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Astronomical Seeing



Air is responsible for poor seeing when it bends light chaotically, causing 
telescopic images to waver and smear. And it's responsible for poor 

transparency when it absorbs and scatters light, causing faint objects to 
appear even fainter than they really are.
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(i) Initial / lateral boundary conditions from the NCEP Global 
Forecast System (GFS) 0.25 degree resolution

(ii) A coarse grid, having a resolution of delta x = delta y = 9 
km.

(iii) 28 vertical levels, with a higher resolution in the surface 
layer delta h1 = 56.6 m and delta h28 = 1047 m 

The main parameters used for the simulation are as follows:

(i) the microphysics scheme used is the Lin scheme 
(mp_physics = 2),

(ii) the Rapid Radiative Transfer Model (RRTM) scheme is 
used for the long wave radiation (ra_lw_phyics = 1),

(iii) the Dudhia scheme is used for the short wave radiation 
(ra_sw_physics = 1), 

(iv) the Yonsei University scheme is used for the planetary 
boundary layer (PBL) (bl_pbl_physics = 1) 

(v) the 'simple diffusion' option is used to compute the 
diffusion (diff_opt = 1)

Astronomical Seeing Forecast at TNO Using the Weather Research and Forecasting 
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We don’t have this.  Bias 
correction needed.
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Hourly Seeing Forecast

Astronomical Seeing Forecast at TNO Using the Weather Research and Forecasting 
Model

+ C ;     where C = bias correction 
offset value

= -5.43 arc seconds
λ = 532 nm

Giordano et al. (MNRAS 2013)



Astronomical Seeing Forecast at TNO Using the Weather Research and Forecasting 
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R = 0.76



All-Sky Camera at TNO
Cloud Cover



Atmospheric Extinction



Astronomers who specialize in photometry need to compensate for 
atmospheric extinction: the reduction in a celestial object's apparent 
brightness when its light passes through the atmosphere. 

This depends on three factors:

The transparency (clarity) of the air.

Your elevation above sea level.

The altitude (celestial altitude) above the horizon of your celestial 
target.

http://en.wikipedia.org/wiki/Photometry_(astronomy)


Extinction has two components: 

absorption, where light is stopped cold in its tracks, and 

scattering, where light is diffused away from its original source. 

Thin fog scatters light, and smoke absorbs it.



Scattering is more harmful for astronomy, because it not only dims the 
object that you're observing, but also reduces contrast by brightening 
the background sky.
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The closer your target is to the horizon, the more air you have to look 
through, and the more degraded your view gets. 

The amount of air directly overhead is called one airmass. (The actual 
amount of air in one airmass varies depending on your elevation above 
sea level.)



Extinction is usually measured in magnitudes per airmass. For instance, 
let's say that extinction is 0.16 magnitudes per airmass, the best it can 
ever get at sea level. Then a star overhead appears 0.16 magnitude 
fainter (86% as bright) as it really is, a star 30° above the horizon, with 2 
airmasses to look through, appears 0.32 magnitude fainter, or 74% as 
bright, and an star 10° above the horizon appears 0.90 magnitude 
fainter, or just 44% as bright.
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Aerosols



In practice, air is never perfectly clean. That's especially true in the 
summer, when natural pollutants such as dust and forest-fire smoke are 
at their worst, and humidity combines with emissions from power plants 
and motor vehicles to form smog. Generically, these pollutants are 
called aerosols: microscopic solid or liquid particles suspended in the 
atmosphere.



Health and Climate Effects

0



Reduction in visibility due to aerosols is called aerosol optical depth (AOD). Optical 
depth is the term used by atmospheric scientists for what astronomers call extinction. 
Both are usually measured on logarithmic scales, but optical depth uses "natural" logs 
with a base of e (roughly 2.718), while astronomical magnitudes are based on the fifth 
root of 100 (roughly 2.512). Multiply by 1.086 to convert optical depth to magnitudes.

https://www.skyandtelescope.com/howto/basics/Stellar_Magnitude_System.html
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Atmospheric Light Detection 
and Ranging (LiDAR)



Light Detection and Ranging (LiDAR)
Principle, Components and Types of Atmospheric LiDAR Systems

Transmitter : 
Laser

Nd: YAG 

Wavelength 532 nm

Pulse energy 3.5 µJ

PRF 2500 Hz

Pulse width 10 ns



Light Detection and Ranging (LiDAR)
Principle, Components and Types of Atmospheric LiDAR Systems

Figure from the DLSU Environment and 
Remote Sensing Research Group (EARTH)

https://sites.google.com/a/dlsu.edu.ph/earth/home

https://sites.google.com/a/dlsu.edu.ph/earth/home


Light Detection and Ranging (LiDAR)
Principle, Components and Types of Atmospheric LiDAR Systems

Receiver : 
Telescope

Galilean

FOV 220 µrad

Diameter 80 mm

Detector 
efficiency

25 %



mini-Micropulse LiDAR Signals (Backscatter Signal)





Normalized Relative Backscatter (NRB) 



Polarization



Depolarization



Depolarization Ratio



Depolarization Ratio to Particle Types (Aerosols and 
Cloud Phase)



Extinction Coefficient



Thank You
for

Your Attention!

The Atmospheric Research Unit
of NARIT (ARUN) – ronmcdo@gmail.com

https://www.facebook.com/AtmosphericScience/
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