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Looking at clouds from space

• What do clouds look like from space?
• How do we observe them? What do the instruments measure?

• I wil focus on passive remote sensing - i.e. only receiving, no sending 
of signals

• Synthetic Aperture Radar (SAR) for example sends and receives radiation



Looking at clouds from space

Remote sensing from satellites is all about electromagnetic radiation

But where does the radiation come from?
• What we observe is either emmitted or scattered/reflected
• But the source is where it was emmitted



Emmision of radiation

Key fact 1:
All matter with temperature 
above 0K radiate eletromagnectic 
waves and wavelength of 
emmision depends on 
temperature
• The warmer the object the 

shorter the wavelength

Tsun,surface ~ 7000K
Tcandle ~ 1900K



Emmision of radiation, Sun vs Earth

Figures from hereon from the excellent Practical Meteorology (Stull 2018)



Emmision of radiation, Sun vs Earth
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Emmision of radiation, Sun vs Earth
At top-of-atmosphere (TOA) we're quite 
far from the Sun :)
• What is the relative radiance per unit 

area here?
Key fact 2:
At top-of-atmosphere the incoming solar 
radiation (“short-wave”) and the outgoing 
radiation from Earth (“long-wave”) are 
nearly perfectly separated (!)
• This means the frequency tells us 

whether the radiation originated from 
the Sun or not.
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Satellite observation frequency-bands

• Satellites measure 
radiation within discrete 
frequency intervals 
(frequency-bands)

• Why is this?
• How are these bands 

picked?
• Key fact 3: 

Different things in the 
atmosphere absorb 
radiation to a different 
degree dependent on 
frequency
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“short-wave” frequency range

• The first three channels of GOES-16 sit in the 
“short-wave” range

• This radiation is primarily reflected sun light
• From these observations we can reconstruct 

what you would see from space (with the three 
red, green and blue sensitive cones in your eye)
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“short-wave” frequency range

• Above the UV range 
the atmosphere lets a 
smoothly increasing 
amount of radiation 
through (no spectral 
lines)

• Above this 
wavelength different 
molecules absorb 
because of excited 
modes of motion 
(rotation, vibration, 
etc) 
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near-infrared, shortest “long-wave”

If we zoom out:
• At longer 

wavelengths (source 
of radiation is now 
Earth) there are 
many frequency 
ranges where 
radiation is blocked 
by the atmosphere 
(!)

• We can use the 
presense/absence 
of radiation to infer 
the concentration 
of species



longer “long-wave”
If we zoom out:
• At the longest wavelengths 

(before we reach (far infrared and 
microwaves) some frequency 
ranges let through radiation again, 
e.g. GOES-16 channel 13

• This“water-vapour window” 
means observed radiation is 
coming from radiating body (e.g. 
either Earth's surface or clouds)

• Use radiation intensity to estimate 
black-body radiation temperature



Visible frequency example

(channel 2, 0.64um, 
“red”)
• Shows what you would 

see with your eye from 
space 

• Reflection of the Sun's 
incoming radiation

Space Science & Engineering Center, Univ. 
of Wisconsin-Madison.
Valid time: 00UTC on 16 June 2004.



Infrared frequency example

Space Science & Engineering Center, Univ. 
of Wisconsin-Madison.
Valid time: 00UTC on 16 June 2004.

(channel 13, 10.35um, 
“surface & cloud IR”)
• In tranmission “window” 

so we can see through 
the atmosphere, to the 
surface or highest cloud-
top

• Can infer temperature of 
radiating body (black-
body temperature)

• NB: These are usually 
plotted with lowest 
radiation as we're used 
to clouds being white



(channel 8, 6.19um, “high 
troposphere water 
vapour”)
• Not in water-vapour 

window
• With low concentrations 

of water vapour see 
radiation from warm 
surface

• Higher water vapour 
concentration blocks 
radiation and re-radiates 
at lower temperature

Water-vapour frequency example

Space Science & Engineering Center, Univ. 
of Wisconsin-Madison.
Valid time: 00UTC on 16 June 2004.





8/9/2017 - tropical cyclones Katia, Irma & Jose





11/5/2019 - California Stato-Cumulus





23/12/2019 - Cumulus in Congo Basin



Specific frequencies address resonances of specific species in the atmosphere

Read more in the 

GOES-16 

documenation, 

there is s
ome great 

science in there!



Passive remote sensing with satellites
• Frequency-range of visible and infrared neatly split into “short-wave” 

vs “long-wave”
• possible because radiation intensity from Sun (short-wave) vs Earth (long-

wave) at top-of-atmosphere nearly separate
• “short-wave” visible, measures

• reflection of solar radiation
• what we would see with our own eyes
• only useful during daytime

• “long-wave”, measures
• radiation from Earth surface, clouds, any physical body
• in “water-vapour window” we can directly see this body, estimate its 

temperature
• outside of “water-vapour window” can for example infer amount of water-

vapour as water-vapour absorbs at these frequencies



Time to go find some 
clouds yourself!:D
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See if you can find all these!

(this is a manifold of shallow convective 

organisation from inside a trianed neural 

network - I'll say more on Friday)


