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Abstract: In a world of rapid urbanisation and increasing global warming, Urban Heat Islands (UHIs)
are posing as a hazard to public health, especially for vulnerable age groups. Given Milan's high
urbanisation and scattered green infrastructure, Nature-Based Solutions (NBS) present a successful
way to reduce the UHI effects. Geographic Information Systems (GIS) can help the targeted
implementation and planning of NBS in urban areas. This research project develops a GIS-based
model to overlap data about green infrastructure, UHI and density of vulnerable age groups in Milan.
The aim is to assess the heat risk of urban areas with a high vulnerable population density in 2020
and 2030. A comprehensive literature review highlights the benefits and challenges of NBS. Land
Surface Temperature (LST) maps using remote sensing are developed to identify spatial patterns of
heat intensity in Milan on the hottest day measured in 2024 (31st of July). These are overlaid on
demographic maps, derived from Nuclei di Identita Locale (NIL), to highlight the areas where
vulnerable groups (children between 0 and 5 years old and elderly over 65 years old) are most at
risk. The analysis identifies UHI hotspots in Milan, characterized by high temperatures (more than
Milan’s average LST of 40.81°C), low vegetation cover, and vulnerable population.

Keywords: climate change risks; urban contest; health; children; resilience; GIS data; risk maps

1. Introduction

Climate change is one of the most critical challenges of the last century that implicates
ecosystems, economies, and societies. Urban areas, due to their density and excessive use of
impermeable surfaces, are particularly vulnerable to its effects, especially with the Urban Heat Island
(UHI) phenomenon, which intensifies temperatures in cities compared to their rural surroundings
[1], [2]. This rise in urban temperature poses significant risks to public health, particularly for
vulnerable age groups that are less able to adapt to extreme heat conditions, such as the elderly and
young children [3-8].

In a global context of rising older population, the heat risks impose a growing concern, especially
in densely populated cities in temperate climates where heat waves are increasingly frequent [7]. One
out of six world inhabitants will be over 65 years old in 2050 according to United Nations prospects
[9]. Regarding European Union (EU) inhabitants the older adult population (65+ years old) is
premeditated to increase from 21.1% (94.3 million) at the beginning of 2022 to 31.5% in 2100 [10].
Therefore, the aim for reducing the heat related risks should be a priority for the public health and
climate adaptation of cities [10-12].
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More localized and data-driven approaches to climate adaptation are essential to mitigate these
risks [14], [15]. The integration of remote sensing, demographic data, and Geographic Information
Systems (GIS) offers a tool to map and understand spatial patterns of heat exposure and vulnerability
[13], [16].

The aim of this research is to develop a methodology based on open-source GIS data to assess
and identify urban areas with the highest health risks for vulnerable populations during heat waves
and associated urban heat island (UHI) phenomena. Specifically, the study proposes a GIS-based
methodology that combines Urban Heat Island data, demographic information, and green
infrastructure mapping of Milan by districts. Being able to combine different datasets, GIS allows for
a comprehensive analysis of a city’s environmental context, therefore facilitating policymakers to
identify high risk areas, evaluate their effectiveness of NBS and develop a targeted implementation
strategy[17], [18].

Milan was selected as the case study due to its significant climatic challenges. The city
experiencing intense UHI effects and being among the European cities with the hottest recorded
urban areas [19]. Its geographical position in the Pianura Padana and surrounded by the Alps, limits
natural air circulation, facilitating heat retention. Using high-resolution satellite imagery and
localised population estimates, the system identifies urban areas where vulnerable populations are
at risk currently and in the future. A recent spatial analysis study on cardiovascular health
emergencies was done in Milan highlighting the impact of urban features like temperature, access to
drinking water fountains and population composition on the city’s heat vulnerability [20],
emphasizing the need for more targeted strategies to protect the groups that are at risk.

2. Materials and Methods

The research project was structured progressively in three main parts: 1) literature review; 2)
methodology of spatial mapping and analysis; 3) Application and discussion of results for
understanding the relationship between UHI and the vulnerable age groups in Milan. The phases of
this project build upon each other, combining scientific research, spatial data analysis and public
health issues to create a complete assessment of the risk of heat exposure and potential mitigation
approaches.

The study initiates with a broad literature review, considering existing papers on climate change,
UHI effects, nature-based solutions (NBS), and their implications for health. The review also assesses
the role of remote sensing and GIS-based methodologies in UHI analysis, underlining other studies
that incorporate demographic data to assess vulnerability. This initial work guarantees that the
project relies on previous knowledge while identifying gaps that show the necessity for further
spatial analysis.

Through this analysis, the most appropriate sources and GIS-based data transfer methodologies
for the research were identified.

Subsequently, the research focuses on the application of the methodology selected for mapping
and on the analysis of the UHI distribution in Milan, considering the spatial distribution of vulnerable
people. Using Landsat 8 satellite imagery, land surface temperature (LST) and UHI have been
extracted and processed in GIS software. The analysis is based on Nuclei di Identita Locale (NIL), a
more detailed and targeted administrative boundary system of zoning and gathering demographic
data in Milan. To continue the analysis, these maps will be overlaid with demographic data from the
NIL database, helping the identification of areas where high temperatures overlap with the density
of vulnerable age groups in the current scenario and for future projections (2030).

The final phase comprises the analysis and interpretation of spatial mapping results. This phase
has been crucial for the assessment of the areas of heat exposure, the relationship between UHI and
vulnerable communities, and the role of green infrastructures in mitigating extreme heat.
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Figure 1. Research methodology framework. Personal elaboration of the author.

3. Results

To better understand the risks maps, the context of the calculations that lead up to the final
values need to be comprehended first.

For this risk assessment, it has been important to divide the city into neighbourhoods, for
evaluating both the density of vulnerable populations (children and the elderly) and Land Surface
Temperature (LST) during heat waves in smaller and homogenous areas. Milan is already splitted
into Local Identity Units (Nuclei di Identita Locale — NILs), thus, they were used as the spatial units
for this analysis. For determing the Land Surface Temperature (LST), surface temperature data from
the Landsat 8 satellite (open-source data) was used, specifically from the day identified as the hottest
perceived heat wave in Milan in 2024 (July 31st). The satellite data have then been processed for
generating thermal maps using Google Earth Engine (GEE).

When computing the maps in Google Earth Engine (GEE), the code also computed the average
Land Surface Temperature (LST) of Lombardia which is 33.96°C and of Milan, 40.81°C. Firstly, these
results indicate a significant temperature difference of +6.85°C between Milan and its surrounding
Lombardia region. This highlights the fact that Milan is itself, a heat island in the north of Italy due
to the major urbanization and high density of impermeable land cover comparing to surrounding
areas that benefit from vegetation and its evaporative cooling. Furthermore, was highlighted
substantial temperature variations within Milan. To analyze this, as mentioned before in the
methodology, the UHI index was computed for each NIL. For more comprehensive understanding
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and reading of the values shown on the map, the UHI values were converted back to degrees Celsius
using the standard deviation of LST in Milan, 5.14°C, a value computed in GEE.

The results show a broad range of temperatures between the NILs. When reading this map, the
UHI index has the baseline of 0.00 representing the citywide mean temperature on the 31st of July, of
40.81°C. As shown in the legend in Figure 2, the UHI index ranges from -0.92 to 1.47 which is the
equivalent of ranging from 36.07°C to 48.37°C in land surface temperature. This means the coolest
NIL is 4.37°C cooler than Milan’s average of 40.81°C and the hottest NIL is 7.56°C more than the
average.

To evaluate the UHI's risk, another Excel database was made with the densities of vulnerable
population per age group per NIL using public demographic open sources data. For each vulnerable
group, GIS maps were developed showing the population density per NIL for the years 2020 and
2030. Then, an overlay analysis was performed for each NIL, comparing vulnerable age groups with
corresponding UHI values. This led to the creation of four maps: Urban Heat Island intensity and
density of children (aged 0-5) per NIL in 2020 (Figure 2) and 2030; and Urban Heat Island intensity
and density of the elderly (aged 65+) per NIL in 2020 (Figure 3) and 2030.

To provide a further comparison table, a comprehensive risk index for children and the elderly
was calculated by combining UHI intensity data with demographic data in Excel. This allowed to
identify the NILs with the highest risk within the vulnerable demographic density table, highlighting
the most heat-exposed neighborhoods.

In figure 2 the Urban Heat Island (UHI) intensity across Milan’s NIL districts data is overlaid
with the dark circles representing the density of children aged 0-5 years (2020), with bigger circles
indicating higher density. The map highlights Padova as the most critical NIL, where both the UHI
index and the density of young children are particularly high. In descending order of risk, the other
precarious neighborhoods are Loreto (NIL - 20), Umbria (NIL - 28), Dergano (NIL —79), Sarpi (NIL -
69), Ghisolfa (NIL - 70), and Porta Romana (NIL - 27).

Reading this map, it is understandable that the NILs with highest density of children aged 0-5
are Padova and San Siro. In addition, San Siro is quite suffering from higher urban heat island effects
too. This map also clearly illustrates that the other NILs characterized by high percentage of children
are living in zones with the highest UHI recorded.

Another crucial aspect to highlight is that the hottest NILs are located in the northern and eastern
part of the city, while the ones in southern and western sides (which are close to the big green area
of the Parco Agricolo Sud Milano), turned out to be less critical neighbourhoods. Particularly, the
hottest area in Milan is Magenta (NIL - 7), followed by Centrale (NIL — 10), Greco (NIL - 13) and
Bicocca (NIL — 15). Moreover, Magenta (NIL — 7) has even a relatively high concentration of elderly
that is projected to have a significant growth in 2030.

In the risk maps showing the projection of the population density for children in 2030, the critical
NILs remain relatively stable, being the same as in 2020.
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Urban Heat Island Intensity and Density of Children Aged 0-5 in Milan (2020)

Nuclei de Identia Locale with the
highest risk in descending order

Padova (NIL - 19)
Loreto (NIL - 20)
Umbria (NIL - 28)
Dergano (NIL - 79)
Sarpi (NIL - 69)
Ghisolfa (NIL - 70}
Porta Romana (NIL - 27)
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[ 36.07°C - 4225°C
[ 42.25°C - 44.20°C
I 44.20°C - 45.22°C
B 45.22°C - 45.79°C
I 45.79°C - 48.37°C

o 1 2km
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Figure 2. Urban Heat Island intensity and Density of children aged 0-5 recorded in 2020 per NIL. Personal
elaboration of the author.

The density of people aged 65 and over is depicted in Figure 3 and overlaid with the UHI
intensity map per NIL. Dark circles denote the elderly population density, with larger circles
representing higher concentrations. The map elicits highly critical heat-vulnerable districts, as Loreto
(NIL - 20), Umbria (NIL - 28), Ghisolfa (NIL - 70), Porta Romana (NIL - 27) and Sarpi (NIL - 69).

Comparing the map with the density of elderly people with the children’s one, it emerges that
the older age group has a higher percentage across Milan. Indeed, for elderly, the density reaches 25
people/ha (compared to 19 children/ha) and in general they are more frequent in the NILs. Even in
this case, beside high risk NILs, medium-high risk NILs are detected (in red colors), as Selinunte (NIL
—57), Buenos Aires (NIL - 21), XII Marzo (NIL - 26), Citta Studi (NIL - 22), Ticinese (NIL - 44), and
Isola (NIL - 11).

For example, the highest density of people over 65 years old have been found in Loreto 44.8
people/ha, which is ranked as the 10% hottest area, while the highest density of children is in Padova
with 19.7 people/ha (1.970 pp/Km?).

In the risk maps showing the projection of the density of elderly in 2030, the critical NILs will be
more than in 2020: Dergano and Magenta will emerge as new high-density elderly areas, signifying
an expansion of aging populations into different neighbourhoods.
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Urban Heat Island Intensity and Density of People Aged 65+ in Milan (2020)
Nuclei de Identia Locale with the
highest risk in descending order
Loreto (NIL - 20)
Unbria (NIL - 28)
Ghisolfa (NIL - 70)
Porta Romana (NIL - 27)
Sarpi (NIL - 69)
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Figure 3. Urban Heat Island intensity and Density of population aged 65+ recorded in 2020 per NIL. Personal
elaboration of the author.

The overlap concerning NILs with high density of vulnerable people and the hottest zones
identified in UHI mapping underlines an important persistent connection between climate risk and
social vulnerability. Loreto (NIL - 20), Umbria (NIL - 28), Padova (NIL - 19), Ghisolfa (NIL - 70), Sarpi
(NIL - 69), and Porta Romana (NIL - 27) consistently emerge within the vulnerable age groups (elderly
and children) in 2020 and also in the maps of 2030 projections. Besides facing high heat exposure,
these areas also house populations that are less resilient to extreme heat, making them crucial
locations for targeted interventions. Figure 4 spatially places the comprehensive risk index for
children and the elderly resulted from the database overlapping the highest density of vulnerable
population age groups in 2020 and in 2030 projections and peak UHI intensity.
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Assessing Heat Vulnerability: Target Zones for Climate Adaptation

19. Padova - Turro - Crescenzago
20, Loreto - Casaretto - NoLo,
27. Porta Romana

26, Umbria - Malise - Calvairate
9. Sarpi

70. Ghisalfa

I dentified Risk Arcas for children and the
elderly 2020-2030

UHI Intensity on 31.07.2024
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Figure 4. Comprehensive risk index for children and the elderly in 2020 and 2030. Personal elaboration of the

author.

Figure 5 shows the distribution of green areas per NIL to highlight the correlation with the high-
risk zones for vulnerable age groups in 2020 and 2030. A clear inverse correlation is observed between
UHI intensity and green area density, underscoring the role of vegetation in mitigating urban heat.
Notably, NILs with the highest concentration of vulnerable population, consistently correspond to
areas with limited green infrastructure. This spatial overlap highlights these districts as critical targets
for future nature-based interventions aimed at reducing thermal stress and enhancing climate
resilience. Moreover, proximity to green areas is essential for the physical and mental health of
elderly people and children, reducing stress, and encouraging outdoor activity. Due to their cooling
effect, green spaces provide safer spaces for age groups with thermal regulation sensitivity, especially
young children and the elderly.
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Green Area Coverage in Milan

Percentage of green areas per NIL

<10%

10 - 30%
[0 30 - 40%
B 40 - 50%
W 50

Figure 5. Percentage of green areas per NIL. Personal elaboration of the author.

4. Discussion

The spatial analysis performed offers a comprehensive understanding of Urban Heat Island
(UHI) intensity in Milan and its relationship with demographic vulnerability and distribution of
green infrastructure. Through mapping, distinct spatial patterns reveal areas where extreme heat
exposure overlaps with at-risk populations, particularly young children (0-5 years old) and the
elderly (65+ years old). Additionally, the green space distribution map highlights a clearly inverted
relationship between vegetation coverage and UHI intensity, emphasizing the critical role of Nature-
Based Solutions (NBS) in mitigating urban heat. These findings strengthen existing literature that
finds vegetation to be an important cooling strategy, reducing surface temperatures through shading
and evapotranspiration processes.

Several NILs consistently emerge in both 2020 and 2030 as having a high density of elderly
residents, respectively over 30 people per hectare. These include Loreto (NIL - 20), Umbria (NIL - 28),
Padova (NIL - 19), Ghisolfa (NIL - 70), Sarpi (NIL — 69), and Porta Romana (NIL - 27), which should
be priority areas for heat mitigation strategies over the next decade. Additionally, Dergano (NIL —
79) and Magenta (NIL — 07) are projected to emerge as new high-density elderly areas by 2030,
signifying an expansion of aging populations into different neighbourhoods. The persistence of
certain NILs across the 10-year difference suggests that these areas will continue to have substantial
aging residents, emphasizing their long-term vulnerability to extreme heat events. The demographic
modification observed in Dergano (NIL — 79) and Magenta (NIL — 07) also stresses that the risks are
expanding into new areas, demanding the implementation of adaptation strategies while thinking
forward.

Older populations are more vulnerable to extreme heat because of reduced thermoregulation,
pre-existing health conditions, and social isolation. Therefore, NILs with high elderly population
densities should be prioritized for UHI adaptation measures such as expanding urban greening and
higher tree canopy coverage in pedestrian zones, increasing shaded public spaces and cooling
centers.
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The NILs with the highest density of children, respectively those over 19.7 children per hectare,
remain relatively stable, with almost all appearing in both 2020 and 2030 projections. Padova (NIL -
19), Loreto (NIL - 20), Umbria (NIL - 28), Porta Romana (NIL - 27), Dergano (NIL - 79), Sarpi (NIL -
69), and Ghisolfa (NIL — 70) consistently exhibit high densities of young children, indicating that these
areas will continue to be high risk neighborhoods for heat exposure for children. This persistence of
high density of children stresses the important need for child-friendly heat adaptation planning in
these areas.

Young children are more sensitive to heat stress due to dehydration risks and their
underdeveloped thermoregulatory systems and pregnant women risk giving birth to children with
lower body wights. The aforementioned NILs should be selected for interventions like shaded and
vegetated play areas in residential regions, water features and cooling facilities in schools and public
parks and incorporating heat adaptation strategies in childcare and health centers. Due to children
having lower regulation of body temperature and being dependent on caregivers, implementing
heat-adaptive urban planning that focuses on thermal comfort and safety in areas with more families
is crucial.

The persistent overlap concerning NILs with high density of vulnerable people and the hottest
zones identified in UHI mapping underlines an important connection between climate risk and social
vulnerability. Loreto (NIL - 20), Umbria (NIL - 28), Padova (NIL - 19), Ghisolfa (NIL - 70), Sarpi (NIL
- 69), and Porta Romana (NIL - 27), consistently emerge within the vulnerable age groups (elderly
and children) in both 2020 and 2030 projections. Besides facing high heat exposure, these areas also
house populations that are less resilient to extreme heat, making them crucial locations for targeted
interventions.

5. Conclusions

This study demonstrates the value of integrating GIS-based spatial analysis with demographic
and environmental data to identify heat vulnerability in urban areas. By combining Urban Heat
Island intensity, green infrastructure distribution, and vulnerable age groups demographic
projections, the methodology supports targeted climate adaptation strategies. The approach is
scalable, allowing application across multiple geographic levels, from neighborhoods to cities or
regions. It is also adaptable, as additional layers such as socio-economic, epidemiological,
environmental, and infrastructural data can be incorporated for more comprehensive risk
assessments. Furthermore, the method is replicable, relying on open-source tools and publicly
accessible data.

Looking forward, there is a need for the digitalization of urban and demographic datasets in
editable formats such as Excel, CSV, or geolocated GIS packages. Additionally, better organization
and accessibility of spatial and statistical data by public institutions would significantly enhance the
quality and efficiency of such research, enabling more informed and equitable urban planning
decisions.

Abbreviations

The following abbreviations are used in this manuscript:

UHI Urban Heat Island

LST Land Surface Temperature

GEE Google Earth Engine

GIS Geographic Information Systems
NBS Nature-Based Solutions

NIL Nuclei di Identita Locale
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