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ABSTRACT

The physical and operational farm environment has become more complex, challenging risk
management. This study aimed to identify the number and typical features of farm fires and the
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factors connected to farmers’ assessments of fire risk. The data comprised a subset extracted

from the national accident database of the Finnish rescue services from 2000 to 2021 (3,989
farm fire alarm calls) and farm survey data collected in the spring of 2021 (506 valid responses).
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The descriptive analysis of the fire incident data showed that the most typical fire sites on farms
were dairy cattle buildings, grain dryers, and heating plants. Most farmers (83.4%) assessed the
probability of fire as intermediate or high. The Bayesian machine learning approach used to
analyse the survey data suggested the control of malfunctions, failures of machinery and
equipment, and educational efforts were key elements in fire risk management.

Introduction

While the number of Finnish farms has dramatically
decreased over the last two decades, the ratio of farm
fires to the number of farms has not shown a similar
reduction (Figure 1). The farm environment is character-
ized by many factors that predispose it to fires, such as
heat sources, highly flammable and combustible
materials, and conditions that embrittle and wear out
equipment and installations. Farm fire risk studies have
been rare in recent decades (Leppald, 2016).

Recent studies concerning farm risk management
highlight the increasing complexity and diversity of
farm risks, emphasizing the need to investigate both mul-
tiple sources of risks and how these risks are connected
(Leppédld, 2016; Duong et al, 2019; Kaustell, 2020;
Komarek et al., 2020). Moreover, the factors that affect
farmers’ perception of risks should be better understood
(Leppald, 2016; Duong et al., 2019). Risk is usually defined
as a product of hazardous event consequences and their
probability of occurrence (ISO 31000, 2018). Risk percep-
tions in various study fields like medical, work accident,
psychology or economic risk research are analysing the
connection between the degree of risk and people
behaviour (Wildavsky and Dake 1990; Wauters et al.
2014). For example, risk preferences measure people’s
willingness to take a risk based on certain expected
utility outcome. However, farmers’ risk-taking behaviour

differs significantly, if they are risk takers or risk preven-
ters (Hardaker et al. 2004; Myyra and Liesivaara 2015). In
Finland, farm fires are defined as major damages when
the damage cost exceeds 200,000 euros (Leppala et al.
2008; Mero 2011). In this study, we clarify the fire risk per-
ception on Finnish farms.

It is obvious that in complex systems, each phase,
from the identification of risks to assessing and mana-
ging risks, is becoming more difficult. At the same
time, the average profitability of farms has remained
low (Luke EconomyDoctor, 2022), and farmers are
having difficulties with workload, increased activities
and demands (Mattila et al., 2020; Mattila et al., 2022),
which may weaken their opportunities to cope with
the multiple risks they face.

This study aimed to identify (1) the number and typical
features of farm fires and (2) factors connected to the
farmers’ assessments of fire risk. The results amend current
knowledge of farm fires and risk perception, supporting tar-
geted actions to promote fire risk management on farms.

Materials and methods

The analyses in this study used two datasets: (a) Fire inci-
dent data to identify the number and typical features of
farm fires, and (b) Survey data to assess the factors con-
nected to farmers’ assessments of fire risk.
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Figure 1. The number of farms and rate of fires per 1,000 farms in Finland 2000-2021. Sources: Luke statistics database, 2022; www.

prontonet.fi.

Fire incident data

The fire incident data used in this study is a subset of the
national accident database of Finnish rescue services
(PRONTO, www.prontonet.fi) from 2000 to 2021 (3,989
farm fire alarm calls). The fire incident data was used
to assess the number and characteristics of farm fires.
These data comprise all rescue service missions invol-
ving a farm production building and a fire on the farm.
As the national accident database lacks a separate cat-
egory for fire missions to farms, the database search
was done using building types associated with agricul-
tural production. The involved building types are listed
in Table 1. The extracted data may contain cases

Table 1. Fire sites on farms during 2000-2021 (N = 3,989).

Building type n %
Dairy cattle buildings 1,467 37
Other buildings for agri-/horticulture, or fisheries 1,379 35

Heating centrals 9%

Barns and storage buildings 6%
Machine sheds and shops 4%
Other/unidentified 16%

Grain dryers and storages 757 19
Other buildings for animals 222 6
Greenhouses 99 2
Horse stables 19 0
Buildings for fur animals 17 0
Piggeries 12 0
Buildings for beef 9 0
Buildings for poultry 3 0
Buildings for sheep and goats 2 0
Manure storages 1 0

where the actual fire ignition source was unrelated to
the building, e.g. nearby slash burning, but in all cases,
the production building had been affected by the fire.

Frequency analyses and crosstabulations were applied
to variables describing the temporal occurrence (year,
month, weekday, and hour of detection) of the fire, building
type, source of ignition, and causation factors. To further
refine the building type category ‘Other buildings in agri-
culture, forestry, and fishery’ (n = 1,379, or 35% of the obser-
vations), a phrase search was performed for three variables
containing textual information about a ‘more explicit
description of the ignition location’, a ‘more explicit descrip-
tion of ignition cause’, and a ‘description of the develop-
ment of the accident’. The search phrases comprised
wording describing agricultural building types that were
not listed in the building classification in the database,
such as heating plants, various barns and storage buildings,
and machine sheds and shops. The phrase search reduced
the building type residual ‘Other or unknown’ category to
16% of all observed cases (Table 1).

Survey data

The survey data that we used in this study were a subset
of a farm survey data (N=739) collected by Natural
Resources Institute Finland during the period from
April to July 2021. The survey focused on risk assessment
and risk management means and practices on farms. The
randomized study participant sample acquired from the
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Table 2. Descriptions of predictors used in the study.

Description

Farm field area

Main production sector

Age of respondent

Education

Full-time farmer

Single worker

Farm turnover

Malfunction of machinery or
equipment

Financial challenges

Work management challenges

Background
factors

Composite risk
factors

Total arable land of the farm (own and rented)

Most significant production line of an agricultural enterprise

Age of the farmer at time of response

Level and farming relatedness of respondent’s education

Level of engagement in farming

Besides the respondent, no family members or hired workers are working on the farm

Farm turnover in 2020; a measure of economic activity

Occurrence of failures in the electrical system, in the ventilation system, in the automation systems, or a
remarkable farm machinery failure during the last year

Occurrence of compromised liquidity or economic risk-taking capacity during the last year

Occurrence of work management challenges like lack of labour or problems in the farm relief worker

system, in contracting work, in work time planning, or in organizing work and cooperation during the

last year
Challenges to well-being at

Occurrence of a work injury, occupational disease, excessive physical workload or excessive mental

work workload during the last year

Contingency planning

Existence of a written rescue plan and/or risk management plan

register of the Finnish Food Authority consisted of 6,100
farmers with an arable land area of a minimum of 20 ha.
The survey was carried out using an online question-
naire, and email reminders were sent out twice. The
response rate was 12%.

Among the respondents, grain farms, dairy farms, and
farms with other bovine production were overrepre-
sented, compared to their share of all agricultural pro-
duction sectors in the official statistics (Luke statistics
database, 2021). Correspondingly, farms with other than
grain production were underrepresented. The mean turn-
over as well as mean age of the respondents, compared to
official statistics (Luke EconomyDoctor, 2021, and Luke
statistics database, 2021), was representative.

After excluding incomplete answers and farms whose
main production sector was not dairy, other animal pro-
duction, or plant production, our survey data set con-
sisted of 506 valid observations.

Survey data set variables

In the survey, farmers were asked to assess the probability
of a fire on their farm on the scale low-intermediate-high.
In the analysis, the variable was dichotomized into two
outcome classes for further analysis: low estimated prob-
ability (n=84; 16.7%); and intermediate/high probability
(n=422; 83.4%). The original ‘high’ probability class had
a frequency of 52 and a share of 8% of all responses. To
handle class imbalance, we combined classes ‘intermedi-
ate probability’ and ‘high probability’. Furthermore, we
wanted to have as interpretable model as possible. In
our opinion, a logistic regression model with a binary
outcome is much more interpretable than an ordered

Table 3. Potential quantitative predictors.
Min Median Mean Max

Farm field area, ha 20.1 533 70.1 590.9
Age, years 22.0 52.0 49.6 73.0

logit with three outcome classes. This outcome variable
is called the ‘fire hazard probability’ in the text.

The potential predictors (Table 2, Table 3, Table 4) orig-
inate from either the respondents’ background/demo-
graphic information or the actual fire hazard survey
questions. In addition, five summary predictors were for-
mulated based on responses concerning the probability
of other risk types like malfunctioning machinery/equip-
ment, financial difficulties, work management, well-
being at work, and contingency planning. The idea
behind formulating these summary predictors was to
assess whether indicated other risk factors or risk man-
agement actions were associated with indications of fire
risks. The statistics and frequencies of all potential predic-
tor classes are presented in Table 3 and Table 4.

Table 4. Class frequencies of the potential qualitative predictors.
Baseline classes for categorical predictors are in bold.

Classes n
Main production sector Dairy production 122
Other animal production 131
Plant production 253
Education Degree in agriculture 336
Other degree 137
No education/only 33
courses
Full-time farmer No 116
Yes 390
Lone working No 359
Yes 147
Farm turnover < €100,000 258
€100 000-200 000 121
> €200 000 127
Malfunction of machinery and No 438
equipment
Yes 68
Financial difficulties No 480
Yes 26
Work management challenges No 475
Yes 31
Challenges to well-being at work No 444
Yes 62
Contingency planning 0 255
1 174
2 77
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Statistical analyses of the survey data

We assumed to have a representative sample of the
general population of interest, with the recognized
over- and underrepresentation mentioned above. Fur-
thermore, since we aren’t aware of any inherent biases
caused by self-selection, we didn’t make any corrections
to the model estimates.

The farmers’ assessments of the fire hazard prob-
ability were modelled using a machine learning
approach with the logistic regression model. A grid
search was applied considering each predictor combi-
nation, along with age and turnover interaction. For
each combination, the data were split into training and
validation sets with proportions 0.75 and 0.25 respect-
ively, and the validation accuracy was calculated. The
predictor set that maximized the validation accuracy
was considered the best predictor set. For the best pre-
dictor set, the validation accuracy with error bounds was
estimated using out-of-bag bootstrapping with 5,000
iterations. Finally, the assessed probability of a fire on
a farm was modelled using a Bayesian logistic regression
model with the best predictors.

Results
Fire incident data

The number of farm fires in Finland showed a slightly
decreasing trend during 2000-2021, with the two most

180%
160%
140%
120%

100% —

recent years under this trend. However, the decrease
in the number of farms has shown a steeper decline,
and the fires per farm ratio has instead increased
(Figure 1). The most typical fire sites on farms were
dairy cattle buildings, grain dryers and storages, and
heating plants (Table 1). By absolute number of fires
per year, the number of fires in dairy cattle buildings
showed the steepest decrease, whereas the correspond-
ing figure for grain dryers and grain storages roughly
doubled. For the rest of the building types, the
numbers remained at the same level throughout
2000-2021. The median size of the buildings that
caught fire was 231.5 m?, and 95% of the buildings
were smaller than 1,400 m?.

Most fires happened in August and September (n=
1,019, or 25.5% of all fires). Another concentration of
fires occurred in May (n=417 or 10.5% of all fires)
(Figure 2). The number of elevated incident fires in
August-September was due to the large number of
fires associated with grain dryers and storages. The
smaller peak of fires in May was associated with both
dairy cattle buildings and the combined category of
‘other buildings for agri-/horticulture or fisheries.

There was no significant difference in the number of
fires between weekdays (x =570, SD = 12.9). The times of
the fire alarms are shown in Figure 3. Fire alarm times rep-
resent an approximation of when the fires started, with an
unknown time having passed between the ignition of the
fire and when the rescue services were alerted.
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Figure 2. Monthly distribution of number of fires. The 100% line represents the overall mean frequency of alarms per month.
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Figure 3. Hourly distribution of fire alarm times. The 100% line represents the overall mean frequency of alarms per hour.

Failures of machinery or equipment (40%) or human
activity (21%) were the most typical estimated sources
of ignition (Table 5). Of the individual causation
factors, the number of cracks in, or escaped hot particles
from, chimneys and furnaces increased in absolute
numbers during 2000-2021. The number of short-cir-
cuits or ground faults in electrical appliances decreased
significantly, from an annual 15 cases to less than 5 cases
per year. The numbers of other causation factors follow
the slightly decreasing trend of all farm fires.

In 1,660, or 41.6% of the cases, it was impossible to
assess the cause of ignition. A list of causation factors as
assessed by the rescue personnel is presented in Table 6.

A short case description example, extracted from a
case in the national accident database, describes a
chain of events in a piggery fire caused by an electrical
installation:

Table 5. Sources of ignition and typical causation.

A fluorescent lamp attached to the ceiling of the piggery
caught fire from a choke coil inside the lamp armature: it
heated the lamp so much that dust caught fire on top of
the lamp. The lamp was attached to the aluminium clad-
ding, which was melted by the heat, causing the fire to
spread to the attic.

This incident was classified under ‘Fault in machine or
equipment’ as the source of ignition and under the
‘Other electrical cause’ causation factor.

Survey data

Out of 506 valid responses to the survey, 16.7%
(84 farmers) assessed the probability of a fire as
low, and 83.4% (422 farmers) as intermediate or high.
The best predictor set for the fire hazard probability
consisted of age, education, full-time, farm turnover,
malfunction of machinery or equipment, work

Source of ignition n % Typical (indicated) causation factors
Fault in machine or 1,591 40 Cracks or escaped hot particle from chimney;
equipment electrical faults: short-circuits; ground contact etc.;
overheating
Human activity 823 21 Matches or other ignition equipment; rubbish burning; smoking; welding, metal grinding or other heat work;

fireworks; controlled burning; open fire

Other sources of ignition 559 14

Natural phenomena 260 6 Lightning; mechanical spark
Combustible material 66 2 Self-igniting material (e.g. moist peat)
Animal 16 0

Missing 6 0

Unknown 668 17

Hot or glowing object; sparks; ash from stoves; chimney fire

Short-circuits caused by damages created by animals (mostly rodents) to electrical insulations
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Table 6. Fire causation factors on farms during 2000-2021 (n =
2,329).

Assessed cause of ignition n % of assessed
Sparks from a chimney or furnace 360 15.5
A crack in the chimney or furnace 293 12.6
Short circuit or earth fault in an electrical appliance 184 79
Lightning 175 7.5
Hot or glowing object or ash 126 54
Overheated process 119 5.1
Other known cause m 48
Match or similar fire-starting device 102 44
Welding or flame cutting 90 39
Burning of debris 85 3.6
Overheated equipment 80 34
Soot fire 71 3.0
Other electrical cause 63 2.7
Insufficient distance from a combustible structure 62 2.7
Cigarette or other tobacco product 62 2.7
Fireworks 49 2.1
Campfire or other open flame 46 20
Mechanical spark, shock spark 45 1.9
Loose connection of an electrical appliance 45 1.9
Spark from exhaust pipe or appliance 33 1.4
Other slash and burn 27 1.2
Reignition 25 1.1
Overloading of electrical equipment 20 0.9
Reaction heat / chemical cause (self-ignition) 17 0.7
Heat of abrasion 14 0.6
Candle or similar 1 0.5
Other natural cause 4 0.2
Installation fault in the electrical equipment 3 0.1
Sun 2 0.1
Silvicultural slash and burn 2 0.1
Explosive energy 2 0.1
Spread from another building 1 0.0

Not assessed 1,660

management challenges, challenges to well-being at
work, and contingency planning, without interactions.

The bootstrap accuracy for the final model was 83.1%,
with 95% error bounds of 78.6% and 87.2% (lower
bound and upper bound respectively) (Table 7). No
information rate (the proportion of intermediate/high
probability fire hazard farms) was 83.4%. Our model’s
predictive ability is therefore modest. However, the
upper error bound goes well above the no information
rate. It is thus possible that the model needed more
data to give better results. It is also possible that the
model is poor, or that the phenomenon is otherwise
difficult to capture in a functional form.

Markov Chain Monte Carlo (MCMC) sampling was
applied using a logistic regression model. The logistic
regression model can be written as

AN (m) = logeL = logit(m) = B'x
1—m
where E(y|x) = 7 and A(z) = 1/(1 + e~%) denotes the
Table 7. Prediction (bootstrap) accuracy for the final model.

Accuracy
(95% confidence interval)

83.1% (78.6%; 87.2%)

No information rate
83.4%

Table 8. Bayesian results.

2.5% 97.5%
Median Quant. Quant.
(Intercept) 1.49891 0.16775 2.89788
Age 0.00514 —0.01891 0.02877
Education: Other degree —0.37479 —0.92542 0.193
Education: No education/only —0.77194 —1.59724 0.12686
courses
Full-time farmer: No 0.262296  —0.39524 0.95819
Farm turnover: €100,000— 0.10902 —0.54036 0.78396
200,000
Farm turnover: over €200,000 —0.01968 —0.74152 0.71223
Malfunction: Yes 0.803666  —0.0481 1.80222
Work management challenges: ~ —0.0544 —1.10384 1.16783
yes
Challenges to well-being at —0.27237 —0.97842 0.49729
work: yes
Contingency planning: ‘1’ 0.004104  —0.57785 0.60525
Contingency planning 2’ —0.34916 —1.07208 0.40762

cumulative density function of the logistic distribution.
Furthermore, y, x, and B denote fire hazard probability,
predictors, and the corresponding model parameters
respectively. The model has 12 parameters, including
the intercept (see Table 8). Each predictor is categorical,
except for age.

The response y follows a Bernoulli distribution with
mean 1. Uninformative priors were applied for the
model parameters: B; ~ N(0, 10°), where B; denotes
the i*" parameter (i= 0, ..., 11). Three separate chains
were sampled, and their convergence, autocorrelation,
and Raftery-Lewis’s diagnostics studied. Based on these
diagnostics, 300,000 iterations were drawn. Finally, con-
vergence was achieved, and a sufficiently large effective
sample size was used to achieve credible inference
regarding the 95% highest density interval (HDI) for
each model parameter.

Figure 4 shows the posterior distribution with respect
to the malfunction parameter ((3;). The peak of the distri-
bution (mode) is clearly positive, with a value of 0.79.

mode = 0.792

3.3% <0< 96.7%

95% HDI

-0.081 1.76

T T T T 1
-1 0 1 2 3

Br

Figure 4. Posterior distribution for malfunction ‘Yes' parameter
(baseline class: ‘No’).
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Figure 5. Posterior distribution for education ‘no education/only
courses’ parameter (baseline class: ‘degree in agriculture’).

There is also a 96.7% probability that the underlying par-
ameter value is above zero. Figure 5 shows the posterior
distribution with respect to the education ‘'no education/
only courses’ parameter ((33). The peak of the distribution
(mode) is clearly negative, with a value of —0.79. There is
also a 95.5% probability that the underlying parameter
value is below zero. However, we also note that the
95% HDI includes zero. Thus, based on the posterior dis-
tributions, the parameters malfunction of machinery or
equipment (class ‘yes’) and education class ‘no edu-
cation/only courses’ are likely to differ significantly
from the baselines (see Figure 4 and Figure 5).

The parameters for the malfunction ‘yes’ and edu-
cation 'no education’ differed from zero with more
than a 95% probability. However, no threshold exists
above which inferences are certain, and under which
inferences are non-existent. The probability has a con-
tinuous scale, and it should be treated as such. In this
regard, there were also interesting results regarding
the other parameters in the model. With respect to the
education parameter ‘other degree’, the mode of the
posterior distribution is —0.38, and there is a 90.4% prob-
ability that the parameter is under zero (Figure A2 in the
appendices). The posterior distribution for the chal-
lenges to well-being at work parameter ‘no’ has a
mode value of —0.30, and there is a 76.3% probability
that the parameter is below zero (see Figure A7 in the
appendices). For contingency planning parameter ‘2’
(i.e. having both a written rescue plan and a risk man-
agement plan), the mode of the posterior distribution
is —0.37, and there is a 82.1% probability that the par-
ameter is below zero (see Figure A9 in the appendices).
For education parameter ‘other degree’ there is

therefore quite high evidence that it differs significantly
from its baseline. For contingency planning parameter
‘2" and challenges to well-being at work parameter
‘no’, there is some evidence of a difference from their
corresponding baselines. However, for the other par-
ameters, there is little evidence of any significant differ-
ences from baselines (see Figures A1-A9 in the
appendices for the posterior distribution of all the par-
ameters except for malfunction ‘yes’ and education ‘no
education’).

Figure 6 shows the distribution of fire hazard probabil-
ities for farms with a malfunction of machinery or equip-
ment and no malfunction. The figures were achieved by
generating 300,000 samples from the posterior distri-
butions with respect to the model formulations for mal-
function and non-malfunction respectively. This was
done to obtain a more realistic view of the fire hazard prob-
ability instead of using only point estimates. Figure 6
shows that the average fire hazard probability is larger
for farms with a malfunction (dark grey bars). However,
there is some overlap between the distributions for
farms with and without malfunction. This reflects the
uncertainty with which we must assess the fire hazard
probability for farms with or without a malfunction - the
inference related to fire hazard probability is affected not
only by the uncertainty of the malfunction parameter
but other model parameters. Figure 7 shows correspond-
ingly that the fire hazard probability is larger on average
for farms with a degree in agriculture (dark grey bars)
than for farms with no education/only courses. However,
there is some overlap between the distributions.

The analyses were performed using R software (R Core
Team, 2021) and the packages dplyr (Wickham et al.,
2021), openxlsx (Schauberger and Walker, 2021), rjags
(Plummer, 2021), and tidyverse (Wickham et al., 2019).

Discussion

The ratio of fires in production buildings per 1,000 farms
increased between 2000 and 2019, and the absolute
number of fires on farms per year also showed a slightly
upward trend. In contrast, the number of all building
fires in Finland showed a declining trend during 2010-
2020 (Nordic fire statistics, 2023).

For the last two years of the observed period (2020
and 2021), the number of annual farm building fires
decreased by about 40% compared to the mean of the
previous 19 years. The main reason for this sudden
decline was based on the fall in the number of grain
dryer and storage building fires. Again, these were
related to the reduced yield and weather conditions
dependent need for drying of the crop.
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Figure 6. Fire hazard probability based on 300,000 samples from the posterior distribution examined for ‘malfunction’ (dark grey) and
‘no malfunction’ (light grey) farms. Other predictor values are set to their mode and median values (age = 52, education = degree in
agriculture, turnover = less than EUR 100,000, full-time = yes, work management challenges = no, challenges to well-being at work =
no, contingency planning = 0).
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Fire hazard probabilities for no education/only courses (light grey) and degree in agriculture (dark grey)

Figure 7. Fire hazard probability based on 300,000 samples from the posterior distribution, examined for ‘no education/only courses’
and ‘degree in agriculture’ farms. Other predictor values are set to their mode and median values (age = 52, malfunction = no, farm
turnover = less than €100,000, full-time = yes, work management challenges = no, challenges to well-being at work = no, contingency
planning =0").
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It is noteworthy that the number of fires used in this
study are based on the reporting of actual alarm calls
that activated the rescue services. Based on unpublished
information by Finance Finland (https://www.finanssiala.
fi/en/), Finnish insurance companies compensated on
average 3.8 times more fire damage claims on farms
during 2010-2020. These claims include all fire
damage, including to dwellings and fires that were extin-
guished without the assistance of the rescue services.
This fire burden renders the total fire ignition risk on
farms. According to Fasold (2022), the ratio of the
number of fire compensation claims by farms to fires
requiring the rescue services' intervention is in the
same order in Sweden.

Most farm fires are associated with dairy cattle build-
ings, as well as grain dryers and storages. Grain dryers
and storages, generally located under the same roof,
mostly catch fire during the drying season in August-
September due to faults in their heating systems, over-
heated processes, or electrical causes. Most other fires
are more evenly split between the months throughout
the year. A small bump in the fire frequency in May is
probably caused by increased activity during the start
of the growing season. It is characterized by causation
factors such as matches or other ignition equipment,
cracks in the chimney or furnace, hot or glowing
objects or ash, burning of debris, and campfires or
other open flames. Of these causation factors, matches,
burning of debris, and campfire may hypothetically be
associated with the tradition of burning debris after
the long winter. Hot or glowing objects may be associ-
ated with welding and other repair and field machinery
maintenance work.

Farm production building fires are evenly distributed
between weekdays, which is expected due to the nature
of their use: e.g. dairy cattle buildings are in use 24/7/
365. To some extent, fire detection times, assessed by
using rescue services alarm times, reflect general
human (an observer or persons working in or around
the building) activity. These observations are in line
with the observations of Tillander (2004) concerning
fires in both residential and industrial buildings and
warehouses.

The assessment of the causation and contributory
factors of farm fires can be difficult. In the fire incident
data used, the assessed cause of ignition was missing in
1,660, or 41.6%, of fires during 2000-2021. This assessment
is made in conjunction with the firefighting mission. At a
later stage, the authorities and experts working for insur-
ance companies conduct additional investigations. The
results of these investigations are not publicly available,
but it has been estimated that in about one third of
cases, the actual cause of the fire remains undetected.

From a fire prevention perspective, it is also important
to assess the fire’s contributory factors and to address
them in fire safety communication and interventions.
Among other factors, they can be found in the short
case descriptions included in the national accident data-
base of the Finnish rescue services (PRONTO), using a
topical phrase search. This method has been used by
Kaustell (2020) to identify contributory factors of occu-
pational injuries. Case studies that include in-depth
interviews on farms that have recently experienced
fires could further deepen understanding of the
human, management, and operational factors that con-
tribute to fires (Kaustell et al., 2011).

According to the survey results, most of the farmers
considered a fire to be possible or likely; only 16.7%
considered the risk to be low. An increase in average
farm size has probably led to the increased number
of different facilities per farm, i.e. there are more build-
ings, machinery, and fuels on larger farms, which may
partly explain the number of fires and probabilities
remaining high. The results highlight the role of mal-
functions and failures of machinery and electrical
equipment. According to the rescue services' alarm
statistics, these are the largest identified causes of
fire. In farmers’ risk assessments, the likelihood of fire
also appears to be related to the occurrence of the
malfunction of machinery or electrical equipment on
the farm. This still leaves open the root causes of
these failures and malfunctions - whether they are
due to the wrong equipment for the farm conditions,
do-it-yourself installations, or a lack of maintenance
and inspection. Based on the study by Granqvist
et al. (2007), these are the main fire accident causes
on Finnish farms. Overall, the complexity to be
managed and the level of technical expertise required
is increasing all the time. New technologies such as
robotics, rechargeable tools and equipment, and new
energy solutions are becoming more common on
farms.

The results also highlighted the importance of agri-
cultural education in identifying and assessing risks.
Farmers with no education/only courses assessed the
probability of fire as lower than farmers with a degree
in agriculture. In other words, trained people are better
at identifying risks because of the skills they have
acquired through education. This interpretation leaves
room for a debate about whether education level and
farm type, size, or e.g. mechanization level, are
associated.

Previous studies indicate that educational level is
related to the risk perception (Duong et al, 2019).
For example, Ndamani and Watanabe (2017) reported
that educated farmers were more likely to be
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concerned about the risk of climate change. Deeper
fire safety culture expertise was found to be essential
for improving fire safety on Finnish farms by Granqvist
et al. (2007).

Added to this, improving health and safety literacy,
along with farmers ability to obtain and process infor-
mation, has reduced risks factors and had better
results in safety behaviour changes (Mancini et al.,
2009; Coman et al, 2020). Interestingly, concerning
occupational injuries, a higher educational level seems
to be a risk factor (Jadhav et al., 2016). Jadhav et al.
(2016) explain that this may be partly because ‘farmers
with higher education may be able to recall injuries
better than those with less education’. However,
farmers with higher education may have bigger farms
and use more time for agricultural activities, which
may lead to more accidents (Leppadla et al., 2013).

The farm survey data were analysed using a Bayesian
machine learning approach. A potential model and
several risk factors of subjective evaluation of farm fire
hazard probability were found. The modelling did not
result in a strong view of which factors explained
farmers’ assessments of the likelihood of a fire, but it
suggested interesting associations that could be used
both in further studies and when designing preventive
actions. In addition to the above discussed malfunctions
of machinery and vocational education, contingency
planning and well-being at work arose. If a farm had
both a written emergency plan and a risk management
plan, the estimated likelihood of a fire tended to be
lower. If only one (or neither) was in place, no link with
the fire risk assessment was found. No convincing stat-
istical significance was found, but this still raises the
question of the role of repeated interventions: how
often and what kind of interventions should be made
to reduce fire risks. Challenges related to well-being at
work seem to increase the subjectively assessed fire
risk. This is not statistically significant, but the direction
is quite clear, and the observation raises the question
of whether the role of human resources in risk manage-
ment has been fully understood and considered in pre-
ventive measures. More sensitive measurement and a
larger data set could give a better insight into the
phenomenon.

Conclusions

The technical causes of fires on farms are quite well
investigated and documented by various authorities.
Risk management on farms, and specifically fire risk pre-
vention, would benefit from a more in-depth investi-
gation of the contributory (contextual) factors of fires,
such as human, organizational, and operational factors.

Risk management education for farmers should be pro-
moted. It should focus on treating risks that build up due
to insufficient maintenance and on more careful hand-
ling of fire and hot work.

Study limitations

The risk concept has traditionally been assessed using
two dimensions, probability and the severity of a risk
realizing. Many of the respondents to the risk survey
only assessed risk probabilities and left the severity
assessment unanswered. We therefore opted to use
only risk probability as an estimate of the assessed risk.
It can be argued that the survey data is biased due to
the respondents being more inclined to contemplate
and assess risks — and evaluate risks to be higher — on
their farms than the average farmer population. This
may have resulted in a narrower sample of the experi-
enced risk spectrum in the farmer population, thus
restricting the possibility to reach statistically significant
predictors for fire risk probability assessment.

Acknowledgements

The study was part of an EU/EAFRD-funded regional project
with the aim of creating and renewing risk management
tools and practices and establishing them among Finnish
farmers. We wish to thank senior expert Sami Myyra from the
Lahitapiola insurance company for his valuable comments
during the process.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding
This work was supported by EU/EAFRD.

ORCID
K.O. Kaustell (= http://orcid.org/0000-0002-5659-3306
E. Liski 2 http://orcid.org/0000-0001-6202-2940

T.E.A. Mattila
J. Leppdild

http://orcid.org/0000-0001-5112-6824
http://orcid.org/0000-0001-5187-7185

References

Coman, M. A,, Marcu, A., Chereches, R. M., Leppil3, J. & Van Den
Broucke, S. (2020). Educational interventions to improve
safety and health literacy among agricultural workers: A sys-
tematic review. International Journal of Environmental
Research and Public Health, 17(3), 1114. doi:10.3390/
ijerph17031114

Duong, T. T., Brewer, T., Luck, J. & Zander, K. (2019). A global
review of farmers’ perceptions of agricultural risks and risk


http://orcid.org/0000-0002-5659-3306
http://orcid.org/0000-0001-6202-2940
http://orcid.org/0000-0001-5112-6824
http://orcid.org/0000-0001-5187-7185
https://doi.org/10.3390/ijerph17031114
https://doi.org/10.3390/ijerph17031114

ACTA AGRICULTURAE SCANDINAVICA, SECTION A — ANIMAL SCIENCE . 1

management strategies. Agriculture, 9, 10. doi:10.3390/
agriculture9010010

Fasold, A. (2022). Undersékning av det Systematiska
Brandskyddsarbetet i Lantbruksverksamheter ~ med
Djurhdllning (Lund: Division of Fire Safety Engineering,
Faculty of Engineering, Lund University).

Granqvist, P, Nenonen, A. & Nurmi, V.-P. (2007). Viljatilojen
sdahko- ja paloturvallisuus. (Fire safety on grain farms) Tukes-
julkaisu 2/2007. Helsinki. Turvatekniikan keskus. 76 pp.

Hardaker, J. B. Huirne, R. B. M., Anderson, J. R. & Lien, G.
(2004). Coping with Risk in Agriculture (UK: Cabi
Publishing). 332.

ISO 31000. (2018). Risk management — guidelines. Retrieved
from I1SO: https://www.iso.org/standard/65694.html.

Jadhav, R, Achutan, C, Haynatzki, G. Rajaram, S. &
Rautiainen, R. H. (2016). Review and meta-analysis of
emerging risk factors for agricultural injury. Journal of
Agromedicine, 21(3), 284-297. doi:10.1080/1059924X.2016.
1179611

Kaustell, K. (2020). Assessment of occupational safety determi-
nants in Finnish agriculture and commercial fishing.
Doctoral Dissertation. Natural Resources and Bioeconomy
Studies, 60. doi:10.13140/RG.2.2.30893.51683

Kaustell, K., Mattila, T. & Rautiainen, R. (2011). Barriers and
enabling factors for safety improvements on farms in
Finland. Journal of Agricultural Safety and Health, 17(4),
327-342. doi:10.13031/2013.39805

Komarek, A., De Pinta, A. & Smith, V. (2020). A review of types of
risks in agriculture: What we know and what we need to
know. Agricultural Systems, 178. doi:10.1016/j.agsy.2019.
102738

Leppald, J. (2016). Systematic Risk Management on Farms.
Doctoral Dissertation. Department of Industrial Engineering
and Management. Aalto University Publication Series
17/2016. Espoo. Finland.

Leppdld, J., Kauranen, |. & Rautiainen, R. (2013). Effectiveness of
occupational health service programmes in farmers’ safety
and security risk management. International Journal of
Agricultural Management, 2(3), 130-140. doi:10.5836/ijam/
2013-03-02

Leppald, J.,, Murtonen, M., Suokannas, A., Lehto, M., Sinisalo, A.
& Suutarinen, J. (2008). Maatilan turvallisuuden johtaminen
- riskien tunnistamisen ja arviointivalineiden kehittdminen
(abstract: farm safety and security management - develop-
ment of farm risk identification and evaluation). In MTT
Research Series 126 (Vihti: MTT Agrifood Research Finland),
pp. 1-111.

Luke Economydoctor. (2021). https://portal.mtt.fi/portal/page/
portal/economydoctor/ Cited 25th October 2023.

Luke Economydoctor. (2022). https://portal.mtt.fi/portal/page/
portal/economydoctor/ Cited 23 March 2023.

Luke statistics database. (2021). https://statdb.luke.fi/PXWeb/
pxweb/en/LUKE/ Cited 25th October 2023.

Luke statistics database. (2022). https://statdb.luke.fi/PXWeb/
pxweb/en/LUKE/ Cited 7th July 2023.

Mancini, F., Jiggins, J. & O’Malley, M. (2009). Reducing the inci-
dence of acute pesticide poisoning by educating farmers on
integrated pest management in south India. International

Journal of Occupational and Environmental Health, 15,
143-151. doi:10.1179/0eh.2009.15.2.143

Mattila, T., Perkio-Makela, M., Hirvonen, M., Kinnunen, B., Vare,
M. & Rautiainen, R. (2022). Work exposures and mental and
musculoskeletal symptoms in organic farming. Ergonomics,
65(2), 242-252. doi:10.1080/00140139.2021.1974102

Mattila, T. E. A., Rautiainen, R. H., Hirvonen, M., Vdre, M. &
Perkio-Makeld, M. (2020). Determinants of good work
ability among organic and conventional farmers in
Finland. Journal of Agricultural Safety and Health, 26(2), 67—
76. doi:10.13031/jash.13667

Mero, P. (2011). Suurvahingot kdyvat yha kallimmiksi (In
English: Major damages are becoming more and more
expensive). News. Finance Finland. https://www.finanssiala.
fi/uutiset/suurvahingot-kayvat-yha-kalliimmiksi/.

Myyra, S. & Liesivaara, P. (2015). One size policy does Not Fit All:
latent farmer groups in crop insurance markets in Finland.
Outlook on Agriculture, 44(4), 297-302. doi:10.5367/0a.
2015.0219

Ndamani, F. & Watanabe, T. (2017). Determinants of farmers’
climate risk perceptions in agriculture—A rural Ghana per-
spective. Water, 9(3), 210. doi:10.3390/w9030210

Nordic fire statistics. (2023). https://ida.msb.se/nfs#tpage=
€9d6¢228-9a34-49f6-b210-41ef30d43002). Cited 29 June
2023.

Plummer, M. (2021). Rjags: Bayesian graphical models using
MCMC. R Package Version 4-12. https://CRAN.R-project.
org/package=rjags.

R Core Team. (2021). R: A Language and Environment for
Statistical Computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.org/.

Schauberger, P. & Walker, A. (2021). openxlsx: Read, write, and
edit xlsx files. R package version 4.2.4. https://CRAN.R-
project.org/package=openxisx.

Tillander, K. (2004). Utilisation of statistics to assess fire risks in
buildings. VTT Technical Research Centre of Finland.
Scientific dissertation. https://www.vttresearch.com/sites/
default/files/pdf/publications/2004/P537.pdf. Cited 29 June
2023.

Wauters, E., van Winsen, F., de Mey, Y. & Lauwers, L. (2014). Risk
perception, attitudes towards risk and risk management:
evidence and implications. Agricultural  Economics
(Zemédeélska Ekonomika), 60(9), 389-405. doi:10.17221/176/
2013-AGRICECON

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D.,
Francois, R., Grolemund, G., Hayes, A., Henry, L., Hester, J.,
Kuhn, M., Pedersen, T. L., Miller, E., Bache, S. M., Miiller, K.,
Ooms, J., Robinson, D., Seidel, D. P., Spinu, V., Takahashi,
K. Vaughan, D., Wilke, C., Woo, K. & Yutani, H. (2019).
Welcome to the tidyverse. Journal of Open Source
Software, 4(43), 1686. d0i:10.21105/joss.01686

Wickham, H., Francois, R., Henry, L., & Mdller (2021). dplyr: A
Grammar of Data Manipulation. R package version 1.0.7.
https://CRAN.R-project.org/package=dplyr.

Wildavsky, A. & Dake, K. (1990). Theories of risk perception:
Who fears what and why? Daedalus, Fall, 1990, Vol. 119,
No. 4, Risk (Fall, 1990), pp. 41-60 The MIT Press. https://
www.jstor.org/stable/20025337.


https://doi.org/10.3390/agriculture9010010
https://doi.org/10.3390/agriculture9010010
https://www.iso.org/standard/65694.html
https://doi.org/10.1080/1059924X.2016.1179611
https://doi.org/10.1080/1059924X.2016.1179611
https://doi.org/10.13140/RG.2.2.30893.51683
https://doi.org/10.13031/2013.39805
https://doi.org/10.1016/j.agsy.2019.102738
https://doi.org/10.1016/j.agsy.2019.102738
https://doi.org/10.5836/ijam/2013-03-02
https://doi.org/10.5836/ijam/2013-03-02
https://portal.mtt.fi/portal/page/portal/economydoctor/
https://portal.mtt.fi/portal/page/portal/economydoctor/
https://portal.mtt.fi/portal/page/portal/economydoctor/
https://portal.mtt.fi/portal/page/portal/economydoctor/
https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/
https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/
https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/
https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/
https://doi.org/10.1179/oeh.2009.15.2.143
https://doi.org/10.1080/00140139.2021.1974102
https://doi.org/10.13031/jash.13667
https://www.finanssiala.fi/uutiset/suurvahingot-kayvat-yha-kalliimmiksi/
https://www.finanssiala.fi/uutiset/suurvahingot-kayvat-yha-kalliimmiksi/
https://doi.org/10.5367/oa.2015.0219
https://doi.org/10.5367/oa.2015.0219
https://doi.org/10.3390/w9030210
https://ida.msb.se/nfs#page=e9d6c228-9a34-49f6-b210-41ef30d43002
https://ida.msb.se/nfs#page=e9d6c228-9a34-49f6-b210-41ef30d43002
https://CRAN.R-project.org/package=rjags
https://CRAN.R-project.org/package=rjags
https://www.R-project.org/
https://CRAN.R-project.org/package=openxlsx
https://CRAN.R-project.org/package=openxlsx
https://www.vttresearch.com/sites/default/files/pdf/publications/2004/P537.pdf
https://www.vttresearch.com/sites/default/files/pdf/publications/2004/P537.pdf
https://doi.org/10.17221/176/2013-AGRICECON
https://doi.org/10.17221/176/2013-AGRICECON
https://doi.org/10.21105/joss.01686
https://CRAN.R-project.org/package=dplyr
https://www.jstor.org/stable/20025337
https://www.jstor.org/stable/20025337

12 (& K.O.KAUSTELLETAL.

Appendix

ﬁ Figure A4. Posterior distribution for farm turnover ‘€100 000-
1 200 000" parameter (baseline class: ‘< €100 000’).

Figure A1. Posterior distribution for age for respondent
parameter.

Figure A5. Posterior distribution for farm turnover "> €200 000’
Figure A2. Posterior distribution for education ‘other degree’ parameter (baseline class: ‘< €100 000 ¢’).
parameter (baseline class: ‘degree in agriculture’).
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Figure A3. Posterior distribution for full-time farmer ‘No' par- Figure A6. Posterior distribution for work management chal-

ameter (baseline class: ‘Yes'). lenges 'Yes' parameter (baseline class: ‘No’).
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Figure A8. Posterior distribution for contingency planning ‘1’
parameter (baseline class: ‘0’).

Figure A9. Posterior distribution for contingency planning ‘2’
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