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Leslie’s 
Aethrioscope “The sensibility of the instrument is 

very striking, for the liquor 
incessantly falls and rises in the 
stem with every passing cloud.  In 
fine weather, the aethrioscope will 
seldom indicate a frigorific 
impression of less than 30 or more 
than 80 millesimal degrees. If the 
sky become overclouded, may be 
reduce to as low as 15o or even 5o

when the congregated vapours
hover on the hilly tracts.”







https://www.campbellsci.ca/blog/measuring-sun-accurately-simply

Pyranometer Measurements of Solar Flux on Earth’s surface
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https://www.researchgate.net/publication/237353475_Systematic_Analysis_of_Meteorological_Irradiation_Effects/figures?lo=1

Kipp & Zonen CMP22 Pyranometer

Cumulus Clouds Can Enhance Solar Irradiance on Earth’s Surface



A “Solar Blind” Pyrgeometer to Measure Downwelling
Thermal Radiation Flux  from Greenhouse Gases and Clouds 



https://www.thuleatmos-it.it/instruments/radiometers/index.php
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Thermal Downwelling Pyrgeometer Measurements in Thule (W m-2) 
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https://www.ssec.wisc.edu/data/geo/#/animation 6:12 pm Princeton Time, 13 May, 2024                   

Earth glowing in the dark at a wavelength of 10.3 µm.
The left, nighttime side is just as bright as the right sunlit 
side. White cloud tops are cold and emit very little radiation.
Warmer land and oceans emit copious radiation.

Reflected blue sunlight of wavelength 0.47 µm, 
recorded at the same time from the same satellite. 
White cloud tops reflect lots of sunlight. Land and 
oceans reflect less.

https://www.ssec.wisc.edu/data/geo/


https://arxiv.org/pdf/2006.03098

Modelled  Spectra Can Hardly Be 
Distinguished From Measured 
Spectra.



Radiation inside and outside of clouds can be  modelled 
very accurately with the  formidable

“Equation of Transfer”

This integro differential equation is too complicated discuss in detail today, 
but I will try to give the flavor of how to solve it. 

For more details, see these links to papers by W. van Wijngaarden and W. Happer

http://arxiv.org/abs/2205.09713 2n-Stream Radiative Transfer

http://arxiv.org/abs/2310.10622 Radiative Transfer in Cloud Layers

http://arxiv.org/abs/2205.09713
http://arxiv.org/abs/2310.10622


--- transparent atmosphere
--- CO2 = 0 ppm
--- CO2 = 400 ppm
--- CO2 = 800 ppm

Karl Schwarzschild
1873-1916

Max Planck
1858-1947

Area = 394 W/m2

Area = 277 W/m2

Area = 274 W/m2

Thermal radiation to space from the Earth,  with a surface temperature of 15.5 C 
and with greenhouse gases  is  the area under the jagged black “Schwarzschild” 
curve. This is only about 70% of what it would be without greenhouse gases,  the 
area under the smooth blue “Planck” curve.  The Sun heats the Earth and 
greenhouse gases hinder the cooling.

Area = 307 W/m2
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http://arxiv.org/abs/2205.09713
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The Blue Marble.  A photograph of Earth and its clouds
taken by Lunar astronaut Harrison Schmitt, 7 December, 1972. 

Take away messages:

• CO2, carbon-dioxide is not 
the control knob of Earth’s 
climate.

• Clouds and water vapor are 
much more important.

• Clouds can be quantitatively 
modeled with 2n-Stream 
Radiative Transfer Theory.


