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10. Land surface temperature mapping
/urban heat island mapping using ESA
EO data




Overview of Urban Heat Islands

Urban Heat Island (UHI) refers to the phenomenon where urban areas experience higher
temperatures compared to their surrounding rural areas due to human activities and built
infrastructure such as buildings, roads, and concrete surfaces absorbing and retaining heat.

« Changes in radiative and thermal
properties of impervious surfaces

Lack of vegetation

| Late afternoon temperature °C

[iji=i=ifaliiiri]

Rural Suburban Commercial City Urban Park Suburban Rural
Residential Residential Residential Farmland



Overview of Urban Heat Islands

Urban heat islands can
emerge during both daytime
and nighttime, regardless of
the city's size or the season.

While surface temperatures
exhibit greater fluctuations
than air temperatures during
the day, they become more
conspicuous post-sunset
owing to the gradual
dissipation of heat from
Impermeable surfaces.

Temperature

- Surface Temperature (Day)
= === Air Temperature (Day)

= Surface Temperature (Night)
= === Air Temperature (Night)

DAY
(4pm) ..

NIGHT -~~~
(2am)

™ | O = ‘b’-’l—lmaa:{dﬁﬁ’ﬂ| I |lr

Pond Warehouse Urban
or Industrial  Residential

Park Suburban Rural

Downtown Urban
Residential

Rural  Suburban




Factors influencing the formation of the UHI

61.0 °C

60.0
55.0

—50.0

Main factors contributing to the formation of
urban heat islands:

—45.0

anthropogenic heat emissions;

« reduction of urban vegetation; ~ 400

35.0

e construction materials with low albedo:

30.0

e urban canyons trapping heat released from
urban infrastructure;

25.0

25.0°C

« weather and geographic location




Types of urban heat islands

Analysis of urban heat islands in the urban
environment typically occurs in one of three
urban layers:

e Surface Urban Heat Island (SUHI)-
measurement of Iinfrared radiation reflected
from surfaces.

e Canopy Layer Heat Island (CLHI) - the layer
of the atmosphere between the Earth's surface
and the tops of building roofs or urban greenery
where most human activities occur.

e Boundary Layer Heat Island (BLHI) - the
boundary layer above the urban canopy layer
(up to 2 km above the Earth's surface).

a) Mesoscale

\Wind

[y

Planetary Boundary

Layer{PBL)

a—

Rural

b) Microscale

 RuralBoundary Laye
\4

Urban Rural

A P

Roughness

; Canopy Layer Heat
Island (CLHI)

e Surface Urban Heat Island (SUHI)



Surface UHI

* Represents the temperature contrast
In radiation between impervious and
natural surfaces

« Usually most pronounced during

daylight hours

 Their magnitude fluctuates with
seasons, peaking typically in summer.

« Remote sensing in the thermal
Infrared (TIR) region of the
electromagnetic spectrum is the
primary method for measuring SUHIs.

Temperature

increase

Heat from the
road surface

A Temperature

%E;w,

Increase

Heat
from the
building

surface

]

2 ‘ Q -

Temperature increase Heat of

vaporization
4 Temperature
Anthropogenic Heat goes down
i T Heat of
Air conditioners vaporization
RN v Temperature
NN goes down

crease
Heat from




Atmospheric UHI

Centre ofthe city

« Encompass phenomena occurring within 1\, i dnty rcs

317
the canopy layer or boundary layer. = el afin
S ns{y A

« Canopy Layer Heat Island (CLHI) pertains | £ ..
to the atmospheric layer from the surface ‘fgm
up to the tops of trees or buildings. CLHI | &
IS typically measured using in situ sensors
Installed on stationary meteorological
stations or mobile traverses.

Medium density aregsf

= oan

« Boundary Layer Heat Islands (BLHI)
extend from the tops of trees or buildings
to the point where urban landscapes
cease to Iinfluence the atmosphere,
roughly around 1.5 kilometers in height.
BLHI is measured using tall towers,
radiosondes, and aircratft.




Types of urban heat islands

Surface UHI

Present throughout the entire day
Time occurence * Most intense during daytime in summer,

especially during anticyclonic weather

» Higher temperature, spatial, and temporal
variability:

« Day:10-15°C

* Night: 5-10 °C

Mean intensity

* Indirect measurement:
Identification method  Remote sensing of Earth
* Manual thermal cameras

Common representation KRNl

Atmospheric UHI

Insignificant/non-existent during the day
Most intense during the night, before dawn,

in winter, during anticyclonic weather

Lower temperature, spatial, and temporal
variability:

Day:-1-3°C

Night: 7 — 12 °C

Direct measurement:

Meteorological stations

Temperature data loggers (dataloggers)

Isothermal maps, temperature tgraphs




Consequences of the UHI

— Climate change at both local and global scales:

Depletion of groundwater

Increased precipitation intensity leading to
floods

Soil erosion

Formation of urban heat canyons
Elevated concentration of carbon dioxide
More frequent occurrence of fog

Intensification of smog presence during the
winter

Increased risk of heat-related mortality and
morbidity

Disruption of ecosystems

2 T e

— Worsening of residents' thermal comfort




Methods of urban heat island detection

Studies of the UHI are generally conducted
using one of two approaches:

« Measurement of air temperature using
R T R S B networks of meteorological stations and
S R Rl Sk mobile measurements along transects

« Measurement of surface temperature
through aerial or satellite remote sensing.
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I o S

- ”ﬁ’w%‘:‘_“*’gﬂuff@g‘gf

N

gjig; i

IS/ =

17.0

18.0
il S 19.0
AN B > 20.0
1500 2000 m

Meteorological datg obtained f[hrou.gh mobile_ transects using vehicles Distribution of surface temperature within the city of Sacramento
were used to derive a physiologically equivalent temperature map in California. Image in the visible spectrum (left) and infrared
(PET) for the city of Stuttgart (Ketterer & Matzarakis, 2016). spectrum (right). Source: NASA (2016).



Satellites and Sensors Used in Analyzing UHI

Remote Sensing of LST

For Land Surface Temperature (LST) estimation, remote sensing typically utilizes
wavelengths within the thermal infrared (TIR) spectrum

Specifically, the wavelengths
used for LST estimation
usually fall within the range of
approximately 8 to 14 ym that
IS particularly sensitive to
thermal emissions from the
Earth's surface and allows for
accurate measurement of
LST variations

Electromagnetic spectrum

106 10* 10 04 070 13 6.00 8.00 15.00 104

028 04 06 08 1 13 2 3 4 6 8 10 15 20
Wavelengthin um



Satellites and Sensors Used in Analyzing UHI

Satellite TIR sensors measure the radiance emitted
from the top of the atmosphere (TOA) by the Earth's
surface and atmosphere. The TOA radiances are
Influenced by several factors:

« Surface emissivity: different surfaces have
different emissivity values, which affect the
amount of radiation emitted and detected by the
satellite sensor

« Atmospheric attenuation: the presence of water
vapor and aerosols in the atmosphere can absorb
or scatter thermal infrared radiation, affecting the
amount of radiation reaching the satellite sensor

« Sensor viewing angle: The angle at which a
satellite sensor receives radiation from the Earth's
surface also influences the observed radiance




Satellites and Sensors Used in Analyzing UHI

| W

g
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Absorbed by
Atmosphere
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B 3
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IR

10 1315

« Atmospheric Window: Between 10-12 micrometers, the atmosphere exhibits minimal
absorption of infrared (IR) radiation emitted by the land surface. Consequently, this spectral
range is utilized for Land Surface Temperature (LST) derivation.

« Multiple polar orbiting and geostationary satellites are equipped with sensors that observe in
one or more bands within this infrared (IR) spectral range.



Satellites and Sensors Used in Analyzing UHI

Satellite

Sensor

Temporal

Coverage

Landsat 4
Landsat 5

Landsat 7
Landsat 8

Thematic Mapper (TM)

Enhanced Thematic Mapper (ETM+)
Operational Land Imager (OLI) Thermal
Infrared Sensor (TIRS)

07/1982 -12/1993
03/1984 - 01/2013
04/1999 - Present
02/2013 — Present

Terra

Agqua

Advanced Spaceborne Thermal Emission and
Reflection Radiometer(ASTER) & MODIS

MODerate-resolution Imaging
Spectroradiometer (MODIS)

12/1999 - Present

04/2002 - Present

ECOsystem Spaceborne Thermal
Radiometer Experiment on Space
Station (ECOSTRESS)

Prototype HyspIRI Thermal Infrared
Radiometer (PHyTIR)

06/2018 - Present




Satellites and Sensors Used in Analyzing UHI

Satellite

Temporal

Coverage

Suomi National Polar Partnership (NSPP)
Joint Polar Satellite System-1 (NOAA 20)

Visible Infrared Imaging Radiometer Suite
(VIIRS)

10/2011 - Present
11/2018 — Present

NOAA Operational Series Current:
NOAA 15,18,19 ESA- Metop-A & B

Advance Very High-Resolution
Radiometer (AVHRR)

1979 - Present

NOAA Geostationary Operational
Environmental Satellites (GOES)
Current:. GOES-16 & GOES-17

Imager & Sounder
Advance Baseline Imager (ABI)

1975 - Present

ESA - Sentinel 3A & 3B

Sea and Land Surface Temperature
Radiometer (SLSTR)

02/2016 - Present
04/2018 - Present

ESA - Sentinel 2A & 2B

MultiSpectral Instrument (MSI)

07/2015 - Present
03/2017 - Present




Spectral bands for

LST mapping

Spatial

= Spectral Recalution Temporal ¢ Spectral Spatial Temporal
NSO Bands (pm) Resolution €NSOT Bands (um)  Resolution  Resolution
10.40 - 12.50 120 m (30 m)
10.40 - 12.50 60 m (30 m) 10.26 - 11.26
11.50 - 12.51 100 m
10.78 - 11.28 1 km 12 hours | AVHRR | 10.30-11.30 |7 km & 4 km
MODIS 11.77 - 12.27 11.5-12.50
VISS 10.10 - 10.60 2 km g
ASTER 10.95 - 11.65 90 m 12 hours ARI;I 11.80 -12.80 e hour_s,
13.0- 13.6 Disk day/night
8.28, 8.79, varies/
PHyTIR 9.06, 10.5, 60mCONUS | o oryfew | SLSTR| 10.45-11.24 1 km 12 hours
12.05 only 11.57 - 12.48

days




Sentinel-3 — A bigger picture

Mission objectives:

« QOcean, inland sea, coastal zone colour measurements
« Sea surface temperature measurements ,, | .
« Sea surface topography measurements /g e -

740 km SLSTR (oblique)
1270 km OLCI

" SRAL (>2 km) and MWR (20 km)
M nadir track

Mission profile:

« Operational mission in high-inclination, low Earth orbit
« Orbital cycle is 27 days

 Ocean and Land Colour Instrument (OLCI),
Sea and Land Surface Temperature Radiometer (SLSTR),
SAR Radar Altimeter (SRAL),
MicroWave Radiometer (MWR)
and Precise Orbit Determination (POD) instruments

« Full performance achieved with 2 satellites in orbit

Sea-surface temperature



Sentinel-3 — Applications

, 2 = ZBRE AV RF - ST
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Land surface temperature August 2019

09 July 2023

Fire Burned Area

E_ . 0 400 km?/cell from ESA's Climate Change Initiative
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Sentinel-3 — Applications

Land surface temperature
17 July 2023

||
20 33 46 255°C




Sentinel-3 Mission

* LaunchS3A 2015
* S3BFAR end of 2015

Microwave
Radiometer

Sea and Land Surface

Temperature Radiometer

Laser Retro
Reflector

Ocean and Land
Colour Instrument

DORIS
Antenna

SAR Radar
Altimeter

Ocean and Land Colour Instrument
(OLCIl) - 5 cameras, 8 bands (VIS) for
open ocean (low res), 15 bands (only VIS)
for coastal zones (high res). Spatial
sampling: 300m - MERIS follow-on

Sea and Land Surface Temperature
(SLST) with 9 spectral bands, 0.5 (VIS,
SWIR) to 1 km res (MWIR, TIR). Swath:
180rpm dual view scan, nadir &

" backwards = ATSR follow-on

Radar Altimeter package - SRAL Ku-C
altimeter (LRM and SAR measurement
modes), MWR, POD (with Laser Retro
Reflector and DORIS)



OLCI instrument

Channel Central wavelength (nm) Width (nm)

1 400 15
2 4125 10 o cloud, ocean, vegetation & desert TOA reflectance spectra aver OLCI spectral range
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SLST instrument

Sea & Land Surface Temperature Radiometer

Dual-view (nadir & backward) required for aerosol
corrections:

Nadir swath >74° (up to 1800 km)

Dual view swath 49° ~ 750 km

Nadir swath covering OLCI

SLSTR

9 spectral bands:
3 Visible : 555 — 659 — 865 nm
3SWIR:1.38-1.61—-2.25 um
3TIR : 3.74-10.85-12 uym

Direction
of flight

One Vis/IR channel used for co-registration with OLCI

Nadir swath

A Oblique (rear) scanner footprint
™~ swath sc(:mner (1400 km swath)
footprint (740 km

swath)




OLCI and SLST spatial resolution

/g@ OLCI — Open ocean 1.2 km
OLCI - Coastal ocean 300 m
Pushbroom type imager spectrometer OLCI - Land 300 m

21 Spectral Channels
Full Resolution: Coastal/Land

Reduced Resolution: Open Ocean

SLST - Solar channels 500 m

SLST - Thermal

channels
=

Conical scanning imaging radiometer with dual view capability:

* Near-nadir view
* Inclined view with an OZA of 55° + 0.1°
9 Spectral Channels + 2 (option) for Active FIRE

1 km




Sentinel-3 —revisit capability

Orbit type d Repeating frozen SSO
Repeat cycle Q 27 days (14 + 7/27 orbits/day)
LTDN Q 10:00 hr

PN LRI OO 815 km

Inclination d 98.65 deg

Optical missions:

01400 km SLSTR (nadir)
Q740 km SLSTR (oblique)

1270 km OLCI

Short Revisit times for optical payload,

even with 1 single satellite

Revisit at Equator

Revisit for latitude >30°

Specification

Ocean Colour 1 Satellite < 3.8 dayS <2.8 dayS

. _ <2 days
(Sun-glint free) 2 Satellite < 1.9 days < 1.4 days
1 Satellite < 2.2 days < 1.8days

Land Colour < 2 days
2 Satellite < l1l.1day < 0.9 day
_ 1 Satellite < 1.8 days < 1.5days

SLST dual view < 4 days
2 Satellite < 0.9day < 0.8 day




Sentinel-3 Product Structure

Sentinel-3 Core Land Products

Sentinel-3 core products play a crucial
role in monitoring and understanding
Earth's oceans, land surfaces, and
atmosphere, contributing to efforts to
address global environmental
challenges and ensure the sustainable
management of natural resources.

For more information, see the tutorial:

10. Land surface temperature _mapping __using
Sentinel-3 _data using SNAP_software

LEVEL 2

LEVEL 1

Full (FR) and Reduced

Resolution (RR)

Full (FR)} and Reduced

Resolution (RR)

Full (FR) and Reduced

Resolution (RR)

Sea and Land

SYNERGY
Surface Temperature (SYN)
Radiometer (SLSTR)
Sea Surface Synergy Product

Temperature «Land Surface

Reflectances
*Aerosol Load over Land

Land Surface

Temperature
VGT-P like Product
+*Combined VGT-like TOA
Reflectances
VGT-S like Product
*Surface Reflectances
*NDVI
1-day synthesis
10-day synthesis
Brightness
Temperaturesand TOA

Radiances ortho-
geolocated and
resampled

Surface Topography Mission

Marine

*1/20 Hz Ku/C band waveforms
and parameters

*Surface Backscatter

*Sea Surface Height

*Significant Wave Height

*Ocean Depth

*Tides Height

*Sea Ice Concentration

*Sea Ice Freeboard

*Sea Surface Wind Speed

*Rain Rate

Land

+1/20 Hz Ku/C band waveforms
and parameters

*Surface Backscatter

*Sea Surface Height

*Altimeter Range

*Snow Density

*Snow Depth

* SRAL L1A: complexwaveforms
fully calibrated (includingboth
instrumental gains and
calibration corrections)

* SRAL L1B: L1B waveform
averaged from each stack and
providedin 12Q2 samples
(power waveform) in the
frequency domain (range
domain).

* SRAL L1BS: defined for the SAR
processing chain, it contains
information of Doppler beams
data

+ L1B MWR: contains MWR
measurements


https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applications_ESA_sensors/Practicals/exercise_10/Tutorial_10.pdf
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