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Why We Need to Measure Urban Overheating

• Urban overheating affects human health, comfort and the
environmental quality of cities

• Cities’ diverse forms, fabrics and functions create highly variable
microclimates

• Environmental data is the foundation for building AND validating
urban climate models

• Accurate characterization → the basis for tailored mitigation &
adaptation strategies

55%+
of the world’s population lives in cities — and rising

Urban climate action is no longer optional — it is urgent.
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Two Families, Three Field Techniques
Roadmap for this talk

Field-based monitoring
Real-world data collection under actual urban 
conditions

Laboratory-based methods
Scaled models under fully controlled boundary-
layer conditions

THREE TECHNIQUES PREVAIL IN FIELD-BASED MONITORING

Remote Sensing

Satellite thermal imagery — land surface 
temperature & land cover at city scale

Fixed Weather Stations

Continuous point-based data — air 
temperature, humidity, wind, irradiance

Mobile Monitoring 
(Transects)

Backpacks, bikes, vans & robot platforms 
— hyperlocal, high-granularity data
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Every technique trades away time, space, or both

TEMPORAL RESOLUTION (LOG SCALE, 1 SECOND → 16 DAYS)

Remote sensing 15 min – 16 days

Fixed weather stations 5 min – 1 h

Transect – car 1–10 s

Transect – bike 5–10 s

Transect – pedestrian 5–10 s

1 s 1 min 10 min 1 h 1 day 16 days

SPATIAL RESOLUTION (LOG SCALE, 1 METRE → 3 KM)

Remote sensing 30 m – 3 km (LST)

Fixed weather stations point-based

Transect – car ≈20–50 m

Transect – bike ≈5–20 m

Transect – pedestrian ≈1–5 m

1 m 5 m 20 m 50 m 100 m 1 km 3 km
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Comparing Spatial & Temporal Resolution
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Remote Sensing: a City-Scale Perspective

• Retrieves land surface temperature (LST) from 
thermal infrared satellite imagery

• Provides land-use / land-cover classification — a 
key input for urban cooling simulations

• Broad spatial coverage enables city- and regional-
scale comparisons

• Repeated overpasses support long-term temporal 
trend analysis

Example: surface urban heat island pattern along the Tiber, Rome

FAST FACTS  ·  ECOSTRESS 70 m (~daily)  ·  Landsat 8/9 100→30 m (16-day revisit)  ·  MODIS/Sentinel-3 1 km  
·  GOES-R/Meteosat 2–3 km (15 min–1 h, regional only)

✓ STRENGTH   Unmatched spatial coverage & repeatable, 
comparable measurements

△ WATCH-OUT   LST ≠ perceived heat exposure; cloud 
cover affects data quality
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Fixed Weather Stations: the Continuous Record

• Continuous, high-frequency data (5 min – 1 h) — ideal for diurnal & long-
term analysis

• Essential for both driving and validating urban climate models

• Point-based measurement: spatial coverage depends on network density

• Personal Weather Stations (PWS) extend coverage — e.g. Weather 
Underground, Netatmo, WeatherLink

• Often sited outside urban cores (e.g. airports) — may miss intra-urban 
microclimates

5 min – 1 h
typical sampling interval — continuous, station-dependent

✓ STRENGTH   Long-term continuous record; low-cost 
PWS networks widen coverage

△ WATCH-OUT   Lower accuracy of low-cost sensors; 
siting bias away from urban canyons
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Mobile Monitoring: the Platforms
Real devices used in our field campaigns

• High spatiotemporal granularity — captures hyperlocal variability & real human exposure

• GPS-tagged measurements every few seconds, i.e. every few metres travelled

• Emerging: public-transport-based and delivery-integrated sensing

Wearable backpack
Pedestrian-level exposure

Bike helmet sensor
Fast, cyclist-height routes

Mobile weather van
Wide-area transects

Robot platform
Autonomous, repeatable 

paths

venticool webinar · EBC Annex 97 / Cities TCP Task 5 — Sustainable Cooling in Cities 8

INTRO ·   REMOTE SENSING ·   FIXED STATIONS ·   MOBILE MONITORING ·   CASE STUDIES ·   HYBRID & LAB ·   TAKEAWAYS

Mobile Monitoring in Motion
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A Day in the Transect: Morning 2 Evening
Same 8-stop route, three times of day

Perugia historic centre — 08:30, 14:30 and 18:30

• The same route is walked three times in a single 
day — 8:30, 14:30 and 18:30

• Air temperature swings from ~24°C at dawn to 
~47°C at the hottest midday stop

• Paired thermal (IR) and visual photos at each stop 
confirm the cause — sun-exposed piazzas vs. 
shaded alleys

• The diurnal cycle, not just the daily average, is 
what people actually experience outdoors
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Predicting Thermal Patterns with Deep Learning
From mobile monitoring to predictive models

• Autonomous mobile monitoring pairs RGB + environmental data (Tair, RH, solar radiation, wind, air quality) at street level

• A CNN (U-Net encoder/decoder) learns to predict a thermal image directly from an RGB photo and environmental features

• Goal: predict surface temperature behaviour without a thermal camera on every unit — scaling up spatial coverage cheaply

Model architecture: RGB + environmental data → predicted thermal image Validation: real vs. predicted thermal image, with error map
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Wind Tunnel Studies of Buoyant Street-Canyon Flows
Isolating one variable at a time

• A scaled street canyon with one wall heated deliberately shows 
how buoyancy reshapes the airflow vortex inside it

• Comparing flat vs. steep canyon geometries shows that steep 
canyons ventilate roughly half as fast

• Building models at several physical scales links thermal 
stratification to how far pollutants travel before they dilute

Different questions, same method: scale it down, heat it 
deliberately, measure precisely.

heated wallapproaching flow

street width

height

Illustrative generic setup
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✓ STRENGTH   Full control to isolate one variable at a time —
and, via a helium surrogate, no fire or flammability risk either

△ WATCH-OUT   Scaled-model limits apply, and surrogate-gas 
results still need scaling back to real conditions
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The Power of Combining Methods
Hybrid monitoring

Our framework: mobile platforms + fixed references + citizen survey, combined

• Remote sensing + ground data → downscaling (regression, ML, thermal unmixing)

• Satellites + stations + models → reanalysis products, e.g. ERA5 (ECMWF)

• Mobile + fixed sensors → hyperlocal detail with long-term continuity; corrects time-drift
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Strengths & Gaps at a Glance
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What you gain, and what it costs you

Remote Sensing
✓ STRENGTH

Broad, repeatable spatial coverage

△ GAP

Coarse resolution; cloud-sensitive; LST ≠ 
exposure

Fixed Stations
✓ STRENGTH

Continuous, long-term record

△ GAP

Point-based; siting bias; network cost

Mobile Monitoring
✓ STRENGTH

Real human exposure, fine spatial detail

△ GAP

Non-continuous; route- & time-limited

Wind Tunnel
✓ STRENGTH

Fully controlled, isolates single variables

△ GAP

Scaled-model limits; safety constraints (helium 
mitigates)
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Toward a Human-Centric Observatory
What this body of work points to

Mobile Monitoring

High spatial resolution reveals environmental differences 
at the hyperlocal scale and helps assess mitigation 
strategies like greenery and water bodies.

Multi-Source Data

A hybrid, multiscale sensor network optimizes mobile 
monitoring — pointing to the right places and periods to 
sample.

Human Dimension

Environmental and qualitative data combined for a fuller 
picture of comfort; crowdsourced feedback adds a 
participatory, inclusive layer.

Human-Centric Observatory

A comprehensive, evidence-based understanding of 
comfort and microclimate — supporting mitigation 
tailored to local contexts.
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Future Directions

• Systematically combine techniques for a holistic, multi-scale 
understanding of urban microclimates

• Harmonize heterogeneous datasets across different spatial & 
temporal granularities

• Scale predictive models (e.g. CNN thermal prediction) to widen 
coverage without more thermal cameras

• Build more resilient and adaptive urban environments through 
integrated, continuous monitoring

Today Hybrid data Resilient cities
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Key Takeaways

1

No single method is enough — combine their 
strengths

2

Match the technique to the question: scale, 
resolution, exposure

3

Autonomous platforms + ML can scale mobile 
monitoring affordably

4

Safety-conscious lab methods (e.g. helium) 
keep pushing boundaries
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Thank You
Questions & discussion

Claudia Fabiani
Università degli Studi di Perugia
claudia.fabiani@unipg.it

Full State-of-the-Art Report — EBC Annex 97 / Cities TCP Task 5 — coming soon

Photo: mobile weather station van, Perugia




