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Light and Radiometry



Lecture Content

• Light from the sun
• Radiometric terminology review
• Spherical coordinates, solid angles, and directions
• Radiance – the fundamental quantity in RTE, measuring  radiance
• Irradiance – definitions and measurements 
• Examples of radiometric Instruments

Most of what is shown in this lecture was taken from the following sources:

• http://www.oceanopticsbook.info
• Slides from Colin Roesler.
• Mobley, C. D. (Editor), 2022. The Oceanic Optics Book, International Ocean Colour Coordinating Group (IOCCG), 

Dartmouth, NS, Canada, 924pp. DOI: 10.25607/OBP-1710 
• David Antoine;  https://ioccg.org/wp-content/uploads/2022/09/radiometry-and-aops-d-antoine-sls2022.pdf
• Giuseppe Zibordi; https://ioccg.org/training/SLS-2012/Zibordi-2012_IOCCG_OC_Lectures_rev_part1.pdf
• Giuseppe Zibordi; https://ioccg.org/training/SLS-2012/Zibordi-2012_IOCCG_OC_Lectures_rev_part2.pdf
• Howard W. Yoon, 2013, NIST; https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1001&context=calcon
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The SUN – our ”point” source of LIGHT!

Courtesy of C. Roelser



A bit of physics…
Solar flux density at 

the top of Earth’s 
atmosphere

Courtesy of C. Roelser
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Some Basic Radiometric 
Terminology

Radiometry is the science of 
measuring electromagnetic  
radiation.

In Ocean Optics, Optical 
radiometry most often refers 
to UV, Visible, and Near 
Infrared regions  of the 
spectrum

Note: many ocean color 
satellites measure in the 
ShortWave Infrared regions 
as well.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1001&cont
ext=calcon; Howard W. Yoon, NIST; 2013

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1001&context=calcon
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1001&context=calcon


Courtesy of Giuseppe Zibordi, Joint Research Centre of European Commission

A few 
Apparent 
Optical 
Properties

Radiant flux incident on a surface  

Radiant flux per solid angle per 
unit projected source area

All of these quantities are measured over a spectral 
range, meaning that the units include a nm-1

Energy per unit time.



Geometry and coordinates

Courtesy of C. Roelser



Geometry and coordinates

Courtesy of C. Roelser



Geometry and coordinates

Courtesy of C. Roelser



Geometry and coordinates

Courtesy of C. Roelser



Credit:David Antoine;  https://ioccg.org/wp-content/uploads/2022/09/radiometry-and-aops-d-antoine-sls2022.pdf

Zenith vs Nadir

Solar zenith & solar azimuth



Radiance (L):  the fundamental quantity 



Principle of “Radiance 
Invariance”

Radiance is independent of 
distance along a line of 
sight through a transparent 
optical medium (constant 
index of refraction).



Measuring Radiance

Often referred to as a 
Gershun tube

Produces “well” collimated 
light





Measuring Radiance:  fisheye radiance camera



Example: Hemispheric radiance distributions

downwelling upwelling downwelling upwelling



n2 Law of radiance
Radiance invariance between two media with different index of refractions  

“For a light beam crossing the interface 
between two media with different 
refractive indices, the ratio of the 
radiance to the square of the refractive 
index of the medium remains invariant 
when ignoring the reflective losses at 

the interface (i.e., =0)” 

Note the changes in both the angle and 
the solid angle.  In moving from a lower 
index of refraction to a higher index of 
refraction, both the angle and the solid 
angle decrease!



Irradiance (E): a useful & common measurement  
Spectral Irradiance is one of the more commonly made radiometric measurements in Ocean Optics, as they do not 
depend on the directionality of the light conditions, such as sun elevation (solar zenith angle) and azimuth direction. 

There are several ways to measure Irradiance:
• Spectral Plane Irradiance
• Spectral Scalar Irradiance
• Spectral Vector Irradiance
• Photosynthetically Available Radiation (PAR)

The most common measurements are spectral plane 
and PAR. 

So WHY do we make irradiance measurements
• To normalize radiance measurements to illumination conditions
• A measure of light available to phytoplankton for photosynthesis
• To derive various Apparent Optical Properties
• To derive/estimate the IOPs through inversion



Inverse 
square 
Law of 
Irradiance



Spectral Plane Irradiance

The most commonly measured radiometric parameter

The diffuser, i.e. the light collection surface, is equally 
sensitive to light from any direction.

The projected area of the detector in the direction of 
is A cos().  Diffuser is typically called a ”cosine
collector”

Diffuser raised edge to increase 
exposure to large incident angles

Filter

Detector





Antoine

Key consideration

Not all cosine collectors are 
created equal!

Many irradiance sensor 
manufacturers use different 
cosine collectors for in-air and in-
water sensors.

Do not use an irradiance sensor 
that is designed to operate in-air 
in the water (and vice versa).  
Your cosine response will vary.



Spectral Vector Irradiance

Vector Irradiance is simply the net difference of the downwelling plane irradiance and the 
upwelling place irradiance.  Often described as the net downward irradiance.

https://www.oceanopticsbook.info/view/radiative-transfer-theory/level-2/gershuns-law



Spectral Scalar Irradiance

Collection of light to a single point regardless of 
direction/angle. Independent of light direction.

The detector has the same effective area for radiance in 
any downward direction, thus no cos() factor on L

Relevant to photosynthesis/primary production as well 
as the heating of water.  

Eod

Eou



Photosynthetically Available Radiation (PAR)

PAR most often expressed as micro Einstiens s-1 m-2.  As irradiance is in energy, must convert 
to how many photons are available (1 Einstein = 1 mole photons = 6.023 x 1023 photons)

Typically uses a scalar irradiance design, though plane irradiance versions exist (which come 
with a set of assumptions). 

Typically used in simple models of phytoplankton growth.  More ecosystem models are 
using spectral scalar irradiance measurements in to look at the phytoplankton pigment 
composition.



1. Broad band sensors: for example Photosynthetically 
Available Radiation (PAR), UV-A, photopic sensors

2. Multi-channel, discrete wavelength sensors: 4-19 
individual bands, ~10nm in width

3. Hyperspectral instruments:  continuous measurements, 
every 1-10 nm, across the visible/NIR spectrum.

Most common radiometric Instrument types
Defined by spectral resolution



Bialek

Narrow band, multi wavelength/channel instruments
• Collection of several discrete wavelength bands (4-19 channels)
• Spectral channels defined by filters, typically an interference filter, ~10 nm width. 
• Photodiode typically used, periodically sampled with A-D converter.
• Typically very stable and reliable.
• May try to match key spectral bands (e.g. VIIRS or MODIS bands)
• Low out-of-band effects, though do need consider depending on spectral bands used.

Voss



Hyperspectral wavelength 
instruments
• Continuous spectrum, ~1-10 nm, ~350-1000 nm
• Typically use small spectrometers, with grating / prism 

dispersive elements. 
• Demanding instrument characterization necessary.
• Ability to build integrated channels, such as those on 

ocean color satellites (e.g. VIIRS or MODIS bands).

Wavelength (nm)



Examples of multi-channel sensors

Irradiance

Radiance



Examples of Hyperspectral sensors

Irradiance
&

Radiance

HyperNav

Moby 
irradiance & 
radiance

HyperPro



Examples of broad band sensors (PAR)

Both planar and scalar 
versions shown here.  

Which is which?



Enjoy those photons!!



A handy summary of 
radiometric Terms 
and Units.

This is taken from 
www.labsphere.com

If you go on there 
website, you can 
request this as a 
laminated version!

http://www.labsphere.com/


With all what I just 
went over on 
terminology and 
standard units…..

A conversion chart 
is really handy, as 
you may 
sometimes find a 
variety of units in 
the literature, 
manufacturers of 
radiometers, etc… 



[ sr ]

Mobley, C. D. (Editor), 2022. The Oceanic Optics Book, 
International Ocean Colour Coordinating Group (IOCCG), 

Dartmouth, NS, Canada, 924pp. DOI: 10.25607/OBP-1710
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