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Subrahmanyan Chandrasekhar
1910-1995
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Absorption
Scattering
Emission
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25 μm 6.25 μm
25 μm 6.25 �m
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Karl Schwarzschild (1873–1916)
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Sampling over rotational bands
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l (µm)
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Di Biagio et al., 2014
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Subrahmanyan Chandrasekhar
1910-1995



Lidar, eventually
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Giorgio Fiocco
1931-2012
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l (µm)

x=2πr/λ
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  Incoherent elastic backscattering lidar
No information from the phase of the signal
Emission and detection at the same wavelength

 Incoherent «broadband» elastic backscattering lidar
 Outside of gas absorption lines: aerosol/clouds
  single/multi wavelengths
  depolarization
 without aerosol: density, temperature
 In/out of absorption lines (differential absorption): gas concentrations
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 Incoherent «narrowband» elastic backscattering lidar
 HSRL: aerosol
 Doppler shift: wind velocity (*)
 line shape: temperature

(*) not exactly the same wavelength, but elastic scattering processes
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 Incoherent anelastic backscattering lidar (1)
 No information from the phase of the signal
 Emission and detection at different wavelengths

 Incoherent «broadband» anelastic backscattering lidar
 Raman: aerosol extinction; profile of specific gases
 Fluorescence: aerosol typing (vegetation, ocean properties)

 Incoherent «narrowband» anelastic backscattering lidar
 Raman: temperature profile
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 Incoherent anelastic backscattering lidar (2)
 No information from the phase of the signal
 Emission and detection at the same wavelength, in correspondance 

with an atomic energy level transition (resonance scattering)

 Incoherent «broadband» anelastic backscattering lidar
 Resonance scattering: concentration profile for Na, Ca, Ca+, Fe, K, ... 

 Incoherent «narrowband» anelastic backscattering lidar
 Resonance scattering, hyperfine structure: temperature profile
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 Coherent elastic backscattering lidar
 Information in the phase of the signal
 Emission and detection at (almost) the same wavelength, elastic 

scattering

 Coherent «narrowband» elastic backscattering lidar
 Temperature profile, aerosol profile, wind
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  The lidar equation in the simplest case: single wavelength, vertically 
pointing elastic backscattering lidar, no aerosols 
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Nd:YAG laser (355, 532, and 1064 nm)

Ø 80 cm telescope for high troposphere and 
middle atmosphere

small refractive telescopes for the troposphere
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The Thule High Arctic Atmospheric Observatory
THAAO (76.52° N, 68.76° W, 220 m amsl) within the Pituffik Space Base.

THAAO

MODIS Terra true color image 
(https://worldview.earthdata.nasa.gov) 

Shipping Emissions in the Arctic 
and North Atlantic atmosphere

ARCSIX 
Arctic Radiation-Cloud-Aerosol-
Surface Interaction Experiment

https://www.thuleatmos-it.itECAPAC
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By combining  the equation of state for ideal gases and the hydrostatic equation, in 
aerosol-free regions the lidar signal can be used to derive the atmospheric temperature

THAAO, 76.5°N
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Di Biagio et al., 2010

Temperature profiles in the
Arctic: the exceptional 2009
stratospheric warming 
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Di Biagio et al., 2010



Can Science Save the Earth? – Naples – March 23-27, 2025 46

Muscari et al., 2007
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  The lidar equation for: single wavelength, vertically pointing elastic 
backscattering lidar, with aerosols 
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𝑋 𝑧 = 𝑃 𝑧 	𝑧!	 RCS

1 – Rayleigh
2 – Mie
S1 – extinction-to-backscattering ratio for molecules (Rayleigh)
S2 -  extinction-to-backscattering ratio for particles (Mie)

Fernald, 1984
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Di Girolamo et al., 1994

125
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di Sarra et al., 1998

Stratospheric aerosols from the Pinatubo volcanic eruption above the Thule High Arctic Atmospheric Observatory
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Marenco et al.,1997



MODIS Aqua – 11 Apr 2020 NASA/MODIS

35.5
, 
12.6

35.5°N, 12.6°E



http://www.lampedusa.enea.it
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Meloni et al., 2015

Ground-based and Airborne Measurements of the Aerosol 
Radiative Forcing (GAMARF)  2008 

PROFILO DI 
ESTINZIONE 
DEGLI 
AEROSOL

Lampedusa, 35.5°N 12.6°E
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Di Iorio et al., 2009
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Temperature profiles obtained
by lidar at Thule. T, T+σ, and T-
σ are shown in black lines. The
blue dashed line represents the
temperature CIRA 1986 model
for the specific month. Red
dotted profile is closest in time
radiosonde data available from
Eureka or Alert.

 A long record of Arctic stratospheric temperatures derived by Thule 
LIDAR during winter campaigns

Backscatter ratio versus height obtained at Thule in 
the period September 1991 to February 1996.
The lidar has permitted to show the build up and 
the decay of the volcanic aerosols originated from 
the eruption of Mount Pinatubo in June 1991 
[di Sarra et al., 1998]

LIDAR Contour plots of 
the aerosol 
backscattering 
coefficient at 1064 nm. 
Examples of the time 
evolution of low level 
clouds during the 
SVAAP campaign in July 
2016.

long term measurements
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Integrated retrievals (e.g. GRASP)
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130

Polarization!
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di Sarra et al., 2001

di Sarra et al., 2002
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  Incoherent elastic backscattering lidar
No information from the phase of the signal
Emission and detection at the same wavelength

 Incoherent «broadband» elastic backscattering lidar
 Outside of gas absorption lines: aerosol/clouds
  single/multi wavelengths
  depolarization
 without aerosol: density, temperature
 In/out of absorption lines (differential absorption): gas concentrations
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150
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Sullivan, 2024

https://appliedsciences.nasa.gov/sites/default/files/
2024-08/GroundNetworks_Part4_final.pdf
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Cahen et al., 1982



Can Science Save the Earth? – Naples – March 23-27, 2025 65

 Incoherent «narrowband» elastic backscattering lidar
 HSRL: aerosol
 Doppler shift: wind velocity (*)
 line shape: temperature

(*) not exactly the same wavelength, but elastic scattering processes
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Fiocco et al., 1971
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At 532 nm and 280 K, δvR is 2.5 GHz
frequency (MHz)
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HSR lidar
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Wang et al., 2021
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Wang et al., 2021
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At 532 nm, vr of 1 m/s produces a δvD of 3.8 MHz

frequency (MHz)
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Benedetti Michelangeli et al., 1972
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Wind lidar
Shangguan et al., 2022
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 Incoherent anelastic backscattering lidar (1)
 No information from the phase of the signal
 Emission and detection at different wavelengths

 Incoherent «broadband» anelastic backscattering lidar
 Raman: aerosol extinction; profile of specific gases
 Fluorescence: aerosol typing (vegetation, ocean properties)

 Incoherent «narrowband» anelastic backscattering lidar
 Raman: temperature profile
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160
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Veselovskii et al., 2020



Can Science Save the Earth? – Naples – March 23-27, 2025 85

Veselovskii et al., 2020



Can Science Save the Earth? – Naples – March 23-27, 2025 86

frequency   
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De Rosa et al., 2020
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 Incoherent anelastic backscattering lidar (2)
 No information from the phase of the signal
 Emission and detection at the same wavelength, in correspondance 

with an atomic energy level transition (resonance scattering)

 Incoherent «broadband» anelastic backscattering lidar
 Resonance scattering: concentration profile for Na, Ca, Ca+, Fe, K, ... 

 Incoherent «narrowband» anelastic backscattering lidar
 Resonance scattering, hyperfine structure: temperature profile
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Fricke and von Zahn, 1985
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 Coherent elastic backscattering lidar
 Information in the phase of the signal
 Emission and detection at (almost) the same wavelength, elastic 

scattering

 Coherent «narrowband» elastic backscattering lidar
 Temperature profile, aerosol profile, wind
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Range corrected signal
Clouds



Can Science Save the Earth? – Naples – March 23-27, 2025 94



Can Science Save the Earth? – Naples – March 23-27, 2025 95

CALIOP on CALIPSO

Arctic fire plumes
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