URBAN CLIMATOLOGY

5. Urban Remote Sensing
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5.1 Remote Sensing Principles
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LST - Land Surface Temperature

5.1 Remote Sensing Principle
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5.1 Remote Sensing Principle

Stefan-Boltzmann law: The thermal energy radiated by a black body*
is proportional to the fourth power of the absolute temperature

* black body is ideal
Black bod! absober / emitter
y M - thermal energy of EM energy
M = GT4 T - absolute temperature
o - the Stefan—-Boltzmann constant

Real surfaces , o
Emissivity is the measure of an object's
ability to emit infrared energy. Emitted

4 _ fecivi energy indicates the temperature of
M - gGT € - emissivity the object. Emissivity can have a value

from O (shiny mirror) to 1.0 (blackbody).
Most organic, painted, or oxidized
surfaces have emissivity values close to
0.95.

There are at least two problems in urban remote sensing:
1) How to determine emissivity of real surfaces in highly heterogeneous
urban environment

2) How o recalculate LST - Land Surface Temperature to air
temperature

* LANDSAT 7 satellite

* ETM+ imagery

+ Date 24. 5. 2001

* Time 9:35:02 GMT i
| » Thermal band 10.4 — 12.5 ym B0 v i Tag 17.6°C
§ * Spatial resolution 60 m 4 S TgounaD,0°C




5.2 LST derivation from thermal imager

Lscnsor,)t = [EABA(TS) W (1 - SA)Litm.‘A] (73 LaTtm,/l

o 347
atmospheric * Atmos.
correction corrected

values

Y 3

Land surface Temperature

{9

Emissivity map of basic land cover types

| bare ground
¥| vegetation 0,94
built-up area 0,925

Emissivity values
(Snyder et al. 1998)
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LST derivation from several thermal images

algoritmus

La'

Land Surface Temperatures  Emissivity at bands 10-14

Appearance and interpretation of thermal imagery

a) T TN T
Sunrise /7 soll . Sunset
N,

Lstrer

Fields without vegetation can have the
same LST as the center of the city
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LST applications in Urban Climatology

LST spatial and temporal variability
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Heat waves mapping
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Contour Lines (0.5° C)

Kilometers

0 3 6
Spatial distribution of land classification (left) and SUHI magnitude (right) within
Birmingham city extents for heatwave event at 18 July 2006 (Tomlinson et al., 2010)

Urban Risk Analysis

, : " Remote Sensing for Urban Risk

> . " Analysis: a case study of the 2003
o : - extreme heat wave in Paris

Average Land Surface
Temperature infrared images
= over the heat wave event of

> August 4 to 13, 2003, for

. each of the diurnal time

. intervals. The color scales are
» indegrees Celsius.

Analysis was based on 50
images sensed by NOAA

- satellites 12, 16 and 17, over

= the Paris basin, from 4 to 13

©  August 2003.

= The areas of the Paris region
.+ most vulnerable to heat stress
. were identified.
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Modification of LST field due to anthropic
activities in big CZ cities

Data: eight-day composites of mean surface temperatures from the
MODIS scanner with 1 x 1 km spatial resolution.
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Spatial differentiation of surface temperatures (LST) in daytime (left),
nighttime (middle) hours and their average (right) in Prague and its

surroundings in the period 2008-2018

Modification of LST field due to anthropic
activities in big CZ cities
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Average LST of the ten largest cities of the Czech Republic in built-up and
rural areas in the period 2008-2018.
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Another useful Remotely Sensed variables for UC
3D building model (active laser scanning)

Various parameters derived from 3D model of buildings and from Digital Elevation Model
explain spatial variability of land surface temperatures.

Vege'l'a'l'ion mapplng NDVI - Normalized Difference Vegetation Index
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Mapping of land use / land cover changes, UHI growth

V 30. LETECH 19. STOLETI V70. LETECH 19. STOLETI

AKtivni povrchy
I 11 Z8stavoa méstskéno typu

] 231 Reksatpesny

I 252pey
[ 233 Saepazamaty
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I s ooy

Bartora BARTOVA, Gaograficsf dstau MU, 2012

Urban atlas

LU/LC maps are derived via satellite imagery
interpretation

I Continuous Urban fabric (S L > 80%)
[ 0sscortinuous Dense Urban Fabeic (S.L.: 50% - 80%)
[ osscontnuous Medium Density Urban Fabnc (5L 30% - 50%)
[ Disconitnuous Low Density Urban Fabric (S.L.: 10% - 30%)
Descontinuous Very Low Density Urban Fabeic (S.L. < 10%)
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Water
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CORINE Land Cover
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Aircraft remote sensing (Grechoiobe

+ Detailed LST mapping CZECHGLOBE
* Urban Vegetation and Ecology Monitoring Global Change Research Institute, CAS

Brno in summer - surface temperature

10/23/2024

11



Weather RADAR w?

active system ground based on orbit

Returning wavelength

[VMA/\ Outgoing wavelength

-,

% Raindrops, snowflakes,
** hailstorm

The quantity of the reflected energy is
related to some properties of
precipitation, such as particles shape
and size and their amount per unit
volume. The intenser that the reflected
wave s, the stronger the precipitation.

A ’.\

Rotating radar
antenna Weather radar image

Binetti et al. 2022

+ precipitation monitoring

* real-time (,now-casting")

+ lower atmosphere 3D structure

+ severe weather phenomena
(thunderstorms, hails, tornadoes,...)

https://climavision.com/resources/what-is-weather-radar-guide/

Precipitation and weather RADAR

Spatial distribution of radar reflectivity
(maximum values in vertical direction)
measured at meteorological radars Skalky and
Brdy at 15 July 2009, 19:25 hours of central
European summer time

| ENEEECCT [ [

Spatial distribution of daily precipitation totals (mm)
computed as a combination of radar-based
precipitation estimate and rain-gauge
measurements from 15 July 2009 (measured at 16
July 2009, 08 h CEST). Spatial distribution of
precipitation fotals is given in 1 x 1 km grid
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LST satellite data sources

spatial resolution //
+ spectral resolution L

« time resolution \\
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LST of Krakow (Poland) derived form Meteosat, NOAA, and Landsat satellite data
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LST data sources

+ LST calculated from raw thermal imagery and metadata
+ LST offered as a standard product

https://www.usgs.gov/landsat-missions/landsat-collection-2-surface-temperature

E USGS Latest Earthquakes |
=z
a

b SCIENCE ~ PRODUCTS ~ NEWS ~ CONNECT  ABOUT
science for a changing world

LANDSAT MISSIONS

Landsat Collection 2 Surface Temperature

By Landsat Missions

HOME Landsat surface temperature measures the Earth’s surface temperature in Kelvin and is an
important geophysical parameter in global energy balance studies and hydrologic modeling.
Surface temperature data are also useful for monitoring crop and vegetation health, and

SCIENCE extreme heat events such as natural disasters (e.g., volcanic eruptions, wildfires), and urban
heat island effects.

LANDSAT MISSIONS

PRODUCT INFORMATION

DATA
GLOSSARY AND ACRONYMS Return to the Landsat Surface Temperature Overview
MULTIMEDIA Return wlumlm( Science Products Overview

PUBLICATIONS

WEB TOOLS

SOFTWARE

DOCUMENTS
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Cities from

Space

https://sedac.ciesin.columbia.edu/data/set/ulandsat-cities-from-space

@ DATA-

MAPS~ THEMES ~ RESOURCES ~ SOCIAL MEDIA * ABOUT ~ HELP

Urban Landsat: Cities from Space. v1 (1999-2003) » Maps

Search
All Fields

[seasen |
Therne

Land Use

Remote Sensing

Utban
Location

[Setect a Location.

Foliow Us: # E3E ++ | Share: @ 3
Data Sets » Region: North America®
1of1

Landsat Image: Atlanta,

Landsat Image: Calgary,
Canada

Landsat Image: Chicago,

Landsat Image: El Paso
Juarez, U S A ‘Mexico
Border

Hi-Resolution: PDF | PNG Hi-Resolution: PDF | PNG Hi-Resolution: PDF | PNG Hi-Resolution: PDF |

Landsat Image: Guadalajara,
Mexico

Landsat Image: Guatemala
City, Guatemala

Landsat Image: Managua, | Landsat Image: Mexico City,
Nicaragua Mexic

Hi-Resolution: PDF | PNG Hi-Resol PDF | PNG

Satellite climatology

o

Global Maps

Aerosol Optical Depth

Aerosol Size

Carbon Monoxide

Chlorophyll

Cloud Fraction

Fire

Land Surface Temperature

Land Surface Temperature Anomaly
Net Primary Productivity

Net Radiation

Sea Surface Temperature

Sea Surface Temperature Anomaly
Snow Cover

Total Rainfall

Vegetation

Water Vapor

http://earthobservatory.nasa.gov/

Earth Observatory

Home Image of the Day Feature Articles News Natural Hazards Global Maps Blogs Search

Global Maps
NASA satellites give us a global view of what's happening on our planet. To explore how key parts of Earth’s climate
system change from month to month, click on one of the maps below or select from the complete list on the left.

o

Cloud Fraction

Land Surface Temperature Sea Surface Temperature

Snow Cover

Total Rainfall Vegetation
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5.5 Final remarks and questions

1. What are limitations of URS in terms of spectral, spatial
and temporal resolution?

2. What are the main benefits of URS for heat wave studies
compared to air femperature analysis?

3. How can be URS used for practical urban planning, regional
development and for better adaptation to climate change?

10/23/2024
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