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Abstract

Trees constitute a key component of urban landscapes and green infrastructure, providing numerous
ecosystem services and enhancing the attractiveness of public recreational spaces. At the same time,
their presence in intensively used areas—such as parks, promenades, squares, and pedestrian
routes—requires careful consideration of public safety. In the context of climate change and the
increasing frequency of weather anomalies, particularly severe windstorms, the issue of managing
tree-related risk has become increasingly important.

The aim of this paper is to present the scale of hazards associated with trees in public spaces in
Poland compared with England, in the context of balancing recreational use and landscape protection.
The study compiles statistics on accidents and damages caused by trees during strong wind events in
the years 2000-2022. Based on these data, a regional risk coefficient related to windthrows and
uprooted trees was developed.

The results indicate that both the number and the consequences of tree-related incidents in Poland
remain comparable to those observed in England and can be considered relatively low. The findings
confirm that rational tree management, based on assessment of tree condition and potential risk,
allows the reconciliation of public safety requirements with the need to preserve trees as an important
element of the landscape and recreational environments. The results may contribute to the
development of sustainable strategies for managing urban trees, supporting both landscape protection
and improved quality of life in cities.

Key words: urban trees, public recreational spaces, windthrows and uprooting, trees and windstorms,
tree risk management, fallen trees

Introduction

Public awareness of the important role of trees in the natural environment and cultural landscape has
existed for centuries, but it is particularly significant today in the era of progressing climate change
(Roston-Szerynska 2019). Numerous scientific studies confirm the wide range of environmental,
social, health, cultural, aesthetic, and economic benefits provided by trees, often expressed in
monetary terms, enabling their inclusion in urban development strategies. Consequently, in many
countries trees are recognized as national assets and green capital of cities (Szczepanowska, Sitarski
2015). The concepts of “ecosystem services” (Solon et al. 2017) and “green infrastructure,” with trees
as key elements, have been widely discussed (Szulczewska 2018) and constitute an important priority
in spatial policies worldwide, including in Asian countries (Mizgajski, Stepniewska 2009). Trees also
play a significant climate-regulating role in cities (Czerwieniec, Lewinska 2000). Research shows that
the benefits of trees outweigh their potential drawbacks (Roston-Szerynska 2019).

Nevertheless, in Poland, trees in human environments are often perceived as a safety threat, which
contributes to increasing numbers of tree removal decisions (Krynicki, Witko$ 2016). Public perception
is frequently influenced by misconceptions regarding risks associated with windthrow and uprooting
(Roston-Szerynska 2019). This is further linked to the financial liability of landowners for damages
caused by trees in cases of negligence. According to the Nature Conservation Act (Dz. U. 2022, item
916, as amended), trees posing threats to safety or infrastructure may be removed without fees (Art.
86.1, points 4-5 u.o.p. ). However, the lack of precise risk assessment criteria leads to misuse.

The subject of this study is windthrow and uprooting in urban areas, understood as risks resulting in
damage to property, health, or human life (Roston-Szeryinska 2019). The main objective is to present
tree-related risk in Poland and explore its management. The study addresses the following research
questions: 1) When does a tree constitute a hazard, and when is it merely damaged property due to
weather anomalies? 2) What is the level of risk associated with windthrow in Poland? 3) How can risk
be assessed at national and regional scales? 4) How can this knowledge be applied in urban tree
management?

The main hypothesis assumes that identification of hazards and quantification of tree-related risk are
fundamental for effective tree management systems. As part of this study, statistics on tree-related
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accidents and damage during windstorms between 2000 and 2022 were compiled, which were
contextualized in the context of climate change, including the increasing frequency of windstorms
between 1979 and 2018. A regional risk index for windfall and uprooting was developed, which can be
used as a tool for tree management. Risk management guidelines were presented. The research
results, in addition to their cognitive value, can be used to more effectively manage trees in urban
areas and improve human living conditions in cities.

Research Method and Data Sources
Tree-related risk is analyzed based on windstorm frequency (Lorenc 2012; Chmielewski, Szer 2018)
and the frequency and scale of damage caused by falling trees (Roston-Szeryriska 2019; National
Tree Safety Group 2011; Taszarek, Brooks 2015).
Risk is defined as the possibility of loss or occurrence of a harmful event, characterized by a known
probability distribution. Risk assessment includes probability and severity of consequences. Both
qualitative (risk matrices, indicators) and quantitative methods (event trees, statistical and simulation
methods) are used (Romanowska-Stomka, Stomka 2002).
The study applies the Risk Score method, where:
R=SxExP
where:

e S —severity of consequences,

e E —exposure,

e P — probability.
Potential consequences (S) are determined by the arithmetic mean of the human and material
losses assessed on a scale of 1 to 100 points. A minor loss (1 point) is considered to be the provision
of first aid and a material loss of less than PLN 5,000. A very major loss (15 points) is associated with
a fatality equivalent to material losses of PLN 5,000 to 5 million. A major disaster is considered (100
points) to be multiple fatalities or a loss estimated at over PLN 30 million.
The duration of exposure (E) of the impact of harmful factors on humans is measured on a scale of
0.5 to 10; the lowest value is obtained with negligible exposure (exposure once a year), and the
highest value (10 points) with constant contact between the potential target and the source of the
threat. Occasional exposure, with a frequency of once a week, is considered a major disaster.
As part of the study, the P index was estimated. The probability of a human hazard (P) is based on
combinatorics and is measured on a scale of 0.1-10 points. The probability of an event occurring
(0.0001%) to high (50%). The probability of a catastrophic event (A) is localized by the locations of
fatalities and all names of residents |Q|, an area calculated as follows:
P(A)=IAl/IQ] (2)
where:
|A| - to the number of favorable events (emergency casualties |A|)
|Q| - to the number of all accidental events (total number of residents |Q])
The risk value (R) is measured on a scale of 0.05-10,000. A risk value >400 indicates a very high risk
and indicates the need to remove trees that pose a safety risk and take intervention measures to
improve safety. A negligible risk is defined as a very low risk when R <20.
Our own research analyzed the frequency of windstorms and their effects, including those caused by
windfalls and uplifts. Data from the Institute of Meteorology and Water Management (IMGW) and daily
reports from the Government Center for Security were used. Information on accidents caused by
falling trees was supplemented with details about the circumstances, location, and victims based on
local press reports.
From IMWM reports, the frequency of winds during the growing season, i.e., during full leaf-out, in
Poland from 1979 to 2018 was analyzed to assess climate change. Data on windstorms with wind
speeds above 15 m/s (recognized by the Government Center for Security and Climate Change) from
23 years, from 2000 to 2022, was collected from press reports. The frequency of damage caused by
windfalls and uplifts was assessed. The locations and regions of the country where such events most
frequently occur were analyzed, and the results were compared with data from England (National Tree
Safety Group 2011).
Based on data on the population of the country and individual voivodeships, and on the number of
deaths from windfall and uprooting, a regional risk factor was estimated, which is an algorithm that
determines the probability of an event occurring per million inhabitants.
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Results

Tree as a Hazard vs. Property Loss

Strong winds are the primary source of hazard, while trees are often elements affected by wind forces.
According to Lorenc (2012), destruction of even healthy trees may occur at 229 m/s, while extensive
damage appears above 33 m/s. Other classifications (Eiber, TORRO, Fujita) indicate that only very
strong winds (>50 m/s) damage stable trees. Strong winds cause natural disasters, which are covered
by the National Crisis Management Program. The Government Security Center (RCB) monitors events
such as "strong winds," defining three levels of threat posed by strong winds: (l) first degree - V avg >
15 m/s and gusts > 20 m/s, which damage buildings and break branches and trees; (Il) second
degree, with V avg > 20 m/s and gusts > 25 m/s, which break and uproot trees; (lIl) third degree, with
V avg > 25 m/s or gusts > 35 m/s, which causes significant damage to trees.

The above data indicates that wind speeds exceeding 15 m/s pose a "threat" as a potential threat to
human health, life, or property or the environment. The source, and therefore the cause, of the threat
in this case will be the wind. A damaged tree, building, or other structure constitutes damage and is
considered property damage. A falling tree, as a source of danger (not a consequence), will apply to
damage at lower wind speeds.

Insurance practice recognizes wind speeds above 17.5 m/s or 24.5 m/s as thresholds for random
events (Macigzek 2005). At this speed, even healthy trees and their parts can break. Otherwise (at
lower wind speeds), the tree's condition may have been neglected.

Risk in Poland

A report prepared by the Institute of Meteorology and Water Management indicates that the number of
days with violent gales with wind speeds = 25 m/s is estimated at approximately 40 per year in the
southern part of Poland. Observations show that on average, about 15 cycles per year pass through
Poland, during which wind gusts reach at least 11 m/s (Lorenc 2012). This means that the share of
days with such winds is approximately 5% of the year. The highest winds can occur in December,
January, and March — an average of two per month. Some regions in Poland are more frequently hit
by gales from November to March than others. Foehn and foehn winds blow from October to
February. During the summer (or from May onwards), the activity of tornadoes, defined as rotating
columns of air in contact with the ground and clouds, increases (Lorenc 2012). Based on reports from
the Institute of Meteorology and Water Management, the frequency of winds blowing during the
growing season, i.e., during full leaf-out, in Poland from 1979 to 2018, was analyzed. These are most
common tornadoes, with an average annual number of 4 between 1979 and 2000. A significant
increase in the number of tornadoes was observed between 2003 and 2018. The number of tornadoes
in the last quarter-century has almost doubled compared to the 1980s, which is associated with an
increased risk of damage caused by windbreaks and upheavals (Fig. 1).
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Fig. 1: Average annual number of tornadoes in five-year periods from 1979 to 2018 in Poland. Source:
prepared based on RCB reports.

Analysis of data from 2000-2022 shows an average of 8.1 major windstorms per year. The average
number of injuries over the 23-year period was 23. However, these data reflect injuries from all storm
events, not just those involving trees. An increased number of injuries due to windfalls was observed
in 2002, 2007, 2009, 2015, and 2017. The average annual number of fatalities from falling trees is 3.8.
Other causes (e.g., falling roof tiles during storms) account for an average of two deaths per year. This
means that every other storm ends in a fatal accident involving trees. Each storm results in more than
three injuries, with nearly two-thirds of these fatalities involving trees (Fig. 2).
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Fig. 2: Average annual number of storms and their consequences (fatalities and injuries caused by
falling trees) in the period from 2000 to 2022 in Poland (Roston-Szerynska 2023).

Although every second windstorm results in a fatal accident involving trees, the overall number of
such incidents remains low compared to other risks. According to the statistical yearbook of the
voivodeships, in 2020 the total number of fatal accidents at work amounted to 190 people, the number
of fatalities in road accidents was 2491(e.g., road accidents; GUS 2021).

The locations where such incidents most frequently occur were analyzed and the results compared
with data from England (National Tree Safety Group 2011). Vehicle-involved tree accidents most often
occur on roads and car parks (Fig. 3). In Poland most incidents occur on roads and parking areas
(51.3%), similarly to England (National Tree Safety Group 2011). Fatalities resulting from falling
roadside trees on pedestrians in Poland account for 17.6% of incidents, compared to 10% in England.
Compared to England, a lower percentage of accidents in Poland involve falling trees on motorcyclists
and cyclists (4.2%), and slightly more accidents occur in forests and parks (7.6% each) and in
unmanaged green areas (4.2%). Isolated incidents occur in single-family home gardens (2.5%) and in
school gardens and playgrounds (0.8%).
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Fig. 3: Locations of fatal accidents involving windfalls and overturns in Poland (from 2000 to 2022) and
England from 2000 to 2008 (data update, Roston-Szeryhska 2019).

National Risk Assessment

A windbreak and overturning risk index was calculated for the country based on data on windstorms
and accidents from 2000-2022. The accident risk index (Risk Score) was used, defined as the product
of three parameters (event consequences, hazard exposure, and probability of occurrence):
R=15%x2x01=3

The S (effect severity) value is 15, indicating very high damage associated with fatalities and property
damage of PLN 500,000-5,000,000;

The E (hazard exposure) value is 2 for central Poland (windstorms once a month), 2.5 for the northern
part (on average twice a month), and 3 for the southern part of the country (three times a week).
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The P value (accident probability) is 0.1, indicating a theoretically possible event and a chance of less
than 1 in 1,000,000 that a fatal accident will occur due to falling trees. The probability of a fatal
accident due to a falling tree in Poland is 1 in 10,162,921.

A value of 3 indicates a negligible risk (widely accepted). In principle, there is no need for intervention.
Monitoring is recommended. Similar accident statistics and the level of risk associated with the
presence of trees in urban areas are observed in England, where the NTSG [National Tree Safety
Group] presented the results of research on the effects of windfall and uprooting from 1999 to 2008.
The overall risk to society from falling trees is very low, with the probability of a tree or part of a tree
causing a fatal accident being approximately 1 in 10 million (NTSG, 2011).

Regional Risk Assessment

Windfall and uprooting accidents from 2010 to 2022 were analyzed in terms of their distribution across
the country's voivodeships (Table 1).

Tab. 1: Effects of storms from 2010-2022. Number of fatalities and injuries from this period, along with
an estimate of the probability of the event (P)

Fatalities due to Average

windfalls annual

Total Numer of wind Regional

numerin |Average Populationjinhabitatants [speed risk factor

years annual [Numer of (density |in millions (N)|(m/s) (P=1/N)
region/ area 2010-2022 [number |inhabitants per event
Dolnoslgskie 6 0,462 | 1994670 145 4,32 55 0,231
Kujawsko-pomorskie 0 0,067 | 1797134 115 26,96 3 0,037
Lubelskie 1 0,077 | 2512246 83 32,66 3,5
Lubuskie 3 0,231 | 1398793 72 6,06 4 0,165
t odzkie 1 0,077 | 1821895 134 23,68 3,5 0,042
Matopolskie 1 0,077 | 1518279 225 19,74 2,5 0,051
Mazowieckie 5 0,385 | 3555847 153 9,25 4 0,108
Opolskie 1 0,077 | 941187 104 12,24 3,75 0,082
Podkarpackie 2 0,154 | 1784576 119 11,60 3,75 0,086
Podlaskie 1 0,077 | 2018702 26,24 3 0,038
Pomorskie 13 1,000 | 1832368 1,83 4,5
Slgskie 2 0,154 | 1233309 8,02 3,75 0,125
Swietokrzyskie 1 0,077 | 1171050 105 15,22 2,75 0,066
Warminsko-
mazurskie 1 0,077 | 2417347 31,43 3,75
Wielkopolskie 2 0,154 | 2982650 117 19,39 3,5 0,052
Zachodniopomorskie 1 0,077 | 2290472 74 29,78 2,75 0,034
Polska 40 3,077 |31270525 122 10,16 - 0,098

The collected data indicate that the area with the most frequent accidents caused by windfall and
uprooting is the Pomeranian Voivodeship, where a total of 13 fatalities were recorded, or an average
of one per year. This means that the risk of a fatal accident caused by trees is 1 in 1,832,368. This is
still a broadly tolerable risk level, at a minimal (negligible) level, but it is more than five times higher
than the national average. Increased numbers of fatal accidents also occurred in the Lower Silesian
Voivodeship (6 in total, with an average of 0.46 per year), the Mazowieckie Voivodeship (5 in total,
with an average of 0.38 per year), and the Lubusz Voivodeship (3 in total, with an average of 0.23 per
year). Safe voivodeships, with low or zero fatalities resulting from windstorms during the study period,
include the Kuyavian-Pomeranian Voivodeship (0), Lublin Voivodeship, t6dz Voivodeship, Lesser
Poland Voivodeship, Podlaskie Voivodeship, and Opole Voivodeship (1). The lowest probability of a
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fatal accident caused by windbreaks and upheavals occurs in the Lublin Voivodeship and the
Warmian-Masurian Voivodeship. Here, the chance of an undesirable event is 1 in 32 million.

Risk Monitoring in Urban Tree Management

Safety management can be divided into several stages. The foundations include risk analysis, risk
identification, which involves determining the type of risk, its characteristics, and duration, and
quantification, which involves measuring its level. Decisions and actions taken to improve safety will
be proportionate to the risk. Tree removal is a last resort, acceptable in the event of a catastrophic
risk. In the case of minimal or very low risk, risk control, including ongoing tree monitoring, is crucial.
Data on the effects of storms and interventions related to damaged trees can be used at the local level
to assess the situation of local government units or even specific buildings (e.g., a historic park). This
is made possible by statistics maintained by fire departments. Based on this data, it is possible to
determine the locations where accidents occur most frequently and where trees require more intensive
inspections and maintenance due to the high rate of tree breakage in a given location.

For effective tree management, a good solution is to create a map of the municipal area containing so-
called risk zones, i.e., zones with varying risk levels within the unit. In addition to knowledge about
interventions related to damaged trees, the terrain classification developed by Roston-Szerynska
(2012) was used, based on the ISA (International Society of Arboriculture) classification used in tree
diagnostics. Trees growing in high-risk zones, e.g. along main roads, at intersections or in heavily
frequented city centre areas, are inspected more often than trees in low-risk zones (growing in home
gardens or in sparsely frequented areas).

Conclusion

The benefits of trees should be balanced with associated risks. Identification and quantification of risk
are essential for effective tree management. The study confirms that tree-related risk in Poland is low
and socially acceptable (approx. 1 in 10 million).

However, risk cannot be eliminated entirely, as even healthy trees may fail under extreme conditions.
Therefore, management should focus on monitoring and proportional actions rather than excessive
removal.

The proposed guidelines for risk management at regional and local levels can improve urban tree
management, enhance safety, and contribute to better living conditions. Future research should
address economic losses related to tree damage and removal.
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Souhrn

Stromy predstavuji kliCovou soucast méstské krajiny a zelené infrastruktury, poskytuji fadu
ekosystémovych sluzeb a zvySuji atraktivitu vefejnych rekreaénich prostor. SouCasné vsak jejich
pfitomnost v intenzivné vyuzivanych oblastech — jako jsou parky, promenady, namésti a péSi trasy —
vyzaduje peclivé zvazeni otazky vefejné bezpecCnosti. V kontextu klimatickych zmén a rostouci
Cetnosti meteorologickych anomalii, zejména silnych vichfic, nabyva otazka fizeni rizik spojenych se
stromy na vyznamu.

Cilem tohoto ¢lanku je predstavit rozsah rizik spojenych se stromy ve vefejnych prostranstvich v
Polsku ve srovnani s Anglii, a to v kontextu vyvazeni rekreaéniho vyuziti a ochrany krajiny. Studie
shrnuje statistiky o nehodach a Skodach zplUsobenych stromy béhem silnych vétrnych udalosti v
letech 2000-2022. Na zakladé téchto udaju byl vypracovan regionaini rizikovy koeficient tykajici se
polomu a vyvracenych stromd.

Vysledky ukazuji, Ze jak pocCet, tak nasledky incidentl souvisejicich se stromy v Polsku zlstavaji
srovnatelné s témi, které byly pozorovany v Anglii, a Ize je povazovat za relativné nizké. Zjisténi
potvrzuji, Ze racionalni sprava stromu, zaloZzena na posouzeni stavu stromi a potencialniho rizika,
umoznuje sladit pozadavky na verejnou bezpecénost s potfebou zachovat stromy jako dilezity prvek
krajiny a rekreaCniho prostfedi.
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