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Abstract

Urban green spaces are crucial for cityscapes, particularly in the context of escalating extreme weather,
global warming, and pollution. They provide essential ecosystem services, including air quality
improvement, cooling effects, and natural stormwater management. In this context, effective policy
frameworks and innovative planning and design solutions of urban green infrastructure are critical. This
study proposes utilizes advanced optical technologies and standard vegetation metrics to assess the
physiological status of Mediterranean plant species (Quercus Ilex L. and Nerium Oleander L.) across various
urban habitats of Cagliari (Italy), compared to a control site in Sardinia's interior.

Analysis of historical air quality data (2019-2023) identified two key periods—post-summer and post-
winter—for evaluating plant responses to environmental factors and pollutants. Metrics such as leaf area,
fresh and dry leaf weight, and trunk diameter were recorded. Additionally, portable sensors for Normalized
Difference Vegetation Index (NDVI), fluorescence/transmission, and Raman spectroscopy were employed
to non-invasively monitor leaf pigments. The results revealed species and location-specific variations in
chlorophyll, polyphenols, and carotenoids, alongside different biometric trends.

Future research will integrate soil analysis and satellite data to assess local factors like traffic density, land
surface temperature, and pollutant distribution. This preliminary study aims to develop a comprehensive
strategy for monitoring and managing urban greenery, ultimately fostering a greener and more sustainable
city environment.
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Urban greenery; Urban planning and management; Impact assessment; Climate change
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1. Introduction

Urban Green is increasingly recognized as a key indicator of sustainability, particularly in rapidly growing cities
where balanced urban development policies are often lacking. The New Urban Agenda (Habitat III - UN, 2016)
and the Sustainable Development Goals (SDGs - UN, 2015), especially Goal 11, emphasize the importance of
urban green spaces for creating inclusive, safe, resilient, and sustainable cities. These spaces combat pollution,
safeguard biodiversity, improve microclimates, and enhance individual well-being. The presence of urban
green spaces significantly improves urban life quality (e.g., Braubach et al., 2017; Byrne & Sipe, 2010; Kabisch
et al.,, 2017; Lyytimaki & Sipila, 2009; Sadeghian & Vardanyan, 2013), contributing to ecological balance,
public health, and social cohesion.

Urban green spaces also play a crucial role in climate action, aligning with Goal 13, by absorbing carbon
dioxide and other pollutants, thereby improving air quality and reducing greenhouse gas emissions. Plants
and trees act as natural air filters, mitigating pollution and benefiting public health, as highlighted by
Sadeghian & Vardanyan (2013).

Urban greenery regulates city temperatures through shading and evapotranspiration, effectively cooling urban
areas and combating the urban heat island phenomenon, exacerbated by climate change (Byrne & Sipe,
2010). Urban green is now an essential strategy for cities to adapt to and mitigate climate impacts, requiring
policies that analyze and integrate green spaces as active tools for urban regeneration, sustainability, and
resilience (Ingaramo & Negrello, 2024).

As global warming intensifies, cooling has become a critical resource, leading to "cooling poverty," a form of
inequality linked to income, energy costs, housing, and infrastructure. Inadequate access to cooling
infrastructure heightens vulnerability to extreme heat. Equitable access to urban green spaces can bridge
socio-economic gaps, promote social inclusion, and mitigate the harmful effects of urbanization, which
exacerbate climate change challenges (Mazzone et al., 2023)

Urban green spaces are not only evaluation objects but also serve as bioindicators, providing valuable data
on urban-vegetation interactions for policymaking (Scheiber & Zucaro, 2023). Their integration as
bioindicators and mitigation tools is essential for sustainable and resilient cities. Plants enhance urban
aesthetics and offer continuous environmental monitoring, responding to pollution and environmental changes
through biochemical, biophysical, and physiological adaptations. Monitoring urban greenery helps understand
how cities adapt to changing conditions.

This research project, developed by a multidisciplinary team from the University of Cagliari and the Institute
of Applied Physics of the National Research Council of Italy, evaluates the effectiveness of portable optical
instruments for monitoring plant physiological responses in urban environments. While existing literature
highlights the importance of urban greenery for sustainability and resilience, there is a gap in methods for
detecting detailed physiological changes in urban plants, as photonic techniques have not been widely applied
in this context.

The devices tested include a portable reflectance sensor (GreenSeeker, Trimble) based on the Normalized
Difference Vegetation Index (NDVI), a leaf transmission/fluorescence analyzer (Dualex, Force A), and a Raman
spectrometer (MiniRaman Power Dual LightNovo). These tools enable in situ monitoring of key pigments and
foliar components, offering insights into plant responses to environmental changes and pollution.

The introduction of photonic instruments represents a significant advancement in urban vegetation studies,
providing operational and scientific advantages over traditional methods for analyzing plant physiological
responses. This project aims to enhance environmental monitoring through innovative, precise, and rapid
approaches, enabling real-time, non-invasive analysis of urban green spaces. By combining traditional and
cutting-edge optical tools, it delivers detailed insights into plant health, supporting informed decisions for
urban green space management. As cities expand and the demand for sustainability grows, these tools will
be crucial for ensuring the vitality and resilience of urban greenery.
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The paper is structured into five sections:

—  Introduction: Highlights urban greenery's role in sustainability, traditional monitoring tools, and the need
for innovative, real-time approaches;

- Literature Review: Summarizes prior research on urban vegetation monitoring, focusing on optical tools
and their importance;

—  Methodology: Introduces an innovative monitoring protocol using advanced optical technologies;

—  Case Studies: Examines selected urban areas with varying environmental and pollution levels;

—  Results and Discussion: Presents findings on plant responses to urban stressors, evaluates the protocol's
potential for sustainable planning, and suggests improvements for urban green space management.

This approach aims to bridge the gap between scientific data and urban policy, fostering sustainable and

resilient cities.

2 Literature Review

Numerous studies highlight the benefits of urban green spaces (UGSs) in enhancing environmental, social,
and economic sustainability, particularly in urban biodiversity, ecological connectivity, and ecosystem services
(Lepczyk et al., 2017; Savard et al., 2000; Almeida et al., 2018; Green et al., 2016; Lazzarini et al., 2024).
UGSs improve public health, mental well-being, and physical activity (Fischer et al., 2018; Barton & Rogerson,
2017; Douglas et al., 2017; Gascon et al., 2015; Houlden et al., 2018; Ambrey, 2016; Coombes et al., 2010;
Lachowycz & Jones, 2011; Lovasi et al., 2013), improve local microclimate (Aram et al., 2019; Farhadi et al.,
2019) and mitigate environmental issues like air pollution (Bottalico et al., 2016; Escobedo & Nowak, 2009),
urban heat islands (Bowler et al., 2010; Gill et al., 2007), and stormwater management (Bolund &
Hunhammar, 1999). Tools and indicators assess UGS accessibility, considering multiple transportation modes
and distance-decay functions (Dony et al., 2015; Li et al., 2019; Xing et al., 2018; Almohamad et al., 2018;
Giles-Corti et al., 2005; Guan et al., 2020), with detailed micro-urban analyses (Bleci¢ et al., 2020; Bleci¢ &
Saiu, 2021). Studies also examine accessibility disparities across demographic groups (Almohamad et al.,
2018; Breuste & Rahimi, 2015; Ferguson et al., 2018; Ward Thompson et al., 2012) and the impact of UGSs
on urban vitality through Jane Jacobs's theory (Jacobs, 1969). Furthermore, recent research highlights the
importance of identifying spatial variations in the values of urban green at the city level (Giannakidou &
Latinopoulos, 2023).

These assessments combine extrinsic factors (urban area vitality) with intrinsic factors (park design and
organization), providing tools for urban planning and policy development to optimize green spaces for
community engagement and social cohesion (Pantaloni et al., 2024). Emerging photonic technologies, using
advanced monitoring protocols, enable faster, more accurate environmental data collection, offering insights
into green space health, soil quality, and air pollution levels (Butt et al., 2024). This approach reduces delays
in traditional assessments, supporting agile decision-making and sustainable urban development. By
integrating these technologies, cities can optimize green space management, enhancing long-term
environmental sustainability.

To fully grasp the role of urban green spaces in sustainable planning, it is essential to analyze plant adaptation
to urban stressors such as pollution and climate variations. Physiological studies offer valuable insights into
these processes, guiding the design of resilient green spaces that deliver lasting ecological and social benefits.
This integrated approach promotes healthier, smarter, and more sustainable cities by aligning urban policies
with scientific understanding.

In recent years, numerous physiological studies have explored plant adaptation and responses to

environmental conditions (Ramon et al., 2019; Park et al., 2021; Falcioni et al., 2020; Furlanetto et al., 2020;
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Clemente et al., 2021; Gould et al., 2018; Fine et al., 2021; Sinanoglou et al., 2018; Baranovi et al., 2018; Ge
et al., 2019; Franca et al., 2022). These studies have examined aspects such as photosynthetic pigments
(chlorophyll, carotenoids) and secondary metabolites, linked to adaptation and defense mechanisms against
environmental stressors (cold, heat, drought) and biotic attacks (pathogens, fungi), as well as interactions
with pollutants.

Studies on plant physiological responses to environmental adaptation have utilized various non-destructive
optical tools and techniques. Chlorophyll level analyzers such as the SPAD 502PLUS (Konica Minolta) (Falcioni
et al., 2017), Dualex (Force A), and CCM-200 (Opti-Sciences Inc.) estimate leaf chlorophyll through
transmittance measurements (Shibaeva et al., 2020). The Multiplex (Force A) (Almansoori et al., 2021)
measures chlorophyll over larger areas, while Dualex and Multiplex also analyze flavonoid and anthocyanin
content (Tuccio et al., 2022). The PAM (Agati et al., 2020) assesses photosynthetic efficiency. Reflectance
spectroscopy evaluates pigments like chlorophyll, carotenoids, anthocyanins, and flavonoids using
hyperspectral data. Portable Raman spectroscopy systems (Figueroa et al., 2021) and Fourier-transform
infrared (FTIR) spectroscopy (Saletnik et al., 2021) classify and predict secondary metabolite content.
Although advanced, these tools have not yet been widely applied to urban environmental studies.
Traditional urban greenery monitoring relies on satellite technologies or fixed sensors, which provide static
and costly data unsuitable for dynamic monitoring. Techniques like solvent extraction (Lichtenthaler, 1987;
Porra, 1989), mass spectrometry, and chromatography require invasive sampling and specialized labs, limiting
real-time analysis. In contrast, portable photonic instruments enable non-invasive, on-site, and real-time
measurements. When combined with traditional methods for validation, these devices allow direct monitoring
of plant conditions in urban settings, overcoming the limitations of conventional approaches.

Integrating green spaces into urban policies and understanding plants' physiological responses to
environmental factors form a unified approach to sustainable city planning. Advanced technologies like
reflectance spectroscopy and chlorophyll fluorescence allow for precise, non-destructive monitoring of plant
health in urban conditions, such as air pollution and heat islands. These tools provide accurate vegetation
data, supporting environmental impact assessments and sustainability policies. Continuous monitoring fosters
resilient planning by considering the social, ecological, and climatic benefits of green spaces. This approach
bridges public health improvement with urban biodiversity protection, ensuring decisions are informed by

scientific data and advanced analytical tools.

3 Methodology

We analyzed historical data from ARPAS monitoring stations (2019-2023) to identify key periods for observing
plant responses to pollution and environmental stressors. Two-time windows were selected for the two-year
campaign (2024-2025): end of February (higher pollutant levels due to heating and traffic) and end of October
(extreme weather like high temperatures and low precipitation). Plants were studied in three areas:

—  Central urban area (Cagliari): Near traffic monitoring stations;

—  Suburban area (Monserrato): Near an urban background monitoring station;

—  Rural control area: Far from pollution sources, for comparison.

The goal was to correlate plant physiological responses with ARPAS data on environmental parameters and
pollutant levels. For species selection, we chose Quercus Ilex L. (QI) and Nerium Oleander L. (NO) (Fig.1),
evergreen species representative of urban contexts. Six plants of each species were analyzed per area, totaling

twelve plants per study area.
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Fig.1 Plant species examined: Quercus ilex L. (QI, right image) and Nerium oleander L. (NO, left image)

In 2023, two measurement campaigns were conducted to refine our protocol. Adjustments based on results
and field analyses led to a reliable protocol applied in the third campaign in February 2024, with results
summarized in subsequent sections. Portable devices (Fig.2), including the GreenSeeker Handheld sensor, a
transmission and fluorescence-based leaf analyzer (Dualex, Force A) (Agati et al., 2020), and a Raman
spectrometer (MiniRaman Power Dual LightNovo with 660 and 785 nm lasers) (Saletnik et al., 2021), were
used to non-invasively monitor leaf pigments, assessing chlorophyll, carotenoids, and polyphenols in response
to pollution and environmental factors.

Fig.2 Field-monitoring of plant physiological responses is conducted using portable optical instruments: Greenseeker (left),
Dualex (center), and Raman spectrometer (right)

We collected the main Dualex indices (Chl, Flav, Anth) from 20 leaves per plant, totaling 240 leaves analyzed.
These indices reflect chlorophyll, epidermal flavonols, and anthocyanin concentrations (Cerovic et al., 2012;
Agati et al., 2016; Lo Piccolo et al., 2018). Additionally, we analyzed Raman peaks for carotenoids and total
phenols (Akpolat et al., 2020; Traksele et al., 2022). For Raman spectroscopy, 10 leaves per plant were
analyzed, with each plant also receiving a single NDVI reading. Fundamental parameters like leaf area, fresh,
and dry weight were measured to assess plant vitality. Statistical analysis used one-way ANOVA with Tukey
post hoc test (p<0.05) to evaluate zone-specific groups for each index, performed in Origin Pro 2022, focusing
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on intraspecies grouping. The study's methodology involves key steps to optimize monitoring urban plants'
physiological responses to environmental changes and pollutants. The research procedure, including historical
data analysis, measurement window identification, and selection of study areas and plant species, is
summarized in the flowchart (Fig.3).

i . : Identification of
Historical data analysis Measurement Windows Selection of Study Arons Selection of Plant
Species
— Prelimi v M "
Ca i d Protocol
Statistical Analysis Monitoring of Leaf Pigments Monl?orlnq of Leat Plg_mnnts mp:):;a;a::atio'n e
with Portable Devices with Portable Devices

Fig.3 Flowchart

This flowchart (Fig.3) outlines the methodological process, combining innovative tools for urban green
monitoring with statistical analysis to enhance understanding of plants' physiological responses to
environmental stressors in diverse urban settings.

3.1 Description of case study

At the start of our research, we selected two distinct areas in the metropolitan city of Cagliari: a central
neighborhood and a peripheral one (Fig.4). This choice aimed to cover a range of urban landscapes, enabling
a thorough examination of Cagliari's Mediterranean ecological aspects. The selection was guided by the
locations of ARPAS monitoring stations, strategically placed across the city to capture its diverse urban fabric.
We defined a study area extending up to 1 km from each station, as data beyond this range becomes less
representative.

(»\ X
Seulo

Fig.4 The central area in Cagliari (Ca) and an urban peripheral area in Monserrato (Mo). The newly added third control area
in the updated measurement protocol, located in Seulo (Se)

During the third measurement campaign, an additional background area (Se) was included, housing an ARPAS
monitoring station in the "Maintenance Area." This station tracks background pollutant levels from natural
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sources and long-range transport, serving as a control zone. The area was selected for its minimal
contamination and distance from major pollution sources.

4 Results

The post-winter campaign revealed increased chlorophyll levels (Dx Chl) in Quercus Ilex L. (Q1) at the central
Cagliari site (Ca) (see Fig.5).

This trend suggests a plant response to mild pollution, consistent with previous observations (Molnar et al.,
2023; Petrova 2011).
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Fig.5 Dualex analysis of pigment physiological responses in Quercus Ilex L. (QI) and Nerium Oleander L. (NO) across Cagliari

Ca_NO
Mo_NO
Se_NO
Mo_NO

Q
z
8

Ca_Ql
Mo_QI
Se_Ql

(Ca), Monserrato (Mo), and Seulo (Se). Values are presented as mean + SD. Different letters denote significant differences
at P <0.05

The measured levels of flavonoids (Dx Flav) (Fig.5) show consistent intraspecies behavior during the post-
winter campaign, supported by the trend in the 1626 cm~-* Raman band (11626, see Fig. 6). The lack of
variation in both Dx Flav and 11626 suggests alternative adaptation mechanisms to urban stress.

The Dx Anth index (Fig.5) reveals very low, constant anthocyanin levels across locations, indicating no
secondary metabolism response. Minimal differences in carotenoids, with an increasing trend from
metropolitan areas (Ca, Mo) to the control zone (Se), were observed via the 1526 cm-1 Raman band (Fig.6),
potentially indicating partial photosynthetic impairment in urban sites (notably for NO at Ca).

In summary, both Dualex and Raman analyses show homogeneous behavior in pigments, confirming the
absence of secondary metabolism responses to pollutant levels and environmental variations. Instead, the
species exhibit compensatory responses in pigments linked to photosynthesis.
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Fig.6 Raman signal intensities at 1526 cm™ (I11526) ascribed to carotenoid content and at 1626 cm™ (I11626) ascribed to
total phenols content for Quercus Ilex L. (QI), Nerium OleanderL. (NO) in Cagliari (Ca), Monserrato (Mo), and in Seulo (Se).
Each value represents the mean + SE

NDVI measurements (Fig.7) partially align with Raman observations, showing poorer vegetation conditions—
such as reduced plant vigor and canopy density—in plants located in Ca and Mo. This is attributed to the
challenging environmental conditions they are exposed to.
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Fig.7 NDVI measurements in Cagliari (Ca), Monserrato (Mo), Seulo (Se). Each value represents the mean + SE

Biometric data (Fig.8) show reduced leaf expansion in both QI and NO, along with decreased fresh and dry
weights in NO plants from metropolitan areas. This reduction in leaf surface and weight indicates a
morphological adaptation to protect plants from environmental variations and medium-high pollution levels.
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value is represented as the mean + SE

In general, these findings indicate that both plant species studied exhibit a notable degree of tolerance to the
elevated pollution levels characteristic of urban environments.

4.1 Focus on the optical techniques proposed

Portable optical instruments, such as chlorophyll meters, spectrometers, and multispectral cameras, are
increasingly used to monitor urban vegetation health. These lightweight, user-friendly tools provide immediate
feedback on plant conditions, improving urban green space management.

GreenSeeker NDVI Sensor: An affordable device offering instant readings of plant greenness and vigor, with
higher readings indicating better vitality.

Dualex: A portable tool measuring chlorophyll and flavonoid content in leaves, key indicators of plant health
and stress resilience, using transmitted and fluorescent light.

Raman Spectroscopy: Provides detailed molecular composition analysis, offering a non-destructive
"fingerprint" of plant health and stress levels.

These instruments enhance understanding and maintenance of urban greenery, supporting effective
management and ecological functions.

5 Discussions and conclusions

The application of photonic methodology presents some limitations, such as the need for instrument calibration
and validation of results against traditional methods. Although the portability of these tools is an advantage,
it is essential to adopt standardized procedures to ensure consistent results. Additionally, extreme
environmental conditions, such as high temperatures and humidity, can affect the accuracy of measurements.
To overcome these limitations, it is useful to develop more robust calibration protocols and integrate photonic
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data with other sources, such as satellite data and air quality information, for a more comprehensive
understanding of urban green health.

This research project adopts a multidisciplinary approach to develop an urban green monitoring protocol using
portable optical instruments, incorporating additional environmental data such as soil information, atmospheric
parameters, and pollution levels. The preliminary phases combined traditional and innovative tools, including
the collection of plant biometric data and the use of portable devices, correlated with pollution data provided
by ARPAS stations. This approach enables real-time, non-invasive analysis of how green spaces respond to a
dynamic urban environment, providing policymakers with timely information for informed decisions.

As cities grow and the demand for sustainability increases, the use of these tools becomes crucial for
integrating greenery into urban planning, offering benefits such as improved air quality and climate change
mitigation. Understanding ecological dynamics is essential for urban development, and the use of portable
tools represents a significant advancement in assessing the state of urban greenery, allowing for a more
precise response to environmental conditions.

The results of this research have a direct impact on urban green space planning, thanks to the ability to
conduct non-destructive analyses that preserve the integrity of vegetation. These tools enable repeated
measurements over time, monitoring the physiological state of plants in response to pollution and climate
variations. Portability facilitates on-site analysis, eliminating the risk of sample alteration during transport and
providing real-time data. Furthermore, these instruments do not require complex infrastructure, making them
suitable for widespread use in urban contexts.

The advantages of photonic instruments include greater data granularity, detecting variations at the individual
plant level, and faster measurement and processing speeds compared to traditional methods. The multi-
throughput capability allows for multiple insights from a single measurement, offering a comprehensive view
of plant physiology. These tools are also easy to use, requiring minimal training, which promotes broader and
more comprehensive monitoring.

The detailed data collected enables the identification of urban areas requiring targeted interventions,
improving the planning and management of green spaces. The integration of these technologies supports
strategic decisions on the placement and maintenance of greenery, ensuring its effectiveness as an
environmental mitigator and enhancing the quality of life for citizens.

In summary, this study initiates an innovative approach to urban green monitoring, combining established
and new technologies to provide real-time data. These tools enable more informed and effective management
of green spaces, contributing to urban sustainability and resilience. Urban greenery is crucial not only for
aesthetics and quality of life but also for addressing environmental challenges, promoting healthier and more
adaptable cities for the future.

References

Almansoori, T., Salman, M., & Aljazeri, M. (2021). Rapid and nondestructive estimations of chlorophyll concentration in date
palm (Phoenix dactylifera L.) leaflets using SPAD-502+ and CCM-200 portable chlorophyll meters. Emirates Journal of Food
and Agriculture, 33, 544-554.

Agati, G., Bilger, W., & Cerovic, Z. G. (2020). Fluorescence tools for sensing of quality related phytochemicals in fruits and
vegetables. In B. Kuswandi & M. W. Siddiqui (Eds.), Sensor-based quality assessment systems for fruits and vegetables
(79-109). Apple Academic Press. https://doi.org/10.1201/9781003084174-4

Agati, G., Tuccio, L., Kusznierewicz, B., Chmiel, T., Bartoszek, A., Kowalski, A., Grzegorzewska, M., Kosson, R., &
Kaniszewski, S. (2016). Nondestructive optical sensing of flavonols and chlorophyll in white head cabbage ( Brassica oleracea
L. var. capitata subvar. alba) grown under different nitrogen regimens. Journal of Agricultural and Food Chemistry, 64 (1),
85-94. https://doi.org/10.1021/acs.jafc.5b04962

Akpolat, H., Barineau, M., Jackson, K. A., Akpolat, M. Z., Francis, D. M., Chen, Y. J., & Rodriguez-Saona, L. E. (2020). High-
throughput phenotyping approach for screening major carotenoids of tomato by handheld Raman spectroscopy using
chemometric methods. Sensors, 20 (13), 3723. https://doi.org/10.3390/s20133723

TeMA - Journal of Land Use Mobility and Environment. Special Issue 1 (2025) 99



Sanfilippo F. et al. — An innovative tool for supporting urban policies: assessing the health of mediterranean urban greenery
with portable optical technologies and vegetation metrics

Almeida, C. M. V. B., Mariano, M. V., Agostinho, F., Liu, G. Y., & Giannetti, B. F. (2018). Exploring the potential of urban
park size for the provision of ecosystem services to urban centres: A case study in S3ao Paulo, Brazil. Building and
Environment, 144, 450-458. https://doi.org/10.1016/j.buildenv.2018.08.036

Almohamad, H., Knaack, A., & Habib, B. (2018). Assessing spatial equity and accessibility of public green spaces in Aleppo
City, Syria. Forests, 9 (11), 706. https://doi.org/10.3390/f9110706

Ambrey, C. L. (2016). An investigation into the synergistic wellbeing benefits of greenspace and physical activity: Moving
beyond the mean. Urban Forestry & Urban Greening, 19, 7-12. https://doi.org/10.1016/j.ufug.2016.06.020

Aram, F., Solgi, E., Higueras Garcia, E., Mosavi, A., & Varkonyi-Kdczy, A. R. (2019). The cooling effect of large-scale urban
parks on surrounding area thermal comfort. £nergies, 12 (20), 3867. https://doi.org/10.3390/en12203904

Baranovi¢, G., & §egota, S. (2018). Infrared spectroscopy of flavones and flavonols: Reexamination of the hydroxyl and
carbonyl vibrations in relation to the interactions of flavonoids with membrane lipids. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 192, 473-486.

Barton, J., & Rogerson, M. (2017). The importance of greenspace for mental health. BJiPsych International, 14 (4), 79-81.
https://doi.org/10.1192/s2056474000002051

Bleci¢, 1., & Saiu, V. (2021). Assessing urban green spaces availability: A comparison between planning standards and a
high-fidelity accessibility evaluation. In D. La Rosa & R. Privitera (Eds.), Innovation in urban and regional planning 146,
339-347. Springer. https://doi.org/10.1007/978-3-030-68824-0_37

Bleci¢, 1., Saiu, V., & Trunfio, G. A. (2020). Towards a high-fidelity assessment of urban green spaces walking accessibility.
In O. Gervasi, B. Murgante, S. Misra, C. Garay, I. BleCi¢, D. Taniar, B. O. Apduhan, A. M. A. C. Rocha, E. Tarantino, C. M.
Torre, & Y. Karaca (Eds.), International Conference on Computational Science and Its Applications — ICCSA 2020 (535-
549). Springer. https://doi.org/10.1007/978-3-030-58811-3_39

Braubach, M., Egorov, A., Mudu, P., Wolf, T., Ward Thompson, C., & Martuzzi, M. (2017). Effects of urban green space on
environmental health, equity and resilience. In N. Kabisch, H. Korn, J. Stadler, & A. Bonn (Eds.), Nature-based solutions to
climate change adaptation in urban areas (187-205). Springer. https://doi.org/10.1007/978-3-319-56091-5_11

Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas. Ecological Economics, 29 (2), 293-301.
https://doi.org/10.1016/S0921-8009(99)00013-0

Bottalico, F., Chirici, G., Giannetti, F., De Marco, A., Nocentini, S., Paoletti, E., Salbitano, F., Sanesi, G., Serenelli, C., &
Travaglini, D. (2016). Air pollution removal by green infrastructures and urban forests in the city of Florence. Agriculture
and Agricultural Science Procedia, 8, 243-251. https://doi.org/10.1016/j.aaspro.2016.02.099

Bowler, D. E., Buyung-Ali, L., Knight, T. M., & Pullin, A. S. (2010). Urban greening to cool towns and cities: A systematic
review of the empirical evidence. Landscape and Urban Planning, 97 (3), 147-155. https://doi.org/10.1016/
j.landurbplan.2010.05.006

Breuste, J., & Rahimi, A. (2015). Many public urban parks, but who profits from them? The example of Tabriz, Iran.
Ecological Processes, 4(1), 6. https://doi.org/10.1186/s13717-014-0027-4

Butt, M. A., Mateos, X., & Piramidowicz, R. (2024). Photonics sensors: A perspective on current advancements, emerging
challenges, and potential solutions (Invited). Physics Letters A, 516, 129633. https://doi.org/10.1016/
j.physleta.2024.129633

Byrne, J., & Sipe, N. (2010). Green and open space planning for urban consolidation — A review of the literature and best
practice (Issue Paper 11). Urban Research Program, Griffith University. https://www.researchgate.net/publication/
47375644

Cerovic, Z. G., Masdoumier, G., Ghozlen, N. B., & Latouche, G. (2012). A new optical leaf-clip meter for simultaneous non-
destructive assessment of leaf chlorophyll and epidermal flavonoids. Physiologia Plantarum, 146, 251-260.
https://doi.org/10.1111/.1399-3054.2012.01639.x

Clemente, A. A., Maciel, G. M., Siquieroli, A. C. S., de Araujo Gallis, R. B., Pereira, L. M., & Duarte, J. G. (2021). High-
throughput phenotyping to detect anthocyanins, chlorophylls, and carotenoids in red lettuce germplasm. International
Journal of Applied Earth Observation and Geoinformation, 103, 102533. https://doi.org/10.1016/j.jag.2021.102533

Coombes, E., Jones, A. P., & Hillsdon, M. (2010). The relationship of physical activity and overweight to objectively measured
green space accessibility and use. Social Science & Medicine, 70 (6), 816-822. https://doi.org/10.1016/
j.socscimed.2009.11.020

Dony, C. C., Delmelle, E. M., & Delmelle, E. C. (2015). Re-conceptualizing accessibility to parks in multi-modal cities: A
variable-width floating catchment area (VFCA) method. Landscape and Urban Planning, 143, 90-99. https://doi.org/
10.1016/j.landurbplan.2015.06.011

Douglas, 0., Lennon, M., & Scott, M. (2017). Green space benefits for health and well-being: A life-course approach for
urban planning, design and management. Cities, 66, 53—62. https://doi.org/10.1016/j.cities.2017.03.011

Escobedo, F. J., & Nowak, D. J. (2009). Spatial heterogeneity and air pollution removal by an urban forest. Landscape and
Urban Planning, 90 (3-4), 102—-110. https://doi.org/10.1016/j.landurbplan.2008.10.021

TeMA - Journal of Land Use Mobility and Environment. Special Issue 1 (2025) 100



Sanfilippo F. et al. — An innovative tool for supporting urban policies: assessing the health of mediterranean urban greenery
with portable optical technologies and vegetation metrics

Falcioni, R., Moriwaki, T., Bonato, C. M., Souza, L. A., Nanni, M. R., & Antunes, W. C. (2017). Distinct growth light and
gibberellin regimes alter leaf anatomy and reveal their influence on leaf optical properties. Environmental and Experimental
Botany, 140, 86-95. https://doi.org/10.1016/j.envexpbot.2017.06.001

Falcioni, R., Moriwaki, T., Pattaro, M., Furlanetto, R. H., Nanni, M. R., & Antunes, W. C. (2020). High resolution leaf spectral
signature as a tool for foliar pigment estimation displaying potential for species differentiation. Journal of Plant Physiology,
253, 153161. https://doi.org/10.1016/j.jplph.2020.153161

Farhadi, H., Faizi, M., & Sanaieian, H. (2019). Mitigating the urban heat island in a residential area in Tehran: Investigating
the role of vegetation, materials, and orientation of buildings. Sustainable Cities and Society, 46, 101448.
https://doi.org/10.1016/j.scs.2019.101448

Ferguson, M., Roberts, H. E., McEachan, R. R. C., & Dallimer, M. (2018). Contrasting distributions of urban green
infrastructure across social and ethno-racial groups. Landscape and Urban Planning, 175, 136-148. https://doi.org/10.1016/
j.landurbplan.2018.03.020

Figueroa, F. L., Bonomi-Barufi, J., Celis-PI3, P. S., Nitschke, U., Arenas, F., Connan, S., & Stengel, D. B. (2021). Short-term
effects of increased CO2, nitrate and temperature on photosynthetic activity in Ulva rigida (Chlorophyta) estimated by
different pulse amplitude modulated fluorometers and oxygen evolution. Journal of Experimental Botany, 72 (2), 491-509.
https://doi.org/10.1093/jxb/eraa487

Fine, P. V. A,, Salazar, D., Martin, R. E., Metz, M. R., Misiewicz, T. M., & Asner, G. P. (2021). Exploring the links between
secondary metabolites and leaf spectral reflectance in a diverse genus of Amazonian trees. Ecosphere, 12 (2), e03362.
https://doi.org/10.1002/ecs2.3362

Fischer, T. B., Jha-Thakur, U., Fawcett, P., Clement, S., Hayes, S., & Nowacki, J. (2018). Consideration of urban green
space in impact assessments for health. Impact Assessment and Project Appraisal, 36 (1), 32-44. https://doi.org/
10.1080/14615517.2017.1364021

Franca, T., Goncalves, D., & Cena, C. (2022). ATR-FTIR spectroscopy combined with machine learning for classification of
PVA/PVP blends in low concentration. Vibrational Spectroscopy, 120, 103378. https://doi.org/10.1016/
j.vibspec.2021.103378

Furlanetto, R. H., Moriwaki, T., Falcioni, R., Pattaro, M., Vollmann, A., Sturion Junior, A. C., Antunes, W. C., & Nanni, M. R.
(2020). Hyperspectral reflectance imaging to classify lettuce varieties by optimum selected wavelengths and linear
discriminant analysis. Remote Sensing Applications: Society and Environment, 20, 100400. https://doi.org/10.1016/
j.rsase.2020.100400

Gascon, M., Triguero-Mas, M., Martinez, D., Dadvand, P., Forns, J., Plaséncia, A., & Nieuwenhuijsen, M. (2015). Mental
health benefits of long-term exposure to residential green and blue spaces: A systematic review. International Journal of
Environmental Research and Public Health, 12(4), 4354—4379. https://doi.org/10.3390/ijerph120404354

Ge, Y., Atefi, A., Zhang, H., Miao, C., Ramamurthy, R. K., Sigmon, B., Yang, J., & Schnable, J. C. (2019). High-throughput
analysis of leaf physiological and chemical traits with VIS-NIR-SWIR spectroscopy: A case study with a maize diversity
panel. Plant Methods, 15, 66. https://doi.org/10.1186/s13007-019-0450-8

Giannakidou, A., & Latinopoulos, D. (2023). Identifying spatial variation in the values of urban green at the city level. 7eMA
- Journal of Land Use, Mobility and Environment, 16(1), 83—104. https://doi.org/10.6093/1970-9870/9290

Giles-Corti, B., Broomhall, M. H., Knuiman, M., Collins, C., Douglas, K., Ng, K., Lange, A., & Donovan, R. J. (2005). Increasing
walking. American Journal of Preventive Medicine, 28 (2), 169-176. https://doi.org/10.1016/j.amepre.2004.10.018

Gill, S. E., Handley, J. F., Ennos, A. R., & Pauleit, S. (2007). Adapting cities for climate change: The role of the green
infrastructure. Built Environment, 33 (1), 115-133. https://doi.org/10.2148/benv.33.1.115

Gould, K. S., Jay-Allemand, C., Logan, B. A., Baissac, Y., & Bidel, L. P. R. (2018). When are foliar anthocyanins useful to
plants? Re-evaluation of the photoprotection hypothesis using Arabidopsis thaliana mutants that differ in anthocyanin
accumulation. Environmental and Experimental Botany, 154, 11-22. https://doi.org/10.1016/j.envexpbot.2018.02.006

Green, O. O., Garmestani, A. S., Albro, S., Ban, N. C., Berland, A., Burkman, C. E., Gardiner, M. M., Gunderson, L., Hopton,
M. E., Schoon, M. L., & Shuster, W. D. (2016). Adaptive governance to promote ecosystem services in urban green spaces.
Urban Ecosystems, 19 (1), 77-93. https://doi.org/10.1007/s11252-015-0476-2

Guan, C., Song, 1., Keith, M., Akiyama, Y., Shibasaki, R., & Sato, T. (2020). Delineating urban park catchment areas using
mobile phone data: A case study of Tokyo. Computers, Environment and Urban Systems, 81, 101474.
https://doi.org/10.1016/j.compenvurbsys.2020.101474

Houlden, V., Weich, S., Porto de Albuguerque, J., Jarvis, S., & Rees, K. (2018). The relationship between greenspace and
the mental wellbeing of adults: A systematic review. PLOS ONE, 13 (9), e0203000. https://doi.org/10.1371/
journal.pone.0203000

Ingaramo, R., & Negrello, M. (2024). Strategies for adapting the dense Italian cities to the climate change. 7eMA - Journal
of Land Use, Mobility and Environment, 17 (1), 115-136. https://doi.org/10.6093/1970-9870/10212

Jacobs, J. (1969). The uses of neighborhood parks. In Small urban spaces: The philosophy, design, sociology, and politics
of vest-pocket parks and other small urban open spaces. New York University Press.

TeMA - Journal of Land Use Mobility and Environment. Special Issue 1 (2025) 101



Sanfilippo F. et al. — An innovative tool for supporting urban policies: assessing the health of mediterranean urban greenery
with portable optical technologies and vegetation metrics

Kabisch, N., van den Bosch, M., & Lafortezza, R. (2017). The health benefits of nature-based solutions to urbanization
challenges for children and the elderly: A systematic review. Environmental Research, 159, 362-373. https://doi.org/
10.1016/j.envres.2017.08.004

Lachowycz, K., & Jones, A. P. (2011). Greenspace and obesity: A systematic review of the evidence. Obesity Reviews, 12
(5), e183-e189. https://doi.org/10.1111/j.1467-789X.2010.00827.x

Lazzarini, L., Mahmoud, I., & Pastore, M. C. (2024). Urban planning for biodiversity. 7eMA - Journal of Land Use, Mobility
and Environment, 17 (1), 45-60. https://doi.org/10.6093/1970-9870/10197

Lepczyk, C. A., Aronson, M. F. J., Evans, K. L., Goddard, M. A., Lerman, S. B., & Maclvor, J. S. (2017). Biodiversity in the
city: Fundamental questions for understanding the ecology of urban green spaces for biodiversity conservation. BioScience,
67(9), 799-807. https://doi.org/10.1093/biosci/bix079

Li, L., Du, Q., Ren, F., & Ma, X. (2019). Assessing spatial accessibility to hierarchical urban parks by multi-types of travel
distance in Shenzhen, China. International Journal of Environmental Research and Public Health, 16 (6), 1038.
https://doi.org/10.3390/ijerph16061038

Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Lo Piccolo, E., Landi, M., Pellegrini, E., Agati, G., Giordano, C., Giordani, T., Lorenzini, G., Malorgio, F., Massai, R., Nali, C.,
Rallo, G., Remorini, D., Vernieri, P., & Guidi, L. (2018). Multiple consequences induced by epidermally-located anthocyanins
in young, mature and senescent leaves of Prunus. Frontiers in Plant Science, 9, 917. https://doi.org/10.3389/
fpls.2018.00917

Lovasi, G. S., Schwartz-Soicher, O., Quinn, J. W., Berger, D. K., Neckerman, K. M., Jaslow, R., Lee, K. K., & Rundle, A.
(2013). Neighborhood safety and green space as predictors of obesity among preschool children from low-income families
in New York City. Preventive Medicine, 57 (3), 189-193. https://doi.org/10.1016/j.ypmed.2013.05.012

Lyytimaki, J., & Sipild, M. (2009). Hopping on one leg: The challenge of ecosystem disservices for urban green management.
Urban Forestry & Urban Greening, 84), 309-315. https://doi.org/10.1016/j.ufug.2009.09.003

Mazzone, A., De Cian, E., Falchetta, G., et al. (2023). Understanding systemic cooling poverty. Nature Sustainability, 6,
1533-1541. https://doi.org/10.1038/s41893-023-01221-6

Molnér, V. E., Szabg, S., Magura, T., T6thmérész, B., Abriha, D., Sipos, B., & Simon, E. (2023). Assessment of environmental
impacts based on particulate matter and chlorophyll content of urban trees. bjoRxiv. https://doi.org/10.1101/
2023.05.31.543026

Pantaloni, M., Botticini, F., & Marinelli, G. (2024). Assessment of urban green spaces proximity to develop the green
infrastructure strategy: An Italian case study. 7eMA - Journal of Land Use, Mobility and Environment, 17 (3), 67-81.
https://doi.org/10.6093/1970-9870/10919

Park, C. H., Yeo, H. J., Kim, Y. J., Van Nguyen, B., Park, Y. E., Sathasivam, R., Kim, J. K., & Park, S. U. (2021). Profiles of
secondary metabolites (phenolic acids, carotenoids, anthocyanins, and galantamine) and primary metabolites
(carbohydrates, amino acids, and organic acids) during flower development in Lycoris radiata. Biomolecules, 11(2), 248.
https://doi.org/10.3390/biom11020248

Petrova, S. (2011). Biomonitoring study of air pollution with Betula pendula Roth. Ecologia Balkanica, 3 (1), 1-10.

Santos, R. S., Sanches, F. A. C. R. A,, Leitao, R. G., Leitdo, C. C. G., Oliveira, D. F., Anjos, M. J., & Assis, J. T. (2019).
Multielemental analysis in Nerium oleander L. leaves as a way of assessing the levels of urban air pollution by heavy metals.
Applied Radiation and Isotopes, 152, 18-24. https://doi.org/10.1016/j.apradis0.2019.06.020

Sadeghian, M. M., & Vardanyan, Z. (2013). The benefits of urban parks: A review of urban research. Journal of Novel
Applied Sciences, 2 (8), 231-237.

Saletnik, A., Saletnik, B., & Puchalski, C. (2021). Overview of popular techniques of Raman spectroscopy and their potential
in the study of plant tissues. Molecules, 26 (6), 1537. https://doi.org/10.3390/molecules26061537

Savard, J.-P. L., Clergeau, P., & Mennechez, G. (2000). Biodiversity concepts and urban ecosystems. Landscape and Urban
Planning, 48(3-4), 131-142. https://doi.org/10.1016/S0169-2046(00)00037-2

Scheiber, S., & Zucaro, F. (2023). Urban open and green spaces: Is Malta planning and designing them to increase
resilience? TeMA - Journal of Land Use, Mobility and Environment, 16 (2), 331-352. https://doi.org/10.6093/1970-
9870/9951

Shibaeva, T. G., Mamaeyv, A. V., & Sherudilo, E. G. (2020). Evaluation of a SPAD-502 Plus chlorophyll meter to estimate
chlorophyll content in leaves with interveinal chlorosis. Russian Journal of Plant Physiology, 67, 690-696.
https://doi.org/10.1134/51021443720040160

Sinanoglou, V. J., Zoumpoulakis, P., Fotakis, C., Kalogeropoulos, N., Sakellari, A., Karavoltsos, S., & Strati, I. F. (2018). On

the characterization and correlation of compositional, antioxidant and colour profile of common and balsamic vinegars.
Antioxidants, 710), 139. https://doi.org/10.3390/antiox7100139

TeMA - Journal of Land Use Mobility and Environment. Special Issue 1 (2025) 102



Sanfilippo F. et al. — An innovative tool for supporting urban policies: assessing the health of mediterranean urban greenery
with portable optical technologies and vegetation metrics

Traksele, L., & Snitka, V. (2022). Surface-enhanced Raman spectroscopy for the characterization of Vaccinium myrtillus L.
bilberries of the Baltic—Nordic regions. European Food Research and Technology, 248, 427—-435. https://doi.org/10.1007/
s00217-021-03887-8

Tuccio, L., Massa, D., Cacini, S., Iovieno, P., & Agati, G. (2022). Monitoring nitrogen variability in two Mediterranean
ornamental shrubs through proximal fluorescence-based sensors at leaf and canopy level. Scientia Horticulturae, 294,
110773. https://doi.org/10.1016/j.scienta.2021.110773

Ward Thompson, C., Roe, 1., Aspinall, P., Mitchell, R., Clow, A., & Miller, D. (2012). More green space is linked to less stress
in deprived communities: Evidence from salivary cortisol patterns. Landscape and Urban Planning, 105(3), 221-229.
https://doi.org/10.1016/j.landurbplan.2011.12.015

Xing, L., Liu, Y., & Liu, X. (2018). Measuring spatial disparity in accessibility with a multi-mode method based on park green
spaces classification in Wuhan, China. Applied Geography, 94, 251-261. https://doi.org/10.1016/j.apgeog.2018.03.014

Image Sources

Fig.1: Google Earth;

Author’s profile

Francesca Sanfilippo

She is a Research Fellow at CNR — IFAC in Florence, focusing on precision medicine strategies for Alzheimer's and food
innovation through technology transfer. She holds a Master's in Environmental Sciences and a PhD in Civil, Environmental,
and Architectural Engineering. Her experience spans various research projects, including sustainable agriculture,
digitalization, and industrial transition. She has worked with Confindustria, supported technological innovation, and
contributed to European projects. Sanfilippo is involved in knowledge transfer, and has experience in educational and
scientific dissemination across different fields.

Francesca Rossi

She is a Senior Researcher at the "Nello Carrara" Institute of Applied Physics (CNR). Her main interest is in light-biological
material interactions, focusing on the design of innovative medical devices in collaboration with physicians and photonics
companies. She works on developing new surgical, therapeutic, and diagnostic approaches in areas like ophthalmology,
dermatology, and neurosurgery. She coordinates regional, national, and European projects, holds 8 patents, and has over
130 scientific publications. Additionally, she leads innovation transfer activities and serves as a project proposal reviewer
for European institutions.

Lorenza Tuccio

She is researcher at the "Nello Carrara" Institute of Applied Physics (CNR). She received her PhD in ‘Crop Productions
Science’ at the University of Pisa and Sant’Anna School of Advanced Studies. She works on proximal sensing in precision
agriculture and applications of portable tools in the agri-food sector. Her research interests are focused on the development
and application of spectroscopic indices for the non-destructive assessment of chemical compounds on leaves and fruits by
portable optical sensors and mapping of spatial and temporal variability of fruit ripening and plant growth from
georeferenced data.

Lucia Cavigli

She is physicist, received her PhD degree in Materials Science from Department of Physics of University of Florence in 2006.
Since 2011, she is Researcher at Cnr-Institute of Applied Physics. Her skills are in the fields of optical spectroscopy and
nanoplasmonics. Her current research interests include the development of photoacoustic platforms for biomedical purposes
and photonics tools for agri-food. She is co-author of more than 80 publications on scientific journals and conferences (h-
index =19, Scopus).

Giorgio Querzoli

Since 2006, he has been a full professor of Hydraulics at the Department of Civil and Environmental Engineering and
Architecture at the University of Cagliari, following previous roles as an associate professor and researcher. He holds a Ph.D.
in Environmental Monitoring Methods from the University of Florence. His academic roles include chairing various PhD and
degree programs in civil engineering. He has been involved in multiple scientific boards and editorial committees, including
AIVELA and the International Symposia on Laser Techniques. His research focuses on fluid dynamics in biological and
environmental systems, with notable projects on cardiovascular fluid mechanics and turbulent flows. He has coordinated
several national research projects.

Ivan Blecic

Full Professor at the Department of Civil and Environmental Engineering and Architecture at the University of Cagliari. He
is the coordinator of the PhD program in Civil and Architectural Engineering and the director of the Glab Interdepartmental
Center. As of July 1, 2024, he serves as Director of the Department of Civil and Environmental Engineering and Architecture.
His research focuses on evaluation methods and decision support for complex projects and territorial policies, with particular
attention to antifragile planning and urban rent. He has developed models for simulating urban dynamics using cellular
automata and machine learning techniques. His models have been applied to European projects related to sustainability
and energy management.

TeMA - Journal of Land Use Mobility and Environment. Special Issue 1 (2025) 103



Sanfilippo F. et al. — An innovative tool for supporting urban policies: assessing the health of mediterranean urban greenery
with portable optical technologies and vegetation metrics

Valeria Saiu

She holds a PhD in Civil Engineering and is an Assistant Professor at the Department of Civil and Environmental Engineering
and Architecture, and Architectural Engineering at the University of Cagliari. Her main research interest lies in defining
integrated models for multi-criteria, quantitative, and qualitative evaluation, useful for outlining alternative intervention
scenarios and structuring informed decision-making processes on the multiple impacts of various choices in urban
transformations . Her most recent interest is the development of methods and tools for assessing the sustainability of urban
areas, particularly concerning the localization of the Sustainable Development Goals (SDGs) from the 2030 Agenda, in
relation to their national, regional, and local strategies.

Paolo Matteini

He has been a research director at the Institute of Applied Physics of the CNR since 2021 where he carries out research
and management activities in the field of optical spectroscopies for the development of biomedical diagnosis methods and
agrifood applications. His research interests include: 1) biophotonic technologies, including advanced microscopy techniques
(Confocal Fluorescence, Raman, AFM) for biomolecule characterization; 2) Raman spectroscopy and Surface-Enhanced
Raman spectroscopy for monitoring altered human and plant health states; 3) Functional nanomaterials (gold and silver
nanoparticles, graphene, biopolymers) that can be activated with laser radiation for applications in cell imaging and
detection. He has been scientific Coordinator of several European and national projects on development of novel strategies
based on optical sensing and co-authored more than 150 publications in international journals, scientific books and
international proceedings.

TeMA - Journal of Land Use Mobility and Environment. Special Issue 1 (2025) 104



	1. Introduction
	2 Literature Review
	To fully grasp the role of urban green spaces in sustainable planning, it is essential to analyze plant adaptation to urban stressors such as pollution and climate variations. Physiological studies offer valuable insights into these processes, guiding...
	In recent years, numerous physiological studies have explored plant adaptation and responses to environmental conditions (Ramon et al., 2019; Park et al., 2021; Falcioni et al., 2020; Furlanetto et al., 2020; Clemente et al., 2021; Gould et al., 2018;...
	Studies on plant physiological responses to environmental adaptation have utilized various non-destructive optical tools and techniques. Chlorophyll level analyzers such as the SPAD 502PLUS (Konica Minolta) (Falcioni et al., 2017), Dualex (Force A), a...
	Integrating green spaces into urban policies and understanding plants' physiological responses to environmental factors form a unified approach to sustainable city planning. Advanced technologies like reflectance spectroscopy and chlorophyll fluoresce...
	3 Methodology
	3.1 Description of case study
	4 Results
	4.1 Focus on the optical techniques proposed
	5 Discussions and conclusions
	The application of photonic methodology presents some limitations, such as the need for instrument calibration and validation of results against traditional methods. Although the portability of these tools is an advantage, it is essential to adopt sta...
	This research project adopts a multidisciplinary approach to develop an urban green monitoring protocol using portable optical instruments, incorporating additional environmental data such as soil information, atmospheric parameters, and pollution lev...
	As cities grow and the demand for sustainability increases, the use of these tools becomes crucial for integrating greenery into urban planning, offering benefits such as improved air quality and climate change mitigation. Understanding ecological dyn...
	The results of this research have a direct impact on urban green space planning, thanks to the ability to conduct non-destructive analyses that preserve the integrity of vegetation. These tools enable repeated measurements over time, monitoring the ph...
	The advantages of photonic instruments include greater data granularity, detecting variations at the individual plant level, and faster measurement and processing speeds compared to traditional methods. The multi-throughput capability allows for multi...
	The detailed data collected enables the identification of urban areas requiring targeted interventions, improving the planning and management of green spaces. The integration of these technologies supports strategic decisions on the placement and main...
	In summary, this study initiates an innovative approach to urban green monitoring, combining established and new technologies to provide real-time data. These tools enable more informed and effective management of green spaces, contributing to urban s...
	References
	Image Sources
	Author’s profile

