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Abstract. Everyone knows urban parks are valuable, contributing to both public health and
biodiversity. Still, pinning down their exact environmental benefits in concrete numbers is often a
challenge, especially in dense cityscapes where every square meter is contested. Our study tackled this by
assessing the ecosystem services of eight parks in Budapest's District VIII. Using the i-Tree Canopy tool,
a standardized method for urban forest analysis, we quantified key metrics like carbon storage, annual
carbon sequestration, air pollutant removal, and storm water runoff reduction. The results were clear:
together, these parks store around 909 tons of carbon in their biomass and pull down another 36 tons
every year, acting as vital, local carbon sinks. The heavy lifting is done by the larger parks, particularly
Orczy tér and Il. Janos Pl pépa tér, a direct result of their size and mature tree cover. In economic
terms, these benefits are significant, totalling more than €450,000 each year, a figure that underscores
their immense public value. Just as important, smaller neighbourhood spots like Méatyas tér provide
tangible local perks, proving that green spaces of all sizes are vital to the city's health and resilience. The
data makes a strong case for protecting and expanding Budapest's parks, framing such policy not as a
cost but as a practical move for building a greener, more climate-ready future.
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INTRODUCTION

Urban parks are integral to the environmental, social, and economic fabric of cities,
delivering crucial ecosystem services that enhance the well-being and health of urban
communities. These services include air purification, carbon storage, management of urban
heat and stormwater, and the provision of cultural and recreational spaces (RAZZAGHIAN &
RAHNAMA, 2012; KONDO ET AL., 2018). In densely populated cities, these green spaces are
vital for maintaining ecological balance and improving environmental quality. However, rapid
urbanization in Europe since the turn of the twenty-first century has placed significant strain on
urban green infrastructure, a trend particularly evident in the Hungarian capital, Budapest.
While renowned for its historic architecture and the Danube River, Budapest grapples with the
pressures of a large population, expanding infrastructure, traffic congestion, and air pollution in
its inner districts, making the city's urban parks invaluable ecological assets.

The conflict between historical urbanism and modern-day environmental pressures is
well-illustrated in Budapest's District V11, Jozsefvaros. Once a working-class area, the district
has undergone selective gentrification and large-scale renewal efforts. It hosts numerous parks
including Horvath Mihaly, 1l. Janos P&l papa, Golgota, Matyas, Teleki, Kalvaria, Ludovika,
and Orczy which are the focus of this work. These parks, though varying in size, design, and
use, are exposed to significant environmental risks such as stormwater floods aggravated by
climate change, soil pollution from historical land-use, urban heat-island effects caused by vast
impermeable surfaces, and traffic-related air pollution (CsomM6s ET AL., 2023).
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While it is established that urban green areas function as ecological buffers by
moderating temperature, absorbing pollutants, and storing carbon (BOwLER ET AL., 2010;
KONINENDUK et al., 2013), quantifying these benefits in small or mid-sized urban parks
remains a challenge, and their localized environmental contributions are often overlooked
(HAASE ET AL., 2014). Addressing this gap, this study aims to evaluate the carbon sequestration
and related ecosystem services provided by the eight selected parks in District VIII. By
combining in-situ observations with the visual interpretation capabilities of the i-Tree Canopy
tool, this research will estimate the parks' ability to store carbon, remove air pollutants, and
retain stormwater, while also assessing the monetary value of these benefits.

This investigation aligns with the European Green Deal’s call for nature-based climate
solutions and seeks to provide data-driven insights for sustainable urban planning in rapidly
urbanizing contexts.

MATERIAL AND METHODS

Study Area

This study investigated the ecosystem service advantages of urban parks in District
VI (J6zsefvaros), a densely populated and historically significant central district of Budapest,
Hungary. Like many cities, Jozsefvaros has issues with air pollution, the urban heat island
effect, and managing stormwater. It also depends on its green spaces to improve people's health
and the environment (CSoMOS ET AL., 2023). We chose eight urban parks on purpose to study
because they have different sizes, types of plants, and urban settings. Orczy tér (10.2 ha),
Ludovika tér (1.5 ha), Kalvaria tér (0.9 ha), Il Janos Pal papa tér (4.6 ha), Teleki Laszl6 tér (1.1
ha), Golgota tér (0.7 ha), Horvath Mihaly tér (0.8 ha), and Matyas tér (0.6 ha).

The Google Earth Pro (2025 satellite images) was used to determine the exact borders
and total area of each park. We painstakingly drew the outline of each park's border and then
found the area of the polygon that came out of it. This area was the starting point for the tests
that came after. The parks we chose are good for comparing how well they do ecologically
because they are very different in size, structure, and the kinds of plants that grow there.

Study Design

This study employed a quantitative and geographic analysis methodology, integrating
targeted field observations with an extensive satellite-based assessment utilising the i-Tree
Canopy v7.1 software tool (USDA Forest Service).

The initial phase of this study involved “in situ” observation (tree counts). Field data
collection occurred concurrently with the complete foliation phase of deciduous trees in
Budapest from March to May 2025.

The second phase was corroborated and supplemented with the canopy coverage data
from the i-Tree Canopy analysis (https://canopy.itreetools.org). This foundational analysis
performed using i-Tree Canopy's used random sampling on 2025 satellite imagery, that
allowed as to quantify the structural makeup of each park, providing essential context for
understanding their ecological functions.

The land cover in each park was split into six main groups: tree canopy, grass and
shrubs, impervious surfaces (like roads, pavements, and buildings), bare soil, water bodies, and
other surfaces (like permeable playgrounds and unpaved walks). To ensure that the data was
statistically representative, each park had 500 random points chosen.
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Data analysis

The primary analysis relied on high-resolution 2023 satellite imagery from Google
Earth.

The analysis focused on quantifying specific critical environmental factors and their
associated economic values, as estimated by i-Tree Canopy's internal models: Five major air
pollutants were taken into consideration: carbon monoxide (CO), nitrogen dioxide (NO:),
sulphur dioxide (SO2), ozone (Os), and particulate matter (PMa.s and PMio), as well as annual
carbon sequestration (metric tons/year) carbon storage (metric tons) and water retention
capacity (Avoided Storm water Runoff (m3)).

i-Tree Canopy that was also built-in as an algorithm valuation made possible to
evaluate how much money (in euros) the ecosystem services that each park provides (NOWAK
ET AL., 2006).

RESULTS AND DISCUSSION

The benefits offered by the investigated parks are tied directly to their scale and
character (TYRVAINEN ET AL., 2005) and the ecosystem services of urban parks in District V1II
(Jozsefvéros), a densely populated and historically significant central district of Budapest,
Hungary.

The i-Tree Canopy analysis showed larger parks (Orczy tér, 1. Janos Pal papa tér) have
over 40% tree canopy, while smaller ones (Matyas tér, Horvath Mihaly tér) have under 20%.
This directly links vegetation structure to ecosystem service delivery. These findings align with
broader urban studies on how park design influences canopy cover, carbon capacity, and
microclimate regulation (HAASE ET AL., 2014; OTHMAN & FADzIL, 2019), reinforcing the
critical environmental benefits of urban green spaces in Jozsefvaros.

The results of the primary objective made it easier to see how the canopy was built
(table 1) The estimated tree counts varied significantly across the study parks, directly
influencing their potential for ecosystem service provision

Table 1
The distribution of trees by parks (field observation)
L A 11. Janos . Horvath o
PARK ngy Ludqwka Kal\(arla Pal papa Te[ekl Golgota tér Mihéaly MaFyas
ter ter téer . téer . téer
téer ter
Bstimated | 55, 210 80 280 120 170 75 70
trees

The field investigation confirmed that the biggest and most important park for the urban
environment in Jézsefvaros is Orczy tér, which is 10.2 hectares. It is a multi-use space that
includes not only mature trees but also extensive open lawns, a large pond, and university
buildings, which results in a lower overall tree density compared to other parks. Orczy tér (10.2
ha) is vital for air purification and carbon sequestration for the district.

Ludovika tér (1.5 ha) is next to Orczy Park, being part of an old city complex-has
similarly aids microclimate stability and offers recreation with its blend of trees and paths.

Neighborhood parks like Kélvéria tér also provide essential localized services such as
supports biodiversity and relaxation

Il. Janos Pal pépa tér (4.6 ha) significantly improves air quality and temperature
regulation (WAGNER G. 2021).
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Teleki Laszlo tér (1.1 hectares) has recently been redesigned to include organised grass,
flower gardens, and young trees. It helps people in the area get to know each other and cool
down urban heat islands (BODROGI E., 2019; WAGNER G., 2022).

Smaller parks like Golgota tér (0.7 ha) enhance aesthetics and cooling, Horvath Mihaly
tér (0.8 ha) provides crucial shade and air purification (BUDAPEST100), and Matyas tér (0.6
ha) contributes to urban cooling and biodiversity. Despite their size those parks help keep the
city cool and supports biodiversity.

District VIII's green infrastructure that includes these eight parks are very important,
because they make the air cleaner, help plants store carbon, and make ecosystems more
resilient in many ways.

The results of the second objective (figure 1) accurately quantify the extent of each type
of land cover within the selected parks and subsequently evaluate their efficacy in delivering
essential ecosystem services. The i-Tree Canopy results show clear variation in land-cover
composition among the eight studied parks in District VI1II.

I1. Janos Pal pépa tér and Ludovika tér recorded the greatest share of tree and shrub
cover, corresponding with their higher tree counts (280 and 210 trees, respectively).

Golgota tér and Kalvaria tér also displayed substantial vegetation dominated by trees
and grass surfaces.

In contrast, Horvath Mihédly tér and Métyas tér were characterized by extensive
impervious areas mainly roads and paved walkways which limited overall canopy density and
carbon sequestration potential.

Teleki tér exhibited a moderate balance of vegetated and paved zones, while Orczy tér,
though lacking precise data, appeared well covered with trees and grass based on satellite
imagery.
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Figure 1. Number of sample points recorded in i-Tree Canopy

These land-cover variations directly influence each park’s ability to capture carbon,
reduce surface temperature, and manage runoff in the dense urban environment.
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This extensive canopy is indicative of a mature, well-established arboreal structure,
which aligns with its status as a significant ecological asset within the district. Its diverse
composition, including 38.1% grass and shrubs and 0.7% water bodies, further supports both
ecological function and recreational opportunities, distinguishing it from the more compact
green spaces.

The i-Tree Canopy graph shows clear differences in land-cover types among the eight
parks. Il. Janos Pal papa tér and Kalvaria tér have the highest tree and shrub cover, indicating
strong potential for carbon capture and cooling effects. Ludovika tér and Golgota tér display
balanced vegetation, while Horvath Mihaly tér and Matyas tér contain mostly impervious
surfaces, which reduce ecological functions. Teleki tér shows moderate vegetation, and Orczy
tér also appears well-vegetated also. Overall, parks with more trees provide greater
environmental benefits than those dominated by paved areas.

The estimation of air pollutants (table 2) showed how well plants can filter out gas
pollutants and block particles, which makes the air cleaner.

Table 2.
The quantity (kg) of pollutants retained by the parks in District V11, Budapest

Orczy Ili‘léljégg: Ludovika Golgota Teleki Kalvaria l_l:/(l)irr\\/ ;31 Métyas
co 24.29 9.7 4.88 2.25 0.86 0.89 0.23 0.32
NO, 208.4 83.23 41.89 19.29 7.34 7.60 2.00 2.76
SO, 75442 | 301.31 151.65 69.84 26.58 27.52 7.25 9.98
03 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00
PM,s 12.25 4.89 2.46 1.13 0.43 0.45 0.12 0.16
PMy | 7335 293 14.75 6.76 2.59 2.68 0.71 0.97

NOTE: CO — carbon monoxide; NO: — nitrogen dioxide,; SO: — sulfur dioxide; Os — 0Z0ne;
PM:.5 — fine particulate matter; PM,o — coarse particulate matter.

The results show that parks with dense tree coverage, such as Il. Janos Pal papa tér and
Ludovika tér, were more effective in capturing air pollutants. Smaller green areas like Horvéth
Mihaly tér and Matyas tér removed lower quantities but still improved neighbourhood air
quality. Overall, the data indicate that both large and small parks play a vital role in filtering
harmful substances, including carbon monoxide (CO) and nitrogen dioxide (NO:), from the
city’s atmosphere.

The i-Tree Canopy model help as to identified significant removal of air pollutants
including carbon monoxide (CO), nitrogen dioxide (NO:), ozone (O:), and fine particulate
matter (PMa.s). The larger parks removed higher pollutant loads, a direct function of their
greater leaf surface area available for deposition and absorption. Similar results have been seen
by Bar6 et al. (2014) in Barcelona, showing that urban green infrastructure provides a
measurable improvement in air quality. The removal of fine particulate matter (PMa.s) is
especially critical, given its known connections to serious health problems (Pore Il &
DOCKERY, 2006). Even the smallest parks can create pockets of cleaner air, a vital service in
dense neighbourhoods (VIIPPOLA ET AL., 2024).

The park’s plants and permeable surfaces could hold a lot of water (table 3) because a
large tree canopy can catch rain, maintain a healthy evapotranspiration environment, and better
soil penetration of the water that can allow a better recharge of the groundwater system, as well
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as helping to keep stormwater from running off and make it easier for city drainage systems to
handle.

Parks with higher vegetation and permeable soil, such as Il. Janos Pal papa tér and
Ludovika tér, recorded greater water retention through infiltration and transpiration.

Parks with more vegetation and permeable surfaces, particularly Il. Janos Pal papa tér
and Ludovika tér, demonstrated higher water retention. This is achieved through rainfall
interception by the canopy and infiltration into the soil, which reduces the volume and velocity
of stormwater runoff. Conversely, compact parks with more paved areas showed higher runoff
potential. This supports extensive research highlighting the role of UGI in mitigating urban
flood risk and reducing the strain on conventional "grey" infrastructure like sewer systems
(BERLAND ET AL., 2017; LIVESLEY ET AL., 2016).

In contrast, areas with more pavement, like Matyas tér, showed increased runoff due to
limited soil permeability. This indicates that vegetation density and soil condition strongly
influence water balance across the studied parks.

Table 3.
The quantity (kl) of water retained or lost by the parks in District V11, Budapest
Orczy Ili‘léljégg: Ludovika | Golgota Teleki Kaélvéria l_l:/(l)irr\\/ ;31 Métyas

AVRO 160 64 32 15 6 6 2 2
E 6495 2594 1306 601 229 237 62 86
I 6513 2601 1309 603 229 238 62 86
T 4637 1852 932 429 163 169 44 61
PE 23761 9490 4776 2199 837 867 228 314
PET 19239 7684 3867 1781 678 702 184 255

NOTE: AVRO - available runoff; E — evaporation; | — infiltration; T — transpiration; PE — potential

evaporation; PET — potential evapotranspiration; CO: — carbon dioxide.

In total, the eight parks stored roughly 909 tons of carbon and sequester another 36.2
tons a year. Orczy tér was the leader with nearly 400 tons of stored carbon.

This result, despite its lower tree count, drives home the point that a few large, mature
trees are the real carbon storage workhorses in a city (NOWAK AND CRANE, 2002; GILLNER ET
AL., 2017).

While smaller parks contributed proportionally lower amounts, their cumulative role
remains vital in district-level carbon accounting, a point emphasized by STROHBACH ET AL.
(2013) in their study of European cities.

The sequestration potential is tied to canopy health and age, highlighting the importance
of long-term park management (DAVIES ET AL., 2011).

The investigation of park carbon sequestration emphasised the role of green spaces in
mitigation of the urban heat giving the police maker a guiding line for improving the strategies
for reaching the carbon neutrality goals (GAO ET AL. 2023; MYALKOVSKY ET AL. 2023)

The parks together store a large amount of carbon and provide continuous
environmental benefits (table 4). 11. Janos P&l papa tér had the greatest carbon storage, while
smaller parks still contributed meaningfully to reducing CO: in the atmosphere.

This confirms that all parks, regardless of size, play a role in making the city more
sustainable.
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Table 4.

The total amount (t) of tree benefits provided by the parks in District V11, Budapest

Retained pollutans Carbon seq. Carbon stored CO: seq. annualy CO: seq. annualy
9] annualy (t) ) Equiv. (t) Equiv. (t)
Total 1.918 36.20 908.82 132.69 3332.29

Most of the time, these models give dollar amounts based on the idea of avoided costs
(like lower healthcare costs because of cleaner air or delayed investments in grey infrastructure
for storm water management) and replacement costs.

The total estimated monetary value of ecosystem services for the eight parks in District
VIII (figure 2) show that Orczy tér recorded the highest value (about €250,000), followed by II.
Janos Pal papa tér and Ludovika tér, which also showed considerable returns linked to their
dense vegetation. Smaller parks such as Golgota tér, Teleki tér, Kalvaria tér, Horvath Mihaly
tér, and Matyas tér had lower values, consistent with their limited area and tree cover.
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Orczy Golgota Kalvaria Horvath Mihaly Matya
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Figure 2. Comparative analysis of the benefits in terms of monetary value (Euro)

Overall, the results show that larger parks generate greater total benefits, while smaller
ones still provide important local environmental value within the urban landscape.

These figures, derived from the social cost of carbon and avoided health and
infrastructure costs, provide a powerful economic argument for investing in parks. By
translating environmental benefits into monetary terms, policymakers can better justify budgets
for park maintenance and creation. This aligns with previously proposed valuation
methodologies (PUKOWIEC-KURDA, 2022; GOMEZ-BAGGETHUN & BARTON, 2013). The main
argument being that such quantification is essential for integrating nature-based solutions into
urban policy. (PUKOWIEC-KURDA, 2022; GOMEZ-BAGGETHUN & BARTON, 2013)
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Orczy tér, the largest park by a wide margin, doesn't actually have the most trees. It has
fewer than the much smaller Ludovika tér and Il. Janos Pal papa tér. Yet, as we'll see, Orczy
tér delivers the greatest ecosystem benefits. This points to a critical conclusion: the park's
ecological power comes from the quality of its trees their size, age, and maturity not just the
quantity. It’s a clear reminder that preserving large, old trees is essential for getting the most
out of urban green spaces (NOWAK AND CRANE, 2002).

CONCLUSIONS

The comprehensive comparative analysis performed across the eight parks showed how
variations in park size, vegetation density, and specific land cover compositions influence their
overall ecological performance and the magnitude of the ecosystem services they provide. The
results of this study give us a strong scientific basis for understanding and promoting the
environmental benefits of urban parks in relation to sustainable urban growth in Budapest.

The environmental contributions of the eight urban parks in Budapest’s District VIII by
using the i-Tree Canopy method showed that all parks, whether large or small, play an
important part in improving the city’s environmental quality. Bigger green areas, such as II.
Janos Pal papa tér and Ludovika tér, recorded higher levels of carbon storage and pollutant
removal because of their dense vegetation. Smaller parks, including Matyas tér and Horvath
Mihaly tér, also provided meaningful benefits by offering cooler microclimates, shade, and
cleaner air for surrounding communities.

The analysis revealed that tree number, canopy size, and soil characteristics are key
factors determining how much ecosystem service each park can provide. Parks with more trees
and vegetation showed better performance in carbon capture, air purification, and water
regulation. These outcomes emphasize the need to maintain and expand both large and small
green spaces to promote a sustainable and balanced urban environment.

To further improve these functions, the city should prioritize planting more trees,
reducing paved areas, and using native plant species that are well adapted to local conditions.
Strengthening and protecting urban vegetation in this way will help Budapest lessen the effects
of climate change, enhance residents’ health, and create a greener, more comfortable city for
future generations.
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