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IEA EBC - Annex 97 - Sustainable Cooling in Cities
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Special attention is given to the objectives of the newly launched IEA EBC Annex on Sustainable Cooling in
Cities and its role in supporting evidence-based UHI mitigation.
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Urban heat island effect
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Roofs and pavements cover about 60 percent of
urban surfaces and absorb more than 80 percent
the sunlight that contacts them. This energy is
converted to heat, which results in hotter, more
polluted cities, and higher energy costs.

Zhu S. et al. 2022
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http://www.coolrooftoolkit.org/wp-content/pdfs/CoolRoofToolkit Full.pdf
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Why are Europeans vulnerable to

heat waves?
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1.
. Low Wind Speed

. Longer Days Laiitude above 30
. Buildings and Cities Unfit for the Climate
. Low Heat Shock Gene/Protein* 5&6correlated

. Light Skin Colour* (Melanin Biosynthesis) UV
. Dry Solls

~NOoO O b W

High Humidity
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Detection of UHI viaimage analysis

Main Types of Machine Learning

Machine Learning
Supervised Learning: The algorithm is trained
on labeled data (e.g., images tagged as "cat" or
"dog") so it can learn to make predictions or
classifications.

Unsupervised Learning: The algorithm &l
analyzes unlabeled data to discover hidden >
patterns or groupings (e_g_, customer Training data input data UHI detected

segments).

Reinforcement Learning: The model learns

by trial and error, receiving feedback through

rewards or penalties (commonly used in

robotics or game playing). n. LIEGEon versiie
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UHI ForeCaStlng Brussels, Belgium

Input Data:

* Land use/land cover data (vegetation,
Impervious surface, materials etc.)

e LST data: Landsat 8 & KOPMSAT

Training of UHI categories: Impact of
vegetation, surface features on UHI effects.

1. Urban density
Brightness
Atmospheric pressure
Vegetation index
Surface emissivity

o g A W N

Daily Excess Mortality

UHI maps 2008, 2018, 2028



Learned Lessons

-Machine learning concepts can only
learn from examples: newly emerging
patterns cannot be discovered.

A

-Operator needs experience and
routine
-We recommend Gradient Boosted
Trees (e_g_ XGBOOS'[) or Random Forest -There is a need for statistical method that:
R A tor handli i « Eliminates redundant information

egression for ar_] INg non- !near « Avoid topological distortions
effects well & explains feature importance . Estimate embedding dimension (degrees of

(e.g., how much vegetation reduces heat). gﬁ]%dgmt)abm N
o ul Im

These models showed us that vegetation and emissivity
are key variables in predicting UHI hotspots across time. L g LIEGE université
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PPK Image correction

Precise positioning technology does not perform GPS position correction in real time during the drone
flight, but at the end of the flight.

PPK (Post-Processing Kinematics)

 During drone missions, real-time GPS correction
(RTK) was not used due to environmental or @
logistical constraints. VD
* Instead, Post-Processing Kinematic (PPK)
correction was applied after the flight to improve
spatial accuracy of captured imagery.
* High positional accuracy is essential for:

— Aligning thermal data with urban infrastructure,

— Avoiding spatial drift in dense environments,

— Ensuring reliable UHI zone detection and

S8

GNSS

longitudinal comparison. base station/CORS
* In our 2022 Brussels campaign, PPK improved the
geo-referencing of both RGB and thermal

orthomosaics, enabling robust integration into GIS

and climate models. P

Drone base staion

LIEGE université
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Capturing Urban Heat Signatures

via Drone Photogrammetry

1. Utilized DJI Zenmuse H20T + Matrice
210 RTK for thermal and RGB data
acquisition.

2. Enabled aerial thermal imaging and
photogrammetric mapping over
Brussels.

3. Post-processed imagery corrected
using PPK methods for geo-
referenced accuracy.

4. Data supports surface temperature

mapping at street and rooftop scale. D31 Zenmuse H20T U LIEGE université

DJI Matrice 210 RTK

Supports detection of thermal
anomalies and urban
microclimate gradients.




Brussels: Drone Summer 2022
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Workflow, processing speed, data outputs

* Well developed processing workflow
+ PPK correction (image geotagging)

+ Photogrammetric processing

+ Analytics / added value / etc.

« Computationally expensive but not labor
Intensive

+ Hours to days for full-resolution

+ Less than an hour if only a sparse but
accurate point cloud is needed

* Rich photorealistic data outputs. Dense point
cloud, DSM, DTM, Orthomsaic

¢ LIEGE université
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Drone LIDAR - light detection

« Laser + IMU + GNSS/PPK

« Direct geo-referencing
 Heavy manned LIDAR vs

« Lightweights drone LIDAR vs
* Cheap drone LIDAR

» Multicopter vs fixed-wing/VTOL

&. # LIEGE université
16/30 t SBD Lab



Drone LIDAR - light detection

DJI Zenmuse L2 RGB/LIDAR

DJI Zenmuse H20T

DJI Matrice 210 RTK
o P LIEGE université
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Drone LIDAR - light detection

* Resolution / point density (fixed-wing) . Absplute accuracy
» Typically 50 — 200 pts/m2 not uniformly  Typically horizontal accuracy: ~10 cm
distributed  Typical vertical accuracy: ~5 cm

1m

%, # LIEGE université
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Drone LIDAR - light detection

* Resolution / point density (fixed-wing) . Absplute accuracy
» Typically 50 — 200 pts/m2 not uniformly  Typically horizontal accuracy: ~10 cm
distributed  Typical vertical accuracy: ~5 cm

1m

1m 4w, ¢ LIEGE université
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Volumetric water content (VWC)

« Capacitance-based sensors TEROS 12 VMC & and soil temperature TIEAENZKE

» Sensors connected to data loggers equipped * Absolute accuracy: 3% in mineral soils;
with LoRa WAN technology. wireless transmission improved to +1-2% with soil-specific calibration.

of data every 15 minutes.

\ = loT-connection

Cover

oL Temperature sensor 3
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Temperature sensor 2

Temperature sensor 1
| Soil moisture sensor
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Brussels Case Study #H&ZEREHIHE

‘ 3DCREATION.

UPATE

VARIOUS
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. P LIEGE université
23/30 ‘ SBD Lab



WS 02 Heliport

¢ LIEGE université
SBD Lab




Brussels Case Study #eEZREH[ME

Rafraichissement attendu : -10°C P.E.T. (zone 3 - Athénée et Rue Marie-Christine)

Simulation 19 juillet 2022 a 16h (température de I'air : 40°C) :
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Multimodal Urban Heat Island Detection and Forecasting for
Sustainable Cooling in Cities

Keywords: field validation, aerial triangulation, LIDAR, georeferencing
Level of maturity: applied research (ongoing)

Context: European cities are facing severe drought and intensive heat waves during summers.
Investing in urban cooling technologies including nature-based solutions adds value and creates jobs
at all scale levels. The characterization of urban heat islands in cities requires crossing the barriers of
remote sensing and airborne thermal imagery.

Analyze the surface temperature data and urban street vegetation to support the decision making for
passive cooling in European Cities

GIS mapping of urban canyons in cities

Geostatistical interpolation and data fusion techniques.

Aerial triangulation is necessary because we need a
balance between highly accurate and low accurate
characterization of drought maps and heat in urban
canyons heat.

Therefore, we need to couple the power of field
monitoring technologies to create ground-level
contextual dataset for our soils, streets and cities.

¢ LIEGE université
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Future Outlook: 1.Infrared Radiometer Measurement
Ground-based Observation 2. Observation Vehicle

SeERY - MELN 1. A5MESITINE2. MNE

Table 2. Overview of observational instruments from MOVE platform.

Instruments * Variables Precisions Manufacture (Model)
Sport Utility Vehicle Vehicle Speed - Hyundai (Maxcruz)
Ultrasonic Wind Sensor Wind Speed/Wind Direction +02ms? Vaisala (WMT703)
GNSS Antenna Latitude/Longitude, Altitude >3 m Trimble (NetR9)
< Rain Detector Rain Signal +1 min Vaisala (DRD11A)
g‘ Barometer Pressure £0.1 hPa Vaisala (PTB330)
‘c'; . Temp./Humidity Probe Air temperature/Humidity +0.22 °C/+3% Vaisala (HMP155)
§ ;-ialf'- Rain Gauge Precipitation +3% Vaisala (RG13H)
§ anige Road Weather Sensors Surface Temperature +0.28 °C Vaisala (DSP101, DSC111)
2 \ Net Radiometer SW/LW Radiation <1% Kipp&Zonen (CNR4)
i ‘3 \ Pyranometer Solar Radiation (Insolation) <3% Kipp&Zonen (CMP11)
gD meter * Each number corresponds to the equipment number shown in Figure 3.

>r mounting angle in relation to the target will determine target area. Differen
le combinations) produce different target shapes and areas, as shown below.
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Figure 3. Detailed schematic diagram of the Mobile Observation Vehicle (MOVE) equipped with
road weather and meteorological sensors (obtained from Kim et al., 2019 ron
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With the rising heat crisis in European cities, combining
satellite, drone, and Al-powered forecasts is no longer a
quury—lt’s our only ground level defense strategy
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Multimodal Urban Heat Island Detection and

Forecasting for Sustainable Cooling in Cities
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