, so the conditions for, e.g., vortex-formation were not 
favorable. Nevertheless, the large number of unscarred trees and the general heterogeneity 
in scar formation suggest that the low-intensity surface fires do not necessarily leave 
detectable fire scars, which has also been presented in other studies (Kilgore and Taylor 
1979; Swetnam et al. 1999; Baker and Ehle 2001). This can be explained by three reasons: 
(1) The fire scars simply do not always form because of low fire intensity and temperatures 
(Baker and Ehle 2001). (2) Young trees with thin bark are more vulnerable to fire than 
older trees and more often die as the result of fire (Linder et al. 1998; Wirth et al. 1999) and 
(3) since scars can also be formed in other parts of the trunk than the base, they can be 
overlooked as dendrochronological samples are usually taken from base. Thus, the results 
support the “recorder” tree concept where the absence of fire scars does not automatically 
indicate the absence of forest fire (Kilgore and Taylor 1979). 
 
 

5.2. Prescribed burnings in Finland have declined during recent decades and their 
current ecological impact is low (II) 
 
The literature reviewed in study II shows clear scientific evidence (Koivula and Vanha-
Majamaa 2020) of beneficial impacts of prescribed burnings on studied species groups, 
such as polypores (Penttilä and Kotiranta 1996; Penttilä et al. 2013; Suominen et al. 2015), 
beetles (Hyvärinen et al. 2006; Toivanen and Kotiaho 2007a; 2007b; Heikkala et al 2016) 
and flat bugs (Heikkala et al. 2017). Thus, prescribed burnings can be considered an 
effective and recommended habitat management tool. To ensure the positive impact on 
biodiversity, a sufficient amount of retention trees should be left in burning areas, rather 10-
20% of stand volume (Heikkala et al. 2014) or at least 10 m3/ha (Hyvärinen 2006; Heikkala 
2016). 

These research results and the necessity of prescribed burns have been noticed widely in 
political decision-making and are consequently recommended in several national reports 
and guidelines, including the recent Red List of Finnish species (Hyvärinen et al. 2019) and 
even in the current Finnish Government Programme (Programme of …2019).  

Because of the increasing biodiversity-related targets, the scope of prescribed burnings 
in Finland has widened in recent years to include different types of burnings with varying 
targets which can be divided into four groups (Figure 4):  

(1) The traditional silvicultural prescribed burnings of clear-cut areas (Figure 4a), 
which aim to improve regeneration conditions by improving nutrient cycling and 
decreasing the competition of understory vegetation (Viro 1969; Parviainen 1996). The 
method was widely practiced in Finland and Sweden in the 1950s and 1960s when tens of 
thousands of hectares were burned annually (Parviainen 1996; Cogos et al. 2020). In recent 
decades, silvicultural burnings have been modified to also safeguard biodiversity by leaving 
and burning retention trees to create fire-affected wood and habitats for fire-dependent 

https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR29
https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR33
https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR26
https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR90
https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR58
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species, and thus can be termed nature-management prescribed burnings or “prescribed 
burnings to promote the biodiversity of forests,” as in the Temporary Act on the Financing 
of Sustainable Forestry (Kestävän metsätalouden rahoituslaki 2015). 

(2) At the beginning of this millennium, a new practice of burning single retention-tree 
groups (Figure 4b), was introduced with the aim of maintaining biodiversity by creating 
small fire-affected habitat patches. This practice has been actively promoted in media, and 
several forest operators have declared that they favour these types of burnings. In re-
evaluation processes of the most widely used PEFC forest certification system in Finland, 
the criterion concerning burnings has been modified to be number-based (having previously 
been area-based), which makes it easier to fulfill the criterion by burnings of retention tree 
groups. 

(3) Barren and sun-exposed habitats are decreasing in Finland and many of these 
habitats and their species are considered endangered (Kontula and Raunio 2018; Hyvärinen 
et al. 2019). Burnings are recommended as natural and effective treatment to restore and 
safeguard the ecological characteristics and biodiversity of these habitats (Similä and 
Junninen 2012). The main goals of these burnings are to reduce biomass, thin the duff layer 
and expose the mineral soil, and in general, shape the biotope into a more extreme and 
barren direction. Such burnings are therefore termed impoverishment burnings or 
management burnings of sun-exposed and xeric habitats (Figure 4c). 

(4) Restoration burnings are mostly performed in conservation areas with the aims of 
starting natural succession after fire, diversifying stand structure and tree-species 
composition, improving the continuity of decaying wood, and promoting suitable resources 
and habitats for fire-dependent species (Similä and Junninen 2012, Figure 4d).  

It is notable that targets and desired fire impact are not similar in all burnings. 
Estimating suitable circumstances is thus important when burnings and planned and 
performed. Especially fuel moisture is crucial when, e.g., specified burning depths and fuel 
consumption rates are desired.  

Despite the need to increase various types of prescribed burnings the combined annual 
areas of them have declined steadily during the first two decades of this millennium. The 
annual areas of silvicultural burnings have fallen to 200-300 ha, the average annual areas of 
restoration burnings have stabilised to ~ 100 ha and the burnings of sun-exposed and xeric 
habitats have been merely experimental. 

It turned out that there was no available data to estimate the current scope of burnings of 
retention tree groups. Based on the results from the questionnaire to the forest operators 
performing burnings, it can be estimated that the annual number of burned retention groups 
has recently most likely varied between 30 and 50 annual burnings with sizes of 0.1-0.2 ha 
or even smaller, so altogether their annual pooled area has been maybe 5-10 hectares, 
which can be considered negligible. 

It also turned out that there is practically no research done focusing on the burnings of 
single retention groups, so it is hard to estimate the possible impact of practice. Yet based 
on ecological reasoning it can be concluded that their benefits to biodiversity are probably 
rather low compared to larger burnings, since the most important resources they aim to 
form, the fire-affected wood and soil, are notably lower than in the traditional burnings 
(Lindblad et al. 2013; Suominen et al. 2018). 

The recent development and guidelines regarding prescribed burnings show several 
important decisions which partially explain the decline of burnings, such as impairing 
PEFC-certification criteria in all re-evaluation processes, the cuttings of public subsidies for 
private landowners and the decision to terminate the silvicultural burnings in state owned 

https://ecologicalprocesses.springeropen.com/articles/10.1186/s13717-019-0207-3#ref-CR75
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commercial forests. The true reason behind these decisions and the cause for the decline of 
burnings is obviously their level of expense, arduousness and general difficulty, which does 
not encourage increasing them in modern, security-orientated society. 

Several actions that could help in safeguarding fire-driven habitats and enhancing 
prescribed burns were presented, such as modifying the certification criteria, improving the 
subsidy system, re-introducing the burnings to the state commercial forests and targeting 
the burnings to the fire-continuum areas. Additionally, the possibility to conserve especially 
the larger wildfire areas as, e.g., in Sweden (Gustafsson et al. 2019) should be utilised more 
effectively and the problems hampering the process, such as the adequate pricing of timber, 
should be solved. 

 
 

5.3. The common ground vegetation fuels in Finnish forest differ in their moisture 
variation and ignition probability (III, IV).  
 
Substudies III and IV focused on the flammability characteristics of common boreal 
ground layer fuels.  As hypothesised, the experimented materials that consisted of four 
common ground layer species differed notably in their moisture behaviour (III) and 
ignition probability (IV). The mosses P. schreberi and H. splendens behaved rather 
similarly in both moisture variation and ignition probability. The reindeer lichen Cladonia 
was clearly the fastest drying species with high ignition probability even with higher FMC 
values and the moss Dicranum was the moistest and least flammable. The gelatinous 
thallus, the loose stem structure and the high surface-volume ratio of Cladonia, result in 
extreme moisture behaviour and high flammability (Pech 1989; 1991), whereas Dicranums 
mattress-type structure with dense tomentum has higher water holding capacity (Peterson 
and Mayo 1975). The differences in drying patterns were notable, as out of all Dicranum 
observations > 80 % stayed under the chosen flammability threshold value of 25 %, 
whereas the respective observations for the Cladonia were > 50 % (III). In the raw humus 
layer, no significant inter-species differences were found and the raw humus FMC values 
during all sample days stayed well above the threshold value, indicating the slow drying 
process which would require long drought periods, as was also reported by Granström and 
Schimmel (1998).  

The wind velocity in substudy IV had a clear effect on ignition probability of all the 
studies moss species, and especially on Dicranum, whereas the impact was lesser on 
Cladonia. Interestingly, the analyses showed that with increasing wind velocity, the 
species՚ ignition probabilities and fuel consumption rates start to resemble each other, 
suggesting that the increasing oxygen and heat transfer surpassed the structural differences 
of species. Though it must be noted that substudy IV included some uncertainty factors, so 
the results should be considered directional. 

As was also previously reported by Granström and Schimmel (1998) and Tanskanen et 
al. 2005; 2006), the stand structure affected the FMC behaviour since the clear-cuts and the 
Scots pine-dominated stands dried faster. Yet compared to the results of Tanskanen et al. 
(2006), the developmental stage was a more important factor than the dominating tree 
species.  

Concerning forest fire suppression, the results support the conclusions of Tanskanen et 
al. (2005; 2006) and Vajda et al. (2014) suggesting that the forest fire indices and the early 
warning systems in Fennoscandia could be developed by integrating stand variables into the 
used indices. Parameters as the developmental stage and the dominant tree species could 
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likely improve the prediction ability of indices notably, which eventually could help the 
practical fire suppression activities by better anticipation and preparation. The need for this 
kind of development work was also adduced in recent report based on a questionnaire 
directed to the rescue and forest professionals (Kukkonen 2021). 

The Canadian Fire Weather Index (FWI) predicted the potential flammable days slightly 
better than the Finnish Forest Fire Index (FFI), which is in accordance with Tanskanen et 
al. (2005).  Based on ignition tests, they showed that the FWI was a better predictor of 
ignitions. Thus, the FWI could well be taken to use in Finland as it has been done in 
Sweden already in 1996 (Sjöström et al. 2019).  

The results can also be applied in the timing and planning of prescribed burnings. The 
large FMC variation in the ground vegetation materials and in the different stands (III) and 
the different ignition probability of the studied materials (IV), combined together, indicate 
that the potential days for prescribed burnings also have a large variation depending on 
goals and desired impact. The practical guidelines for burnings in Finland have traditionally 
been based on silvicultural burnings and recommend that the burnings should be timed to 
rather dry periods, e.g., with FFI values higher than four as presented by Lemberg and 
Puttonen (2002). In study III, the days with the observed FMC values under the threshold 
FMC value of 25% occurred also in days with FFI values under four. Thus, e.g., often 
semi-open, Scots pine-dominated, sun-exposed habitats with the Cladonia dry clearly faster 
and ignite easier and thus offer more potential burning opportunities than most restoration 
burnings, which are done in slower drying, moss-dominated denser stands. Therefore, 
monitoring of areas where burnings are planned is recommended, so that all potential 
burning times can be fully utilised, and the desired impacts of burnings can be achieved.  

The differences in flammability of the surface layer play an important role in the overall 
disturbance dynamics of the Fennoscandian boreal forests, since the surface layer is the 
most important fuel bed, where most fires are ignited and spread (Schimmel and Granström 
1997; Tanskanen et al. 2005). The results (III, IV) indicate that the combined effect of the 
growing stock, the dominating tree-species and the ground floor vegetation affect the 
flammability in Fennoscandian boreal forests. This is explained partially by the different 
radiation conditions, and partially by the different drying behavior (III) and the ignition 
characteristics (IV) of surface fuels. During periods of high fire activity, the accumulation 
of slowly drying, thick moss-covered raw-humus layer is prevented since the abundance of 
more flammable Cladonia spp is known to increase after fires (e.g., Webb 2008). This leads 
to the Scots pine dominance partly due to fire-tolerance of pine and partly due to the ability 
of Cladonia to form a favorable seed bed for pine (Zackrisson et al. 1997; Hyppönen et al. 
2013). Even if the Norway spruce saplings are established, they are swept out by the regular 
low-intensity surface fires. The Scots pine-dominance leads to drier and more flammable 
forests, increasing the incidence of fires (Pitkänen and Huttunen 1999; Wallenius 2004) 
eventually leading to an uneven-aged cohort structure (Pennanen 2002; Kuuluvainen and 
Aakala 2011). If the ignitions decrease because of climatic or human reasons, the forests 
develop gradually into a moss-dominated, mesic and Norway spruce-dominated direction, 
which prolongs the fire cycle (Siren 1955; Pitkänen and Huttunen 1999; Wallenius 2004) 
and eventually leads from cohort dynamics to gap dynamics (Aakala 2018).  

The abundance of Cladonia has substantially decreased during recent decades in 
Finland (Nousiainen 2000; Mäkipää and Heikkinen 2003; Tonteri et al. 2016, This is often 
connected to fertilisation phenomenon caused by atmospheric deposition of nitrogen, where 
the lichen-rich xeric and barren types have developed to a more moss-dominated mesic 
direction (Raunio et al. 2008) as well as to the impact of forestry actions (Tonteri et al. 
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2016). Similarly, the decrease of forest fires and prescribed burnings have been 
unfavourable for the Cladonia (Nousiainen 2000). The decline has been especially steep in 
Northern Finland due to increased reindeer grazing which has reduced significantly the 
coverage of the Cladonia (Nousiainen 2000; Mäkipää and Heikkinen 2013; Akujärvi et al. 
2014). At the same time, a notable increase in the abundance of the Dicranum has been 
documented especially in parts of Northern Finland (Mäkipää 2000; Mäkipää and 
Heikkinen 2003). The results suggest that it is possible that this shift from fast-drying and 
easily igniting Cladonia to slow-drying Dicranum has decreased the forest fire risk in 
Northern Finland as well as the general decline of flammable Cladonia. 

 
 

6. CONCLUDING REMARKS 
 
 
In the future, the occurrence of forest fires, their risks and impacts involve several open 
questions and uncertainties which challenge society to react. According to current 
predictions, the climatic forest fire risk in Finland will increase, yet it is possible that this 
will not definitely mean an increase in burned areas. For example, despite recent decades՚ 
exceptionally warm and dry summers, annual burned areas did not increase significantly. 
Therefore, if Finland wishes to maintain the current fire regime with low annual burned 
areas, proactive actions targeted at fire suppression operations are needed, since ignitions 
and firefighting work will probably increase.   

If the burned forest areas will increase in the near future, these areas should be utilised 
effectively by forming nature conservation areas out of them with aim to safeguard fire-
driven habitats and fire-dependent species. Even with this kind of development, prescribed 
burnings are needed since the sun-exposed and xeric habitats need frequent nature 
management, in order to maintain their special ecological characteristics and species 
diversity. 

There is simultaneously a demand to safeguard property and society from harmful forest 
fires and to also safeguard fire-related biodiversity. Thus, there is a need for a wider fire 
strategy which should include, e.g., future fire prevention policies and guidelines, fire 
continuum areas where fire could be used frequently, and effective compensation systems 
ensuring the conservation of burned areas and the continuity of prescribed burnings. 

In both fire prevention and prescribed burning, the knowledge of different fuels, their 
ignition characteristics and moisture variation play an essential role. Thus, fire indices and 
early warning system used in Finland could be developed by integrating auxiliary stand 
variables into them. The practical firefighting could benefit, e.g., from fuel-based maps, 
which could help in choosing the right suppression tactics. In prescribed burnings, different 
fuels and their moisture variation are crucial factors which often determine the fire impact 
and the suitable conditions for burning. In these potential future development tasks, I hope 
that my results presented in this thesis will provide useful information. 
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