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Characteristics of light and radiation

As electromagnetic wave

• amplitude

• frequency

• (polarization)

As radiometric quantities

• intensity

• flux

• power

Hecht, 2017



Chuvieco, 2020



Properties of matter

Bulk matter

• polarization density (volumetric concentration of electric dipoles)

• complex relative permittivity / dielectric function

• complex refractive index

Atoms and molecules

• polarizability



Light-matter interactions



Conceptual model 1:
Bohr’s model of the atom

Ultraviolet radiation

• electronic transitions 

(non-ionizing) induce 

excited states

• Ionizing at higher 

energies (sunburn and 

skin cancer)

Visible radiation

• electronic transitions 

induce excited states

Hyperphysics, Georgia State Univ.



Conceptual model 2:
(an)harmonic oscillators

Infrared radiation induces changes in 

vibrational and rotational motion

Finlayson-Pitts and Pitts, 1999

https://www.analyticon.eu/en/nir.html



Polarizability

Tendency of atom or molecule to be 
polarized by an external electric field

• Orientational: molecular alignment

• Electronic: distortion of electron cloud

• Vibrational: nuclear movement 
changes electronic charge distribution

• Rotational: rotational movement

• Ionic: ions in crystals

Results in a change in dipole moment

Hecht, 2017



Polarization density

• Number density of dipoles

• As external field separates 
positive and negative 
charges, electric field is 
changed

• P measures change in 
electric field due to medium Danufane, 2021



Relating polarizability and polarization density

Danufane, 2021

Posseme and Darnon, 2015



Classical damped (driven) harmonic oscillator

q+ q-

x

dipole momentsingle oscillator for electron displacement

solution gives displacement

from definition of dipole

atomic polarizability

Model as 

• ball attached to wall by spring (electronic)

• two balls attached by spring (vibrational)

From Feynman Lectures Vol. II Ch. 32



Bohren and Huffman, 1983



Propagation of electric field in 
homogeneous medium 

Dispersion and attenuation

from Feyman lectures



Hecht, 2017

Seinfeld and Pandis,

2006

Bohren and Huffman, 1983



Behavior at dielectric boundaries
planar / curved surfaces

Fringeli, 2017 Petty, 2006

Bohren and Huffman, 1983



From near-field to far-field

• Over small distances (relative to 
wavelength), coherent 
interactions among EM waves 
are important – sum wave 
amplitudes

• Over greater distances, 
incoherent interactions – sum 
intensities  (radiance / 
irradiance)



Radiometric quantities

Hapke, 2012

Seager, 2010



Equation of Radiative Transfer and 
Beer-Lambert-Bouguer (BLB) Law

sources: multiple scattering, emission

Basic equation

Removal of radiation by absorption and scattering

Optical depth integrated over path length l (BLB assumption)
Hapke, 2012



Account for 
surface reflection

Two-stream RTE for plane-parallel cloud layers

and boundary conditions at top of atmosphere and surface

ck12.org

Yang et al., 2013

Petty, 2006



Model uses

Predict radiative forcing due to changes in atmospheric 
composition due to emissions

Inverse model atmospheric concentrations or surface properties

Simulate atmospheric radiation to estimate the spectral 
irradiance at a give position (e.g., for photochemical calculations)



Modes of measurement



Hecht, 2017



Efremenko and Kokhanovsky, 2021
LTE, EPFL

Laser Focus World

Lidar

Radar



Chuvieco, 2020





(Note this was 

from 2017 and 

some have since 

been retired.)

Geostationary: TEMPO, MAIA, GEMS, Sentinel-4

Chance and Martin, 2017

Borthomieu, 2014







https://earth.gsfc.nasa.gov/climate/data/deep-blue/science



Wildfires in North America affecting air quality in the Arctic

On 9 July 2022, one of the Copernicus Sentinel-3 satellites acquired this image, 
showing the smoke cloud generated by the wildfires engulfing the skies of the 
Northwestern Territories and Nunavut in Canada.

https://www.copernicus.eu/

Slides courtesy of 

Arindam Roy



Ship Emissions from Space

This image shows the average value of Tropospheric Nitrogen Dioxide (NO2) 
detected between January and July 2020 by the Copernicus Sentinel-5P Satellite 
for the open water areas of the European Region (Mediterranean Sea, Atlantic 
Ocean, etc). https://www.copernicus.eu/



Fog in Northern India

The skies of Northern India are currently engulfed in a thick layer of fog, making for low 
visibility conditions and causing major disruptions to travel. The dense fog, visible in this 
image taken by the Copernicus Sentinel-3 satellite, has resulted in flight delays and 
cancellations at airports in the region, as well as delays for trains.

https://www.copernicus.eu/



Saharan Dust Event

In early April 2023, multiple plumes of Saharan dust were observed originating from 
Africa. On 4 April, Copernicus Sentinel-3 captured an image of a large plume stretching 
hundreds of kilometers from the coast of Libya to Türkiye.

https://www.copernicus.eu/



Fire in Europe

As shown in this image acquired by one of the Copernicus Sentinel-2 satellites on 18 
August, a new disastrous fire is ongoing near Bejis, in the Valencian Autonomous 
Community. According to data from the European Forest Fire Information System (EFFIS), 
one of the modules of the Copernicus Emergency Management Service (CEMS), in 2022 
more than 662,000 hectares have burnt in EU countries.

https://www.copernicus.eu/



Complementary monitoring strategies

Reference monitors 

(high data quality, 

“chemical fingerprint” of sources)

Low-cost sensors

(high spatial coverage, low data quality)

Satellite observation

(intermittent, clear-sky coverage)

Figure from Lenschow et al., Atmos. Environ., 2001 
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