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Urban Resilience in a Changing Climate
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Urban heat island cross section.
Credit; http://geography.name/urban-heat-island/

Urban Heat Island (UHI):

« Temperature scale

* Material indicators > HEATWISE
« Population indicators
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UHI from (European) EO

» Sentinel-3 SLSTR provides operational thermal monitoring at 1T km
resolution with 0.3K temperature accuracy, detecting urban heat
differences of up to 5°C between city cores and surrounding areas

» Sentinel-2 MSI enables defailed surface characterization af 10-20m
resolution using spectral indices like NDBI and NDVI to identify heat-
conftributing urban features

» Data fusion techniques combine both sensors fo downscale thermal
data from 1 km to 20m resolution using machine learning approaches
for city-block level analysis

» Operational programs and commercial thermal satellite sensors across
Europe and US utilize Sentinel data for urban heat mapping

» Future LSTM mission will deliver 50-meter thermal resolution - a 400-fold
Improvement enabling building-scale heat monitoring for targeted
urban planning



HEATWISE Objectives

>

Contribute to understanding and monitoring urban resilience.

» Exploiting synergistically data usage from CHIME and LSTM, also in
combination with $-2, $-3

» to better characterize urban surface characteristics

» and to support monitoring of the measures undertaken to increase
urban resilience.

Three Products: identification and characterization of materials, buildings and
roofs, vegetation, and water surfaces (grey, green, and blue components of the
city

» Maps of the thermal properties of Urban Materials
» Advanced Local Climate Zone maps
» Urban water characterization

Developed at the example of 3 cities: Athens, Berlin and Helsinki
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Stakeholder Engagement

» Three cities

» Athens — southern Europe case; heat waves, affected by extreme heat; involvement of
Director of New Metropolitan Attica S.A.

» Berlin — central Europe case; heat waves; confinental climate, many urban waters;
involvement of Senat of Berlin, head of Berlin‘s air quality management

» Helsinki — northern Europe case; extreme temperature rise; buildings not suited; involvement of
City of Helsinki, Urban Environment Division, Head of Climate Unit

» Expanding the users involved
» City of Hamburg (BC as point of contact)
» Bucharest, Prague identified candidates

» Horizon Europe project CARMINE Climate-Resilient Development Pathways in Metropolitan
Regions of Europe (NOA is partner)

» Global Covenant of Mayors

» A word of caution: it take 4-5 years until users will get data. We should not risk to oversell
EO but be reserved and clear in our messages passed to users.
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User and Product Requirements -

Stakeholder Engagement during first months of the project

» Successful engagement with diverse stakeholders across Athens, Berlin, and Helsinki.
» Consolidated user requirements to guide product and dataset development.

User’s Priorities

» Demand for high spatial resolution data at neighborhood and building-block levels.
» Preference for seasonal and monthly data updates to capture urban heat dynamics.
» Need for practical, visually intuitive outputs understandable by non-experts.

Product Relevance

» Our three novel products (urban material characterization, Local Climate Zones
mapping, urban water quality) recognized as essential for urban resilience.

» Products support urban planning, heat island monitoring, energy management, and
environmental monitoring.

Representative Datasets

» Use of existing mission data and campaigns to mimic CHIME and LSTM capabilities
ensures scientific robustness and real-world applicability.

» Comprehensive datasets available for the three case study cities to support algorithm
development and validation.



UHI related Products
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Maps of the thermal properties of Urban Materials

>

>

>

UHI effect is significantly influenced by impervious materials used in urban construction, such as
concrete, asphalt, and other dark materials

VIS-NIR-SWIR-TIR can provide detailed insights into the specific materials contributing to UHI and
mapping the hottest areas with unparallel detail

Comprehensive maps of the various materials present in the hot spots of the city, focusing on their
thermal properties such as emissivity and thermal inertia

Advanced Local Climate Zone maps

>

>

>

UrJrk)on micrometeorology plays a significant role in how airflows shape the thermal behaviour of a
city

LCZ describes a classification system that integrates various information to standardize urban
temperature observation

Integrating hyperspectral VSWIR and multispectral TIR observations from CHIME and LSTM will add
further layers of information which are so far neglected for LCZ mapping

Urban water characterisation

>

Urban water bodies, such as lakes, ponds, and rivers, play a pivotal role in enhancing the
ecological and aesthefic value of cities, impacting the microclimate through its high heat
capacity, providing habitats for diverse species and recreational spaces for residents.

Mapping and characterizing the biogeochemical and physical status from VIS-NIR and TIR data
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Thermopolis campaign data analysis

Simulation of a Thermopolis observation (image) for LSTM and CHIME

at surface (BOA)

at 1800 m (flight height)
at satellite (TOA)

for NIR — simulations

for TIR — simulations

Target (pink plgn

ATE s

Goal: simulate complete image

Simulation of different surface
targets (materials)
for LSTM and CHIME

at surface (BOA)

2009-07-18; two flights: daytime at 09:00 UTC and
nighttime at 20:30 UTC,; flight altitude: 1.8 km



Simulation Approach

Thermopolis observations and RT Model MOMO inputs:

NIR - simulations
- Solar spectral iradiance +
Solar zenith distance estimated from local measuring time

- Atmospheric properties
Aerosols: measured spectral optical thickness AOT
Trace gases:
Temperature profile (T, g) from radiosonde
Water vapour (taken from observations)

TIR - simulations
- Temperature profile (T, q) from radiosonde
- Surface temperature from observation/retrieval
- Surface emissivity from observation/retrieval



Thermopolis — VIS NIR spectral range
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Thermopolis - Thermal
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THERMOPOLIS — Observed
THERMOPOLIS - Simulated
LSTM mimicked
Blackbody curve
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Data from 18.07.2009



Methodological Approaches

Material characterization from speciral and
thermal behavior

» Extract material spectra from the simulated CHIME
scene + unmixing + thermal surface properties

Local Climate Zone Maps

» Hyperspectral deep learning + model
refinement using the thermal layer

Urban Water Characterization

S2/MSlI



Take home messages

» HEATWISE is addressing Urban Heat Island: mapping, monitoring and supporting urban
planners when developing mitigation measure.

» HEATWISE is co-developing with users from 3 cities in Europe: Athens, Berlin and Helsinki.

» HEATWISE exploits synergistically from CHIME and LSTM, alongside with Sentinel 2 and
Sentinel 3, for 3 products

» Maps of the thermal properties of Urban Materials
» Advanced Local Climate Zone maps
» Urban water characterization

» The project will finish in autumn 2026, and results (representative dataset, algorithms)
will be made publicly available

» We thank ESA-NOR for sponsoring. The project develops its algorithms on the
DeepESDL platform.
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