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ELECTROMAGNETIC RADIATION  
BEHAVIOR IN SEAWATER

e/m radiation is important in the 
oceans for variety of physical and 
biological reasons

it is a major source of energy               
(via heat) to surface ocean

it is used by phytoplankton as              
energy source to drive photosynthesis

it is used by animals to see

what is e/m radiation?



The electromagnetic spectrum consists of a continuum of electromagnetic waves of
varying frequencies and wavelengths. Different regions of the spectrum are given
specific names. All electromagnetic waves travel at the same speed in a vacuum,
3x108 m/s.
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all objects emit e/m radiation 
with characteristics determined 
by the temperature (thermal 
radiation or black body radiation)
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what is energy flux?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=cnpntfTB_Noc1M&tbnid=x8qcFBPID7pGrM:&ved=0CAUQjRw&url=http://rapgenius.com/311977/Black-star-twice-inna-lifetime/Black-body-radiation-situation-that-we-workin-wit&ei=OYPJU-fIF4fdoATz3oGIBA&bvm=bv.71198958,d.cGU&psig=AFQjCNFIykbmRtgKrGgOfZJuJkVY4e9YQw&ust=1405801594454096
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=cnpntfTB_Noc1M&tbnid=x8qcFBPID7pGrM:&ved=0CAUQjRw&url=http://hyperphysics.phy-astr.gsu.edu/hbase/bbrc.html&ei=C4TJU9-KA8X5oASCg4HoDA&bvm=bv.71198958,d.cGU&psig=AFQjCNFIykbmRtgKrGgOfZJuJkVY4e9YQw&ust=1405801594454096


spectral energy distribution:
(a)   at the outer border of the earth’s atmosphere
(b)   for a blackbody radiator at T ~ 6000 deg K
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main source of e/m 
radiation to earth’s 
surface is the sun

sun’s surface can be 
approximated as a 
blackbody radiator at 
6000 deg. K

irradiance is energy flux 
per unit wavelength
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what happens when light 
strikes ocean surface?

some energy is reflected and 
some is refracted

reflected light should have 
same angle

Snell’s Law (refraction)

n1sinqi= n2sinqt

what is the refractive index 
(n) of a given medium ?

the ratio of the velocity             
of light in a vacuum to                      
its velocity in a specified 
medium (n = c / v)

For water, n = 1.333
For air, n = 1.000293

Incident
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the amount of energy reflected vs. refracted 
depends on sun angle and roughness of sea surface
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what happens to refracted               
light entering water column ?

light intensity decreases 
exponentially from the                  
surface as it travels down                 
ward through seawater

process is called attenuation

Beer’s Law (empirical equation 
describing light attenuation)

Iz=Ioe
-kz

Iz=in situ intensity at depth z 
(W/m2)

Io=ambient intensity at surface 
(W/m2)

k=attenuation (extinction) 
coefficient (m-1)

z=depth (m)

which line represents the equation  
with largest k, and with smallest k?

why are these differences for these 
three data sets?
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different wavelengths have different attenuation coefficients

which color light travels furthest into the water column?
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attenuation is caused by 
absorption (conversion of 
solar radiation to thermal 
energy or chemical potential 
energy) and scattering 
(redirection of radiation)

K = a+b

a=absorption coefficient

b=scattering coefficient

Iz=Io e
-(a+b)z
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b

k=a+b

attenuation coefficient (k) function of wavelength

absorption is much more significant than 
scattering for all wavelengths (a>b)

absorption coefficient larger for longer 
wavelengths

scattering coefficient larger for shorter 
wavelengths

minimum attenuation coefficient at 460 nm              
(blue-green), means light at this wavelength 
penetrates deepest in the ocean

it is a coincidence that wavelength of maximum 
light penetration is close to wavelength of 
maximum irradiance for solar radiation (475 nm)?

why does the deep open ocean look blue when 
viewed from above?

absorption

coefficient  a
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the effects of attenuation 
on light intensity in pure 
seawater (no particulate 
matter)

blue area represents 
range of visible 
wavelengths



what effect do dissolved and particulate materials have on optical 
properties of water?

• dissolved matter

o inorganic salts have no effect

o organic matter increases absorption in blue green part of spectrum

• particulate matter

o inorganic and organic particles increase absorption and scattering 
at all wavelengths
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energy spectra at a depth of 10 meters for pure 
ocean water (0), clear oceanic water (1),
average oceanic water (2), average coastal 
water (3), and turbid (lots of particulates) 
coastal water (4)

the inset gives the energy spectrum at 
100 meters for clear coastal water compared
to that for 10 meters of turbid coastal water
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blue
yellow
green
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vertical ecological zones 
based on light intensity

euphotic zone is surface 
layer of ocean where 
there is enough light for 
rates of community 
photosynthesis to exceed 
rates of community 
respiration (~105-103

mW/cm2)

~180 m in clearest ocean 
waters

~40 m in clear coastal 
waters

photosynthetic 
compensation depth is 
base of euphotic zone
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below euphotic zone lies 
the disphotic zone where 
there is enough ambient 
light for fish and some 
invertebrates to see, but 
not enough for net 
phytoplankton growth 
(~103-10-10 mW/cm2)

~1000 m in clearest ocean 
waters

~220 m in clear coastal 
waters

below disphotic zone lies 
the aphotic zone where 
ambient light intensity is 
too low to be detected by 
any biological systems 
(<1010 mW/cm2
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although both light and sound travel as waves, they are fundamentally different

sound is movement of mechanical energy and involves vibration of material 
through which it passes and it propagates best through solids and liquids, less well 
in gases, and not at all in vacuum

sound propagates through seawater much more efficiently than light, since there 
is much less relative attenuation of sound energy than light energy

SOUND TRANSMISSION IN SEAWATER

https://www.youtube.com/watch?v=qNf9nzvnd1k
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sound is a form of 
pressure wave, with 
material vibrating 
back and forth in the 
direction of wave 
propagation 
(longitudinal wave)

high and low pressure 
regions move through 
the material

sound waves have 
typical wave 
characteristics

wavelength (l)

frequency (n)

speed (𝑐)
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speed of sound in water

𝑐 =
1

𝜅𝜌

𝜅 = 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦

𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

Sound waves travel 
about 5 times faster        
in water (~1500 m/s) 
than in air (~300 m/s)

one of reasons it is 
difficult to tell direction 
of sound sources 
underwater
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First panel 
shows typical 
temperature 
and salinity 
profiles in the 
Pacific Ocean.
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The sound 
velocity 
profile in 
most ocean 
regions is 
determined 
by effects of 
temperature
and pressure 
on sound 
velocity.  
The effect of 
salinity is 
relatively 
minor.  

The 
temperature
effect is most 
pronounced 
in the 
thermocline, 
where the 
temperature 
gradient is 
largest.

Second panel 
shows the effects 
of temperature, 
salinity, and 
pressure on 
sound velocity.

The axis of the 
sound channel is 
the depth of the 
minimum velocity, 
as shown in the 
third panel.
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for all types of waves, moving into a region of higher velocity causes direction 
of wave propagation to bend back toward source of wave

this change in direction is called refraction, and sound waves are refracted by 
changes in speed

refraction is upward below minimum and downward above minimum
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refraction allows sound waves to 
travel great distances without hitting 
air-water and sediment-water 
interfaces, where significant energy 
loss occurs because sound waves 
travel into air and into sediments

creates what is 
known as a sound 
channel (SOFAR, 
SOund Fixing And 
Ranging)

entire water 
column is the 
Sound Channel
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only sound waves that leave the source at angles less than 12.2° will 
not impact the air water interface or the sediment water interface



north-south section of sound channel structure in the north and
south Atlantic along 30.5°W longitude

sound speeds are in meters/second

the sound channel axis is indicated by the dashed line

notice that the axis of the channel is not at a constant depth.
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sound intensity decreases 
as waves move away from 
source because of 
absorption and scattering

this occurs even in the 
sound channel

lowest frequencies 
propagate best (lowest 
attenuation coefficient)

for example, the 
attenuation coefficient             
at 300 Hz would be 10-2

dB/km

the attenuation at 10,000 
km would be (10-2dB/km) 
(10,000 km)=10 dB (1 B)

this is one order of 
magnitude



sound intensity decreases as 1/R due to cylindrical spreading
losses, as well as being attenuated by absorption and scattering
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1,000 km
4 dB 2,000 km

2 dB

source

CYLINDRICAL SPREADING LOSSES FOR SOUND ENERGY


