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Abstract: One of the consequences of the constant urban development in numerous countries is a
growing concentration of air pollution, which adversely affects both the environment and people’s
health. One of the ways of changing this negative trend is to maintain green areas and trees within
cities, as they serve many ecosystem functions, including biological absorption of particles and
other types of air pollution. This article provides the findings of a study carried out among the
residents of Warsaw, the capital of Poland, in order to assess social awareness of air pollution and the
importance of trees. The study of the residents’ awareness was supplemented with the assessment of
the parameters of the trees’ capacity for pollution absorption in selected locations performed with
the help of the i-Tree Eco tool, which allowed the authors to compare the residents’ impressions on
the role of trees in the process of absorption of pollution with their actual potential. The analyses
showed that the majority of city residents are concerned with the problem of air in the city, but at
the same time failing to notice its negative impact on their health. The majority of respondents were
not aware of the role the trees play in the process of pollution absorption, suggesting that there is a
real need for raising social awareness of functions served by trees and green areas in urban spaces.
The comparison of the city residents’ opinions on the importance of trees in the process of pollution
absorption with objective data obtained with the help of i-Tree Eco tool shows that the majority of
people’s impressions of pollution absorption by trees in urban areas is correct.

Keywords: ecosystem services; environmental awareness; PM2.5 removal

1. Introduction

One of the main environmental challenges, apart from GHG emissions (and their conse-
quences), has been air pollution caused by mineral or anthropogenic particulates [1] which
cause adverse effects on humans and the environment [2–5]. The types of air pollution
with the most detrimental influence on people’s health are: particulate matter (PM) [3,5–7],
nitrogen dioxide (NO2), ozone (O3) and sulphur dioxide (SO2) [8–11]. Air pollution causes
respiratory and circulatory problems and contributes to premature death [12–14]. As listed
in the available statistical data, outdoor air pollution has contributed to 0.5 million pre-
mature deaths in the EU and 4.2 million cases globally [15,16]. Suspended particulate
matter (PM) is one of the main sources or air pollution in cities [17–19], which is why its
direct impact on people’s health has been observed in industrial and urban areas. It is
estimated that due to growing migration from rural to urban areas the percentage of the
population in the cities will reach 60% by 2030 [20], 70% on a global scale [21] and 82% in
the EU [22] by 2050. Despite the fact that the process of urbanisation provides numerous
social benefits, it can be seen as a significant factor behind environmental issues [23,24] such
as the Urban Heat Island (UHI) [24–27], caused by changes in land use and construction
developments [28,29]. Research conducted by the World Health Organisation in more than
3000 cities found that outdoor air pollution has grown 8% globally in the last five years [15].
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One of the factors which reduce the negative consequences of air pollution in urbanised
areas is the tree cover [30]. As air pollution grows in city agglomerations, the subject of
trees in urban management grows in importance. Urban trees provide various ecosystem
services to the residents [31]. Some of their functions include filtration of atmospheric air
and accumulation (retention) of toxic substances [32,33]. Research shows that one of the
most effective methods of elimination of suspended particulate matter in the environment
is the presence of vegetation [34,35]. Data provided by the UN [22] shows that more than
half of the world’s population currently lives in urban areas. In Poland, the percentage
of people living in cities is almost 60% [36]. It is vital to conduct research on the level
of awareness of the residents of urban areas in the scope of air pollution and its impact
on health, and, in related matters—their knowledge on the ecosystem functions of trees
as biological absorbers of particles and other impurities [34]. Raising awareness in the
scope discussed here is necessary in order to increase the surface of green areas in urban
agglomerations. This awareness is probably lacking in numerous countries (e.g., Chile in
North America) [37]—most definitely in Poland, where vegetation is frequently removed
from public spaces and replaced with concrete (as shown on the examples of revitalisation
of main squares in numerous Polish cities and towns, such as Włocławek, Kutno, Białystok,
Kielce, Skierniewice, Wągrowiec, Warsaw) [38]. This phenomenon is confirmed by the
continuous increase in the loss of trees in urban space in Poland, which in 2019 amounted
to 125,706 pieces and accounted for 141% of the loss of trees in 2004 [39]. Social awareness
surveys on air pollution have been conducted by many authors in various countries [40–43],
however, not to a large extent in Poland [44,45]. Moreover, none of the works referenced
here draw attention to the social awareness on ecosystem functions of trees and their role
in reduction of pollution, hence why the aim of this study is to assess the social awareness
of air pollution among city inhabitants and investigating the functions realized by trees in
large cities taking into account the example of Warsaw. The survey consisted of two stages:
The first one involved interviews on city residents which were used to assess the social
awareness of air pollution and functions of trees. Stage two of the research focused on tree
inventory in two specifically selected locations in the city which provided data necessary to
establish the parameters of the trees’ capacity to absorb impurities. This approach allowed
the authors to confront the residents’ opinions (and misconceptions) on the functions of
trees in the city with an objective assessment of the potential capacity to absorb impurities.

2. Literature Review
2.1. Ecosystem Services and Benefits Generated by Trees

Ecosystem services may be described as conditions and processes provided by natural
ecosystems and their species by means of maintaining and enriching people’s lives [46].
Ecosystem services may also be defined as benefits drawn directly and indirectly by the
members of communities from ecosystem functions [47,48]. Due to steadily increasing urban
populations [15,21,22] and limited green areas, the urban ecosystem functions, which create
a link between the cities and the biosphere, improve public health of the residents, reduce
noise levels, purify wastewater systems and reduce the urban ecological debt [49–51] have
become endangered [52]. Green infrastructure provides the residents of urban agglom-
erations with social and environmental services in order to improve their quality of life
serve as generators of urban ecosystem services [53–57]. In addition, as one of the major
elements of the social and ecological urban systems, green infrastructure has become an
increasingly crucial point of reference in discussions on sustainable development and
urban planning [49,57–59]. Trees at the roadside, in parks, gardens, remaining woodlands
and on buildings create the largest segment of the urban green areas [60,61]. Research
shows that trees enrich the landscape and play a major role in the process of limiting
adverse effects of residential estates on the environment [62]. These benefits are described
as ecosystem services provided by trees and provide other advantages: economic, health,
social and visual benefits, but also create the process of environment regulation [63].
In practice, trees and other elements of the green infrastructure in the cities are used to
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manage stormwater runoff [64,65], provide solutions to problems with impermeable sur-
faces [66] and capture rainwater before it reaches stormwater systems [66]. They are also
useful in the process of lowering energy consumption levels; indeed, trees growing to the
south and west of houses contribute to lower costs of cooling the buildings [67]. According
to other authors, trees also positively influence public health by increasing the quality of air,
thus encouraging physical activity of the residents, lowering stress levels and improving
social relationships [68]. A study showed that residents of districts with better access to
parks and green areas play more sports [69,70], while it has also been proved that a higher
number of green areas positively influences the possibility of taking walks in the neigh-
borhood [71], with trees, and access to them, contributing to lower levels of stress [72–75].
Independent studies showed that women who lived in close proximity of trees (within a
50-metre radius) were less likely to give birth to children with a low birth weight [76,77].
At the same time, it must be noted that the trees which provide ecosystem services may also
damage the infrastructure elements and cause allergies [49]. Appropriate urban planning
in line with sustainable development should take into account the correlations between the
residents’ attitude towards the green areas and their influence on the development and
management of the green urban infrastructure [78–81].

2.2. Social Awareness in the Scope of Environmental Benefits Generated by Trees

Trees in cities have various levels of importance for the society. Some city residents
consider them as an opportunity to stay in touch with nature, while others see them as
nuisance [63]. The relationships between the natural environment and people may be
considered on the basis of numerous theories of environmental psychology [82]; Ajzen’s
theory of planned behavior, Stern’s value-belief-norm theory [83,84] and Rokeach’s theory
of cognitive hierarchy are of importance here [85,86]. Homer and Kale, on the basis
of the models listed here, created their value–attitude–behavior model, which can be
applied in the environmental discourse [86,87]. Attitudes are defined within the model
as positive and negative ones (differentiated as preference, affection or dislike) towards
certain objects, including trees, among others [88–90]. The data shows that people have
a very positive attitude towards trees in cities [52,91–97], which, in combination with the
value–attitude–behavior hierarchy model, is applied in research on potential behaviors
in the urban space, where specific attitudes of the residents also influence decisions on
the green infrastructure [98]. The analysis of the opinions of city residents conducted
in the San Juan Metropolitan Area in Puerto Rico shows that city residents are able to
identify numerous ecosystem services provided by the green urban areas [99,100]. The
findings show that the perception of ecosystem services may differ in small areas [99].
The most popular ecosystem service listed by the visitors of Plaza de Convalecencia was
the landscape value [100]. A cross-sectional study with data gathered in London [52]
shows that the number of antidepressant prescriptions was lower in areas with higher
street tree density [93]. A study conducted in the Netherlands focused on green street
areas showed their positive influence on the general health condition and mental health
of the residents [94]. Research conducted by Peckham and others [95] shows that the
residents of Halifax and Calgary present various attitudes and ways of perceiving of urban
trees. During their commute, some residents used the green urban areas, and many of
them named birds singing as a calming factor. Keeping the residents informed about the
correlations between green area management and the ecosystem services may contribute
to the application of holistic strategies in green management [101]. There are numerous
studies on the ways that the amount and quality of information on ecosystem services
influence the decision-making process of policymakers [102].

2.3. Political Efforts Made in Order to Decrease Air Pollution in Urban Areas

The improvement of air quality is one of the main tasks of environmental protection
institutions [103]. Air quality policies vary depending on the country and its regions, and
rich countries tend to introduce more rigorous restrictions and advanced strategies in order
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to reduce air pollution. Developing countries make use of existing standards and practices
used by the United States and the European Union, the leaders in the field [104].

In 1968, the World Meteorological Organisation developed an air pollution level
monitoring program. It served as the basis for the first global network of Background
Air Pollution Monitoring, which provides information on the impact of pollution on the
climate [105]. In the 1970s, the air quality and its protection became a subject of international
priority in the field of environment protection. The OSCE (Organisation for Security and
Co-operation in Europe) Final Act included information on transboundary air pollution
and the necessity of close cooperation among countries in order to maintain air quality.
It was noticed that pollution emissions in one country had a negative impact on air in
other countries. The Convention on Long-range Transboundary Air Pollution (LRTAP) was
concluded in 1979, and its main objective was the protection of people and the environment
against long-range air pollution by means of limiting emissions and reducing pollutant
level [106].

Urban air quality policy often combines methods aimed at discouraging the use
of private cars with activities meant to increase the use of less emission-heavy means
of transport as more desirable ones [107]; such actions are implemented in the form of
infrastructure investments in bicycle route networks and public transportation systems.
While these systems generate high costs over a short period, they enable—and facilitate—
a long-term change in behavior which, in turn, results in lowering the level of traffic-
generated pollution [107].

It is worth mentioning that low emission zones (LEZ) are created within urban ag-
glomerations. These are areas where limits on vehicle use were introduced in order to
reduce exhaust emissions, and represent a very popular measure to improve air quality in
the United Kingdom, Italy, Sweden and the Netherlands, among others [108]. Limitations
usually apply to Diesel-powered utility vehicles and very old cars which produce a large
amount of pollution [109]. Countries such as Singapore are planning to create integrated
transport hubs, which will provide easier access to different means of transport, for ex-
ample, switching from a bus to a tram [107]. In 2017 a transport hub which links a bus
terminal, a train station and a bicycle station was opened in Port Talbot in Wales [110].
In San Francisco, employers are obligated to encourage workers to use bicycles, carpooling
or public transport by offering transport cost tax deductions [111]. Speed limits may also
serve as a method of air quality control near roads [112] and are included in air quality
plans in several European countries [113].

Information and marketing are other crucial activities which resulted in improved
social awareness and compliance with air quality regulations [114]. Actions in Singapore
may be an example of raising social responsibility in the scope of air quality improvement:
Community and youth for environment events are held yearly, while The Green Champions
campaign was launched in the Royal Borough of Kensington and Chelsea in order to
educate its residents on energy efficiency and pollution reduction issues [111], and a
100-metre-tall air purification tower has been built in Xi’an in China [115]. Reagents
such as NO2 and absorbent substances are also being tested in several countries, such
as the Netherlands, Japan and Great Britain [116]. Attempts at the development and
improvement of air quality monitoring networks are also being made in China and cities
of UE. The Chinese government has built a nationwide network of monitors tracking
levels of PM2.5 where the data are made publicly available and can be checked by any
smartphone user [117]. Cities in Poland also implement actions aimed at the improvement
of air quality—e.g., in Poznań, where the municipal police are involved in a fight against
the use of inappropriate fuel [118]; elsewhere, the Low Emission Reduction Program for the
city of Kraków and Warsaw was introduced with the goal of replacing the most harmful
furnaces [119,120]. Another program was also prepared for the residents who bear the
highest costs involved in the modernisation of the heating system. Further, anti-smog
towers which remove PM and purify air are also being tested in the city of Kraków [121].
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Apart from this, some cities in Poland have implemented tree-planting initiatives,
such as the Platanus program in Szczecin [122], aimed at planting air purifying trees or the
“Million Trees” app used in Warsaw, which allows the city residents to report spots where trees
are lacking [123]. Similar programs, such as re-forestation initiatives and urban forest protection
campaigns, have also been implemented in other cities worldwide [124–126]. The aim is to
increase the tree canopy cover percentage, as applied in the “Million Trees” campaign
in New York City [127] or a Melbourne initiative to reach the level of 40% tree canopy
cover. In Balder et al.’s study [128], 100 trees per kilometer of road was considered the
optimal tree density; indeed, planting trees in cities is promoted as an urban solution [129]
which reduces environmental degradation caused by urban development. The aim of these
actions is to increase sustainable development of urban areas, to alleviate and adapt to the
climate changes and to improve people’s health and wellbeing [63,130].

3. Case Study Area Description

Warsaw—the capital of Poland, the largest city in the country, located in its centre as
well as in the central part of Europe, was selected for the research area (Figure 1). Similar
to numerous Polish cities, Warsaw is listed among the places with the worst air quality
on a world scale. In February 2021, Warsaw placed 2nd among the cities with the lowest
air quality according to the World Air Quality Ranking [131], where PM10 concentration
level was exceeded by 232% and the PM2.5 level by a staggering 364%. This January,
Warsaw was the 6th most polluted city in the world according to the Air Quality Index
Ranking [132]. One of the most serious smog episodes in the city happened in January 2017,
while very high levels exceeding air pollution standards were recorded in the majority
of Poland. In Warsaw, the permissible average PM10 concentration level was exceeded
on 19–22 days in January 2017 (60–70% of time over the course of the month), while the
average PM2.5 concentration level was too high on 25–28 days of the month (80–90% of the
time) [133].
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Figure 1. Location of the case study area—Warsaw city.

The city, with an area of 517.2 km2, is currently inhabited by 1,794,166 people [134] with
56.9% of residents being working age, 18.6% of pre-working age and 24.5% of retirement
age [134].
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The tree inventory was carried out on two 300-metre-long street sections in Warsaw.
The roads were selected as the inventory sites, due to their varied tree cover and their
crucial communication function in the city, with heavy traffic on both of them. The streets
in question have the same layout (without curves or bends) which does not influence the
variability of air pollution measurements. In both cases, the trees are in public spaces and
they are easily accessible.

One of the segments (Figure 2)—Marszałkowska Street—is located in the centre of
Warsaw, in the neighborhood of the Palace of Culture and Science and the Warsaw Central
Railway Station, and there are a small number of green areas and trees around. Concrete
squares, wide concrete pavements and commercial buildings are predominant there, and
the road fits three traffic lanes in each direction. The tree alley along the street consists
mostly of small-leaved linden trees (Tilia cordata Mill) planted between the pavement and
the road. There are concrete walkways on both sides of the road and the spaces in front of
buildings do not feature any shrubbery.
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The second segment (Figure 3)—Żwirki i Wigury Street—is the main communication
artery, as it connects the southern part of Warsaw with Chopin airport and the city centre.
A closed military area, multi-family residential buildings and allotment gardens are located
along the street. Due to the closeness of allotment gardens along Żwirki i Wigury, there are
more trees and other plants in the neighborhood of the street. There are two traffic lanes in
each direction separated by small-leaved linden trees (Tilia cordata).
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4. Materials and Methods

Two principal sources of data were used in the research, namely the i-Tree Eco tool
(pollution model) and data collected in field interviews conducted with the use of the CAPI
method (Computer-Assisted Personal Interview). In the survey, the interviewer’s contact
with the respondent was direct, while the information obtained was stored directly on a
mobile device. During the research, the interviewers chose people willing to fill in the
questionnaire. Therefore, it can be concluded that the sampling in this case was convenient.
Conducting a survey using this method has several advantages, such as their comparatively
low cost and quick turnaround time, but it can also undermine the representativeness of
the sample obtained [135–137]. Given the disadvantages associated with non-probabilistic
surveys with respect to sample representativeness, a minimum sample size was calculated.
A group of 271 inhabitants of the capital city took part in the questionnaire conducted in
the first half of August 2021.

The research allowed us to assess the level of social awareness of air pollution and the
importance of trees in big cities. The assessment covered air quality, the impact of polluted
air on health, and the ecosystem functions of trees. The assessment of the awareness of
the inhabitants of Warsaw was measured on the Likert scale, and summary statistics were
applied to further analyse the findings.

Data collected during the inventory with the use of i-Tree Eco tool were used in order
to create the pollution model for two representative streets in Warsaw. I-Tree Eco uses the
Urban Forest Effects (UFORE) model established by Nowak and Crane [138]. I-Tree Eco is
a widely available programming tool developed by the United States Forest Service (USFS);
it analyses the structure of urban trees with regard to the composition of species, leaf
surface and health condition of trees in order to estimate the value of ecosystem services
provided by the trees [138]. I-Tree Eco utilizes the dry deposition component included in
the UFORE model to calculate pollution removed by the plants [139].

The guidelines about the research site listed in the i-Tree Eco user manual [140]
were used during the field work and comprehensive inventory was carried out on the
designated area. The tool requires a detailed tree inventory—species and location of



Sustainability 2021, 13, 10611 8 of 24

trees were specified and dendrometric measurements were taken: trunk diameter (DBH—
diameter at breast height), total tree height (TTH), live tree height (LTH), crown base (CB),
crown width N–S (North–South), crown width E–W (East–West), crown percentage miss
(CROWN%MISS), crown health (CH) and crown light exposure (CLE). DBH was measured
with a caliper at 130 cm above the ground. Crown width N–S and E–W, total tree height,
live tree height and crown base were measured with a Bosch GLM120c laser measure with
up to 0.5 m accuracy.

Weather details and air quality data recorded in the i-Tree database tool were also
included in the model. The meteorological data covered wind speed and height. Based on
the metadata of the model, data on PM2.5 concentrations, recorded by monitors installed
closest to the locations selected by the researcher, were used. In the case of our study, this
was a monitor installed on Aleja Niepodległości Street in Warsaw. The i-Tree database also
provides access to meteorological data and air quality details. The model was launched
after all the necessary data was entered in the i-Tree Eco, and it provided estimates on the
amount of pollutants removed by trees at Marszałkowska Street and Żwirki i Wigury Street.

5. Results
5.1. Characteristics of the Research Sample

The field survey was conducted on 271 respondents—inhabitants of 18 districts in
Warsaw. 137 men and 134 women aged 18 to 75 comprised the sample group (Figure 4).
A total 7% of the respondents either worked or held degrees in the environmental protection.
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Figure 4. Respondent age distribution in the sample group. Source: own study base on the survey.

At later stages of the analysis, the sample group was divided with the used of the
quartile method where the age of the respondents served as the decisive criterion. Due to
the odd number of observations, the median indicated the middle value. The calculations
provided the following age brackets for the respondent group (Table 1).
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Table 1. Age brackets in the research sample.

Values in the Group
below the 1st Quartile

Values in the Group
between the 1st and

2nd Quartile

Values in the Group
between the 2nd and

3rd Quartile

Values in the Group
below the 4th Quartile

Age bracket <18;25> <26;31> <32;40> <41;75>
Percentage of

respondents in each
group

25 25 25 25

Average age in the
group 21 29 36 54

Source: own study base on the survey.

5.2. The Assessment of the Social Awareness of Air Pollution and Ecosystem Functions of Trees

The level of Warsaw inhabitants’ consciousness on the issue of air pollution was
studied by the authors. The respondents rated the issue on the scale from 0 to 5, where 0
meant a lack of concern and 5 indicated a high level of concern in the issue. The overview
provided below (Table 2) shows that almost 75% of respondents are concerned about air
pollution in Warsaw, although on average they do not perceive it as highly concerning.
Among people who indicated a lack of concern (0 points on the scale) or a low level of
concern (1 point) the most numerous (above 81%) was the 18 to 25-years-old age group.

Table 2. Percentage of the respondents’ assessment of air quality and their concern for air pollution in Warsaw.

Assessment

0 1 2 3 4 5

Concern for the issue
of air pollution

General assessment 5.5 8.1 11.4 45.0 22.9 7.0

Assessment in specified age brackets

<18;25> 19.4 29.0 17.7 19.4 9.7 4.8

<26;31> 1.6 1.6 11.1 61.9 15.9 7.9

<32;40> 1.3 2.6 9.0 62.8 17.9 6.4

<41;75> 1.5 1.5 8.8 32.4 47.1 8.8

% of respondents

Air quality

General assessment 1.8 22.9 38.0 21.8 14.0 1.5

Assessment in specified age brackets

<18;25> 3.2 12.9 24.2 21.0 35.5 3.2

<26;31> 0.0 17.2 56.3 20.3 3.1 3.1

<32;40> 1.3 17.9 47.2 25.6 6.4 1.3

<41;75> 2.9 42.6 22.1 19.1 13.2 0.0

% of respondents

where: 0—absolutely unconcerned, 5—absolutely disturbing (Concern for the issue of air pollution). 0—very bad quality, 5—very good
quality (Air quality). Source: own study base on the survey.

The residents also assessed air quality on the scale from 0 to 5, where 0 indicated very
bad quality and 5 meant very good quality. The overview provided below (Table 2) shows
that the majority of respondents (62.7%) indicated bad quality of air in the city, although
on average they did not describe the air quality in the capital city as very bad. Bad and
very bad air quality was reported most often by respondents aged 41 to 75, while good and
very good assessment was given by people aged 18 to 25.

The authors also analysed the residents’ perception of the impact on air pollution
in Warsaw of such activities as using lignite, plastic, particle board and other unsuitable
materials for fuel in central heating; burning waste (rubbish) in home furnaces; operation
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of CHP plants; exhaust emissions from traffic (e.g., passenger cars, lorries) and exhaust
emissions generated by production plants (stacks). The respondents rated the impact of the
indicated activities on air pollution in the city on the scale from 0 to 5, where 0 meant the
activity of lowest negative impact and 5 indicated the most harmful issue. The overview
provided below (Table 3) shows that, depending on the activity, from over 30% to almost
90% of respondents notice their harmful character. The most frequently noted harmful
activities were: exhaust emissions from traffic (32.10% of respondents indicated them as
harmful and 20.66% as the most harmful) operation of CHP plants (19.93% of level 4 and
5 notes) and the least frequently listed by the residents was using unsuitable materials for
fuel in furnaces (5.54% indications of their harmful character and 7.38% of the highest level
of harm), which is justified by the location of industrial plants on the outskirts of the city
and in localities adjacent to the capital.

Table 3. Percentage of the respondents’ assessment of the impact of activities on air pollution in Warsaw.

Assessment

0 1 2 3 4 5

Using lignite, plastic, particle board and
other unsuitable materials for fuel in central

heating
7.4 32.8 26.6 20.3 5.5 7.4

Burning waste (rubbish) in home furnaces 5.5 11.4 29.3 30.6 14.0 8.5

Exhaust emissions from traffic (e.g.,
passenger cars, lorries) 1.1 4.4 12.2 29.5 32.1 20.7

CHP plants 2.2 8.1 27.3 36.2 19.9 6.3

exhaust emissions generated by production
plants (stacks) 6.3 26.2 26.9 27.7 7.8 5.2

% of respondents

where: 0—not harmless at all, 5—very harmful. Source: own study base on the survey.

The researchers also attempted to establish the assessment of activities which con-
tribute to reduction of air pollution in Warsaw (Table 4), including chimney stack filters (in
industrial plants), renewable energy sources (such as solar photovoltaic panels in lanterns
and at bus stops), green belts which separate industrial grounds, the presence of urban
parks and forests, green areas and street greenery (such as squares, lawns, meadows), pop-
ularisation of using collective transport (urban public transport) and eco-friendly means of
transport (such as bicycles). Similar to the previous stages of the research, the respondents
assessed the activities on the scale of 0 (does not contribute) to 5 (heavily contributes). In
the respondents’ opinion, the action which contributes to the reduction of air pollution
in Warsaw to the largest extent is the popularisation of individual eco-friendly means of
transport (55.7% of level 5 grades) and the presence of urban parks and forests (49.8% of
level 5 grades). The popularisation of collective transport (urban public transport—railway,
buses and tramways) was graded slightly lower. The respondents considered the activities
which involve installation of chimney stack filters (e.g., in industrial plants) to have a
visibly smaller significance. Marginal assessment of this activity may suggest (as in the
case of the impact of industrial plants on air pollution) that these plants are located on the
outskirts of Warsaw or outside the city limits, which is why the respondents did not notice
any necessity for action in this scope.
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Table 4. Percentage of the respondents’ assessment of activities which contribute to the reduction of air pollution in Warsaw.

Assessment

Activity 0 1 2 3 4 5

Chimney stack filters (e.g., in industrial
plants) 6.6 29.5 29.9 25.1 6.3 2.6

Renewable energy sources (photovoltaic
panels in lanterns and at bus stops) 0.7 2.6 17.3 39.5 29.2 10.7

Green belts which separate industrial
grounds 5.2 16.6 29.2 31.0 12.2 5.9

Presence of urban parks and forests 1.8 4.4 17.0 26.9 33.9 15.9

Green areas and street greenery (such as
squares, lawns, meadows) 4.1 11.8 25.1 32.8 15.1 11.1

Popularisation of collective transport
(urban public transport—railway, buses

and tramways)
0.7 3.0 12.9 36.2 31.0 16.2

Popularisation of individual eco-friendly
means of transport (e.g., bicycles) 1.1 4.4 9.6 29.2 31.4 24.4

% of respondents

where: 0—it does not contribute at all, 5—contributes a lot. Source: own study base on the survey.

The awareness of the impact of air pollution on health was also subject to analysis
(Table 5). Generally speaking, it can be stated that the respondents do not see any correlation
between the presence of air pollution and health (75.28% of the responses ranked it at
level 2 or lower). Among those who indicated lack of significance between air pollution
and health, the largest age group consisted of people aged 18 to 25. Similar results were
obtained in the assessment of the awareness of consequences of polluted air on health. The
overview shows that all the listed health consequences of air pollution were assessed by
the respondents as having low or no impact. The least frequently listed consequences of
air pollution were headaches and respiratory problems, while the highest significance was
usually given to cancer (with a higher frequency of level 4 and 5 grades).

Table 5. Percentage of the respondents’ assessment of the impact of polluted air on health.

Assessment

0 1 2 3 4 5

Impact of polluted air
on health

General assessment 12.9 43.2 19.2 14.0 6.3 4.4

Assessment in specified
age brackets

<18;25> 35.5 29.0 9.7 12.9 9.7 3.2

<26;31> 7.9 58.7 15.9 9.5 1.6 6.3

<32;40> 5.1 57.7 24.4 6.4 2.6 3.8

<41;75> 5.9 25.0 25.0 27.9 11.8 4.4
% of respondents
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Table 5. Cont.

Assessment

0 1 2 3 4 5

Consequences of polluted air on health

Chronic bronchitis 15.5 45.0 19.6 12.5 5.2 2.2

Runny nose, frequent colds 20.7 42.4 18.1 8.5 6.6 3.7

Accelerated process of aging 43.5 26.2 10.0 8.5 8.9 3.0

Increased cancer incidence 45.4 25.1 8.9 7.4 8.5 4.8

Reduced birth weight in newborns 66.4 13.7 7.0 7.4 4.1 1.5

Increased number of high-risk pregnancies and
complications 63.1 14.8 7.4 6.3 5.9 2.6

Rash 49.8 25.5 10.3 6.3 4.1 4.1

Headache 15.1 39.9 21.0 11.8 6.6 5.5

Increased number of heart attacks and strokes 32.1 35.4 11.8 12.9 4.8 3.0

% of respondents

where: 0—no impact, 5—influences very strongly (Impact of polluted air on health). 0—without consequences, 5—very high consequences
(Consequences of polluted air on health). Source: own study base on the survey.

Another aspect analysed in the course of the research was the residents’ perception of
the importance of trees in their functions such as the decorative aspect, increased biological
diversity of trees and animal species, cooling the air, slowing down precipitation, retention
of rainwater, noise protection, reduction of stress and aggression levels and the develop-
ment of local communities. The overview provided below (Table 6) shows that, in the
respondents’ opinion, the most significant ecosystem function of trees is the improvement
of air quality. Among the ecosystem functions listed here, almost a half of the respondents
assessed the impact of trees on the improvement of air quality as highly significant (48.71%
of level 5 grades). A similarly large percentage of the interviewees assessed noise protection
at a high level (43.54% of level 5 grades). An especially insignificant value was noted by the
respondents with regard to the process of development of local communities (almost 50% of
them rated it at 0). The function of increased biological diversity of trees and animal species
and reduction of stress and aggression was also of low significance to the respondents.

Table 6. Percentage of the respondents’ assessment of the importance of ecosystem functions of trees.

Assessment

Activity 0 1 2 3 4 5

Decorative aspect 0.7 1.8 11.1 26.2 28.8 31.4

Increased biological diversity of tree species 4.4 27.7 24.4 21.8 16.2 5.5

Increased biological diversity of species
(e.g., birds) 1.1 24.0 26.9 23.2 15.5 9.2

Cooling the air 1.1 5.2 16.2 28.8 25.5 23.2

Slowing down precipitation 7.0 12.9 16.6 13.7 29.9 19.9

Air quality improvement 1.5 4.1 12.9 17.0 15.9 48.7

Retention of rainwater 9.2 17.3 11.1 14.8 28.4 19.2

Noise protection 0.4 7.4 15.1 18.1 15.5 43.5

Reduction of stress and aggression levels 12.5 21.4 24.7 11.8 17.3 12.2

Development of local communities 49.4 23.2 12.5 5.5 3.0 6.3

% of respondents

where: 0—not relevant at all, 5—even more important. Source: own study base on the survey.
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In addition to the ecosystem functions presented here, the awareness of the residents
as to the capacity of air pollution (PM2.5 and PM10) absorption by trees was also subject
to analysis. Although many respondents are aware of the ecosystem functions of trees,
as shown in the analyses above, a relatively low number of them had the awareness of
the trees’ capacity to absorb particle matter (Table 7). More than a half of the interviewees
(57.2%) assessed the trees’ capacity to absorb pollution as very low or non-existing. Among
the respondents who indicated the lack of said capacity, the largest group (70%) consisted
of 18 to 25-year-olds.

Table 7. Percentage of the respondents’ assessment of the trees’ capacity to absorb air pollution (PM2.5 and PM10).

Assessment

0 1 2 3 4 5

Absorption of air pollution
(PM2.5 and PM10) by trees

General assessment 12.2 45.0 21.4 11.4 5.5 4.4

Assessment in specified
age brackets

<18;25> 37.1 27.4 9.7 17.7 4.8 3.2

<26;31> 4.8 61.9 15.9 7.9 6.3 3.2

<32;40> 3.8 67.9 16.7 3.8 5.1 2.6

<41;75> 5.9 19.1 42.6 17.6 5.9 8.8

% of respondents

where: 0—no possibility, 5—very high possibility. Source: own study base on the survey.

The perception of residents of such elements as the existing biodiversity, the trees’
pollution reduction capacity and air-cooling potential, noise protection, retention of rain-
water and the decorative aspect were also analysed. The assessment of these elements
included both Marszałkowska Street and Żwirki i Wigury Street, where the tree inventory
was completed (Table 8). All ecosystem functions of trees at Marszałkowska Street were
assessed at very low levels. The only element which has received higher notes than the rest
was the decorative aspect, as it may be associated with attractive urban developments in
the area. The assessment of the respondents with regard to each of the ecosystem functions
of trees at Żwirki i Wigury Street was decidedly higher. The ecosystem functions which
received the highest grades were the decorative aspects and the noise protection feature.
Despite the fact that the respondents assessed the trees’ capacity to absorb air pollution
(PM2.5 and PM10) as low, taking into consideration both locations, their assessment was
higher in the area with a larger tree cover (Żwirki i Wigury Street).

Table 8. Percentage of the respondents’ assessment of the significance of highlighted elements of
Marszałkowska Street and Żwirki i Wigury Street.

Marszałkowska Street

Assessment

Element 0 1 2 3 4 5

Biodiversity 85.2 3.7 3.0 3.3 3.7 1.1

Dust reduction
provided by trees 86.0 4.8 3.0 1.8 2.6 1.8

Cooling down the air 87.5 3.3 1.8 1.5 3.7 2.2

Noise protection 88.6 2.6 1.5 3.7 2.6 1.1

Retention of rainwater 88.9 3.3 1.1 2.6 2.2 1.8

Decorative aspect 41.0 39.5 11.1 4.4 1.8 2.2

% of respondents
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Table 8. Cont.

Żwirki i Wigury Street

Assessment

Element 0 1 2 3 4 5

Biodiversity 0.7 18.5 29.5 25.5 19.2 6.6

Dust reduction
provided by trees 12.9 39.9 21.8 13.7 8.5 3.3

Cooling down the air 0.7 9.2 18.1 26.6 23.6 21.8

Noise protection 0.4 11.1 14.4 18.8 10.7 44.6

Retention of rainwater 10.7 17.0 12.5 13.3 31.4 15.1

Decorative aspect 1.5 5.5 13.3 14.4 18.1 47.2

% of respondents
where: 0—not relevant at all, 5—even more important. Source: own study base on the survey.

5.3. The Assessment of the Capacity of Trees to Absorb Air Pollution

The second part of the research involved a tree inventory conducted in two locations
in Warsaw. As a result of the tree measurement at Marszałkowska Street and Żwirki i
Wigury Street taken on 300-metre-long sections of both streets with the i-Tree Eco model the
levels of absorption of O3, NO2, CO, SO2 and PM2.5 were calculated. Air pollutants and
their production affect human health—at various scales, both local and regional, as well as
global [141]. Tropospheric ozone O3 and fine particulate matter (PM2.5) are very dangerous
pollutants due to the fact that they contribute to cardiovascular and lung diseases [141–143].
CO2 (carbon dioxide) is considered a major contributor to global temperature increases,
with negative impacts on human health manifested as the potential to cause 21,600 addi-
tional deaths worldwide [142]. NO is a short-lived intercellular messenger that is important
and has many biological functions, e.g., immune function, inflammation—processes that
are relevant to the lungs and cardiovascular system. They cause pathophysiology of the
cardiovascular system [144]. The findings on PM2.5 pollution point out to changeability in
dust absorption over the course of the year and given months in both locations (Figure 5).
It can be seen that during winter months, the trees do not absorb PM2.5 impurities due
to the lack of leaves. The highest value of PM2.5 absorption was noted in April—one tree
at Marszałkowska Street removed 0.083 g of dust on average, while one tree at Żwirki i
Wigury Street absorbed 0.52 g. The overview includes also negative readings, caused by
the phenomemon of dust retention in the trees observed in May, July and September.

The analyses show changeability in the absorption of impurities (CO, NO2, O3, SO2)
by trees (Table 9). It was established in the course of the study that one tree at Marsza-
łkowska Street absorbs an average 89.38 g of pollution per year, while a tree growing at
Żwirki i Wigury included in the test absorbs 390.39 g of pollution per year. This phe-
nomenon is caused by the poor quality of trees at Marszałkowska Street; there, they grow
in unfavourable conditions, often in spaces covered with paving stones with the exception
of tree trunk openings, which in turn results in limited access to water and stilted root
growth, trees growing at Żwirki i Wigury Street grow in more natural conditions of open
space. The highest capacity of absorption of pollution was recorded in April, May and July
for both streets and referred to the absorption of ozone, where the result for individual
trees was 4.5 times higher on average at Żwirki i Wigury Street.
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Table 9. Average absorption of impurities: CO, NO2, O3, SO2 by a single tree.

Average Absorption of Impurities by a Single Tree [g]

Marszałkowska Street Żwirki i Wigury Street

Month CO NO2 O3 SO2 CO NO2 O3 SO2

January 0.04 0.77 0.50 0.10 0.09 2.99 1.98 0.41

February 0.04 0.94 0.40 0.13 0.11 4.01 2.03 0.44

March 0.04 1.13 0.67 0.13 0.09 4.43 2.70 0.44

April 0.31 3.69 4.85 0.29 1.24 17.99 24.99 1.33

May 0.44 5.60 7.19 0.44 1.71 27.31 32.91 1.92

June 0.40 5.46 8.13 0.44 1.52 26.37 36.87 1.93

July 0.38 5.08 9.23 0.44 1.49 1.49 42.07 2.01

August 0.38 4.29 8.56 0.35 1.43 20.72 39.19 1.69

September 0.40 4.23 4.92 0.35 1.52 20.44 22.29 1.69

October 0.31 2.60 2.40 0.31 1.27 12.57 11.14 1.43

November 0.04 0.88 0.40 0.08 0.09 3.48 1.53 0.37

December 0.02 0.81 0.81 0.00 0.08 3.13 3.13 0.33

Total 2.79 35.48 48.04 3.06 10.64 144.93 220.83 14.01

Average 0.23 2.96 4.00 0.26 0.89 12.08 18.40 1.17
Source: own study base on the survey.

6. Discussion

Over the last few decades, the notion of air pollution has become a significant subject
of the public debate [145,146]. It comes as a result of growing environmental issues caused
by extensive economic development. One of the aspects which contributes to economic de-
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velopment is the constant process of urbanisation. Green areas are commonly transformed
into concrete squares, shopping galleries or residential estates, which in turn causes further
decline in the amount of greenery in the cities or making them worse [147]. The result
is the intensification of smog and an increase in air pollution in urban agglomerations.
Recently, both mass media and local communities have started to popularise activities
which contribute to mitigation of urban air pollution, which is also confirmed by the results
obtained. Planting trees is one of those activities, and, as research shows, they are the
most effective biological absorbers of particle matter and other sources of pollution [34].
However, according to our study, trees with smaller crowns (of poorer condition) have
lower ecosystem service effectiveness. Similar results were also obtained by other authors,
who indicate that the location of trees affects their ecological functions and is important in
the removal potential of air pollutants [148,149].

It is reasonable to assume that this relationship also applies to new plantings, the
presence of which, according to research conducted in megacities, would increase the
value of ecosystem services by 85% [150]. It is therefore justified to promote activities
which lead to an increase in the tree cover. It is therefore reasonable to promote activities
aimed at increasing the area of wooded land, but especially protection of existing trees and
concern for their site conditions [151]. That is why raising the social awareness of ecosystem
functions of trees, effectiveness and the issue of air pollution in the cities has become such
a crucial topic. Previous studies conducted both in Poland and abroad show that social
awareness of air pollution is quite varied, although a rather low level of awareness is often
indicated [41,44,45,152]. In addition, a UK study found not only low awareness of tree
ecosystem services among residents, but also noted the willingness of residents to remove
trees due to problems with blocking sunlight or leaf fall [153]. It generates the need for
educational activities which involve learning about the features of residents with different
levels of awareness of air pollution and, especially, its impact on their health.

The analyses show that the majority of respondents in Warsaw is concerned with
the problem of air pollution in the city, although on average it was not deemed a truly
alarming issue. Wang et al. [154] obtained similar results, where 92.28% of the residents
of Zibo showed concern or a high level of concern about air pollution in the city. As in
our study, residents usually noticed the impact of detrimental activities on the quality
of air in the capital. They quoted exhaust emissions from traffic and the operation of
CHP plants as two factors which most heavily contribute to the problem. This is in
line with the findings of the research Chin et al. [41] conducted—according to them, the
majority of respondents were aware of the fact that engine cars create the major source
of pollution in the city. The respondents also assessed the activities which are meant to
alleviate air pollution in the capital. The highest rated solution was the popularisation of
individual eco-friendly means of transport and the presence of parks and forests in the city.
These findings differ from the ones collected by Wang et al. [154] where over 75% of the
respondents pointed out that using public transport is the main activity which contributes
to the reduction of air pollution. This is the first time that a study of the importance
of green space and awareness of its ecosystem services has been conducted in a small
number of cities in Poland. In the case of one of these cities, residents indicated that green
space was valued for its recreational value [155]. In another, residents indicated that they
valued the decorative, environmental and recreational aspects [156]. In the case of the
Warsaw study, the most important ecosystem function provided by trees was improving
air quality. Similar results were obtained in a Hong Kong survey, in which respondents
pointed to the microclimatic benefits of green spaces rather than their social or recreational
functions [157]. There is also consensus in support for two other microclimatic functions,
namely cooling of air temperature and protection from noise. The moderate support given
to air-cooling is consistent with studies conducted in Helsinki and New Zealand [158,159];
however, it contrasts with the results of similar studies where this function is rated as very
important [157,160,161]. Warsaw residents also rated the noise protection function highly,
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which contrasts with the results of similar studies where the rating of this element was
low [157,160,162,163].

One of the most interesting findings of this study is that residents rated the function
of lowering stress and aggression low. However, this factor is highly valued in many
studies [158,164–166]. Additionally, despite the function of improving air quality being
identified as the most important, residents’ awareness of the ability of trees to absorb
pollutants was low, which is consistent with a study conducted in Rotterdam that indicated
residents’ unawareness of the ability of green infrastructure to adapt to climate change [167].
Moreover, the low assessment of the impact of air pollution on health by residents in
Warsaw is worrying, which contrasts with results conducted in Helsinki, Hong Kong or
Kalton, where this aspect was treated as a key attribute [157,165,168]. It is worth noting
that the demonstration of the relationship between air pollution and health in the literature
has been widely reported for both children and adults [169–175].

7. Conclusions

The city residents also identified the ecosystem functions of trees; for them, the most
crucial aspect of that was the improvement of air quality. However, when comparing the
two locations, the awareness and the effectiveness of the tree work was higher, especially
with a planting density considered to be optimal. However, despite the fact that the above
notion was ranked as the most important one, the awareness of the interviewees on the
ability of the trees to absorb particle matter was rather low. While comparing both locations,
it was established that the awareness was higher in the area with a higher tree cover. The
assessment of the potential to absorb pollutants indicated by trees growing at two different
streets was in line with the results obtained in the pollution model prepared with the help
of the i-Tree Eco tool.

The analysis of the model data has shown that, on average, a single tree surrounded
by concrete areas has the capacity to absorb pollution at a level four times lower than that
of a tree located at the side of the street surrounded with greenery with optimal habitat
conditions and saturation. This phenomenon may be caused by adverse conditions of tree
growth at Marszałkowska Street. The results of the analysis indicate that it is necessary to
conduct information campaigns on the ecosystem services of trees and their proper care in
the urban space among local communities, media, as well as local authorities and NGOs.
These campaigns should be conducted for different age groups, so that the message can be
adjusted to the age of the recipients.

It is worth noting that, in most of the analysed cases of social awareness of air pollution
and related issues, the lowest awareness and knowledge was shown by respondents aged
18–25. Assessment of awareness of people of this age was not positioned in other air
pollution awareness studies. The results of the study may cause concern, as it was found
that Warsaw residents do not recognise the impact of air pollution on their health (as
indicated by as many as 75% of respondents).

However, a number of limitations of the survey conducted among Warsaw residents
should be noted. First, the residents’ opinion was obtained using convenience sampling
techniques and there are no representative samples of the surveyed population; thus, it
becomes necessary to repeat the survey in a representative sample in order to be able to
generalize the results to the entire city population. In addition, the selection of ecosystem
services, air pollution mitigation activities could be expanded or replaced by other elements.
In addition, the study could be extended the use of interviews to be able to explore more
deeply the awareness of residents. Third, while the survey results suggest consensus
for some ecosystem services or air pollution awareness, they also indicate that there are
differences in relation to tree benefits.

The present study is a step towards a better understanding of how urban residents
evaluate the benefits associated with trees. From both a theoretical and policy perspec-
tive, this topic is of great importance when it comes to urban development and proper
care of urban spaces. The results of the study support the thesis of the desirability of
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spreading public awareness in this area as well, although firm conclusions require further
comprehensive research.
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