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Co-benefits of Climate and Air Quality Policies under Increasing Climate 

Extremes in Ukraine 
 

I. Khomenko (1), L. Nedostrelova (2) 

 
(1) Corresponding Author, Odesa I. I. Mechnikov National University 

 
(2)(3) Odesa I. I. Mechnikov National University 

 
1. Introduction. Climate change and air pollution are closely connected environmental and 
public-health challenges. Their connection is not only conceptual but also physical and practical. 
Fossil fuel combustion in energy production, transport, industry, and residential heating releases 
greenhouse gases and air pollutant precursors at the same time. Therefore, measures aimed at 
reducing carbon dioxide emissions can also reduce nitrogen oxides, sulphur dioxide, particulate 
matter, and other pollutants. This is the central logic of policy co-benefits: one well-designed 
intervention can simultaneously mitigate climate change, improve air quality, reduce health 
risks, and increase urban resilience. 
However, the effectiveness of such interventions increasingly depends on climate extremes. 
Average warming alone does not fully describe the changing environmental conditions 
experienced by people, ecosystems, cities, and infrastructure. Extreme heat, warm nights, 
droughts, heavy precipitation, and stagnant weather episodes directly modify the chemical and 
physical processes that determine air quality. Hot and sunny weather accelerates photochemical 
reactions and favours the formation of ground-level ozone. Dry and stagnant conditions limit 
pollutant dispersion and support the accumulation of particulate matter. Precipitation can 
temporarily remove pollutants from the atmosphere through wet deposition, but this cleaning 
effect is short-lived and does not eliminate emissions. For this reason, air quality policy that 
ignores climate extremes is incomplete. Likewise, climate policy that ignores air pollution 
misses some of its most immediate benefits for society. 
 
2. Data and methodological approach. The study is based on long-term daily meteorological 
observations from 16 stations across Ukraine: Ai-Petri, Askania Nova, Vinnytsia, Kerch, Kyiv, 
Lubny, Luhansk, Lviv, Mykolaiv, Odesa, Poltava, Uzhhorod, Uman, Feodosia, Chernivtsi, and 
Shepetivka. Depending on station data availability, the observational period extends from the 
late nineteenth century to 2018. This long temporal coverage is essential because climate 
extremes are inherently variable and cannot be reliably assessed using only short records. The 
use of stations from different physical-geographical regions also allows the results to be 
interpreted spatially, which is important for adaptation planning and regional policy design. 
The assessment uses 25 extreme temperature and precipitation indices defined within the 
ETCCDI framework. Temperature indices include absolute extremes such as TXx, TXn, TNx, 
and TNn; percentile-based indices such as TX90p, TN90p, TX10p, and TN10p; threshold 
indices such as summer days, tropical nights, frost days, and icing days; and duration indices 
such as warm spell duration and cold spell duration. Precipitation indices include maximum 
one-day precipitation, maximum five-day precipitation, heavy precipitation days, very heavy 
precipitation days, consecutive dry days, consecutive wet days, simple daily intensity index, 
and annual wet-day precipitation. These indices were selected because they describe not only 
how strong extreme events are, but also how often they occur and how long they persist. 
The methodological framework combines trend analysis, spatial-temporal assessment, 
empirical distribution analysis, and interpretation of climate extremes through an air-quality 
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pathway approach. Linear regression and the Mann-Kendall test were used in the underlying 
studies to identify significant tendencies in the indices over the full observation period and 
across standard climatological periods. For selected stations, spectral and harmonic analysis 
were also applied to estimate possible changes up to 2050 in mean annual temperature, annual 
maximum temperature, annual minimum temperature, annual precipitation, maximum one-day 
precipitation, and dry-spell duration. In this expanded interpretation, these climatological 
results are linked to the mechanisms of ozone formation, particulate matter accumulation, 
pollutant dispersion, and wet deposition. 
 
3. Main results: intensification of climate extremes. The temperature-related results show a 
clear shift of the climate system in Ukraine toward higher temperature regimes. Annual mean 
temperature and absolute annual temperature extremes increase over time. Since the mid-
twentieth century, mean annual temperature has increased substantially, and the underlying 
work indicates that, if linear trends continue, mean, maximum, and minimum temperatures may 
rise by approximately another 1 °C in the analysed regions by the middle of the twenty-first 
century. Warm indices such as TX90p, TN90p, summer days, tropical nights, and warm spell 
duration reach high values, while cold-related indices such as frost days, icing days, cold days, 
cold nights, and cold spell duration decrease. This means that warming is expressed not only in 
average values but also in the tails of the temperature distribution. 
These changes have direct air-quality implications. Higher maximum temperatures increase the 
probability of ozone episodes because photochemical reactions become more active under 
warm and sunny conditions. The increase in warm nights and tropical nights is also important. 
Night-time cooling usually helps the lower atmosphere recover from daytime heat stress and 
can reduce exposure intensity. When nights remain warm, the population experiences more 
continuous thermal and pollution stress, while urban energy demand for cooling may also rise. 
Increased cooling demand can create an additional emissions burden where electricity 
production still depends on fossil fuels. 
The precipitation-related results reveal a more complex pattern. The annual amount of 
precipitation has increased in many locations during the recent decades of the analysed record, 
but this does not necessarily mean a safer or more stable moisture regime. Extreme precipitation 
indices show a shift toward higher values, particularly for heavy and very heavy precipitation 
events, while dry-period indicators also remain important for several regions. This combination 
points to an intensification of the hydrological cycle: more water can fall during intense events, 
but dry periods may still become meteorologically and environmentally significant. Such 
alternation between heavy rainfall and dry spells is especially relevant for urban air quality, 
water management, soil erosion, flash-flood risk, and infrastructure resilience. 
For air pollution, precipitation has a dual meaning. Heavy rainfall can wash out aerosols and 
soluble gases from the atmosphere, temporarily improving air quality. Nevertheless, this effect 
is episodic. It cannot compensate for continuous emissions, and it may be followed by rapid 
pollutant accumulation when dry and stagnant conditions return. Longer dry periods are 
particularly problematic because they support dust resuspension, reduce wet removal, and may 
increase fire-related or soil-related particulate emissions. In winter or transitional seasons, cold 
and stable conditions can additionally trap emissions from residential heating close to the 
surface. Thus, both heat extremes and precipitation extremes change the conditions under which 
pollution episodes occur. 
 
4. Climate extremes as a policy-relevant link between climate and air quality.  The most 
important implication of the study is that climate extremes act as a practical bridge between 
climate policy and air quality management. The same city or region may face several interacting 
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pressures: higher temperatures, more frequent heatwaves, increased ozone formation, longer 
dry periods, accumulated particulate matter, and short but intense rainfall events. If these 
processes are governed separately, policy effectiveness declines. For example, reducing 
emissions from transport can improve air quality, but the health benefit will be larger if it is 
combined with measures that reduce urban heat and exposure during heatwaves. Similarly, 
urban greening is often presented as an adaptation measure, but it can also produce air-quality 
and health co-benefits by lowering surface and air temperature, reducing heat stress, and 
improving the urban microclimate. 
Energy transition is the clearest co-benefit pathway. Reducing fossil fuel use lowers greenhouse 
gas emissions while also reducing nitrogen oxides, sulphur dioxide, primary particulate matter, 
and other pollutants. Sustainable transport provides a similar effect by reducing combustion-
related emissions and population exposure in densely populated areas. Electrification, public 
transport development, cycling infrastructure, and low-emission urban mobility become more 
valuable under climate extremes because they reduce both baseline pollution and the additional 
pollution burden during unfavourable meteorological conditions. 
Nature-based solutions are another essential component. Trees, parks, green roofs, permeable 
surfaces, and restored urban green-blue networks cannot replace emission reductions, but they 
can strengthen them. Their role is particularly important in cities, where the urban heat-island 
effect can amplify extreme heat and ozone risk. Green infrastructure also contributes to 
stormwater regulation during heavy precipitation events and improves the quality of urban 
living environments. In the Ukrainian context, this is especially relevant for post-war 
reconstruction because rebuilding infrastructure without climate and air-quality integration 
would reproduce vulnerability. Reconstruction should not simply restore pre-war systems; it 
should reduce future climate, pollution, and health risks. 
 
5. Discussion and conclusions. The expanded analysis confirms that climate extremes in 
Ukraine are intensifying and that these changes have direct and policy-relevant consequences 
for air quality. The observed shift toward higher temperature regimes is expressed not only 
through increasing average temperatures, but also through more frequent and persistent warm 
extremes. Increasing heat extremes favour ozone formation because high temperature and 
strong solar radiation accelerate photochemical reactions in the lower atmosphere. As a result, 
heatwaves may become accompanied by episodes of poor air quality, creating a combined risk 
for human health. This is especially important for urban areas, where high emissions, dense 
population, limited ventilation, and the urban heat-island effect can reinforce each other. 
Warmer nights are also significant because they reduce the recovery capacity of both the 
atmosphere and the human body. Under normal conditions, night-time cooling helps decrease 
heat stress and partly restores thermal comfort after hot daytime conditions. When nights remain 
warm, exposure becomes more continuous, and vulnerable groups such as elderly people, 
children, and people with cardiovascular or respiratory diseases face higher risks. In addition, 
prolonged heat can increase electricity demand for cooling, which may create an additional 
emissions burden if energy systems remain dependent on fossil fuels. 
The analysis also shows that precipitation extremes have a more complex effect on air quality. 
Heavy precipitation can remove aerosols and soluble gases from the atmosphere, but this 
improvement is short-lived and does not solve the problem of continuous emissions. Moreover, 
intense rainfall can generate additional risks by overloading drainage systems, increasing 
surface runoff, and washing accumulated pollutants from roads and urban surfaces into water 
bodies. At the same time, dry and stagnant conditions support particulate matter accumulation, 
dust resuspension, and reduced atmospheric cleansing. Therefore, both the intensification of 
heat extremes and the changing precipitation regime should be treated as important factors 
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shaping future pollution episodes. 
These findings demonstrate that air quality cannot be managed effectively without considering 
the changing regime of climate extremes. Traditional air-quality management, focused mainly 
on emission limits and monitoring, remains necessary but is no longer sufficient on its own. It 
must be complemented by climate-sensitive planning that accounts for heatwaves, drought 
periods, stagnant weather, heavy precipitation, and compound risks. In practice, this means that 
climate information should be incorporated into air-quality forecasting, urban development 
strategies, public-health warning systems, and infrastructure planning. 
The key policy conclusion is that climate mitigation, air pollution control, urban planning, and 
public-health protection should be integrated. Isolated air-quality measures may become less 
efficient under more frequent climate extremes, because unfavourable meteorological 
conditions can amplify pollution even when emissions are partially reduced. At the same time, 
isolated climate policies may fail to deliver their full social value if air-quality and health co-
benefits are not deliberately designed. A co-benefit approach is therefore more effective because 
it allows one intervention to address several problems simultaneously: greenhouse gas 
emissions, local air pollution, heat stress, health risks, and urban vulnerability. 
For Ukraine, this approach is not only an environmental recommendation but also a recovery 
strategy. Post-war reconstruction will involve large-scale decisions about energy systems, 
transport networks, housing, public spaces, and urban infrastructure. If reconstruction simply 
restores outdated and emission-intensive systems, future vulnerability may increase. In contrast, 
reconstruction can become an opportunity to build cleaner, safer, and more climate-resilient 
cities and regions. Energy transition, sustainable transport, urban greening, energy-efficient 
buildings, and climate-sensitive spatial planning can reduce emissions, improve public health, 
and strengthen resilience at the same time. 
Therefore, co-benefits should be embedded in national, regional, and municipal planning from 
the beginning. Such integration would help ensure that reconstruction contributes not only to 
physical rebuilding, but also to long-term environmental quality, climate resilience, and 
sustainable urban development. 
 
6. References 

[1] IPCC, 2023. Climate Change 2023: Synthesis Report. Contribution of Working Groups I–
III to the Sixth Assessment Report. IPCC, Geneva. 

[2] ECA&D, 2023. European Climate Assessment & Dataset. Available at: 
https://www.ecad.eu 
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THE DEVELOPMENT OF “GREEN INFRASTRUCTURE” AS A 
FACTOR IN IMPROVING AIR QUALITY IN THE ODESA 

 
A. Chugai (1), Т. Safranov (2), A. Ilina (3) 

 
(1) avchugai@ukr.net, Odesa I. I. Mechnikov National University 

 
(2)(3) Odesa I. I. Mechnikov National University 

 
 

1. Introduction. In recent years, Odesa, like some large cities in Ukraine, has been 
characterized by a decrease in population, high levels of morbidity and mortality. One of the 
well-known climate risks is the urban heat island effect, which increases the warming and 
aridity of the climate in the city. To overcome the current crisis and increase the comfort of 
living in this urbanized environment, it is necessary to develop an urban development strategy 
that will provide for an increase in the share of “green infrastructure”, that is, a strategically 
planned and managed network of natural areas and open spaces. Green areas are a buffer 
between urban complexes and natural ecosystems. They are effective filters for cleaning the air 
pool, reduce wind force, regulate thermal conditions, humidify the air, reduce the level of 
acoustic load, etc. In addition, they improve the natural components of the urban environment 
and create aesthetic comfort for city residents, improving their physical and psychological 
health. Urban green areas, in particular parks, squares, gardens or sports and recreational areas, 
provide residents with opportunities for rest, relaxation and communication. Since, according 
to the UN (2019), it is expected that in 2050 68% of the world's population will live in cities, it 
is extremely important in urban planning to ensure the availability of a sufficient number and 
quality of green spaces to preserve natural recreation opportunities. 
The purpose of the study is to analyze the prospects for the development of "green 
infrastructure" in the city of Odesa as a factor in improving atmospheric air quality. 
 
2. Material and Method. The basis of the study was the analysis of the experience of 
developing "green infrastructure" in urbanized areas, presented in the works of Ukrainian and 
foreign researchers [1 – 4]. A structural analysis was carried out, which allowed to determine 
the adaptation strategy for this urbanized area. The system of indicators of urban greening, 
proposed by the authors of the work [5], was considered. 
 
3. Results. The city of Odesa is located in the coastal strip, on the northwestern coast of the 
Black Sea, and is characterized by a temperate continental steppe climate. The area of green 
spaces in the city of Odesa is 742 hectares, which per 1 resident of the city is 7.4 m2/person 
and is 61.7% for the city compared to the current national standard of 12 m2/person for cities 
of the level of Odessa. At the same time, if in the city center each resident has about 4 m2 of 
green spaces on average (with a norm of 12 m2), then in large residential areas per capita there 
is no more than 1 m2 of green spaces. In some parts of the city, the specific amount of green 
spaces is even smaller and is only 17% of the national norm. 
There are four administrative districts in Odessa: Kyivskyi, Khadzhibeyskyi, Prymorskyi and 
Peresypskyi. According to the Rules for the Maintenance of Green Spaces in Settlements of 
Ukraine, city gardens and parks, squares, boulevards, green areas on the slopes and along the 
city avenues are classified as public use areas by functional affiliation [6]. Information on the 
provision of green spaces in individual districts of the city as one of the indicators of the 
formation of “green infrastructure” is given in Fig. 1 – 2 [5]. 
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It is worth noting that the World Health Organization proposes an even higher figure – 50 m2 
per urban resident – as a necessary norm to ensure the health of the population.  
Analysis of green areas in the districts of Odesa showed that the highest level of provision of 
the population with green spaces is observed in the Prymorskyi district - 7.89 m² per person. 
The second in terms of the indicator is Khadzhibeyskyi district, where 5.45 m² of green areas 
per inhabitant are allocated. Peresypskyi and Kyivskyi districts are characterized by almost the 
same level of provision - 2.0 and 1.9 m² per person, respectively. At the same time, the available 
areas of parks and squares are significantly inferior to the recommended WHO norms and 
current urban planning standards. 
The species composition of urban flora is determined both by the geographical location (in the 
south of the Steppe zone of Ukraine) and by the applied approaches to planting. 
 

   
Figure 1. Providing districts of Odesa with green 

zones 
Figure 2. Provision of Odessa districts with 

public green spaces 
 
The study of world and national practice for the purposes of this study makes it possible to find 
promising solutions to the issue of developing "green infrastructure" in Odessa. 
Thus, the most effective way to expand green zones is to form a green belt of Odessa, that is, a 
system of ecological corridors around the city center, which would unite green spaces on the 
coastal slopes with all existing parks, gardens and squares by green links, strips of boulevards 
and greened streets (avenues), as well as by creating new recreation areas instead of abandoned 
industrial zones. In the future, it is advisable to expand the network of such green corridors to 
all areas of the city and suburbs. The prerequisites for this in the form of a number of parks, 
squares and gardens already exist. 
In addition to ecological corridors, it seems promising to promote the creation of green roofs 
throughout the city, which contribute to adaptation to climate change and increase biodiversity, 
retain stormwater, improve air quality, absorb CO2, provide residents with space for urban 
agriculture and recreation, as well as green walls, which, in turn, reduce noise pollution and 
energy consumption for artificial air conditioning [7].  
Regarding the issue of determining the types of plants that are best suited for creating green 
zones, it is necessary to take into account their ecological and climatic characteristics and 
resistance to anthropogenic load in the urbanized area. 
In the city of Odesa, the predominant source of atmospheric air pollution is road transport. In 
addition, it is the main source of noise pollution (generating 60-80% of urban noise). According 
to observations during 2012-2015, at the intersections of the city's main transport highways, the 
noise level was 85-92 dB during the daytime, in 2021-2022, the permissible noise level standard 
(55 dB) for daytime was exceeded on all studied streets by 65-88 dB. The increase in the level 
of noise pollution may be due to the lack of vegetation of green spaces. Therefore, increasing 
the level of greening of the urban area will also contribute to reducing the acoustic load [7]. 
In order to neutralize a number of harmful substances in urban air, it is recommended to plant 
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such trees and shrubs that are capable of effectively absorbing noise and pollutants. 
 
4. Discussion and Conclusion. The adaptation strategy for the city of Odesa should include a 
number of measures, the list of which also includes reducing emissions of pollutants into the 
air basin. Further development of "green infrastructure" will allow: to significantly reduce the 
level of noise and air pollution; to create better conditions for residents for health and recreation. 
In areas with insufficient provision of green areas, it is advisable to implement modern 
innovative solutions to expand green areas. 
This may include vertical and planar greening of buildings - greening facades, roofs, creating 
green noise barriers and other structural elements that compensate for the shortage of open areas. 
In addition to quantitative indicators, the quality of green spaces is no less important. In order 
to ensure the long-term ecological stability of green spaces, systematic monitoring of their 
condition is necessary. This will allow for timely detection of signs of disease, damage or 
degradation of plants, as well as promptly implement appropriate restoration and care measures. 
 
5. References 
[1] Zibtseva, О.V. & Yukhnovskyi, V.Yu. Analytical assessment of the modernized standards of 
greening cities. Bioresources and Nature Management, 11 (5-6), (2019) p. 131-140.  
[2] Sholok, I.V. Spatial analysis of the green zone and prospective areas for its expansion within 
Lviv. Bulletin of Lviv University, Geographical Series, 45, (2014) p. 417–423.  
[3] Sakieh, Y. et al. Green and calm: Modeling the relationships between noise pollution 
propagation and spatial patterns of urban structures and green covers. Urban Forestry & Urban 
Greening, 24, (2017) p. 195–211. 
[4] Liu, H. et al. A geospatial model of nature-based recreation for urban planning: Case study 
of Paris, France. Land Use Policy, 117, (2022) p. 106-107.  
[5] Prykhodko, V., & Ilina, A. Research of the phytogenic component of the urbosystem using 
quantitative indicators of city greening. Ukrainian Hydrometeorological Journal, 34-35, (2025) 
p. 91-99.  
[6] Order of the State Committee for Construction, Architecture, and Housing Policy of Ukraine 
dated December 24, 2001, No. 226 “Instructions for inventorying green spaces in populated 
areas of Ukraine”. https://zakon.rada.gov.ua/laws/show/z0182-02#Text. 
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1. Introduction. Among the air pollutants, particulate matter with an aerodynamic diameter of 
10 μm or less (PM10) remains a major concern in large metropolitan areas due to complex 
emission sources and meteorological conditions. Satellite-derived aerosol indicators, such as 
Aerosol Optical Depth (AOD) and Aerosol Index (AI), provide effective tools for investigating 
aerosol behavior at large spatial scales [1]. However, the relationship between aerosol indicators 
and environmental variables may vary among cities due to local conditions.  This study 
examines three major metropolitan cities in Türkiye (Istanbul, Ankara, and Izmir) to identify 
key factors influencing PM10 concentrations and assess how the importance of meteorological, 
land-use, and aerosol-related variables varies across cities. 
 
2. Materials and Methods.This study uses hourly PM10 data from air quality monitoring 
stations in Istanbul, Ankara, and Izmir. Unrealistic values were removed, daily averages were 
calculated from valid hourly data, and satellite-derived aerosol parameters were used as 
predictors. AOD data from the MAIAC algorithm and AI data from TROPOMI were obtained 
using the Google Earth Engine (GEE) platform. Meteorological variables were retrieved from 
ECMWF datasets, while land-surface characteristics were represented using Digital Elevation 
Model (DEM), MODIS land cover, and NDVI datasets. All variables were harmonized to a 1 
km spatial resolution, and geographic coordinates and Day of Year (DOY) were included to 
represent spatial and temporal variability. The final modeling dataset was created by spatially 
and temporally matching all predictors. Variable importance analysis was then performed using 
the LightGBM algorithm to determine the dominant factors affecting PM10 concentrations in 
each city. 
 
3. Results. The variable importance results revealed both 
common and city-specific drivers of PM10 variability across 
the three metropolitan areas (Figure 1). In Ankara, surface 
sensible heat flux (SSHF) was identified as the most 
dominant predictor, indicating the strong influence of 
surface energy balance and local meteorological conditions. 
Aerosol indicators showed measurable but lower 
importance than meteorological drivers. In Istanbul, 
boundary layer height (BLH) emerged as the most 
influential factor, followed by population-related variables, 
highlighting the role of dense anthropogenic activity. AOD 
and AI contributed moderately, indicating their ability to 
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represent pollution variability in complex urban conditions. In Izmir, BLH and friction velocity 
(ZUST) were the leading predictors, reflecting the strong influence of atmospheric mixing and 
coastal dynamics. Meteorological variables dominated PM10 prediction, while AOD and AI 
remained consistently important predictors across all cities. 
 
4. Discussion and Conclusion. AOD and AI were important predictors across all cities, while 
meteorological influences varied, highlighting the need for city-specific models and the value 
of satellite-based aerosol indicators in PM10 prediction. 
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1. Introduction. The academic conversation on climate action in urban settings has 
overwhelmingly privileged large metropolitan areas. Carbon emissions, heat island effects, 
adaptation infrastructure: the evidence base for these concerns is dense where populations are 
densest. Small towns, particularly those below fifty thousand residents, occupy a peripheral 
position in this scholarship, even though they face environmental vulnerabilities that are 
structurally distinct from those of cities [1,2]. 
The Cittaslow movement complicates this picture in a productive way. Founded in Italy in 1999 
and now spanning more than two hundred and fifty member towns across thirty three countries, 
the network provides small municipalities with a structured sustainability framework organized 
around seven macro areas and seventy two certification criteria [1,3]. These criteria span energy 
and environmental policy, local gastronomy and product policy, urban quality of life, and 
hospitality, among others. The philosophical foundation is explicit: local identity, gastronomic 
tradition, and environmental stewardship should function as engines of development rather than 
obstacles to it [4,5]. 
What has emerged in the research literature, however, are two parallel tracks that rarely 
acknowledge each other. One track examines Cittaslow through the lens of tourism governance, 
destination marketing, and visitor experience [6,7,8]. The other measures the movement's 
environmental and socio economic footprint, largely within the Polish national network 
[9,10,11]. Between these two tracks lies an analytical gap with practical consequences. Tourism 
scholars ignore environmental outcomes. Environmental researchers disregard tourism 
dynamics. No study asks whether the green infrastructure investments documented in one 
literature produce measurable effects on the tourism attractiveness documented in the other. 
The gap is not merely academic. When a Cittaslow municipality invests in a cycling path, that 
investment simultaneously reduces transport emissions and creates a recreational asset for 
visitors. When it shortens local food supply chains, the intervention lowers food-mile emissions 
while reinforcing the gastronomic identity that draws tourists. When it expands green spaces, it 
mitigates urban heat while improving the experiential quality of the destination. These dual 
functions are intuitive, yet they have never been conceptually modeled or empirically tested. 
This paper addresses that omission. Its objective is to develop a conceptual framework that 
traces the co-benefit pathways between Cittaslow's environmental policy interventions, its 
gastronomic heritage policies, and tourism destination sustainability. The framework generates 
testable propositions and outlines a methodological roadmap for future empirical work. 
 
2. Material and Method. The study �s conceptual �n nature and does not �nvolve pr�mary data 
collect�on. Its analyt�cal mater�al cons�sts of three source categor�es: peer rev�ewed art�cles 
exam�n�ng C�ttaslow cert�f�ed mun�c�pal�t�es, C�ttaslow Internat�onal's cert�f�cat�on 
documentat�on, and theoret�cal work on dest�nat�on susta�nab�l�ty and gastronom�c tour�sm. 
The l�terature search was conducted us�ng the Underm�nd AI ass�sted academ�c search platform. 
Search terms comb�ned C�ttaslow, cl�mate change, env�ronmental pol�cy, tour�sm governance, 
and commun�ty res�l�ence. The temporal scope covered publ�cat�ons from 2000 to 2025. Over 
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one hundred and s�xty sources were screened; twelve core stud�es and fourteen supplementary 
references were reta�ned based on three �nclus�on cr�ter�a: ver�f�ed C�ttaslow membersh�p of the 
study s�te, presence of emp�r�cal data, and relevance to at least one of the three doma�ns under 
�nvest�gat�on (env�ronmental performance, tour�sm governance, gastronom�c �dent�ty). 
The analyt�cal approach follows a conceptual framework development methodology. Ex�st�ng 
emp�r�cal f�nd�ngs were re�nterpreted through a cross doma�n lens, transm�ss�on mechan�sms 
between pol�cy areas were �dent�f�ed, and testable propos�t�ons were formulated. The or�g�nal 
vers�on of th�s paper was wr�tten �n Turk�sh. The Engl�sh translat�on was produced us�ng Claude 
AI (Anthrop�c) and subsequently rev�ewed by the author for term�nolog�cal accuracy, 
conceptual f�del�ty, and scholarly tone. 
 
3. Results   
3.1. EnvIronmental PolIcy Performance In CIttaslow Town.  
The strongest ev�dence on env�ronmental outcomes comes from W�erzb�cka's [9] comparat�ve 
analys�s of cert�f�cat�on and f�ve-year recert�f�cat�on scores across the Pol�sh C�ttaslow network. 
Towns showed measurable score �mprovements �n the energy and env�ronmental pol�cy macro-
area after jo�n�ng the network. Energy eff�c�ency programs, waste management reforms, and 
env�ronmental mon�tor�ng mechan�sms were among the documented �ntervent�ons. Th�s f�nd�ng 
�s s�gn�f�cant because �t establ�shes that cert�f�cat�on �s not s�mply a symbol�c label; �t dr�ves 
�nst�tut�onal behav�or change at the mun�c�pal level. 
The p�cture �s not un�formly pos�t�ve. Batyk et al. [10] surveyed all th�rty-f�ve Pol�sh C�ttaslow 
mun�c�pal�t�es on the�r support for renewable energy deployment and found a d�sconnect 
between strateg�c documents and actual pract�ce. Mun�c�pal development strateg�es ment�oned 
renewable energy targets, but pract�cal support rema�ned low. The researchers attr�buted th�s 
gap to b�nd�ng statutory obl�gat�ons and constra�ned qual�ty of l�fe �nd�ces. Cert�f�cat�on, �n 
other words, generates amb�t�on �n strateg�c rhetor�c w�thout necessar�ly translat�ng that 
amb�t�on �nto energy trans�t�on on the ground. 
Gaz�ńska et al. [12] documented the phys�cal �nvestments that followed cert�f�cat�on �n twenty-
n�ne Pol�sh C�ttaslow towns between 2006 and 2019. Cycl�ng paths, pedestr�an tra�ls, and 
recreat�onal green areas were among the most common post membersh�p �ntervent�ons. 
W�erzb�cka [13] reported s�m�lar patterns for the f�rst f�ve years of membersh�p. These 
�nvestments are class�f�ed �n the ex�st�ng l�terature as e�ther env�ronmental measures or tour�sm 
�nfrastructure, never as both s�multaneously. That s�ngle-ax�s class�f�cat�on obscures the�r dual 
funct�on. 
As a contextual benchmark, Kalbarczyk and Roszyk [14] analyzed counc�l resolut�ons �n f�ve 
small non C�ttaslow towns �n southern W�elkopolska and found that only four to s�x percent of 
resolut�ons addressed cl�mate related top�cs, concentrated �n transport, energy, and water sectors. 
Th�s basel�ne �nd�cates that small town env�ronmental governance �s generally modest, ra�s�ng 
the quest�on of whether C�ttaslow cert�f�cat�on produces a d�fferent�at�on effect. The current 
ev�dence suggests �t does, at least �n the energy and env�ronmental pol�cy doma�n, but the 
absence of matched compar�son groups prevents causal attr�but�on. 
 
3.2. TourIsm Governance and GastronomIc IdentIty.   
On the tour�sm s�de, Presenza and Perano [6] exam�ned C�ttaslow cert�f�ed towns at the 
�nternat�onal level and found that cert�f�cat�on structured and systemat�zed susta�nable tour�sm 
governance. Pol�cy �mplementat�on became more organ�zed, stakeholder part�c�pat�on 
�ncreased, and dest�nat�on management acqu�red an �nst�tut�onal framework �t prev�ously lacked. 
The gastronom�c d�mens�on has rece�ved less systemat�c attent�on but carr�es strong conceptual 
we�ght. N�lsson et al. [7] pos�t�oned C�ttaslow's eco gastronom�c her�tage as a core dest�nat�on 
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development tool, argu�ng that local food �dent�ty and tour�sm attract�veness are structurally 
�ntertw�ned �n slow c�ty contexts. Emmendoerfer et al. [8] traced the co creat�on process of a 
local d�sh �n V�zela, Portugal, demonstrat�ng that gastronom�c attract�veness �n C�ttaslow towns 
depends on commun�ty part�c�pat�on, not just profess�onal market�ng. The slow c�ty �n�t�at�ve, 
they found, prov�ded the �nst�tut�onal scaffold�ng for a gastronom�c attract�on that would not 
have emerged organ�cally. 
The gap between these f�nd�ngs and the env�ronmental ev�dence �s str�k�ng. No study �n the 
rev�ewed corpus asks whether the green �nfrastructure �nvestments documented by Gaz�ńska et 
al. [12] affect the tour�sm governance outcomes documented by Presenza and Perano [6]. No 
study exam�nes whether the gastronom�c her�tage pract�ces descr�bed by N�lsson et al. [7] 
produce env�ronmental co-benef�ts through shortened supply cha�ns or reduced food-m�le 
em�ss�ons. The three ev�dence streams ex�st �n separate analyt�cal compartments. 
 
3.3. The TrIple Co-BenefIt Model.  
The proposed framework rests on a stra�ghtforward prem�se: C�ttaslow's cert�f�cat�on cr�ter�a 
treat env�ronmental pol�cy, gastronom�c pol�cy, and tour�sm governance as separate macro areas, 
but �n pract�ce these areas generate rec�procal effects. 
Component 1: Env#ronmental-to-tour#sm co-benef#ts. Energy eff�c�ency programs reduce 
heat�ng related a�r pollutants, wh�ch �mproves the phys�cal env�ronment qual�ty of the 
dest�nat�on, part�cularly dur�ng w�nter tour�sm seasons. Cycl�ng paths and pedestr�an tra�ls serve 
s�multaneously as low em�ss�on transport �nfrastructure and as recreat�onal tour�sm assets. 
Green space expans�on reduces heat �sland effects wh�le enr�ch�ng the v�s�tor's open a�r 
exper�ence. These connect�ons are �mpl�c�t �n the data reported by W�erzb�cka [9] and Gaz�ńska 
et al. [12] but have never been made expl�c�t. 
Component 2: Gastronomy-to-env#ronment co-benef#ts. Shortened local food supply cha�ns 
reduce transportat�on em�ss�ons. Trad�t�onal agr�cultural pract�ces preserved through C�ttaslow 
cert�f�cat�on use fewer chem�cal �nputs than �ndustr�al monoculture and ma�nta�n so�l carbon 
sequestrat�on capac�ty. Open a�r gastronom�c events (farmers' markets, harvest fest�vals, food 
tra�ls) depend on env�ronmental qual�ty for the�r exper�ent�al value, creat�ng a feedback loop 
between gastronom�c programm�ng and env�ronmental stewardsh�p. 
Component 3: Tour#sm governance as #ntegrat#ve feedback. Presenza and Perano's [6] f�nd�ng 
that cert�f�cat�on structures tour�sm governance �mpl�es an untapped capac�ty: the structured 
governance could serve as the �nst�tut�onal mechan�sm that tracks, evaluates, and reports on 
cross doma�n co benef�ts. That capac�ty �s currently unreal�zed because tour�sm governance 
stud�es do not �ncorporate env�ronmental performance �nd�cators and v�ce versa. 
The model generates four testable propos�t�ons: 
ProposItIon 1: C�ttaslow towns w�th h�gh recert�f�cat�on scores �n the energy and 
env�ronmental pol�cy macro-area w�ll show stronger �mprovements �n tour�sm attract�veness 
�nd�cators compared to towns w�th lower scores. 
ProposItIon 2: A negat�ve assoc�at�on w�ll ex�st between local food supply cha�n length and 
dest�nat�on carbon footpr�nt, and th�s assoc�at�on w�ll strengthen as gastronomy tour�sm 
�ntens�ty �ncreases. 
ProposItIon 3: C�ttaslow towns demonstrat�ng s�multaneous h�gh performance �n both 
env�ronmental and gastronom�c pol�cy areas w�ll produce stronger dest�nat�on susta�nab�l�ty 
outcomes than towns excell�ng �n only one area. 
ProposItIon 4: Post-cert�f�cat�on green �nfrastructure �nvestments w�ll exh�b�t �ndependent 
explanatory power for tour�sm outcomes beyond the�r pr�mary env�ronmental benef�ts. 
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Table 1. Tr�ple Co-Benef�t Pathways and Support�ng Ev�dence 
Co-benefIt 
pathway TransmIssIon mechanIsm SupportIng 

evIdence 

Env�ronmental to 
tour�sm 

Reduced em�ss�ons �mprove dest�nat�on 
env�ronmental qual�ty; green �nfrastructure doubles 
as recreat�onal assets 

[9], [12], [13] 

Gastronomy to 
env�ronment 

Shortened supply cha�ns reduce transport 
em�ss�ons; trad�t�onal agr�culture lowers chem�cal 
�nputs 

[7], [8] 
(�nd�rect) 

Tour�sm governance 
as �ntegrator 

Structured governance enables cross-doma�n 
mon�tor�ng and report�ng 

[6] (potent�al, 
unreal�zed) 

 
4. Discussion and Conclusion. The tr�ple co-benef�t model proposed here represents the f�rst 
conceptual attempt to br�dge three research streams that have developed �ndependently w�th�n 
the C�ttaslow l�terature. S�nce Mayer and Knox's [1] foundat�onal study on small-town 
susta�nab�l�ty, the f�eld has accumulated substant�al emp�r�cal ev�dence, yet �t has not ach�eved 
an �nterd�sc�pl�nary synthes�s. W�erzb�cka's [9,11,13] systemat�c work on the Pol�sh network 
measured env�ronmental and soc�o-econom�c �nd�cators w�thout cons�der�ng tour�sm effects. 
Presenza and Perano [6] analyzed tour�sm governance w�thout engag�ng env�ronmental 
performance data. N�lsson et al. [7] conceptual�zed gastronom�c her�tage w�thout explor�ng �ts 
env�ronmental d�mens�ons. The framework proposed here �s des�gned to break that �solat�on. 
The methodolog�cal �mpl�cat�ons are d�rect. The most consp�cuous weakness �n the current 
ev�dence base �s the absence of compar�son groups. None of the ten core stud�es rev�ewed here 
�mplemented matched non-C�ttaslow controls or quas�-exper�mental des�gns. D�fference-�n-
d�fferences analyses explo�t�ng cert�f�cat�on t�m�ng, or synthet�c control methods us�ng non-
member towns as comparators, would represent a substant�al advance. Test�ng the proposed 
framework emp�r�cally would requ�re �ntegrat�ng secondary databases: Copern�cus cl�mate data, 
Eurostat tour�sm stat�st�cs, and nat�onal env�ronmental agency reports could be comb�ned w�th 
C�ttaslow cert�f�cat�on scores to construct mult�-doma�n performance prof�les. 
For pract�ce, the model offers two act�onable �mpl�cat�ons. At the C�ttaslow Internat�onal level, 
recert�f�cat�on processes could �ncorporate cross-doma�n co-benef�t �nd�cators, enabl�ng a more 
accurate assessment of each town's �ntegrated performance. At the mun�c�pal level, plann�ng 
env�ronmental �ntervent�ons w�th tour�sm co-benef�ts �n m�nd could mult�ply the return on 
l�m�ted resources. A cycl�ng path des�gned s�multaneously as a gastronomy route connect�ng 
local producers' sales po�nts would generate env�ronmental, gastronom�c, and tour�sm value 
from a s�ngle �nvestment. 
The study's pr�nc�pal l�m�tat�on �s �ts conceptual nature. The model has not been emp�r�cally 
tested. Its val�d�ty across d�fferent geograph�c and cultural contexts (Italy, Turkey, South Korea, 
Austral�a) rema�ns an open quest�on. Moderat�ng var�ables such as cl�mate cond�t�ons, tour�sm 
�ntens�ty, and the strength of local gastronom�c trad�t�on have not been �ncorporated. These 
l�m�tat�ons def�ne the agenda for the next phase of research. 
In sum, C�ttaslow cert�f�cat�on produces env�ronmental, gastronom�c, and tour�sm governance 
outcomes that the ex�st�ng l�terature treats as �ndependent. The framework proposed here 
suggests they are �nterdependent, and that recogn�z�ng the�r �nterdependence both advances 
theoret�cal understand�ng and creates pract�cal opportun�t�es for small-town susta�nable 
development. 
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1. IntroductIon. A town jo�ns the C�ttaslow network, restructures �ts env�ronmental pol�c�es, 
�nvests �n cycl�ng paths and green spaces, promotes local food product�on, and earns 
recert�f�cat�on f�ve years later w�th �mproved scores across mult�ple doma�ns. By �nst�tut�onal 
measures, the cert�f�cat�on works. Then a researcher surveys the town's res�dents and d�scovers 
that most of them cannot expla�n what C�ttaslow means or how �t relates to the�r da�ly l�ves [1]. 
The �nst�tut�onal ach�evement and the soc�etal real�ty occupy d�fferent planes. 
Th�s d�screpancy �s not a m�nor footnote �n the C�ttaslow l�terature. It s�ts at the center of a 
quest�on the movement has not adequately confronted: can a susta�nab�l�ty framework succeed 
at the mun�c�pal level wh�le rema�n�ng �nv�s�ble at the commun�ty level? The emp�r�cal record 
suggests the answer �s compl�cated. W�erzb�cka [2] documented measurable �mprovements �n 
energy and env�ronmental pol�cy �nd�cators across the Pol�sh C�ttaslow network. Gaz�ńska et 
al. [3] cataloged �nfrastructure �nvestments �n twenty-n�ne cert�f�ed towns. Fareln�k and 
W�erzb�cka [4] reported that mayors perce�ved pos�t�ve soc�al, econom�c, and spat�al effects of 
membersh�p. At the governance level, the ev�dence po�nts �n a cons�stent d�rect�on. 
The res�dent-level ev�dence tells a d�fferent story. Stanow�cka et al. [1] found that brand 
awareness among Pol�sh C�ttaslow res�dents was �nsuff�c�ent to support the movement's 
susta�nab�l�ty object�ves. Batyk and Woźn�ak [5] surveyed res�dents �n ten member towns and 
reported that most respondents d�d not assoc�ate C�ttaslow membersh�p w�th any �mprovement 
�n the�r qual�ty of l�fe. These f�nd�ngs, taken together, descr�be a paradox: �nst�tut�onal 
performance advances wh�le soc�etal ownersh�p stagnates. 
For gastronomy tour�sm, th�s paradox carr�es part�cular we�ght. C�ttaslow towns pos�t�on 
gastronom�c her�tage at the core of the�r dest�nat�on �dent�ty [6,7]. Local producers, restaurant 
owners, market vendors, and ord�nary res�dents are the pr�mary actors who shape the tour�st's 
gastronom�c exper�ence. When these actors are unaware of the C�ttaslow �dent�ty that 
supposedly def�nes the�r town, the authent�c�ty prom�se of gastronom�c tour�sm lacks �ts most 
�mportant transm�ss�on channel. 
Th�s paper analyzes the awareness paradox through a gastronomy tour�sm lens. Three research 
quest�ons gu�de the analys�s. F�rst, through what mechan�sms does low res�dent awareness 
weaken gastronom�c tour�sm exper�ence? Second, how does the awareness def�c�t constra�n 
commun�ty-level susta�nab�l�ty mob�l�zat�on? Th�rd, what conceptual �ntervent�on po�nts can 
be �dent�f�ed to address the paradox? 
 
2. MaterIal and Method.  Th�s study �s conceptual and does not �nvolve pr�mary data collect�on. 
The analyt�cal mater�al compr�ses peer-rev�ewed art�cles publ�shed between 2006 and 2025 that 
exam�ne C�ttaslow-cert�f�ed mun�c�pal�t�es, w�th part�cular attent�on to stud�es address�ng 
res�dent percept�ons, brand awareness, qual�ty of l�fe assessments, and commun�ty part�c�pat�on. 
L�terature �dent�f�cat�on was conducted through the Underm�nd AI-ass�sted academ�c search 
platform. The search comb�ned C�ttaslow, cl�mate change, env�ronmental susta�nab�l�ty, 
tour�sm governance, and commun�ty res�l�ence as key concepts. Over one hundred and s�xty 
sources were evaluated; twelve core stud�es address�ng res�dent-level percept�ons �n ver�f�ed 
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C�ttaslow towns and e�ght supplementary references on gastronom�c tour�sm �dent�ty were 
reta�ned for analys�s. Select�on cr�ter�a requ�red ver�f�ed C�ttaslow membersh�p, emp�r�cal data 
content, and engagement w�th the awareness or percept�on d�mens�on. 
The methodology follows a conceptual framework development approach through cr�t�cal 
narrat�ve synthes�s. Ex�st�ng emp�r�cal f�nd�ngs were re�nterpreted to �dent�fy paradox 
components, relat�onsh�ps between components were modeled, and testable propos�t�ons for 
future research were generated. The study does not employ meta-analyt�c or systemat�c rev�ew 
protocols. The or�g�nal vers�on of th�s paper was wr�tten �n Turk�sh. The Engl�sh translat�on was 
produced us�ng Claude AI (Anthrop�c) and subsequently rev�ewed by the author for 
term�nolog�cal accuracy, conceptual f�del�ty, and scholarly tone. 
 
3. Results. Three components of the awareness paradox emerged from the l�terature synthes�s. 
Each �s presented w�th �ts support�ng ev�dence below. 
 
3.1. The InstItutIonal-SocIetal PerceptIon Gap 
The ev�dence for �nst�tut�onal performance �s robust. W�erzb�cka's [2] comparat�ve analys�s of 
cert�f�cat�on and recert�f�cat�on scores across the Pol�sh network showed that member towns 
ach�eved measurable progress �n the energy and env�ronmental pol�cy macro-area dur�ng the�r 
f�rst f�ve years. The �mprovements were not rhetor�cal; they reflected documented mun�c�pal 
act�ons �n energy eff�c�ency, waste management, and env�ronmental mon�tor�ng. Gaz�ńska et al. 
[3] corroborated th�s p�cture by mapp�ng �nfrastructure �nvestments (cycl�ng paths, walk�ng 
tra�ls, recreat�onal areas) that �ntens�f�ed after cert�f�cat�on �n twenty-n�ne towns between 2006 
and 2019. W�erzb�cka [8] recorded parallel developments �n tour�sm, her�tage conservat�on, and 
urban �nfrastructure dur�ng the �n�t�al membersh�p per�od. 
Res�dent percept�ons d�d not m�rror these �nst�tut�onal ga�ns. Batyk and Woźn�ak [5] conducted 
surveys across ten Pol�sh C�ttaslow towns and found that most respondents fa�led to connect 
C�ttaslow membersh�p w�th tang�ble qual�ty-of-l�fe �mprovements. The changes happen�ng 
around them, the new cycl�ng paths, the greener spaces, the restructured waste systems, were 
e�ther not perce�ved or not attr�buted to the C�ttaslow framework. Fareln�k and W�erzb�cka [4] 
showed that mayors perce�ved mult�d�mens�onal benef�ts from membersh�p, but th�s execut�ve-
level awareness d�d not percolate to the c�t�zen level. The governance layer and the l�ved-
exper�ence layer operated w�th d�fferent �nformat�on sets. 
 
3.2. Brand Awareness and GastronomIc TourIsm IdentIty 
Stanow�cka et al. [1] prov�ded the most d�rect ev�dence on brand awareness. The�r survey of 
res�dents �n Pol�sh C�ttaslow towns concluded that awareness levels were too low to support 
the susta�nable development goals embedded �n the cert�f�cat�on. The �mpl�cat�ons for 
gastronomy tour�sm are �mmed�ate but have not been drawn �n the ex�st�ng l�terature. 
Gastronom�c tour�sm exper�ence der�ves �ts authent�c�ty from the qual�ty of �nteract�on between 
v�s�tors and local commun�t�es. N�lsson et al. [6] framed C�ttaslow's eco-gastronom�c her�tage 
as a dest�nat�on development �nstrument, argu�ng that local food �dent�ty and dest�nat�on 
brand�ng form an �ntegrated structure. Emmendoerfer et al. [7] traced the co-creat�on of a local 
d�sh �n V�zela, Portugal, and showed that the process requ�red act�ve commun�ty engagement; 
the C�ttaslow �n�t�at�ve prov�ded �nst�tut�onal scaffold�ng, but the gastronom�c attract�on �tself 
was a collect�ve product. Ç�çek et al. [9] demonstrated emp�r�cally that the Slow C�ty movement 
strengthened place authent�c�ty percept�ons and that th�s strengthened authent�c�ty pos�t�vely 
�nfluenced entrepreneur�al opportun�t�es and econom�c development. 
The common thread across these stud�es �s that gastronom�c tour�sm �dent�ty cannot be 
manufactured by �nst�tut�onal decree alone. It requ�res res�dents who understand the brand, 



34 

�dent�fy w�th �t, and commun�cate �t through the�r da�ly �nteract�ons w�th v�s�tors. A local 
producer at a farmers' market who knows what C�ttaslow stands for tells a d�fferent story about 
the cheese she sells than one who has never heard the term. A restaurant owner who understands 
the movement's gastronom�c ph�losophy curates a menu w�th �ntent�onal�ty; one who does not 
s�mply serves food. The brand awareness def�c�t, measured by Stanow�cka et al. [1], means that 
th�s transm�ss�on channel operates at reduced capac�ty across the network. 
3.3. ConstraIned CommunIty MobIlIzatIon 
The th�rd d�mens�on of the paradox concerns collect�ve act�on. Susta�nab�l�ty trans�t�ons at the 
local level requ�re commun�ty buy-�n, and commun�ty buy-�n requ�res awareness of what �s 
be�ng asked and why. Brodz�ńsk� and Kurowska [10] stud�ed res�dent surveys �n L�dzbark 
Warm�ńsk� and found that C�ttaslow membersh�p had a pos�t�ve but l�m�ted effect on 
part�c�patory dynam�cs and qual�ty-of-l�fe percept�ons. Park and K�m [11] reported from 
Goolwa, Austral�a, that C�ttaslow ph�losophy enhanced commun�ty �nvolvement and 
empowerment, though the mechan�sms translat�ng empowerment �nto concrete susta�nab�l�ty 
act�ons rema�ned unclear. 
The constra�nt operates �n both d�rect�ons. Low awareness l�m�ts res�dents' capac�ty to 
part�c�pate �n susta�nab�l�ty �n�t�at�ves because they do not recogn�ze the �nst�tut�onal framework 
that organ�zes those �n�t�at�ves. S�multaneously, the absence of res�dent part�c�pat�on weakens 
the mun�c�pal�ty's capac�ty to �mplement amb�t�ous env�ronmental or gastronom�c programs 
because those programs depend on voluntary commun�ty engagement for the�r effect�veness. 
Kalbarczyk and Roszyk [12] offer an �nd�rect benchmark. In f�ve small non-C�ttaslow Pol�sh 
towns, only four to s�x percent of counc�l resolut�ons addressed cl�mate-related top�cs. Whether 
C�ttaslow towns s�gn�f�cantly outperform th�s basel�ne �n terms of commun�ty-level cl�mate 
engagement cannot be establ�shed w�th current data, prec�sely because ex�st�ng stud�es measure 
�nst�tut�onal outputs rather than commun�ty-level part�c�pat�on �n env�ronmental act�on. 
W�erzb�cka [13] documented substant�al soc�o-econom�c heterogene�ty across twenty-e�ght 
Pol�sh C�ttaslow towns, wh�ch suggests that the paradox does not man�fest un�formly. Towns 
w�th stronger econom�c bases and h�gher qual�ty-of-l�fe �nd�ces may have res�dents more 
recept�ve to brand engagement, wh�le towns fac�ng structural constra�nts may struggle to 
generate awareness even when �nst�tut�onal performance �s strong. 
Table 1. Components of the Awareness Paradox and Support�ng Ev�dence 

Component Core fIndIng SupportIng 
sources 

Inst�tut�onal-soc�etal 
percept�on gap 

Cert�f�cat�on produces measurable �nst�tut�onal 
�mprovements that res�dents ne�ther perce�ve nor 
attr�bute to C�ttaslow 

[2], [3], [4], 
[5], [8] 

Brand awareness and 
gastronom�c �dent�ty 

Low awareness prevents res�dents from funct�on�ng 
as brand ambassadors �n gastronom�c tour�sm 
encounters 

[1], [6], [7], 
[9] 

Constra�ned 
commun�ty 
mob�l�zat�on 

Awareness def�c�t weakens the soc�etal base needed 
for susta�nab�l�ty and env�ronmental act�on 

[10], [11], 
[12], [13] 

The model operates as follows. C�ttaslow cert�f�cat�on generates env�ronmental and 
gastronom�c pol�c�es at the mun�c�pal level. These pol�c�es produce �nst�tut�onal outputs: 
�nfrastructure �nvestments, energy eff�c�ency ga�ns, local food support mechan�sms. The 
translat�on of these outputs �nto gastronom�c tour�sm exper�ence and commun�ty susta�nab�l�ty 
act�on depends on res�dent awareness as a med�at�ng var�able. When awareness �s low, a fracture 
opens between �nst�tut�onal outputs and soc�etal ownersh�p. That fracture weakens both the 
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gastronom�c authent�c�ty perce�ved by v�s�tors and the commun�ty's capac�ty to mob�l�ze around 
susta�nab�l�ty object�ves. 
 
4. Discussion and Conclusion. The awareness paradox �dent�f�ed here exposes a structural 
vulnerab�l�ty �n the C�ttaslow model. The movement's cert�f�cat�on system �s des�gned to 
evaluate and �mprove mun�c�pal-level performance across seven macro-areas, and the ev�dence 
from the Pol�sh network conf�rms that �t does so w�th measurable effect [2,8,13]. What the 
system does not evaluate, and what th�s analys�s reveals as a cr�t�cal gap, �s whether �nst�tut�onal 
performance resonates at the commun�ty level. 
The theoret�cal �mpl�cat�on �s that C�ttaslow research needs to treat res�dent perspect�ve as an 
�ndependent un�t of analys�s rather than a secondary data po�nt. W�erzb�cka's [2,8,13] body of 
work prov�des an �nvaluable �nst�tut�onal basel�ne but does not systemat�cally exam�ne how 
res�dents exper�ence, �nterpret, or engage w�th the changes happen�ng around them. Presenza 
and Perano [14] analyzed tour�sm governance as an �nst�tut�onal phenomenon w�thout 
quest�on�ng �ts soc�etal leg�t�macy base. The paradox concept proposed here suggests that 
�nst�tut�onal governance and soc�etal ownersh�p are not redundant categor�es; they can d�verge, 
and when they do, the consequences for dest�nat�on susta�nab�l�ty are tang�ble. 
For gastronomy tour�sm spec�f�cally, the paradox touches the authent�c�ty quest�on d�rectly. 
Tour�sts seek�ng gastronom�c exper�ences �n C�ttaslow dest�nat�ons encounter local 
commun�t�es as the pr�mary med�ators of authent�c�ty. The vendor at the farmers' market, the 
fam�ly runn�ng a trad�t�onal restaurant, the res�dent shar�ng a local rec�pe: these �nteract�ons 
const�tute the gastronom�c exper�ence �n ways that �nst�tut�onal market�ng cannot repl�cate. 
When these med�ators are unaware of the C�ttaslow �dent�ty, the dest�nat�on's gastronom�c 
narrat�ve reaches v�s�tors �n fragmented and �ncons�stent form. Over t�me, that �ncons�stency 
r�sks erod�ng the dest�nat�on brand �tself. 
Three conceptual �ntervent�on po�nts emerge from the analys�s. The f�rst targets the cert�f�cat�on 
mechan�sm �tself. Incorporat�ng res�dent awareness and part�c�pat�on �nd�cators �nto the 
recert�f�cat�on process would connect �nst�tut�onal performance w�th soc�etal leg�t�macy. The 
second targets gastronom�c tour�sm programm�ng. Local food events, farmers' markets, and 
gastronomy routes could be redes�gned as veh�cles for commun�cat�ng the C�ttaslow �dent�ty to 
res�dents, not only to tour�sts. The th�rd targets commun�cat�on strategy. Awareness campa�gns 
address�ng res�dents spec�f�cally, fram�ng cert�f�cat�on not as an abstract �nternat�onal label but 
as a concrete value propos�t�on relevant to da�ly l�fe, could beg�n clos�ng the awareness gap. 
The pr�nc�pal l�m�tat�on of th�s study �s �ts conceptual character. The paradox's magn�tude, 
mechan�sms, and contextual var�at�ons requ�re emp�r�cal �nvest�gat�on through m�xed-methods 
research at the res�dent level. The ev�dence base draws predom�nantly from the Pol�sh network, 
wh�ch constra�ns general�zab�l�ty. Comparat�ve research across Turk�sh, Ital�an, and South 
Korean C�ttaslow networks would clar�fy whether the paradox �s un�versal or context-
dependent. 
The C�ttaslow movement offers small towns an �nst�tut�onal framework of genu�ne value. 
Whether that value reaches the people who l�ve �n those towns, and whether the�r awareness 
shapes the gastronom�c tour�sm exper�ence that v�s�tors seek, are quest�ons that the current 
l�terature has only begun to ask. The awareness paradox descr�bed here suggests that the 
d�stance between �nst�tut�onal ach�evement and soc�etal ownersh�p �s w�der than the 
movement's advocates have acknowledged, and that clos�ng �t may be the s�ngle most 
consequent�al step toward authent�c dest�nat�on susta�nab�l�ty. 
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1. Introduction. C�t�es are major contr�butors to env�ronmental susta�nab�l�ty challenges, 
part�cularly through greenhouse gas (GHG) em�ss�ons, w�th carbon d�ox�de (CO₂) be�ng the 
pr�mary dr�ver of cl�mate change. Therefore, accurately quant�fy�ng and report�ng the carbon 
footpr�nt (CF) of urban areas �s essent�al for develop�ng effect�ve m�t�gat�on and adaptat�on 
strateg�es [1]. Urban carbon footpr�nt assessment methods are generally class�f�ed �nto three 
categor�es. The terr�tor�al-based approach measures em�ss�ons w�th�n c�ty boundar�es (Scopes 
1 and 2) and �s the most w�dely used method [2–4]. In contrast, the consumpt�on-based approach 
accounts for em�ss�ons embedded �n goods and serv�ces consumed w�th�n the c�ty, captur�ng 
global supply cha�n �mpacts [5,6]. Hybr�d approaches comb�ne both perspect�ves, �ntegrat�ng 
d�rect and �nd�rect em�ss�ons (Scopes 1–3) to prov�de a more comprehens�ve assessment. These 
methods are al�gned w�th �nternat�onal frameworks such as the GHG Protocol for C�t�es (GPC) 
and IPCC Gu�del�nes. 
 
2. Material and Method. In this study, the carbon footprint of Zonguldak was estimated using 
a territorial-based approach in line with the IPCC Guidelines and the GHG Protocol for Cities 
(GPC), focusing on Scope 1 and Scope 2 emissions within city boundaries. The analysis was 
based on activity data, including energy consumption, transportation, water use, and waste 
generation, obtained from official reports. 
Em�ss�ons were calculated us�ng IPCC-based em�ss�on factors accord�ng to the equat�on:The 
carbon footpr�nt was calculated us�ng IPCC-based em�ss�on factors. The formula used: 
E = AD × EF 
The act�v�ty data and est�mated veh�cle d�str�but�on by fuel type are summar�zed �n Table 1 and 
Table 2, respect�vely. 
Table 1. Urban Act�v�ty Data for Zonguldak 
Parameter Value UnIt DescrIptIon 
Populat�on 588,510 persons Total populat�on 

Coal consumpt�on 7,930,697 tons/year Industr�al + energy 
sector 

Natural gas consumpt�on 619,784,617 m³/year Res�dent�al + �ndustr�al 
Electr�c�ty consumpt�on (per 
cap�ta) 5,582 kWh/person-

year Average consumpt�on 

Total electr�c�ty consumpt�on 3,285,000,000 kWh/year Est�mated total 
Water consumpt�on 135 L/person-day Domest�c water use 
Total water consumpt�on ~29,000,000 m³/year Annual est�mate 
Sol�d waste generat�on 162,082 tons/year Mun�c�pal waste 

Number of veh�cles 174,507 veh�cles Total reg�stered 
veh�cles 

 
Table 2. Veh�cle D�str�but�on by Fuel Type 
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Fuel Type Percentage (%) Number of VehIcles 
Gasol�ne (Petrol) 30% 52,352 
D�esel 50% 87,254 
LPG 18% 31,411 
Electr�c/Hybr�d 2% 3,490 
Total 100% 174,507 
 
3. Results. Total emissions were estimated at approximately 22 million tons CO₂e as presented 
in Table3.  
 
Table 3. Est�mated carbon em�ss�ons by sector 
Source Em�ss�ons (tCO2e) Share (%) 
Coal 19,000,000 86 
Natural Gas 1,180,000 5 
Electr�c�ty 1,370,000 6 
Transportat�on 349,000 1.5 
Waste 81,000 0.4 
Water 14,500 0.1 

The analys�s of urban act�v�ty data �nd�cates that Zonguldak has a h�ghly energy-�ntens�ve 
em�ss�on prof�le, pr�mar�ly dr�ven by foss�l fuel consumpt�on. The total carbon footpr�nt was 
est�mated to be approx�mately 22 m�ll�on tons of CO₂ equ�valent (tCO₂e) per year, w�th a clear 
dom�nance of coal-based em�ss�ons, wh�ch account for nearly 85–90% of total em�ss�ons. Th�s 
�s largely attr�buted to the presence of thermal power plants and heavy �ndustr�al act�v�t�es, 
part�cularly �n the �ron–steel sector. 

Natural gas and electr�c�ty consumpt�on contr�bute a smaller but st�ll s�gn�f�cant share, 
represent�ng approx�mately 5–6% each of total em�ss�ons. In contrast, em�ss�ons from 
transportat�on, waste generat�on, and water use rema�n relat�vely l�m�ted, collect�vely 
account�ng for less than 3% of total em�ss�ons. The d�str�but�on of veh�cles by fuel type 
�nd�cates a predom�nance of d�esel-powered veh�cles, followed by gasol�ne and LPG, wh�ch 
further supports the contr�but�on of foss�l fuels to urban em�ss�ons. 

4. Discussion and Conclusion. The f�nd�ngs �nd�cate that Zonguldak exh�b�ts a coal-dom�nated 
carbon em�ss�on structure, largely dr�ven by �ts �ndustr�al act�v�t�es and energy product�on 
systems. Compared to other urban areas, where transportat�on and electr�c�ty consumpt�on are 
typ�cally the ma�n contr�butors, the overwhelm�ng share of em�ss�ons from coal h�ghl�ghts a 
d�st�nct reg�onal energy prof�le. 
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1. Introduction – Air pollution is one of the most critical environmental problems affecting 
human health and ecosystems worldwide. Rapid industrialization, urbanization, and increasing 
energy demand have significantly increased atmospheric pollutant concentrations over recent 
decades [1]. Among these pollutants, nitrogen dioxide (NO₂) is particularly important due to its 
role in atmospheric chemistry, contribution to ozone formation, and adverse effects on 
respiratory health [2]. Although ground-based air quality monitoring stations provide accurate 
measurements, their spatial distribution is often limited due to high installation and maintenance 
costs [3]. This limitation restricts the ability to analyze pollution patterns over large areas, 
especially in regions with complex terrain or industrial activities. In this context, satellite-based 
remote sensing has become a powerful alternative, enabling continuous and large-scale 
monitoring of atmospheric pollutants [4]. The Sentinel-5 Precursor (Sentinel-5P) satellite, 
equipped with the TROPOMI sensor, provides high-resolution measurements of atmospheric 
trace gases, including NO₂, with near-daily global coverage [5]. Zonguldak province, located 
in the Black Sea region of Türkiye, is characterized by intensive coal mining, thermal power 
plants, and industrial activities. These characteristics make the region particularly important for 
air pollution studies. This study aims to analyze the seasonal variation of NO₂ concentrations 
over Zonguldak using Sentinel-5P data for the year 2025. The analysis was conducted using the 
Google Earth Engine (GEE) platform, focusing on spatial distribution and temporal variability 
of NO₂ levels. 
 
2. Material and Method - This study aims to analyze the spatial and temporal distribution of 
nitrogen dioxide (NO₂) concentrations over Zonguldak province, located in the northern part of 
Türkiye, a region characterized by intensive coal mining, thermal power generation, and 
industrial activities. The administrative boundaries of the study area were obtained from the 
FAO GAUL dataset and utilized within the Google Earth Engine (GEE) platform to spatially 
constrain the analysis. Satellite-based atmospheric observations were derived from the Sentinel-
5 Precursor (Sentinel-5P) satellite, launched by the European Space Agency (ESA) in 2017 and 
equipped with the Tropospheric Monitoring Instrument (TROPOMI). This sensor provides high 
spatial resolution measurements (approximately 7 × 3.5 km²), enabling the detection of 
atmospheric pollutants at the urban scale. In this study, the Level-3 dataset 
(COPERNICUS/S5P/OFFL/L3_NO2), which provides tropospheric NO₂ column number 
density values in units of µmol/m², was employed. The dataset was temporally filtered to cover 
the year 2025, and pixels with a cloud cover fraction exceeding 30% were excluded. All datasets 
were spatially clipped to the administrative boundaries of Zonguldak. To assess seasonal 
variability, the dataset was categorized into four distinct periods: winter (December 2024–
February 2025), spring (March–May 2025), summer (June–August 2025), and autumn 
(September–November 2025). For each period, mean NO₂ concentration values were computed 
using image collection averaging functions (mean()) available within GEE. Furthermore, 
spatial statistical analyses were conducted using region-based reduction techniques 
(reduceRegion), through which minimum, maximum, mean, and standard deviation values 
were derived to comprehensively evaluate the spatial distribution of NO₂ concentrations. The 
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results were visualized using a standardized color scale ranging from low (green) to high (red) 
concentration values to ensure consistency and comparability across seasonal maps. In addition, 
temporal variability was examined through the generation of a daily time-series dataset for the 
year 2025, enabling the identification of short-term fluctuations and episodic pollution events. 
All spatial outputs were generated at an approximate spatial resolution of 1 km, providing a 
detailed representation of NO₂ distribution patterns across the study area. 
 
3. Results – The seasonal analysis of NO₂ concentrations over Zonguldak province reveals a 
pronounced spatial and temporal variability throughout the year 2025. Daily time-series 
analysis further indicates fluctuations between 4.0 × 10⁻⁵ and 2.5 × 10⁻⁴ µmol/m², reflecting 
both seasonal trends and short-term pollution episodes (Figure 1). 

 
Figure 1. Daily variation of NO₂ column density over Zonguldak Province during 2025 
 
These values are consistent with ranges reported in the literature for polluted urban and 
industrial regions, where NO₂ concentrations typically vary between 1 × 10⁻⁵ and 6 × 10⁻⁵ 
µmol/m², although higher values may occur in areas with intensive industrial activity [6].  
Seasonal mean NO₂ concentrations demonstrate a clear pattern: winter exhibits the highest 
average values (1.10 × 10⁻⁴ µmol/m²), followed by autumn (9.5 × 10⁻⁵ µmol/m²), spring (8.5 × 
10⁻⁵ µmol/m²), and summer (7.5 × 10⁻⁵ µmol/m²). These results indicate that winter NO₂ levels 
are approximately 45–50% higher than those observed in summer, highlighting a strong 
seasonal dependency. The spatial distribution of NO₂ concentrations shows that elevated values 
are predominantly concentrated in coastal and industrial zones, consistent with the presence of 
coal mining activities, thermal power plants, and other anthropogenic emission sources in the 
region (Figure 2). 
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Figure 2. Seasonal spatial distribution of NO₂ concentrations over Zonguldak Province derived 
from Sentinel-5P data: (a) Spring, (b) Summer, (c) Autumn, (d) Winter 2025. 
 
Among all seasons, autumn presents the most pronounced hotspot patterns, whereas summer is 
characterized by more homogeneous and comparatively lower concentration levels. Temporal 
variation supports these findings by revealing distinct peak periods during winter months and 
autumn. These peaks indicate episodic pollution events likely associated with increased fossil 
fuel consumption, residential heating, and intensified industrial emissions. In addition, 
unfavorable meteorological conditions, such as temperature inversions and reduced 
atmospheric mixing, contribute to the accumulation of pollutants during these periods. In 
contrast, summer exhibits lower NO₂ concentrations, reduced variability, and fewer extreme 
peaks. This pattern can be attributed to enhanced atmospheric dispersion, increased vertical 
mixing, and photochemical processes that facilitate the breakdown of NO₂. Overall, the results 
demonstrate that both anthropogenic emission sources and meteorological conditions play a 
critical role in shaping the seasonal dynamics of NO₂ concentrations over Zonguldak. 
  
4. Discussion and Conclusion - The findings of this study reveal that NO₂ concentrations over 
Zonguldak exhibit pronounced seasonal variability and reflect a hybrid “industrial–urban” air 
pollution profile. Elevated NO₂ levels observed during winter can be attributed to increased 
fossil fuel consumption combined with topographically driven temperature inversion conditions, 
which trap pollutants near the surface. This pattern is consistent with findings reported in the 
literature for industrialized regions. In contrast, lower and more homogeneous NO₂ 
concentrations during summer reflect enhanced atmospheric mixing and the influence of 
photochemical processes. Spatial analysis indicates that higher NO₂ concentrations are 
primarily concentrated in industrial zones and coastal areas, closely associated with coal mining 
activities, thermal power plants, and other anthropogenic emission sources in the region. The 
high spatial resolution provided by Sentinel-5P data enables not only the monitoring of urban 
centers but also the detection of pollution patterns in rural and industrial corridors beyond the 
coverage of ground-based monitoring stations. This highlights the effectiveness of satellite-
based observations as a complementary tool for regional air quality assessment. From a 
sustainable urban planning perspective, the results suggest several practical implications for 
improving air quality in Zonguldak. These include the expansion of centralized heating systems 
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within urban transformation projects, the optimization of flue gas treatment technologies 
(SCR/SNCR) in industrial facilities, and the development of green corridors within 
transportation networks. Furthermore, this study demonstrates that satellite-based monitoring 
systems can serve as a cost-effective and efficient decision-support mechanism for local 
authorities. For future research, integrating satellite observations with ground-based 
measurements and incorporating detailed meteorological parameters would enhance the 
accuracy and interpretability of the results. Additionally, the inclusion of other air pollutants 
(e.g., PM₂.₅, SO₂) and the use of long-term datasets would contribute to a more comprehensive 
understanding of air pollution dynamics in the region. 
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1. Introduction. Cons�der a tour�st at a farmers' market �n a C�ttaslow-cert�f�ed town. She 
samples local cheese from a producer who has been mak�ng �t for three generat�ons. The cheese 
�s except�onal. But the market �s set up �n the town square, and on th�s part�cular morn�ng the 
a�r carr�es a fa�nt acr�d note from coal-f�red res�dent�al heat�ng two streets away. The sensory 
env�ronment �n wh�ch the tast�ng occurs �s part of the tast�ng �tself, whether or not the tour�sm 
l�terature acknowledges �t. 
The C�ttaslow movement, founded �n 1999 and now encompass�ng over two hundred and f�fty 
cert�f�ed towns worldw�de, places gastronomy at the heart of �ts dest�nat�on �dent�ty [1,2]. 
Cert�f�cat�on cr�ter�a expl�c�tly requ�re support for local food product�on, protect�on of 
trad�t�onal cul�nary her�tage, and promot�on of gastronom�c events [3,4]. A parallel set of cr�ter�a 
addresses energy and env�ronmental pol�cy, �nclud�ng energy eff�c�ency, low-em�ss�on mob�l�ty, 
and green space expans�on [5]. These two pol�cy doma�ns, gastronom�c governance and 
env�ronmental governance, coex�st w�th�n the same cert�f�cat�on framework, are �mplemented 
by the same mun�c�pal author�t�es, and affect the same phys�cal spaces. Yet no study has 
exam�ned how they �nteract, and spec�f�cally, no study has asked whether the env�ronmental 
qual�ty of a C�ttaslow dest�nat�on affects the qual�ty of the gastronom�c exper�ence �t offers. 
The om�ss�on �s not un�que to C�ttaslow research. Gastronomy tour�sm scholarsh�p has 
overwhelm�ngly treated gastronom�c exper�ence as a content-dr�ven phenomenon: the food's 
taste, �ts cultural mean�ng, �ts narrat�ve, �ts preparat�on r�tual [6,7]. The phys�cal env�ronment 
�n wh�ch eat�ng, tast�ng, and cul�nary explorat�on take place has been analyzed �n aesthet�c or 
arch�tectural terms but rarely �n env�ronmental qual�ty terms. A�r qual�ty, the most bas�c 
atmospher�c cond�t�on shap�ng any outdoor exper�ence, has rece�ved essent�ally no attent�on �n 
the gastronomy tour�sm l�terature. 
There are reasons to bel�eve th�s overs�ght matters. Gastronomy tour�sm �n small towns, and 
C�ttaslow towns �n part�cular, �s d�sproport�onately an open-a�r act�v�ty. Farmers' markets 
operate �n squares and streets. Harvest fest�vals take place �n f�elds and v�neyards. Terrace 
restaurants and outdoor cafés def�ne the d�n�ng landscape. Food tra�ls connect producers across 
rural terra�n. The atmospher�c qual�ty of these sett�ngs �s not a background cond�t�on that 
v�s�tors can �gnore; �t �s a sensory �nput that shapes the exper�ence �tself. 
On the env�ronmental s�de, C�ttaslow cert�f�cat�on cr�ter�a generate �ntervent�ons w�th d�rect a�r 
qual�ty �mpl�cat�ons. Energy eff�c�ency programs reduce heat�ng-related em�ss�ons. Cycl�ng 
path �nvestments d�splace motor�zed traff�c from town centers. Green space expans�on �ncreases 
vegetat�ve a�r f�ltrat�on capac�ty [5,8,9]. These �ntervent�ons have been documented �n 
env�ronmental terms but never l�nked to the�r effects on the gastronom�c tour�sm exper�ence 
that takes place �n the same phys�cal spaces. 
Th�s paper proposes a conceptual model that pos�t�ons a�r qual�ty as a moderator var�able �n the 
relat�onsh�p between gastronom�c governance capac�ty and dest�nat�on attract�veness �n 
C�ttaslow towns. The object�ves are threefold: to map the a�r-qual�ty-relevant �ntervent�on 
reperto�re embedded �n C�ttaslow cert�f�cat�on, to conceptual�ze the open-a�r dependency of 
gastronomy tour�sm, and to develop testable propos�t�ons l�nk�ng a�r qual�ty cond�t�ons to 
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gastronom�c dest�nat�on outcomes. 
 
2. Material and Method. The study �s conceptual and �nvolves no pr�mary data collect�on. 
Three categor�es of source mater�al �nform the analys�s: peer-rev�ewed stud�es on C�ttaslow-
cert�f�ed mun�c�pal�t�es, C�ttaslow Internat�onal's cert�f�cat�on cr�ter�a documentat�on, and 
theoret�cal work on gastronomy tour�sm and dest�nat�on attract�veness. 
L�terature was �dent�f�ed through the Underm�nd AI-ass�sted academ�c search platform, us�ng 
search terms that comb�ned C�ttaslow, cl�mate change, env�ronmental pol�cy, tour�sm, and 
commun�ty res�l�ence across the 2000 to 2025 publ�cat�on w�ndow. From over one hundred and 
s�xty screened sources, twelve core stud�es and three supplementary references were selected 
based on ver�f�ed C�ttaslow membersh�p, emp�r�cal content, and relevance to e�ther 
env�ronmental �ntervent�ons or gastronomy tour�sm dynam�cs. 
The analyt�cal approach �s conceptual framework development through cr�t�cal narrat�ve 
synthes�s. The process unfolded �n three stages. F�rst, C�ttaslow cert�f�cat�on cr�ter�a were 
analyzed for the�r a�r qual�ty relevance through document rev�ew. Second, gastronomy tour�sm's 
dependency on open-a�r cond�t�ons was conceptual�zed by re�nterpret�ng ex�st�ng emp�r�cal 
f�nd�ngs. Th�rd, these two analyt�cal layers were �ntegrated �nto a moderator var�able model, 
and testable propos�t�ons were formulated. The or�g�nal vers�on of th�s paper was wr�tten �n 
Turk�sh. The Engl�sh translat�on was produced us�ng Claude AI (Anthrop�c) and subsequently 
rev�ewed by the author for term�nolog�cal accuracy, conceptual f�del�ty, and scholarly tone. 
 
3. Results. 3.1. AIr QualIty InterventIons WIthIn the CIttaslow CertIfIcatIon Framework 
C�ttaslow's energy and env�ronmental pol�cy macro-area conta�ns cr�ter�a that bear d�rectly on 
a�r qual�ty, even though the term "a�r qual�ty" does not appear expl�c�tly �n the cert�f�cat�on 
language. The connect�on operates through spec�f�c �ntervent�on types. 
W�erzb�cka [5] analyzed how Pol�sh C�ttaslow towns performed �n th�s macro-area between 
�n�t�al cert�f�cat�on and f�ve-year recert�f�cat�on. Score �mprovements reflected documented 
act�ons �n energy eff�c�ency, env�ronmental mon�tor�ng, and resource management. Energy 
eff�c�ency programs target�ng res�dent�al and publ�c bu�ld�ngs reduce foss�l fuel combust�on for 
heat�ng, wh�ch �s the dom�nant source of part�culate matter and sulfur d�ox�de em�ss�ons �n 
small Central European towns dur�ng w�nter months. The a�r qual�ty benef�t �s a d�rect phys�cal 
consequence of the �ntervent�on, even though ne�ther the cert�f�cat�on system nor the research 
l�terature frames �t �n those terms. 
Gaz�ńska et al. [8] mapped post-cert�f�cat�on �nvestments �n twenty-n�ne Pol�sh C�ttaslow towns 
and found cycl�ng paths, pedestr�an tra�ls, and recreat�onal green areas among the most common 
�ntervent�ons. These �nvestments reconf�gure mob�l�ty patterns w�th�n the town. When res�dents 
and v�s�tors sh�ft from motor�zed transport to cycl�ng or walk�ng, traff�c-related n�trogen 
d�ox�de and part�culate em�ss�ons �n the town center decl�ne. The magn�tude of th�s effect 
depends on the d�splacement rat�o, wh�ch has not been measured �n any C�ttaslow study, but the 
d�rect�onal log�c �s unamb�guous. 
Green space expans�on, documented by both Gaz�ńska et al. [8] and W�erzb�cka [9], contr�butes 
to a�r qual�ty through vegetat�ve f�ltrat�on of part�culate matter, absorpt�on of gaseous pollutants, 
and reduct�on of urban heat �sland effects that concentrate ground-level ozone. These funct�ons 
are well establ�shed �n the urban ecology l�terature but have never been connected to the 
C�ttaslow context. 
Batyk et al. [10] exam�ned renewable energy support across all th�rty-f�ve Pol�sh C�ttaslow 
mun�c�pal�t�es and found pract�cal support lagg�ng beh�nd strateg�c amb�t�ons. Th�s f�nd�ng 
�nd�cates unreal�zed potent�al: a trans�t�on from foss�l fuels to renewable sources would 
el�m�nate combust�on-related em�ss�ons at the�r or�g�n, produc�ng the most d�rect a�r qual�ty 
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benef�t ava�lable to mun�c�pal governance. That the trans�t�on has not mater�al�zed desp�te 
strateg�c rhetor�c suggests a constra�nt that recert�f�cat�on processes m�ght address. 
A contextual reference po�nt comes from Kalbarczyk and Roszyk [11], who stud�ed f�ve non-
C�ttaslow small towns and found that cl�mate-related content appeared �n only four to s�x 
percent of counc�l resolut�ons, concentrated �n transport, energy, and water management. 
Whether C�ttaslow membersh�p elevates th�s proport�on rema�ns unmeasured, but the 
cert�f�cat�on framework's structured attent�on to energy and env�ronmental pol�cy suggests a 
plaus�ble d�fferent�at�on mechan�sm. 
 
Table 1. C�ttaslow Cert�f�cat�on Intervent�ons and A�r Qual�ty Transm�ss�on Mechan�sms 
InterventIon type MechanIsm lInkIng to aIr qualIty EvIdence source 
Energy eff�c�ency 
programs 

Reduced foss�l fuel combust�on lowers 
part�culate matter and SO₂ em�ss�ons [5] 

Low-em�ss�on 
mob�l�ty 
�nvestments 

D�splacement of motor�zed traff�c 
reduces NO₂ and PM �n town centers [8], [9] 

Green space 
expans�on 

Vegetat�ve f�ltrat�on of part�culates; 
ozone precursor absorpt�on; heat �sland 
m�t�gat�on 

[8], [9] 

Renewable energy 
support 

El�m�nat�on of combust�on em�ss�ons at 
source 

[10] (potent�al present, 
�mplementat�on weak) 

Local food supply 
cha�n shorten�ng 

Reduced long-d�stance food transport 
em�ss�ons [6], [7] (�nd�rect) 

3.2. The Open-AIr Dependency of Gastronomy TourIsm 
Gastronomy tour�sm research has treated the gastronom�c encounter as pr�mar�ly a content 
phenomenon. The food, �ts story, �ts preparat�on, �ts cultural embedd�ng: these are the var�ables 
that rece�ve analyt�cal attent�on. The spat�al and atmospher�c cond�t�ons under wh�ch eat�ng, 
tast�ng, and cul�nary explorat�on occur have rema�ned largely unexam�ned. 
N�lsson et al. [6] pos�t�oned eco-gastronom�c her�tage as a dest�nat�on development �nstrument 
but d�d not analyze the phys�cal env�ronments where that her�tage �s presented to v�s�tors. 
Emmendoerfer et al. [7] exam�ned the soc�al process of co-creat�ng a local d�sh �n a C�ttaslow 
town, focus�ng on commun�ty part�c�pat�on dynam�cs w�thout engag�ng the spat�al cond�t�ons 
of the co-creat�on process. Ç�çek et al. [12] demonstrated that Slow C�ty membersh�p 
strengthened place authent�c�ty percept�ons, yet authent�c�ty was operat�onal�zed through soc�al 
and econom�c �nd�cators w�thout env�ronmental qual�ty d�mens�ons. 
What these stud�es share �s a content-centered analyt�cal frame. The gastronom�c exper�ence �s 
exam�ned for what happens on the plate and �n the soc�al �nteract�on around �t, not for what 
happens �n the a�r, the l�ght, and the sensory surround of the sett�ng. Th�s frame �s �ncomplete 
for C�ttaslow dest�nat�ons, where gastronom�c encounters are embedded �n open-a�r 
env�ronments by des�gn rather than by acc�dent. The Slow C�ty ph�losophy act�vely promotes 
publ�c squares, pedestr�an zones, outdoor markets, and rural landscapes as the stages on wh�ch 
local l�fe, �nclud�ng gastronom�c l�fe, unfolds [3,4,13]. 
The dependency operates through mult�ple sensory channels. Olfact�on �s the most obv�ous: 
food aromas at an outdoor market compete w�th, or are contam�nated by, amb�ent odors that 
�nclude veh�cle exhaust, �ndustr�al em�ss�ons, or agr�cultural burn�ng res�dues. Resp�ratory 
comfort affects the durat�on and qual�ty of outdoor d�n�ng, part�cularly for v�s�tors w�th 
resp�ratory sens�t�v�t�es. V�sual atmosphere, wh�ch �ncludes haze, clar�ty, and l�ght qual�ty, 
shapes the aesthet�c exper�ence of eat�ng outdoors. Thermal comfort, �nfluenced by green 
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�nfrastructure and heat �sland effects, determ�nes whether outdoor gastronom�c sett�ngs are 
pleasant or oppress�ve. 
 
3.3. The Moderator VarIable Model 
Synthes�z�ng the two preced�ng f�nd�ngs produces the paper's central propos�t�on: a�r qual�ty 
funct�ons as a moderator var�able �n the relat�onsh�p between gastronom�c governance capac�ty 
and dest�nat�on attract�veness. 
The model's �ndependent var�able �s the C�ttaslow town's gastronom�c governance capac�ty, 
operat�onal�zed through the cert�f�cat�on cr�ter�a relat�ng to local food pol�cy, gastronom�c 
events, trad�t�onal product�on support, and cul�nary her�tage preservat�on. The dependent 
var�able �s gastronom�c dest�nat�on attract�veness, measurable through v�s�tor sat�sfact�on, 
repeat v�s�tat�on �ntent�on, gastronom�c authent�c�ty percept�on, and dest�nat�on loyalty. 
The moderat�ng var�able �s a�r qual�ty. It cond�t�ons the strength of the relat�onsh�p between 
governance capac�ty and attract�veness. In a C�ttaslow town w�th strong gastronom�c 
governance and good a�r qual�ty, open-a�r gastronom�c exper�ences real�ze the�r full exper�ent�al 
potent�al and dest�nat�on attract�veness �s strong. In the same town w�th poor a�r qual�ty, the 
gastronom�c content rema�ns �dent�cal, but the exper�ent�al env�ronment degrades the encounter, 
and attract�veness weakens. 
The model �ntegrates Presenza and Perano's [14] f�nd�ng that cert�f�cat�on structures tour�sm 
governance, W�erzb�cka's [5] ev�dence on env�ronmental pol�cy �mprovements, and N�lsson et 
al.'s [6] conceptual�zat�on of eco-gastronom�c her�tage. In the ex�st�ng l�terature, these three 
elements occupy separate analyt�cal compartments. The moderator model connects them 
through a spec�f�c causal pathway: env�ronmental governance produces a�r qual�ty effects; a�r 
qual�ty cond�t�ons the exper�ent�al translat�on of gastronom�c governance �nto dest�nat�on 
attract�veness. 
Four propos�t�ons are der�ved from the model: 
ProposItIon 1: Tour�st sat�sfact�on w�th open-a�r gastronom�c exper�ences �n C�ttaslow towns 
w�ll correlate pos�t�vely w�th dest�nat�on-level a�r qual�ty �nd�cators. 
ProposItIon 2: C�ttaslow towns w�th h�gh recert�f�cat�on scores �n the energy and 
env�ronmental pol�cy macro-area w�ll outperform low-scor�ng towns on gastronomy tour�sm 
sat�sfact�on measures. 
ProposItIon 3: The moderat�ng effect of a�r qual�ty w�ll be s�gn�f�cantly stronger for open-a�r 
gastronom�c exper�ences than for �ndoor d�n�ng exper�ences w�th�n the same dest�nat�on. 
ProposItIon 4: C�ttaslow towns w�th concentrated low-em�ss�on mob�l�ty �nvestments �n areas 
where gastronom�c tour�sm act�v�ty �s densest (market squares, restaurant d�str�cts, fest�val 
grounds) w�ll exh�b�t h�gher env�ronmental comfort levels and stronger gastronom�c dest�nat�on 
loyalty. 
 
The model's log�c can be summar�zed as follows. C�ttaslow cert�f�cat�on generates two parallel 
pol�cy output streams. The f�rst �s gastronom�c governance (local food support, gastronomy 
events, trad�t�onal product�on preservat�on). The second �s env�ronmental governance (energy 
eff�c�ency, low-em�ss�on mob�l�ty, green �nfrastructure). These two streams produce 
�ndependent effects on dest�nat�on attract�veness. But a port�on of the env�ronmental 
governance stream d�rectly affects a�r qual�ty, and a�r qual�ty �n turn cond�t�ons how effect�vely 
gastronom�c governance translates �nto dest�nat�on attract�veness. Th�s �nd�rect and cond�t�onal 
relat�onsh�p def�nes the moderator funct�on. 
 
4. Discussion and Conclusion The model developed in this paper makes a claim that is 
simultaneously straightforward and absent from the literature: the air that visitors breathe while 
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eating outdoors in a Cittaslow town is part of the gastronomic experience, and the quality of 
that air is shaped by the same certification framework that governs the gastronomic content. 
Straightforward as this claim may seem, its implications for both research and practice are 
substantial. 
For Cittaslow scholarship, the moderator model bridges two research tracks that have developed 
without mutual reference. Wierzbicka's [5,9,15] sustained investigation of the Polish network 
measured environmental and socio-economic indicators with precision but did not extend the 
analysis to tourism experience outcomes. Presenza and Perano [14] examined tourism 
governance without incorporating environmental variables. Nilsson et al. [6] and 
Emmendoerfer et al. [7] explored gastronomic heritage and identity without considering the 
environmental conditions under which gastronomic encounters occur. The air quality concept 
provides a concrete mechanism through which environmental governance and gastronomic 
governance interact, and the moderator model provides a testable structure for investigating that 
interaction. 
For gastronomy tourism research more broadly, the paper introduces an environmental quality 
dimension that the field has not engaged. Gastronomy tourism scholarship has analyzed food, 
culture, narrative, and social interaction in considerable depth. The physical environment of the 
gastronomic encounter, and specifically its atmospheric quality, has remained a blind spot. This 
oversight may be less consequential for indoor dining in metropolitan settings, but it is difficult 
to justify for open-air gastronomic tourism in small towns, where the boundary between the 
meal and the environment dissolves entirely. 
The practical implications follow two paths. For Cittaslow International, integrating air quality 
indicators into the recertification assessment, or at minimum evaluating the environmental 
policy and gastronomy policy macro-areas for cross-domain synergies, would align the 
certification system with the experiential reality of its member towns. For municipal planners, 
the spatial co-location of environmental and gastronomic investments offers an efficiency gain: 
a cycling infrastructure project that connects local producers along a gastronomy route, passing 
through a green corridor that filters air and reduces traffic noise, generates environmental, 
gastronomic, and tourism returns from a single budget line. 

One practical suggestion deserves specific mention. Gastronomic event scheduling could 
incorporate seasonal air quality data. In Polish Cittaslow towns, winter months bring elevated 
particulate concentrations from residential heating. Scheduling signature gastronomic events 
during periods of better air quality, or investing in heating transition programs that reduce winter 
emissions in advance of winter food festival seasons, would operationalize the moderator 
relationship identified in this paper. 

The study carries limitations that define the next research frontier. The model is conceptual and 
untested. Empirical validation requires two types of data that do not currently exist in integrated 
form: air quality measurements at the municipal level (particulate matter, nitrogen dioxide, 
ozone) and gastronomy tourism satisfaction data (visitor surveys, repeat visitation statistics, 
online review scores) for the same Cittaslow destinations. Copernicus atmospheric monitoring 
services and national environmental agency datasets could supply the environmental side; 
primary survey research would need to supply the tourism side. The model's validity should be 
tested across different climate zones because air quality patterns differ substantially between 
Mediterranean, Northern European, and East Asian Cittaslow networks, and the moderating 
effect may vary in strength and mechanism accordingly. 

A further limitation is the Polish concentration of the evidence base [5,8,9,10,15]. Poland's 
Cittaslow towns face winter heating-related air pollution that amplifies the moderator effect for 
cold-season gastronomy tourism. Whether the same mechanism operates with comparable 
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strength in Mediterranean towns, where summer ozone pollution is the dominant concern, or in 
East Asian towns with industrial emission profiles, requires separate investigation. 

The air that surrounds a gastronomic experience is as much a part of that experience as the food 
on the plate. Cittaslow certification shapes both the gastronomic content and the atmospheric 
environment, yet these two outcomes have been studied as if they belonged to different realities. 
The moderator model proposed here is an attempt to reconnect them, grounded in the evidence 
that already exists but has not previously been read together. Whether the model survives 
empirical testing is a question for the next study. That the question itself has not been asked 
until now is, perhaps, the most telling finding of all. 
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1. Introduction. The increasing use of rare earth elements (REE) in various industries has led 
to higher rates of release into the environment, drawing widespread attention to these elements 
as significant new-generation pollutants. The aim of this study is to summarize the distribution 
of REE in global soil and water resources in line with sustainability goals and to contribute to 
the field by examining their effects on plant physiology and development. [1]. 
 
2. Material and Method. As part of this study, the current status of rare earth elements (REEs) 
in the context of plant ecotoxicology was assessed using a literature review methodology. 
Searches were conducted using the Web of Science, Google Scholar, and ScienceDirect 
databases with keywords such as “rare earth elements,” “plants,” “bioavailability,” and “growth 
and development.” Articles published primarily between 2005 and 2026 in peer-reviewed 
environmental and toxicology journals were reviewed [1-3]. 
 
3. Results. Mining activities and the agricultural use of NTE are the primary sources of the 
accumulation of these elements in soil. While more than 99.5% of exogenous NTE entering the 
soil is absorbed by the soil’s solid phase, ecosystems near mining waste sites are more 
significantly affected by contamination. 
 
The key findings from the study of interactions with plants are as follows: 
 
Under normal conditions, the transfer/bioavailability factor of NTE from soil to plants is less 
than 1. However, some hyperaccumulator fern species, such as Dicranopteris dichotoma, can 
accumulate NTEs equivalent to 0.17% to 0.38% of their dry weight. 
 
The effect of NTE on plant growth is dose-dependent; while low concentrations promote seed 
germination and seedling growth, high concentrations exhibit an opposite effect beyond a 
certain threshold, leading to cellular damage and necrosis. 
 
NTE applications at appropriate doses increase antioxidant enzyme activities, thereby 
enhancing plants’ resistance to abiotic stresses such as drought, low temperature, and salinity. 
 
At the cellular level, NTEs compete for calcium-binding sites due to their structural and 
chemical similarities; they can pass through Ca+ channels in the cell membrane, displace 
calcium in the chloroplast matrix, and affect photosynthetic efficiency. 
 
4. Discussion and Conclusion. NTE have multifaceted and complex physiological effects on 
plants. While they have been observed to increase plant stress tolerance at low doses, their slow 
and continuous accumulation in the environment can pose a significant ecological problem in 
potential contamination zones. Elemental monitoring studies conducted in laboratory settings 
using advanced analytical spectroscopic techniques provide a critical foundation for elucidating 
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bioavailability mechanisms and developing more sustainable strategies for the use of rare earth 
elements. 
 
 
5. References 

[1] Y. Tao, L. Shen, C. Feng, R. Yang, J. Qu, H. Ju, Y. Zhang, Environmental Pollution, 298, 
(2022) 118540. 

[2] Cheng, M.Z., Wang, L.H., Yang, Q., et al., 2018. A detection method in living plant cells 

for rapidly monitoring the response of plants to exogenous lanthanum. Ecotoxicol. Environ. 
Saf. 158 (8), 94–99. https://doi.org/10.1016/j.ecoenv.2018.04.021.  

[3] Ghosal, S., Agrahari, S., Banerjee, S., et al., 2020. Geochemistry of the heavy mineral 

sands from the garampeta to the markandi beach, southern coast of odisha, India:implications 
of high contents of REE and radioelements attributed to placer monazite  J. Earth Syst. Sci. 
129 (1), 1–12. https://doi.org/10.1007/s12040-020-01419-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1007/s12040-020-01419-8


53 

Green Analytical Approaches to the Monitoring of Air Pollutants Using 
Spectroscopic Methods 

 
Sinem Çolak(1), Koray Alper(1) 

 
(1,2) Corresponding Author, Department of Chemical and Chemical Processing Technologies, Çaycuma 

Food and Agriculture Vocational School, Zonguldak Bülent Ecevit University, Zonguldak, 67600, 
Türkiye. sinem.colak@beun.edu.tr 

 
 
1. Introduction. Air sampling filters are widely used in industrial work environments to 
monitor air pollution, particulate matter concentrations, and respirable hazardous components. 
The detailed chemical characterization of pollutants requires filters that meet important 
analytical constraints, such as resistance to chemical extraction processes and permeability to 
electromagnetic waves. Today, advanced analytical techniques such as Fourier Transform 
Infrared (FTIR) and Raman spectroscopy stand out as non-destructive methods that enable the 
direct examination of particles collected on membrane filters [1,2,3]. 
 
2. Material and Method. The objective of this study was to identify filters that can be used to 
determine the mass concentration of air pollutants and subsequently analyze their chemical 
composition using FTIR and Raman spectroscopy. To this end, the relevant literature was 
reviewed, and the chemical and physical properties of 12 different commercially available filter 
materials were examined in a comparative analysis. 
 
3. Results. The results of the studies revealed that PTFE (Teflon) and PVC membrane filters 
have very low infrared (IR) absorbance and, as a result, perform well in FTIR analyses (Figure 
1). In Raman spectroscopy measurements, it was found that polycarbonate and silver membrane 
filters do not cause spectral interference (Figure 2). Furthermore, it was observed that porous 
silver membrane filters can improve analytical sensitivity and signal quality by enhancing 
Raman scattering. For spectral analyses conducted using FTIR and Raman instruments to be 
successful, it is essential that the filters are spectrally neutral. 

 
 
FIgure 1. Compar�son of blank membrane f�lters for FTIR [1] 
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FIgure 2. Raman spectras [1] 
 
4. Discussion and Conclusion. Traditional methods for measuring air pollutants typically 
involve steps such as burning the sample (ashing) to destroy the organic matrix. However, by 
selecting suitable membrane filters (e.g., PTFE, PVC, or polycarbonate) that prevent spectral 
interference in the analysis region, an environmentally friendly measurement concept is 
achieved that is non-destructive, reduces chemical consumption, and provides rapid data. 
Aligned with the “Green Analytical Chemistry” vision, these direct-on-filter measurements 
provide an innovative infrastructure for industrial hygiene applications and environmental 
monitoring. 
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1. Introduction. Air pollution remains a major environmental health threat globally, with the 
WHO estimating millions of premature deaths annually from poor ambient air quality [1]. In 
Türkiye, rapid urbanisation, industrial expansion, and rising motor vehicle density have driven 
the development of a comprehensive air quality management framework aligned with the EU 
environmental acquis [2]. The 2025 Climate Law No. 7552 has further integrated air quality 
with the national net-zero target [3]. This study analyses Türkiye's current air quality legislation 
and its local implementation, using Zonguldak — a Black Sea coastal city with distinctive 
topographical and industrial features — as a case study. 
 
2. Material and Method. A qualitative document analysis was conducted covering: the Air 
Quality Assessment and Management Regulation (2008), source-specific control regulations 
(heating, industry, exhaust, fuel quality), Climate Law No. 7552 (2025). The technical 
assessment examined the HEY Emission Management System (1 km × 1 km resolution 
modelling) and the national monitoring network (urban, traffic, industrial, rural stations) with 
real-time public data via www.havaizleme.gov.tr. Historical Zonguldak data were retrieved 
from the HEY and World Air Quality database (aqicn.org). 
 

3. Results. The regulatory framework imposes progressively tightening limit values, alert 
thresholds, mandatory clean air plans (Art. 10), and short-term action plans (Art. 11) with public 
information obligations (Art. 13). Institutionally, regional Clean Air Centres coordinate 
between relevant General Directorates, while the HEY system enables GIS-based street-level 

air 

quality mapping. The monitoring network continuously measures SO₂, PM₁₀, PM₂.₅, NOₓ, O₃, 
and CO,. 
Cr�t�cal data gaps �dent�f�ed �nclude the absence of ne�ghbourhood-scale fuel use rat�os, 
�ncomplete small enterpr�se em�ss�on �nventor�es around stat�ons, and �nsuff�c�ent �ntegrat�on 
of traff�c and port data �nto the HEY platform. The 2025 Cl�mate Law b�nds a�r qual�ty 
�mprovement to the 2053 net-zero pathway. 
 

4. Discussion and Conclusion. Türkiye possesses a robust and progressively structured air 
quality legislative framework with expanding technical infrastructure. However, Zonguldak 
exemplifies the implementation gap: topographical constraints, persistent solid fuel dependency, 
and multiple emission sources create a complex profile demanding locally tailored strategies 
beyond generic regulation. The Climate Law's integration of air quality and decarbonisation 

  Table 1. Key factors affect�ng a�r qual�ty �n Zonguldak Prov�nce 
Factor Impact Data RequIrement 

Topography 
Restr�cts d�spers�on; valley 

�nvers�ons 

H�gh-resolut�on meteorolog�cal 
modell�ng 

Sol�d fuel use 
Major PM₁₀ and SO₂ source �n 

w�nter 

Ne�ghbourhood fuel consumpt�on 
data 

Traff�c dens�ty 
Elevated NOₓ and PM �n urban 

core 

Traff�c count and fleet 
compos�t�on 
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policies offers transformative co-benefits. Priority actions include local emission inventories 
integrated with HEY, neighbourhood fuel surveys, expanded monitoring at traffic and port 
hotspots, and alignment of provincial clean air plans with climate obligations.  
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1. Introduction. Sports facilities are among the building types that generate considerable 
environmental impacts due to their intensive energy use, water consumption, operational 
demands, and associated transportation activities. Heating, cooling, lighting, ventilation, and 
service functions increase the operational footprint of such facilities, making them a critical 
field for green transformation and climate action. In recent years, sustainable sports architecture 
has evolved from isolated interventions toward integrated strategies that combine renewable 
energy systems, passive design, efficient building envelopes, operational sustainability, and 
urban integration [1–5]. 
 
The literature reveals that renewable energy integration, especially solar and geothermal 
systems, plays a major role in reducing fossil fuel dependence in sports buildings [1,2,6]. In 
parallel, passive design strategies and high-performance building envelopes have been shown 
to reduce heating and cooling loads significantly [4,7]. Beyond the building scale, sustainable 
sports facilities are increasingly assessed in relation to urban accessibility, land use, water 
management, and stakeholder expectations [3,5,8]. This broader perspective is especially 
important for existing urban recreational facilities, where sustainable upgrading can support 
both climate action and more efficient land use without requiring new construction. 
 
Within this context, the present study focuses on the Zonguldak Tennis and Marine Sports Club, 
an existing coastal recreational facility in Zonguldak, Türkiye. The study aims to evaluate the 
sustainability improvement potential of the club building and to develop a retrofit-oriented 
decision framework for its green transformation. Unlike generic or purely theoretical studies, 
this research is grounded in a real case and combines architectural layout information, site 
conditions, and sustainability scenario development. The study therefore may contribute to the 
green transformation and climate action and urban greening and sustainable land use by 
investigating how an existing urban sports facility can be upgraded into a more energy-efficient, 
environmentally responsible, and context-sensitive building. 
 
2. Material and Method. This study was designed as a case-based sustainability assessment 
focusing on the Zonguldak Tennis and Marine Sports Club, an existing recreational sports 
facility located in Zonguldak, Türkiye. The material of the study consists of the satellite-based 
site information of the facility, its architectural floor plan, and a three-dimensional digital model 
developed to evaluate possible sustainability interventions. The methodological framework is 
based on Building Information Modeling (BIM), building energy simulation, and scenario-
based sustainability assessment, which are widely used approaches in sustainable building and 
sports facility research [1–4]. 
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Figure 1 presents the satellite view of the Zonguldak Tennis and Marine Sports Club and its 
surrounding site context. The image shows that the facility is located within an existing coastal 
recreational area, in close relation to tennis courts, vegetation, open spaces, and the shoreline. 
This spatial condition is significant because the study focuses on improving an already existing 
urban sports facility rather than proposing a new land-consuming development. In this respect, 
the case is directly related not only to energy efficiency and climate action, but also to 
sustainable land use and urban greening. Previous studies emphasize that the environmental 
performance of sports facilities should be evaluated not only at the building scale, but also in 
relation to urban integration, accessibility, and land-use context [5,6]. 
 

 
Figure 1. Zonguldak Tennis and Marine Sports Club 

 
Figure 2 shows the architectural floor plan of the facility. According to the plan, the building 
has a total construction area of 249 m² gross and a net usable area of 220 m². The internal layout 
includes an administrative office, men’s and women’s changing rooms, bathrooms, entrance 
spaces, a main hall, a coach office, an archive, kitchens, a buffet area, and WC units. This plan 
provides the spatial basis for understanding the building’s functional zoning, occupancy 
characteristics, wet areas, and service spaces. Such spatial information is essential for defining 
the baseline energy model, since different functional zones may have different heating, cooling, 
ventilation, lighting, and water-use patterns. Similar case-based studies on sustainable sports 
facilities indicate that building function, envelope characteristics, and operational use should 
be considered together to obtain reliable performance assessments [2,4,7]. 
 

 
Figure 2. Architectural floor plan of the facility 

 
Figure 3 presents the three-dimensional model of the facility with rooftop photovoltaic panels. 
This visual represents one of the key sustainability scenarios considered in the study and 
illustrates the potential of the building roof for renewable energy generation. Solar energy 
integration has been widely discussed in the literature as one of the most effective strategies for 
reducing fossil fuel dependence and supporting the transition toward net-zero or positive-
energy sports facilities [3,8]. In this study, the 3D model also provides a visual and analytical 
basis for evaluating the building form, roof suitability, and retrofit potential. Within the broader 
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project framework, the building model is intended to be developed in Autodesk Revit and used 
as a BIM-based basis for energy performance simulations through Autodesk Insight. 
 

 
Figure 3. Three-dimensional model of the facility with rooftop photovoltaic panels 

 
Following the interpretation of the site, plan, and three-dimensional model, the sustainability 
assessment framework was structured around several improvement scenarios. These scenarios 
include: 
(i) rooftop photovoltaic panel integration, 
(ii) improvement of the building envelope and thermal insulation, 
(iii) use of energy-efficient HVAC and service systems, 
(iv) water-saving and rainwater management strategies, and 
(v) operational optimization supported by life-cycle-oriented evaluation. These interventions 
were selected in line with previous studies on renewable energy systems, high-performance 
envelopes, passive design strategies, water management, and operational sustainability in sports 
and recreational facilities [1–4,7–9]. 
 
In the next stage of the study, the BIM model of the facility will be transferred to a building 
energy simulation environment to analyze the effects of alternative retrofit scenarios on energy 
demand, environmental performance, and life-cycle cost. The simulation model is also planned 
to be calibrated through real consumption data obtained from sensors and monitoring devices. 
Finally, the alternative sustainability scenarios will be compared using a Multi-Criteria Decision 
Analysis (MCDA) approach. This will allow technical, environmental, and economic criteria 
to be evaluated together in order to determine the most appropriate sustainability package for 
the Zonguldak Tennis and Marine Sports Club. This integrated approach is consistent with 
recent literature, which highlights the need to move beyond isolated sustainability measures 
toward holistic and data-supported decision frameworks for sports facilities [2,4,6]. 
 
 
3. Results. The sustainability work carried out for the Zonguldak Tennis and Marine Sports 
Club demonstrates that the facility has a strong potential for retrofit-based green transformation. 
The first and most visible finding concerns the applicability of rooftop solar energy systems. 
As illustrated in Figure 3, the roof geometry of the building allows the integration of 
photovoltaic panels without requiring a major structural reconfiguration. This makes solar 
energy one of the most feasible and symbolically important interventions for reducing the 
facility’s environmental footprint and supporting climate action. 
 
The floor plan analysis shown in Figure 2 also indicates that the building contains several 
functionally different zones, including wet areas, service spaces, offices, and a large central hall. 
This spatial diversity suggests that energy use is not homogeneous throughout the facility and 
that a sustainability assessment should consider differentiated operational patterns. For example, 
changing rooms, bathrooms, and kitchen-related spaces are more likely to generate water and 
thermal loads, whereas offices and the main hall may have different occupancy profiles and 
energy-use schedules. Such zoning-based understanding is essential for the creation of an 
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accurate baseline model and for identifying the most effective improvement packages. 
 
The site-based evaluation further highlights the importance of the club’s location. As seen in 
Figure 1, the facility is already embedded within an established coastal and recreational 
landscape in Zonguldak. This means that sustainability action should prioritize upgrading the 
existing building stock rather than promoting additional land consumption through new 
construction. In this respect, the study aligns with the principles of sustainable land use by 
preserving the current recreational function of the area while improving building performance. 
The coastal and open-site context may also support solar utilization and landscape-based 
environmental strategies, including water-sensitive improvements and outdoor ecological 
enhancements. 
 
Preliminary evaluation of the retrofit options indicates that PV integration, envelope 
enhancement, and efficient system modernization form the most relevant strategy package for 
the case-study building. In addition, water management measures such as rainwater harvesting 
and water-saving fixtures can support the operational sustainability of the club. When 
considered together, these interventions create a pathway toward a more energy-conscious and 
environmentally responsive sportsfacility. 
  
4. Discussion and Conclusion. This study presents an extended abstract of the sustainability 
work conducted for the Zonguldak Tennis and Marine Sports Club and proposes a case-based 
framework for the green transformation of an existing sports facility. The main contribution of 
the study lies in combining building-scale sustainability measures with site-sensitive and land-
use-conscious thinking. In doing so, the research moves beyond single-issue solutions and 
adopts an integrated perspective consistent with recent developments in sustainable sports 
architecture. 
 
The study contributes to green transformation and climate action by addressing renewable 
energy integration, energy-efficiency improvements, operational sustainability, and the 
reduction of environmental impacts in an existing facility. At the same time, it contributes to 
urban greening and sustainable land use by emphasizing the sustainable upgrading of a 
functioning recreational building within an existing urban-coastal landscape rather than 
encouraging new resource-intensive development. 
 
The findings suggest that the Zonguldak Tennis and Marine Sports Club can serve as a local 
prototype for the sustainable transformation of similar small- and medium-scale sports facilities. 
The proposed BIM-based and scenario-driven approach has the potential to support future 
scientific studies, feasibility analyses, and investment decisions in sports buildings located in 
comparable climatic and urban contexts. In this regard, the study not only addresses the 
sustainability performance of a single tennis club, but also offers a transferable methodological 
perspective for broader climate-responsive facility management and urban recreational 
planning. 
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1. Introduction. Bu çalışmanın temel amacı, küresel ısınmayla mücadelede stratej�k öneme 
sah�p olan Sp#rul#na platens#s m�kroalgler�n�n karbond�oks�t (CO2) tutma kapas�tes�n�; pas�f 
spektral f�ltreleme ve sensör kontrollü akıllı b�r kapak mekan�zmasıyla opt�m�ze eden h�br�t b�r 
fotob�yoreaktör gel�şt�rmekt�r. Sanay� Devr�m�'nden bu yana atmosferdek� CO2 
konsantrasyonunun 280 ppm'den 430 ppm sev�yeler�ne ulaşması, küresel sıcaklık artışını 
tehl�kel� boyutlara taşımıştır. M�kroalgler, yüksek fotosentet�k ver�ml�l�kler� (karasal b�tk�lerden 
10-50 kat daha yüksek) sayes�nde CO2'y� b�yokütleye dönüştürme potans�yel�ne sah�pt�r [1]. Bu 
çalışma, spektral ver�ml�l�ğ�n teknoloj�k otomasyonla b�rleşt�r�ld�ğ� sürdürüleb�l�r b�r karbon 
yakalama model� sunmaktadır. 
 
2. Material and Method. Araştırmada raceway (yarış p�st�) t�p� yarı açık b�r havuz model� 
tasarlanmış ve 3 l�tre hacm�nde Sp#rul#na platens#s �çeren m�kroalg sıvısı kullanılmıştır. 
Projen�n teknoloj�k aşamasında, ortamdak� CO2 yoğunluğunu anlık �zleyen NDIR ve MG811 
sensör teknoloj�ler� �le bu ver�lere göre hareket eden 28 BYJ-48 step motor kontrollü b�r kapak 
s�stem� entegre ed�lm�şt�r. Deneysel süreçte, güneş ışığının farklı dalga boylarını s�müle etmek 
�ç�n kırmızı, mav� ve yeş�l pas�f f�ltreler kullanılmış; CO2 konsantrasyonu 30 dak�kalık 
per�yotlarla kayded�lerek üç set hal�nde tekrarlanmıştır. Kontrol algor�tması Ardu�no Uno 
tabanlı olarak gel�şt�r�lm�şt�r. 
 
3. Results. Elde ed�len bulgular, ışık spektrumunun CO2 dönüşüm hızı üzer�nde bel�rley�c� b�r 
etk�s� olduğunu kanıtlamıştır [2]. Kırmızı f�ltrel� düzenek, başlangıçta 1430 ppm olan CO2 
konsantrasyonunu 11. ölçüm sonunda 364 ppm sev�yes�ne düşürerek yaklaşık %74,5 oranında 
en yüksek ver�ml�l�ğe ulaşmıştır. Kırmızı spektrumu %66 azalma (1385 ppm'den 469 ppm'e) 
�le mav� f�ltre tak�p ederken, yeş�l f�ltre %49 azalma (1526 ppm'den 778 ppm'e) �le en düşük 
performansı serg�lem�şt�r. Ayrıca akıllı kapak mekan�zmasının, dış ortamdan kontrolsüz hava 
g�r�ş�n� engelleyerek reaktör �ç� gaz denges�n� stab�l�ze ett�ğ� ve s�rkadyen r�tme uygun b�r 
çalışma ortamı sağladığı gözlemlenm�şt�r [3]. 
 
4. Discussion and Conclusion. Sonuçlar, m�kroalglerdek� klorof�l p�gmentler�n�n kırmızı 
(630–675 nm) ve mav� (450–475 nm) dalga boylarında yüksek soğurma kapas�tes�ne sah�p 
olduğu l�teratür ver�ler�yle örtüşmekted�r [4]. Pas�f spektral opt�m�zasyonun teknoloj�k 
otomasyonla b�rleşt�r�lmes�n�n, ek enerj� harcamadan karbon f�ksasyon kapas�tes�n� öneml� 
ölçüde artırdığı saptanmıştır. Gel�şt�r�len bu akıllı s�stem, manuel müdahaleye gerek duymadan 
sürec� opt�m�ze ederek sızdırmazlığı artırılmış sürdürüleb�l�r b�r model sunmaktadır. 1 kg 
m�kroalg b�yokütles� üret�m�yle yaklaşık 1,83 kg CO2'n�n atmosferden uzaklaştırılab�ld�ğ� 
gerçeğ�yle b�rleşt�ğ�nde [1], bu tasarım �kl�m kr�z�yle mücadelede prat�k ve ölçekleneb�l�r b�r 
çözüm potans�yel�ne sah�pt�r. 
 



63 

5. References 
[1] Y. Chisti, Biotechnology Advances, 25 (3), (2007) p. 294. 
[2] G. Kendirlioglu & A. K. Cetin, Fresenius Environmental Bulletin, 26 (12A), (2017) p. 
7974. 

[3] Q. Shi, C. Chen, T. He & J. Fan, Biotechnology for Biofuels and Bioproducts, 15, (2022) 
p. 75. 

[4] C. L. Teo, A. Idris, S. Wahidin & L. W. Lai, Jurnal Teknologi, 67 (3), (2014) p. 97. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64 

Ambient Particulate Matter and Migraine: Does Air Pollution Trigger 
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1. Introduction – Migraine is a disabling neurological disorder ranked second in the global 
burden of disease, affecting approximately 1 billion individuals worldwide. Its pathophysiology 
is multifactorial, and environmental factors (including meteorological variables and air 
pollutants) have been increasingly implicated as potential triggers. Among these, particulate 
matter (PM), particularly fine particles (PM2.5, aerodynamic diameter ≤2.5 µm), has attracted 
growing attention owing to its capacity to induce systemic and neuroinflammatory responses 
[1]. 
Pr�or stud�es exam�n�ng amb�ent PM and m�gra�ne onset have y�elded �ncons�stent results [2, 
3]. Critically, no published study has simultaneously tested whether PM acts as a trigger (i.e., 
precedes attack occurrence) versus a severity modulator (i.e., amplifies the intensity of an attack 
once initiated). This distinction carries substantial clinical relevance: a modulating — but not 
triggering — role would direct attention toward attack management under high-pollution 
conditions rather than prevention. The present study was designed to address this gap using 
prospective, real-world diary data from a single-city cohort. 
 
2. Material and Method - A prospective, diary-based observational cohort study was 
conducted in Tekirdağ province, northwestern Turkey. Thirty patients with physician-diagnosed 
migraine (ICHD-3 criteria) who completed a minimum 90-day observation period were 
included. Patients recorded daily headache data (presence/absence of attack; VAS severity score, 
0–10) in structured diaries. The total observation period yielded 5,055 patient-days (335 attack 
days; 4,720 control days). 
 
Ambient PM concentrations (PM10, PM2.5; 24-hour means) were obtained from the Tekirdağ 
Regional Monitoring Station (Turkish Ministry of Environment). Each observation day was 
matched to the lag-1 PM value (pollutant concentration on the preceding 24 hours). Ethics 
committee approval was obtained prior to data collection. 
 
Two analytical layers were applied: (1) Mann–Whitney U tests compared PM concentrations 
between attack and control days to assess a potential triggering role; (2) Spearman rank-order 
correlations and hierarchical linear regression (covariates: age, sex, BMI in Block 1; PM10 and 
PM2.5 added in Block 2) examined PM associations with VAS severity scores restricted to 
attack days (n = 297 with complete data), to assess a potential severity-modulating role. 
Statistical analyses were performed in SPSS v26.0. Significance threshold: α = .05. 
 
3. Results – The analytic sample comprised 30 patients (60.0% female; mean age 33.5 ± 9.4 
years; mean BMI 26.0 ± 4.8 kg/m²). Attack-day VAS scores had a mean of 6.44 (SD = 2.31; 
median 7.00, IQR: 5.00–8.00), indicating predominantly moderate-to-severe attack intensity. 
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Descriptive statistics for PM10 and PM2.5 on attack and control days are summarized in Table 
1. 
 
Table 1 
Descriptive Statistics for PM10, PM2.5, and VAS Scores on Migraine Attack and Control Days 
 Attack Days (n = 335) Control Days (n = 3,310) 

Variable M SD Mdn IQR M SD Mdn IQR 

PM10 (µg/m³) 22.03 7.77 20.46 16.31–
25.67 22.55 8.33 20.67 16.21–

27.00 

PM2.5 (µg/m³) 14.55 6.70 12.63 10.14–
16.08 15.01 6.04 13.71 10.54–

17.33 

VAS 6.44 2.31 7.00 5.00–
8.00 — — — — 

Note. M = mean; SD = standard deviation; Mdn = median; IQR = interquartile range. VAS is 
reported for attack days only (n = 335). PM values reflect 24-hour means on the preceding day 
(lag-1). 
 
Mann–Whitney U tests (Table 2) revealed no significant difference in PM10 concentrations 
between attack and control days (U = 540,569, p = .450, r = .025). Paradoxically, PM2.5 was 
significantly lower on attack days relative to control days (U = 481,770, p = .006, r = .092), 
arguing against a direct triggering role for fine particulate matter. 
 
In contrast, among attack days, both PM10 and PM2.5 correlated positively with VAS severity. 
PM2.5 demonstrated a more pronounced association (rₛ = .211, p < .001) compared to PM10 (rₛ 
= .109, p = .048). Hierarchical regression confirmed PM2.5 as an independent predictor of 
attack severity (B = .056, SE = .025, p = .027, ΔR² = .046 for the PM block; final R² = .125). 
PM10 did not reach significance, likely due to collinearity with PM2.5 (r = .65). These findings 
are presented in Tables 2 and 3. 
 
Table 2 
Comparison of PM10 and PM2.5 Between Attack and Non-Attack Days, and Spearman 
Correlation with VAS 

 Mann–Whitney U Test Spearman 
Correlation 

Variable U p r rₛ p 
PM10 (µg/m³) 540,569 .450 .025 .109 .048* 

PM2.5 (µg/m³) 481,770 .006*
* .092 .211 <.001**

* 
Note. r = rank-biserial correlation. rₛ = Spearman correlation with VAS (attack days only, n = 
327). * p < .05  ** p < .01  *** p < .001 
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Table 3 
Hierarchical Linear Regression Predicting Migraine Severity (VAS) on Attack Days 
Variable B SE t p 

Block 1: Demographic Predictors 
Age (years) .052 .011 4.697 <.001*** 

Sex (female = 1) .827 .491 1.683 .093 
BMI −.040 .025 −1.608 .109 

R² = .079, R²adj = .070, F(3, 293) = 8.40, p < .001 
Block 2: + Particulate Matter Predictors 

Age (years) .051 .011 4.690 <.001*** 
Sex (female = 1) .667 .482 1.383 .168 

BMI −.034 .025 −1.379 .169 
PM10 (24-h, µg/m³) .021 .022 0.944 .346 

PM2.5 (24-h, µg/m³) .056 .025 2.225 .027* 
R² = .125, R²adj = .110, ΔR² = .046, ΔF(2, 291) = 7.59, p < .001 

Note. B = unstandardized coefficient. SE = standard error. Sex coded 1 = female, 0 = male. 
BMI = Body Mass Index (kg/m²). * p < .05  *** p < .001 
 
4. Discussion and Conclusion - The central f�nd�ng of th�s study �s a d�ssoc�at�on between PM's 
role as a tr�gger and as a sever�ty modulator: lag-1 PM2.5 d�d not precede attack occurrence — 
�ndeed, PM2.5 was paradox�cally lower on attack days — yet the same pollutant �ndependently 
pred�cted greater attack �ntens�ty once an attack was underway. Th�s pattern �s cons�stent w�th 
a neuro�nflammatory modulatory mechan�sm rather than d�rect tr�gem�novascular act�vat�on. 
 
The paradox�cal �nverse PM–attack occurrence f�nd�ng may reflect behav�oral adaptat�on 
(pat�ents rema�n�ng �ndoors on h�gh-PM days, suppress�ng observable attacks), lag-t�me 
m�sspec�f�cat�on (PM effects may extend to 2–3 days or cumulative exposure dynamics not 
captured by a single lag [2]. Mechanistically, fine particulate matter may amplify the severity 
of an ongoing migraine through TRPA1 channel activation, oxidative stress, and increased 
blood–brain barrier permeability — all more plausible during an already-active trigeminal 
cascade than as initiating events [4]. 
The present study �s, to our knowledge, the f�rst to formally test the tr�gger–modulator 
d�st�nct�on us�ng w�th�n-person prospect�ve data. The �ndependent PM2.5 effect on VAS after 
demograph�c adjustment (ΔR² = .046, p < .001) suggests a cl�n�cally mean�ngful relat�onsh�p: 
dur�ng elevated PM2.5 per�ods, cl�n�c�ans manag�ng m�gra�ne pat�ents may cons�der earl�er 
�n�t�at�on of abort�ve therapy. Val�dat�on �n larger, mult�-c�ty cohorts w�th mult�-lag exposure 
assessments �s warranted. 
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