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Lecture Content
• Types of radiometers 
• Radiometric calibration 
• Measurement techniques
• Field sampling methods
• Sunphotometers

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

• http://www.oceanopticsbook.info
• 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
• Ken Voss and his lectures from the Ocean Optics class, 2021;
• Agnieszka Bialek, 2016; https://www.ioccg.org/training/SLS-2016/Bialek-L1.pdf 

https://ioccg.org/wp-content/uploads/2022/09/radiometry-and-aops-d-antoine-sls2022.pdf
https://ioccg.org/training/SLS-2012/Zibordi-2012_IOCCG_OC_Lectures_rev_part1.pdf
https://ioccg.org/training/SLS-2012/Zibordi-2012_IOCCG_OC_Lectures_rev_part2.pdf
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1001&context=calcon
https://www.ioccg.org/training/SLS-2016/Bialek-L1.pdf


Figure shows the high spectral (~1 nm) features in radiance and irradiance.

This lecture will focus on the most common types of ocean radiometers, upwelling radiance and 
downwelling plane irradiance sensors, though we will dabble into a few others.  

Courtesy of Ken Voss

Es(l) Lw(l)

What does the in situ light we want to measure look like (e.g. clear water)?
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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
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Examples of broad band sensors (PAR)
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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.
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Examples of multi-channel sensors

Irradiance

Radiance



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 Hyperspectral sensors
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Absolute radiometric calibration
Calibration is the process of quantitatively defining the sensor system response to 
known and controlled signal inputs.  For ocean color radiometers, this is 
accomplished using a reference standard(s) that provides a direct realization of a 
radiometric SI quantity.

While most calibrations are done by the commercial vendors, its important to 
understand that even in the very best calibration labs, getting an absolute 
calibration is very difficult and typically can only achieve ~2% accuracy 
(uncertainty).  

An excellent resource to learn more about radiometric sensor calibrations and 
characterizations is:
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Standard and Reference Surface

1000W FEL lamp

The common irradiance standard is a 1000W FEL-type lamp.  

They have tungsten coiled-coil filaments and a bi-post base, as recommended by NIST.

Note however, that the spectral lamp output is not very similar to the solar spectrum



Lamp Cal 
DistanceLamp Cal 

Irradiance

Assumes a point source.  
Error in the measured distance is also 
critical.  1 mm at 50 cm is 0.4% error.

Bialek
Zibordi
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Tile = Plaque = Target

Zibordi

Aka: Lamp - Plaque Method
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Lambertian reflectance 
plaques



Radiance Calibrations using a Sphere

𝐿𝑠 =
Φ𝑖
𝜋	𝐴𝑠 ∗ 𝑀	 𝑤ℎ𝑒𝑟𝑒	 𝑀 =

𝜌
1 − 𝜌	(1 − 𝑓)

Where Ls is sphere radiance, Φi is input flux, As is sphere surface area, 𝜌 is 
reflectance and f is port fraction.  So a smaller sphere produces higher radiances.

Because of the sphere multiplier M, the sphere is very sensitive to changes in 
surface reflectance.

Consequences:

• Sphere aging
• Highly affected by light reflected back into output port by sensor
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Instrument Sources of Uncertainty/Error

 Stray light effects
 Wavelength accuracy
 Linearity in response
 Thermal effects
 Polarization sensitivity
 Immersion effects
 Cosine diffuser 
 Aging (filters, spectrometer, electronics)
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Immersion factor
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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.









Neukermans, Griet. (2012
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Field Sources of Uncertainty/Error

 Self-Shading / platform shading 
 Tilt Effects
 Wave Focusing
 Depth Uncertainty/error
 Surface Transmission

An excellent review of these effects and In 
situ radiometric protocols…



Wave focusing effects on Ed

Zaneveld, Boss, & Barnard, 2001, Influence of surface waves on measured and modeled irradiance profiles, App. Optc, 
40(9): 1442-1449.



Sunphotometry – atmospheric aerosol 
optical depth

A sunphotometer is an irradiance with a 2 degree field of view.  It is used to get at a key 
atmospheric parameter, the aerosol optical depth of the atmosphere.

The measurement is made by pointing the sunphotometer directly at the sun

Using Beer’s Law,

E = Eo exp(-t m) 

Where:
E = the direct irradiance
Eo = extra terrestrial solar irradiance (top of atmosphere) corrected for earth-sun distance
m = airmass 
t = optical depth of the atmosphere (can be split into molecular and aerosol scattering 
and absorption) Image courtesy of the U.S. 

Department of Energy 
Atmospheric Radiation 
Measurement (ARM) user 
facility



If you know Eo and the sun angle, and 
measure E, you can calculate the aerosol 
optical depth at the wavelengths of 
measurement.

Im skipping lots of details on this 
method, but sunphotometers have been 
routinely used for many many years…. 

In fact they are a part of a global array of 
ground-based remote sensing aerosol 
network called AERONET 

Porter, et al., 2001.



Beautiful day for radiometry at the top of Mauna Loa


