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OUTLINE

INTRODUCTION

= Introduction
= Recap: EMR, Blackbodies & Resolution
= Radiative transfer
= Attenuation, transmission, reflection
= Absorption
= Scattering
» Types of remote sensing for EO

= Exercise
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= Main topic: Radiative transfer
= At the end of this lesson, you can:
= Describe the main modes of remote sensing: active and passive
= Perform calculations of the transmission and attenuation of electromagnetic radiation

= Explain what the concepts reflection, absorption, emission, and scattering are and where

they are found in the atmosphere
= Extract spectral information from (Earthshine) spectra

= Perform comparative analyses of satellite reflectance vs. lab reflectance curves

UNIVERSITY OF TWENTE.

APPLICATIONS OF RADIATIVE TRANSFER

= You need to understand RT when you want to know:
= how far your signal will travel
= how strong your source needs to be

= what you're looking at (remote sensing)

= what your radiation might do...
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APPLICATIONS OF RADIATIVE TRANSFER WHY DO WE NEED TO UNDERSTAND RT?

= You need to understand RT when you want to know: Interpretation of satellite

= how far your signal will travel observations ,
I
= how strong your source needs to be 4 * Radiation is affected by atmosphere %
= what you're looking at (remote sensing) S ix i i and surface
Attenuation 0 0 50 100 %

= what your radiation might do... * Ifwe understand how, we can:

SEE HoW [T LIGHTS = Remove atmospheric effects

UP THE WHOLE. FOREST?

from signal

... THE TREES
ARE ON FIRE.

= Retrieve atmospheric

information from signal
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RECAP: ELECTROMAGNETIC RADIATION RECAP: ELECTROMAGNETIC RADIATION

= Electromagnetic radiation consists of coupled electric and magnetic fields travelling = Electromagnetic radiation consists of coupled electric and magnetic fields travelling

|
x|

through space at ...? 1«"////7?7\% 7 AT 7 E%
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through space at ...? E

= EMR can be described as wave or particle = EMR can be described as wave or particle
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= ¢ =1v, therefore if A is large, v is...? = ””“"”
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h. . . i infrared rays
= Q=hv= 75 therefore if A is large, Qis...? };ct;;ﬂv: d el

television waves
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RECAP: BLACKBODY RADIATION RECAP: BLACKBODY RADIATION

= Every object with T>0 K emits radiation = Every object with T>0 K emits radiation

= Blackbody: . = Blackbody:

= Absorbs all incident radiation = Absorbs all incident radiation

= Emitted radiation depends only on its temperature = Emitted radiation depends only on its temperature

2
= Planck’s law: Lgp = zlh_g%
eAkT—1

| i Linigen
= In thermal equilibrium (no change in T): T —
? - 4000 K
Lpg = Lincident : N T soook
- b E
= Wien's law: A0 = b : 8
6
= Stefan-Boltzmann equation: M = ¢T* 4
2
]
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EMISSION BY SUN AND EARTH REAL OBJECTS

= Sun is much hotter than Earth -> % max = Real objects are not blackbodies, they L
8x 107 incident
Amax shorter and M much T = reflect and/or Lps
greater g 6x 1071 = transmit
. & The sun
= Emission curves of Sun and £ »/6000 K
Earth barely overla 2 Ax 07 .
y P 2 = In thermal equilibrium (T constant): L cident
g L
E The earth _ RB
c 2x 1071 Ainax 288K Lin=Lg+Lr+Lg
% 19 Lreflected
o / / 8 L1 ™=
0.4 05 0.6 07 77 07510 15 20 = Emissivity egp = 222
Wavelength (um) (um) Lpp

Lincident Ltransmitted

T=Tbody '

L
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QUIZ ON BLACKBODY RADIATION

Send to

You can participate

& Copy participation link
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How to participate?

@ o Go to wooclap.com
° Enter the event code in the top banner

Event code
CINZCA ®
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RECAP: SPECTRAL RESOLUTION

S ("blue”)

490 nm 450 500
Normal vision

Missing L cones (protanopia)

{\ Missing S cones (tritanopia)
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reflectance
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550

I] Missing M cones (deuteranopia)

http://www.scifun.ed.ac.uk/pages/about_us/shows/cb/cb-spectra-bars.jpg

M ("green”) - L ("red”)

600

https://factsverse.com/color-blind-people-see-world/
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wavélength (um)

RECAP: SPECTRAL RESOLUTION

reflectance

wavelength (um)

wavelength (um)
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RECAP: SPATIAL VS. RADIOMETRIC RESOLUTION

= Spatial Radiometric
- a a RADIATIVE TRANSFER IN THE ATMOSPHERE
m, 5 bits: 32 levels m
a
3 bits: 8 levels
UNIVERSITY OF TWENTE. wxc  FACULTY OF GEO-INFORMATION SCIENCE AND EARTH OBSERVATION

WHAT DOES THE ATMOSPHERE DO TO RADIATION? LET ME MAKE THIS CLEAR...

How to participate? UNIVERSITY OF TWENTE.

Satellites do not measure cloud cover or soil moisture content or even temperature

= Satellite instruments detect upwelling (reflected, scattered, emitted) radiation

@ o Goltrweonclaram Event code @
° Enter the event code in the top banner c l N ZCA

—— Lab spectrometer
—®— OLCI (Sentinel-3)
—&— MSI (Sentinel-2)

reflectance

o o Send @CINZCA to 0970 1420 2908
.

e You can participate

wavelength (um) '

& Copy participation link
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UNIVERSITY OF TWENTE.
LET ME MAKE THIS CLEAR...

Satellites do not measure cloud cover or soil moisture content or even temperature

Satellite instruments detect upwelling (reflected, scattered, emitted) radiation

It's up to the scientist to interpret the radiation patterns

RADIATIVE TRANSFER

—— Lab spectrometer
—&— OLCI (Sentinel-3)
—e— MSI (Sentinel-2)

ATTENUATION AND TRANSMISSION

reflectance

Wavelength (um)
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ATTENUATION AND TRANSMISSION ATTENUATION

- L Transmission Attenuation i
» Radiation is either attenuated or 100% © 0% = Degree of attenuation

transmitted by the atmosphere (optical air mass m)

* Radiation can be attenuated by depends on:
scattering or absorption = path length through m=Lp
g P 50% ... . 50% P g 9

medium (L) and
density of medium (p)

= But the atmosphere is

layered...

0% - 100%
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ATTENUATION ATTENUATION

= Degree of attenuation = Degree of attenuation Layer O

(optical air mass m) (optical air mass m) AL R
0 — Mo
depends on: depends on: /
= path length through m=Lp = path length through Mo = AL Layer 1
- - _ AL
medium (L) and medium (L) and my =ALpy =2ALpy=2m, ———> p1 = 2p,
density of medium (p) density of medium (p) Layer 2
AL
m,=ALp,=4ALpy,=4m, —> P, = 4pg

= But the atmosphere is = But the atmosphere is

layered... layered...
ms=ALps; =8 ALp, =8m,
m=my+m;+m,+my=Im;=ZALp,
UNIVERSITY OF TWENTE. UNIVERSITY OF TWENTE. —m=[5Lp,
1

SO HOW TO CALCULATE TRANSMISSION? SO HOW TO CALCULATE TRANSMISSION?

mk = ZAmk;

» Bouguer’s law: transmission t = e "™k = Bouguer’s law: transmission t = e ™k

= m = absolute air mass = m = absolute air mass

=k = extinction coefficient (probability) =k = extinction coefficient (probability)

= For medium with N layers: mk = Y=) m;k;

28
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SO HOW TO CALCULATE TRANSMISSION?

SO HOW TO CALCULATE TRANSMISSION?

» Bouguer’s law: transmission t = e ™

= m = absolute air mass

=k = extinction coefficient (probability)
= For medium with N layers: mk = =N m;k;
* Hence: T = e~ ZiZ0 Miki= []i=N g-miki

= So transmissions are multiplicative!

SO HOW TO CALCULATE TRANSMISSION?

» Bouguer’s law: transmission t = e "™k
= m = absolute air mass

=k = extinction coefficient (probability)

For medium with N layers: mk = YN m;k;

v N T=0.62
Hence: t = e~ Zizo Miki= [i=N g=miki

= So transmissions are multiplicative!

z=TOA

TT=e" Jr—poa M@k(2)dz

T, = e’fzz::”?oo,ci4 m(z)k(z)dz
t=1 -1, = 0.62-0.62 = 0.38

R = AgursTiT = 0.41-0.62-0.62 = 0.16

s .. _ mk = ZAmk;
» Bouguer’s law: transmission T = e "™ EEBQEH} o

= m = absolute air mass

=k = extinction coefficient (probability)

For medium with N layers: mk = Yi=Nm;k;
= Hence:t = e—ﬂ:g’ mik; — H::S’ e—miki

So transmissions are multiplicative!

t=0.62

z=TOA

TT=e" Jr=poa M@k(2)dz

RELATIVE AIR MASS

= Slant paths are longer ->
larger optical air mass
= Normalization using

relative air mass, m,

UNIVERSITY OF TWENTE.




ITC

RELATIVE AIR MASS

= Slant paths are longer ->
larger optical air mass
* Normalization using

relative air mass, m,

= Radiation from Sun to Target: m, = cos 6,

= So:m=m2ZALp;
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CALCULATE TRANSMISSIONS (1)

A medium has four constituents with optical

transmissivities:
1,=0.99,1,=0.98,1;=0.97,1,=0.96

What is the total transmission of the medium?

UNIVERSITY OF TWENTE.
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QUIZ ON ATTENUATION AND TRANSMISSION

How to participate? UNIVERSITY OF TWENTE.

Event code
CINZCA ®

@ o Go to wooclap.com
0 Enter the event code in the top banner

Send to

You can participate

& Copy participation link

UNIVERSITY OF TWENTE.

CALCULATE TRANSMISSIONS (2)

A medium has four constituents with optical
transmissivities:
1,=0.99,1,=0.98,1;=0.97,1,=0.96

What is the total transmission of the medium?

Bouguer’s law: transmission T = e ~™k
With increasing solar zenith angle, the relative \,
air mass increases, hence the transmission...

UNIVERSITY OF TWENTE.



THAT WAS IT FOR THE EQUATIONS!
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=  Well, almost...
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SCATTERING

RADIATIVE TRANSFER

SCATTERING

37 sxc FACULTY OF GEO-INFORMATION SCIENCE AND EARTH OBSERVATION

SCATTERING

= Interaction of radiation with large
objects (>> wavelength)
= Reflection

= Absorption

UNIVERSITY OF TWENTE.

= |nteraction of radiation with large
objects (>> wavelength)
= Reflection

= Absorption

UNIVERSITY OF TWENTE.

Interaction of radiation with small objects
(< wavelength)
Absorption + (partial) re-emission

Re-emission in all directions: scattering

Tiny particles:
Rayleigh

Small particles:
Mie

Larger particles:
- e

<>
backward forward




RAYLEIGH SCATTERING

= Scattering is continuous, but

depends on wavelength:
= Size parameter a = D /A
= Rayleigh scatter: « « 1
= Probability of Rayleigh scatter ~A~*

= Rayleigh scatter explains why we
perceive the sky as blue and sunsets

asred
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Photograph by Gabriel Parodi, ITC

RADIATION IN THE ATMOSPHERE

ABSORPTION
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LET’S DO AN EXPERIMENT!

= What happens if we shine a blue, green or red laser into a container of milk?

panjang gelombang merah lebih besar
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>

.

Moo = 0410 pm
Agreon = 0.532 pm
Areq = 0.650 um

Probability of
scattering ~A4

I:>blue/Pred = (0-41/0.65)‘4=6,3
Pblue/Pgreen = (041/0532)'4=28
Pgroon/Prea = 5 (0.532/0.65)4= 2.2

ATTENUATION IN THE ATMOSPHERE

= Atmosphere is layered:

= Layers separated by
temperature profile

= Density decreases
exponentially with altitude

= Most gases located in

lowest layer

-90 -60 -30 O

20°C

Thermosphere soun
80 km
Mesosphere ol
60 km
40 km
Stratosphere /

i

Ozone layer - /

Cumulonimbus l

3 Troposphere Inversion,
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ATMOSPHERIC COMPOSITION

ABSORPTION IN THE ATMOSPHERE

. Constituent gas Content % Volume or ppmv
= Nitrogen, oxygen, and argon make up
Nitrogen (N;) 78.084 % o
99.96% of the dry atmosphere Oxygen (0) 20,946 % «Q %
[V
. . Argon (Ar) 0.934 % [72] o
= Carbon dioxide (CO,) adds 0.04% — O
Carbon Dioxide (CO,) 0.0416 % or 416 ppm g
" Water Vapour iS Variable, mOStly in Other noble gases (Ne, He, Kr, Xe) 0.0024 % or 24 ppm -
Hydrogen (H,) 0.00006 % or 6 ppm
troposphere Methane (CHy) 1.8 ppm
Nitrous oxide (NO3) 0.27 ppm
0Ozone (03) 0 to 0.04 ppm §
= ppm = parts per million (108) Sulfur dioxide (S0;) 0.01 ppm )
- Nitrogen dioxide NO, 0.001 ppm o}
= ppb = parts per billion (109) - @
Ammonia (NH,) 0.02 ppm [
(%]
Carbon Monoxide (CO) 0.09 ppm (wD
Nitric Oxide (NO) 0.005 ppm
Hydrogen sulfide (H,S) 0.002 ppm
UNIVERSITY OF TWENTE. Niic aid vapor {races
'”ng?;‘r"g Shortwave : Longwave
mdktion radlation radiation
100%.
Memana I ‘ 'I
CH,
o%
100%
OKygen ang I I
ozone
0y and 03 t 3
o%
= 100%
2 Carmon dixide I /\_j ||
co,
3 o% i ﬁ
100%.
Water vapor I JNU U ‘H\)/ M
Hz0
0%
100%.
=] WLV Y
atmosphers
o 05\2 o3 04 ‘oio.a‘; 52 3456 & 1‘0 0w outgalng
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= Question: In which wavelength regions is the

atmosphere (mostly) transparent to radiation?

c 100%

S

a8

S atmnsmere

Q

< O

LA 1.5 2 8 1CI ﬂ 20
W Visibie Wavalangin {m) Atn'n:lspnen::

IEdlation radiaton window for
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ABSORPTION IN THE ATMOSPHERE

Infrared mdiatlon

Incoming

= Main absorbers in the rgon == o
100%
atmosphere: O,, H,0, CO, vers I ‘ '|
0%

= Most of the radiation emitted by ook [ LM
Earth is absorbed | CeEna0s

o
= 100%
8
B Caron dioxide
g GO,
0%

= |n thermal equilibrium: energy

JU

MIYAVSS

received = energy emitted Lo I
‘Water vapor
= Atmospheric windows allow o
100%

Earth to cool down!

Total
atmosphars

LI Y

(R Visible
radiation radiation
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Infrared radiation
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GREENHOUSE EFFECT

Thermal Radiation from Earth
~20% Escapes to Space

Light from the Sun
~70% Reaches the Ground

Spectral
Intensity

Absorb / Scatter (%)

- J ! i
w | wisibe | Infared

0.2 1 10 60
Wavelength (um)

Absorption Bands | |Ho []co, [{cH, JNo DoeG,
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Rayleigh
Scattering

B oter

https://twitter.com/rarohde/status/1196761516051238912

WHAT DOES THE ATMOSPHERE DO TO RADIATION?

How to participate?

Event code

@ ° Go to wooclap.com
0 Enter the event code in the top banner C'NZCA

Send to

You can participate

UNIVERSITY OF TWENTE.
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EXCURSION: EARTH’S ENERGY BUDGET

total reflected
solar radiation
99.9

emitted by —e

atmosphere
169.9

emitted by

clouds

29.9 thermals

(conduction/

greenhouse gases  conveciion)

& "

absorbed by femittedby back
surface surface radiation
163.3 398.2 340.3

absorbed by absorbed by
atmosphere atmosphere
771 358.2

net absorbed
0.6

All values are fluxes in Wi?
and are average values based on ten years of data
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SUMMARY

Scattered
radiation
Atmospheric
/ Atmospheric X emission
absorption Atmospheric
‘absorption
Cloud
Transmitted
reflected
Transmitted radiation
((é'.f E(‘?')
radiation ’
Scattered Er:eltrtgf
radiation ey

Figure 2.6

Interactions of EM radiation
Earth Reflection Emission with the atmosphere and the
processes processes Earth's surface.
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TODAY'S EXERCISE

= Supervised exercise:
= Farzaneh Dadrass Javan
= Srinidhi Gadde
= 10:45-15:30
= Rooms 2405 and 2409
= At the end of this exercise, you will be able to:
1. Interpret reflectance spectra
2. Find and analyse lab-based reflectance data, including metadata
3. Extract reflectance spectra from a satellite data set using QGIS

4. Compare spectra obtained from the lab and from satellites
UNIVERSITY OF TWENTE.



