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Abstract. The study aimed to quantify the impact of urban green spaces on air quality, microclimate
and climate resilience of cities. The study analysed the impact of urban green spaces on air
quality, microclimate regulation and increasing the resilience of urban areas to climate threats.
The article conducted a comprehensive analysis of the existing green areas in the five largest
cities of Albania: Tirana, Durres, Shkoder, Vlora and Elbasan. To assess the ecosystem services of
green spaces, measurements of the concentration of pollutants (COz, NO2, SO, CO, PM2.5, PM10),
temperature, humidity, and the soil composition and its ability to retain pollutants were analysed.
The results showed that in areas with a high density of greenery, NO, and PM2.5 concentrations
were reduced by 30-50%, indicating a significant air filtration capacity of trees. Temperature
measurements demonstrated that park areas had 4-7°C lower temperatures than densely built-up
areas, confirming their role in mitigating the urban heat island effect. In addition, soil analysis
revealed a 15-25% reduction in Pb, Cd and Hg, which demonstrates the green areas’ ability to
naturally cleanse the environment. The green areas also retained 20-40% of precipitation,
reducing the risk of flooding and increasing the water-holding capacity of the soil. The findings
of the study highlight the need to integrate nature-based solutions into the urban management
system to improve the sustainability of the urban environment. The data obtained can be used
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to develop recommendations for sustainable urban planning and justifying environmentally
oriented approaches to the development of urban areas

Keywords: atmospheric pollution; air filtration; natural solutions; landscape planning; soil

protection

Introduction

The research relevance is determined by the
growth of urbanisation and its negative impact
on the environmental condition of cities, which
requires effective solutions to reduce climate
and environmental risks. Increasing building
density, shrinking green spaces and growing
traffic are leading to deteriorating air quality,
overheating of urban areas and a decline in bi-
odiversity. In the context of climate change and
increasingly frequent extreme weather events,
the need to preserve and expand urban green
spaces is becoming particularly important. The
problem of this study is related to the insuffi-
cient consideration of ecosystem services of
green spaces in urban planning, which leads to
their reduction and decrease in their effective-
ness in mitigating climate and environmental
threats. In Albania, as in many other countries,
rapid urbanisation is accompanied by a de-
crease in green spaces, which negatively affects
the sustainability of the urban environment
(Bollano, 2024). The impact of trees and parks
on air quality, temperature regulation and pre-
vention of climate hazards remains understud-
ied, making it difficult to develop strategies for
urban adaptation to climate change.

According to F. Aimar & K. Xhexhi (2024),
the reduction of green space in Tirana increases
the urban heat island effect and decreases air
quality. The author emphasises that the inte-
gration of green areas into the urban environ-
ment is necessary to improve the microclimate
and increase the sustainability of the urban
ecosystem. J. Ademi (2021) noted that the eco-
system services of green spaces are substantial

in reducing air pollution and temperature in
cities. The author highlighted that the intro-
duction of green spaces in public areas contrib-
utes to improving public health and increasing
social activity. R. Plaku (2022) researched that
compact pocket parks are an effective solution
for greening densely built-up areas. These parks
improve the local microclimate, increase biodi-
versity and improve the comfort level of the ur-
ban environment. As shown by S.L.R. Wood &
J. Dupras (2021) tree species diversity in urban
areas increases their climate resilience. Howev-
er, the authors emphasise that increasing spe-
cies composition requires careful management
to avoid loss of ecosystem services such as air
filtration and temperature regulation.

According to S. Lehmann (2021) renatural-
isation and restoration of natural landscapes
contribute to reducing flood risks and improv-
ing the water balance in cities. The author not-
ed that the preservation of natural areas helps
to strengthen the environmental sustaina-
bility of urban environments. As indicated by
D.L. Evans et al. (2022), green infrastructure
is substantial in improving air quality and re-
ducing temperature in urbanised areas. The
authors emphasise the need for an integrated
approach to greening, including sustainable
water and land management.

As emphasised by T. Semeraro et al. (2021)
planning of urban green spaces should consider
not only their aesthetic value but also their eco-
logical functions. The authors noted that the
effective distribution of green areas in the ur-
ban environment contributes to improving air
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quality, reducing temperature and increasing
the psycho-physiological comfort of residents.
According to the study by J.C. Bikomeye et
al. (2021), investments in urban green spaces
are especially important in times of environ-
mental and social crises. The authors highlight-
ed those green spaces not only increase the cli-
mate resilience of cities but are also substantial
in ensuring social justice by providing equal
access to ecosystem services. L.J. McCarthy &
A. Russo (2023) noted that the introduction of
nature-oriented solutions and the involvement
of citizens in the management of green areas
improves the perception of the urban landscape
and increases the sustainability of ecosystems.
The authors emphasise that the interaction of
residents with green spaces contributes to their
environmental education and the development
of urban environments adapted to climate
change. As shown by F. Ungaro et al. (2022), soil
ecosystem services in urban green spaces are
instrumental in maintaining water balance and
reducing soil contamination. The authors de-
termined that effective management of soil re-
sources in parks and squares can improve their
ability to retain moisture and filter pollutants.
A study by K.R. Castelli et al. (2021) demon-
strated that increasing biodiversity in urban
green spaces can significantly improve their
resilience and ecological functions. The au-
thors noted that the use of natural management
practices, such as planting native plant species,
helps maintain ecosystem stability and increase
the number of pollinators and birds. Lastly,
following B. Pandey & A. Ghosh (2023), urban
ecosystem services are in dynamic interaction
with climate change. The study emphasises that
competent management of green spaces can
mitigate climate risks, minimise the heat island
effect and increase the resilience of urban areas.
Thus, research by various authors confirms
the important role of urban green spaces in im-
proving the microclimate, reducing air pollution

and increasing the resilience of cities to climate
change. The study aimed to assess the impact
of urban green spaces on improving air quali-
ty, regulating microclimate and increasing the
resilience of urbanised areas to environmental
and climatic challenges.

Materials and Methods

The study was conducted in 2024 (March-Au-
gust) in the five largest cities of Albania: Tira-
na, Durres, Shkodér, Vlora and Elbasan. Albania
was chosen due to its rapid urbanisation rate,
high urban density and significant anthropo-
genic impact on the environment. These cities
differed in their level of urbanisation, green
space density and air pollution levels, which
were used to assess their impact on air quali-
ty, microclimate, ecosystem services and re-
silience to climate hazards. The climate of the
region is Mediterranean, with hot, arid sum-
mers, average daily temperatures of +27-35°C
and night temperatures of +18-24°C. The av-
erage annual precipitation was 800-1,200 mm,
with most of it falling in winter (Climate and
average..., n.d.). The study compared park areas
with a high density of green spaces and densely
built-up areas with minimal greenery to identi-
fy their impact on the environmental parame-
ters of the urban environment.

The objects of the study were urban green
spaces represented by parks, squares, alleys and
street trees in Tirana, Durres, Shkoder, Vler and
Elbasan. In Tirana, the Great Park, dominated
by sycamore, ash and linden trees, and the cen-
tral areas of the city, where there are no trees,
were analysed. In Durres, the city park with
Japanese sophora and white acacia, as well as
the central areas of the city where there are no
trees, were studied. In Skoder, attention was
paid to Rosafa Park, where chestnut, beech and
oak trees can be found, as well as the industri-
al area, where there are no trees. In Vlora, the
coastline with pine, cypress and seaside pine
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was analysed, as well as the industrial area,
where there are no trees. In Elbasan, the Rinas
Park with hornbeam, maple and white willow
was studied, as well as industrial areas where
there are no trees.

Broadleaved (Quercus robur petiole oak,
Eastern sycamore Platanus orientalis, aspen
Fraxinus excelsior, Tilia cordata linden, Acer
platanoides maple) and conifers (Pinus pinaster
pine, Cupressus sempervirens cypress, Pinus pin-
ea) were analysed. These trees were chosen as
they are among the most common and adapted
to Albania’s climate conditions. Broadleaf and
coniferous species, such as scrub oak and loblol-
ly pine, are well adapted to urban environments
and perform important ecosystem functions,
including improving air quality and regulating
temperature. The study was conducted in two
types of urban areas: green areas (parks, forest
parks, green streets, squares, alleys and street
trees) and densely built-up urban areas. The
density of trees, their height, trunk diameter
and crown area were assessed, which identified
their impact on the urban microclimate.

Concentrations of CO., NO., SO., CO,
PM2.5, and PM10 were measured during the
morning (7:0-09:00), afternoon (12:00-14:00)
and evening (18:00-20:00) hours to account for
pollution levels during periods of highest activ-
ity. Measurements were made using three Aer-
oqual Series 500 gas analysers manufactured
by Aeroqual (New Zealand) and two TSI Dust-
Trak II 8530 aerosol monitors manufactured by
TSI (USA). The temperature was recorded with
five Fluke 62 MAX infrared thermometers man-
ufactured by Fluke Corporation (USA) and ther-
mal anomalies were detected with a FLIR E6
thermal imaging camera manufactured by FLIR
Systems (USA). Humidity was measured using
three-channel Hobo U12-011 sensors manufac-
tured by Onset Computer Corporation (USA),
installed at heights of 1.5 m, 5 m and 10 m to
assess the vertical distribution of humidity.

To assess climate risks, water flow rates,
soil erosion and heavy metal (Pb, Cd, Hg) con-
tent in soil and water were investigated. Soil
moisture sensors Decagon 5TM manufactured
by Decagon Devices (USA) recorded moisture
retention and soil displacement was monitored
using Trimble R1 GPS markers manufactured
by Trimble Inc. (USA). Soil samples were ana-
lysed in the laboratory using Atomic Absorp-
tion Spectrometry (AAS) to determine heavy
metal content. Soil contamination with heavy
metals was analysed by atomic absorption
spectrometry (AAS) on a PerkinElmer AAnalyst
400 instrument manufactured by PerkinElmer
(USA) with an accuracy of 0.01 mg/kg (Martin
& Wiese, 1996). Biodiversity was assessed by
visual observation and recording of bird, insect
pollinator and small mammal species. Binocu-
lars Nikon Monarch 5, manufactured by Nikon
Corporation (Japan), and automatic photo traps
Browning Spec Ops Edge, manufactured by
Browning (USA), installed in park areas were
used for analyses. Statistical processing of data

Data were analysed in SPSS 26 and Statis-
tica 12. Analysis of variance (ANOVA) was used
to identify differences between urbanised and
green areas. Pearson’s method was used to as-
sess the relationship between green space densi-
ty and air quality, and linear regression analysis
was used to analyse temperature trends (Proba-
bility and statistics..., n.d.). Data were present-
ed as mean values with standard errors (= SE).

Results

Impact of urban green spaces on air quality.
CO. measurements showed that in central areas
of Tirana, such as Boulevar Deshmoret e Kom-
bit, carbon dioxide levels were in the range of
420-450 ppm, 10-15% higher than in the Great
Park of Tirana, where the concentration was
380-390 ppm. This was attributed to the pho-
tosynthetic activity of trees absorbing carbon
dioxide and releasing oxygen. In forested areas,
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such as Daiti National Park, CO, levels were even
lower, confirming that dense green spaces effec-
tively reduce the concentration of this pollutant.

In Durres, the difference in CO2 concen-
trations between central areas and green areas
was also significant. Near Liria Square, COx, lev-
els reached 430-460 ppm, while in the City Park
of Durres, it decreased to 385-395 ppm, corre-
sponding to a 12% reduction. In Shkodér, where
the density of green spaces is higher than in
other Albanian cities, CO levels in Rozafa Park
were 10-15% lower than in the central part of
the city. The concentration of NOg, one of the
most dangerous pollutants, also decreased in
areas with green areas (Moskalchuk & Orfano-
va, 2024). In the centre of Durres, especially
near motorways and industrial areas, NO lev-
els reached 30-35 ppb, while in green areas,
such as the Durres City Park, concentrations
decreased to 18-22 ppb. This 25-40% reduction
was attributed to the ability of trees to absorb
NO; through their leaves and slow down the
spread of pollutants in the air.

In Skoder, where large areas are plant-
ed with trees, the effect of reducing NOo was
even more pronounced. In Rosafa Park, the

NO, concentration was 17-21 ppb, which is
30% lower than in areas with high traffic den-
sity. In Tirana, the maximum effect was ob-
served in the vicinity of the Great Park, where
dense tree plantations reduced NO5 levels to
20 ppb, in contrast to the main streets, where
the concentration reached 35 ppb. The analysis
of PM2.5, which poses the greatest danger to
human health, showed a significant reduction
in areas with dense greenery. In the industri-
al areas of Elbasan, especially in the vicinity
of metallurgical plants, PM2.5 levels reached
20-25 pug/m?, while in Rinas Park the concen-
tration dropped to 10-12 ug/m®, which is 30-
50% lower. In Tirana, the greatest reduction in
PM2.5 was observed in parks, where dense tree
canopies created a natural filter that trapped
polluted particles. Additionally, trees were
found to influence the composition of the air by
increasing the concentration of oxygen during
the day and reducing the level of ozone (Og),
which is formed as a result of photochemical
reactions (Yerzhanova et al., 2021). In cities
such as Vlora, there has been an improvement
in the overall air structure, with increased hu-
midity and decreased dust (Table 1).

Table 1. Impact of urban green spaces on air quality

Average CO, Average NO, | Average PM2.5 .
City Location concentration | concentration | concentration Percﬁ?g:)glfurt;ilguon
(ppm) (ppb) (ng/m3)
Boulevard
Deschmoret e 420-450 30-35 20-25 -
. Combit
Tirana CO, (-10-15%), NO
2" - ©), 2
(;’)rfe%trgflgk 380-390 18-22 10-12 (-25-40%).
PM2.5 (-30-50%)
Liria Square 430-460 32-36 22-26 -
Durres _199 _709
Durres City Park | 385-395 20-23 11-13 €02 (2%, 22520/‘())30/")’
Central districts 415-440 28-33 18-22 -
Shkoder CO (-10-15%), NO
Rosafa Park 375-390 17-21 9-11 (-30%), PM2.5 (-40-50%)
Industrial zone 425-455 31-34 19-24 -
Vlora -10-
Coast 380-400 19-22 10-14 (?305%/5) 181\4125?)(’_ 500%3)
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Table 1, Continued

Average CO Average NO, | Average PM2.5 .
. . N . . Percentage reduction
City Location concentration | concentration | concentration in pollutants
(ppm) (ppb) (ug/m3) P
Industrial
district 430-460 33-37 20-25 -
Elbasan €05 (-10%), NO5 (-40%)
. 2\ 0), 2\~ 0),
Rinas Park 385-395 18-21 10-12 PM2.5 (-50%)

Source: compiled by the authors

Thus, the results of the study confirmed
that urban green spaces in Albania are key
in reducing atmospheric pollutants. In areas
with high tree density, CO2, NO, and PM2.5
concentrations were significantly lower than
in dense city centre areas. The most signifi-
cant effect was observed in park areas of Tira-
na, Durres, Shkoder and Vlora, where pollut-
ant levels decreased by 30-50%. This proves
the importance of further development of
urban green infrastructure in Albania to im-
prove air quality and create a comfortable
ecological environment.

Role of trees and parks in reducing tem-
perature and regulating the microclimate.
In central areas of Tirana, such as Skanderbeg
Square, the average daytime temperature in
summer reached 38-40°C, while at night it de-
creased only to 30-32°C, indicating a significant
heat accumulation effect. At the same time, in
the Great Park of Tirana, dominated by eastern
sycamore (Platanus orientalis), ash (Fraxinus ex-
celsior) and linden (Tilia cordata), the air tem-
perature was 46°C lower during daytime hours
and the difference was 35°C at night.

In Durres, where temperatures in the city
centre exceeded 36-38°C, temperatures did not
rise above 30-32°C in park plantings including
Japanese sophora (Styphnolobium japonicum)
and white acacia (Robinia pseudoacacacia). In
areas with a high density of green plantings,
a significant decrease in soil and asphalt sur-
face temperature was observed, on average by

8-12°C, which was attributable to the effect of
shading and reduced solar radiation.

In Shkodér, which had a high density of
tree plantations in Rozafa Park, the daytime air
temperature during summer months was 6-8°C
lower than in industrial and commercial are-
as. Nighttime temperatures were 4-5°C lower,
preventing temperature spikes. The influence
of oak (Quercus robur), beech (Fagus sylvatica)
and edible chestnut (Castanea sativa) on main-
taining the microclimate was particularly no-
table, as these trees helped to retain moisture
and reduce overheating.

In Vlora, especially in coastal areas, trees
such as pinia (Pinus pinea), cypress (Cupressus
sempervirens) and maritime pine (Pinus pinaster)
reduced air heating by significantly reducing wind
speed and evaporation from the soil. The differ-
ence between industrial zones and green areas
reached 5-7°C during the day and 3-4°C at night.

The analysis of air humidity showed that
in city centres, such as Deshmoret e Kombit
Boulevard in Tirana, humidity levels were be-
tween 35-40%, resulting in discomfort and
overheating of the urban environment. In park
areas, humidity increased to 50-60%, and in
forested areas such as Daithi National Park, it
reached 65-70%. In Durres, near the City Park,
humidity remained at 55-60%, improving over-
all thermal comfort.

Wind speed measurements in densely built-
up areas showed that it reached 4-5 m/s, con-
tributing to the spread of dust and pollutants. In
park areas, especially in areas with dense stands
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of hornbeam (Carpinus betulus) and sharp-
leaved maple (Acer platanoides), wind speeds
were reduced by 20-40%, creating more comfort-
able conditions. In Shkodér, in areas with a high
density of tree plantations, wind speed reduc-
tion reached 35%, which reduced air dustiness.

Additionally, the influence of trees on soil
and surface temperatures was identified. In

paved areas of Tirana, surface temperatures
reached 50-55°C during the daytime, while in
shaded areas with dense trees, they did not ex-
ceed 30-35°C. In Durres, the decrease in surface
temperature under trees was 12-15°C, especial-
ly in areas dominated by white willows (Salix
alba), which retain moisture and create addi-
tional evaporation (Table 2).

Table 2. Role of trees and parks in reducing temperature and regulating the microclimate

Avel:age Avgrage Air Wind Surface
. . . daily night .
City Location Main trees t moisture | speed | temperature
emperature | temperature %) (n/s) C)
(§Y) (4Y) °
Sk‘;gﬁgfgeg Lackof trees | 38-40 30-32 3540 |3.5-45|  50-55
Tirana Great Park of Sycamore
Tirana ash, linder,l 32-34 26-28 50-60 |2.0-2.5 30-35
City centre Lack of trees 36-38 28-30 40-45 |4.0-5.0 48-52
D Japanese
US| Durres City Park|  sophora, 30-32 25-27 55-60 |2.5-3.0|  33-37
white acacia
Central districts | Lack of trees 35-37 27-29 38-42 | 3.8-4.8 47-50
Shkod
0%l Rosafapark | Chestnut, 29-31 24-26 55-65 |2.2-2.7| 3134
beech, oak
Industrial zone | Lack of trees 37-39 29-31 37-42 | 4.5-5.5 49-53
Vlora Pinus,
Coast cypress, 32-34 26-28 60-65 | 3.0-3.5 35-38
seaside pine
Industrial
district Lack of trees 38-40 30-32 35-40 |4.2-4.8 51-54
Elbasan Hornbeam,
Rinas Park maple, white 33-35 27-29 55-65 |2.5-3.0 32-36
willow

Source: compiled by the authors

Thus, the results showed that in urbanised
areas with a high density of green spaces, the
air temperature was lower by 4-7°C, the hu-
midity was higher by 15-25%, the wind speed
was reduced by 20-40% and surface tempera-
ture was reduced by 12-20°C. The greatest ef-
fect of microclimate regulation was observed
in the parks of Tirana, Durres, Shkoder and
Vlora, where broad-leaved trees such as syc-
amore, ash, chestnut and oak provided the
greatest decrease in temperature and increase
in humidity. These data confirm the need for

increased greening in Albanian cities, especial-
ly in high-density areas.

Ecosystem services and their contribution to
urban sustainability. In Shkodér, biodiversity
indicators reached 92%, due to the high density
of green areas, particularly beech (Fagus sylvati-
ca), chestnut (Castanea sativa) and oak (Quercus
robur) trees in Rozafa Park. Increased numbers
of birds and mammals, including magpies (Pica
pica), green woodpeckers (Picus viridis) and
squirrels (Sciurus vulgaris) were observed in this
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area. Air humidity in this area was higher than
in the central regions, which also favoured high
numbers of insect pollinators, particularly hon-
eybees (Apis mellifera).

In Vlora, the level of biodiversity was 88%,
due to the combination of urban parks and
coastal woodlands represented by pine (Pinus
pinea), cypress (Cupressus sempervirens) and
maritime pine (Pinus pinaster). These trees
provided a stable nesting environment for sea-
birds and insects, which increased the overall
ecological resilience. In Tirana, biodiversity
was estimated at 85%, due to the presence of
the Great Park of Tirana and the Daiti National
Park, where large green areas with ash (Fraxi-
nus excelsior), lime (Tilia cordata) and eastern
sycamore (Platanus orientalis) are preserved.
In the park areas of Tirana, there was a 30%
increase in the number of songbirds over the
last ten years. In Durres, biodiversity was low-
er (78%), due to dense buildings and limited
green spaces. Sophora japonicum (Styphnolobi-
um japonicum) and white acacia (Robinia pseu-
doacacia) dominated the city’s parks, but their

100
90

o

Tirana Durres

impact on maintaining high numbers of an-
imals and birds remained limited. In Elbasan,
biodiversity was estimated at 75%, which was
attributed to insufficient park space and high
industrial pressure.

Air quality had the highest values in Shkod-
ér (90%), which was attributed to the high den-
sity of forested areas and less industrial pol-
lution. In areas with high tree density, PM2.5
concentrations were 50% lower, which contrib-
uted to a 10-15% reduction in respiratory dis-
eases. In Tirana, the figure was 80%, and the
reduction of PM2.5 in green areas was as high
as 40%, especially in areas where tree species
with a high capacity to absorb pollutants, such
as hornbeam (Carpinus betulus), sharp-leaved
maple (Acer platanoides) and linden (Tilia cor-
data), were used. In Durres and Vlora, air qual-
ity was rated at 72% and 85%, respectively, in-
dicating a significant influence of coastal winds
and greenery in cleaning the atmosphere. In
Elbasan, despite the presence of Rinas Park, air
quality remained at 70%, which was attributed
to high industrial activity (Fig. 1).

M Biodiversity (%) Air quality (%)

80
70
60
50
40
30
20
10

Skader

Vlora Elbasan

Figure 1. Ecosystem services and their contribution to urban sustainability

Source: compiled by the authors

Thus, cities with extensive green spaces
demonstrated higher biodiversity and better
air quality. Skader and Vlora were the most
environmentally sustainable, while Elbasan

and Durres needed to expand their green ar-
eas. Despite the dense development, Tirana
maintained good performance thanks to its
developed park system.
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Impact of green spaces on ecosystem ser-
vices. In the urbanised areas of Tirana, Durres,
Shkodér, Vlora and Elbasan, green spaces have
had a significant impact on ecosystem services,
such as increased humidity and reduced pollu-
tion. For example, in areas with a high density
of trees, such as the Great Park of Tirana and
Rosafa Park in Skodér, there was a 10-20% in-
crease in humidity, which reduced heat stress
in the population. These areas also recorded a
decrease in air pollution, including NO,, PM2.5,
and CO, as evidenced by a 30-50% reduction in
pollution levels in parks such as the Great Tira-
na Park and Rosafa Park.

Green spaces also helped to improve the
water balance (Lipiniska et al., 2023). In Tirana
and Durres, where flooding was frequent due
to poor water absorption of asphalt surfaces,
green areas reduced the rate of rainwater run-
off by 40%, which reduced the load on drain-
age systems. Vlora’s coastal forests, with their
root systems of trees such as sycamore and oak,

45 40
40 35
35
30
25 20
20 15
15
10

5

0 .

Tirana Durres

B Moisture increase (%)

Skader

retained soil and reduced erosion. In Elbasan,
analysis of soil samples demonstrated a 15-25%
reduction in heavy metals (lead, cadmium, mer-
cury) in the vicinity of green spaces. In areas
with a high concentration of linden, maple and
hornbeam trees, the highest absorption of tox-
ic substances was recorded, which contributed
to the improvement of soil and water quality.
Green spaces also mitigated wind speeds, which
helped reduce the spread of pollutants and dust
(Kunakh et al., 2021). In Tirana, the wind speed
in the park was half that of the central areas,
which also contributed to the microclimate.

In addition, areas with a high tree den-
sity experienced a reduction in the impact of
drought (Romanchuck et al., 2017). For example,
in Tirana, Durres and Skodér, the soil surface
temperature under the tree canopy was 10-15°C
lower than in open areas, which helped to re-
tain moisture and reduce evaporation. In Elba-
san’s Forest parks, soil moisture levels were 20%
higher than in areas without greenery (Fig. 2).

Pollution decrease (%)

30
20
18
15
5
[ |
Vlora Elbasan

Figure 2. Countering climate change and environmental threats

Source: compiled by the authors

The study confirmed that green spaces in
Albanian cities substantially reduce the risks
associated with extreme climate events and im-
prove air and soil quality. In areas with a high
density of green spaces, there was a marked im-
provement in the microclimate, a reduction in
air and soil pollution, and a significant increase
in humidity. Green spaces also effectively

reduced the risk of flooding, improved soil wa-
ter retention capacity and reduced dust, con-
tributing to the environmental sustainability of
the urban environment.

Discussion

The results of the study confirmed that ur-
ban green spaces have a significant impact on
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improving air quality, reducing temperatures
and increasing the sustainability of urbanised
areas Temperature analysis showed that air tem-
peratures in parks and forested areas were 4-7°C
lower than in densely built-up areas, proving
their role in mitigating the urban heat island
effect. An analysis of hydrological character-
istics showed that green areas retained up to
40% of precipitation, reducing the load on the
city’s drainage system and preventing flooding.

As noted by A. Zanzi et al. (2021) and
H. Pretzsch et al. (2023), urban green spaces
are key to improving air quality and sustainable
management of urban areas. A. Zanzi et al. em-
phasised that integrating agroforestry systems
into urban renewal projects can significantly
enhance ecosystem services, especially in re-
ducing air pollution and enhancing biodiversi-
ty. However, in contrast to their approach, this
study focuses on existing green spaces with-
out additional implementation of agroforest-
ry practices. H. Pretzsch et al. emphasised the
importance of tree age structure, highlighting
those older trees absorb more carbon and re-
lease more oxygen, which directly affects air
quality. This aspect was not addressed in this
study, but the findings confirm the importance
of trees in microclimate regulation.

According to F. Zhang & H. Qian (2024) and
P. Pereira et al. (2023), green areas contribute
to the reduction of air temperature and the for-
mation of a comfortable urban microclimate.
F.Zhang & H. Qian presented a comprehensive
review that discusses the mechanisms of the
cooling effect of green areas, including evapo-
rative cooling and shading. P. Pereira et al. em-
phasised the balance of ecosystem services and
de-services, indicating that if poorly managed,
green spaces can become sources of allergens
and promote pest breeding. This study did not
address such aspects, but its results confirm
that the wise placement of green spaces has a
predominantly positive effect.

As shown by T. McPhearson et al. (2022)
and J.A. Belaire et al. (2022), the interaction
of social, environmental and technological
factors is crucial to the effectiveness of urban
green spaces. T. McPhearson et al. proposed
a systems approach to green infrastructure
management, emphasising that ecosystem
services are most effective when urban design,
social structure and technical solutions are
accounted for in an integrated manner. This
study emphasised the biophysical parameters
of green spaces, but the trends identified con-
firm the importance of integrating them into
urban planning. J.A. Belaire et al. revealed that
detailed biodiversity monitoring can improve
the management of urban green spaces. In
this study, a 15-25% reduction in Pb, Cd and
Hg was recorded, demonstrating the significant
potential of green spaces to clean up the envi-
ronment, coinciding with their findings on the
need to control urban ecosystem quality.

As noted by H.L. Reynolds et al. (2022) and
N. Wessels et al. (2021), urban green infrastruc-
ture is key to improving the sustainability of
urbanised areas, but its effectiveness depends
on sound management and community en-
gagement. H.L. Reynolds et al. suggested that
morphological and functional characteristics
of green spaces should be considered to max-
imise their ecosystem services. This study also
confirms that urban green spaces significantly
reduce air pollution and regulate microclimate,
but it did not analyse in detail the morphologi-
cal characteristics of trees. N. Wessels et al. em-
phasised that the public’s perception of green
spaces affects their conservation and develop-
ment. In contrast to this study, the present re-
search emphasises the biophysical parameters
of green spaces, but further research could ad-
dress the social aspect of their use.

According to W.G. Nissim et al. (2023) and
S. Tapsuwan et al. (2021), green spaces not only
fulfil a climatic and aesthetic function but also
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have a significant role in cleaning the environ-
ment. W.G. Nissim et al. emphasise the phy-
toremediation ability of plants, indicating that
certain species can effectively absorb heavy
metals and pollutants. S. Tapsuwan et al. as-
sess the economic value of urban forests and
open spaces, emphasising their contribution
to reducing heat stress and improving human
well-being. These results show a similar effect
of reducing temperature by 47°C, confirming
the importance of green spaces in mitigating
the urban heat island effect.

As shown by Y. Cheng et al. (2021) and
]J.G. Vargas-Hernandez et al. (2023) climate
change requires the adaptation of urban green
spaces and their integration into overall sus-
tainable development strategies. Y. Cheng et
al. analysed the efforts of US municipalities
to adapt parks and recreational areas to cli-
mate change, identifying the need for long-
term planning and sustainable management of
green infrastructure. This study also confirms
that green spaces contribute to moisture re-
tention and temperature reduction, but aspects
of green space management and adaptation to
changing climatic conditions require further
study. J.G. Vargas-Herndndez et al. considered
urban green spaces as an integral part of the
ecosystem, emphasising their role in conserv-
ing biodiversity and restoring natural process-
es. These results are consistent with this con-
clusion, as significant improvements in soil
quality and reductions in pollutants in green
spaces have been recorded.

As shown by E. Sevianu et al. (2021) and
J. Bush et al. (2021), the integration of ecosys-
tem services into urban planning is an impor-
tant tool for improving urban resilience. E. Sevi-
anu et al. review the experience of establishing
forest parks in Eastern Europe and emphasise
that peripheral forests can significantly im-
prove air quality and provide protection against
climate threats. This study also identified a

30-50% reduction in NO, and PM2.5 concen-
trations in greened areas, confirming their ef-
fectiveness in filtering pollutants. In contrast to
their study, this research analyses focus on ex-
isting urban plantations rather than peripheral
forests. J. Bush et al. proposed a methodology
for integrating green infrastructure into the ur-
ban landscape, emphasising its role in reducing
temperature. These results support this effect
by recording a 4-7°C temperature reduction in
parklands, but in contrast to their study, urban
planning tools for the implementation of green
infrastructure were not analysed.

According to D.G. Vidal et al. (2022) and
V. Krivtsov et al. (2022), the ecosystem servic-
es of urban green spaces can be disaggregat-
ed and categorised for better management.
D.G. Vidal et al. propose a typology of green
spaces based on their potential to provide eco-
system services, which allows the identification
of optimal measures for the care and develop-
ment of green spaces. This study focused on the
actual impact of plantations on air quality and
microclimate, without a detailed classification
of their functionality. V. Krivtsov et al. ana-
lysed the ecosystem services provided by urban
ponds and green spaces, emphasising their role
in regulating water balance and improving bio-
diversity. These results support this conclusion,
as retention of 20-40% of precipitation in green
areas was recorded, but ponds as an element of
the urban ecosystem were not addressed.

As noted by L.P. Hopkins et al. (2022) and
C. Caprioli et al. (2021), strategic urban green-
ing requires a multifactorial approach that in-
corporates both climatic and social aspects.
L.P. Hopkins et al. proposed a framework model
for greening vulnerable neighbourhoods based
on community involvement and the use of sus-
tainable tree species. This study confirms the
importance of trees for improving air quality and
reducing temperature stress, but it did not an-
alyse the social aspects of green infrastructure
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implementation. C. Caprioli et al. considered
the transition from grey to green infrastructure
as a multilevel process that affects the quality
of the urban environment. Evidence on the re-
duction of soil and air pollution supports this
conclusion, but the difference is that this study
focuses on the biophysical parameters of green
spaces rather than on the processes of their in-
tegration into urban development.

As F. Aimar & K. Xhexhi (2024) highlight-
ed, strategic urban greening requires a multi-
factorial approach that should consider both
climatic and social factors. In this study, the
authors proposed an analysis of the urban
problems of Tirana with a focus on the use
of sustainable tree species and eco-villages
to improve the microclimate and combat the
heat island effect. This study confirms the im-
portance of trees in improving air quality and
reducing heat stress but does not include an
analysis of the social aspects of green infra-
structure. The results on the reduction of soil
and air pollution support this conclusion, but
the study focuses on the biophysical charac-
teristics of green spaces rather than on the
process of their integration into urban de-
velopment. Thus, the results of this study are
generally consistent with the findings of other
authors, confirming the role of urban green
spaces in improving air quality, reducing tem-
peratures and retaining rainfall. The differ-
ence lies in the focus on the actual impact of
existing green spaces, whereas many authors
consider the strategic management, planning
and integration of new green solutions.

Conclusions

The data analysis showed that areas with high
density of green areas have a noticeable ability
to reduce the level of atmospheric pollutants,
especially NO, and PM2.5, which confirms
their efficiency in capturing harmful particles
and gases. Trees and shrubs in urban areas act

as a natural filter, absorbing pollutants, reduc-
ing the concentration of particulate matter in
the air and contributing to the improvement
of the ecological background. This is especial-
ly important in densely populated urban areas
where air pollution levels often exceed per-
missible standards. In addition, temperature
measurements have shown that green spaces
significantly mitigate overheating of the urban
environment, especially during the summer
months. Vegetation has been found to reduce
the absorption of solar radiation by hard sur-
faces such as asphalt and concrete, creating
a natural cooling effect. This helps to reduce
temperature extremes in cities and increases
the comfort of urban environments, especially
during periods of extreme heat. In areas with
a high density of green spaces, the difference
in temperature between open and shaded are-
as was pronounced, indicating the importance
of the shading effect of trees in combating
overheating in urbanised areas. The study also
confirmed that soils in green areas have an im-
proved ability to absorb and process pollutants
including heavy metals (Pb, Cd, Hg). This indi-
cates the important role of green spaces in re-
ducing toxic elements in urban environments
and improving soil quality. In addition, green
spaces actively contribute to the retention of
significant amounts of precipitation, reducing
the load on drainage systems. Their ability to
absorb moisture and slow its outflow prevents
the formation of storm flows, minimising the
risk of localised flooding.

Prospects for further research may include
amore detailed assessment of the impact of dif-
ferent tree species on pollutant filtration, anal-
ysis of social perceptions of green spaces, and
development of strategies for integrating na-
ture-based solutions into urban development.
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AHoTanis. MeTo AoctimkeHHs Oyia KiJlbKiCHa OIliHKA BIUIMBY MiCbKMX 3€JI€HMX HacaIKeHb
Ha SIKiCTb TOBITPSI, MiKPOK/IiMaT Ta KIAIMATUUHY CTifiKiCTb MicT. Y HOCTiIKeHHi TpoaHali30BaHO
BIUIMB MiCbKMX 3€JIeHUMX HacaJkeHb Ha SKIiCTb TOBITpsSl, PEryIiOBaHHS MIiKpOKIiMaTy Ta
MiIBUIIEHHS CTifKOCTi MiCbKMX TEPUTOPiit M0 KaiMaTMYHUX 3arpos3. Y CcTarTi 6yJI0 MpoBeIeHO
KOMIUIEKCHUI1 aHali3 iCHYIuUMX 3eJIeHMX 30H y IISITUM Haiibinpmux mictax Anbanii: Tupawi,
Iyppeci, llIkonepi, Biopi Ta Enbbacani. [ OIiHKM €KOCUCTEMHUX TOCTYT 3€JIEHUX 30H Oyau
MpoaHaji30BaHi BMMIipIOBaHHSI KOHIeHTpalii 3abpynHioounx pedoBuH (COz, NOg, SO2, CO,
PM2.5, PM10), TemmniepaTypu, BOJIOTOCTi, a TAKOX CKJIaJ I'PYHTY Ta #Or0 3[aTHICTb YTPUMYBaTU
3a6pYIHIOIYi PeYOBUHU. Pe3ynbTaTy MOKa3aay, M0 B 30HAaX 3 BUCOKOIO IIITBHICTIO 3€IeHUX
HacagkeHb KoHIeHTpallii NO, Ta PM2.5 6yiau 3HmkeHi Ha 30-50 %, 110 CBigYMTh IIPO 3HAYHY
30ATHICTh AepeB Mo (inbrpauii mosiTps. BuMiproBaHHS TeMIepaTypy MOKas3aau, 10 IMapKoOBi
30HM MaloTh Ha 4-7 °C HWKUY TEMIIEPATypPy, HDK IIIIbHO 3a6ymoBaHi pailoHu, O MiATBEPIKYE
iXHIO poib Yy MOMSIKIIeHHI edeKTy MiCbKOTO TeIUIoBOTO ocTpoBa. Kpim Toro, aHasni3 IpyHTY
ToKa3aB 3HIDKeHHST BMicTy Pb, Cd i Hg Ha 15-25 %, 110 CBiquMTh PO 3[IaTHICTh 3€JIEHUX 30H 10
MPUPOTHOTO OUMILEHHSI HaBKOJMIITHBOTO cepenoBuia. 3e/ieHi 30HM TaKOX yTpuMyioTb 20-40 %
OTaiB, 3MEHIIYIOUM PU3UK MiATOIUIEHHS Ta 36iIbIIYI0OUM BOJOYTPUMYIOUY 3JATHICTb I'PYHTY.
Pe3yabTaTyl AOCTIIKEHHS MigKPeCTIN Heo6XiqHiCTh iHTerpanii mpupogo0pieHTOBaHUX PillleHb Y
CUCTeMY MiCbKOTO YIIPaBIiHHS IJIS MiABUIEHHS CTilIKOCTi MichbKOro cepenoBuina. OTpMMaHi gaHi
MOXKYTb 6YTV BUKOPUCTAHI IJ1s1 PO3POOKYM peKOMeH alliii 10/I0 CTaJIOT0 MiChKOTO IJIAHYBAaHHS Ta
OOI'PYHTYBAHHSI €KOJIOTIYHO OPi€HTOBAHMX MiIXOMiB 4O PO3BUTKY MiCbKUX TEPUTOPIiit
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