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“Light in the Sea: Man and Nature”
Paint by J. Ronald V. Zaneveld, 1998

A human eyes "view” of the surface ocean

A starting point to get you thinking

What do you see in this painting?

Why is the water blue?

Why does the intensity of light change with depth.

What causes the circular light pattern at the sea
surface?

Why do you see light and dark patterns in the water?

What do you NOT see in this painting?



An Ocean Color satellites "view” of the
Earth.

What do you see in this image?
Why do the different colors tell you?

Why does the intensity of light (brighter in some
areas in the image, darker in others)?

What do you NOT see in this image?

WHAT DOES THE IMAGER ON THE SATELLITE
MEASURE?

LIGHT!!

Aqua/MODIS Ocean Color Satellite image collected on
September 2, 2017 of Africa's Benguela upwelling
ecosystem



Modeling Phytoplankton

Coupled with ship-based measurements and computer models,
satellite data allow scientists fo observe and study different
characteristics about the ocean and how they have changed
over time, as well as predict how they might change in the future.
This false-color image [right], generated using the NASA Ccean
Biogeochemical Moded, shows the primary production by diatoms,
a group that tends to be large and contributes heavilly o the global
carbon cycle. Primary production reflects the amount of carbon that
is converted using sunlight from carbon dioxide into organic carbon
through a process called photosynthesis. The organic carbon
represents the carbon that will be usable by higher trophic levels.
These data help to improve our understanding of the global ocean
carbon and biogeochemical cycles.
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Spectral Coverage

Ocean Color Heritage Sensors compared with PACE

This graph compares the portions of the electromagnetic spectrum
that the PACE Ocean Color Instrument will observe compared to
previous NASA ocean color sensors. Human eyes are adapted
to see a narrow band of this spectrum called visible ight. Using
satellite sensors to detect multiple spectral band combinations,
scientists can study various aspects of ocean color in ways that
they cannot from a photograph. Ocean color features, clouds,
and aerosols each leave their signatures in the electromagnetic
spectrum and scientists can observe and analyze these patierns
to detect changes.

Find more information at Attp://pace. gsfc.nasa.gov.
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Cover image:

This true color image of e North Atlantic Ocean was created using data
from the Visible Infrared Imaging Radiometer Sute (VIIRS) onboard the Suomi
National Folamorbiing Farnership satelite collected on Apdl 12, 2015
Nodce the swirling phytoplankion eddies and different color coastal waters
associated with runot! from the eastern United States.
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The high spectral resolution of PACE will
enable scientists to distinguish phytoplankton
types, which will hopefully help to identify
harmful algal blooms from space one day.

www.nasa.goviearth :

=
.

For mom infoemation, visit:

NASA Sets the PACE for Advanced Studies of Earth's Changing Climase
Mtp:/ipace.gsfe.nasa.gov




Ocean Color

Some sunlight passes through the atmosphere, enters the ocean,
gets scattered upwards, passes back up through the atmosphere and
is detected by ocean color satellites.
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isolate the light that interacted with the water column. The color of ’D D
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Some themes that will
follow us in this class:
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Pictogram by Collin Roesler

Week 1 — we will start at the middle,
IOPs, and move a bit down the chain.

Week 2 — we will go up the chain
from IOPs (including some
radiometric surrogates) and dive
more deeply into radiometric
measurements, remote sensing.

Week 3 — Dive into Remote Sensing
reflectance inversion methods,
making optical measurements at sea,
data processing, atmospheric
corrections, QA/QC, uncertainties.

Week 4 — Synthesis: Working up
cruise data results, Monte Carlo
modelling methods, final
presentations and CELEBRATE and
PARTY!



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.

Electromagnetic Radiation

Name Wavelength
ranges \/\/\
UV-C 100 nm to =i nan
280 nm
2 Wavelength
UVB e — ¢ = speed of light
315 nm s
A = wavelength
Uv-A 315 nm to n = index of refraction
400 nm v = frequency
VIS 360 nm to
800 nm The wavelength 1s determined by
NIR 800 nm to the‘ Speefi of light and measurements
1400 nm of the trequency by comparison to
the atomic standards.
SWIR 1.4 pm to
3 um
MWIR 3 um to For example: 4 = 555 nm,
then v =540 x 102 Hz.
5 um
Calcon Tutorial 2013:Spectroradiometry 2013 - Basics: Page 7 ler

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce

https://digitalcommons.usu.edu/cqi/viewcontent.cqi?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

Radiometric Quantities |
-1, diffuser
Radiometry is the measurement of physical ?.uan‘rifies like |
radiance and irradiance, performed through light-measuring i
instruments called radiometers. . 1| detector
1
Quantity Symbol Unit %'-\ —
\\;. L) E{Xd)
Radiant Energy Q Joule Radiant flux (power) incident on a surface
Radiant Flux ® Watts (Joule/sec)

| L lhight \-..‘ \(, .
Irradiance E léléf Watts/m? diffuser  Daffles S

Radiance L é Watts/(m?2 sr) detector /

A few
Apparent Trradiance Reflectance E,/Eq - : collecting tube
Optical . *|remote Sensing Reflect. L /Ey4 sr N o
Properties 6ot E/L - :
. . .. . . ' /D L{T:tE )
Courtesy of Giuseppe Zibordi, Joint Research Centre of European Commission \\(V PR
Radiant flux (power) per solid angle
All of these quantities are measured over a spectral (steradian) per unit projected source area
range, meaning that the units include a nm Drawings from C. Mobley,

http://www.oceanopticsbook.info



irradiance E
power per (onto a surface)
unit arca
W m?) radiant emittance M
(from a surface)
CoWeE per field intensity /-
radiant | radian(tp unit solid (onto a surface)
energy Q power angle . —
4) (W) W sr) surface intensity 7
(from a surface)
power per field radiance L
unit area (onto a surface)
and unit
solid angle surface radiance L*
(W m™ sr™) (from a surface)

Figure 1.15: The hierarchy of radiometric concepts.

Mobley, C. D. (Editor), 2022. The Oceanic Optics Book, International Ocean Colour Coordinating Group
(I0CCQG), Dartmouth, NS, Canada, 924pp. DOI: 10.25607/0BP-1710



i Optical Sensing Systems

Joint Research Centre

Of all the techniques used in remote sensing, the observation of the
Earth from optical sensors is perhaps the most easily understood in
concept, because it is the most similar to our own personal remote
sensing device - the human eye. lan Robinson (2004)

Photometry is special subset

" As M{AT\L _ .
Tl e of radiometry weighted for
WY AR Human eye (tri-chromatic) the human eye
0.2 1II Iﬂ :
;: 100 . |
< . e B % I I -
g Mantis shrimp eye (multi-spectral 80 (F'=2.5) —
%2 with UV and polarization sensitivity) o
o o w msﬁngth ! n A 40
20
25 ol { q
€2 ad 400 450 500 550 650 nm
g,s z SeaWiFS remote sensor (muh,i_ Relative Spectral Responsivity
" all spectral with NIR sensitivi .
N 5 Pe 1Y) Example of a typical photometer
Wavelength (nm)

Courtesy of Giuseppe Zibordi, Joint Research Centre of European
Commission



Light pathways to Satellites and Radiative Transfer

el [nherent Optical Properties == Boundary Conditions [==

At absorption coef volume scattering function - -
¥ () sky radiance Ly (0. ¢))
total scattering coef backscatter coef

- [ swyag) | [w= [ sepanw)
J4x 27

/\\

bottom BRDF(E, ¢ — 0, a-,|

beam ettenuetion single scattering scattering phase -
s boundary internal
coef 1 albedo _ function dition S76.¢)
c=a+b Wo = bc B = )b conditions sources S, ¢
] I
| + - !

:Radiative Transfer Equation:

dL(6. o)

cosl)
cdz

—L(0.0) +wy / B0, ¢" — 0,¢) L(0°, ") AU, &) + S(0.0)
Jdm

el Radiometric Variables [

radiance distribution
L{z,8,6.))

{ 1 ! 1] ¥

downwelling downwelling upwelling upwelling photosynthetically available
scalar irrad plane irrad plene irrad scalar irrad radiation
- 3 N g ;00 o N
Sl = a| B~ | Eplde 2y = || 2 Loy = L9 AR = (6. & N) — d2 o)
Ey f was| B~ | Hg “ “[_'L,l( .»(.w PAR /1... | Li6.on oo
N
/ / N
I P ~ ¥
downwelling irradiance upwelling
average cosine reflectance average cosine
P = By Eon R=E./Fa 4 i = Ey /oy
remote sensing reflectance
—| i o [ average cosine diffuse attenuation for PAR
H.(8,0) = L (6,0)/Eq By - E, ) | dPAR
T T 1=— B Kpapf, o) = TPARTE
normalizad reflectance [p[57 |
H

downwell plane irrad upwell plane irrad diffuse attenuation for

diffuse attenuation diffuse attenuation radiance U dLo
. 1 dkly - 1 dE, =)= 4L, o

i~ TR T nb.e=~i0e &

: Apparent Optical Properties :

https://ioccg.org/wp-content/uploads/2022/01/mobley-
oceanicopticsbook.pdf.

Credit: NASA PACE Program.



https://ioccg.org/wp-content/uploads/2022/01/mobley-oceanicopticsbook.pdf
https://ioccg.org/wp-content/uploads/2022/01/mobley-oceanicopticsbook.pdf

Radiometry
Vacuum UV <185 nm
Ultraviolet ~185to ~ 380 nm
Visible ~ 350 to ~ 830 nm
NIR ~ 800 to ~ 1800 nm
SWIR ~ 1800 to ~ 2500 nm
MIR ~2to 5um
LWIR ~5t0 12 um
IR >12pum

Radiance & Luminance

Sun 2x107  Wimzsr
Sun 2x10° cdm?
Frosted bulb 10,000 cdim?
Fluorescent 5,000 cd/m?
Computer screen 100 cd/m?®

Planck’s Blackbody Equation

2¢%h

Ly = = Wim?sr-um)T=k
v - .- 3 ‘
i ,_s(ehcl/hl_”

Useful Constants

h 6.63E-34 Planck Constant (J's)

c 3.00E+08 Speed of Light (m/s)

K 1,38E-23 Boltzman Constant (J/K)

a 5.67E-8 Stefan-Boltzman Constant
2°k*

=W/Am*#LM) - "Sigma*

15¢%h®

Useful Conversion Calculations

Conversion Calculation of Spectral Radiance
(W/m?*-sr-pm) to Photons/Second

WimEst-pm * (wavelength/(n*c)) = (pholons/SNm-sr-um
Conversion of Photons to Rayleighs

1 Rayleigh = 7.96E-08 photons/s"m?"sr

Radiometric Terms and Units

Radiance of Sphere
P,

*

TAg 1=

Radiance of Sphere =

@ = Flux WAm?sr-um)
p = Reflectance

Ag = Area of Sphere
f= Fractional port area

p(1-h

Approx. Calculation of Solid Angle

P Q = sin®H (sr) FOV (b= half angle)
Q = n{NA)? (sr) NA of Fiber
T
O= 2{(—/#)2 (sr) F-Number

LUMINANCE
Blackbody Absolute Spectral Radiance Curves Multiply # > Footlamberts  cd/m?
- To cbtain#
1
07 = '] oy o 'AVII_LMCT)! ._]Fol -'mlcolc |l_,! 3 uuum!n le'lu olv ) FoollQamberls 1 0.2919
= A N AT = ki
1w’ - /‘, .oo;:. == — |-' "l"” X ] cdfm 3.426 1
1wt F <o 000 - ! s
L - 4 . . [P
NI AVl aas: iN oot iRl | - Sky lllumination Conditions
w0* - pd A AT 50 > S (T ?—————( 7Y 5 ]
o - 2 o — — -~ N G - - .:
,é'° 7 R 4 i RS 1 Condition Approx. Lux
il ; / r PR NRRL N | ] Clear, Peak Irradiance 1000W/m2
5 - ~ -
: e '.' ALY I,/ v aes N . Clear, Peak Lux 100,000
E N / ’ . ) L+ TR~ ] Clear, in Shade 10,000
S b T F AT T T ~x 3 Overcast, Light 1,000
1.0 ¥ s ' 3 // . J8= 3= N ] Overcast, Heavy 100
p - o -
s H j 4 Z 14 (UL NN Overcast, Sunset 10
“H 7 / 7 , / p / ¥ N RRX Clear, 0.25hr after Sunset 1
1077 |t + q 2 7 Clear, 0.5hr after Sunset 0.1000
- [ 4 ! ¥ N Clear, Full Moon 0.0100
i ] .:' / Y, NN Clear, No Moon 0.0010
3.1 0.2 0.4 0.4 0.8 1.0 2 a 4 810 20 0 60 O I Overcast, No Moon 0.0001
Wavelength (vm)
Plane Angle Conversions
Plane Angle Conversions (“/rad) 1 Degree (°) 1 Minute (') 1 Second (") 1 Radian (rad) 1 mRadian (mrad)
1 Degree (°) 1 60 3600 1.745E-02 17.453
1 Minute (') 1.667E-02 1 60 2.909E-04 0.29089
1 Second (") 2.778E-04 1.667E-02 1 4.848E-06 4 85E-03
1 Radian (rad) 57.2958 3437.75 2. 06E+05 1 1000
1 mRadian (mrad) 5,730E-02 3.43775 206,265 1,00E-03 1

Conversion Factors

ILLUMINATION

Multiply # > Footcandles Lux

To obtain #

Footcandles 1 0.0929
Lux 10.76 1

1 footlambert = 1 footcandle at sphere exit port

www.labsphere.com

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/

Radiometric Terms and

Units

— —- - Conversion Factors Chart
Power Power/'wavelength Lummnous Flux
interval
Lo Number of = . ’
Watts Watts/nm Lumens E E
"ER Bl E1 E1 EB1 kK
Irradiance Spectral Irradiance Iuminance mul'pl'ed by B - s s I i ka L = ; - '3
H » » » n » n - P " .
Fluxiarea table factor B r! "'E e e “'E "é "'E “s E “E e
Watts/m* Watts/m’ nm Lumans/m® = Lux § i E E ; 'i' & { E- ‘;ﬁ § §-
e equak numberof E E 4|2 |%® 2|E| E|[2|32
Flux/solid angle l
Watts/se Watts/sr nm L =
Radimicw Spwctri Raciance Lummarce W/m'sr-pm 1 10 | 20® 1 20® | 10* | 20° 10" | 20 [ 20* [ 20% | 10
Flux/ares solid
- Candetaim’ = nit
Wattsm? or Watisi s nm Lumenaim’ se = na W/m sram 10° 1 |10® 100 10 | 20° | 10 10 |20 | 10 | 307 | 10°
2 § 3 3 L4 0 4 7 4
) Normalized CIE Illuminant Spectrums mW/I‘I e 10’ A & = e " 28 L 8 i e 1
mW/m"sr-am 1 100 [26° 1 10% | 20°|120° 10" | 20| 20° | 20%| 10
Normalixgd Human Eye Responses
PW/m s rpm 1ol 10° [EsatN 10" Bl 10® Mo 10™ [EteTN| 10™ |Es0%E| 10
— . /” ‘
"""" , \ uW/m’sr-am soll 10> [BErS 10® BEbEAl 1 [E3et 10™ Fdes| 10" |Maed| 10°
,'/ \‘_
_____ W/em srpm 10° | o1 [207 10* 100|207 | 2 10°|20°| 1 |20°]20®
W/em'sr-am 10" | 10* [20® 107 10" [20™ [20* 1 |10*| 10 | 20° | 20°
mW/em'srpm 01 | 10° | 20* o1 107 | 10° [100 10°| 2 [ 10° | 10°| 1
COURTESY OF
T———— mW/em'seam  10° | o1 [ 207 10° 10® (120" [ 2 10" | 20%| 1 |20°]| 20°
LabS here Labsphere, Inc. 5 g y % 4 3 ) 5 3
231 Shaker § A
p 1) S Sum Wemsepm 100 [ 106° [ 02 10* 10* [ 01 [20° 10° | 10° | 120°| 1 | 10
advancing the technalogy of light Tel603.927.4266 « Fax: 603-927 4694
www.labsphere.com pW/emsseam 01 | 100 [20* o1 107 | 20* [ 100 120° | 1 | 10° | 207 | 12
All fradenames &se the property of thair rospective owner. Blackbody Absolute Spectrd Radiance Curvo graph is courtesy of ownar, PH.13066-00(

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

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






