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Review of regulation techniques of asphalt pavement
high temperature for climate change adaptation



Cooling effect of
different thermal
resistant pavements



Thermal behaviour of different

permeable and impervious land
covers in Florence, Italy

The shading
effect of trees (S
= shading)
proved decisive
even for the
surface material
with the poorest
thermal
performance.

Petralli et al. 2020 UTCI
field measurements in an
urban park in Florence
(Italy). Miscellanea
Geographica. 24, 3 « DOI:
10.2478/mgrsd-2020-0017

Ref Exp Grass | Exp Asphalt| S Asphalt | Exp Gravel
IE! Mean 26.1 26.3 27.5
Max 32.5 32.9 35.1
Min 18.3 18.5 18.9
MRT |Mean 36.9 40.0
Max 66.1 63.8
Min 17.4 17.7
UTCI |Mean 27.8 29.7
max 41.7 44.1
min 17.4 18.0




Tree canopy cover and biodiversity are positively correlated with the
magnitude of cooling (adapted from Wang et al., 2021).












a Urban trees mitigate the urban heat island
effect. b Cooling benefits are maximized by
optimizing tree species selection and spatial
placement in relation to three key
components: climate, tree functional traits,
and urban morphology. The cooling effect
results from a combination of mechanismes,
including shading (interception of incoming
shortwave radiation) and transpiration.

At the leaf and stomatal scales, the leaf
energy balance can be expressed as follows:

d.., (Sensible heat flux)

+q,,; (Latent heat flux)=q,,4, (Net
longwave radiation) + q,,4 s (Net
shortwave radiation).















Development of in situ hydrogen peroxide in the selected heat-tolerant and sensitive plant species by DAB
staining. Heat treatment was performed at 50 °C for 120 min. In situ hydrogen peroxide induced by heat stress
was detected in the form of brown precipitates. (A): H. fulva, (B) H. longipes, (C) H. plantaginea, (D) S. scilloides,
(E) A. scaber, and (F) C. cyanus.

Park, D.-J. et al. 2024. Establishment of Efficient Method for Evaluation of Heat Stress Tolerance of Herbaceous Plant Species and Selection of Heat-Tolerant
Plants. Horticulturae, 10(12), 1290. https://doi.org/10.3390/horticulturae10121290







































The need of integration of NBS in urban planning, design and management



Urban green strategies

Nature Based Solutions

, s Governance, social justice
Co-planning, co-design

Nature Based Thinkin



DIRECT ECOSYSTEM- HUMAN PRACTICES MIMICKING
BASED ACTIONS NATURAL PROCESSES

NBS beyond NBS

PRODUCTS AND ECOSYSTEM TECHNOLOGICAL INNOVATIONS
SERVICES SUSTAINABLY DERIVED SUPPORTING OR MIMICKING
NATURAL PROCESSES












Improving Urban Environment and Health

TEMPERATURE ASSESSMENT (B.2)

The Temperature Assessment service delivers a detailed mapping of the land surface temperature and
heath island severity in the urban area. The products support the administrations in understanding the
heath island phenomenon and planning interventions to mitigate the negative effects of warming. The
temperature and heat islands are assessed frequently at day and night at high spatial resolution and
provided as monthly and/or medium to long-term averages (annual averages of temperatures from June
to September, quadrennial, 10-years, custom, etc.). Statistical analysis can be extracted and
periodically reported. Data are available during the year, from January to December, to evaluate the
phenomenon in summertime and wintertime. The results have been validated using ground stations.
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10m/100m

Monthly (from January to December), medium to long-term
averages (annual, quadrennial, 10 years, etc.).
Daytime and nighttime

Global

Thermal satellite data and multispectral data (e.g., Landsat,
Sentinel-2, Sentinel-3)

GeoTiff, Cloud Optimized GeoTIFF (COG)

Land Surface Temperature (Celsius degrees), and Heath
Island severity from 0 (no SUHI) to 5 (severe SUHI)

3 hours

Compatible with GIS software (e.g., QGIS, ArcGIS), WebGIS

Desktop Application (GIS software), WMS/WCS, Report

Customization properties of the specific GIS platform used
(e.g., users can choose color scheme for representing the
layer). Customizable SUHI severity classes.

Supports processing of large datasets and can be extended
to new geographical areas, depending on the availability of
input data.

Adherence to relevant regulations or standards (e.g., GDPR,
ISO standards).



i MONITORING UHI .

THERMAL MAPPING (LST)
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Mondanelli, Francini, Chirici, Cocozza, Salbitano
2025. Coupling remote sensing data and local
meteorological measurements to predict thermal
stress and its potential mitigation by urban forests.

UFUG



Improving Urban Environment and Health

® THERMAL STRESS ASSESSMENT (B.3)

The service derives high-resolution maps of heat stress indices (PET, SET, UTCI) based on the use of
various high-resolution input data, the use of advanced preprocessing software, and ENVI-met
software. For the creation of the model domain land cover, building model and tall vegetation data are
necessary. The atmospheric outputs from simulations are used for the calculation of the heat stress
indices in the BIOMET module. The heat stress indices are compared to the population grids containing
the structure of the population. The population structure data consists of two categories permanent and
temporary population, both classified into several age categories within the grid. A weighted arithmetic
mean is used for each age category to quantify the impact of heat stress on different population groups.
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20 m (Kosice), 40 m (Bratislava), 100 m (population grids)

24 hours single day case study, 15:00 CET for heat stress
Kosice — 30.6.2022, Bratislava 8.7.2021

Regional coverage of the main Slovakian cities

Satellite imagery, vector layers, LiDAR point clouds,
population grids, SYNOP forcing data

GeoTIFF, png, shapefile

Land use, heat stress indices

5 months (atmospheric simulations)

standard GIS format (geospatial data)

Web portal (download), desktop application

Raw data can be used for further processing and analysis

The methodology can be applied to any city with available
data

n/a



Identifying thermal discomfort safe areas (Genova, Italy). Mindicity - EFI



B, ANALISI WHAT IF

Year 2 to 5 from planting date Current P1 P2 P3
Carbon dioxide uptake kg 168 348 498 606
Assimilated Carbon dioxide  kg*year™ 140 290 415 505

Air pollution removal
O; kg*year_1 0,023333 0,048333 0,069167 0,084167
NO, kg*year-1 0,163333 0,338333 0,484167 0,589167
SO, kg*year-1 0,023333 0,048333 0,069167 0,084167

-1
PM,o kg*year  0,023333 0,048333 0,069167 0,084167
Temperature reduction

outdoor (street level)?

% of total
Annual Water retention run off 1,0 3,0 4,8 6,0

ACalculated on the peak heat hour during summer days
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Component Metrics Unit Min |Max
PM,, removal (dry dep) g*m2*year 0,42| 9,21
NO, absortion/removal g*m2*year 0,37| 3,57
O; removal/absorption g*m2*year 1,2 7
S0, g*m**year” 0,2 1
C sequestration keg*m **year™ 0,1 2
Temperature reduction indoor °C 05 11
Temperature reduction

outdoor (street level) C 0.1 °
Annual energy saving % of tot year dissipal 6,5/ 35
Annual Water runoff retention |o, . i 0 off 40| 90




Viability and significance in
term of benefits

All the components checked
are positively influenced by
Implementing PR&W
solutions

The most effective and significant
results can be achieved in:

Indoor Temperature reduction
Annual water runoff retention
PM,, removal

Energy savings

Outdoor (atmospheric)
Temperature reduction

O; control

aprLONE

o

The effectiveness in providing benefits
Is related to the characteristics of the
solutions adopted.T

he feasibility of the solutions as
regards the possibility of having robust
and constant benefits over time
therefore depends on the design
choices and the continuity of
management and care programs

Comfort in the living environment
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NbS family

Small-scale air cooling

Large-scale cooling
potential

Interpretation and conditions

Urban Forests

High

High

Extensive canopy and evapotranspiration provide a strong
combination. Larger effects require sufficient cover, healthy
trees and available soil water.

Open Green Spaces

High when tree-rich

High when extensive or
distributed

Wooded parks and gardens rank above predominantly dry,
open lawns. Composition matters as much as the label “green
space”.

Green Corridors

Moderate—high

High when widely
distributed

Tree-lined networks distribute cooling through the built
environment. Canopy, rooting conditions and ventilation
determine performance.

River and Stream
Renaturation

Moderate-high

Moderate-high

Strongest where restoration combines riparian canopy, water
and permeable banks. Cooling transfer into streets depends
on airflow and urban geometry.

River Floodplains

Moderate-high

Moderate-high

Large vegetated floodplains can support substantial cooling,
particularly where summer moisture persists. Seasonal
flooding alone does not ensure summer performance.

Natural Inland
Wetlands

Moderate-high; potentially
high

Moderate-high where
extensive

Evapotranspiration and water-atmosphere exchanges can
generate strong local effects. Humidity and nighttime heat
storage complicate the benefits.

Constructed Inland
Wetlands

Moderate-high

Moderate; potentially
higher where extensive

Performance varies with area, vegetation and hydraulic
design. Surface-flow and subsurface-flow systems should not
receive identical ratings.

Urban Farming

Moderate; higher in
wooded systems

Limited—moderate

Orchards and agroforestry generally offer more sustained
thermal benefits than seasonal vegetable beds. Irrigation, crop
cover and harvest cycles are decisive.

Bioretention Areas

Limited—moderate; higher
with trees

Limited individually;
moderate as a network

Cooling depends on vegetation and retained moisture. Their
usual small footprint limits the effect of individual
installations.

Building Solutions

Limited—moderate at
pedestrian level

Moderate under
extensive deployment

Green roofs and facades can strongly affect building surfaces
and heat gains, while producing smaller or less consistent
street-level air cooling.

Terraces and Slopes

Mangrove Forests

Salt Marshes

Sandy Shores

Limited—moderate

Potentially substantial
locally; insufficient basis
for a comparative rank

Conditional; unranked

No dependable intrinsic
cooling rank

Conditional; insufficient
comparative evidence

Uncertain

Uncertain

Uncertain

Cooling comes mainly from vegetation and soil moisture,
rather than terracing itself. Wooded slopes may perform much
better than sparsely planted terraces.

Canopy and evapotranspiration offer plausible benefits, but
salinity and coastal meteorology matter. Evidence does not
support a general city-cooling rank.

Evaporative exchanges occur, but comparative evidence of
cooling experienced by adjacent urban populations is
insufficient.

Exposed sand can become hot. Sea-breeze cooling cannot be
attributed to beach or dune restoration without separating
meteorological effects.
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fsalbitano@uniss.it
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