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Abstract: This study investigated the regulatory ecosystem services of Sarayi¢i Tavuk Forest, a natural protected urban forest in
Edirne, Turkey, with a focus on its ability to improve air quality. The i-Tree Canopy Tool was used to categorise land-cover classes
within the forest and assess air quality impacts using pollutant removal and carbon sequestration estimates. The results show that
the Sarayi¢i Tavuk Forest eliminates 5,014.68 kg/yr of pollutants, sequesters 183,000 kg/yr of carbon, and stores a total of 4,596,680
kg of carbon throughout the lifespan of its trees. The economic value of these regulatory ecosystem services is estimated at 864,177
USD annually and substantially improves air quality. The results of this study provide valuable insights for researchers, landscape
managers, and policymakers involved in regional planning, decision-making, and green space improvement in cities. This study
highlights the vital role of natural protected urban forests in improving air quality and underscores the need for their preservation
and integration into landscape and urban planning strategies for sustainable development in response to 21st-century challenges.
Keywords: Air quality impact, Ecosystem services, Natural protected Area, i-Tree Canopy, Sarayi¢i Tavuk Forest

Tiirkiye

Ozet: Bu galismada, Edirne’de dogal sit alami statiisiinde olan Sarayigi Tavuk Ormani'nin sagladigi diizenleyici ekosistem
hizmetleri incelenerek, hava kalitesi iyilestirme etkisi hesaplanmigtir. Calismada i-Tree Canopy v.7.1 kullanilarak, Sarayi¢i Tavuk
Ormani arazi ortiisti siniflandirilmis ve arazi ortiisiiniin hava kalitesine olan etkisi: kirleticilerin uzaklastirilmasi, karbon tutulmasi
ve depolanmasi tahminleri araciligiyla degerlendirilmistir. Sonuglar, Sarayi¢i Tavuk Ormani'nin yilda 5,014.68 kg kirletici gaz ve
partikiilii ortadan kaldirdigini, yilda 183,000 kg karbon tuttugunu ve ormandaki agaglarin toplam 4,596,680 kg karbon depoladigini
gostermektedir. Bu diizenleyici ekosistem hizmetlerinin ekonomik degeri yilda 864,177 USD olarak tahmin edilmekte olup, hava
kalitesini onemli Ol¢iide artirmaktadir. Bulgular, kentsel ve peyzaj planlama iizerine calisan aragtirmacilar ile karar alma
stireglerinde ¢aligan yonetici ve politikacilar i¢in kent ormanlarinin ekolojik ve ekonomik degerini ortaya koymaktadir. Bu ¢aligma,
dogal sit alani statiisiinde olan kent ormanlarin hava kalitesini artirmadaki 6nemli roliinii vurgulamakta ve kent ormanlarmmn 21.
yiizyilin en 6nemli zorluklarindan olan iklim krizine yanit olarak peyzaj ve kentsel planlama stratejilerine entegrasyonunun

gerekliligini vurgulamaktadir.

Anahtar kelimeler: Hava kalitesi etkisi, Ekosistem hizmetleri, Dogal sit alani, i-Tree Canopy, Sarayigi tavuk ormant

1. Introduction

Forests provide health, aesthetic, and recreational
benefits, while providing vital resources such as food, fodder,
fuel, and timber (Turner-Skoff and Cavender, 2019). They
form prominent features of urban landscapes (Roy et al.,
2012), and offer a range of benefits and functions, ranging
from intangible psychological and aesthetic improvements to
vital ecosystem services (Aerts and Honnay, 2011; Mori et
al., 2017). The primary ecosystem services of forests are
classified into four groups: provisioning, regulating, cultural,
and supporting (MEA, 2005).

One of the most important regulatory services of forests
is their impact on air quality (Smith, 1990). Forests improve
air quality by trapping particulate matter and absorbing
greenhouse gases (GHGs; Nowak et al., 2014). They can
store, filter, and transform pollutants through their
physiological characteristics (Nowak et al., 2018) and absorb
and filter substantial amounts of carbon dioxide, particulate

matter, nitrogen dioxide, and sulphur dioxide annually
(Nowak et al., 2014). CO, is used in photosynthesis and
stored in the tissues of woody plants. SO, and NO; are
absorbed by leaves and removed from the environment
(Smith, 1990). Particulate matter, namely PM,s and PM;,
(particles of 2.5 and 10 um in size, respectively), which are
among the most harmful components of air pollution (THHP,
2023), are collected on leaf surfaces and then transported into
the soil with precipitation (Smith, 1990).

Particulate matter and greenhouse gases, produced by
human activities such as heating, transportation, industry, and
electricity generation, manifest themselves as a mixture of
suspended solid and liquid particles in the air. This mixture
contributes to many respiratory, cardiovascular, and nervous
system disorders, including cancer (Perez et al., 2015). CO,,
in particular, leads to the greenhouse effect, which increases
air temperature and stimulates the urban heat island effect in
cities (Beckett et al., 1998). Therefore, air quality
improvement has become imperative for urban residents as
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well as local and national authorities (Watts et al., 2015;
MoEUCC, 2024a). In light of climate change and the
adaptation requirements of cities in the 2lst century
(Tomlinson et al., 2011), the role of urban forests in air quality
regulation has gained significant attention (Brack, 2002;
Loughner et al., 2012; Nowak et al., 2014; Rahaman et al.,
2021). Therefore, scientific studies assessing the regulatory
ecosystem services of forests have gained prominence.

Escobedo et al. (2008) assessed the advantages of air
purification by urban forests in Santiago and compared them
with other effective air purification methods for pollutant
removal. Similarly, Nowak et al. (2008) applied a ground-
based method for ecosystem services assessment of urban
forests in 14 United States cities, while Martin et al. (2012)
analysed differences in carbon storage, carbon sequestration,
and air pollution removal between protected and maintained
forests in the USA. Hepcan and Hepcan (2017) assessed tree
cover in the Ege University Housing Campus in Izmir and
evaluated its effectiveness in removing harmful pollutants
from the atmosphere. Tonyaloglu et al. (2021) examined
fragmented and scattered tree structures in Aydin City and
calculated their impact on air quality at a city-scale

Ahern et al. (2014) emphasised the importance of
quantifying ecosystem services through mathematical
approaches. The i-Tree Canopy tool has been used to
calculate the impact of trees on air quality (Nowak, 2021),
evaluating the ability of forests to improve air quality by
removing harmful substances from the air, and estimating the
annual volume of various pollutants removed by trees (Qian
et al., 2019). Given the constant and rapid changes in urban
environments in the 21st century, the i-Tree Canopy tool
provides a cost-effective, rapid, flexible, and practical
assessment option for researchers, landscape managers, city
planners, and policymakers.

Sarayi¢i Tavuk Forest, a historically and ecologically
valuable urban green space, is located in the central (Merkez)
district of Edirne, covering 70.62 ha Access to Sarayigi Tavuk
Forest is via historic Ottoman bridges: Bonce (constructed in
1452) and Saray (constructed in 1554). The area includes a
hunting pavilion (constructed in 1671) and the Mehmed
Mansion, adding to the urban green space's ecological and
cultural significance. In 2019, the Sarayigi Tavuk Forest was
designated as a ‘Natural Site-Qualified Natural Conservation
Area’ and a ‘Natural Site-Sustainable Conservation and
Controlled Use Area’ (MoEUCC, 2024b).

When forests are designated as protected areas, their role
in providing ecosystem services becomes more prominent
(Hayes and Ostrom, 2005). However, research on ecosystem
services in forests classified as naturally protected sites in
Tiirkiye is lacking. Basak et al. (2022) found that only 22.3%
of studies on ecosystem services were carried out within
strictly protected areas, notably biodiversity hotspots, in
Tiirkiye. Moreover, these studies predominantly focused on a
single  dimension—cultural  ecosystem  services—or

simultaneously addressed provisioning, regulating, and
cultural ecosystem services.

As our understanding of the importance of natural
protected areas and urban forests has increased, the need for
in-depth information on regulating ecosystem services, with
a focus on air quality improvement, has emerged as a key
concern. The aim of this study was to bridge this knowledge
gap and shed light on the critical importance of natural
protected areas, particularly their role in regulating
ecosystem services such as air quality improvement in
Edirne, Tiirkiye. To the best of our knowledge, this is the first
study to assess the current air quality impacts of a natural
protected area in Edirne: Sarayig¢i Tavuk Forest. Furthermore,
the methodology applied here can inform future studies on air
quality impact assessments of urban forests at the city-wide
level.

2. Material and method
2.1. Study area

Sarayi¢i Tavuk Forest is located 2.5 km far from the
centre of Edirne Merkez District and adjacent to the Tunca
River (41°41'47.21" N 26°33'37.67" E; Figure 1).

The forest served as a hunting ground during the Ottoman
era, and the palace introduced various animals for hunting
and planted diverse tree species, enriching the forest’s plant
and bird species (Ozer, 2013). Usal (2006) characterised this
area as a botanical laboratory and noted the presence of
various medicinal herbs and bulbous plants. Marangoz
(2022) identified tree and shrub species in Tavuk Forest as:
Acer negundo, Hedera helix, Robinia pseudoacacia, Biota
orientalis, Laburnum anagyroides, Rosa canina, Celltis
australis, Morus alba, Salix alba, Cercis siliquastrum 'Alba’,
Quercus cerris, Salix babylonica, Clematis vitalba, Quercus
robur, Ulmus laevis, Eleagnus angustifolia, Platanus
orientalis, Ulmus minor, Euonymus japonica, Populus alba,
Thuja occidentalis, Fraxinus angustifolia, Populus nigra,
Gleditschia triacanthos, and Prunus spinosa. Known for its
rich vegetation, the forest is home to approximately 70 bird
species.

2.2. Calculating air quality impact

The air quality impact assessment was conducted using
the i-Tree Canopy Tool v7.1 (a web-based GIS tool),
developed by the USDA Forest Service (Nowak, 2021). To
assess the air quality impact of the Sarayigi Tavuk Forest,
land-cover classes within the study area were first classified
using the random point sampling method, which works in
conjunction with Google Earth satellite imagery (Nowak,
2021). Examples of targeted land-cover classes are shown in
Figure 2.
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Figure 2. Visual representations of targeted land-cover classes: (1) Grass/Herbaceous, (2) Impervious Building, (3) Impervious
Other, (4) Impervious Road, (5) Soil/Bare Ground, (6) Tree/Shrub (Source: Aerial Images from Google Earth Pro)
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The analysis in i-Tree Canopy involved four steps. (1)
Defining the boundaries of the study area using high-
resolution Google Earth satellite images. (2) Identifying land-
cover classes, including: ‘Tree/Shrub’ (trees and tall shrubs),
‘Grass/Herbaceous’ (covered areas with herbaceous
vegetation), ‘Soil/Bare Ground’ (soil surfaces with scant or
no vegetation), ‘Impervious Buildings’, ‘Impervious Roads’,
and ‘Impervious Other’ (buildings, roads, and other
impervious surfaces). (3) Generating 1,000 random sampling
points within the study area, each assigned to a specific land-
cover type, to assess the land-cover types in the Sarayigi
Tavuk Forest. To ensure accuracy with a confidence level of
> 95% and a standard error of < 1.6%, 1,000 random points
were used in accordance with the recommendations of the i-
Tree Canopy user guide (https://canopy.itreetools.org/). (4)
Based on the current regulatory requirements for tree/shrub
cover area, ecosystem services and its benefits were
estimated using i-Tree Canopy Tool that calculates carbon
sequestration and storage and the removal of nitrogen
dioxide, ozone, sulphur dioxide, PM2.5 and PM10 as well as
their monetary value (Nowak et al., 2014; Nowak et al.,
2018). The coefficient values for carbon estimations are
based on the average carbon density per unit of canopy cover
in urban areas. USA based average values were used to
calculate the air pollutant removal rates, carbon sequestration
and carbon storage values, as well as the economic values
provided by a unit tree/shrub in the i-Tree Eco and
statistically standardised based on USA cases (Cakmak and
Can, 2020; Nowak, 2021).

3. Results and discussion

The land-cover classes, as well as random points (N),
percentage and area for each land-cover class, percentage and
area of all land-cover classes, standard error rates, and
distribution of random sampling points are shown in Figure 3
and Table 1.

The dominant land-cover class in the study area was
Tree/Shrub (84.72%, 59.83 ha). This was followed by
Grass/Herbaceous (7.59%, 5.36 ha) and Soil/Bare Ground
(4.30%, 3.03 ha). The least prevalent land-cover was
impervious surfaces (3.40% ratio, 2.40 ha). Standard
deviation values of < 1 indicated that the point distributions
across the land-cover classes in the study area were equally
weighted for all classes.

Table 1. Area and percentage of each land-cover class in the
Sarayi¢i Tavuk Forest

Cover class Points (N) % Cover + SE  Area (ha) + SE
Grass/Herbaceous 76 7.59+0.84 536+0.59
Impervious Buildings 20 2.00 £ 0.44 1.41+0.31
Impervious Other 2 0.20+0.14 0.14+0.10
Impervious Road 12 1.20+0.34 0.85+0.24
Soil/Bare Ground 43 4.30+0.64 3.03+0.45
Tree/Shrub 847 84.72+1.14 59.83 +0.80
Total 1,000 100.00 70.62

SE: Standard Error
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The sensitivity of the i-Tree Canopy tool is directly
related to the number of points used in the analysis. In this
study, 1,000 points were distributed across the Sarayici
Tavuk Forest, spanning 70.62 ha This quantity is consistent
with acceptable norms, as observed in other studies that
utilised the same assessment approach. For example, a study
examining tree canopy in Atlantic Beach, Florida, which
covers an area of 33.6 km?, used 1,000 points (Marcus, 2015).
Similarly, in a study that examined the tree canopies of 139
green areas in Australia, each region was assigned 1,000
points (Jacobs, 2013).

The i-Tree Canopy tool facilitates the computation of
index values for the five key pollutants stipulated in Tiirkiye’s
National Air Quality Index: CO, NO,, Os3;, SO, and
particulate matter (MoEUCC, 2024a). The quantities of
pollutants removed from the atmosphere and the amount of
carbon sequestrated and stored in the Sarayici Tavuk Forest
are presented in Table 2. In total, Sarayi¢i Tavuk Forest
removes 5,014.68 kg of pollutant gases and particles from the
air annually.

The amounts of CO and NO, removed from the air were
estimated to be 75.74 and 418.44 kg/yr, respectively. The
amount of O3 removed was estimated at 3,232.29 kg/yr. The
SO, removal through canopy was estimated to be 205.70
kg/yr. The amounts of particulate matter removed from the
atmosphere by tree/shrub cover in the study area were
estimated to be 165.13 kg/yr of PM,s and 917.39 kg/yr of
PM.

Moreover, the annual carbon sequestration by canopy
cover was estimated at 183,000 kg/yr, with total carbon
storage reaching 4,596,680 kg (Table 3).

The annual carbon sequestration by trees was estimated
at 671,000.13 kg, with total carbon storage estimated at
16,854,000.51 kg (in CO, equivalent units). The annual
economic value of regulatory ecosystem services that help
improve air quality through canopy cover was estimated at
864,177 USD, and the value of carbon sequestered in trees
annually was estimated at 34,410 USD. Several studies have
focused on the role of forests in reducing carbon emissions
and in capturing and storing carbon (Johnson el al., 2011).
Natural protected areas, which include tall and aged plants,
contribute positively to the urban climate by reducing
temperatures in summer and increasing in winter, ensuring
urban thermal comfort, and consequently reducing the
amount of fossil fuels used for heating and cooling
(Tomlinson et al., 2011; Cho et al., 2023). In this context, the
presence of protected forests, especially those proximate to
urban centres and those characterised by tree and tall shrub
cover, holds great potential (Martin et al., 2012; Nowak et al.,
2018). The results of this study show that Sarayi¢i Tavuk
Forest, located close to the city centre, plays a crucial role in
improving air quality by removing pollutants, capturing
particulate matter, and sequestering carbon from the air.

Table 2. Pollutants removed from the air annually
Amount (kg) + SE Value (USD) + SE

CcO 75.74 £ 1.02 $111+8$1
NO, 418.44 +£5.62 $202 + $3
O3 3,232.29 +£43.44 $9,256 + $124
SO, 205.70 £2.76 $30 +$0
PM2.5 165.13 £2.22 $19,378 + $260
PM10* 917.39£12.33 $6,339 + $85
Total 5,014.68 + 67.40 $35,316 + $475

SE: Standard Error

The dominant tree and shrub species in Sarayi¢i Tavuk
Forest are Acer negundo, Hedera helix, Robinia
pseudoacacia, Biota orientalis, Laburnum anagyroides, Rosa
canina, Celtis australis, Morus alba, Salix alba, Cercis
siliguastrum 'Alba', Quercus cerris, Salix babylonica,
Clematis vitalba, Quercus robur, Ulmus laevis, Eleagnus
angustifolia, Platanus orientalis, Ulmus minor, Euonymus
Jjaponica, Populus alba, Thuja occidentalis, Fraxinus
angustifolia, Populus nigra, Gleditschia triacanthos, and
Prunus spinosa. It is possible to assess the carbon storage or
sequestration in different tree species (Durkaya and Durkaya,
2018). However, for statistical estimations of air quality and
its associated economic value, the i-Tree Canopy tool
considers the canopy cover of all trees and tall shrubs
collectively, without distinguishing between species (Hilde
and Paterson, 2014; Nowak, 2021). While this may be viewed
as a limitation in accurately determining the precise values of
ecosystem services and economic returns, large-scale studies
conducted across extensive areas, facilitated by the simple,
rapid, and cost-effective assessments provided by the i-Tree
Canopy Tool, are crucial to well-founded urban and
landscape planning decisions.

Understanding urban components such as urban forests
and their economic value, along with regulatory ecosystem
services, is crucial for citizens and local authorities. In this
study, the annual economic value of the regulatory ecosystem
services provided by the tree canopy, covering approximately
84.72% (Table 1) of the selected sample area for air quality
improvement, was calculated to be approximately 69.726
USD (Table 2). Almost half of this contribution comes from
annual carbon sequestration of trees in the study area.
Additionally, the total amount of carbon stored over the life
span of trees in the Sarayi¢i Tavuk Forest is valued at 864,177
USD (Table 3). Numerous studies conducted in different
areas have evaluated the economic contribution of urban
forests to improving air quality. In Chicago, for example,
Nowak et al. (2013) calculated the value of ecosystem
services of open-green spaces to be 137 USD million; Hepcan
and Hepcan (2017) calculated the economic value of Ege
University housing complex to be approximately 112,000
USD. Similar studies conducted worldwide have also found
high annual economic value contribution for regulatory
ecosystem services, depending on the size and whether the
forest is rural or urban. Considering these economic values
and regulatory ecosystem services into account, urban forests
contribute significantly to the urban economy, even if it is just
to improve air quality.

Globally, numerous studies have assessed ecosystem
services in rural landscapes, while research on urban
landscapes accounts for only 10% of studies (Gomez-
Baggethun and Barton, 2013; Derkzen et al., 2015).
Likewise, Basak et al. (2022) showed that the majority of
ecosystem services studies in Tiirkiye are predominantly
conducted in rural landscapes such as Diizlergam Forests
(Balkiz, 2016), Istanbul Omerli Basin (Albayrak, 2012), and
Sultan Sazlig1 National Park (Yildiz et al., 2023). This study
represents an additional contribution to the assessment of
regulatory ecosystem services in the urban forests of Tiirkiye.
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Table 3. Tree benefit estimates of carbon

Amount (kg) = SE

CO: Equiv. (kg) + SE Value (USD) + SE

C Sequestered Annually in Trees
C Stored in Trees (not an annual rate)

183,000 + 2.46
4,596,680 + 61.78

671.13 £9.02
16,854,000.51 +226.53

$34,410 + $462
$864,177 £ $11,615

i-Tree Canopy is a rapid, pragmatic, and user-friendly
tool designed to assess regulatory ecosystem services and
their economic value. Although it is predominantly utilised
in the United States, its application extends to various
countries, including China, the United Kingdom, Canada,
Australia, Switzerland, Iran, and Tiirkiye (Hilde and
Paterson, 2014; Qian et al., 2019; Ghorbankhani et al., 2023;
Selim et al., 2023). The results obtained with this tool provide
transparent data that illustrates the advantages associated
with urban forests and vegetation.

One criticism of i-Tree Canopy is its reliance on baseline
data, including carbon estimations, and air pollution removal
capacities and their monetary values, which are statistically
standardised based on calculations in the United States
(Tugluer and Giil, 2018; Cakmak and Can, 2020). The
limitations associated with carbon estimations aligns with the
limitations of the tree biomass estimates because both
coefficient values are correlated. Nevertheless, it is
noteworthy that this tool is increasingly being used in various
countries and the carbon estimates are standardized values
per unit of tree cover that are comparable to estimates for U.S.
forests and from other cities around the world (Nowak et al.,
2013). Its ease of use, swift results, and high accuracy in
assessing air quality regulatory ecosystem services have led
to widespread global adoption of the tool; coupled with the
development of country-specific coefficients for regions of
interest, is expected to facilitate the achievement of more
accurate and precise results.

Augmenting both the quantity and quality of nationally
protected urban forests, preserving trees and shrubs, and
promoting biodiversity is expected to enhance regulating
ecosystem services. This, in turn, is expected to positively
impact citizens' budgets and contribute to the local economy,
particularly through initiatives to improve air quality and
reduce electricity and fossil fuel consumption for heating and
cooling. Furthermore, studies based on ecosystem services
will play a crucial role in disseminating such research to other
cities in Tiirkiye. This alignment with international standards
and principles facilitates the integration of study outcomes
into local and regional planning and management processes.

4. Conclusion

The results of this research demonstrate the vital
regulatory ecosystem services and economic value of a
naturally protected urban forest in Edirne Merkez District.
The extensive and dense canopy of the Sarayigi Tavuk Forest
removes 183,000 kg of C from the atmosphere annually and
stores 4,596,680 kg of C throughout the lifespan of its trees.
However, while this study concentrated on one area of
Merkez District, comparable contributions from other urban
green spaces with similar attributes would collectively
increase these values. Moreover, the unique characteristics of
the Sarayi¢i Tavuk Forest not only make it a valuable
component of urban green space in Merkez District but also
serve as a prime example of natural protected areas in terms
of regulatory ecosystem services. Along with analysing the
status of the comprehensive knowledge gap on the ability of

urban forests to regulate ecosystem services in Tiirkiye,
especially Edirne, the results of this study provide spatially
explicit information on the ability to improve air quality in
Sarayi¢i Tavuk Forest.

The structure and presence of urban green spaces requires
vigilant protection against the pressure of urban expansion.
Additionally, the contemporary surge in population and
impervious surfaces in urban areas have highlighted the role
of forests in regulating air quality. Therefore, Sarayigi Tavuk
Forest is crucial for the citizens of Edirne. The estimated
ecosystem and monetary values of the Tavuk Forest are based
on values per unit of tree cover in USA, where more
comprehensive research based on local values (e.g.
above/below ground biomass, and tree species) could result
in higher ecosystem services and monetary values of Sarayici
Tavuk Forest. The results of this study offer valuable insights
for urban and landscape planners concerned with the
maintenance of urban green spaces, at home and abroad.
Recognising the importance of urban green areas and their
regulatory ecosystem services and economic benefits can
promote sustainable development in cities. In addition,
uncovering the air quality impact of Sarayi¢i Tavuk Forest
will provide a basis for researchers, landscape managers, city
planners, and policymakers to conduct ecosystem service-
based research at a citywide scale while considering the
urgent need for climate change adaptation and mitigation in
the 21st century.
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